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Association Rules Between Driver Behavior and Auto Parts
Maintenance Based on Active Service
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Abstract: Although car users are making more and more complaints, there are still many issues which
can be avoided through active service by service providers in advance. We can get many customers'
characteristics, such as driving proficiency, driving habits, road conditions and so on from customer's
raw materials. All these features will affect the probability of auto fault. In this paper, we take driving
habits for example. Firstly, we analyze the association between driving habits and motor vehicle parts,
and then discover the comprehensive factor for a group of customers. Finally, we can identify the best
time of the required services for every motor vehicle parts.

Keywords: Active service; Association rules; Behavior prediction; Driving habits

1 Introduction

In recent years, the capacity of auto manufacturers to reduce costs in the manufacturing sector has
been fully tap, and the profitability of the enterprise profit margin is decreasing. In this context, the
entire automobile market began to focus on the development of after-sales service which is a new profit
growth point. The traditional service model is a passive-type services, namely, "find fault - problem
diagnosis - solution. "This service model can not meet the expectations of customer, as a result, service
providers should predict the characteristics of maintenance services, and provide customers with active
service based on user behavior characteristics and vehicle attributes.

In their study, Federico Mancosu™ gave his idea about how to improve vehicle active safety by
modified on tyre, vehicle and road design characteristics. Isamil Dagli'” developed a dynamic planner
and investigate situation pattern for appropriate goal deduction. Their works give us a wonderful
inspiration when we try to find the method about how to evaluate the behavior of driver. An amusing
test item related to customer behavior which be included of the test paper of competition of modeling
creation hold in China®also inspire us for our research on the customer behavior prediction.

According to theory of vehicle maintenance, the occurrence of vehicle component failure follows
certain rules and can be described, the failure curve is similar to "bath panel" shape. Car trouble can be
divided into early failure period, occasional failure period and failure of depletion period. The early
failure period and failure of depletion period obey normal distribution or Weibull distribution, while
occasional failure period obeys exponential distribution. However, there are a wide variety of auto parts,
not all parts are strictly adhered to these three periods, and some parts may have only one or two stages.
Yu Jiang“studied the availability of vehicles through four factors of the weather conditions,
maintenance conditions, road conditions, and establish a availability simulation model to determine
the best operating temperature and maintenance mileage, so as to provide support for auto repair
services.

2 Collection of Customer Raw Data

Car after-sale service business has accumulated a lot of data and information about customers, such
as mileage records, customer basic information, amendment record, maintenance manuals, customer
feedback and suggestions, customer survey information. These data are directly accessible, while
customers’ features are obtained indirectly through raw data.

There are two kinds of characteristics for customer groups: one is using behavior characteristics.
Because customers have a lot of using behavioral characteristics, we only consider to find out the most
crucial factors, such as driving proficiency, driving habits, etc. The other features are about customer
cars and driving environment related, such as mileage projections, parts' life expectancy and road
conditions.

As figure 1 showed, there are six kinds of raw data which can be directly obtained on the left, while
five kinds of characteristics are listed on the right. The details of the five characteristics are as follows:

“ This paper is supported by Natural Sciences Foundation of China(71071122) and Technology Department of
Hubei Province(20102s0014)
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1) Mileage projections. Based on past mileage documented data, we can get mileage equation by
regression analysis: mileage = b+ rxTime, we can predict customers' daily driving mileage during the
next period of time.

2) Road conditions. Road conditions have a great influence on the performance of cars. Suppose
two cars are identical. Let them run on two different condition roads. After a period of time, the
performance and probability of failure of two cars are certainly not the same. It can be judged by
customer basic information and survey data.

3) Proficiency. Suppose a novice driver and an experienced driver drive two identical cars, the
damage probability of the former is larger than that of the latter. We can judge a customer's proficiency
by repair records, customer basic information and customer survey data.

4) Driving habits. Driver's driving habits are different. For a particular brand of car, they have the
same parts, follow the uniform quality control standards, and are produced at the same production line
according to a strict assembly process. Therefore the performance index for each engine is almost the
same. However, the life of each engine is different. Some run 50 million km with no major repairs,
while others run less than 10 million km, with the engine channeling smoke and burning oil. Each
owner's driving habits, proper use and maintenance of vehicles are the key. These factors will determine
the engine's overhaul mileage .

5) Components' life expectancy. Customers will get a car maintenance guide when they buy a new
car. However it is made in accordance with the standard driver, and don’t apply to all customers. We can
modify the maintenance guide by amendment records and customer feedback.

Feedback and
suggestions

Mi leage Forecast

Maintenance
records

Road conditions

Mi leage record

Original Proficiency Customer

Data ciftgmer Features
asic

information

Driving habits

Customer survey

data
Component |ife
Maintenance expectancy
Guide

Figure 1 Customer Original Data and Features

3 Association between Driving Habits and Motor Vehicle Parts

Customer features, such as road traffic conditions, driving habits and driving proficiency, affect the
probability of failure. In this paper, we take driving habits for example, analyze the association between
driving habits and motor vehicle parts. and then find out the best service time for each motor vehicle
parts.

According to statistics, vehicle maintenance focus on the following eight components *.1)Engine:
the difficult start, reaching less than nominal power indicator of manufacturers, abnormal fuel
consumption, abnormal sound, idling exceptions and other issues.2)Clutch: the separation is not
complete, skidding, body trembling, abnormal sound and other issues.3)Transmission: the shifting
difficulties, abnormal sound, jump stop, chaotic block, fever and other issues.4)The front and rear axles
and suspension system: whether the axle, drive shaft, suspension have abnormal noise, or
shock-absorber spills oil and other issues.5)Braking system: drag slip, abnormal sound, deviation and so
on.6)Steering system: the body jitter, deviation, abnormal sound and so on.7)Tire: early wear and tear,
burst, early cracking and so on.8)Body and electrical accessories: body rust and cracks, the refrigeration
and heating of air conditioning is abnormal, lifts don't work properly, the quality of seats, interior noise,
body vibration. Starter, generator and electric wipers, lighting, turn signals, instrument cluster does not
work.

We summarize 14 bad driving habits about automotive customers they are harmful to certain auto
parts. (Table 1)
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1) High speed. No matter which block a car is in, the speed of engine should not exceed 70% of the
maximum speed. High speed running for a long time are not allowed.

2) Overload running. Overloaded vehicles are prohibited. Once the engine does not work smoothly,
they should be immediately changed into a low gear.

3) Tire rub step. The tire side is the thinnest. Special attention should be paid to protect the side of
tire when across the stairs or road sub-teeth.

4) Emergency brake. Tests show that emergency brake at medium speed on a normal road, will
make tire tread wear up to 0.92mm-1.20mm, as well as the wear of driving 3000km.

5) Clutch pedal. Clutch will be in the semi-separation with the left foot on the clutch pedal when
driving, which will not only affect the power output form engine to transmission, but also cause clutch
early abrasion.

6) Cold start. Good driving habits should firstly preheat the car before start it, unstill the engine
coolant reach normal operating temperature (above the minimum 50 C).

7) High gear driving. When a car encounters resistance, and its speed decreases, you should quickly
change the gear into a low-level one. High gear driving will cause engine's temperature increasing,
power coastdown, fuel consumption, engine wear boosting, and sometimes cause the engine flameout or
produce deflagration.

8) Shift while clutch isn't complete separate. If the owner shift while clutch isn't complete separate,
it will be a fatal injury to the manual transmission.

9) Hand brake driving. The best way of controlling travelling speed is changing gear rather than
using brake. Driving with hand brake will damage the brake pads badly.

10) Turn the steering wheel all the way. Turn the steering wheel all the way will break the power
steering system.

11) Cross the road sub-teeth. Shock absorbers, springs and suspension components are all
vulnerable auto parts. Before cross groove, we should slow down the speed earlier, rather than abruptly
cross it, which not only ensure the comfort, but also protect the shock absorbers, springs and suspension.

12) Frequently combined switch. Frequently combined switch will increase the risk of damage.

13) Force the water spout work. When the water spout was frozen in winter, forcing the water spout
work will break the water pump. We should start the car ,and wait until the vehicle temperature is up,
and the ice in the water spout is frozen .

14) Hold on the window regulator. Many vehicle glass electric switch does not work or can not lift
the window glass in place because of the wrong daily operations. When we use the electric window
regulator to lift the glass, we must let go in time before the window go down to the end, or rise to the top,
otherwise the motor will be damaged.

Table 1 Driving Habits and Susceptible Auto Parts

Driving habits Susceptible Auto Parts Driving habits Susceptible Auto Parts
High speed Engine shift while clutch isn't complete separate Transmission
Overload running Engine Hand brake driving Brake System
Tire rub step Engine, tires turn the steering wheel all the way Steering System
Emergency brake Tires Cross The road sub-teeth Body Accessories
Clutch pedal Clutch, brake system Frequently for the combined switch Body Accessories
Cold start Engine Force the water spout work Body Accessories
high gear Driving Engine hold on the window regulator Body Accessories

4 Calculation of Customers Comprehensive Factor

Generally speaking, vehicle maintenance business has thousands of customers. So, customer
clustering is essential, That is, divide the customer into a number of groups to manage respectively.
Though the best way to get customers' driving habits is questionnaire, it is not realistic for such
investigations. We can select a certain percentage of customers to carry out the investigation, assuming
that the driving habits from the same customer base are similar. This article assumes that there are 14
driving habits to influence the eight components, For different customers, their driving habits' impact on
the same auto parts is not the same. Therefore, each driver has a comprehensive factor to each
component.

Suppose there is a customer group with m customers, so that | (i = 1,2, ..., 8), j (j=1,2, ...,14),
k(k=1,2,...,m) represent automotive parts, driving habits and customers respectively. The calculation
steps of customer comprehension factor CFi are as follows ©!:
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(1) For all parts, the weight of part i under the factor j (Wij) was given by experts and saved in the
Table Weights.(Table 2)
Table 2 Weights Table

Auto Driving habits

Parts hy h, h;
Py Wiy Wip Wyj
P, Wy Wop Wi
pi Wig Wiz Wi

(2) by experts or given parts auto parts manufacturer i Standard Life Si (Measured in miles, not

14
time), and parts i Standard scores Pij. So you can be part i Weighted scores Z Piw,
j=1

(3) Select a certain percentage of customers (n customers) from a customer group. We get
customer’s driving behaviour Ckj though customer’s investigation. And then we can find the customer’s

14 1 n
every part’s score . (;z Cylw; .
=1 N

(4) By the score of customer’s score and the standard score of part i, we can easily get the
customers' comprehensive factor CFi:

14 l n
Zl(;Z Cylw,
=

CF, = A=zt k=t (k =1,2,.., n) Q)
Z::l P,W,
(5) Finally, we propose the following approach to predict the conditions for services:
L, =CF, xS,(i=12,.,8) @)

For each customer of the customer group, auto parts i 's most possible life is L;.

5 Service Remind Model

The active service system of automotive services provider is showed in figure 2. It follows B/S
structure, so as to facilitate customers to log in at home and view related information. The main process
of the system include: collection of the original data, data transmission, data analysis and service
releases. The original data, including the driver behavioral data and vehicle status attribute data, is
gained from the user interface subsystem and vehicle traveling recordert”.User interface subsystem
helps user interact with the system, and update the system's user information continuously. Data can be
transmitted through the Internet.

Data collection

- Driver attribute

ﬁ data Association rules
Database matching system
Car attribute
data i
Service
T r reminder
Data Source system
User Interface ﬂ ﬂ
Subsystem

Service
providers

Users

Vehicle traveling
data recorder

Figure 2 The Framework Map of Active Service System

The main functions of service remind system are to remind customers the best service time. First of
all we should determine Li, r and ti. Li refers to the life expectancy of auto parts i.r refers to customers'
daily mileage (km/day); ti refers to the date that a customer's auto part i was checked or replaced last
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. . . L, . .
time. Then customers' best service date is as follows: T, = —-+ t, . Ti refers to the next most likely
r

date that component | will be checked or replaced, and L is the life of part i.
r

6 Conclusion

When customers use products, their using behavior has a direct impact on the product's
performance. Through the analysis of customers' behavior, we can forecast the product's required service
content and time, and enhance business's service quality and response level, changing passive service
into active service. Therefore, we can improve customer' satisfaction with the use of the product, and
avoid the waste of resources because of invalid business service . There is already a lot of research on
customer clustering. This paper aims to extract the common features of customers, and then convert
customers' common features into knowledge. In the future, we will study the differences between
customer groups, as well as the differences between individuals within a group, and how these
differences impact on customer's service, thus we can provide more sophisticated services for
customers.
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Abstract: As customer demand and sustainable development are paid more and more attention, it is
reasonable and important to enhance supply chains’ reliability and stability through supply chain
coordinating by efficiently monitoring and controlling members’ behaviors and decision-makings. The
principle and process of supply chain members’ behavior and decision-making coordination based on
risk monitoring are analyzed, the quantitative risk monitoring indicators are designed, and the member’s
behavior and decision-making coordination model is proposed.
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1 Introduction

Supply chain is combined of members tie together by business processes, so it is in fact a
self-adaptive complex system. As supply chains getting more complex, it is getting more and more
difficult to maintain their structural reliability and operational stability. A subtle fluctuation on logistics
or information flows usually causes reactive adjusts of some members, and then leads to the turbulence
of the whole supply chain, initiating supply chain risks: the information asymmetry among members
decreases the reasonability and reliability of their behaviors and decisions, and produces aftereffects
which are difficult to eliminate; the inherent risks of single members will break through enterprise
boundaries and interact with other members’, leading to unpredictable effects; and the members
operating in multiple supply chains make “cross infection” of risks among different supply chains more
possible. Therefore, as customer demand and sustainable development are paid more and more attention,
it is reasonable and important to enhance supply chains’ reliability and stability through supply chain
coordinating by efficiently monitoring and controlling members’ behaviors and decision-makings.

Nowadays researches on supply chain coordination focus on 3 aspects: i) information coordination
aiming to integrate, share, and optimize information flow among supply chain members; ii) benefit
coordination emphasizing on business interaction and resource optimizing within the supply chain
system; and iii) behavior and decision-making coordination considering the total competences and
operation stability, and emphasizing on uncertainties and dynamic interferences of members’ decision-
makings.

Information coordination is tightly associated with researches on supply chain modeling, and has
gotten numerous achievements, providing technological supports to supply chain practices. Benefit
coordination in supply chains has also accumulated a great deal of literatures, and guided supply chain
practice to great extent. However, researches in this aspect take benefit and resource allocation as the
final goal, emphasizing on the self-compliance of coordination mechanisms. The uncertainty and
deviation in mechanism execution are ignored. These researches focus more on such static constraints as
production/inventory capabilities and costs/prices, taking key independent variables, such as the
environment, process and interferences of members’ behaviors, as transparent (or important). As the
result, research findings are usually theoretical static coordination, and hard to be applied to practical
supply chains which need dynamic coordination mechanisms.

In this paper we propose a coordination framework of supply chain based on members’ behavior
and decision-making risk monitoring. Firstly, the basic principle and process of members’ behavior
coordination will be analyzed, and then the risk monitoring model to members’ behavior and
decision-making is established. The coordination model of members’ behavior based on risk monitoring
is proposed. Finally, the probable direction of future work is discussed.

2 The Principle of Behavior and Decision-Making Coordination among Supply

Chain Members
From the aspect of system controlling, the essence of supply chains operation is to transform
system inputs (information and resources) into system outputs (production and /or services), through
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members’ specific behaviors. The coordination mechanism of supply chain is to ensure all elements of
the system act timely and exactly, maintaining the system operates stable and effectively. In this means,
supply chain coordination is to decompose the system inputs into specific signals to relative members,
and stimulate their specific behaviors, so as to get the expected system output.

The coordination process of supply chain members’ behavior and decision-making includes 4 basic
stages, as described in Figure 1.

External information
(Dynamic input)

Information customizing for members’
sub-systems (system benefit optimizing)

it A T A

1
Interference Member 1 Memberi i Membern |
information Behavior Behavi : Behavior |
(Uncertainty) ehavior '
P ey poomont IO I -

v

Risk appraisal on members’ behavior to the
system (real-time risk monitoring)
v

Members’ behavior and decision adjusting
(Dynamic controlling of system risk)

Figure 1 The Process of Members’ Behavior and Decision-Making Coordination

Firstly, the supply chain system receives the inputs (i.e., market demands, customer orders,
information of competitors, environment variables, etc.). Taking into account the information like
system structure and members’ characters, the system-level optimization will be found, the overall
benefit maximizing as the core aim. The optimal solution will be mapped as input signals of members’
sub-systems, and members are then expected to act upon these “optimal” ways. However, as all
members are self-beneficial, and there exists so many uncertainties in their behavior environments,
nearly all members will deviate their expected “optimal” ways in their actual works, resulting in
unpredictable impacts to the system operation (which we call it Risks). Therefore, there needs a
important process to form a close-loop feedback mechanism which traces members’ behavior and
decision-making, recognizes and appraises their possible risks, optimizes and adjusts members’
behavior and decision space, and finally coordinates the whole supply chain system.

3 Modeling the System Risk of Members’ Behavior and Decision-Making

To coordinate supply chain members’ behaviors and decision-makings, we must effectively
describe the structure and character of members’ behaviors and decision-makings, and correctly analyze
the interact mechanism of this structure and character to supply chain systems. It is necessary to
establish an indicator system to monitor members’ behavior risks to the supply chain.
3.1 Risk elements of members’ behavior and decision-making

There are many elements which deter supply chain coordination. They can be classified into two
categories. The first is object elements, which is intrinsic to the supply chain system, such as system
structure, members’ capabilities and risk preferences. Their influences on supply chain operation are
relatively stable, and can be decreased but can not be eliminated. The other is the subject elements,
which come from members’ subjective initiatives. Because of members’ different behavior abilities and
decision rationalities, these elements have apparent contingency and randomicity, and can have great
impact to supply chain system stability. Members’ individual behaviors may course behavior deviations
of other members, even the system failure resulting from the resonance of members’ behaviors. The
famous Bullwhip Effect is just one of such example.

In supply chains, a lot of member behavior variables can effect the system operation, typical ones
are order/supply quantity, production quality, order/supply price, delivery time, and so on. Suppose there
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are m members in a supply chain. For convenience, it is reasonable to suppose that there are n similar
behavior and decision variables for all members, denoted as X;i = {Xir,Xiz .- . Xij, ... Xin}, I = 1,2,...,m. Here,
Xij means the jth behavior variable of member i, and its feasible domain is related to the intrinsic
character of the behavior.
3.2 The indicator system for members’ behavior risk monitoring

In supply chains, members’ behavior or decision changes usually lead to fluctuation of the whole
supply chain’s expected profit, ®, which is the function of all members’ behavior and decision
combinations, and can be denoted as ®(X). The partial elasticity of ® to member i’s behavior or decision

Xijy E(l ﬁ 82 i=12,...m;j=12,...,n, describes how @ changes when x; changes but other

% O Ox;
members’ behaviors and decisions keep unchanged. So it can act as an important indicator which shows
the impact of members’ behaviors to the supply chain system.

At the mean time, there are also interrelations among different members’ behaviors. Or, behavior
change of one member will raise behavior changes or decision adjustments of other (several or all)
members, leading to the further change of the system’s profit expectation. Denote the interference
mechanism among member behaviors as X, = Xk(Xi), i, k = 1,2,...,m; i # k, then the impact of behavior
change of one member to the system profit through other members’ behavior adjustments can be roughly

described by another indicator, (2’ 22(6(1) aXf') i=1,2,...,m; j=1,2,...,n
1 OXy  OX;
Changes of members’ behaviors and decisions can also change the equilibrium of benefit allocation
in the system. Denote members’ benefits (or utilities) as gok(x) k =1,2,...,m, then, similar to those

X..
discussed above, indicatorse® |, = —— 9P ang e(2 = -— ZZ(&D" e —1), k=12,
ij
O OX; g OXg o OX
k # i approximately describe how the change of member i’s behavror j directly and indirectly affects
member k’s benefit (or utility), respectively.
If members’ behaviors or decisions fluctuate, i.e., Ax;, its direct and indirect impact on the system’s
0
profit can be calculated through indicators proposed above, i.e., A®W =$>(())A g x,l) |x—xo
ij =
ij
0
and A®® = L)Z)Ax” . EX(?) |X:XO . Here, X"and x;° are present status of member i’s behavior or
ij
ij
decision, respectively. Similarly, we can also calculate the changes of other members’ benefits (or
utilities) Ap ™ and A @, k =1,2,...,m; k # i, aroused by Ax;. If the profit change of the system exceeds
the preset threshold value D, or there are deterioration of other members’ benefits (or utilities), then the
event Ax; is a risk event, and the risk warning should be taking and the coordination mechanism should

be initiated.

4 Member Behavior and Decision-Making Coordination Model

Suppose the supply chain is in stable operation, and the system benefit allocation reaches
acceptable (or Pareto) equilibrium. Once risk the event happens, i.e., {Ax;j| AOP¢D UA ®@¢D U
ApP <0 UAp® < 0;i, k=12,...m;j=12,...n} the coordination mechanism will be initiated
ensuring members’ behaviors combination automatically result in another acceptable equilibrium.

Denote present combination of members’ behaviors as X°={X, Xi-°}, with X;- meaning the
behavior combination of members’ other than i. the system profit is ®,=®(X°), and members’ benefits
(or utilities) are ¢(X%), k = 1,2,...,m, respectively. When the risk event happens, members adjust their
behaviors to X' = {Xi*, X-'}, and the expected system profit changes to ®®(X?, X;-°) and @@ (X!, X-),
directly and indirectly. At the mean time, members’ expected benefits (or utilities) change to ¢, P(Xi,
Xi-%) o2t Xi-Y), k=1,2,...,m, directly and indirectly.

The objective of the coordination mechanism is to dynamically adjust the feasible value domain of
vector X" according to Ax;;, and then regulate members’ behaviors and decision-makings. This is in fact
to resolve a multi-person dynamic game, which can be described as the following programming:

Max O(X;!, Xi-Y) (1)
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st OOXE, X-0)>d,
DA(X, Xi-H)>Dy
2P X920 (X0), k=1,2,....m
¢k(2)(xilv Xi'l)2¢k(xo) ! k= 1!27"' M
Xi*, Xi-* obey their basic constraints respectively.

It is a relatively complex nonlinear programming with a large amount of constraint variables, and
can be transformed into a combinatorial optimization problem, which can be solved using heuristic
methods. However, the main task of the coordination mechanism is not to find the optimal solution X*",
but the satisfactory one. A rough feasible solution is enough to regulate the members’ behaviors, with
shorter solving time, which is vital to realize the real-time coordination.

5 Conclusions

Coordination of members’ behaviors and decision-makings is necessary to stable operation of
supply chains. The principle and process of member’s behavior coordination based on risk monitoring
are analyzed, the risk monitoring indicators of member behaviors are designed, and the member
behavior and decision-making coordination mechanism is established.

Given a specific supply chain, the risk monitoring system and coordination frame can be realized

by establishing indicators such as Ex(i) , Ei?,eiilj) |, and eij) |, i, k=12,...,m;j=12,...n,and the

system coordination can be achieved by quickly resolving the model (1) described above.

To make the coordination model practical, the following work should be taken out thereafter:

(1) Describing the behavior structure and decision modes of supply chain members. Member
behavior and decision-making are abstract concepts, and a specific behavior usually results from the
combination of a lot of basic behavior elements. Only if we can trace these basic elements accurately
can we coordinate members’ behaviors ultimately.

(2) Finding the interference mechanism among members’ behaviors and decision-makings. 3
problems are to be solved here: Mthe linkage between system profit and members’ behavior and
decision-makings, ®(X); @the relationship between members’ benefits and members’ behavior
combinations, ¢;(X),i=1,2,...,m; ®interferences among members’ behaviors and decision-makings,
Xee—Xi, 1,k=1,2,...,m; k#i. A reasonable way to solving these problems is supply chain risk simulating.

(3) Fast-solving the member behavior coordination programming. In supply chain operations, quick
response is vital to the coordination mechanism to realize real-time monitoring and dynamic adjusting of
members’ behaviors and decision-makings. Therefore, it is necessary to refine the coordination
programming by specifying members’ behavior characters, optimizing the solving algorithms, and
solidifying it into the behavior risk simulation systems.
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A Study on Factors Influencing User Participation Behavior in Mobile
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Abstract: With the rapid development of mobile networks, mobile communities have gradually
become popular, and user participation is the key factor on mobile community development. This
paper analyzes the behavior of mobile users to participate in community, and establish a model of
factors affecting it. Taking users of mobile community as the survey, a total of 278 valid
questionnaires were collected. Perceived usefulness and quality of the mobile community not only
directly affect positively mobile community trust, but also indirectly influenced positively
participation behavior in mobile community. Perceived costs and perceived risk not only directly
affect negatively mobile community trust, but also indirectly influenced negatively participation
behavior in mobile community. Finally, the paper argues the application inspiration of the model.
Key words: Mobile community; TAM; Mobile community quality; User participation

1 Introduction

Mobile community is an important application of mobile commerce, and is being gradually
spread in China. According to the report of CNNIC, there are 318 million of Internet users by
phones by the end of June 2011, increased over 14.94 million than 2010. Internet users by phones
account for 56.5% in all internet users. Mobile community is a users group in mobile Internet, and
users can enjoy all applications just like virtual community in Internet. Compared to traditional
wired Internet, the biggest advantage of mobile Internet is its universal connectivity, also known as
ubiquitous in nature, that is, the portability of mobile terminal devices. Users can connect to mobile
networks by mobile terminals at any place and any time, breaking the constraints of time and space
and greatly improving the efficiency of communication. So the user can access to the mobile
community at any time and any place.

Another advantage of mobile Internet is the combination of location information, and mobile
Internet can capture location information of the users, according to this feature we can develop a lot
of different functions from the Internet virtual community services. For example, tourists take
pictures and upload to mobile community, so other users can get the source of the pictures, which
increases the vividness of this service.

The user proportion of mobile community site is 41.1% at first half of 2011, which is much
lower than mobile instant message, mobile news and mobile search. The investigation of
international consulting firm Frost&Sullivan revealed a large number of users of Facebook and
Twitter from mobile networks, and Mixi Website has more users of mobile networks than wired
networks. Renren,Kaixin and Tianya Website have also a mobile access, but with a small scale of
users. Compared to the mobile community applications of foreign, domestic mobile community of
users is also a very small proportion. So we need to study the factors influencing user’s
participation behavior in mobile community, and to increase the scale of users of mobile
community.

2 Literature Review

Attracting the user's participation is the key to the rapid development of mobile communities.
At present there are much more research on Internet virtual community than on mobile
communities. About mobile communities study some scholars refer to approach about Internet
virtual communities’ research. Siau and Shen explore the factors influencing the mobile business
customer trust. They think that trust in mobile business can be divided into initial trust and
continuous trust, and the factors affecting initial trust in mobile business are perceived technology
feasibility, familiar, reputation, information quality, third-party certification and attractive
incentives. Han et al found that trust and recognition are adjustment factors which social demand
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and self-expression affect the motivation for participation in virtual communities. Because the users
use mobile business services at the first time, the users do not use the experience to follow, trust
propensity, mobile business reputation, the perception of the characteristics of mobile commerce
site, and the familiarity of the mobile services affect jointly the company's initial consumer trust.

Lin studied personal value and trust theory in mobile business, he found if the users are not
satisfied with system and customer value, they would not continue to user mobile business services,
and trust play an important role in use behavior of continuous mobile business service. Hsu found
that perceived usefulness significantly affect the user preferences, and thus affect the online gaming
community on loyalty. Zhang believes that mobile community services have the following five
features: mobile services, user-friendly interface and easy operation, privacy protection, effective
search engine and user-friendly community management, improved the profit model, these features
will attract mobile users to participate in community. When the customers use mobile community
services, in addition to making benefits, they also need to pay certain costs and take some risks,
including the perception of cost, security and privacy risk of leakage. Cost is one of the factors that
the customers need to consider. The users can compare to the cost of using Internet, and get the
perception of cost of mobile business. In comparison, the perceived cost is visible, but the risk is
invisible. Mobile community bases on wireless network, compared to wired networks, and are
easier to leak information, be intercepted and destructed. So there exists a greater risk.

3 Research Model

There are many factors affecting user participation behavior in mobile community, so how to
build a model to evaluate these factors is very important. The existing study is to investigate the
behavior of Internet virtual communities, a relatively rarely involved in small mobile community.
Extend these studies to the mobile community applications, the paper moves to build a user
community of the factors involved in the model, and through empirical analysis found a significant
impact on the mobile community user behavior factors. Model assumes that there are four factors,
including perceived usefulness, perceived cost, perceived risk and the quality of the community
jointly decided to move the mobile user community's trust. Antecedent of trust by the trust
variables affect the behavior of users in the mobile community. Mobile users will directly affect the
community's trust in mobile community user behavior, while perceived usefulness and quality of
the mobile community is also considered a direct impact on the behavior of users to participate in
the mobile community.

Previous studies have shown that perceived usefulness of technology affect consumer attitudes,
and affect new technology adoption and usage behavior. Davis proposed a technology acceptance
model which is popular, and perceived usefulness is a main factor in the technology acceptance
model, and usefulness indicates that users can improve its performance because of using new
technology. When studying the impact of trust on online shopping, many researchers introduce the
technology acceptance model, and examine the relationship between trust and technology
acceptance model, and confirm empirically that trust and perceived usefulness have a significant
impact on motivation of online shopping. Lin argue that trust affect significantly usage intention of
mobile stock. Kim examine the relationship between motivation and trust on mobile banking, and
confirm empirically that relative benefits and initial trust of mobile banking have a significant
impact on usage intention of mobile banking. Extending the discussion to the context of mobile
community, we posit that:

H1: Perceived usefulness positively affect user behavior of participation in mobile community.

H2: Perceived usefulness positively affect user trust to mobile community.

Previous studies argue that the cost is the negative cost of users. Consumers use mobile
community services, they will have to pay a certain amount of money, time, energy and stamina. If
the users think mobile social community is useful for their own, his perception of the acceptability
of the cost will be high, and it will affect his sense of trust in mobile community. We can make
assumptions:

H3: perceived cost significantly negatively impact on user trust in mobile community.

Bauer introduced psychological concept of "perceived risk” to the study of consumer behavior,
and argue that for any purchase it will bring a certain the consequences that is difficult to accurately
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predict, and some of the consequences are unpleasant, so it produces perceived risk. Featherman
thinks that the consumers mainly pay attention to privacy risks and safety risks in online consumer
behavior. Taking into account the uncertainty of the mobile community and immature, the user's
perception of risk may influence consumer trust in mobile community as an important factor. User
perception of risk is based on the reputation of the mobile community, scale and privacy policies, in
addition to data transmission speed and stability, the wireless network coverage and data encryption
and so on. Therefore, we posit that:

Perceived
usefulness

H1

Perceived cost

Trust in mobile
community

Participation
behavior

Perceived risk

Community
quality

Figure 1 Research Model

Perceived
usefulness

0.293% %% 0.318***

Perceived cost
0.47%**

Trust in mobile
community

Participation
behavior

Perceived risk

R?=0.392

Community 0.417%*

quality

Figure 2 Model Results
(*p<0.05, **p<0.01, ***p<0.001)

H4: perceived risk significantly negatively impact on user trust in mobile community.
In this virtual mobile community environment, through community platform to attract users to
display applications and services to achieve value. Mobile community platform, so the whole
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process of using the user plays a very important role. Mobile users within the community are
affected not only by the behavior of the impact of trust, but also by the quality of the mobile
community platform. Most existing research on e-commerce website quality evaluation, rarely
involves the quality of the mobile community platform. Huizingh think that a website can be
divided into two main parts: the site content and site design. The former mainly refers to the web
site contains a wide variety of information, transactions and entertainment, etc.; web design refers
to how a website to present to the user, and how to make use of the website user interface, more
convenient to use information. Loiacono and others find useful, entertaining, interactive
information and complementary relationship is a measure of the quality dimensions of e-commerce
sites. Some scholars evaluate the quality of the site from other website design, content, privacy,
response time, and visual appeal and so on. Extending the result of extant studies to the context of
mobile community, we hypothesize that:
Table1l Standard @ and CR

PU PC PR MCQ MCT uMC
Cronbach’s & 0.826 0.874 0.879 0.841 0.819 0.890
CR 0.901 0.899 0.945 0.954 0.927 0.933

H5: Quality of mobile community significantly positively impact on the trust in mobile
community.

H6: Quality of mobile community significantly positively impact on the user’s participation
behavior in mobile community.
Many studies show that consumers trust affect consumer motivation of purchase products and
services through the network. The more consumer confidence in e-commerce site, the more likely
they proceed in corresponding transactions. Extending these studies to the mobile community
applications, we assume:

H7: user trust in mobile community significantly positively impact on the user participation
behavior in mobile community.

4 Data Processing and Hypothesis Testing

In this study, principal component analysis and confirmatory factor analysis are used to test
the model. The first is the principal component analysis; we calculate sample data for the KMO
value and Bartlett tests, software for data processing, the results show that, KMO value of 0.839,
Bartlett test significant at 0.001 levels, indicating that the data is suitable for principal component
analysis. The maximum variance after orthogonal rotation method after the load factor and the
variance matrix is omitted. Six factors were extracted, explaining 75.960% of the variance. The
index in the corresponding load factor is much larger than the cross-load on other factors that can
effectively reflect the indicators, and corresponding factor scale has good validity. Cronbach's
values of the factor and composite reliability are as shown in Table 1, the standard values and CR
values are greater than 0.800 indicate scale has good reliability and the measurement items have
good content consistency.

In this paper, PLS Graph3.0 is used to estimate the structural model. Model the final result of
the operation is shown in Figure 2. Perceived usefulness of mobile community have a significant
positive impact on trust and participation in mobile communities, and that is to verify the
hypothesis H1 and H2.Perceived costs and perceived risk were significant levels significantly
under the conditions of 0.5,that is to verify the hypothesis H3 and H4.Mobile community quality
significantly affect mobile community trust and participation, and the path coefficient is 0.41
between mobile community quality and mobile community participation, it is larger, indicating that
the quality of the mobile community has an important impact on mobile community participation.
Trust in mobile community has a significant positive impact on mobile community participation
under the conditions of significance level of 0.001. From calculation results of the software, it
shows that the study data and model analysis is reasonable.

5 Conclusion
Based on technology acceptance and innovation diffusion theory, this paper build a user
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adoption of mobile community factor model under the context of mobile business, and proceed in
data collection and analysis. Empirical results show that the assumptions have been verified.
Perceived usefulness has a significant positive impact on trust and participation in mobile
community. Through the technology acceptance model application in the mobile community
environment, this paper further expands the explanatory power of the technology acceptance model.
Meanwhile, the mobile community service providers should use various measures to enhance the
user's perceived usefulness. On the one hand the information should be content rich mobile
community, to enhance the entertainment and communication of real-time to attract more users, the
other to be innovative mobile community applications to increase user stickiness, such as providing
upload and download free trial listening and using. The quality of the mobile community
significantly affects trust and participation in mobile community. Community interface should be
user-friendly mobile, easy to operate and the user's mobile phone should be connected to a fast
moving community, each specific application response time should be rapid. These areas can
effectively improve the quality of the user's perception of the mobile community. Also in this
research found that, due to various brands of mobile Internet software is different, and some mobile
phones for different communities require different specialized client software, which increases the
complexity of the user using the mobile community, reduce the user's mobile community
perception of the quality. Shortcomings of this study is that mobile users to participate in
community impact factor is different new changes according to the continued use of time, some
users may often after a period of continued use, and some may be later used occasionally, and some
may no longer use. In response to these, this article does not distinguish between the user's
continued uses of time; follow-up study can be considered to continue in-depth exploration.
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Abstract: Since the market-oriented reforms of China's housing system from 1991, the prices of real
estate have experienced a sustained rise. In particular, the rate of increase of average price of Chinese
residential real estate has become more than 12% since 2004. This paper uses the measurement of
Indicator Approach to find out that a series of indicators of measurement of the real estate bubble have
reached and exceeded the warning line, such as the proportion of the real estate investment in GDP,
housing price-earnings ratio, rents-sales ratio, which indicate that the appearance of China's real estate
bubble and the trend of amplification. This paper is intended for the government to take appropriate and
proportionate measures to ease the real estate bubble gradually and to provide a basis for “soft landing"
of the real estate bubble.
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1 Introduction

Real estate, as a kind of physical assets, involves the terminal of long industrial chains of numerous
industries. At the same time, it’s the underlying assets of many financial derivatives and it’s in a position
affecting the situation as a whole. Game of the multi-stakeholders has made the price of real estate rise
continually, resulting in the real estate bubble. This paper uses the measurement of Indicator Approach
to find out that a series of indicators of measurement of the real estate bubble have reached and
exceeded the warning line, such as the proportion of the real estate investment in GDP, housing
price-earnings ratio, rents-sales ratio, ect, which indicate that the appearance of China's real estate
bubble and the trend of amplification.

2 Trend of the Price of Real Estate in China
Table 1 Annual Average Price of Commercial Housing and
Growth Rate from 1991 to 2011 in China

Year Average Price of Commercial Housing (Yuan) Growth Rate
1991 786.2

1992 994.7 26.52 %
1993 12915 29.84 %
1994 1408.6 9.07%
1995 1590.9 12.94%
1996 1866.4 13.55%
1997 1997.2 26.52 %
1998 2061.6 10.56 %
1999 2052.6 0.44%
2000 2111.6 2.87%
2001 2169.7 2.75%
2002 2250.2 3.71%
2003 2359.5 4.86 %
2004 2713.9 15.02 %
2005 3167.7 16.72%
2006 3366.8 6.29 %
2007 3864 1477 %
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2008 3919 1.42%
2009 4695 19.80 %
2010 5029 711%
2011 5381 6.9%

Source: Statistical Yearbook

From the above table, we can see that the product attributes of housing are also reflected in its price
changes since the market-oriented reforms of China's housing system in 1991. From 1991 to the present,
the price of real estate in China experienced a sustained rise. From 1991to 1997, the demand of the
Chinese people for housing in this stage burst out after a long-term suppression, resulting in the rapid
growth of the housing prices and the investment boom.. And the real estate bubble broke out in Hai nai
and other provinces. As China's regulation on real estate, real estate prices in China from 1998 to 2003
were in a steadily rising phase, while the real estate prices showed a rapid growth trend since 2004. The
prices grew faster than GDP growth rate in most of these years. The commercial housing prices in 2008
kept basically unchanged in comparison with those in 2007, whereas the prices rose rapidly in 2009,
reaching the record 21.10%. But the annual growth rate back down again below 10% in 2010.
Compared with the year of 2010, the prices increased 6.9%, while the growth rate dropped 0.6%.

3 Measurement of the Real Estate Bubble in China
3.1 Definition of real estate bubble

In “the New Palgrave Dictionary of Economics” (1998), C.P.Kindleberger made a definition of
“Bubble” : “Whereas a boom or bubble is characterized by a rush out of money into real or longer-term
financial assets, based on expectations of a continued rise in the price of the asset. More speculators who
acquire the benefits from the difference of assets are attracted into the market. The irrational price and
unsupportive conditions result in the change of expectation and the slump in the prices, and often lead to
financial crisis or economic crisis.” This definition vividly describes the bubble from the generation,
expansion to breakdown.

Professor Joseph Stiglitz, Nobel Laureate in Economics, made a concise definition of “bubble”: If
the reason for the rise in prices is that investors believe that hey will sell at a higher price, but the price
of basic elements can not be adjusted, then there is a bubble.

From the above definition, we can sum up two main characteristics of the bubble: Firstly,
imbalance of supply and demand; secondly, serious speculation. According to the above characteristics,
the real estate bubble is defined as: "a manifestation of the bubble economy in the real estate, whose
essence is the deviation of the price of the real estate from its value. Generally, the bubble presents in the
rocketing price of the land and housing, and also in the deviation of the market price from the support of
the user.

3.2 Choice of the measurement indicators and decision of threshold of real estate bubble

The current methods of measurement of real estate bubble are the evaluation method of indicator,
the market correction method, the statistical test method and the theoretical price method. However, for
the reasons that it’s difficult to determine the theoretical price of the real estate, in practice, the
evaluation method of indicator is adopted to measure the real estate bubble. In this paper, the author
selects the indicator of supply, demand and speculative value to make a a comprehensive measure of
China's real estate bubble.

3.2.1 Indicator of supply

The indicator of supply mainly monitors whether the supply is excessive and whether the
overheated investment occurs. The monitoring method is make horizontal comparison with the overall
macroeconomic situation. The main indicators are: the proportion of real estate investment in the total
fixed investment, the proportion of real estate investment in GDP, etc. in this paper, the proportion of
real estate investment in GDP is adopted, which is widely used. This indicator directly reflects whether
the proportion of real estate investment in the national economy is reasonable. And it’s also a basic
indicator to evaluate whether the expansion of the real estate investment is excessive.

Based on international experience, real estate investment-GDP ratio is generally between 3 and 8%,
the construction peak is about 8%, so the threshold of the indicators is identified as 8%.

3.2.2 Indicator of demand
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The indicator of demand is used to monitor the non-speculative demand, which can be measured by
the relationship between demand and price, the main indicators are: The housing price- earning ratio, the
ratio of the growth rate of real estate and that of GDP, the ratio of the growth rate of real estate and
income growth. The most comprehensive indicator is the price-earnings ratio, which reflects the relative
purchasing power of residents on the housing, as well as the affordability of families for the housing
price.

The ideal situation is to maintain the ratio of the housing price and average family income within a
reasonable range. World Bank regards it as 3:6. The ratio is 4:6 in developing countries while generally
it’s 1.8: 5.5 in the developed countries. Therefore, the threshold of the indicator is identified as 7.

3.2.3 Indicator of speculative value

The indicator that reflects the speculative degree is the ratio of sales price of real estate and the
rents, that is, rents-sales ratio. The reason why the rents-sales ratio can be able to reflect the speculative
degree is that the rent is the basis to support the housing price, and that renting a house is an alternative
to buying it. Meanwhile, the rent is mainly affected by the supply and demand of the market, and thus
the speculative elements are relatively low. In normal circumstances, the rents should be synchronized
with the housing prices, that is, the rents-sales ratio should remain stable. If the housing price that is
detached from the housing price is unilaterally rapidly rising and the rents-sales ratio turns out to be
abnormal, it indicates that degree of speculation in the real estate market is strengthened.

The rents-sales ratio is the ratio of the real estate price and the market rent levels, but as it is
difficult to obtain the absolute value of the nationwide rent, we defines the rents-sales ratio as the
comparison of the change between the price index of housing sales and that of the rents. In normal
circumstances, the change of the price index of housing sales and that of the rents should be
approximately equal. The threshold of this indicator is defined as 1.

3.3 Calculation of the real estate bubble
3.3.1 Proportion of real estate investment in GDP
Table 2 Proportion of Real Estate Investment in GDP from 1991 to 2011

Year Investment fqr Real Estate Gross Domestk.; Eroduct -GDP Proportion of R_eal Estate
Chundred million Yuan) Chundred million Yuan) Investment in GDP
1991 336.2 217815 1.54%
1992 731.2 26923.5 2.72%
1993 19375 35333.9 5.48 %
1994 2554.1 48197.9 5.30%
1995 3149 60793.7 5.18%
1996 3216.4 71176.6 452%
1997 3178.3702 78973 4.02%
1998 3614.2292 84402.3 4.28%
1999 4103.2024 89677.1 458%
2000 4984.0529 99214.6 5.02%
2001 6344.1107 109655.2 5.79%
2002 7790.9223 120332.7 6.47 %
2003 10153.8009 135822.8 7.48%
2004 13158.2516 159878.3 8.23%
2005 15909.2471 184937.4 8.60%
2006 19422.9174 216314.4 8.98 %
2007 25288.8373 265810.3 9.51%
2008 31203.1942 314045.4 9.94%
2009 36231.7 335352.9 10.80 %
2010 48267 397983 12.13%
2011 61740 471564 13.09%

Source: Statistical Yearbook
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From the statistics in the above table, we can see that the proportion of the real estate investment in
the GDP in China showed a rising trend year by year since 1997. By the year of 2004, the proportion
exceeded the threshold of 8% in 2004, especially this indicator exceeded the threshold of 9 percent in
2007, while it’s more than 10 percent in 2009. In 2010, the overall real estate investment in China grew
rapidly, the total investment reached 4.8267 trillion Yuan, and this indicator came to 12.13%. In 2011,
the total investment reached 6.1740 Yuan. In this year, the growth of real estate investment obviously
slowed down, but the total amount of investment still hit the previous record by increasing 27.9%.
Because of restrictions on the purchase, loan and price, the growth of national average house prices
significantly slowed down, only 6.9%. This fully reflects that the investment for real estate is
overextended and overheated and it signifies the emergence of early warning in the index of supply.
3.3.2 Housing price-earnings ratio

The housing price-earnings ratio is the ratio of housing price and household income, which is
mainly used to measure whether the house price stays at a reasonable level that the residents' income can
afford. It is a direct reflection of the matching degree of the level of house price and demand for living
of the residents and also it’s directly related to the happiness of the Chinese people.

Table 3 Housing Price-Earning Ratio of Urban Residents from 1991 to 2011 in China

Year House?s{l:alie)lrnings Average total price of a housing (Yuan) | Housing Price- Earning Ratio
1991 5833.1 38292.66 6.565
1992 6829.6 49611.66 7.264
1993 8531.2 64977.95 7.617
1994 11467.5 72537.27 6.325
1995 13833.9 83759.29 6.055
1996 15484.5 98268.16 6.346
1997 16461.4 113405.01 6.889
1998 171433 121824.07 7.106
1999 18381.6 125036.18 6.802
2000 19656.3 134168.95 6.826
2001 21264.8 139902.26 6.579
2002 23416.5 155965.86 6.661
2003 25501.3 168319.65 6.6
2004 28076.4 202185.55 7.201
2005 31059.3 244723.83 7.879
2006 34690.5 269158.83 7.759
2007 40116.7 311240.56 7.758
2008 45922 323881.84 7.053
2009 49634.9 396880.09 7.996
2010 7.76
2011 7.5

Source: From the Database of Development Research Center of
Information Network of State Council in China

From the indicator calculated in the table, the local real estate bubble turned out in the years of 1992
and 1993. From the year of 1997 to 2003, the indicator exceeded the threshold of 7. As the rise of
China's urban per capita disposable income and the improvement per capita living space, the price of
housing increased reasonably and the housing price-earning ratio maintained more stable, about 6.8.
From 2003 to 2007, as the price grew faster than the growth rate of per capita disposable income, the
housing price-earnings ratio increased significantly. From the year of 2004, this indicator exceeded the
warning line once again, and showed a wandering upward trend, which reflected that the relative
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purchasing power of residents on housing prices continued to decline and the real demand was squeezed
by the speculative demand. In 2007, the indicator came to 7.758. Urban per capita living space in 2008
continued to be improved, and the housing price basically kept unchanged. And thus, the price-earnings
ratio was significantly lowered, which was 7.053. In 2009, with the recovery of the real estate market,
the real estate price in China rose largely, and thus the price-earnings ratio rose accordingly, which hit a
new record of 7.996. In 2010, as the regulation on the real estate of the government, driven by the
growth of the urban residents' disposable income, the housing price went down, which came to 7.76.
And in 2011, it went continually down, approaching 7.5.2010.
3.3.3 Rents-sales ratio

Rents-Sales Ratio, generally speaking, the ordinary consumers regard it as the proportion between
the housing rents and sales price. It refers to the ratio between the monthly rent per square meter of
construction area and the price per square meter of construction area. It can also be viewed as the ratio
between the monthly rent and the total housing price. The rents-sales ratio is an international indicator to
measure whether the real estate market runs well or not in a certain region. The international standard is
between 1: 200 and 1: 300. The higher the ratio, the bigger the investment demand for real estate. It the
ratio is below 1 : 300, it means that the value of the housing investment becomes relatively
smaller and that the real estate bubble turns out. If it‘s higher than 1:200, it indicates that the
investment potential of real estate market in this region is relatively large. Whether the ratio is
higher than 1 : 200 or lower than 1 : 300, it always indicates the housing price is deviated from
the rational and actual housing price.

Table 4 Rents-Sales Ratio from 1998 to 2009

Year Sales Price Indices of Housing Rental Price Indices of housing
1998 106.4 102.4
1999 103.1 98.5
2000 101.8 102.4
2001 101.4 102.8
2002 103.7 100.8
2003 104.8 101.9
2004 109.7 105.5
2005 107.6 106.7
2006 105.5 103.5
2007 107.6 103.8
2008 106.5 102
2009 105.8 100.6

Source: From the Database of Development Research Center of
Information Network of State Council in China

From the above table, before the year 2002, sales price index of housing and the rental price index
kept in a synchronized state, which revealed that the extent of speculative degree of real estate market at
this stage was limited. However, the sales price index of housing was deviated from the rental price
index and showed the trend of unilateral rise, which was speculative, obviously not driven by the normal
demand.

4 Conclusions

From the measurement of indicators of supply, demand and speculative value, it can be concluded
that since the China's market-oriented reforms in 1991, the real estate market has experienced the
sustained rapid growth, showing signs of prosperity or even "bubble". In particular, since 2004, the
proportion of real estate investment in GDP, housing price-earning ratio and rents-sales ratio have
exceeded the normal threshold, which sent early warning information from the extent of supply, demand
and speculative value. So we can conclude that since 2004, China's real estate bubble turned out and it
showed the trend of magnification.

But we should recognize rationally that "bubble™ itself is not absolutely bad thing: In the course of
development of any developed countries, real estate industry experienced a "bubble”. As long as there is
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growth and hope in the industry, bubble will occur, because bubble is linked with expectation and
confidence.

Moderate and controlled bubble will give a positive market signal: The real estate market will
maintain a continuous upward trend in a long time. Then the consumers will have faith and feel that
their wealth has indeed increased, and thus they will form the confidence and desire for consumption.
The wealth effect will increase their spending in other areas. And accordingly, the rise in overall
consumption will stimulate further social production, and then the cycle of economic will grow rapidly.
At another level, moderate and controlled bubble will attract more capital investment. The fields that are
closely related to the real estate market will maintain a reasonable growth, such as steel, cement,
building materials, housing decoration market. This part of growth is in turn transformed into social
consumption, which will avoid overcapacity of production. We should only be vigilant against the
excessive, alienation and man-made misleading "bubble”.
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Abstract: This paper aims to find out the critical factors of success in Ready-made Garment (RMG)
industry of Bangladesh, especially from manufacturing engineering aspects. Basically, garment product
must be competitive in terms of quality, cost and time, so the evaluation index system for the product
strategic aspects has been constructed in this paper. Fuzzy analytical hierarchy process (FAHP) has been
used to give evaluation to the product strategic aspects of ready-made garment enterprise of Bangladesh
so that the managers can adopt the effective product strategies.
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1 Introduction

A wider range of risks and uncertainties are involved with the international market than the home
market. Different producer/buyer culture, business infrastructure, economic conditions, legal systems
can create difficult challenges. It is agreed that an organization that is selling its product to the
international market i.e., an international enterprise may adopt one of three product policies. They are;
universal product, country-tailored, and modified product policy ™. It is agreed that the product policy
has to be combined with the strategy to win the market. On the basis of strategy organization may seeks
to consume different amount of cost, time and quality.

Bangladesh, a developing country has achieved a good recognition in the RMG sector in
international market. According to the Bangladesh Garment Manufacturers & Exporters Association
(BGMEA), there are 2915 enlisted members (firms) in Bangladesh. Trade preferences schemes of
BGMEA have concentrated on USA, EU, Canada, Japan, Australia, South Africa, Switzerland, Norway
and New Zealand. To ensure the sustainable success and competitiveness, this paper tries to find out the
critical factors from the strategic engineering aspects to market the product. The evaluation index system
for the product strategic aspects is constructed. Fuzzy analytical hierarchy process (FAHP) is used to
give evaluation to the product strategic aspects of ready-made garment enterprise of Bangladesh.

2 Literature Review

Basically, three different dimensions—quality, cost and time are involved with any product
development. It is referred as strategic triangle also (e.g., Ansari, S. 1997) @, Organization can be
unbeaten when it can produce product with the minimum cost, can ensure the highest quality and can
hand over the product with the shortest possible time. But, the optimum achievement of the three
dimensions simultaneously is difficult. Moreover the term *quality’ is relative. The term can be mutually
defined with the generic strategy (Differentiation, Cost leadership and focus) of M. Porter. Product may
be customized or standardized also. It is agreed that customized products have different features leading
to different production costs and eventually different pricing policies ©!. Lee et al. (2001) suggested a
product design that will support the mass customization ™. It is expected that mass customization will
reduce the excessive cost with keeping the opportunity of product variants within a family. Product
characteristics, relationship-based selling and value received relative to price are embedded in the
product quality under the context of business-to-business marketing ®'. Technical skill has been
embedded in the quality also considering the foreign market ™. In addition to the product quality,
international technical reputation, international market orientation, and some sort of strategic orientation
has been focused in case of foreign market by researcher (e.g., Roger Calantone et. al, .2000) also [,

Improving product quality may decrease the speed of development . Time is a big term as it has
many dimensions and it is associated with the different phase of the product. Time is associated with the
design selected during the early stage of product conceptualization ™. Time efficiency indicates
managing resources constraints efficiently in terms of time. Therefore, scope of time efficiency is
involved at every stage of business; from the supply chain management to the marketing of the product.
In contemporary research, time efficiency has been a subject of innovation area also. Innovation speed
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represents how quickly an idea moves from conception to a product in the marketplace ™.

The optimum integration of quality, cost and time is still a vital area of research. Chen et al. (2012)
recently use repertory grids technique and neural network to propose a quality, time and cost oriented
strategy during product concept generation and selection 2.

3 Methodology

On the basis of literature review, a primary questionnaire was developed. In primary
questionnaire, there were 8 sub-factors under the ‘quality’, 10 sub-factors were under ‘time’, and
10 sub-factors were under ‘cost’. Data has been collected from the listed organization of BGMEA.
Bangladesh Garment Manufacturers and Exporters Association (BGMEA) is the leading association
in the RMG sector of Bangladesh. Data have been collected from the executive level. After
discussion with the experts, factors were reduced. In final questionnaire 7, 9 and 7 sub-factors have
been used under quality, cost and time respectively. MATLAB software has been used for the
mathematical computing of Fuzzy analytical hierarchy process (FAHP). Fuzzy Analytical
Hierarchy Process is as follow:
3.1 Fuzzy set

If X is the universe of discourse and its elements are denoted by x, then a fuzzy set A in X is
defined as a set of ordered pairs:

A={X, 1, (x)| X e X} (1)

3.2 Factor selection for the measurement
Table 1 represents the list of factors. There are two levels. The first hierarchy factor is F = {F.}

(i=12,.... m) , which comes from the second hierarchy factor and {Fij} (j=12,...n)

3.3 Evaluation index (v ) for the selected factors
Four different stages have been used in the evaluation scale to identify the critical factors of

products’ strategic aspects. They are very highly responsible (V,), highly responsible (VZ ), medium

responsible (V 3 ) and normal responsible (V4 ) for the strategic success.

3.4 Weight ( A ) assessment for the selected factors

1 — 9 ratio scale has been used to formulate the decision matrix. Decision Matrix D has been
formulated on the basis of the opinion of several experts consisting with the rules of Analytic Hierarchy

Process (AHP). Largest Eigenvalue (ﬁma)) has been used to calculate the Consistency Index (Cl ) and

consequently Consistency Ratio (CR ).
3.5 Factor evaluation matrix R;

Evaluation matrix (R;) has been formulated after collecting the opinion of a group of executives

and professional. Fik is a membership grade that ultimately indicates the degree of evaluation grade.

Evaluators’ opinion Fij belongs toV, (k =1,2,3,4). 12,3............ n in R, indicate the number
of basic factors. 1,2,...... M indicate the evaluation factors i.e., evaluation sets V .
I’-ill ri12 rrim
r-i21 Iri22 ri2m .
Ri = (I :1!2$3!4) (2)
Irinl IrinZ r-inm

3.6 Fuzzy comprehensive evaluation
Fuzzy comprehensive evaluation method is started from the lower level to the higher level in a
multi-hierarchy evaluation problem. Fuzzy evaluation set in the second hierarchy:

Bi = A1 * Ri = (bil’biz’biB’bM) ©))
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inwhich by, = A8y ATy) (1=1234 k=1234)

B, has been used to indicate the membership grade of evaluation object F, to evaluation

element V, with comprehensive evaluation to each factor ;. After the second level of hierarchy, 1%
level of fuzzy evaluation comes in the hierarchy.

B, A * Iil

~ B, A, * R
R= B[~ == [Rij Lx4 “)

3 A, =R,

B, A, * §4

Fuzzy comprehensive evaluation of second hierarchy; B = A*R =(b,,b,,b,,b,)
In which

b, = ._/n\l(aij A rijk) (k=1234) )

3.7 Handling the evaluation results
The used grade weighted vector is , = (1, 0.75, 0.50, 0.25). The comprehensive value can

be divided into several intervals as [1, 0.75]. [0.75, 0.50]. [0.50, 0.25]. [0.25, 0] corresponding to
very highly responsible, highly responsible, medium responsible and normal responsible.
Calculated comprehensive value into the mentioned intervals represents the visually state of the
critical strategic aspect of product. The parameter is a product of weighted vector 5 andB.

N =, *B; =, *(bb,....... b))’ (6)

4 Fuzzy Evaluation for the Index System of Garment Product Strategic Aspects in

Bangladesh
4.1 The evaluation index system for garment product strategic aspects

Combining some scholors’ research results, the factors of garment product strategic aspects
including quality, cost and time, the evaluation index system for the product strategic aspects is

constructed. Table 1 represents the evaluation index system for the product strategic aspects.
Table 1 The Evaluation Index System for the Garment Product Strategic Aspects

Factors Sub-factors

Product Features

Engineering Requirement
Target Group

Quality Quality of Required Material
Service Delivery
Relationship-based selling
Technical Skill

Price

Cost of Required Material
Marketability

Customizability

Cost Innovativeness

Sustainability (Less Fluctuation)
Performance

\Volume

Affectivity
Modularity/innovation
Lead-time

Supply Chain

Time Product Life time

Reliability (Schedule maintaining)
Complexity of Integrating Different Phase
Flexibility of Time

product strategic aspects

The evaluation index system for the Garment
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4.2 Fuzzy evaluation for the garment product strategic aspects

Data have been collected from the executive level of the listed organization of BGMEA. For
the basic factor decision, twenty executive opinions have been collected on binary mode. Table 2
represents the statistics of decision to identify the indexes of strategic aspects of garments product
from the ‘time’. Statistics of ‘quality’ and ‘cost’ has not been presented there. Table 2 has been

presented as an example of mathematical calculation.

Table 2 Critical Factors of Strategic Aspects for Time

Grade Vl \ 2 v 3 \ 4

Element VHR HR MR NR

1 Modularity/Innovation 3 13 4 0
2 Lead-time 5 12 3 0
3 Supply chain 5 14 1 0
4 Product Life Time 4 12 3 0
5 Reliability (Schedule Maintaining) 3 10 5 2
6 Complexity of Integrating Different Phase 3 8 8 1
7 Flexibility of Time 2 12 6 0

The Evaluation Matrix ( R, ) has been formulated from the basic matrix (table 2),

[0.15
0.25
0.25

=| 020

0.15

0.15

| 0.10

w

0.65
0.60
0.70
0.60
0.50
0.40
0.60

0.20
0.15
0.05
0.15
0.25
0.40
0.30

0
0
0
0

0.10
0.05

0

The weights (A, ) has been determined by several experts in t_erms of 1-9 ratio scale value in

decisions matrix D,

1/3
1
1/3
D, =|1/3 1/5
1/3 1/5
1/5 1/7
/7 1/9

The priority vector has been calculated after the normalization of weight matrix.

A, =[0.4144 0.2202 0.0392 0.0957
A, =[0.2627 0.1271 0.1271 0.0564
A, =[0.1878 0.3856 0.1878 0.0862
A=[0.1429 0.4286 0.4286

3 3
5 5
3 3
/73 1 1
/3 1 1
1/5 1/3 1/3

w w o1 N O

1

1/7 1/5 1/5 1/3

0.0957 0.0957 0.0392 |
0.0564 0.2627 0.0257  0.0564
0.0862 0.0428 0.0237 |

w o1 01 N ©

1

0.0257 |

The calculated consistency ratio is 0.02, 0.02, 0.03 and 0 respectively which are below than
0.1 (C.R <0.1). Hence consistency is acceptable. The fuzzy evaluation (equ. 5) gives the following

results,

~ ~ 4
Bi=A*Ri=v\/(aAl)
=1



Proceedings of the 9th International Conference on Innovation & Management *+ 25«

B,=[0.13 033 042 011], B,=[0.11 055 030 004], B,=[0.21 061 0.16 001

_ _ _ _ T
Now, B = A*{BPBZ,BS} =(0.13, 0.51, 0.30, 0.05)
Fuzzy evaluation has been corresponds with the different sub-factors systematically. That

means B,,B2,Bs and B has been corresponds with F,F,,F; andF .
Fuzzy comprehensive value has been determined by parametric representation method:

N, = #*B:' =(1, 0.75,0.50, 0.25) * (0.13, 0.33, 0.42, 0.11)"= 0.62
N, = #*B." =(1,0.75,0.50, 0.25) * (0.11, 0.55, 0.30, 0.04)"= 0.68
N, = z2*Bs' =(1,0.75, 0.50, 0.25) * (0.2, 0.61, 0.16, 0.01)'= 0.75

N = x#*B" =(1,0.75,0.50, 0.25) * (0.13, 0.51, 0.30, 0.05)"= 0.68
The defuzzification shows that concentration on the factors of ‘time’ is more required to enhance

the strength of strategic engineering aspects of garment industry of Bangladesh. ‘Cost’ and ‘Quality’ is
in second and third position respectively.

5 Conclusions

This paper aims to review the strategic aspects of RMG sector of Bangladesh. The paper reviews
the strategic aspects requirement from the point of resource based view. It is agreed that resource based
view (RBV) can be effective when it is matched with the contingency theory of the organization. Firm
must be able to deploy the resources in ways that match the market conditions they face **l. The result
indicates that RMG sector should concentrate more on the ‘time’ issue under the current situation.
However, they must be conscious about the three dimensions quality-cost-time simultaneously. J.
Rodriguez-Pinto et al. (2011) mentioned that Firm should remain vigilant to shift the emphasis from
speed to quality or vice versa during the development of the new product ™!, The statement is logical
for the RMG sector of Bangladesh also. Efficiency of ‘time’ issue with others dimensions can promise a
prospect for the RMG sector of Bangladesh. ‘Time’ with its different factors (lead time, innovation
speed, supply chain, flexibility etc) can be investigated more keenly in future to handle them efficiently.

The competition in the international market is increasing day by day. Developing countries, like
Bangladesh have to increase efficiency in all aspects to survive in the international market. This paper
explores the situation from the strategic aspects of the resource based view of the organization. FAHP
approach has been used as it is agreed that fuzzy logic helps to code the sense of human beings.

The fuzzy evaluation suggests manager of the RMG industry of Bangladesh to be more concerned
about the ‘time’ factor. The combination of FAHP, RBV and contingency theory suggests RMG
managers for sound management of ‘time’ regarding innovation, lead-time, supply chain, product life
time, reliability, different phase integration complexity and flexibility in current situations.
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Abstract: This paper analyses the main problems of the domestic vigorously nonferrous metal industry,
and bases on it puts forward the development direction of its IT strategy. It takes information strategy of
an typical electrolytic aluminum enterprise as the case and discusses the way to accelerate the step of
informatization.
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1 Introduction

With the deepening of the management reform of China's nonferrous metals enterprise, the
informatization work gradually shows its importance. Its core content is to speed up the automatic
control technology research during the production process and improve the informatization level of
operation and management. In the production control process, it uses some new technologies and new
equipments such as automatic and intelligent monitoring instruments to modify the traditional
processing technology in mining, milling and smelting and gradually to realize the automatic control
process, thus to stabilize the production process, improve the efficiency and enhance the competitive
ability of the enterprise. In the business management, it uses database technology, network technology
and simulation technology, artificial intelligence and logistics technology, etc, and takes supply chain
management as the base to rapidly, effectively, dynamically and coordinately configuration various
resources to realize the integration of technology, management and people.

2 The Overview on the Condition and Problems of Nonferrous Metals Enterprise

Informatization

At present, there are some problems in China's nonferrous metals enterprises, such as low
efficiency, high consumption, more rough machining products and less exquisite products, high cost and
poor international competitiveness. China has strengthened the informatization work to promote
industrialization and industrial optimization. It provides the opportunity for nonferrous metal industry to
change the backward status. In recent years, the nonferrous metal industry has done a lot of work in
informatization and has obtained a certain result, but there are also some problems mainly in the
following respects.
2.1 The enterprise’s information consciousness is enhancing year by year

Most large key non-ferrous metals enterprise and part of the small and medium-sized enterprise has
fully realized the importance of the enterprise’s informatization for reducing the production cost and
improving the core competitiveness. They could bring the informatization construction into the overall
development planning process. In these enterprises, the information organizations usually have
comprehensive computer centers, information centers and information management departments. Their
investments of informatization are well-planned; capitals are in place; structures are reasonable. And at
the same time, they pay more attention to the personnel training in enterprise information. Of course,
there are also many small and medium enterprises and individual large enterprises lack proper
understanding of enterprise management informatization. They have no clear information development
planning. In these enterprises, there aren’t special information institutions and information technology
talents, they lack the understanding of the basic theory and the concept of informatization, their
informatization work usually accompanies with randomness.

“ This paper is supported by Science Foundation of Science and Technology Department of Guangxi Province,
“The Research and Application of Real-time Control System on SCM of Automobile Manufactory ”  (No:
10100002-1)
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2.2 Enterprise information infrastructure has new progress

According to statistic, in recent years, more than 70% of the large non-ferrous metals enterprise
through the management information system applications, has established a 100 M / 1000 M the layer 3
switching backbone or are to set up their own internal backbone, network node is usually covered most
of the post, but to the enterprise has not been extended to workshop location and individual management
department. They use more advanced hardware device, and the Internet is used to connect the one/signs
line or ISDN line level. But there are also many small and medium-sized enterprises have no unified and
overall planning to the construction of internal local area network. Many of the enterprise's individual
department only built this department within the scope of the local area network, these results in
numerous internal local area network system of department level with poor compatibility. And part of
these enterprises have not any form of local area network, these enterprises' information infrastructures
are limited to use a single computer in individual departments.
2.3 All kinds of management software preliminarily get popular applications

Non-ferrous metal enterprise management software’s implementation and application levels are
uneven and different. The overall operation effect is poor. The implementation situation and effect of
management software’s are as follows. Enterprise management software universal system of personnel
salary, financial management, product enters sells saves and sales management are more , and the
enterprise in a certain scale generally get some degree of application. While software’s which can reflect
the characteristics of the non-ferrous metal industry production planning system, production
management system and quality management system are less and get less successful application.
Software’s are more used in a single computer, while less shared through the network system, even if are
shared is also more in the door instead of through integration in the whole enterprise. Management
system and production control system are often separated and hard to realize control integration.
Software’s which improve the work efficiency are more, and for the decision support are less. In short,
the internal utility of management software system has not been fully utilized, and the internal
“information island” phenomenon of enterprises is serious. The application effect of large
comprehensive and integrate management software, such as ERP, CRM, is poor. According to the survey,
enterprises who strictly implemented ERP system are less. On the market, there are less powerful
comprehensive management software systems with industry characteristics and the low enterprise
implementation level by addition lead to that those early invested network hardware facilities of quite a
number of enterprises become idle and cause serious waste. At the same time, the comprehensive
management level of these enterprises has not significant improvement because of the early huge
investment on hardware.

3 A Tpyical Smelting Aluminium Enterprise Information Development Strategy
3.1 Analysis on the present situation of Enterprise informatization

In 2005, this enterprise completed the hardware construction in the office building. Based on it,
there are following 5 application software subsystems. (1) Financial management system. This
enterprise use UFIDA financial software, but she only uses several modules, while other modules
haven’t be used, such as procurement, sales management and decision support subsystem. (2) Industrial
control system. All of the main workshops have a computer control system, but the automation degree is
low, a part of workshops have introduced advanced Germany’s ELAS industrial control system, but if
they want to transplant their data reports into other management system, they need to do further
interface development work. (3) Salary management system. Salary management system used by
personnel department is still based on FOXBASE database which compiled in the early 1990s. (4)
Material management system. It can help the business enterprise realize the inventory management in
the warehouse, the workshop production secondary warehouse and the alumina warehouse; realize the
equipment maintenance management in fixed assets, and realize the matching purchase plan
management, supplier management, in-out warehouse management and realize the data interface with
financial system. (5) Office automation system. The enterprise has set up an office automation system in
the office network, but the content in the information sharing module need to be enriched, and the
workflow is being consummated. In addition, the Web site of the enterprise has been built.
3.2 Strategy analysis on enterprise informatization development

The information development strategy of this enterprise takes customer demand as the guide and
regards the establish and perfect manufacturing execution system and enterprise resource planning as
the key point in order to promote the integration of production control information and enterprise
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management information and comprehensively enhance the overall level of enterprise informatization
and realize the efficient collaborative operation of supply chain. According to the information
development strategy, the enterprise’s future three main development goals are shown in figure 1 as
below.

Supply Chain Management
{SCM)

o EAl
o CPC
o Imtegrated Logistics Solution

Enterprise Resource Planning ﬁ Manufacturing Execulion System
(ERT) (MES)
\’ignrnusly o Production Planning and
o Produrtion Masageoest Nanferrous Scheduling Management
o Material Management Metal Industry o Transportation and
o Financial/Cost Management Information Distribution Management
v Marketing Management Strategy o Product Quality Management

Figure 1 Information Strategy of Vigorously Nonferrous Metal Enterprise

(1) Manufacturing Execution Systems (MES)

Through the implementation of MES, enterprises can realize the production monitoring and
management. MES can also support the real time data collection of production. In a good general
framework of information system in an aluminum processing enterprise, the MES at least should include
following functions, such as production work order management, project management, homework
assignments scheduling and tracking management, production performance and material tracking,
location management of materials, batch segmentation and combination, quality management and
energy management etc.. The specific functions are as follows. In data collection, it can rapidly collect
the real-time process data of control system and the data acquisition system; can provide the interface of
data processing and input; to collect and organize the production test data as well as filter and check the
collected process data and test data, and in a long time preserve the production data. In field controlling,
it can real-timely monitor the production site and provide dynamic flow chart. All levels of managers
can respectively browse and inquires the data they are concern with and monitor the flow accurately.
MES can also provide visualization analysis tools on production data. It helps managers analyze the
production status and find out the reason of production accidents and what affects the quality of
products. It can also help managers make efficient decisions and optimize the process of manufacturing
and operation. In the information querying, MES can realize the querying of the test data; can
automatically produce report forms of shifts, days, weeks, ten-days and months and set up a quality data
ledger to provide basic data for other applications, such as production management system and
management system.

In addition, through the implementation of MES, enterprises can overcome the problems brought
by data delays during the production operation process and human factors and strengthen the
supervision of production. They can find the hidden trouble existed in the production in time so that they
can reduce or eliminate accidents, stable the production, improve the efficiency and level of the
production scheduling and reduce the production cost.

(2) Enterprise Resource Planning (ERP)

To establish and perfect modern enterprise management information system is the key of
non-ferrous metals enterprise informatization, and ERP is on behalf of the latest development of modern
enterprise management systems. It is the direction of enterprise information work. With the increasing
popularity of information technology and enterprise efficiency, ERP has got some degree of application
in nonferrous metals enterprise. A part of enterprises have implemented ERP system and have made
staggered results. A few enterprises adopted the ERP system of SAP Company in Germany and more
chooses domestic ERP system, such as UFIDA and Kingdee after a comprehensive consideration.
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Through the ERP project implementation, in financial, enterprises can regulate cost accounting method
to realize financial first-level calculation and the period charge budget control of the material purchasing
and management fee, operating and manufacturing expense, and automatic control of the foreign pay of
cash flow to strengthen the capital risk control management. In human resource, enterprise can achieve
the complete system for the future salary and welfare management to lay the foundation for the group
centralized human resources management. In marketing, enterprise can realize systematic customer
credit control and sales price management to get customer management unified. This systematic
marketing system makes marketing centralized management get further deepening. In material
management, this enterprise has realized first-degree inventory management and has also realized the
business model unity of China Aluminum major raw material quality inspection sampling. They have
established a unified China Aluminum material classification and coding system and realized the unified
management of suppliers. They have also realized the automatic identification standard according to
production consumption, real-time inventory and quality information. It makes the organization more
targeted than ever before. They have also straightened out the basic management in mine, and have
unified purchasing management. They have realized the unity of responsibility and power inside the
system. And to meet the management needs, they have realized the business data sharing on different
levels.

In addition, the implementation of ERP will have certain effect on the quality of the employees,
business strategy, management thought, the management mode and management method, management
mechanism, the management foundation, business process and the organization structure of the
enterprise. It needs to set up a scientific, standardized and strict business management foundation to
ensure that the ERP system can implement smoothly and consolidate results as well. Therefore, in the
ERP application process, we must combine it with the enterprise’s actual status and base on the
management innovation of the enterprise.

(3) Based on the developed material management system to realize supply chain management

Based on the completed material management system of the enterprise, it transplants some data in
production system and strengthens the cost control to the production plan and transportation for the raw
materials to realize the complete logistics tracking system. It brings basic modules of the ERP
management in, and the data form a unified format in the financial system. It also establishes
appropriate statistical analysis and decision support system and realizes the management mode which
integrates the MES and ERP together in the supply chain. After the successful implementation of the
supply chain management, enterprises can improve competitiveness, market share, customer satisfaction
and obtain the biggest profit. Supply chain management takes business cooperation, cooperative
competition and win-win principle as the basic operation mode. Through the use of modern enterprise
management technology, information technology, network technology and integration technology to
effectively plan and control the information flow, logistics, cash flow, and traffic flows in the entire
supply chain, so that to make customers, vendors, suppliers, manufacturers and service providers
become a complete nets chain structure and form a competitive strategy alliance.

4 Conclusion

With China's accession to the WTO, the competition between the enterprises at home and abroad is
inevitable. Non-ferrous metal industries also are facing opportunities and challenges. They must
recognize enterprise present problems and consider the user as the center and take the market as the
leading factor. They must make full use of the existing IT infrastructure to speed up the construction of
the modern enterprise information management platform, to perfect production control and management
informatization level and to accelerate supply chain management. They must accomplish information
fusion in the production field, circulation field and related field and give full play to the information
advantages. In addition, in the information process, they must strengthen the function of the
management, and practically run enterprise development strategy through the daily operation process to
meet the challenges of the information with standardized management, constantly update management
idea and the management method and keep steady development in innovation. Only in this way,
nonferrous metal industries can rapidly increase international competitiveness and occupy a place in the
future competition.
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Abstract: The neo-tribalism refers to a new kind of classification of people, who are not tied by
same blood, customs or traditions but by similar conceptions, interests, or living styles. These new
tribes mainly congregate on the internet, aging from teens to twenties. This essay concentrates on
analyzing how these juveniles’ neo-tribes exert their influence on the society and how they interact
with other social members through the Internet. Because their behaviors inevitably reflect various
social phenomena, their appearance often presents a kind of social trend, ideology, or public
opinion, which will guide or affect the other juveniles’ behavior positively or negatively. So, it is
necessary for us to explore these neo-tribes in order to make them beautiful music notes in the
construction of the harmony society.

Key words: Neo-tribalism; Reactive interaction; Evocative interaction; Proactive interaction

1 Introduction

Since the talk show “Lu Yu’s Appointment” broadcasted the series of programs “The
Neo-tribalism” on CCTV, neo-tribes like the LOHAS, the Freeters, the OTAKU come into view of
the public in succession. Thereafter, more than 300 hundred tribes like Zhangsan Zu, Shengnv Zu,
Kenlaos Zu emerge on the Internet with an unexpected speed. More and more young people
are attracted by them, from adoring, imitating to confusing. Such contradictory impact on the youth
rouses the public sensation in different ways. Some socialists think that although the
neo-tribes first appear as virtual groups on the Internet, they reflect people’s unsatisfied need in
the real world; some politicians infer that they represent the special interest of certain groups;
some psychologists study how their proposals guide their performance. More and more people
immerse to find out more behind the veil of the neo-tribes. In a sense, the more we know about the
neo-tribes on the Internet, the more we are clear about our society. So, in this essay, the author
tries to help recognize these neo-tribes by illustrating their social interaction with the outside
world.

2 What is Neo-Tribalism?
2.1 Definition of neo-tribe

The neo-tribalism refers to the state of existing as a neo-tribe, and its significance lies in how
we interpret the meaning of a neo-tribe. Neo-tribe is a coined word, and its “new”is embodied in
the differences from traditional tribes in three ways. First, the tribe members have no blood
relations, no common ancestors or even no customs and traditions; they only share the similar
conception of values, hobbies, or living styles. Second, neo-tribes don’t live on certain land, but on
a virtual world—Internet. Third, neo-tribes are mainly constructed by young people who are active
on the Internet; and they are born as soon as they disappear, suddenly like the wind.

2.2 Reasons for the existence of neo-tribes

The making of neo-tribes has two necessary elements: one is the human nature to belong to a
group—even in a total strange society; the other is the Internet, which offers them a freer, more
tolerate virtual space to communicate and congregate. That’s why we cannot deny the fact that the
neo-tribes do exist in our society.

We can illustrate the reasons from angles of different sciences. In a philosopher’s view, the
social existence decides human’s consciousness and human’s consciousness counter-reflects the
social existence (Karl Marx). ! The existence of neo-tribes is the result of the counteraction of
objective world and subjective human desire. A psychologist will explain it in this way: one cannot
live without any influence from his living circumstance. However, he never passively accepts any
influence, but actively affects the circumstance, and such mutual interaction keeps on going all the
time. 2 As a sociologist states, living in the kaleidoscope-like society, people prefer to manifest
their differences in life attitudes, social behaviors or living habits which derive from their different
social experiences and feelings. But in some particular aspects, they still show the astonishing
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similarity. ! Then, according to the above reasons, when a certain amount of individuals
accumulate their similar characters to such an extent that they gain enough popularity and begin to
affect the others or the society, a neo-tribe was born, and their beliefs, values and activities make a
kind of neo-tribalism.

2.3 Categories of the current neo-tribes

At present, there are more than 300 neo-tribes appearing on the Internet. Their names not only
embody the common features of their members, but also publicize their unique characters from the
other groups. According to their pursued values and main characters, they are classified into the
following types:

(1) Show the distinctive lifestyles, such as the LOHAS, the Freeters, the BoBos, the OTAKUS,
the Zhangsans, etc.

(2) Show the unusual patterns of consumption, such as the Moonlight, the Sleek, the
window-shoppers, the feeling-followers etc.

(3) Show the multiple attitudes towards a specific problem. For example, the different
attitudes towards marriage bring about the flash marriage group, the Shengnv, the
concealing-marriage group, the marry-upon-graduation etc.

(4) Show the yielding attitude to some social facts, such as the child slave, the mortgage slave,
the certificate slave, the exam slave, etc.

(5) Show the special hobbies or interests, such as the Cat Lover, the Hitchhiker, the Wise
Traveler, the Shaiwang (those who love to show their privacy on the Internet) , etc.

2.4 Characters of neo-tribalism

Today’s neo-tribalism is largely supported by the youth, so it reflects the youth’s common
characters.

(1) Volunteer members. Growing up in democratic social surroundings, the young prefer to be
independent and free. They tend to regard themselves as members in a neo-tribe as long as they
accept its beliefs, values, attitudes or interests.

(2) Loose organization structure. The neo-tribe members congregate for the shared
conceptions, interests or hobbies in some aspect, but not for an aimed target. Like the bystanders,
attracted by something new or unusual, they are doomed to disperse at any time.

(3) Fluid members and changeable attitudes. There is no strict limit or a sharp distinction
between neo-tribes, and the young members inadvertently care about that. They love the fun,
casualness, and relaxation to join in a tribe and later convert to another as their attitudes and mood
change.

(4) Surprise booming. The neo-tribes are never threatened by the young’s unfaithfulness. To
the contrary, the new will always appear when the old has not gone, for the young people’s
changeable lifestyles and diversified values make them alive all the time. Because of them, the
social life becomes more colorful and more complex. So knowing them, we can discern how the
social phenomena reflect and act on people’s psychology.

3 How the Neo-Nribes interact with the society?

The neo-tribes are born in the particular social environment, and in turn react on it. As we
know, an individual often interacts with his outer settings in three ways: the reactive interaction,
the evocative interaction and the proactive interaction.'As similar individuals tend to congregate
groups and reveal their characters as integrity, the neo-tribes do interact with their dependent
society in the similar way.

3.1 The reactive interaction

The reactive interaction defines that when facing the same environment, different neo-tribes
will sense it, experience it and interpret it in different ways. For example, when the newly
graduates aged twenties encounter the choices about their future, some decide to be Kaowan Zu
(the “stable job seekers™), for they think the public servants as the only ideal jobs worthy to be
struggling; some prefer to be “Bihun Zu”, marrying upon graduation to escape pressures from the
job competition; others are determined to be “Ant Tribes”, striving for their goals from zero and
springing up from the lowest substrata in the metropolis. The different choices are mainly due to
the individual differences, which derive from different psychological factors, congenital
conditions and posteriori circumstances (Defleur, 1975). ¥ Such differences contribute to people's
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different character development and behavioral mode, which can best explain the phenomena that
the young people with the similar education background take the totally different ways after
graduation.
3.2 The evocative interaction

The evocative interaction means that some representative characters and conducts of the
neo-tribes will arouse the public’s particular attention or reaction to them. The public pays
different attention to social groups, and to the weak groups, they usually treat them with sympathy
and compassion. But, if some weak groups, with the aid of the media, continue to express their
emotions and emphasize their demands, they will strengthen the public's concern and force them to
react extraordinarily. At that time, the sympathetic attitudes will escalate to offer help. For
example, “Taoxin Zu”, (the salary seekers), represented by peasant workers and contracted workers,
often obtain the social support and relief by evoking the public's sense of justice and
responsibilities. Once the press helps them appeal in public, the involved entrepreneurs will be
denounced for their illegality and dishonesty. Another group, “Fang Nu”, who are under the
pressure of house mortgage, try to make themselves heard by the central government. As a result, a
series of related policies are put in place to help better their living conditions. The media help
circulate the social groups' worries, concerns and demands in the public sphere, which make "the
present oppressed realize the oppression, and the present oppression become much heavier"(Karl
Marx). To enter the public domain by arousing the public's attention is an effective way for
neo-tribes to be recognized by the society.
3.3 The proactive interaction

The proactive interaction refers to the phenomenon that an individual in a neo-tribe can
actively choose and construct his favorite circumstances, and in turn, the preferred circumstances
help build his personal characters. For instance, the Lehuo Zu (also called LOHAS, “Life styles of
Health and Sustainability” for short) advocate the healthy, low-carbon, environment-friendly
living style. In their lives, they prefer walking to driving, the recyclable to the disposal, and the
natural food to the processed. Consequently, such lives help shape their natural, simple and
positive characters. The same case in point is the Lv Zu (the travel fans). Loving nature and travel
is the main reason for them to create every chance to travel, and travelling in nature frequently
contributes a lot to mold their vigorous, frank and adventurous characters. So, no matter how the
society develops, human beings will never feel satisfied with their environment. They tend to
select and construct a suitable environment to meet their need. And at the same time, they are
constrained and influenced by their chosen environment. The two parties are always in the course
of dynamic interaction.

4 The Influence the Neo-Tribalism Exerts on the Social Life
4.1 The neo-tribalism interferes with the social perception

The social perception mainly refers to the cognition and understanding of human. © It studies
a complicated process that how people judge others' motives, characters, intentions or attitudes by
social communication. Like dropping a small pebble in the still lake, the emergence of
neo-tribalism usually creates far-reaching ripples and affects the society perception. For instance,
when the society is aware of the coming and blooming of a new tribe, it gets the “first impression”
from its novel name. But the name seems to concentrate more to attract eyeballs than to elaborate
itself clearly. As a result, the false association of names often interfere with the system of social
perception, producing some psychological suggestions such as stereotyped image, halo effect etc.
and causing some radical attitudes. Once the social attitudes toward a neo-tribe have come into
being, many factitious obstacles will be set unavoidably between their interactions.

4.2 The neo-tribalism affect young people’s character development.

When the neo-tribalism is prevailing on the Internet, young people are most liable to be infected.
Because they are at the sensitive stage, their body, mind and character are easily changed by the outside
influence. When plunging into the Internet without any protection from their belief or value, they tend to
accept more before they can perceive the righteous and the wicked, which will contribute to the making
of a marginal personality. According to a study, people with marginal characters are more likely to
break the established norms and ignore the social orders or principles. The young with marginal
personalities usually appear some characters like wandering soul, conflicting values which will make
them behave disorderly or suffer the mental anxiety. If they keep this kind of uncertainty in the process
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of building their life values or world values, they will lose the power to make judgment between the
good and the evil. They will find themselves playing all kinds of roles in the reality but to their sadness,
they cannot recognize their real selves. They belong to such susceptible population and tend to be
misled by the seemingly fantastic neo-tribes.

5 Conclusion

Nowadays, China is concentrating on building a harmonious society. To the government, knowing
these neo-tribes is the best way to know her people, for she can adjust the existing policies which could
have hurt people’s interest in some way, and invent the new to bring more benefits to them. At the same
time, the public are invited to judge the legality of neo-tribalism, which determines, in a way, the
lifespan of some tribes. To those with positive spirit, the public is tolerant and helpful to promote their
growth; to those with negative intention, (usually confusing people’s conscience and defying the
established order), the public will launch a nationwide argument to test their values. Once the consensus
is achieved, people can reject their further erosion voluntarily. Thus, the positive ones will live longer
than the negative, for human beings are inclined to pursue and support the virtue and the truth in any
society. Only by doing so, the neo-tribalism and the society can really achieve a kind of cooperative
harmony.
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Abstract: The purpose of this purpose is to compress images while maintaining acceptable image
quality. This is achieved by dividing the image in blocks of 8x8 pixels and applying a discrete cosine
transform (DCT) on the partitioned image. The resulting coefficients are quantized; less significant
coefficients are cut off. After quantization, two encoding steps are made, zero run length encoding (RLE)
followed by an entropy coding. Part of the JPEG encoding is lossy, and part is lossless. JPEG allows for
some flexibility in the different stages, not every option is explored. Here the entropy coding will only
be briefly discussed and the file structure definitions will not be considered.
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1 Introduction

A digital signal processor (DSP) is a specialized microprocessor with an architecture optimized for
the fast operational needs of digital signal processing (Yovits, Marshall C., 199 & Liptak, Béla G. ,
2006 ). Also signal processing is an area of systems engineering, electrical engineering and applied
mathematics that deals with operations on or analysis of signals, or measurements of time-varying or
spatially-varying physical quantities. Signals of interest can include sound, images, and sensor data, for
example biological data such as electrocardiograms,  control system signals, telecommunication
transmission signals, and many others. According to Alan V. Oppenheim and Ronald W. Schafer, the
principles of signal processing can be found in the classical numerical analysis techniques of the 17th
century. They further state that the "digitalization™ or digital refinement of these techniques can be
found in the digital control systems of the 1940s and 1950s (Oppenheim, Alan V.; Schafer, Ronald,
1975).

Digital signal processing algorithms typically require a large number of mathematical operations to

be performed quickly and repeatedly on a set of data. Signals (perhaps from audio or video sensors) are
constantly converted from analog to digital, manipulated digitally, and then converted back to analog
form. Many DSP applications have constraints on latency; that is, for the system to work, the DSP
operation must be completed within some fixed time, and deferred processing is not viable.
Most general-purpose microprocessors and operating systems can execute DSP algorithms successfully,
but are not suitable for use in portable devices such as mobile phones and PDAs because of power
supply and space constraints. A specialized digital signal processor, however, will tend to provide a
lower-cost solution, with better performance, lower latency, and no requirements for specialized cooling
or large batteries. The architecture of a digital signal processor is optimized specifically for digital signal
processing. Most also support some of the features as an applications processor or microcontroller, since
signal processing is rarely the only task of a system. Some useful features for optimizing DSP
algorithms are outlined below.

1.1 Typical Operations and Applications

The goals of signal processing can roughly be divided into the following categories.

(1) Signal acquisition and reconstruction, which involves measuring a physical signal, storing it,
and possibly later rebuilding the original signal or an approximation thereof. For digital systems, this
typically includes sampling and quantization.

(2) Quality improvement, such as noise reduction, image enhancement, and echo cancellation.

(3) Signal compression, including audio compression, image compression, and video
compression.

(4) Feature extraction, such as image understanding and speech recognition.

In communication systems, signal processing may occur at OSI layer 1, the Physical Layer
(modulation, equalization, multiplexing, etc.) in the seven layer OSI model, as well as at OSI layer 6,
the Presentation Layer (source coding, including analog-to-digital conversion and data
compression).
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2 Categories of Signal Processing
2.1 Analog signal processing

Analog signal processing is for signals that have not been digitized, as in legacy radio, telephone,
radar, and television systems. This involves linear electronic circuits such as passive filters, active filters,
additive mixes, integrators and delay lines. It also involves non-linear circuits such as commanders,
multiplications voltage control filters, and voltage controlled oscillators and phase —locked loops.

Analog

Analog y Analog

signal ADC Signal ADC signal
Processing

NB:- ADC = Analog Digital Converter
Figure 1 A Simple Block Diagram of A Typical Digital Signal Processing System

2.2 Discrete time signal processing

Discrete time signal processing is for sampled signals that are considered as defined only at
discrete points in time, and as such are quantized in time, but not in magnitude. Analog discrete-time
signal processing is a technology based on electronic devices such as sample and hold circuits, analog
time-division multiplexers, analog delay lines and analog feedback shift registers. This technology was a
predecessor of digital signal processing and is still used in advanced processing of gigahertz signals. The
concept of discrete-time signal processing also refers to a theoretical discipline that establishes a
mathematical basis for digital signal processing, without taking quantization error into consideration.
2.3 Digital signal processing

Digital signal processing is the processing of digitized discrete time sampled signals. Processing is
done by general-purpose computers or by digital circuits such as ASTICs, field programmable gate
arrays or specialized digital signal processors (DSP chips). Typical arithmetical operations include
fixed- point and floating -point, real-valued and complex-valued, multiplication and addition. Other
typical operations supported by the hardware are circular buffers and look-up tables. Examples of
algorithms are the Fast Fourier transforms (FFT), finite impulse response (FIR) filter, Infinite impulse
response (IIR) filter, and adaptive filters such as the Wiener and Kalman filte rs.

Figure 2 Atypical Digital Processing System

The amount of information required to store pictures on modern computers is quite large in
relation to the amount of bandwidth commonly available to transmit them over the Internet and
applications like video where many thousands of pictures are required would be prohibitively
intensive for use on most systems if there wasn’t a way to reduce the storage requirements of these
pictures (G. K. Wallace, 1991).

A still image is a sensory signal that contains significant amount of redundant information
which exists in their canonical forms. Image data compression is the technique of reducing the
redundancies in image data required to maintain a given quantity of information. Therefore, data
storage requirements and communication costs are decreased. In digital image compression, data
redundancy is the main issue and better compression can be achieved by reducing more data
redundancy with a degree of quality. There are three types of basic data redundancies: coding
redundancy, inter-pixel redundancy, and perceptual redundancy.

Coding redundancy occurs when the codes assigned to a set of events such as the pixel values
of an image have not been selected to take full advantage of the probabilities of the events (Jian
Jiun Ding and Jiun De Huang, 2007). Inter-pixel redundancy usually refers to the correlations
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between the structural or geometric relationships of the objects in an image. Due to the high
correlation between the neighboring pixels, any given pixel can be easily predicted from the values
of its neighboring pixels, so the information carried by individual pixels can be relatively small.
Any information is said to be perceptually redundant if certain information simply has less relative
importance than other information in terms of the human perceptual system. For instance, all the
neighboring pixels in the smooth region of a natural image have a very high degree of similarity
and this insignificant variation in the values of the neighboring pixels is not noticeable to the
human eye. The data size of Fig. 1(a) is 83,261 bytes, and the data size of Fig. 1(b) that is
compressed by JPEG is 15,138 bytes which is approximately 1/5 of the former one. As the result, it
is hard to distinguish Figure 3 (a) and Figure 1(b).

@ (b)
Figure 3 (a) Original Image (83,261 bytes). Figure 3 (b) JPEG Compressed Image (15,138 bytes

3 Basic Ideas Analysis of Still Image
3.1 Pixel

In digital image, a pixel is a single point in a raster image. The pixel is the smallest addressable
screen element shown in Fig. 4 below; it is the smallest unit of picture that can be controlled. Each pixel
has its own address. The address of a pixel corresponds to its coordinates. Pixels are normally arranged
in a 2-dimensional grid, and are often represented using dots or squares. Each pixel is a sample of an
original image; more samples typically provide more accurate representations of the original. The
intensity of each pixel is variable. In color image systems, a color is typically represented by three or
four component intensities such as red, green, and blue.

=
2\

Figure 4 Pixel is Smallest Element of an Image

3.2 RGB color image and grayscale image

When the eye perceives an image on a computer monitor, it is in actually perceiving a large
collection of finite color elements, or pixels. Each of these pixels is in and of itself composed of three
dots of light; a green dot, a blue dot, and a red dot. The color the eye perceives at each pixel is a result of
varying intensities of green, red, and blue light emanating from that location. A color image can thus be
represented as 3 matrixes of values, each corresponding to the brightness of a particular color in each
pixel. Therefore, a full color image can be reconstructed by superimposing these three matrices of
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“RGB?”. If an image is measured by an intensity matrix with the relative intensity being represented as a
color between black and white, it would appear to be a grayscale image shown in Figure 4.
3.3 Grayscale

The intensity of a pixel is expressed within a given range between a minimum and a maximum,
inclusive. This range is represented in an abstract way as a range from 0 (total absence, black) and 1
(total presence, white), with any fractional values in between. This notation is used in academic papers,
but it must be noted that this does not define what "black” or "white™ is in terms of colorimetry.
In computing, although the grayscale can be computed through rational numbers, image pixels are
stored in binary. Some early grayscale monitors can only show up to sixteen (4-bit) different shades
shown in Fig. 5 below, but today grayscale images intended for visual display are commonly stored with
8 bits per sampled pixel, which allows 256 different intensities to be recorded, typically on a non-linear
scale. The precision provided by this format is barely sufficient to avoid visible banding artifacts, but
very convenient for programming due to the fact that a single pixel then occupies a single byte.

Figure 5 4-bit grayscale

3.4 YUV color space

What exactly is YUV when talking about video? Indeed it’s a way of breaking the brightness and
colors in the image down into numbers, and it’s a little different from RGB, Just as a refresher, most
cameras take the light coming into the lens, and convert that into 3 sets of numbers, one for Red, one for
Green, and one for Blue. This is called RG. There is one big problem with RGB color — it’s tough to
work with. If we need to lower the brightness uniformly on an image, we need to do it to all 3 colors.
There’s also a lot of redundancy in the data. To combat this redundancy, there is a different way of
storing the information called YCbCr, which breaks the signal down into a Y, or luminance channel, and
2 channels that store color info without brightness info — a Blue channel and a Red channel that don’t
contain any brightness.

The correct way to abbreviate this would be Y, Cb, and Cr. However, | want you to try saying
YCbCr 10 times, and compare that with saying RGB 10 times. Y, Cb, Cr, is a mouthful. Some engineer
somewhere decided that saying YCbCr was just too inconvenient, and borrowed another color term,
YUV, to use instead. Technically speaking, saying “YUV” to describe YCbCr is not accurate at all, but
the name stuck, and so now, most people who are talking about YCbCr use the term YUV incorrectly.
Below in Figure 2, there is a graphic from the Wikimedia Commons site that shows RGB breakdowns of
a frame (See figure 6 below).

Figure 6 A color image is made up of three matrices
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As you can see, the full color image is separated into a Red channel, a Green Channel, and a Blue
channel. In the above figure we observed that the same image, broken down into YUV channels. In the
case of a color RGB picture a point-wise transform is made to the YUV (luminance, blue chrominance,
red chrominance) color space. This space in some sense is more efficient to be decor related than the
RGB space and will allow for better quantization later. The transform is given by:

Y 0.299 0.587 0.114 || R 0
U |=|-0.1687 -0.3313 0.5 G|+|05(

V 0.5 -0.4187 -0.0813(| B 0.5
And the inverse transform is
R 1 0 1.402 Y
G|=|1 -0.344.4 -0.71414||U-0.5]-
B 1 1772 0 V -0.5

4 Basic Image Compressed Model

The JPEG compression process contains three primary parts as shown in Fig. 7. First, to prepare for
processing, the matrix representing the image is divided into 8x8 squares. Here the size was dependent
on the balance between image quality and the processing power of the time and passed through the
encoding process in chunks. To reverse the compression and display a close approximation to the
original image the compressed data is fed into the reverse process as shown in Fig. 8. These figures
illustrate the special case of single-component image compression. Color image compression can then
be approximately regarded as compression of multiple grayscale images, which are either compressed
entirely one at a time, or are compressed by alternately interleaving 8x8 sample blocks from each in

turn.
pr Entropy
FDCT L o Quantize | Encoder

/ N

8 x 8 blocks
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Figure 7 JPEG Encoding Flow Chart
Where by FDCT =Forward Discrete Cosine Transform.
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Figure 8 JPEG Decoding Flow Chart
Where by Discrete Cosine Transform.
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5 Conclusion

Modern signal processors (DSP’s) yield greater performance; this is due to both technological and
architectural advancements like lower design rules, fast-access two-level cache. Not all DSP’s provide
the same speed and many kinds of signal processors exist, each one of them being better suited for a
specific task, Before the JPEG 2000, the JPEG lossy compression scheme is one of the most popular and
versatile compression schemes in widespread use. The term “JPEG” is an acronym for the Joint
Photographic Experts Group which created the standard. The JPEG can efficiently compress image
without severe distortion and cost less for implement. Due to this, modern digital signal processing
became the focus in this article. And this paper investigates JPEG compressing process by dividing the
image in blocks of 8x8 pixels and applying a discrete cosine transform on the partitioned image.
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Abstract: This paper mainly analyses Hubei Province’s modern logistics and its logistics information
technology development status, and compares Hubei Province’s logistics status with eastern coastal
Provinces’ logistics development status. To analyze and research the necessity of building Hubei
Province’s logistics and public information sharing platform from the aspects of economy, environment
and policy.
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1 Introduction

In today’s economic society, which is made up of consumption, production and circulation,
logistics has become a tool to shorten the distance between producers and consumers both in time and
space .Because, no matter producers or consumers; they both don’t want to spend too much time on
circulation, which makes the function of logistics become more and more important. Logistics and
public information sharing platform as an information sharing platform can help to shorten circulation
time, it can quickly and efficiently handle a variety of information that produced from all aspects of
manufacturing, transportation, handling, processing, distribution, etc, and deliver these information
accurately and quickly to all the related enterprises and logistics companies and relevant government
departments that on the logistics chain through logistics and public information sharing platform. ™

2 The Logistics Status of Hubei Province of China

In recent years, the logistics industry of Hubei Province has being in a strong development situation,
and it is transiting from the initial stage to the stage of rapid development. Gradually, it has become the
pillar industry of Hubei Province’s economic development, and made very important contributions to
the Province’s economic development. However, for the present, the overall development of logistics
industry in Hubei Province is still very low, and it has a big gap compared to the eastern coastal
Provinces. Besides, there are a range of issues, such as the economic development is limited, the
technological level is low, and the logistics information resources are single and fragmented, and the
government policies do not reach the designed position, and so on.
2.1 The status of Hubei Province’s logistics industry development

From 2006 to 2010, the total logistics operation of Hubei Province has increased from 1.7586
trillion Yuan to 3.5257 trillion Yuan, the annual average growth is 14.2%; among this the logistics
added value has increased from 54.2 billion Yuan to 110 billion Yuan, the annual average growth is
14.6%, accounts for Hubei Province’s GDP is about 7%.Among them, the volume of goods transported
has increased from 529 million tons to 969 million tons, the annual average growth is 14.3%;and the
cargo turnover has increased from 173 billion tons per kilometer in the year of 2006 to 336.7 billion tons
per kilometer in 2010, the annual average growth is 18.1%.Up to the year of 2010,logistics costs
accounts for the Province’s GDP is about 17.6%.Although the level of its development is better than the
national average, it is still has a big gap compared to the eastern coastal Provinces. Table 1 shows the
statistics of the logistics development indicators in Hubei Province from 2006 to 2010.

Table 1 Statistics of the Logistics Development Indicators in Hubei Province from 2006 to 2010
Index . The added value .
Gross social of the logistics Cargo Goods transportation Logistics cost
logistics(unit: industr (L?nit' one traffic(unit: turnover(unit: one acgcount for
one hundred y (unit: one hundred hundred million tons .
L hundred million - . GDP (unit: %)
million Yuan) million Yuan) per kilometer)
Years Yuan)
2006 17586 542 5.29 1730 18.2
2007 21158 660 5.85 1911 18,1
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2008 24813 799 7.58 2700 18.1
2009 27309 903 8.27 2808 17.7
2010 35275 1100 9.69 3367 17.6

It is easy to see from the table that most of the logistics industries in Hubei Province in recent years
have maintained a rapid speed of development and the logistics indicators are well improved. @

Based on this favorable development trend, in “the Twelfth Five-Year Plan” period, Hubei
Provincial government will do its best to promote the construction of a modern logistics network system,
and unite all its prefecture-level cities to construct a modern logistics circle. The logistics circle makes
Wuhan city as its center, and relying on the natural advantages of the Yangtze River economic belt, to
drive the development of logistics industry and build the logistics circle in all the prefecture-level cities
of Hubei Province. Currently, Hubei has already built a logistics circle that makes Wuhan city as its
center and other eight prefecture-level cities like Tianmen, E’zhou, Xiaogan, Huangshi, Huanggang,
Xiantao, Qianjiang and Xianning as its extension. And it has built the logistics network, which can not
only coordinate the economic development of Hubei Province, but also to promote the formation of the
integration of Hubei Province’s logistics industry. Table 2 lists its neighboring cities’ logistics bases that
have been built or under been constructing and the total investment of each logistics base.

Table 2 Other Prefecture-Level Cities’ Logistics Bases and Their Total Investment

Total investment Total investment
Name of the logistics base (a hundred Name of the logistics base (a hundred
million) million)

The logistics commercial

The logistics base of Huangshi 9.2 center of Taipingxi port 68
Comprehensive logistics base of Logistics distribution center of
, 14 - 1.8
E’Huang Yizhong
Feature agricultural products Comprehensive logistics base
L Lo 2.6 - 8.7
logistics base of Xianning of Jingzhou
Comprehensive logistics base of Agricultural products transport
; 7.5 L A 8
Xiantao logistics base in Jingmen
Feature agricultural products Contrary comprehensive
o . 0.42 . 12
logistics base of Xiaogan logistics base
S Distribution model logistics
Logistics circle of Yijing 1.1 base of Shiyan 44
"Wujiagang-Xiaoting” logistics base Agriculture products logistics
: 16.3 - 9.9
of Yichang base of Suizhou

2.2 The resources condition of logistics information in Hubei Province

Hubei Province is located in the hinterland of the central plains and it has a convenient
transportation. In our country, it plays an important role in transportation. The role of Hubei Province’s
transportation network plays the role of communicating north and south, linking the east and west.
Compared with other Provinces, it has inherent geographical advantages. As we all know, not only
Jingjiu and Jingguang railway but also Yangtze river and Hanjiang river across it .Depend on these
advantages, Hubei Province has formed a comprehensive logistics transport network that is made up of
railways, waterways, roads, pipelines, and aviations, play the role of connecting the logistics of the
urban and rural areas and communicating internal and external Province logistics.

In the construction of the public information platform, it has initially formed a more perfect
personal and digital communications, cable television and computer networks, the comprehensive
communication capabilities significantly enhanced. As long as rapid development of unlimited
electronic technology such as GPRS tracking technology, RFID, wireless data communication
technology, intelligent transportation technology, wireless data communication technology, research and
development of electronic data interchange technology, geographic information systems technology, and
MMDS multi channel microwave transmission technology, brought the information technology
development of Hubei Province in the front of the whole country, and provide an enabling technology to
its modern logistics information construction.

Today, the Hubei provincial government has taken the development of logistics as a key task to
develop its economy, and has come up with clear ideas and relevant policies to promote its logistics
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development, and they have formulated a series of logistics planning that suitable for the actual
economic situation and political situation of Hubei Province. And they proposed to rectify the existing
logistics companies, completely changed the small scale, scattered, and disorder management situation,
to provide a favorable environment for the development of the modern logistics and the construction of
logistics and public information sharing platform in Hubei Province. To strengthen on Hubei Province’s
modern logistics development of organization and management, full play the role of all government
sectors, it has established a modern logistics joint conference system that leaded by Hubei Province
development reform Committee, joint financial, traffic, police, trade, business, land resources, and
logistics enterprise, etc, total 15 sectors,and provide a favorable policy support for the construction of
Hubei Province’s modern logistics information and logistics and public information sharing platform. !

In addition, there are many universities in Hubei Province. Wuhan City alone has more than one
million students, which can provides a wealth of human resources for the development of its logistics
information and logistics and public information sharing platform .Now, many colleges in the Province
based on the current market needs have offered various logistics courses, relevant research institutions
also have active research the modern logistics, and the Province is focus on training and introducing
logistics professionals, and it also vigorously carried out logistics talents education, then laying a solid
foundation for Hubei Province’s development of modern logistics and construction of logistics and
public information sharing platform.

At present, the logistics information in Hubei Province both in economic, technical, policy and
human resources are maturing and promoting the development of modern logistics in Hubei Province
and the establishment of logistics public information platform.

3 The Comparison Between Hubei Province’s Logistics and Our Country’s Other

Coastal Provinces Logistics

China has a vast territory, the economic development of the three regions of eastern, central and
western is unbalanced, the economic development of eastern coastal areas is rapid, the logistics demand
is flourish and the logistics development is in a higher level; however, due to economic, regional, and
national policy reasons for the restrictions in the central and western regions, the development of the
logistics is in a low level, developing the logistics industry is difficult. Table 3 is the list of Forbes 2006
about the logistics development of Chinese city.

Table 3 The List of Forbes 2006 about the Logistics Development of Chinese City

ranks cities the sizg of market opera ting cost transport index Provinces and cities
index index

1 Shanghai 0.47109 0.86421 0.00000 Shanghai city
2 Guangzhou 0.47992 0.88395 0.02751 Guangdong Province
3 Ningbo 0.44307 0.73395 0.14721 Zhejiang Province
4 Hang Zhou 0.37607 0.75868 0.18584 Zhejiang Province
5 Yantai 0.20746 0.58211 0.21071 Shandong Province
6 Jinhua 0.34811 0.63289 0.29909 Zhejiang Province
7 Beijing 0.42335 1.00000 0.21744 Beijing city
8 Jinan 0.27044 0.66763 0.24641 Shandong Province
9 Dongguan 0.66395 0.46079 0.44747 Guangdong Province
10 Shenzhen 1.00000 0.83658 0.30348 Guangdong Province
11 Wuxi 0.30682 0.54868 0.36348 Jiangsu Province
12 Tianjin 0.23608 0.89500 0.02312 Tianjin city
13 Fuzhou 0.23213 0.55579 0.30465 Fujian Province
14 Yueyang 0.17280 0.27500 0.38045 Hunan Province
15 Dalian 0.17681 0.71421 0.07550 Liaoning Province
16 Nanjing 0.23327 0.83421 0.14106 Jiangsu Province
17 Wuhan 0.14631 0.60474 0.07316 Hubei Province

It can be seen from the table that the logistics development of Hubei Province only Wuhan in the
top 17 cities and it ranks 17". Wuhan represents the center of the economic development and the core of
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logistics development of Hubei Province, its development directly impacts on the economic
development of the whole Province. However, the eastern coastal Provinces such as Shandong, Zhejiang,
Jiangsu, Guangdong, there are more cities in the top 17, from here we can clearly see the gap between
the logistics in Hubei Province and the logistics in eastern coastal Provinces. Therefore, if we want the
rapid development of the overall economy of Hubei Province, we must strive to reduce the logistics gap
with the coastal cities, and make efforts to accelerate the development of modern logistics information
technology in Hubei Province. Logistics information sharing platform as an extension of logistics
information and support, which plays a very important role, also makes the demand for logistics and
public information sharing platform will be more urgent.

4 Conclusion

Although, Hubei Province has a natural advantage on the development of modern logistics, over the past
few years, these advantages are not reflected. The reason is, we find that, in Hubei Province, there are
independent operations among the logistics bases which have been built or under been building, and there are
almost no information exchange and communication between them. This situation not only caused some
shortcomings of the logistics information resources, such as single, fragmented, slow update, but also not
conducive to the unified management of the government. This makes the Hubei Province is urgent need to
build a logistics and public information sharing platform to integrate the fragmented logistics information, and
process, handle, integrate, filter, share the mutually inconsistent information and data from different regions,
different departments, different channels, then to provide information to support logistics planning and
logistics decision-making, for the Province of local governments, businesses, modern logistics information
systems support for the Province of small and medium enterprises. The following parts will analyze the
necessity of the construction of the logistics public information sharing platform respectively from three
aspects; they are economic necessity, environment necessity and policy necessity.

Economic necessity: in the environment of global economic integration, goods are flowing freely
with a high speed in the global scale, which promote the cross-border; inter-provincial and cross-sector
logistics industries have become more and more sophisticated and effectively promote the prosperity
and development of the social economy. In addition, the large-scale combination of electronic commerce
field and logistics field is promoting the information technology becoming the core of modern logistics.
While as the logistics information platform is the extension and support of information technology,
which makes it necessary to construct the information platform. /At the same time, Hubei Province as
the central Province, both the rise of central China and the western development strategy are promoting
the fast growth of its economy, this rapid economic growth has attracted many foreign-funded
enterprises invested in Hubei Province. As of November 2011, there were 91 enterprise of the world’s
top 500 have been settled in Hubei and this new economic situation promote Hubei Province must
constantly improve the development of its modern logistics industry. Although it has more than 3000
logistics enterprises, large-scale logistics enterprise only account for a quarter of the total number and
the number of 3A-class logistics enterprise only 18.Therefore, in order to meet the current needs of the
economic development, Hubei Province must establish a safe, reliable and efficient logistics system. To
change the current shortcomings in the management of the logistics industry such as small scale
operation, low morale of logistics workers, single service function and scattered logistics markets. All of
these have forced it to establish a logistics and public information sharing platform to meet the current
economic development trend of the logistics industry. And through this platform to integrate the existing
logistics resources in the Province, to share the existing resources and give full play to the whole
advantage of logistics industry in Hubei Province. Table 4 shows Hubei Province’s logistics industry
added value, total GDP and the proportion of logistics industry added value in GDP from 2006-2010.

Table 4 Logistics Industry Added Value, Total GDP and the Proportion of Them from 2006-2010

GDP the proportion of logistics

logistics industry added value (one industry added value in

Years

hundred million Yuan) (one hundred million Yuan) GDP
2006 542 6590.19 8.22%
2007 660 7617.47 8.66%
2008 799 9333.40 8.56%
2009 903 11328.89 7.97%
2010 1100 12961.10 8.49%

From the table we can see that from 2006 to 2010, the GDP of Hubei is keep rising, but the
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proportion of logistics industry added value in GDP change little. This situation limited the economic
development, because the logistics industry as a pillar industry of a region’s economic growth, its ability
to rapid growth directly impact on the region’s economic development. According to the present
economic growth momentum in Hubei Province, we must change the underdevelopment status of the
logistics industry, to increase the proportion of logistics industry added value in the Province’s GDP and
help it to establish a high level logistics and public information sharing platform to solve the series of
problems.

Environmental necessity: for a long time, under the influence of the traditional idea, we pay more
attention to the production and development but less emphasis on circulation and environmental
protection, which put pressure on our environment and resources, especially in the high-speed economic
growth situation. To develop the modern logistics and construct the logistics and public information
sharing platform, use modern technology and management methods to integrate various types of
logistics information resources, processing, treatment, and then sharing, this can significantly reduce the
cost, reduce the rate of empty card rove back and circuitous transport, and reduce the road congestion,
emissions and vehicle's fuel consumption. To achieve the transformation of economic growth and
improve the management quality and efficiency, at the same time, promoting the development of
low-carbon economic social. In addition, the logistics and public information sharing platform can
greatly improve the efficiency of the logistics operations. Though the level of information to speed up
the documents passing of goods, improve enterprise management level and management efficiency, and
to improve cargo security, reduce errors, improve the tracking efficiency of goods and the transaction
rates of goods vehicles. At the same time, thanks to the high correlation of modern logistics, which
makes all industries that closely related to it such as machinery manufacturing, circulation, postal
communication, information services and infrastructure construction have a new development space.
Thus, in the new century, as people pay more attention to the conservation of resources and the
protection of environment, it is badly in need of establishing a logistics and public information sharing
platform to promote the upgrading of the traditional logistics industry and the adjustment of Hubei
Province’s economic structure. !

Government necessity: to government departments, logistics and public information sharing
platform are also very useful. Late start due to the development of modern logistics in Hubei Province, a
lot of logistics enterprises were transformed from traditional transportation and storage
enterprises ,which makes it very difficult for the government to unified manage and planning them.
Through the logistics and public information sharing platform, government departments can directly to
manage the logistics companies, can fully grasp the operation status of the logistics market and found its
inadequacies, and supervise to improve and control the logistics status. And through this platform also
can overall control the logistics market, such as the implementation of online tax returns and
management and to supervise some online business. Therefore, the government is in special needs of a
logistics and public information sharing platform that can provide multi-service for it, not only to
provide services for logistics companies, but also help the government to plan modern logistics
development strategy and make modern logistics development policy, and it has an important
significance to perfect and develop the modern logistics development of Hubei Province. !
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Abstract: Based on the current system evaluation technology and the special characteristic of materiel
supported logistics informatization, this paper gives us three methods about analysis of materiel
supported logistics index and systematically analyses the modeling principle of the items of MSLI and
proposes system evaluation architecture. This paper also provides some guidance methods for the
evaluation of armed MSLI. At last, the components of materiel supported logistics informatization
evaluation system are analyzed in detail.
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1 Introduction

In China, it is put forward definitely that “vigorously promoting the national economy and social
informatization, using informatization to promote industrialization as well as making the most of the
late-development advantage to realize great-leap-forward development of social productive force”. On
October 9, 2002, Ministry of Information Industry of China firstly takes out the informatization index
system for the benefit—“The Basic Index Structure Program of Enterprise Informatization (try
out) ”,which provides an evaluation foundation and standards for the comprehensive assessment of all
kinds enterprises’ information development and application level in China.

For scientific and effective informatization construction, it is necessary to establish a reasonable,
efficient and realistic information evaluation index system, according to the statistics, analysis and
evaluation of index system data, to lay the foundation for full understanding of the actual situation of
materiel supported informatization construction of logistics and provide guidance to materiel supported
informatization construction of logistics. Digitization, automation, network, integration, visualization
and intelligent of the information management should be gradually realized, and environment of
integrated data management should also be built, to realize the whole system, whole process and
comprehensive management and monitoring of materiel supported resources as well as provide accurate,
fast, and timely information service and scientific basis to guarantee the decision making, so as to
realize the "accurate foresee security”, improve the management efficiency and benefits and effectively
improve materiel supported the logistics capability and comprehensive management level as well as
adapt to needs of the materiel modernization development.

This paper is based on the actual situation of the materiel supported informatization construction,
around the aim to improve the management level and guarantee ability of materiel support, according to
existing scheme; we put forward a set of basic indicators for materiel supported logistics information.

2 The Base of Materiel Supported Logistics Information

Information must firstly include advanced information materiel; secondly the use of advanced
information technology for development and utilization of information resource must be included. The
two should become the core of information. Because, firstly only by relying on the advanced
information materiel to change the traditional pattern of manual operation can it be possible to talk about
the high efficiency of information and knowledge production and use; secondly only by high efficiency
of information and knowledge production and use can it go up to the knowledge economy, social
information economy development. Information is a dynamic process; information is not only a
technological revolution, but also a profound understanding revolution and social revolution.

Construction of informatization safeguard of materiel logistics is point to the applying of a series of
general modern information technology in the materiel supported logistics, such as computer technology,
network technology, database technology, artificial intelligence technology, automatic technology and so
on. By deep development and the general use of the materiel supported information resources, the
managerial degree of the materiel intensification, together with the reliability and maintainability of the
materiel supported as well as the efficiency and level of the management and decision-making should be
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improved constantly, so as to improve the economic benefit and combat effectiveness of materiel
supported.

3 Analysis of Materiel Supported Logistics Index

In order to get effective index of system evaluation, it is necessary to establish a set of complete
and systematic index model system. On the base of study in the structure of the evaluation index system,
a variety of methods are used to gain the data of index system and establish hierarchical structure of the
quantitative model of the system index, and then to calculate the whole system index with suitable
comprehensive evaluation model, at last the results can be applied in decision analysis for decision
makers.

3.1 Analysis of materiel supported logistics index

Materiel supported logistics system is a huge system which is open and complex. The only
effective treatment of this system is the qualitative and quantitative method. Quantitative measure is
more complex than qualitative measure, but qualitative measure is the basis of quantitative measure,
which means that qualitative measure mainly starts with the concept and nature of study object, analyzes
the problem by quantitative reasoning and describes the nature of the problem, to lay a solid foundation
for further quantitative measure; in actual research process, it often combines the qualitative measure
with the quantitative measure, making them complement each other to complete the measure evaluation
work of the study object.

Index is the comprehensive signs of measuring the overall goals of system. The index system
points toward an organic whole composed by a series of indicators in the evaluation activity, which is a
set of scales to measure the evaluation objects. Now, using the method of index system in
comprehensive evaluation is widely-held in the social, economic and management sciences for system
analysis.

Because of complexity and difficulty of materiel supported logistics informatization evaluation
research, the evaluation research should follow the principles that the system should be from senior to
low as well as from complex to simple, and the system should be researched by the method of dividing
with stratified thinning. Index determination needs to make repeated balance in the dynamic process,
some indicators need to be decomposed, and some other indexes need integration or deletion. About the
basic methods of index determination, there are three kinds as the following:

3.1.1 Survey modification method

This is the most general method, in which preliminary draft of index set is drawn up at first by the
special experts group, then to widely consult opinions of users, experts and superior leadership on all
sides, at last decision is made after the repeated modifications.

3.1.2 Top-down design method

In this method, first analysis is used to determine the function of the system from the given task as
well as determine the measure of system, and then to make evaluation of feasibility, in the end feedback
is still needed. The top-down process is dynamic and constantly improving.

3.1.3 Adaptive approximations method

In adaptive approximations method, firstly index is drafted by the personnel who are responsible
for system analysis and evaluation, and the experts who design system and use of units are also invited
to bring forward amendments, then to establish the evaluation model after amendments and make
modification on the base of the assessment and with reference to the test results of the past, after
repeated modification, the final determination of index system structure can be made.

3.2 The standards of materiel supported logistics informatization index system

The design of materiel supported logistics informatization index system takes "way of entering into
system organically" as principle, and materiel information should have global visualization as well as be
fast and accurate, so as to make materiel supported informatization cooperate with overall information
construction strategy; guide materiel supported informatization established on the basis of benefits,
utility, overall planning and sustainable development; make sure the leaders correctly understand and
organize the informatization implementation of the work unit.

In line with the following principles to design the materiel supported logistics information
evaluation index system:

3.2.1 Testability

Testability is point to mark quantity of the index. It means that index can be obtained by the method

such as the mathematical formula, test instrument, test statistics, etc.



Proceedings of the 9th International Conference on Innovation & Management *49 -

3.2.2 Completeness

Completeness refers to the fact that all indexes which influence performance of the system should
be concentrated in the index; collection of index should be extensive, comprehensive and universal.
3.2.3 Independence

Independence means that the index should be irrelevant, and in the system the cross should be
reduced, with relative independence.
3.2.4 Objectivity

Objectivity means that the index can reflect the characteristics of the system, and can't vary with
each individual.
3.2.5 Sensitivity

When the parameters of system's index change, the performance of the system should response to
the change accordingly.
3.2.6 Consistency

Index should be easy to understand and accept as well as easy to form the common language of the
study.
3.2.7 Maneuverability

Index should be linked up with existing data as far as possible, and the required new indexes should
not only be clearly defined, but also be facilitated for data collection.
3.2.8 Continuity

The design of index system should not only continue in time, but also develop in the content.
3.3 Index equipment safeguards logistics informatization

From the aspects of leadership, strategic index, application, benefits, human resources, information
security and other aspects, we put forward a set of indexes which are applicable to the objective
description of each unit's normalization condition, mainly for the statistical investigation, monitoring
and performance measurement. Specific index see table 1: the comprehensive index of the system can
be received from weighted index for dimensionless of total index, and it reflects the degree of
equipment’s safeguarding informatization construction. The specific calculation of weight can refer to
the expert scoring method, analytic hierarchy process and fuzzy evaluation method, etc. The decision of
the method is in combination with the policy guidance. Due to the limited length, the below table is a
rough guide list of level 1 and level 2 indexes for the equipment support logistics information evaluation
index system.

Table 1 Materiel Supported Logistics Informatization Evaluation Index

First —class index Second —class index Constitution of index data

the top leader’s position of the informatization work,

informatization importance information planning and budget formulation

Strategic the situation of making informatization management rules,
position management idea, management model, the control method,
management system management mechanism, the management foundation,

business process, organizational structure’s obvious

improvement and promotion

the department computer  [large , medium and small computer, server, switchboard,
quantity \workstation and personal computer

network performance level |export of broadband network

Infrastructure -
computer network rate the rate that computers are connected to the intranet
information automatic informatization means that used for acquiring materiel
acquisition rate supported logistics data and other resources information
R \whether to realize the schedule, receive text management and
Application . . - - . - .
situation office automation system  [release information as well as deal with electronic mail,

tracking and monitoring of information process, etc.

the decision informatization whether there’re data processing system, scheme of prior

level system, artificial intelligence expert system, etc.
the coverage and quality level of management informatization
of main business process
the coverage of service object, together with level and content
of available service

key business processes

website construction
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online application rate; online transceiver rate; information
sharing degree

coverage rate and integration level of management
informatization data; whether basic data is timely and

network utility ratio

management informatization

utility ratio effective, and whether its accuracy rate is above 95%
informatization skill the proportion of professional application technical personnel
Human popularizing rate and coverage rate of non-professional informatization training
resource electronic level of the study [COVerade rate of electronic learning personnel, available
y degree in the area of studying electronic learning
informatization security !nformat!on backup, illegal invasion pre\_/ent_lon, anti-virus,
measures information security system and cultivation of safety
consciousness as well as status of measures application
Securit i - - - .
y i the_prqpor_tlon of the information security cost includes software, hardware,
informatization investment usedtrainin and human resource spendin
for information security g P g
materiel supported logistics .. . . . s
quarantee efficiency efficiency and satisfaction of all the materiel support activities
time that materiel transceiver is treated by the information
materiel transceiver system [system, situation of optimizing resource allocation and
o~ transfer
Effictency the shortest time that is needed by a full virtual final t
index equipment statistical speed e shortest time that is needed by a full virtual final accoun

from the statistics instructions’ being sent to being completed
the reliability of the information system; it is used to evaluate
the main economic index of the materiel supported logistics
capability and manage the assessment index during the
process

growth index

4 Structure Design of Materiel Supported Logistics Informatization Evaluation

System

According to our research, materiel supported logistics informatization evaluation system is mainly
combined with expert system which is an intelligent computer program system to design.

The internal part contains a lot of knowledge and experience of experts’ level and can use the
human experts' knowledge and methods to solve the problems of the domain, that is, the expert system
is a program system which has a large number of specialized knowledge and experience, and it uses
artificial intelligence technology and computer technology, based on the knowledge and experience
provided by one or more experts of a domain, by reasoning and judgment to the decision-making
process of human experts is simulated , so as to solve the complex questions those need human experts
to be processed. The system can be divided into the following subsystems, which can make it better to
describe system structure. The structure diagram of system evaluation is shown in figure 1.

Evaluation management system

v
v v v

Index structure - model - data | knowledge
management management management management
| A A T
expert, user _
reasoning \ \
machine
________________ ) Aaininieieiie i AR A

Figure 1 Materiel Supported Logistics Informatization Evaluation System
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EMS (evaluation management system) is the top management of evaluation system. The content of
the evaluation management includes index system management of equipment support logistics
information system, comprehensive evaluation algorithm management, comparative analysis and
parameter sensitivity analysis.

4.1 Item structure management

Index management subsystem establishes reasonable evaluation index system structure according
to the users’ requirement to the material supported logistics informatization system evaluation, and it
which is the most important part of the evaluation process lays a foundation for evaluation management.
The subsystem is responsible for not only the establishment, modification and adjustment of the index
level structure mode, explanation of each index and acquisition standards of the quantized data, but also
the data communication with model management system; the right model is used to quantify index data.
4.2 Model management

The management subsystem model is mainly responsible for not only the management of the model,
but also exchanging information and data with other management subsystems. It can obtain data from
database or dialog interface of man machine. Evaluation management subsystem calls reasonable model
according to the index system determined by index structure management subsystem, and it also starts
the synthetic evaluation of system. It can also turn some half structural model problems into structural
model problems and management them.

4.3 Data management

Data management system is used to manage a variety of data of the entire measure index. It is used
to store initial data of areas or the questions and intermediate data information in reasoning process that
is the current fact of the processed object. It also includes the illustrative knowledge of the specific
problems which have been solved and the current state of the problems needed to be solved.

Its main functions include database management which provides the data exchange interface
between database and model library as well as offers performance data to performance management
subsystem and finally feeds the rationality analysis of the model evaluation results back to calibration
management subsystem.

4.4 Knowledge management

Knowledge management subsystem is mainly used in the knowledge management work, and
knowledge base includes two parts. One of its parts is the information related with current model base
and database; the other part is general knowledge and domain knowledge that is used in reasoning
process. Most of knowledge represents rules, network, process and other forms. Knowledge base is used
to store the special knowledge of expert system in a technology field, including the fact, the feasible
operation and rules. In order to establish knowledge base, we must solve the problem of knowledge
representation and knowledge acquisition. Knowledge acquisition includes how knowledge engineers
get special knowledge from experts; knowledge representation is to solve how to express and store
knowledge in the forms computer can understand.

Specialized knowledge and experience of expert system are very important in knowledge base. The
key to success for expert system is whether we have a vast amount of knowledge, so knowledge
representation becomes the key of expert system’s design. In the level of control program, we must
decide that which knowledge in knowledge base should be used according to the control strategy and the
nature of the problem. The control strategy here is reasoning method. According to whether probability
information is required, the fuzzy reasoning or accurate reasoning is decided to be used.

4.5 Reasoning machine

Reasoning machine uses the memory rules and the control strategy of the program to control the
reasoning process, coordinate runtime knowledge calls and have the reasoning ability for many different
options in model and the hypothesis, or different state in time. Reasoning machine can reason and draw
a conclusion according to the knowledge, rather than the simple search of ready-made answers.

The expert system based on the model has used the model reasoning method. The reasoning
method based on the model reasoning according to the model which reflects the internal rules of the
objective world. There are a variety of models available to use, such as all parts of system components;
the whole structural relationship model; hierarchical model that expresses level relationships, function
model that expresses all parts’ function and performance, causal model that expresses the causal
relationship of all parts and so on. Of course, model based reasoning can only be used in the fields
where model is available.

Systematic notion should be used in materiel supported logistics informationization system
evaluation; it should be the organic synthesis of each subsystem rather than simple combination. It
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should synthesize each subsystem organically rather than simply combination. It also should have
satisfactory viewpoint, and materiel supported logistics informationization system is a complex
information system, while the proper and optimum system concept doesn't exist in math, so what we
should do is to find a satisfactory system and feasible solution. The method of materiel supported
logistics informatization system evaluation still needs further research. Over the next years, statistical
knowledge should be used in calculating the statistical data and evaluating the results to further test the
evaluation model and further analysis on how different index factors have effect on information
construction.

5 Conclusion

Based on the current situation of materiel supported informatization construction in China, the
paper systematically uses three methods, combining with its eight principles to summarize the contents
of materiel supported logistics informatization evaluation index which is subdivided based on first and
second index. At last, materiel supported logistics informatization evaluation system is given, which is
useful for relevant assessment, so as to improve the management level and guarantee ability of materiel
support.
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Abstract: Many activities in organization are based on the person's competence, so competence has
become an important factor to impact personal performance and organizational benefits. Development
of competence has become an increasingly important issue. This paper used network businessmen as the
research objects, and adopted the methods such as behavior event interview, questionnaire investigation,
and content analysis to structure the competence model of network businessman. The results of this
paper revealed the competence of network businessmen, and on the basis of competence model of
network business, this paper provided a foundation for the improvement of network businessmen’s
performance.
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1 Introduction

Since the concept of competence was proposed in 1970s, many academic researches and
applications looked as a central issue and foundation in HR management. In terms of the competence
research, an ample of evidences and experiences about competence were harvested in foreign country.
Relatively, the researches about competence in China were fewer. Especially, little study was found in.

With the mutually popularizing of Network and the speedy propagation of information, Electronic
Commerce have already formatted an importance strength for the current economic development. The
businessman who used of Electronic Commerce to carry out business operations is called network
businessman. According to the statistics, in 2007, Chinese C2C e-commerce market deals reached 51.8
billion, and in 2008, C2C markets deals had already exceeded 100 billion. This data is expected up to
4,000 billion in 2011. Also, the users of Chinese C2C e-commerce market in 2007 had reached to 48
million, and the total users had reached to 126 million in 2011. It can be seen that network businessmen
is a huge groups which has a significant growth prospect.

The competence model will be varied in different culture and different industry. So the foreign
competence model was not compatible for the Chinese cultural environment. The research about the
competence of network businessmen is in blank space in current academic circles. This paper leaded the
idea of competence management into network businessmen, enriched the theory system of competence.
The effect was also beneficial to build the behavior regulations about network businessmen, and realized
the effective management of network businessmen.

1.1 Theory connotation of network businessmen’s competence

This paper summarized various scholars views about the connotation of competence, summed up
the meaning of competence as the following aspects: firstly, competence is closely to performance, and
competence can identify between different performance; Secondly, the characteristics of competence are
closely connected with work situations, namely, different work situations require different competence;
Thirdly, individual competence has different administrative levels; Fourthly, individual competence
level can be measured and evaluate objectively.

All in all, network businessmen’s competence can fully reveal the high or low level of their
competency elements, and is the critical success factor causing high-level work performance of network
businessmen. Research on network businessmen’ competence, is not only the overview and summary of
the success about network businessmen’s work from the work practice, but also can guide the future
work of the network businessmen through competence research.

1.2 Research significance about network businessmen’ competence

In this context, research significance about network businessmen
notable, mainly manifested in the following aspects:

Firstly, network businessmen has become an important booster of economic growth. In recent years, the
rapid development of the Internet economy and E-commercial market has been expanding rapidly. So
network businessmen has become an important force of China's economic development;

Secondly, network businessmen require scientific evaluation and guidance. The purpose of competence
research is to find the core competencies which can distinguish different performance, which

competence is particularly
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competencies are directly related to network businessmen’s performance;

Thirdly, there is lacking of the representative competence model about network businessmen currently.
So it is difficult to improve network businessmen ' performance through using competence model.
Network businessmen are an emerging group. There are just a dozen years from their emergence to
development to today, and their development is accompanied by the growth of Internet industry.
Therefore, systematic and in-depth research on network businessmen ' competence, can enrich the
competence theory in the domestic and foreign research field, and become the foundation about
competence-building theory of network businessmen.

2 Analysis about Network Businessmen’s Competence Characters

This paper choused network businessmen as the study object, and adopted the methods such as
behavior event interview, questionnaire investigation, and content analysis to structure the competence
model of network businessmen. This dissertation choused 27 network businessmen, and carried on
in-depth interviews. Through the output of interviews, we obtained the Competence Dictionary and the
Competence Characteristic Questionnaire about Network Businessmen. According to the interview
result and applying the Competence Characteristic Questionnaire about Network Businessmen, carried
out questionnaire investigation, and gave out 180 questionnaires.

2.1 Acquit ion of network businessmen’s competence characters

Network businessmen ' competence characters were acquired mainly through behavioral event
interviews of network businessmen.
Interview content mainly involved the key competence characters which can impact work performance.
Seen from the industry, network businessmen should have the capacity to accept new things, and be
good at grasping the opportunities; From the working content of network businessmen, they should have
the interpersonal capacity and communication skills with customers; Judging from the characteristics of
the network economy, network businessmen also have a certain network operations expertise and grasp
special knowledge about network economy.

Overall, the result of interview showed that the characteristics which affect network businessmen’s
performance are the following main areas:

(1) Market awareness: the capacity to analyze market environment in the face of competitive
pressure and the ability to make change, including seizing opportunities, information gathering,
information explanation, observation ability, innovation, acceptability, reverse thinking, breakthrough
tradition;

(2) Interpersonal skills: coordination skill in dealing with various relations and of resources,
including the ability of repute, public relation, communication skill, social awareness, teamwork,
altruistic behavior, organizational awareness, compliance and so on;

(3) Personal influence: mainly is one’s own character and behavior, including fairness, objectivity,
integrity, honesty, tolerance, reliability, attention to quality, attention to order, following rules, strategy,
responsive, creativity, sense of efficiency, and so on;

(4)Management leadership: including organizational skills, management ability, decision-making,
self control, command and management, achievement-oriented, awareness of rights, clear development
goal, challenges and so on;

(5) Professional skills: including technical expertise, knowledge, self-education and so on.

2.2 Variance analysis of network businessmen’s competence characters

Due to the particularities of Network industry, network businessmen should also have its specific
competence corresponding to this industry in addition to general competence. According to the result of
survey, we analyzed the variance analysis between competence and performance.

s the following table 1
Table 1 Variance Analysis between Competence and Performance

Competence F Sig Competence F Sig Competence F Sig

Respond quickly 11.425| 0.001 Communication skill 8.237 [0.005 Upward mobility 11.123{0.001

Strategic thinking |11.425( 0.001 Sense of achievement 6.706 |0.011| Capturing opportunities |10.259 {0.002

Convincing 4.587 | 0.034 Public-relation ability 6.734 |0.011|Overall-situation awareness| 5.329 |0.023

Social awareness 4.042 | 0.047 | Decision-making capacity | 10.501 |0.002 Sense of trust 15.757(0.000

Personal prestige  |14.300| 0.000 Accept new things 13.067 |0.000 Responsibility 11.632|0.001
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Organizational capacity| 9.279 | 0.003 | Breaking through traditional | 10.765 |0.001 Continuous learning 9.212 |0.003

Service awareness  [22.373| 0.000 Innovation ability 17.368 |0.000 Observation skill 12.531{0.001

Team collaboration |35.346| 0.000 Understanding 14.019 |0.000 Sense of efficiency 13.194|0.001

Emotional stability | 5.343 | 0.023

From the result in table 1, there are 25 competence characters which significantly correlate with
their work performance. Excellence performance groups and common performance groups are different
significantly in responded quickly, communication skill and so on (significance level 0.05).

3 Construction of Competence Model of Network Businessmen
On the basis of variance analysis, exploratory factor analysis helps us to construct competence
model of network businessmen. Firstly on first inspection, we do a KMO appropriate test and Bartlett
ball test on important competency data. The result indicates that this data is ideal for factor analysis.
Result is in the table 2 below:
Table 2 KMO Appropriate Test and Bartlett Ball Test

KMO 787
r 1073.909

Bartlett df 300

Sig. .000

Application of principal component analysis method, this paper finally extracted 7 factors which
characteristic value is more than 1, and their cumulative explained variation is 60.79%. The result is in
the table 3 below:

Table 3 Principal Component Analysis

Factor Total explanatory variables Factor loading
Total variance Communality Total variance Communality
1 6.486 25.946 25.946 6.486 25.946 25.946
2 2.175 8.701 34.647 2.175 8.701 34.647
3 1.675 6.700 41.347 1.675 6.700 41.347
4 1.407 5.628 46.974 1.407 5.628 46.974
5 1.242 4.967 51.941 1.242 4.967 51.941
6 1.116 4.465 56.406 1.116 4.465 56.406
7 1.096 4.384 60.790 1.096 4.384 60.790

According to the result of factor analysis, competence characters which contain in factor
1,2,3,4,5,6,7 are concentrated, so we attempt to name and summary each competence factor. The result
is in table 4 below:

Table 4 Network Businessmen’S Competence Model

Factor Name Competence characters Correlation
Social awareness 0.942
Factor 1 Social contact ability Communication skill 0.886
Public-relation ability 0.889
Factor 2 Team spirit Overall-situation awareness 0.530
Sense of trust 0.538
Service awareness 0.596
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Team collaboration 0.519
Upward mobility 0.288
. ] Capturing opportunities 0.695
Factor 3 Achievement desire
Responsibility 0.622
Sense of achievement 0.695
Respond quickly 0.754
) o Accept new things 0.600
Factor 4 Creative thinking
Breaking through traditional 0.338
Innovation ability 0.597
Strategic thinking 0.756
Convincing 0.571
Factor 5 Individual influence -
Personal prestige 0.550
Sense of efficiency 0.116
Continuous learning 0.811
Management and - -
Factor 6 leadership ability Organizational capacity 0.270
Decision-making capacity 0.342
Understanding 0.764
Factor 7 Interpersonal perception Observation skill 0.452
Emotional stability 0.211

The result indicated that the competence of network businessmen was composed of seven kinds of
factors, such as social contact ability, team spirit, accomplishment desire, creative thinking, individual
influence, management and leadership ability, and interpersonal perception.

4 Conclusion

On the summary of the past research results related to competence and competence model, this
paper used behavioral event interview and questionnaire method, established the competence model of
network businessmen, and provided an objective basis for the improvement of network businessmen’s
performance.

The competence model of network businessmen constructed in this paper will extend the range of
competence research to the group of network businessmen, improve the level of theoretical study of
network operators, and promote the performance of network businessmen. It is hoped that network
businessmen should develop more orderly and more efficient on the basis of competence model in the
future.
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Abstract: Yacht interior outfitting of modular design is an effective method for the yacht manufacturing
enterprises to realize the mass customization of yacht interior outfitting, and it is one of the important
research directions of yacht. The division of Yacht internal outfitting module is the basis of
implementing yacht interior outfitting modular design. The scientific system of modular division can
ensure the effective implementation of the modular design and organization of modular production. So
study of yacht interior outfitting modular theory, analysis of the basic characteristics of interior
outfitting of module partition, and inductive yacht interior outfitting module partition method, are the
base of study for modular design in yacht interior outfitting.

Key words: Modular; Principle of partition; Partition method; Enumeration method

1 Introduction

As an individual consumer product, yacht reflects the user’s social status, aesthetic, values. Yacht
interior outfitting as the direct interaction interface of yacht and users, is an important part to embody
the style and quality of yacht. Different users according to their own aesthetic and value orientation will
choose different styles of interior design. Yacht interior outfitting is a complex system, including
infrastructure unit (hydropower unit, pipe unit), decoration unit (a furniture unit, wall unit), functional
unit (cabin unit, health unit, Kitchen unit). Mass customization production model extends the
shipbuilding cycle. Using non standardized components makes it difficult to ensure the quality of yacht
interior outfitting.

At present domestic yacht interior outfitting is a kind of multiple variety and small batch
engineering. Yacht modular design is still in its primary stage, lacking scientific system research of
modular theory. The research of yacht interior outfitting module partition method is more deficient.
Modular design of yacht interior outfitting is an effective measure to solve the contradiction between
yacht outfitting diversification demands and mass production. The research of yacht interior outfitting
module partition method is the premise to achieve the yacht modular manufacturing. Yacht mass
customization mode is the development direction of modern yacht design. In recent years modular
design concept began to transform from naval to civilian ships. In the engineering application aspect,
modular design is mainly reflected in the system module partition, module combination, and the use of
standard modules between series and even cross series products. This enables a module to be involved in
the series products, and then form the diversification of products to meet customer's demand for product
diversificationt™). The modular design realizes the complex system transformation from the personalized
products to the serialization of products, reduces product development costs, shortens production cycle,
improves production efficiency, and meanwhile makes the later product maintenance, update, recycling,
and recreation more convenient. The purpose of the module partition is to realize the mass production of
module based on the high-efficient operation of yacht interior outfitting engineering. Scientific system
of module partition can greatly improve the production efficiency, reduce the yacht outfitting costs.
Meanwhile independent modules can facilitate the standardization, generalization, and series in design,
then promote module's batch and planned production[z].ModuIe partition requires consideration of the
limits in production conditions, structural strength, processing technology and other aspects. It is
integrated design engineering.

2 The Basic Characteristics of Yacht Interior Outfitting Module Partition
2.1 The influencing factors
The yacht interior outfitting has its own characteristics compared with Ordinary home decoration

* This paper is supported by the project of Guangdong Province. China and Department of education combined with
Enterprise, School and Research department:40-100 feet large high-end yacht design independent R & D and
industrialization. Project number:2011B090400156.Guangdong of China Finance NO:438(2011)
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and the large ship interior decoration. Yacht interior outfitting has relatively narrow space, at the same
time it needs to meet the demand of the user’s (owner) aesthetic and its function. Designers need to
comprehensively analyze the space, materials, technology and other aspects, and then make the
reasonable layout and module partition of Yacht interior outfitting.

2.2 Five characteristics of Yacht interior outfitting module partition

1) Identity of module partition

Yacht interior outfitting system includes: pipe system, power system, communication system, wall
unit, furniture, sanitary unit, etc. For these systems and unit division, the yacht interior outfitting module
partition should follow the identity of module partition, accordingly the divided sub-modules need to be
classified into the same type of module library in the partition for the same unit. This division can
facilitate the management, update, replacement and the new development of the module.

2) Adaptability of module partition

The module level needs to be considered in module division. Module is a relative concept. Each
module can be divided into several smaller modules, with the smallest module as the unit member. In
the module partition, we need to take the adaptability of module partition into consideration, and make
the reasonable division of system-matching module according to the limiting factors such as difficulty in
different module productions, module size, and module weight. Rational module partition can greatly
improve the yacht interior outfitting module manufacture, installation efficiency; guarantee the precision
and quality requirement of interior decoration.

3) Independence of module partition

The division of the module changes the complex systems into a relatively simple design unit. Each
divided module is able for independent design and manufacturel®. Since modules change into relatively
independent units, in collaboration with the general interface finally we can complete the overall interior
outfitting production. Independence of module partition can ensure the success of concurrent
engineering in design of yacht interior outfitting. Meanwhile, under production condition restrictions,
independence of module partition enables the module production to be assisted by module outsourcing
or off-site coordination.

4) Operability of module partition

Limiting factors such as plant, hoisting, production, installation and other production conditions
need to be considered in module partition. Divided module must meet the hoisting equipment practical
ability, so as to avoid unnecessary accidents in production. At the same time, the degree of difficulty in
installation and manufacture should be taken into account, so that over-complex modules can be
simplified as much as possible to reduce the production difficulty. Only with full consideration to the
actual production conditions can a more reasonable modules form be designed in the existing
conditions.

5) Economy of module partition

Module partition on one hand is to meet the demand of mass customization, and on the other hand
save the cost of the enterprise. The economy of module is a comprehensive embodiment, including
manufacturing costs, maintenance costs, and the bulk of the cost effect. Yacht interior outfitting system
in the module partition needs comprehensive analysis from the overall situation to help the yacht
enterprise obtain the biggest economic effect.

The above are the basic characteristics of the yacht outfitting modular partition. These
characteristics are helpful for modular design of the hull of the yacht or outfitting. Modularity is a
general concept. Although only classification and split task needs may be different due to different
backgrounds, in practice, it can be used to solve many design problems[4 .The characteristics of modular
partition are the summarization of specific design practice and experiments. Only in these constraints of
the characteristics, we can transform modular design into modular production practice.

3 The Modular Division Method of Yacht Interior Outfitting
3.1 Analysis method of the modular division

Yacht interior outfitting module partition method is related to the degree of module subdivision.
Module partition is the foundation of the development of module series and module standardization.
Referring other industry's method in the area of module partition is an important way for the research of
yacht interior outfitting modular design, and it can provide a train of thought of yacht interior outfitting
module partition. This paper summarizes several modular division method based on the basic
characteristics of Yacht interior outfitting module partition.
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3.2 The method of yacht interior outfitting modular partition
(1) The yacht interior outfitting modular partition according to region

In recent years, ship design has been developed to unify the shipbuilding form. With the ships
piecewise regional segmentation, which should be pre-installed, becoming increasingly bigger, the large
ships’ integration platform pre-installation rate is increasingly high, and the package enjoy ever higher
modular degree[S]. There were some differences between the integration shipbuilding mode of large
ships and the modular design of the yacht interior outfitting, but the modular division of the yacht
interior outfitting could draw lessons from the respect of modular division. Using the method of modular
division, the space of yacht can be divided into: the sitting room area, Kkitchen, driving control
centralization, toilet, master bedroom, the crew bedroom, flying bridge active area etc. (as shown in
figure.1). At present, the design of the module has developed to the one that is provided with
independent toilet and accommodation modular unit®®. The modules divided by region have the
characteristic of independent space. Under the allowed conditions of hoisting and manufacturing,
developing the modular block with independent space is the modular development direction. By hoisting
the independent regional modules into the boat based on the hull, and then making the partition between
regional modules, finally capping, we can finish up the pre-installation of most yacht interior outfitting,
instead of putting great labor in the manual processing production of outfitting after sealing the hull.
Thus efficiency of construction is greatly improved, and since much work is transferred from the hull to
the ground, working environment of workers can be improved.

Figure 1 Blue Bird 78ft Yacht Layout Chart

(2) The yacht interior outfitting modular partition according to the function

The system engineering of yacht interior outfitting includes a large number of functional parts and
function devices. These function facilities ensure the normal operation of the yacht interior outfitting.
Dividing by function to decompose the yacht outfitting module is an effective measure of modular
partition. According to function, the yacht interior outfitting can be divided into hydropower module,
furniture module, floor module, toilet module, main accommodation module, lamps and lanterns module,
air conditioning module etc.(as shown in figure.2). Such method of partition is not only convenient for
the renewal and the maintenance of the later module, but also raises the profession of manufacturing and
improves the quality of the module’s quality. This way also facilitates the management of module
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organization, thus ensures the smooth development s of yacht interior outfitting process. The modules
divided by function could realize modules’ seamless installation through the spatial position, which
greatly increased the completeness of interior outfitting. Function module is the basic form of the
modular partition in yacht interior outfitting, and based on function module, the further research of
modular partition can subdivide reasonable modular manufacturing ways better.

Yacht interior ouffitting system

Infrastructure unit Decorative unit Activity unit
Power supply module Wall module Sharon module
Communication radio module Floor module Toilet module
Pipe line module Ceiling module Kitchen module
Air conditioning unit module Lamp module Cahin module

Furniture modular

Figure 2 Yacht Interior Outfitting System Partition Graph

(3) The yacht interior outfitting modular partition according to the variable parameter

The division according to the variable parameters is a method of module division on the basis of
function or region division. The module unit is divided into a variable module, a fixed module, and semi
autonomous modules. This division method serves for modular serialization and standardization of. For
example, yacht interior outfitting teak floor module is a variable module. It can be divided into different
modulus sizes according to different types of size and spatial dimension. Based on the standard module,
the floor can be designed to be 2000*2000 or 2000*1000 basic unit size, and then the standard size
module can be formed into a series of products, making next owner’s choice convenient. For another
instance the toilet can be divided into a fixed immutable module, because no matter how the ship type
changes, the demand of toilet for people in the compartment won't have big change. So toilet can be
designed to a fixed standard module. This fixed module in different ship types or the same ship type
series can be used in the cabin. Semi autonomous module means one that can change its size in local
space when realizing link of the interface with other modules. Some of the interfaces of module is
constant parameters, but in the other directions, changes can be made according to the design and need
of the layout. For example, the living room cabinet module. The living room cabinets in the enclosure
wall of the contact portion are not variable, but the cabinet width can be designed to different
specifications and sizes according to the owner's needs. This module which can ensure fast installation
also can change a different style for owner’s choice.
(4) The yacht interior outfitting modular partition according to the construction schedule

The yacht interior outfitting needs to set up a large number of embedded parts and installation of
standard parts. The yacht interior outfitting modules can be considered in accordance with the
construction progress of the modules, which is divided into: embedded module, integrated module and
installation module. Embedded module includes electricity & water module, wood module and embedded
module in the functional module. Installation needs to be laid in these modules to make follow-up module
installation smooth, and unnecessary rework and waste of material should be avoided. Installation module
refers to the attachment in hull surface beautification space adornment module. These modules include:
smallpox module, floor module, wall module, etc. Combination module mainly refers to furniture module
and kitchen module, etc. These modules only need to be hoisting aboard after completing the installation
of the other modules. Forming the modules into different styles in the space according to the owner’s
needs makes the layout of the cabin space more reasonable and beautiful. Module division according to
the construction schedule makes the yacht interior outfitting module mounting in good order and well
arranged in construction management. It brings great help to construction management greatly shortens
the construction period of the yacht outfitting.

These classified methods are not isolated. They link closely with each other, so designers need to
make the division according to actual situations. The designers should use these partition methods
comprehensively to complete the entire yacht interior outfitting. It also puts forward higher requirements
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of the designer. The designer needs to make overall arrangement of the entire process of modular design,
production and manufacturing for yacht interior. Modular partition is not a fixed method. With the
development of technology and improvement of the production condition, new, more reasonable method
will appear for modular partition. But the common purpose of all the modular partition is to improve the
yacht outfitting modeler, reduce the yacht’s development cost, save labor and realize the upgrade of the
yacht industry.

4 Conclusion

Yacht interior outfitting module partition determines the design, installation, construction
technology and other production practice of the yacht module. It is the base of yacht interior outfitting
design. Modular partition needs to be associated with the yacht enterprise's production capacity, sales,
and marketing to formulate a modular partition method that meets enterprise's development goals so that
the market competence of the enterprise can be enhanced. Rational module partition system can improve
the construction efficiency of yacht interior outfitting, reduce the labor intensity of workers, and
improve the working environment. By building the module database for partitioned module coding, and
then forming a standardized, universalized and serialized module system, in the future development of
ship type, people can select a suitable module to form a new interior outfitting module combination
according to the owner's needs, and finally achieve the purpose of mass customization production for
yacht interior outfitting.
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Abstract: This paper constructs the input and output indices system of Chinese universities’ teaching
departments. Taking one university in China as an example, it measures the comprehensive efficiency,
technical efficiency and scale efficiency of the university’s teaching departments based on the DEA
model. The results show that teaching departments in the university are DEA effectively. For whose are
not DEA effectively, slack variables of the input and output indices are calculated by using DEA model,
and puts forward some improvement measures.
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1 Introduction

Recently, The Education Ministry of China claims in The National Medium-and lone-term
Framework for Education Reform and Development that ‘the reform will be done in the following fields:
management model, competition system, performance evaluation and dynamic management’ and * the
regulation of the expenditure of education fund will be made’. In 2011, The Central Research Institute of
Education and Science released the evaluation results of certain prestigious universities’ performance,
this makes all levels’ universities realize the importance of performance evaluation whose results
determine the annual distribution of education fund, which is made by the Education Ministry. The
universities” four basic functions are: cultivating talents, conducting scientific research, serving the
society and inheriting and passing down the culture. But the final executors are teaching departments in
universities. Therefore, performance evaluation of the universities’ departments determines the overall
performance evaluation to a certain extent.

Data Envelopment Analysis (DEA) is often applied to the performance evaluation of universities.
By using DEA, some researchers analyze the efficiency of input-output of the departments of
universities” departments. Such as Cha Yong and Liang Liang (2004), Yin Junming and Wang Pingxin
(2011), etc., they have analyzed the efficiency of input-output of some teaching departments of
universities by DEA with designing different input and output indices. However, some problems still
exist in terms of the construction of evaluation index system and the choice of indices. This paper aims
at resolving these problems by applying DEA to measure and analyze a university’s efficiency (we call it
W in the paper). Particularly, we focus on the average comprehensive efficiency, technical efficiency
and scale efficiency of the departments from 2008 to 2010.

2 DEA Model and the Construction of Index System

2.1 DEA model C*R and model BC?
Firstly, we suppose that there are n DMU (Decision Making Unit) and m input variables and s
output variables for each unit, and we utilize the vector:

X = (X0 X X)) 0 Y = (Vajs Yajoeen ¥g)' 0 J =12,..,n . The signs (X ,Y,) are used to
symbolize DMU ;. By using Charnes—Cooper , adding free variables s* and s~ and introducing

&, we gain the following DEA model C’R :

* This paper is supported by the humanities and social science research projects of the Education Ministry of
China——"University performance budget and the innovation mode design for its appraisal’ (project
No.10YJAZH128)
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The model C*R can be applied to measure the comprehensive efficiency of each DMU. The
method is as follows: on the condition that g is not Archimedes infinitesimal variable, the most
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variable.

The model BC? is applied to the evaluation of technical efficiency. The procedure is as follows:
on the conditions that ¢ is , the best possibilities of (D,,)is A°, s, s*, and 6°, and s°=0,

s%=0, s°=0, DMU , i effectiveltIP6+68,

2.2 The measurement of input- output efficiency by DEA model
The input-output efficiency of universities is reflected by the comprehensive efficiency which

consists of technical and scale efficiency. Scale efficiency is measured by DEA model C2R ; Technical

efficiency is measured by DEA model BC?; Scale efficiency reflects that whether the units run in
suitable investing scale. It equals to the comprehensive efficiency/technical efficiency FIP%.
2.3 The norm system for measuring input and output of teaching departments

Universities are non-profit organizations which aim to achieve educational productive efficiency by
putting various educational resources into personnel training, scientific researches, social services and
cultural inheritance innovations. Educational resources are the integration of manpower, material
resources and funds, including tangible and intangible educational resources. As it is apparently more
difficult to measure them, this paper will not discuss about intangible educational resources. To sum up,
measuring input and output in teaching departments should be based on the principle of ‘simplifying,
highlighting and characterizing’, of which simply means the number of measurements should be
reduced reasonably, highlighting some measurements appropriately, emphasizing and characterizing the
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essence of measurements distinctly uncovered.
2.3.1 Input indices

The measurement of input contains three aspects. Firstly, it contains the input in manpower which
includes teaching staff and supporting staff. This investment can be indicated by two indices: X, the
number of teaching staff and supporting staff; X,, salaries and welfare expenses spent on teaching staff
and supporting staff. Clearly, these two indices are closely connected, but the former highlights the
‘quantity’ of manpower and the latter is the ‘quality’ of manpower (There is a big income gap between
teaching staff and supporting staff who have different educational backgrounds and positions, therefore,
which is an indicator of quality. Secondly, the input in material resources, i.e. the original value of
teaching facilities including furniture and occupied housing, is indicated by Xz. Thirdly, funds, i.e. the
funds spent on the administration of teaching departments and operating funds, contain three indices: X,
public spending, Xs, scientific research expense and Xg, special business expense. The above six indices

can be expressed by the vector X =(X,, X, X;, X,, X;, Xs).

2.3.2 Output indices

Output index refers to the following aspects: 1) cultivating talents at all levels. This is reflected by
two indices: one is Y, : student’” Jordan numbers; another is Y,: revenue of various types’ cultivating
students; 2) the output of scientific research is reflected by three indices: one is Y3 : the comprehensive
value of teaching ( all teaching research will be transferred into certain value); second one is Y,: the
comprehensive value of scientific researches( all scientific research will be transferred into values); the
third one is Ys: the revenue from teaching and scientific research fund; 3) the output of serving society
which comes from the services provided by the departments, such as consultation and transferring
scientific research results, with index Y - social service income ; 4) the output of inheriting and passing
down culture which come from the activities attended by the departments, With Y5 - culture innovation
achievement score (achievement of different levels is folded into a certain score, then aggregated) . All

the seven indexes are labeled by the victorY = (Y,,Y,,Y,,Y,, Y, Y, Y;) .

3 Methodology

In order to keep the secret of some statistic data, the university which we study is called W in this
paper. It is a comprehensive university whose main purpose is teaching. It is one of the best universities
with sixty years’ history. At present, W has 16 teaching departments, among which there are twelve
common departments, one department providing the same courses for all students, one department
providing preparatory courses, one department providing courses for adults, and one department for
vocational education.
3.1 The procedures for collecting data

In order to avoid the unnecessary variables, we choose twelve common departments in the
input-output efficiency evaluation. Meanwhile, we also take the variable time span into scientific
research for consideration. Generally speaking, one research takes 2 or 3 years. So we focus on the
research from January, 1, 2008 to December 12, 2010. Each department is regarded as a DMU. Then, we
obtain the following data in table 1.

Table 1 The Average Input and Output of Twelve Departments of W (2008-2010)

DMU Input Indices Output Indices
X1 Xz X3 Xy Xs Xe Y, Y, Ys Y, Ys Yo Yy
DMU, 75 311 | 1251 | 161 65 120 1410 494 52 150 65 10 0
DMU, 50 193 | 860 143 42 85 828 390 48 128 42 5 6
DMU, 62 | 279 | 980 | 155 50 78 1180 | 448 | 80 | 168 | 50 2 0
DMU, 55 | 231 | 758 | 121 38 60 886 354 | 55 | 120 | 38 3 0
DMUs 78 273 | 850 195 45 95 1352 554 90 180 45 6 2
DMUq 56 199 | 480 143 45 75 908 445 30 90 45 10 0
DMU, 65 276 | 530 146 58 90 1040 541 62 115 58 3 0
DMU, 56 | 227 | 745 115 66 75 950 349 | 50 98 66 5 0
DMUq 64 | 310 | 558 | 182 42 80 1140 | 433 | 80 | 124 | 42 8 6
DMU,o 66 307 | 675 175 53 60 1256 565 45 132 53 4 0
DMUy; 58 276 | 858 160 45 55 916 385 65 86 45 8 4
DMU;,, 82 316 | 1350 | 234 85 120 1520 654 | 120 | 168 85 9 8
Total 767 | 3197 | 9895 | 1929 | 634 | 993 | 13386 | 5612 | 777 | 1559 | 634 | 73 26

Note: The able data are sourced in the financial statements of W.
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Table 2 Values of Comprehensive Evaluation of Teaching and Scientific Research of W

journal paper book honour
Types (unit: point) Cunit: point) (unit: point)
A B C A B A A, A B: B, Bs;
teaching 10 5 2 30 15 100 80 50 30 20 10
research 10 5 2 30 15 100 80 50 30 20 10

Note: In table 2, A stands for the publications published by national publishing institutions. B and C stand for the
publications published by non-national publishing institution. A;, A, and Az stand for honour rank first, second and
third at national level. By, B,and B; stand for honor and first, second and third at provincial level.

Table 3 The Value of Comprehensive Evaluation of Teaching of W

best bachelor thesis best master thesis best courses special thesis
Type — — — — ) — — :
provmmal university provmmal university national provinci universi national rovincial
level level level level level al level ty level level P
teaching 3 1 5 2 50 20 10 30 20
result

Note: Table 2 and 3 is a framework for the comprehensive evaluation value of teaching and research. There might
be other frameworks for different universities.

3.2 Selection of input indices and output indices based on DEA

In DEA evaluation of input-output for W, due to the limitation of the number of DMU (teaching
department of W), evaluation index of input and output should simple, otherwise it will affect the
accuracy of the evaluation by the DEA model. Due to the classification of input indices and output
indices, according to statistical analysis, we can calculate the correlation coefficient between input
indices and output indices. The highest indicators of the correlation coefficient are selected as input
indicators and output indicators. Correlation analysis shows that we choose three input indices and three
output indices for using DEA model. They are X, (stands for the labour input), X3 (stands for material
input), X, (stands for the financial input); Y,(stands for the talent output), Y, (research output) and Yy
(stands for the output of serving society). We do not take the index of cultural inheritance into account
because its value is zero.

These data are processed by DEAP2.1. Firstly, we set the document introducing parameters:
NUMBEROFFIRNIS for 12, NUMBEROFTIMEPERIODS for 1 year, NUMBEROFOUTPUTS for 3
year, NUMBEROFINPUTS for 3. We select the formula 0=INPUT ORIENTATED, 1=VRS,
0=DEA(MULTI—STAGE). Then we obtain the following results (see table 4).

Table 4 The Results of Performance Evaluation of 12 Departments of W

DMU Crest Vrste Scale Evaluation
DMU;, 1.000 1.000 1.000 DEA effective, scale efficiency is no change
DMU; 1.000 1.000 1.000 DEA effective, scale efficiency is no change
DMU;3 1.000 1.000 1.000 DEA effective, scale efficiency is no change
DMU, 0.967 1.000 0.967 Not DEA effective, scale efficiency is incremental
DMUs 1.000 1.000 1.000 DEA effective, scale efficiency is no change
DMUg 1.000 1.000 1.000 DEA effective, scale efficiency is no change
DMU;, 1.000 1.000 1.000 DEA effective, scale efficiency is no change
DMUg 1.000 1.000 1.000 DEA effective, scale efficiency is no change
DMUq 1.000 1.000 1.000 DEA effective, scale efficiency is no change
DMUyo 1.000 1.000 1.000 DEA effective, scale efficiency is no change
DMUy 0.767 0.824 0.932 Not DEA effective, scale efficiency is incremental
DMUy, 0.990 1.000 0.990 Not DEA effective, scale efficiency is decreasing
Average 0.977 0.985 0.991

Note: Crste = technical efficiency from CRS DEA; Vrste = technical efficiency from VRS DEA
Scale = scale efficiency = Crste / Vrste
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3.3 The analysis of the efficiency evaluation of input-output of teaching department of W’s
teaching department

Table 4 shows that the means of Crest of the departments is 0.977, the means of Vrste is 0.985,
which implies that the ratio of input and output is in good condition. However, the values of three
departments are not effective. They are DMU4, DMU11 and DMU12. This is caused by the small scale
which is reelected by Vrste value of DMU4 and DMU12, 1.000. The crest and Vrste value of DMU11 is
1.000, it suggests that caused by the inefficient management besides the scale of labour input, financial
input and material input are small. The percentage of the effective department is 75%, which indicates
that the efficiency of input-output is relatively high. This may owe to the long-term input of teaching
and research made by W.

We can also utilize the free variable to measure DUM11, by which we will propose the
improvement suggestion. The measurement suggests that DUMZ11 should reduce the staff’s salary and
fringe benefit by 171,600 yuan and decrease the material input by 1,207,800 yuan. At the same time, it
should increase the scale of student enrolment by 9 and the comprehensive value by 7.

4 Conclusion

The efficiency of input-output of the teaching departments determines one university’s performance.
We set 6 parameters for labour, materials and finance and 7 parameters for output according the four
aims of universities. The efficiency of input-output is reflected by comprehensive efficiency which
consists of technical and scale efficiency. The comprehensive efficiency is measured by DEA

model C*R ; technical efficiency is measured by DEA model BC?: and scale efficiency is obtained by
using the formula comprehensive efficiency/technical efficiency. We apply these models to a university
and particularly measure the comprehensive efficiency, technical efficiency and scale efficiency.

We found that the accuracy of this method is determined by the suitable index system of
input-output and its reliability. As a result, the conclusion of this research might be limited due to two
aspects: one is that the unit number is small, which determines the number of indices; another is that
DEA requires that all units must be homogeneous. However, the disciplines in different departments are
different from each other. These two factors may lead to the gap between the research result and reality
may occur. Besides, the methods to acquire the index data and the unreasonable setting of evaluation
criterion also may affect the accuracy of the evaluation. These problems are worthwhile for the further
study.
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Abstract: The proportion of China’s information industry in the GDP after financial crisis has been
investigated firstly in this paper. Output value of information industry proportion in the GDP increased
gradually from 2001 to 2006, up to 2006, which made up of 25.47% of the GDP. Nevertheless, its
proportion in the GDP has started to count less since 2006. According to the Douglas function, the paper
analyzes the contribution of information industry to national economy development next. Clear-cut
correlation between information industry and the GDP indicates that the increase of one unit of the
logarithm of the output value of information industry will cause the increase of the GDP's logarithm by
0.071 units. Finally, the paper expatiate the role of information industry in promoting the industrial
structure optimization and upgrading, its economic benefits and its direct and indirect effect on
economic growth.
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1 Introduction

The international financial crisis poses difficulties for the development of China's information
industry in 2009. In 2009, the telecommunication services in China reached RMB 2,568.06 billion, up
by 14.4%; the telecommunication's main business income was RMB 842.43 billion, up by 3.9%. The
above scale manufacturing industry of electronic information products accomplished sales revenue of
RMB 5,130.5 billion, up by 0.1%. On the whole, the output value of information industry and its
proportion in the GDP is shown as Table 1.

Table 1 The Proportion of Information Industry in the GDP in China

Year Ou'tput value_of information ' _GDP Pro_portion gf Information
industry(billion Yuan) (billion Yuan) industry in the GDP
2001 1,499.80 10,965.52 13.68%
2002 1,753.85 12,033.27 14.58%
2003 2,341.00 13,582.28 17.24%
2004 3,173.76 15,987.83 19.85%
2005 3,879.90 18,321.74 21.18%
2006 5,398.38 21,192.35 25.47%
2007 6,328.01 25,730.56 24.59%
2008 5,988.76 30,067.00 19.92%
2009 5,972.93 33,535.30 17.81%

Data Source: China Economic Information Net and “Statistical Yearbook of China”

As seen from Table 1, the output value of information industry increases considerably from 2001 to
2007, and it approaches stable during 2007 to 2009. Meanwhile, its proportion in the GDP gradually
rises from 2001 to 2006 and reaches 25.47% in 2006, but starts to fall by degrees after 2006.

2 Contribution of Information Industry to National Economy Development in

China

The data selected from 2001 to 2009 proclaims the contribution of information industry to national
economic development.
2.1 Selection of regression model

Cobb-Douglas production function is a common tool for measuring the contribution of economic
growth, and its mathematic expression is as follows!:
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Q=aK"L 1)

Note: Q is output, K is capital, L is labor, and a, b and ¢ are constants.

The feature of Cobb-Douglas production function:

@ lIts logarithmic form is a linear function

logQ =loga+blogK +clogL 2

@It belongs to homogeneous function, and the type of returns to scale(RTS) can be judged by the

numerical value of b+c
b+c>1, isincreasing returns to scale type;
b+c <1, isdecreasing returns to scale type;
b+c=1, is stabled returns to scale.

(® The variable K of this function, the index b of L and ¢ respectively are the output flexibility of K
and L, which means that the output will increase b%, if K increases 1%; if L increase 1%, the output
will increase c%.

In order to further analyze the contribution of information industry to and its effect on economic
growth, the technological progress factor will resolve into information technological progress factor and
other technological factor, and the specific expression is given as follows:

a=a,l* ®)

Note: | means the development scale of information industry, d means the output flexibility of

0

information industry and % means all the other technological progress factors expect information

technological progress factor.
In this case, Cobb-Douglas production function is adapted as follows:

Q=a,l'K"L° @)
The logarithm of each side of an equation is as follows:
INnQ=1Ina,+dInl +bInK +cInL (5)

Note: GDP means the gross output, d means the output flexibility of information industry, I means
the output value of information industry, K means the fixed assets investment of society and L means
total employment of society!?.

2.2 Analysis process

“Statistical Yearbook of China” is the source of the GDP, the output value of information industry
is approximately replace by the sum of output value of electronic information industry and
telecommunication industry, and the fixed assets investment and total employment of society are
originated from “Statistical Yearbook of China”, then, the related date is showed by Table 2L,

Table 2 Related Data

Year GDP I K L

2001 10,965.52 1,499.80 3,721.35 730.25
2002 12,033.27 1,753.85 4,349.99 737.40
2003 13,582.28 2,341.00 5,556.66 744.32
2004 15,987.83 3,173.76 7,047.74 752.00
2005 18,321.74 3,879.90 8,877.36 758.25
2006 21,192.35 5,398.38 10,999.82 764.00
2007 25,730.56 6,328.01 13,732.39 769.90
2008 30,067.00 5,988.76 17,282.84 774.80
2009 34,050.69 5,972.93 22,459.88 779.95

Data source: “Statistical Yearbook of China” and China Economic Information Net. In this Table, the unit of GDP, |
and K is billion yuan, and L’s unit is million.
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Table 3 is the logarithmic of Table 2:

Table 3 The Logarithmic of Data from Table 2

Year InGDP Inl InK InL

2001 11.6051 9.6157 10.5244 11.1986
2002 11.6980 9.7722 10.6805 11.2083
2003 11.8191 10.0609 10.9253 11.2176
2004 11.9822 10.3653 11.1630 11.2279
2005 12.1184 10.5661 11.3938 11.2362
2006 12.2640 10.8964 11.6082 11.2437
2007 12.4580 11.0553 11.8301 11.2514
2008 12.6138 11.0002 12.0601 11.2578
2009 12.7382 10.9976 12.3221 11.2644

Put these date into SPSS to do the multiple linear analysis and the dependency table is showed by
Table 4.
Table 4 Dependency Table

InGDP Inl InK InL
Pearson dependency InGDP 1 0.952 0.998 0.991
Inl 0.952 1 0.956 0.976
InK 0.998 0.956 1 0.995
InL 0.991 0.976 0.995 1

According to Table 4, the dependency between INGDP and Inl is up to 0.952, therefore, the research
on the relationship between these two variables is feasible. The linear equation obtained by regression
analysis is given as follows:

LnGDP=94.088+0.071In1+0.890InK+0.263InL (6)

Note: R2=99.7%, F=563.724, D.W.=2.080
2.3 Linear conclusion

R?=99.7% makes clear that the result of fitting is good, and, through linear equation, the
dependency relationship between output value of information industry and GDP during 2001 to 2009 is
proved to be obvious. In fact, output value of information industry’s logarithm increases one unit will
cause the GDP’s logarithm increases 0.071 unit.

3 Impact of the Information Industry on the Development of National

Economics
3.1 Upgrading of industrial structure under the influence of information industry

Information technique plays a crucial role in the upgrading of industrial structure because of its
powerful permeability and a highly shared feature as a High-tech form. With the rapid development of
information, Information technique dominates the upgrading of industrial structure gradually™,

First, the evolution of information technique and science result in the refinement of the division of
social labor, besides, the degree of specialization become higher and higher, which contributes to the
establishment of new-merging industries and industrial department. Their constant flourish enlarges the
range of the industrial structure and strengthens the connection between different levels and circles in it.
What is more, the mutual infiltration between disciplines and the cross-disciplines are widely used in
research and application of research achievements. All of these elements force the connection between
industries much closer and form a huge and complex industrial system. Therefore, the information
technique and the development of information development will benefit for the adjustment of the
industrial structure®®.

Second, the improvement of the information industry encourages the reformation of the traditional
industry and promotes the upgrading of the industrial structure. The industry cultivates plenty of
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inter-disciplinary talents who involve both the informational and traditional industries. At the same time,
this kind of industry provides the traditional industry with information techniques, informational
equipments and information service, which motivate the whole course of information and improve the
competitive ability of traditional industry. As for the traditional industry, it is required to reach a
high-level and large field, and drives the information industry to a advanced direction, and enlarges its
development scale. Besides, the information technique improves the production of traditional industry
and changes its inner structure of production elements.

Lastly, the main function of information industry is the collection of knowledge and information,
development, spread, etc. It is a knowledge industry supported by techniques and knowledge. The social
knowledge and techniques focus on or come from the information industry. The input of information
industry includes visible capital, labor, and invisible talent and so on. Information industry has become a
crucial part of the whole development of social economics and strengthened the stability of the
development of economics. Meanwhile, the demand income elasticity is higher in information industry,
and the potential market is large, however, the cost of production is comparatively lower, which make it
more competitive in exploring the market. Therefore, information industry is equipped with some basic
requirements that are set for some dominate industries. With the coming of knowledge economic age,
information industry will generally replace the status of traditional manufactures such as steel industry,
car-making industry, etc, and then become the leading industry of the world!®.

3.2 The scale economies effect of information industry

The Scale Economies Effect is a kind of phenomenon that the income rise and the cost of the unit
product falls, which results from the expansion of the scale of production. The scale economies effect of
information industry is the main factor facilitating economic growth. The key reasons why information
industry has the scale economies effect are as follows. First, the form of assemblage in the field of
information industry results in the cost reducing of the whole industry. Take the computer hardware for
example. All these years, the constantly upgrading of computer hardware technology and the improving
of products' quality and performance with a much lower price was reflected in this. Second, the
characteristics of scale economies effect is also manifested in its decentralized management,
specialization and globalization, and the latter two provided a favorite condition for information industry
manufacturers to reduce production cost in a great deal which in term shows the advantages of scale
economy. Third, the advantages in technologies and production process as well as the launch of laws
and regulations for the protection of IPR all contribute to the maintenance of scale economy.

Besides, the natural monopoly of information industry makes it have its unique advantages.
Information industry department stimulates the social economic development with its lower marginal
coast in the process of production and servicing, while reducing the production and servicing cost in
other aspects of society. Finally, it will accelerate the economic growth rate in the society. The effect of
scale economy in information industry and the space aggregation effect are closely interrelated with
each other. The gathering of information industries will result in aggregation effect, which can realize
scale economic effect through optimizing the allocation of one's resources in a certain geological area.
Through the space aggregation, we can not only reduce the cost but also promote the progress and
spread of technology and generate huge profits which will attract more manufacturers to enter. For
example, Information and home appliances industries groups in Pearl River delta region in China as well
as finished automobile and auto parts industries groups in Shanghai both manifest the space aggregation
effect.

3.3 The direct and indirect impact of information industry on economic growth
(1) The direct impact

It can be seen from the above regression analysis on output value of information industry and gross
domestic product (GDP) that information industry is the basic and initial industry in national economy.
Besides, it also belongs to the category of advanced technology and modern service industry. The
growing development of information industry and growing innovation of information technology have
boosted the domestic demand which has gradually enlarged the employment scale and increased foreign
trade and revenue which has directly stimulated the economic growth to enlarge the scale of national
economy!™.

(2) The indirect and indirect impact

The indirect impact of information industry on economic growth is mainly embodied as follows:
there is a strong connection, including forward relevance and backward relevance, between information
industry and other industries. Firstly, the forward relevance is mainly reflected that the development of
information industry, to a large extent, depends on the demands of other industries on the information
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industry products. That is to say, if the demands of other industries on the information industry products
are of a great deal, the development of information industry can effectively promotes the development
and enlargement of other industries. Secondly, information industry and other industries are connected
backward. The development of information industry also relies on the ultimate products of many other
departments and industries, which can boost other industries to develop effectively. In this way,
information industry and other industries are correlative with each other and help each other forward to
push the growth of national economy.

4 Conclusion

The information industry in our country takes a much higher ratio in national economy, and the
ratio is ever growing. The output value of information industry has a prominent relation with GDP, that
is to say, every 1 unit growth in the output value will result in 0.071 unit growth in GDP's logarithm. So
information industry plays a very prominent role in promoting the growth of our national economy.
Quick development in information technology facilitates the quick development of information industry
in China, and the ever growing ratio of information industry in national economy growth makes
information industry a more vital driving force behind our national economy. The information industry
will continually boast the adjustment and upgrade of industrial structure and it will gradually grow into
the leading industry in the development of our national economy.
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Abstract: Enterprises are thrown into a rapidly changing environment by the combination of
globalization competition, rapid technological change, new products and the intense competition of the
client base. This thesis, by comparative analysis of the strategic cost management and traditional cost
management, using of the strategic cost theory and combining with the actual situation of Jianfeng
Group, points out that through effective use of cost information and analysis while adjusting the
development strategy of the enterprise can enable one to seize the current trend of the market and
quickly become a bigger and stronger enterprise.
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1 Brief Overview of the Strategic Cost Management

It is really a complicated definition about “strategy”. It can be regarded as a multidimensional
concept that involves all the important activities of the enterprise, which provides enterprises with a
unified sense, a direction sense and a purpose sense. In the meantime, it can also help business to adjust
to the changing environment. Strategic cost management and strategic were tied naturally. One purpose
of strategic cost management is to provide cost information for the selection and implementation of
corporate strategy. Strategic cost management was first proposed in Strategic Management Accounting
by the British scholar Kenneth. Symonds in 1981 who mainly studied the relationship of strategic cost
management and the core competitiveness of enterprises of which he stressed that the cost management
and corporate strategy combined with the strategic development of the enterprise is of great significance.
Then the American scholar, Michael. Potter, Jack, Sank extended and developed the theoretical
framework of strategic cost management and application methods, especially Michael. Porter applied
value chain analysis to strategic control in his books the “competitive advantage” and “Competitive
Strategy”.Strategic cost management can be divided into two levels: One is from the cost perspective to
analyze, select, and optimize enterprise strategy. The other is the implementation of controlling
strategies for cost.

2 The Contrast Between Strategic Cost Management and the Traditional Cost

Management

The former is the corporate strategy in the cost side; the latter is the plan on the basis of the former
in order to improve the effectiveness of cost management systems, methods and measures. ! Compare
Strategic cost management with traditional cost management. The backdrop of the strategic management
exposes increasingly obvious defects of the traditional cost management performance.

First and for most, the traditional cost management focuses on the consumption of the value of
internal production and business activities. As the view of Value Chain, the scope of the traditional cost
management essentially used the notion of "value added" rather than the concept of "competitive
advantage". From the perspective of strategic management, "value added" exist four defects: First, begin
to manage cost after the procurement will lead to lost opportunities for strategic cooperation with the
upstream suppliers, which could get the advantage of low-cost suppliers. Second, make the products
sold in the end of cost management will lead to lost opportunities for strategic cooperation with
downstream buyers and add the cost of the final consumers. Third, it does not consider the cost situation
of competitors, which can not reveal the relative cost position compared with them. Forth, it hasn't from
the perspective of the industry value chain to give an analysis of the strategic partnership and find ways
to reduce costs. %

Secondly, the goal of traditional cost management is to furthest avoid the cost of the various
business activities in order to seek a cost minimization and profit maximization, which is difficult to
harmonize with the strategic management objectives. Objectively speaking, the traditional cost
management purpose is driven by the initial motivation and direct action of the cost management.
Although reducing costs for businesses at any time cannot be ignored, companies rely on new products'
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development and that cost increased necessarily. In fact, traditional cost management focus too much on
lowering costs in order to reduce costs instead of linking up cost management and competitive
advantage, which can enable businesses to lose a good development strategy, affecting the formation of
the competitiveness.

Thirdly, the management tools which used by traditional cost management aim to guide, normalize
and constraint of the real production and business activities. It is based on real-time field controlling of
management thinking. Strategic management focuses not on the implementation of the strategy but
rather a strategic decision-making. ®!\Whether the earlier standard cost control, the cost analysis and the
corresponding volume-profit analysis, or he comprehensive quality management and responsibility are
all without considering the strategic management of information needs.

Forthly, traditional cost management only concerns about the cost factors, such as material costs,
labor costs, financial costs and management costs while ignoring the implicit cost factors, such as
market development, the arrangement of the internal structure, firm size and management culture. It has
not been able to fully reveal the true composition of the cost of doing business; such costs will not be
able to help managers to strategic decision-making. ™!

It is not difficult to conclude that: strategic management theories and methods are widely used in
business management practice of traditional cost management, which presents a challenge to adaptive
changes. The basic starting of this change include at least three points: First of all, to expand the spatial
extent of the cost management, turn the objects from a simple focus on internal activities to outside the
enterprise. Secondly, to expand the time range of cost management, elevate the time span from the level
of daily management to strategic management. Thirdly, to innovate methods and means of cost
management and to meet the demand of the strategic management of cost information better.

3 The Path of Strategic Cost Management

The core of the strategic cost management is to seek corporate and sustained competitive advantage,
is a comprehensive and forward-looking combination of new cost management techniques, is an
important trend in contemporary cost management, which compared to traditional cost management, has
the differences below:

(1)Update concept and change thinking to completely break the mindset of ‘neglecting efficiency
and valuing saving’. We must break the ideological rigidity; update our concepts, from the overall,
global, and long-term to consider the cost benefits of enterprise. To overcome the one-sided saving
consciousness, we must emphasize the "people-oriented" of management thinking, the scientific and
correct cost concepts to achieve cost management by traditional "cost savings" type of transformation to
a strategic focus on efficiency ". Of course, the ideological shift of mind, by no means short span of time,
we must strive to improve the business managers’ ideology and scientific and cultural qualities, to
actively learn and absorb foreign advanced cost management theory and methodology, to strengthen the
organization building of Cost management and to improve the quality of accountants while creating a
large number of cost management engineers so that we can take the road of combining technical and
economic.

(2)Expand new areas of enterprise cost management, multi-angle, multi-faceted establish the
company's cost management. The traditional cost management focuses on the production process, limits
to the areas of production in scope and the manufacturing costs in content. With the development of
production management techniques, the concept of cost in the vertical and horizontal has a new
expansion. Accordingly, the cost management can no longer be confined to the traditional production
process. The vision should be put wide to pay attention to scientific and technological progress and
technological development, and continuously expand new areas of enterprise cost management. In the
promotion and development of strategic cost management, reforming and improving the traditional cost
management make the strategic cost management thinking and the specific cost management methods
organically combined, and only in accordance with the requirements of the staff, the whole process of
cost management, being strict and scientific to all the costs content involved, can the companies enhance
the competitiveness of the products on the market.

(3)Seek new methods of cost management from a strategic height. Merely the traditional cost
management at the tactical level, talking about the cost on the cost, limited range of cost reduction is
hard to improve the economic efficiency of enterprises. In a market economy, on one hand, within the
enterprise must be subordinated to and services to improve efficiency of the management mechanism;
on the other hand, the enterprise external intense competition to the market make the viability of
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enterprises increasingly "bad", which prompted us to overcome the bound of the traditional mode of
thinking that cost can not reduce, to understand the intentions and methods of reducing costs from a
strategic perspective. Of course, in order to promote continuous improvement and development of the
theory and methods of cost management in China, also should be noted that the summary of the
innovative experiences and methods of cost management of their enterprise. In the process of enterprise
cost management to introduce a comprehensive strategic management ideas and methods, only
innovation to explore and develop new concepts and new ideas, will we be able to find suitable for our
own characteristics and requirements of the cost of management theory and management methods to
promote the enterprises' economic and social benefits all-round improvement.

(4)Fully mobilize the enthusiasm and creativity of the staff, to improve the employees of businesses
to invest in the centripetal force. Per employee directly relates to costs. Only rely on the co-ordination of
all staff, joint efforts, the enterprise can cost in the real control in order to achieve the objectives of the
strategic cost management. Enterprises should pay attention to the human factor, stress people-oriented,
and object to the rule of man, to improve the cohesion of the staff, so as to achieve the goal of lower
costs and gain competitive advantage.

4 High Costs Reduce the Competitiveness of the Jianfeng Group

Jianfeng Group, formerly known as Jinhua Cement plant in 1958, In 1988, it implemented the
shareholding system reform, which confirmed the establishment of Zhejiang Jianfeng Group Co Ltd.
And then, the company of shares listed in the Shanghai Stock Exchange becomes the first listed
companies in China’s cement industry in July 28, 1993. Jianfeng Group seized the historical opportunity
again and again to develop. According to the 2004 Annual Report, Jianfeng Group owned total assets of
2.47 billion RMB, the main business income reached 1.027 billion RMB, profit 24.34 million RMB,
taxes of 65.99 million RMB, which are of 11.5 times, 5.7 times and 0.65 times, 5.18 times of the
beginning respectively.(see following Figure 1). For now, Jianfeng Group has become a basing on two
main industry, cement and medicine, modern large-scale enterprise.
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Figure 1 Data of Jianfeng Group Financial Development in 1993 and 2004
(Data from: 1993, 2004 Jianfeng Group Annual Report)

Since to be listed, Jianfeng Group manages steadily and surely with operating profit, the main
business income rose year after year (except 2004), the asset size of mid-extended (except 2001),
reflects the company’s good growth (see following Figure 2).
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Figure 2 Data of Jianfeng Group Financial Development from 1993 to 2004
(Data from: 1993-2004 Jianfeng Group Annual Report)

Compared with the company’s growth, the profitability doesn't follow the steps; it seems, on the
contrary, falling down (see following Figure 3). Although the company makes profit every year, the net
margin has paced up and down between 20 million and 40 million with no growth. There is a huge
fluctuation in operating profit in the five years from 2000 to 2004 with three years of losses and one
year low-profit. The return on net worth is declining with years goes by, listed at the beginning of
19.02% ( highest point ) all the way down to 2.71% in 2004 ( lowest point ). The year 2000 to 2004
were the golden periods of China’s cement industry, but Jianfeng group belonging to the cement blocks
off profits, which provide food for thought!
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Figure 3 Data of Jianfeng Group Profit Development from 1993 to 2004
(Data from: 1993-2004 Jianfeng Group Annual Report)

There are many reasons to explain Jianfeng Group's situation, the most important one is the
growing competition in the cement industry. From the cost perspective: 1) Foreign, joint ventures and
private enterprises have their tax incentives. But regulate the operation of State-owned enterprises have
no tax breaks nor can they evade taxes. 2) Jianfeng Group is one of the oldest state-owned enterprises
with a large number of retired staff salaries to pay. Compared with new businesses, the cost is
significantly higher. 3) As a veteran of the state-owned enterprises, the state explicitly eliminated a large
shaft kiln production lines due to the environmental issues, which not only caused a significant loss of
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assets to the Jianfeng Groups, but to put the company living in a disadvantage competitive position due
to its incapacity of production making, which also makes its market shares be tied up by others. 4)
Jianfeng Group is in strict accordance with national standards to produce cement. Its admixture adding
progress has been done seriously and it has put more than all other funded enterprises in terms of
environmental input. And such differences in cost caused by the system, history, taxation is very difficult
to have a significant change in a short time. The enterprise must resort to external force in order to
reduce costs and revere the market disadvantage.

5 Powerful Combination of Spikes From a Strategic Height to Seek a New Cost

Management

April 17, 2007, Zhejiang province Jianfeng Group Co., Ltd. notice a cooperation matters which
disclosed the cooperation framework between Jianfeng group and Zhongjian Group, specifically as
follows: 1) cooperating with Zhongjian group to found a regional specialization Cement Company
(hereinafter referred to as "the New Company"), which is committed to enlarge the regional cement
business scale and integrate the business and reduce overall operating costs in order to obtain the best
economic and social benefits. 2) Zhongjian Group agreed to invest in , at the same time Jianfeng
Group audit and evaluate the recent cement business-related assets of Zhejiang part (except shaft kiln),
then contribute to the new company through partial retention or/and some realized or/and partial
transposition , but the specific proportion need further consultation to determine. 3) The Zhongjian
Group agrees to maintain Jianfeng Group's main business relatively stable in the cooperation process.
The megamerger between Jianfeng Group and Zhongjian Group is not completed in one day, however it
is the inevitable result of joint strategy when Jianfeng Group is aware and assessing the situation that it
is impossible to change such institutional and historical factors which made cost disadvantage on their
own.

In 1992 Jianfeng Group claimed their development strategy “Based on the building materials,
developing for diversification, backed by Jianfeng, facing the world”, and begin to involve the diverse
business. In 2001 the Group of the encounter, pronounced: “Stressing the large and deregulating the
small, highlighting the main business” and it symbolized the end of the diversified development strategy,
in this 10 years, the businesses have involved in many areas of cement, pharmaceuticals, ceramics, cable,
information technology, wholesale and retail trade, real estate, up to dozens of holding shares of
companies (as the following table).

Table 1 1n 2000 Jianfeng Group Holding & Shareholding Enterprises

Year Holding subsidiary enterprises | Holding subsidiary enterprises Long-term equity Total
(consolidated statements) (not consolidated statements) | investments enterprises
2000 21 2 16 39

( Data from: 2000 Jianfeng Group Annual report )

In 2001, Jianfeng Group proposed the idea of “Stressing the large and deregulating the small,
highlighting the main business”, in 2002 to fully implement the strategic approach of “enhanced
building materials, grow medicine”, persist in the principle to do certain things. According to the Annual
Report from 2001to 2004, Jianfeng Group, under the guidance of “Stressing the large and deregulating
the small, highlighting the main business”, accomplish following events: the establishment of an
investment company, responsible for investment and business cooperation; highlighting the main
business, plus investment in the cement and pharmaceutical; restructuring non-core business. Jianfeng
Group industry is clearly growing portfolio. In 2001 cement production capacity is 1.5 million tons, the
sales income is 300 million Yuan, however in 2004, cement production capacity has reached 3.8 million
tons, and sales income rose to more than 500 million. As what has been expected, to the end of
"Eleventh Five-Year" period peak cement production capacity will reach 10 million tons; medicine in
terms of R & D, production and sales has been strengthened.

Jianfeng Group is well aware that under the existing framework, relying solely on means to
improve management and increase labor productivity has been difficult to reverse the disadvantage in
terms of cost caused by the formation of institutional and historical reasons, in order to reduce costs in
the short term, gain the competitive advantage. To reduce costs in the short term to gain the competitive
advantage, it is very difficult, only the application path of cost management mode which is the third
innovation, by the formation of strategic alliances, through its own to expand capacity, to reduce the
tons of cement costs through economies of scale expansion.Jianfeng Group's strategy is moving toward
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bigger and stronger the main industry; especially the cement industry only through cooperation with
other strength of the enterprises can help them go out of the dilemma.

6 Conclusion

On account of historical and institutional benefits, Jianfeng Group was able to grow and develop
greatly .However, due to the same reasons, the cost of Jianfeng is keeping up a high level, leading to the
difficulties on the development recent years, the company is big but not strong enough.

Traditional cost management was concerned the value consumption from internal production and
business activities, but rarely consider and analyze the external environment, the scopes and means of
reducing costs have big limitations, the cost information provided may not meet the development of
strategic management of the enterprise. Strategic management not only must focus internal situation, but
also clearly know the competitive environment. It is not only necessary to know the upstream suppliers,
but also to clearly know the downstream customers and distributors, and to coordinate the relationship
with them. Meanwhile, the enterprise also needs to analyze and research the basic situation of the
competitors. The Strategic cost management needs a higher perspective and a greater scope to
investigate the cost of business, which will more effectively adapt to corporate strategy. ™ It depends
that Jianfeng Group considers the limitations about self disadvantages for reducing cost, so it can
confirm its strategy purpose which contains find the strong industry and make an alliance. The facts
have proved that such cooperation can rapidly expand business productivity, through economies scale
advantages it rapidly reduces cost, and gains the regional markets competitive advantage.
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Abstract: Although central network positions have been associated with above average performance
effects, an important void that still remains is how firms come to occupy a more central position in the
first place. Whereas recently made exogenous explanations have shed some more light on aggregate
changes in centrality, they remain silent on an endogenous understanding of how individual firms can
come to occupy a more central position. To address this, we argue and demonstrate how heterogeneity in
firm-level attributes formed by their possession of pioneering technology, alliance portfolio size and
choice for alliance organization drives differences among firms in becoming more central. Based on a
sample of technology-based alliances in two different high-tech industries (pharmaceuticals and the
broader ICT industry), we find evidence for most of our hypotheses. We contribute to the standing
literature by considering changes in position as a dependent variable, which goes beyond the dominant
approach in which network structural properties have mostly been treated as independent variables. In
this way, we contribute to an emerging literature in which the focus shifts away from how network
embeddedness enables and constrains action towards what factors affect and shape a firm’s network
embeddedness through the lens of its structural position.

Key words: Central network positions; Pioneering technology; Betweenness centrality

1 Introduction

A growing number of studies has shown that strategic alliances and interfirm networks are
particularly relevant for innovation and the development of new technology (Ahuja, 2000a; Gilsing et al.,
2008; Phelps, 2010; Sampson, 2007). Especially in technology-based industries, alliances can be
considered as conduits through which firms can get access to the complementary resources and
knowledge of partners (Gimeno, 2004; Powell et al., 1996). Moreover, it has been argued that a firm’s
position in an alliance network affects the speed and degree in which access to these external resources
can be acquired. More specifically, it has been demonstrated that a central position provides a firm with
faster access to high(er) quality external resources and capabilities than a less central one (Powell et al.,
1996; Zaheer and Bell, 2005). In line with this, a central position has been demonstrated to carry
positive effects on, among others, power (Krackhardt, 1990), reputation (Galaskiewicz, 1979; Stuart,
1998), early adoption of innovations (Rogers, 1971), innovation performance (Powell et al., 1996) and
learning(Hamel,1991).

Although there is a large heterogeneity among firms in network positions (Provan and Sebastian,
1998), a firm’s network position is not fixed and may change over time. Here, changes in technology
and/or regulation have been advanced as exogenous explanations of changes in positions of individuals
in intra-firm networks (Burkhardt and Brass, 1990) as well as of changes in firms’ positions in alliance
networks (Madhavan et al., 1998). This still leaves open an endogenous understanding of changes in
centrality, and in line with this how firms can possibly come to occupy a more central position. The aim
of this paper is to address this, by means of which we contribute to the literature along the following
lines.

Although the antecedents of tie formation at the dyad level have been well studied in the literature
(e.g. Ahuja, 2000b), the dominant focus until now has been on how network structural properties can be
used to advantage (Baum et al.,2000; Burt, 1992; Coleman, 1988; Dacin et al. 1999; Powell et al., 1996;
Uzzi, 1996; 1997). Our study addresses an important void in the literature given this general negligence
of the antecedents of network structural properties (Raab and Kenis, 2009; Salancik, 1995). This echoes
Salancik’s earlier claim (1995) that network research should move beyond questions on outcome effects
of network positions, and consider questions that focus on why certain positions exist or did not exist
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before.! As a consequence, an inquiry into the antecedents of changes in centrality may help to inform
us in how far and in what ways firms can come to occupy a more central position. An implication that
follows is that we consider changes in centrality as a dependent variable, which serves as an important
contribution to the standing literature in which network structural properties have mostly been treated as
independent variables. In this way, we also contribute to an emerging literature in which the focus shifts
away from how networks enable and constrain action towards what factors affect and shape networks
and their structural properties (Gilsing and Nooteboom 2006; Koka et al., 2006; Madhavan et al., 1998;
Rosenkopf and Schilling  2007).

Our empirical setting is formed by two global high-tech industries: pharmaceutical and the broader
ICT industry (computers, semi-conductors and telecom). In both industries, interfirm collaboration is a
strategic necessity and has led to the formation of so-called ‘global’ network structures (Schilling, 2009).
Our understanding of a global network structure is as follows. Its building blocks are formed by
individual dyadic alliances between firms, which collectively make up for an entire network structure
that may easily cover a few hundred alliances or even more. Following from this focus on a global
network structure, we will focus on Betweenness Centrality (BC) that reflects global centrality. Such a
global network structure differs from a firm’s individual ego-network, or ‘local’ network, and its
associated degree centrality.

The paper proceeds as follows. The next section presents the theoretical framework and develops
four hypotheses. Next we describe the data, variables and methods, and then present our empirical
results. In the final section we conclude and discuss the implications of our findings.

2 Theory and Hypotheses
2.1 Network position: betweenness centrality (BC)

Betweenness centrality (BC) views an actor as being in a favoured position to the extent that it falls
on the geodesic paths between other pairs of actors in the network. That is, the more companies depend
on a focal firm to make connections with other companies, the higher the BC of the focal firm becomes.
Such a position offers a focal firm strategic benefits such as opportunities for brokerage, faster access to
diverse and non-redundant information but also visibility as well as power in controlling the flows of
information and resources throughout the network (Burt, 1992). As a consequence, a position with high
BC will enable firms to extract extraordinary returns from its attractive and powerful position in the
network. BC is also of particular relevance in an innovation-based setting as here an increase in a firm’s
BC will increase the likelihood of being at the crossroads of key information and knowledge flows
through the networks. In this way, BC elevates the potential for recombination that contributes to a
firm’s innovation performance (Gilsing et al., 2008). Apart from acquiring information, BC also offers
room for sending information and the build-up of power. Within an innovation context, a high BC may
for example support central players in setting and/or maintaining technological standards in their
respective industries (Rosenkopf and Padula, 2008).

2.2 Antecedents of changes in BC

Burt (1991) suggests that the causal force behind centrality lies in the direct and indirect ‘demand’
by alters for relations with a focal actor. This is in line with social exchange theory suggesting that a
firm must have something of value to offer in order to become or stay attractive to others (Blau, 1964;
Emerson, 1962). The implication for inter-firm collaboration is that if a firm aspires to become more
central, it must be considered as attractive enough for collaboration in the eyes of others. We refer to
what a focal firm has to offer as its possession of resources that make others desirous of collaboration.
However, whereas ‘being in demand’ may offer opportunities to occupy a more central position, it will
not tell the whole story. Recently, it has been suggested that it is also entrepreneurial behavior or certain
actions by ‘network entrepreneurs’ which would lead to a more central network position (Ozcan and
Eisenhardt, 2010; Ahuja et al., 2011). The entrepreneurship literature distinguishes between three
mechanisms that serve to understand entrepreneurial behavior in general, namely (1) incentives, (2)
opportunity and (3) ability (Minniti and Bygrave, 1999; Shane and Venkataraman, 2000).2 So, apart

! More precisely, Salancik phrased this question in terms of bridging positions and referred in particular to
structural holes. ‘A more telling analysis might explain why the hole exists or why it was not filled before’?
(Salancik, 1995: 349).

2 Although the distinction between incentives, opportunities and ability is used as the three determinants of
entrepreneurial action and behavior, it is also used in the resource dependence literature when emphasizing that
firms do not only need to be motivated to reduce external dependence but also have the opportunity and ability to do
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from opportunities arising from being in demand, a firm must also have an incentive or a motivation to
move into a more central position. In addition, it must have the ability to exploit the most attractive
opportunity. We consider these three elements - incentives, opportunities and ability - as the mechanisms
2.3 Through which a firm’s possession of resources lead to changes in its centrality.

We differentiate between both technological and social resources, each of potential value to other
firms and, in this way, each forming a different antecedent of how a firm may become more central.
Technological resources may be of value to others to the extent that they lack this, and may form a
major reason why others are interested in collaboration with a focal firm (Pfeffer and Nowak, 1976;
Ahuja, 2000b). Here, we specifically focus on the role of pioneering technology that tends to reflect
path-breaking ideas and carries with it the potential of major breakthroughs. Its possession is likely to be
associated with high attractiveness to others and may yield opportunities for brokerage accordingly
(Ahuja, 2000b; Gulati and Garguilo, 1999), whereas it may also affect a firm’s incentives and ability.

The role of social resources emerges from the social exchange and embeddedness literature, which
propose that alliance activity is embedded in a wider network structure from prior and ongoing
collaborative relationships (Gulati and Garguilo, 1999; Walker et al., 1997). Here, we consider a firm’s
portfolio of direct partners as this may provide it with access to external knowledge and expertise, as
held by its direct partners. The more sizeable a firm’s portfolio of direct ties, the more access it may
have to heterogeneous sources of knowledge or information, and the higher status it may enjoy among
its peers (Ahuja 2000a; Podolny, 1994), both of which may increase a focal firm’s attractiveness to
others as well as its incentives and ability.

Both a competence and embeddedness perspective, as discussed above, consider the facilitative role of
collaboration and point especially to its benefits. In contrast, a governance view focuses on risks that may be
associated with collaboration. It considers knowledge flows between partners as undesirable spillovers that
may give rise to opportunism and free-ridership, which diminishes possibilities for appropriating returns of
newly created technology (Dhanaraj and Parkhe, 2006; Gulati and Singh, 1998; Nooteboom, 2004). In order
to broker among unconnected partners, a firm must not only have something to offer but must also protect
itself against imitation or spillover, in order to remain attractive to others in the future. This is especially
relevant as we consider BC that may be associated with bridging among unconnected partners and
collaborating with disembedded ‘strangers’ (Baum et al., 2005). Therefore, we also consider a third
antecedent of changes in BC, namely alliance organization. The choice for an alliance organization between
equity or non-equity forms a key governance decision that affects the possibilities for mitigating risks that
may arise in collaborative processes (Sampson, 2007).

So, we will consider the role of three antecedents, namely a firm’s possession of pioneering
technology, its portfolio size and the governance choices through the alliance organization that it makes.
More specifically, we argue that firms’ heterogeneity regarding their possession of pioneering
technology, the size of their alliance portfolio and their alliance organization choices leads to
heterogeneity in their entrepreneurial behavior of moving into a more central position. In line with this,
we consider pioneering technology, portfolio size and alliance organization as firm-level antecedents of
changes in centrality, whereas the mechanisms through which this occurs are formed by (1) incentives,
(2) opportunities and (3) ability. In figure 1, this conceptual model is shown.

Firm-level Antecedents: Mechanisms: Dependent Variable:
Pioneering Technologies —> Incentives
. - Changes in Betweenness
Portfolio Size Opportunities -
kP Centrality (BC)
Alliance Governance (JV) — Ability

Figure 1 Overview of the relationships between antecedents, entrepreneurial behavior mechanisms and
Changes in betweenness centrality (BC)

so (Pfeffer and Salancik, 1978). But it has also been used to explain why people engage in criminal activities
(Nooteboom, 2000).Furthermore, it is also compatible with Ahuja’s framework (2000b) that distinguishes between
incentives and opportunities when explaining alliance formation, whereas he does not consider a firm’s ability. We
argue that to fully understand the entrepreneurial actions that lead to changes in centrality, the role of ability needs
to be included as well.
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Based on this, we first discuss below the role of pioneering technology, portfolio size and alliance
organization separately, as antecedents of changes in a firm’s BC. Next, we combine a competence with
a governance perspective by jointly considering pioneering technology and alliance organization.

Pioneering technology

Here, we consider how its possession of pioneering technology may affect a firm’s BC, through the
combination of incentives, opportunities and ability.

Incentives. Pioneering technology is formed by completely ‘de novo’ technology that goes (far)
beyond all available solutions. Its creation requires a deliberate managerial choice to explore (far)
beyond existing technologies, solutions, approaches in order to arrive at highly original solutions for
basic problems based on a deep understanding of their root causes (Ahuja and Lampert, 2001). Its
possession does not come by chance but tends to be the result of a persistent strategy of diligently
exploring new domains. External collaboration may contribute to this strategy to the extent that it
enables a firm to explore these unknown domains and experiment with highly original solutions. So, the
possession of pioneering technology may elevate incentives for a focal firm to collaborate with other
firms that are entirely disconnected from it. Collaboration with these partners may introduce a focal firm
to new solutions or help it to understand problems in profoundly new ways that may help it in the
further development of new pioneering technology. In this way, by moving into a broker position
through collaboration with unconnected alters, a focal firm may further improve its potential for
pioneering recombinations. In addition, when a focal firm lacks the resources or the complementary
assets to upscale and commercialize its pioneering technology, it may become highly motivated to
collaborate with partners that are well endowed in this respect (Ahuja, 2000b). Partners in possession of
these resources and assets tend to occupy more central positions in a network structure than firms that
lack these (Podolny, 1994; Ahuja et al., 2009). Collaboration with them may increase a focal firms own
centrality. In sum, the possession of pioneering technology may elevate a focal firm’s incentives to
collaborate with unconnected and/or with (highly) central others.

Opportunities. Pioneering technology might contribute to the emergence of a new technological
paradigm with potentially profound consequences for the established status-quo in an industry (Nelson
and Winter, 1982). To the extent that it is competence-enhancing it may strengthen the position of
incumbents, whereas in case it is competence-destroying it may eventually lead to their demise
(Tushman and Anderson, 1986). Given these potentially strategic implications of pioneering technology,
other firms may develop a key interest in it. As a consequence, the possession of pioneering technology
may strongly elevate the attractiveness of a focal firm to others and thus also provide it with
opportunities to move into a more central network position.

Ability. Possession of pioneering technology may contribute to a firm’s ability to ally with partners
from unconnected parts of the network, for two reasons. First, possessing pioneering technology signals
that a firm is capable to step into the unknown and to effectively find itself a way through it. This
contributes to the build-up of absorptive capacity (Cohen and Levinthal, 1990), and may support a firm
in bridging a (very) large technological distance with unconnected partners. Second, to the extent that a
focal firm possesses more pioneering technology, it may have more bargaining power when
(re)negotiating deals with its existing or new partners (Ahuja et al., 2009). In this way, having
pioneering technology may also contribute to the ability to exploit the most attractive opportunities for
brokerage.

Overall, pioneering technology carries a positive effect on both the incentives, opportunities and
ability for brokering across unconnected partners, leading to an increase in its BC. This suggests our
first hypothesis:

Hypothesis 1: There is a positive relationship between a firm’s possession of pioneering

technology and an increase in its BC.

Portfolio size

In line with the literature, we consider the size of a firm’s alliance portfolio as the number of its
direct partners (Vasudeva and Anand, 2011). Below, we consider how portfolio size may affects a firm’s
BC though its incentives, opportunities and ability.

Incentives. A small-sized portfolio of direct partners may not foresee sufficiently in a focal firm’s
needs for key external resources and capabilities. As a consequence, a small portfolio may create
incentives to move into a broker position and collaborate with alters that are unconnected to the focal
firm and its portfolio of direct partners. In this way, through the addition of alliances with one or more
unconnected partners, a focal firm may increase the potential for access to novel knowledge and
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expertise that is non-redundant with the combined knowledge stock of its existing portfolio of partners.

However, at high levels of direct partners, the addition of one or more unconnected partners may
increase two risks. First, there is a risk of cognitive overload as it may become increasingly difficult to
be able to absorb and integrate a large number of heterogeneous streams of knowledge arriving at the
focal firm. This makes it less attractive to move into a broker position as the addition of an unconnected
partner would contribute even further to this risk of cognitive overload due to a large(r) technological
distance. Second, there is an increasing risk of a severe incongruity between the different organizational
practices and routines that each partner carries (Lavie et al., 2011), a risk that will aggravate
dramatically when adding unconnected partners whose behavioral norms and routines may also be (very)
different (Hargadon and Sutton, 1997; Burt, 2007). As a consequence, beyond a certain point, a large
portfolio may reduce a firm’s incentives to move into a broker position. Overall, this suggests that the
size of firm’s portfolio has a curvilinear effect on its incentives to move into a brokering position.

Opportunities. A portfolio of partners may signal a focal firm’s standing in a network structure
(Powell et al., 1996). The larger the size of its portfolio, the more it may elevate a focal firm’s status and
contribute to raising its attractiveness in the eyes of disconnected alters. Furthermore, a sizeable
portfolio may indicate a focal firm’s competence in generating positive alliance outcomes for its partners,
which may signal reliability and trustworthiness to others (Wong and Boh, 2010). This may raise interest
on their side and generate new partnering opportunities for a focal firm (Kale and Singh, 2007). In this
way, the larger a firm’s portfolio, the more it may become an attractive ‘target’ for collaboration, also by
unconnected alters that may associate a larger portfolio of a firm with lower collaborative risks and
potentially higher rewards.

However, these attractive benefits of a growing portfolio may hold up to a point. The larger a focal
firm’s portfolio, the higher the risk of spillovers of specific knowledge and expertise of the unconnected
partner(s) to this set of direct partners. The unconnected partner may have limited room to mitigate this
risk, making it more reluctant in collaborating with a focal firm with a large portfolio. Overall, this
suggests that the size of a firm’s portfolio has a curvilinear effect on its opportunities to move into a
brokering position.

Ability. A portfolio of direct ties may be indicative of the presence of a ‘portfolio’ capability of a
focal firm that refers to a firm’s ability of managing a set of partners, rather than (individual) dyadic
relationships (Wassmer, 2011). In this respect, a portfolio capability may support a focal firm also in
brokering by being able to manage the degree of fit and potential conflict with its existing partnerships
and achieve synergies here. However, at high levels of direct partners, this capability may get
diminished as managerial resources may become too thinly spread, knowledge integration tends to
become increasingly complex and there are more partners with less time for monitoring, increasing risks
of undesirable spillovers and freeridership. This is in line with the portfolio literature demonstrating that
a too diverse portfolio carries a negative effect for a firm’s ability to attract value from its portfolio
(Faems et al., 2005; Wassmer, 2011; Vasudeva and Anand, 2011). This suggests that the size of firm’s
portfolio also has a curvilinear effect on its ability to move into a brokering position.

In sum, an alliance portfolio has a curvilinear effect on incentives, opportunities and ability to
move into a brokering position. This suggests our second hypothesis:

Hypothesis 2: There is a curvilinear relationship between the size of a firm’s portfolio and an

increase in a firm’s BC.

Alliance organization

Technology-based collaboration implies the sharing and/or transfer of knowledge over firm
boundaries, which comes with some unique challenges. Especially when knowledge is more tacit and/or
complex, its successful exchange and recombination is not assured (Powell et al., 1996), making the
organization of the alliance between firms particularly important. In addition, the choice for a certain
alliance organization also forms a key governance decision for diminishing risks that may arise in
collaborative processes (Gulati and Singh, 1988).In general, joint-ventures (JVs) are considered as well
equipped for knowledge sharing between firms, in particular for the exchange of tacit and complex
knowledge (Sampson, 2007). In addition, JVs offer greater possibilities for monitoring and control that
eases concerns for opportunism and spillovers to partners and/or partners’ partners (Gulati, 1995a).
However, JVs are costly as they not only require the investment of equity but also employ more formal
control and organizing mechanisms such as authority systems, incentive systems and standard operating
procedures (Gulati and Singh, 1998). In contrast, bilateral contracts do not offer the advantages to the
extent as JVs do. However, their use offers especially flexibility and the ability for speedy responses to
unexpected events during collaboration. In addition, they are more effective for terminating a
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relationship once objectives have been achieved or when the alliance does not deliver on its objectives.
In addition, bilateral contracts are less costly as they do not involve exchange of equity nor do they
entail (expensive) hierarchical control mechanisms and procedures (Gulati, 1995a). In sum, bilateral
contracts, when compared to JVs, are quick to set-up, cheap to run and easy to terminate (Harrigan,
1988). However, they offer considerably less room for knowledge sharing and the build-up of trust that
may help to mitigate collaborative risks (Gulati, 1995a). Below we discuss the role of alliance
organization in more detail and specify its effect on changes in a firm’s BC, through incentives,
opportunities and ability.

Incentives. As argued above, JVs offer room for mitigating risks of spillovers and opportunism
(Gulati, 1995a). These benefits may become particularly attractive when moving into a brokering
position and getting linked to unconnected firms. Partnering with such disembedded firms may increase
the risks and uncertainties of collaboration and expose a focal firm to a ‘liability of strangers’ (Baum et
al., 2005). The use of JVs may enable a focal firm to address these elevated risks that come when
collaborating with unconnected firms. In this way, the use of JVs may increase incentives to move into a
brokering position.

Opportunities. As discussed, JVs come with substantial upfront investments. To be able to recoup
these investments requires a certain duration of the collaboration. In addition, a certain duration also
offers room to build up a common understanding between partners and to exchange more complex and
tacit knowledge (Gilsing and Nooteboom, 2006), which further contributes to the exchange and
recombination of knowledge between them (Sampson, 2007). In this way, the use of JVs may lead to the
development of stronger ties between a firm and its partners over time, through repeated partnering
(Gulati, 1995a). The stronger the ties with its partners, the higher the likelihood that a focal firm’s
partners also become directly connected (Chung et al., 2000), following Granovetter’s idea of the
“forbidden triad’ (1973) and Gulati’s common partner argument (1999). More connectivity and higher
density among a firm’s partners will lead to a broader diffusion of a focal firm’s knowledge and
expertise among its partners, which may reduce the unique value of a firm’s specific knowledge and
expertise. For unconnected firms, this may lower the necessity to collaborate with the focal firm per se,
as they may also have a focal firm’s partners to turn to, instead of the focal firm itself. Overall, the more
a firm relies on the use of JVs, the more likely that the number of opportunities diminishes.

Ability. On the one hand, a key strength of JVs is that they may support a firm in collaborating with
highly diverse partners. More specifically, JVs support strong information flows between partners,
which is especially relevant in alliances between partners with a high technological distance (Sampson,
2007). On the other hand, however, JVs are more costly and difficult to terminate rapidly once a
collaboration does not live up to expectations and objectives. Hence, the more a firm makes use of JVs,
the lower its ability to respond flexibly to new attractive opportunities for partnering with unconnected
alters, which may emerge unexpectedly. In addition, the phenomenon that the use of JVs leads to
stronger ties between partners over time (Gulati, 1995a) and may lead to a relatively closed group (Uzzi,
1997) also lowers the ability of a focal firm to hear rapidly about where new, valuable resources and
attractive opportunities for partnering and/or brokering may rest throughout the network. Overall,
despite the room that JVs offer in bridging a large technological distance with diverse partners, we
expect that their lower flexibility and their reduction of a firm’s ability to hear about new partnering
opportunities will lead to a negative net-effect on a firm’s ability to move into a brokering position.

In sum, whereas the use of JVs increases incentives, it reduces opportunities as well as the ability
of firms for brokering across unconnected firms in the network. Therefore, we expect overall that the
more a firm relies on the use of JVs, the less room for brokerage among unconnected alters that will
lower its BC. This suggests our third hypothesis:

Hypothesis 3:  There is a negative relationship between a firm’s use of equity-based

alliances and an increase in its BC.

Pioneering technology and alliance organization

We combine a competence and a governance perspective by considering the interaction between
pioneering technology and alliance organization. The ‘de-novo’ character of pioneering technology may
arouse strong interest by others, elevating the risk of spillovers. As the choice for a certain alliance
organization may influence this risk, we consider to what extent the combination of pioneering
technology and alliance organization leads to changes in a firm’s BC through incentives, opportunities
and ability.

Incentives. As discussed, the possession of pioneering technology may elevate a focal firm’s
incentives to move into a brokering position. However, brokerage through collaboration with
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unconnected others may also increase a focal firm’s exposure to collaborative hazards such as
undesirable knowledge spillovers and free-ridership. To guard itself against these risks, JVs may form
an effective instrument (Sampson, 2007). They may help to protect against spillovers and also allow for
the build-up of trust between partners that may mitigate risks of freeridership (Gulati, 1995a;
Nooteboom, 2004). In this way, the use of JVs in combination with pioneering technology may further
elevate incentives for brokerage by a focal firm among unconnected partners.

Opportunities. As discussed, the possession of pioneering technology may yield opportunities to
form alliances with unconnected partners. In contrast, the use of JVs may decrease such opportunities,
as argued above. This makes it not straightforward to arrive at an unequivocal prediction. On the one
hand, possessing pioneering technology in combination with the use of JVVs may increase opportunities
even further. The risk of undesirable spillovers and/or freeridership that we discussed above, will also be
present from the perspective of the unconnected alter(s). From the latter viewpoint, the focal firm is also
disembedded and may possibly be tempted to engage in acts of opportunism towards him. The latter
may therefore be more willing to engage in collaboration when this takes place by means of JVs, with
their potential to mitigate opportunism, rather than by contracts.

Ability. As already discussed, possession of pioneering technology may contribute to a firm’s
ability to ally with unconnected partners in the network, as it may support a focal firm in bridging a
large technological distance between unconnected parts of the network. In combination with the use of
JVs, this ability may get further strengthened as JVs are particularly effective when collaborating with
technologically (highly) diverse partners (Sampson, 2007). As a consequence, the use of JVs in
combination with pioneering technology may further amplify the ability of firms to collaborate with
partners formerly unconnected to their ego-network, at a large technological distance. These benefits
may possibly offset the disadvantages for their ability to move into a more central position, formed by
lower flexibility and a reduced ability to hear about new opportunities due to the use of JVs, as
discussed above.

In sum, we expect that pioneering technology in combination with the use of JVs further elevate
incentives, opportunities and the ability of a focal firm to move into a brokerage position. Therefore, we
expect that the room pioneering technology provides to a focal firm to move into a brokerage position,
conform hypothesis 1, is further amplified when combined with the use of JVs. This suggests our fourth
hypothesis.

Hypothesis 4: There is a positive relationship between a firm’s possession of pioneering
technology and its use of equity-based alliances, and an increase in its BC.

2 Methods
2.1 Data and sample

We present an analysis of a large sample of 1,697 companies, from 39 countries, with a total
number of 3,124 technology alliances. The data on these technology alliances were obtained from the
MERIT-CATI databank and cover the period 1990 - 2000. The MERIT-CATI databank contains
information on thousands of technology-related inter-firm partnerships. Information is primarily
collected on joint ventures with R&D activities and contractual technology alliances such as R&D pacts
and joint development agreements (see also Hagedoorn, 2002). We study both types of alliances within
two different networks. One network that is made up of biotechnology alliances and one network that is
made up of alliances that fall within the broader ICT industry, formed by computers, semi-conductors
and telecom.

There are several reasons for choosing these international high-tech sectors as the empirical setting
for our study. First, these sectors are generally considered as high-tech sectors because of their R&D
intensity, their patent intensity and their high level of new product development (OECD, 1997). Second,
these industries are characterized by (broadly) distributed technological knowledge and skills, which
creates a strategic necessity for firms to engage in R&D collaboration. As a consequence, interfirm
collaboration is a widespread phenomenon in these industries as can be seen from the large number of
companies that has engaged in joint R&D (Hagedoorn, 2002). Technological expertise, formed by
pioneering technologies, as much as alliance portfolios contribute to a firm’s reputation and its ability of
having speedy access to external expertise, each of which are critical to firms’ survival in high-tech
industries (Powell et al., 1996; Gulati,1999; Hagedoorn, 2002; Sampson, 2007). In addition, previous
research has demonstrated that collaborative hazards are especially present in alliances involving
technology (Gulati and Singh, 1998), suggesting that also a governance view of collaboration is useful
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to consider and therefore the inclusion of alliance organization as a key independent variable that may
affect a firm’s centrality.

The composition of our sample shows a large degree of variation along different dimensions.
Overall, 47% of these technology alliances are domestic, whereas 53% have an international scope. In
addition, about one third of the companies in our sample are relatively small with less than 1,000
employees, whereas 25% can be characterized as very large with more than 50,000 employees and 42%
of the companies can be considered as intermediate. With respect to R&D intensity, 25% of the
companies have an R&D intensity of less than 5%, 22% spends more than 15% of their sales on R&D
expenditures and about half of the sample (53%) can be found in intermediate classes. Concerning
alliance experience, about 50% of the companies have undertaken 2 alliances or less up to 5 years in the
past, around 25% has undertaken 2 to 10 alliances in the past, almost 15% undertook 11 to 20 alliances
and 10 % was engaged in over 20 alliances. So, our sample shows sufficient variation regarding
international coverage, the size distribution of companies, their R&D intensity and alliance experience.

Information on firms was collected through well-known databases such as Amadeus, Compustat,
Disclosure, Osiris, and Worldscope. Data on patents and patent citations at the firm level are taken from
the USPTO. Although the use of US data could imply a bias in favour of US companies and against
non-US firms, the patent literature suggests several reasons to choose US patent data (see Patel and
Pavitt, 1991). These reasons include the importance of the US market, the genuine patent protection
offered by US authorities, and the level of technological sophistication of the US market, which makes it
almost compulsory for non-US companies to file patents in the USA (Albert, Avery, Narin and
McAllister, 1991). Furthermore, to maintain a certain level of consistency, reliability and comparability
it is necessary to choose one patenting system instead of several patenting systems across nations (Ahuja
and Katila, 2001).

Regarding network boundary specification, we have followed a commonly used approach of using
a restriction based on some attribute or characteristic of the actors in the network (Laumann, Marsden
and Prensky, 1992). More specifically, an industry criterion is applied to restrict membership in the
network, as our target population includes only those focal companies that are active in one of the two
high-tech industries as defined above. In addition, network boundaries are also set by a defining activity,
i.e. participation in technology alliances, which serves to select individual actors and the relationship
among them in the network. So, boundary specification of the network that we study is formed by
alliances that focused on the creation of new technology in these industries. We collected our data by
relying on both firms” announcements in industry specific trade journals, industry reports and articles as
well as on data from the MERIT-CATI database, a comprehensive database that contains information on
R&D partnerships (see e.g. Hagedoorn and Roijakkers, 2002). As a consequence, other types of
relations between firms that refrain from this, by for example including a focus on marketing or
production, are left out from the analysis.

2.2 Dependent Variable & Estimation Method

Betweenness centrality (BC) is based on the geodesic paths between all pairs of actors and
measured by determining the proportion of how frequently each actors falls in each of these pathways.
The variable betweenness centrality (BC) is measured using UCINET VI (Borgatti, Evertt and Freeman,
2002). The betweenness centrality (BC) measure is as follows:

Cb(py) = z z 9ii(PK)/ G,
| j

where n represents the number of points in the network, g;; represents the number of geodesic paths
linking p; and p; that contain p,. This ratio measures betweenness centrality (BC) by adding up the
number of times an actor is ‘between’ other actors and divide it by the maximum possible betweenness
(Hanneman, 2001).

The variable betweenness centrality (BC) is highly skewed and, accordingly, the pattern observed
in the empirical distribution is better represented by lognormal distributions (see also Laursen and Salter,
2005). More specifically, if heteroscedasticity and/or non-normality are detected, a transformation of the
dependent variable is appropriate. As this was the case, we have log-transformed this variable, changing
our focal dependent variable into changes in betweenness centrality. More specifically, by taking the
logarithm of the dependent variable, the explanatory variables have an impact in terms of the amount of
percentual change in a firm’s BC, i.e. the elasticity is obtained. However, a lognormal transformation
neither changes the signs nor the significance of parameters for the key variables in the empirical
analysis. We come back to this issue when we present the descriptive statistics of our sample and discuss
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whether the conditions of heteroscedasticity and/or non - normality have been met sufficiently indeed.

The natural logarithm of betweenness centrality (BC) only takes non-negative values. Non-negative
variables violate one of the main assumptions of the classical linear (OLS) regression model as the
dependent variable cannot be normally distributed. The Tobit model is an econometric, biometric model
proposed by Tobin (1958) to describe the relationship between a non-negative dependent variable y; and
an independent variable (or vector) x;. Because our data contains variables observed over multiple time
periods for the same companies, we use panel tobit analysis.

3.3 Independent variables

For the variable pioneering technologies we need a measure that captures the degree to which a
firm experiments with technologies that build on no prior technologies. In line with Ahuja and Lampert
(2001), this variable is computed as the number of a firm’s patents that cite no other patents. Patents
must indicate their prior technological lineage by citing all patents that they build on (Podolny and
Stuart, 1995; Stuart and Podolny, 1996; Jaffe, Trajtenberg, and Henderson, 1993; Trajtenberg,
Henderson, and Jaffe, 1992). Patents that cite no other patents indicate that they have no discernible
technological antecedents. Past research has used the relative lack of prior art citations in a patent as an
indicator of the originality and creativity of that patent (Ahuja and Lampert, 2001; Trajtenberg et al.,
1992). According to Ahuja and Lampert (2001), the creation of many such patents by a firm reflects its
willingness to adopt a pioneering or unprecedented approach in its innovation strategy. Thus, firms that
create many patents that cite no other patents are firms that can be regarded as willing to explore
technology spaces that have not been explored before. Yearly data on patents and patents citations at the
firm level are taken from the USPTO.

The variable portfolio size (PS) is measured by counting the number of different partners with
whom a company has collaborated through a technology-based alliance within one year. The variable
portfolio size squared is measured by taking the squared term of the variable portfolio size. This variable
is included in order to take into account curvilinear effects of portfolio size, in line with the literature
(Add REFs).

The variable alliance organization (JV) is measured by taking the degree of joint ventures in the
total number of technology partnerships in which a company engages per year.

We also include an interaction effect into the analysis. The variable interaction PT and JV is
constructed by multiplying the variable pioneering technologies with the variable alliance organization.
Before calculating the interaction term we mean-centred the variables (Aiken and West, 1991) in order
to reduce the risk of multicollinearity with the original independent variables.

Furthermore, all independent variables and their interaction terms are lagged for one-year in order
to allow for a causal effect on the dependent variable.

3.4 Control variables

Consistent with prior research on inter-firm partnerships, we included a number of control variables
for specific company characteristics and for some general characteristics of the sectors from which these
companies originate.

Technological capital is included as a control variable because it may affect its incentives,
opportunities and ability for brokering across unconnected partners. Although it generally may increase
opportunities and ability, it may not necessarily increase its incentives due to elevated risks of spillovers.
Technological capital will be measured by counting the number of applied US patents each company
received per year.

Alliance experience is included as a control variable because firms with more alliance experience
have more alliances and thereby may have more partners. These firms may enjoy more opportunities to
become more central and we therefore control for this effect. The variable alliance experience refers to
the amount of alliance experience that a firm has acquired over the years. In line with the literature, it is
measured by a count of a firm’s past alliances using a five-year moving window from t-5 to t-1 (Kale
and Singh, 1999; Heimeriks and Duysters, 2007). A moving window of five years is considered as an
appropriate time frame as the average life-span for alliances is about five years (Kogut, 1988; Gulati,
1999).

The size of a company is included as a control variable because larger firms may have more
alliances and/or more partners. As a consequence, larger firms may have wider-reaching industry
contacts that may lead to more extensive networks and therefore to possibly better or earlier information
on alliance opportunities (Eisenhardt and Schoonhoven, 1996). Seen in this way, larger firms may enjoy
more opportunities to become more central than smaller firms and we therefore control for this effect.
Firm size is measured in terms of the natural logarithm of the number of employees of a company. R&D
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intensity of companies is taken as a control variable as it may indicate the degree of a firm’s absorptive
capacity (Cohen and Levinthal, 1990). High absorptive capacity strengthens the ability of firms to
recognize the value of highly novel and technologically distant knowledge, which may enable them to
collaborate with partners from distant parts of the network. In this way, absorptive capacity may affect
the incentives and/or ability of a firm to increase its BC. The variable R&D intensity is measured by a
company’s R&D expenditures divided by its sales (standardized by converting the data from national
currencies to US dollars).

We also control for differences in a firm’s innovation strategy, emphasizing an exploitation strategy
versus a more exploration-oriented strategy. An exploitation strategy can be associated with deepening
one’s expertise in a limited area and may provide firms with different incentives, opportunities and/or
abilities to search for external knowledge and change its position in the network then firms pursuing an
exploration strategy, which may be associated with broadening its knowledge base over different
domains. Inclusion of both depth and scope of a firm’s knowledge base enables us to control for these
two potential sources of heterogeneity that may potentially affect our dependent variable. In line with
Katila and Ahuja (2002), the variable depth is measured by counting how often each citation in the
current patents has occurred before (how much the firm exploits existing knowledge) whereas the
variable scope is measured by counting how many of the current citations have never occurred before
(how much a firm explores new knowledge in its innovation search).

We also control for the role of exogenous factors that could affect a firm’s room to become more
central. First, the role of the entire network structure may play a role. Here, we consider the variable
network centralization that refers to the overall centralization of the network and is indicative of the
tendency of one or a few firms to be more central than others in the network (Freeman, 1979). In this
respect, network centralization provides an aggregate measure for the distribution of ties among firms
and in this way for the degree in which they are differentiated in terms of their structural position
(Madhavan et al., 1998). A more centralized network may provide different incentives and opportunities
than a non-centralized network. For example, the more centralized a network is, the fewer opportunities
a focal firm may have to become more central, whereas a less centralized network may offer more
opportunities to become more central. We computed the network centralization index by the use of
UCINET VI to measure the centralization of the entire network (Borgatti, Everett and Freeman, 2002).
Second, we control for differences between both sectors by including the variable dummy
pharmaceuticals, which is coded 1 for the pharmaceutical sector (including biotech) and 0 for the
ICT-sector (computers, semi-conductors and telecom).

Finally, as for the independent variables, all control variables are lagged for one-year in order to
allow for a causal effect on the dependent variable.

3 Results

Table 1 presents the descriptive statistics (means and standard deviations) and correlations of the
dependent and explanatory variables. There are no correlations between the main independent variables
that are higher than 0.5 (Hair et al, 1995)1. Overall, there do not exist any problems with
multicollinearity in our analysis. In addition, table 1 shows high variation for our three independent
variables (pioneering technologies, portfolio size and alliance organization), indicating that there is a
large degree of heterogeneity among firms in our sample regarding the key independent variables of
interest.

Table 1 Descriptive statistics and bivariate correlations for all variables of the panel tobit analyses?

(N =3,124; nrof firms = 1,697; years = 1990-2000)

Variable Mean | S.D. 1 2 3 4 5 6 7 8 9 10 11| 12 13 14
1 In(Betweenness
centrality) 1.29 2.44 |1.000

2 Pioneering
technologies (PT)

2.78 8.66 [0.2591.000

1 Although there is little correlation between the main independent variables, an expected exception is the
correlation between portfolio size (PS) and portfolio size squared. There is also some expected correlation between
pioneering technologies (PT) and the interaction effect of pioneering technologies with alliance organization (PT *
V).

2 For readability, the descriptive statistics are given for the uncentered variables. If we represent the descriptive
statistics for the mean-centered variables, certain count variables such as technological capabilities and portfolio
size, would get a negative mean, which is counter-intuitive.
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?;;‘;”fo“o Siz¢ | 089 | 1.99 |0.436]0.325|1.000

4 PS squared 476 | 19.39 |0.324|0.273|0.894 | 1.000

5 Alliance 014 | 032 |-0.335/-0.145|-0.204|0.292 | 1.000

organization (JV)

gn'gtje\r/ac“on PT | 2001 | 007 |-0.166]-0.685]-0.196|-0.167|0.473 | 1.000

Za;?tcahlno'og'ca' 5454 | 184.59 |0.315|0.342 | 0.467 | 0.441 |-0.126|-0.118 1.000

8Alliance 6.11 | 8.29 |0.356|0.306|0.443|0.318|-0.176-0.132| 0.419 | 1.000

experience

9 Size 843 | 272 |0.288]0.243|0.363|0.292 |-0.159|-0.172| 0.466 | 0.488 | 1.000

10R&Dintensity | 0gg | 7.91 |-0.035|-0.022|-0.024|-0.022|0.015 | 0.012 |-0.034|-0.072|-0.225 1.000

11 Depth 043 | 12.75 [0.037]0.010|0.027|0.006 | 0.007 | 0.003 | 0.013| 0.039 | 0.022|-0.005| 1.000

12 Scope 034 | 040 [0.185|0.142|0.225|0.156 |-0.098|-0.095| 0.249 | 0.323 | 0.279 |-0.043|-0.002| 1.000

13 Network 049 | 021 |-0.035/-0.047|-0.059|-0.023|-0.007| 0.005 | 0.006 | 0.012 | 0.162 |-0.034|-0.001| 0.012 | 1.000
centralization

14 Dummy 056 | 050 [0.001]0.058|-0.081|-0.098|0.026|-0.017|-0.221|-0.151|-0.352| 0.075 |-0.147| 0.022 |-0.033| 1.000
pharmaceuticals

If both heteroscedasticity and non-normality are detected, then a transformation of the dependent
variable may be appropriate. We checked for omitted variable bias and other possible confounding
effects through the inspection of the possibility of heteroscedasticity. Since the standard test for
heteroscedasticity is not applicable in the case of a panel tobit, we use a bootstrap procedure.
Bootstrapping typically generates very conservative results.” Since our results remained very robust
when using the bootstrap procedure (i.e. the same results in terms of sign and significance of the beta
coefficients), this indicates that we both have included the most important factors affecting BC and also
that our estimators are not biased and there is no problem of heteroscedasticity. However, the
skewness of our dependent variable violates the assumption of normality of residuals in the standard
Tobit model so that a log transformation of our dependent variable is appropriate.
Table 2 Estimation results of the panel tobit analyses *

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Constant -9.947%** -9.7601*** -9.1171%** -8.3746*** -7.2627***
(1.2075) (1.3232) (1.0806) (1.1036) (1.1186)
Pioneering technologies (PT) 0.0490*** 0.0814***
(0.0162) (0.0221)
Portfolio size (PS) 0.9018*** 0.7372%**
(0.1820) (0.1668)
Portfolio size squared -0.0566*** -0.0491***
(0.0141) (0.0130)
Alliance organization (JV) -0.0047*** -0.0059***
(0.0006) (0.0007)
Interaction PT and JV 0.0001***
(0.0000)
Technological capital 0.0030*** 0.0024** 0.0030*** 0.0027*** 0.0018**
(0.0011) (0.0011) (0.0009) (0.0006) (0.0009)
Alliance experience 0.0819*** 0.0528 0.0464 0.0810*** 0.0283
(0.0318) (0.0334) (0.0285) (0.0293) (0.0285)
Size 0.6170%** 0.6878*** 0.5184%*** 0.5283*** 0.4558***
(0.1300) (0.1432) (0.1158) (0.1200) (0.1220)

! The option vce(boot) in stata controls for within group serial correlation and over-dispersion. Furthermore, it can
be used to bootstrap the standard errors. The bootstrap is typically used for consistent but biased estimators.

2 ¢V = all the control variables.
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R&D intensity 0.0001 0.0034 0.0001 -0.0001 0.0021
(0.0011) (0.0023) (0.0011) (0.0011) (0.0021)
Depth 0.0000 0.0000 0.0000 0.0000 0.0000
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
Scope 0.8441 0.2546 0.6650 0.8131 0.0129
(0.5425) (0.5887) (0.5109) (0.5126) (0.5388)
Network centralization -0.0002 -0.0002 0.0000 -0.0003 0.0000
(0.0002) (0.0002) (0.0002) (0.0002) (0.0002)
Dummy pharmaceuticals 2.4500%%* | 2.0217%%* | 2.0400%** | 2.1663*** | 1.3039%**
(0.4884) (0.5170) (0.4369) (0.4520) (0.4442)
Log likelihood -1,820%%* | -1,658%** -1,815%%* -1,733%%* -1,562%%*
Wald chi-squared 109.23*** | 102.57** | 168.80%** | 174.38*** | 218.38***

Table 2 presents the results of the panel tobit analysis with the dependent variable measuring the
percentage change in a firm’s centrality. We used a stepwise approach to arrive at our results. Model 1,
the base model, only contains the control variables and a constant. Model 2, 3 and 4 also include the
variable pioneering technologies, portfolio size and alliance organization respectively. Our final model
is number 5 that contains all variables, i.e. our full model. The table indicates that our results are very
robust, i.e. all main independent variables have the same signs and the same significance in all of the
models. Furthermore, the size of the coefficients of all variables is comparable for all models. Because
we have panel tobit models, the goodness-of-fit of the different models can be evaluated using the log
likelihood values and a Wald test. As can be seen in the table, model 2, 3 and 4 all have significant
higher log likelihood values compared to the base model, model 1. Also, model 3 and 4 have significant
higher values for the Wald test compared to the base model. This indicates that model 3 and 4, and to a
lesser extent model 2, carry more explanatory power in explaining betweenness centrality (BC) than the
base model, model 1. Furthermore, the full model has the highest significant log likelihood values and
Wald chi-squared values, indicating that the full model is the best in explaining betweenness centrality
(BC) out of all models. Because of the robustness of the results, we will only discuss the results of the
full model (model 5).

The possession of pioneering technologies (PT) has a highly significant and positive effect on a
firm’s betweenness centrality (BC). This provides support for hypothesis 1, suggesting that pioneering
technologies carry a positive effect on incentives, opportunities and ability for brokering across
unconnected partners and thus lead to an increase in betweenness centrality.1 Hypothesis 2 specifies a
curvilinear effect of a firm’s portfolio size (PS) on incentives, opportunities and ability to move into a
brokering position. Here, the results in table 2 show a highly significant positive linear coefficient and a
highly significant negative quadratic coefficient, indicating that portfolio size indeed carries the
predicted curvilinear effect. The variable alliance organization (JV) has a highly significant, negative
effect on our dependent variable. This provides support for hypothesis 3, predicting that the use of
equity-based alliances reduces a firm’s betweenness centrality. Moreover, an additional observation
pertains to the differences in the size of the effects of our three independent variables. The effect of
portfolio size is larger when compared to the effect of pioneering technologies and far larger than
alliance organization, an issue that we will discuss more in-depth in the discussion and conclusions
section.

Regarding the interaction effect, hypothesis 4 predicts that the interaction between pioneering
technologies and alliance organization will increase a firm’s betweenness centrality. The coefficient of
the interaction between pioneering technologies and alliance organization carries the predicted positive
sign and is highly significant, indicating strong support for hypothesis 4.

We also controlled for technological capital, alliance experience, firm size, depth and scope,
network centralization and differences between sectors of industryz. Technological capital is significant

! We also tested for a possible (not predicted) curvilinear effect of pioneering technologies. However, the squared
term proved to be insignificant.

2 Since the study period from 1990 to 2000 covers 11 years of observation, we also included annual dummies and a
trend variable to test for a structural break in the univariate time series of our dependent variable. However, the
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and has a positive effect on a firm’s betweenness centrality. However, its significance is weaker
compared to the significance of pioneering technologies. Furthermore, the coefficient of technological
capital is much smaller than the one of pioneering technologies. So, although technological capital does
have a significant positive effect on betweenness centrality, pioneering technologies have a stronger and
more significant effect on betweenness centrality. Alliance experience is not significant in the full model,
although it has a highly significant positive effect in model 1 and 4, suggesting that more alliance
experience positively effects a firm’s betweenness centrality. Firm size is highly significant and has a
strong effect on a firm’s betweenness centrality. R&D intensity does not seem to play an important role,
the results don’t show any significant effect. Furthermore, the absence of any significant effect of both
depth and scope indicates that underlying differences between firms’ innovation strategies do not affect
their incentives, opportunities and/or ability to become more central. Although the role of network
centralization carries the expected negative sign, it does not have a significant effect. Finally, we
controlled for differences between sectors of industry. Dummy pharmaceuticals shows a highly
significant and positive effect, indicating that the volatility in betweenness centrality (BC) in the
pharmaceutical sector (including biotech) is higher compared to the ICT sector (computers,
semi-conductors and telecom).

As an additional robustness check we ran the same analyses by using degree centrality instead of
betweenness centrality (BC) as the dependent variable. Again, we used a stepwise approach to arrive at
our results. In general, the results show that the effects of the independent variables are less significant
when using degree centrality as dependent variable. In case the results were significant when using
degree centrality, the coefficients were smaller. These results seem to suggest that pioneering
technologies, portfolio size and choice for alliance organization play a far more important role in
changing a firm’s BC compared to its degree centrality.

Finally, we also tested for endogeneity due to reverse causality, following suggestions and evidence
in the literature that centrality affects different types of outcomes (Burt, 1992; Powell e.a., 1996). One
such possibility may be the effect of centrality on a firm’s innovation performance (Ahuja, 2000a;
Gilsing et al., 2008), suggesting the possibility of a reverse effect of centrality on the build-up of a firm’s
pioneering technologies, forming one of our key independent variables. Likewise, centrality may affect
the opportunities to form linkages (Podolny, 1994), suggesting the possibility of a reverse effect of
centrality on the build-up of a firm’s portfolio size. Centrality may also affect the propensity to employ
certain governance modes. Being more central may possibly reduce the need for equity-based
collaboration as such a powerful position may also offer alternative ways to mitigate opportunism, e.g.
by threatening with negative referrals.

Based on two tests in Stata, we found no endogeneity in our sample.2 One should bear in mind that
our dependent variable is formed by changes in BC, suggesting that a change in one’s position does not
affect a firm’s pioneering technologies, portfolio size or use of equity over non-equity alliances, at least
not on the short term. This further enhances confidence in our empirical findings and also indicates that
endogeneity does not form an issue in our study in contrast to empirical studies where the dependent
variable is performance-based (Hamilton and Nickerson, 2003; Lee, 2010).

In sum, we find empirical evidence for all four hypotheses whereas our tests rule out the possibility
of endogeneity. Overall, this lends credence to the central argument made in this paper that the joint
consideration of incentives, opportunities and ability enables us to develop a more comprehensive
understanding of how heterogeneity in firm-level attributes, i.e. their pioneering technologies, portfolio
size and choice for alliance organization, drives differences among firms regarding changes in their BC.

4 Discussion and Conclusions

Although central positions have been associated with above average performance of firms (Burt,
1992; 2000; Galaskiewicz, 1979; Krackhardt, 1990; Powell et al., 1996; Stuart, 1998), an understanding
of the process along which firms come to occupy a more central position still remains underdeveloped.
To address this, the aim of this paper has been to develop an endogenous understanding of changes in
centrality by considering the role of pioneering technology, portfolio size and the choice for alliance
organization as firm-level antecedents. Following our hypotheses and empirical findings, there are a

results of the annual dummies and the trend variable were non-significant.

! The results of the analyses with degree centrality as dependent variable are available from the authors upon
request.

2 More specifically, the .ivreg2 command computes a single-equation instrumental-variables regression and
the .ivendog command computes a test for endogeneity in a regression estimated via instrumental variables.
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number of results that stand out.

First, pioneering technology, portfolio size as well as alliance organization form relevant
antecedents of changes in a firm’s BC. For pioneering technology we found a positive effect, for the role
of alliance portfolio we found a non-linear (curvilinear) effect, whereas for the use of equity alliances
we found a negative effect. Second, when considering the interaction effect, we found that the use of
JVs (contracts) amplifies (mitigates) the positive effect of pioneering technology. Third, the relative
importance of each of the three antecedents differs substantially among them. The role of alliance
portfolio size is by far the largest (73%) and is followed by pioneering technology (8%) , whereas the
role of alliance organization is very limited (0,5%) as is the combination of pioneering technology and
the use of JVs (0,01%). We advance an interpretation for this difference in effect sizes below.

The large effect of portfolio size is in line with some key insights as they have emerged in the
literature. A sizeable alliance portfolio may signal that a firm is well embedded and possesses status,
both of which may contribute to a firm’s “‘natural right’ to initiate partnerships with what it considers as
attractive others (Podolny, 1994; Gulati, 1995b). This is in line with the logic of preferential attachment
that leads to a dynamic of ‘the rich-get-richer’ (Powell et al., 2005) as well as with the common idea of a
persistent, endogenous network dynamic that leads to replication and incremental change of the network
structure over time (Gulati and Garguilo, 1999). The prominent role of these pervasive mechanisms in
alliance networks accounts for the large effect of alliance portfolio as an antecedent of centrality as
found in this study. Still, if this serves to explain why the effect of alliance portfolio is readily apparent,
a question that still remains is why the role of pioneering technology and most notably alliance
organization are relatively small?

The (highly significant) individual effect of pioneering technology does demonstrate that firms in
possession of pioneering technology, irrespective of the size of their alliance portfolio, may end up in
a more central position than they initially occupied. This is in line with the idea that peripheral players
can become more central if they possess valuable technological expertise (Ahuja 2000a;Gulati and
Gargiulo, 1999; Oscan and Eisenhardt, 2010), and that they may be more inclined to ally with attractive,
central others rather than with peripheral ‘peers’ conform the notion of structural heterophily (Ahuja et
al., 2009). So, our findings also provide evidence for the possibility of potentially poorly embedded
firms with valuable pioneering technology that can ally with more central players if they can offer
pioneering technology that can not be obtained from others (Ahuja et al., 2009). As this forms the
‘exception to the rule’ (Gulati and Gargiulo, 1999), however, the size effect of pioneering technology is
comparatively smaller than for alliance portfolio size.t

Regarding the relatively small effect of alliance organization, there may be different interpretations.
First, we argued theoretically that whereas the use of JVs may increase incentives, it may also reduce
opportunities as well as the ability of firms for brokering. These opposed effects may to some extent
cancel out on each other and lead to a net-effect on BC that is very limited in size. Second, we reiterate
that the key premise underlying our logic is formed by one of the core ideas in social exchange theory,
namely that an actor (firm) must have something of value to offer in order to become or stay attractive to
others (Blau, 1964; Emerson, 1962; Robinson and Stuart, 2006). Seen in this way, alliance organization
as such does not create or increase the value of what firms have to offer, but rather affects the degree in
which value can be protected and thus be maintained. So, the role of alliance organization is of more
secondary importance and therefore makes less of a difference when compared to alliance portfolio and
pioneering technology. A third interpretation may be that too much emphasis on protecting its
possessions will reduce a firm’s attractiveness to others and therefore will only have a very limited
effect on an increase in its BC. This seems in line with the very marginal effect of the combination of
pioneering technology and the use of JVs. This suggests that possession of pioneering technology asks
to be shared with others if one aspires to increase one’s BC. A firm can still choose to protect its
pioneering technology through the use of JVs, but then has to accept that it pays a price by a lack of an
increase in its BC.

Overall, our study contributes to an understanding of what makes firms more central in
technology-based alliance networks. This serves as an important complement to exogenous explanations
that have been advanced until now, such as changes in technology and regulation (Madhavan et al., 1998)

! This is in line with the findings by Rosenkopf and Padula (2008) on the formation of ‘short-cuts’, i.e. ties to (semi)
distant firms that may possess unique expertise. Such short-cuts, however, form the less common ties and their
value lies ‘not in their prevalence but in their scarcity’ (Rosenkopf and Padula, 2008: 3).
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or changes in environmental conditions (Koka et al., 2006). Although such exogenous explanations can
predict aggregate changes in network centrality, they remain silent on an endogenous understanding of
how individual firms can come to occupy a more central position. Our study shows that how they can,
will be different for different firms. Heterogeneity in firm-level attributes such as their pioneering
technology, alliance portfolio size and the use of equity-alliances drives differences among firms in
increasing their BC. The mechanisms through which each of these affect the room for firms to alter their
network position are formed by (1) incentives, (2) opportunities and (3) ability. This joint consideration
of both incentives, opportunity and ability is more comprehensive than earlier studies that carried a
(implicit) focus on opportunities only (Burt, 1992; Madhavan et al., 1988), opportunities and ability
(Burkhardt and Brass, 1990; Lee, 2010) or opportunities and incentives (Shipilov et al., 2010). It is the
combination of these three mechanisms and a firm’s possession of technological and social resources,
and its alliance governance choices, that influence changes in their BC. By considering these
antecedents of changes in centrality, we also inform the literature what factors affect and shape networks
(Gilsing and Nooteboom 2006; Koka et al., 2006; Madhavan et al., 1998; Rosenkopf and Schilling,
2007). This goes beyond the dominant focus on the role of network structural properties as independent
variables and explores the role of firm-level factors that affect and shape these properties.

Secondly, we contribute to an emerging debate in the literature regarding the role of agency in
networks. Network research has been criticized for failing to show how actors’ intentional action may
contribute to the creation of network structures that constrain them at the same time (Emirbayer and
Goodwin, 1994; Kilduff and Brass, 2010; Salancik, 1995). Most studies until now have assumed that
network structure is exogenous, implicitly suggesting as if firms’ network positions are given (Lee,
2010). This view can be criticized as one can also argue that firms may be motivated and capable to
pursue certain network positions in anticipation of their performance benefits. What follows from our
logic and empirical findings is that the role of incentives, opportunities and ability suggests that firms
are deliberately after achieving collaboration with hitherto unconnected partners, implying purposeful
behavior. However, what also emerges from our study is that firms may not be pursuing the most central
position per se, but rather are interested in collaboration with what they consider as an attractive,
unconnected partner. It is foremost collaboration with these partners that is what drives firms, leading
them to end up in a more central position as a result. At the same time, there remains a clear uncertain
element in this process. Changes in a firm’s BC also depends on other collaborative actions going on
throughout the entire network that together make up for a (possible) redistribution of positions across
firms. Obviously, these network level processes are beyond the control of individual firms and create a
certain degree of unpredictability or randomness. Seen in this way, our study suggests that actors’
intentional action definitely matters and contributes to the (re)creation of network structures and
positions but that there also remains an exogenous process that puts a ceiling on this role of agency in
networks.

The implications for managers and firms are that they may have more room to influence their BC
in a network than previously assumed in the literature, but not to the extent that they can control this
process. The development of a sizeable portfolio of direct partners (around 9 partners), the creation of
pioneering technology and the reliance on contracts relative to JVs, in this order, will be supportive for
moving into a more central position. But the actions of others in the network as well as (unforeseen)
exogenous events will also have their share.

Although this study does reveal some very important aspects of the antecedents of changes in
centrality in technology-based alliance networks, it also comes with a number of limitations.

Issues for future research may be as follows. First of all, there is still a clear need for further studies
based on a larger variety of forms of inter-firm partnering. Collaboration that covers marketing or
production and supply alliances may generate a(n) (entirely) different dynamic than a sole focus on
technology alliances as considered here. In how far does possession of pioneering technology still
form a relevant antecedent in e.g. a production & supply setting of collaboration where stability and
predictability may be much more valued partner attributes than breakthrough expertise? Also
governance trade-offs may be made rather differently in these settings and therefore show a different
role of JVs versus contracts as found in this study. Another direction for future research may be to
consider a broader range of industries such as medium- and low-tech sectors. The question is in how far
the antecedents as considered in this study play a role in such different kinds of settings as well. There
may be different antecedents that drive heterogeneity among firms in moving into more central positions.
Finally, an interesting issue for future research may be to explore in-depth within firms how they
actually deal with increasing their BC. Does this require different alliance and/or portfolio capabilities
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than has been considered in the literature until now?

We started this paper with an overlooked and intriguing question, namely what makes firms more
central in a global, technology-based alliance network? Overall, our study demonstrates that this begins
with an appreciation of the role of ‘having path-breaking ideas’ (pioneering technology), ‘how many
partners you have’ (portfolio size) and ‘how you organize this collaboration’ (alliance organization) that
affects the degree in which firms come to occupy a more central position in a global network structure
of technology-based alliances.
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Abstract :This paper engages with the recent turn in alliance studies to adopt a portfolio approach.
Specifically, we seek to increase our theoretical understanding of how the composition of a focal firm’s
alliance portfolio in terms of diversity affects its exploitation/ exploration equilibrium. Our analysis
suggests that alliance portfolio diversity results in different outcomes for both explorative and
exploitative learning, making it difficult to establish the optimal degree of diversity. Analogue to the
concept of domain separation, we forward the idea of establishing different degrees of diversity across
various domains as a potential solution to this issue.

Key words: Alliance portfolio; Exploration; Exploitation; Diversity

1 Introduction

Learning and innovating through alliances is considered a critical element in ensuring
organizational competitiveness and innovativeness, a challenge increasingly met from an alliance
portfolio perspective (Wassmer, 2008). A recurrent problem in both practice and theory revolves around
the fundamental issue of addressing both knowledge exploration and exploitation simultaneously
(Holmagyvist, 2003). Knowledge exploitation allows organizations to acquire “reliability in experiences”,
leading to increased “productivity, refinement, routinization, production, and elaboration of existing
experiences” (ibid.: 99). Knowledge exploration, conversely, allows organizations to develop “variety in
experiences” (ibid.) by experimentation and innovation, thus complementing the limitations of
knowledge exploitation. To date, it remains unclear how this equilibrium in exploitative and explorative
learning is to be achieved by means of an alliance portfolio approach, such that both explorative and
exploitative learning are optimally produced.

When engaged in alliance portfolio management in the face of exploration and exploitation
optimization, an organization is confronted with the challenge of designing optimal portfolio diversity.
It is agreed that, for either explorative and exploitative learning to thrive, different degrees of portfolio
diversity is required (Simsek, 2009; March, 1996). More specifically, literature on alliance portfolio
diversity portraits an interesting trade-off: one perspective advocates the great possibilities that stem
from building highly diversified alliance portfolios, such as broadened search options and an enriched
resource pool (Jiang et al., 2010), resulting in better capabilities for developing new opportunities. The
other perspective, however, stresses the potential drawbacks of an increase in portfolio diversity, such as
more complexity, potentially more conflicts, and an increase in coordination costs (ibid.; Khanna et al.,
1998). The main problem lies in the notion that an alliance portfolio geared towards explorative learning
goes at the expense of exploitative learning, leading towards a so-called learning trap. An alliance
portfolio geared towards exploitative learning goes at the expense of explorative learning, leading
towards a competence trap. Managing alliance portfolio diversity can result in a more balanced portfolio
but inherently results in sub-optimal performance in terms of exploration and exploitation outcomes
(March, 1996). The question, thus, remains how alliance portfolios should be designed from a diversity
point-of-view, in order to produce superior exploitative and explorative learning.

This paper provides a conceptual solution by distinguishing different domains of diversity,
suggesting that maximum levels of explorative and exploitative learning can be attained by the focal
firm by managing alliance portfolio diversity across domains. This examination, which is developed
analogue to the concept of domain separation (Lavie & Rosenkopf, 2006), is explored by means of two
stylized solutions, one developing a parallel design while the other explores a ‘core-crust’ design. Doing
so, we regard explorative learning and exploitative learning as our two dependent variables, whereas we
consider three domains of portfolio diversity as independent variables. The trade-off between the two,
which is central to March’s (1991) framework (Lavie, Stettner & Tushman, 2010), can be regarded as
learning equilibrium, which is achieved by different combinations of portfolio diversity domains. The
combinatory effects of different types of alliance portfolio diversity on the balance in exploitative and
explorative learning by the focal firm, thus, is of central importance to this study.
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The contribution of this study is twofold. First, we explicitly address the issue of alliance portfolio
diversity in relation to exploration and exploitation outcomes. This results in an increased understanding
of the merits and drawbacks of a diversity approach. Second, we specifically concentrate on the
multidimensional nature of alliance portfolio diversity, and advance alliance portfolio literature by
postulating its interactive nature in relation to explorative and exploitative outcomes at the level of the
focal firm. In so doing, this paper acknowledges the inherently problematic issue of reaching optimal
exploration and exploitation outcomes while engaged in the struggle for some sort of
exploration/exploitation equilibrium.

This study will proceed as follows. First, the topic of learning equilibrium is introduced by drawing
on the issue of seeking a balance between knowledge exploration and exploitation. Subsequently, it is
theoretically explored how alliance portfolio diversity matters with respect to reaching a state of
knowledge exploration and exploitation. Third, it is explored how different types of diversity interact,
thus mitigating or reinforcing one another’s effect on exploration and exploitation outcomes.

2 Theoretical Background
2.1 The issue of learning equilibrium

The distinction between knowledge exploration and exploitation (March, 1991) is seminal to the
issue of learning equilibrium, which can be defined as a status quo in which inter-firm knowledge
exploration and exploitation is balanced to a degree that allows the focal firm to maximize its benefits
from both learning processes. The exact equilibrium necessary to be achieved is dependent on the
specific context. However, both processes can be regarded to produce a trade-off effect, meaning that
one exists at the expense of the other.

Exploitative learning serves the purpose of refining and extending existing technologies or
capabilities. As such, the focus is on learning as a routinized process by building on the current
knowledge base and supporting the current nature of the firm’s activities (Hagedoorn & Duysters, 2002).
Explorative learning, by contrast, is characterized by search and experimentation, and focused on
exploring new technologies or potential opportunities. It involves a non-routinized, discontinuous
(Simsek, 2009) type of learning, and potentially effects the firm’s current competencies and knowledge
base significantly (March, 1991). Explorative learning processes are, subsequently, to be considered
very different from its exploitative counterpart, especially when it comes down to degree of
experimentation, duration, and certainty.

Reaching some sort of equilibrium is considered key, and indeed, fundamental to organizational
survival and long-run adaptation (Gupta, Smith & Shalley, 2006). The logic behind this is
straightforward; an organization exclusively engaged in explorative behavior will inevitably gain little
returns from its explorative knowledge, while an organization predominantly engaged in exploitative
behavior will inevitably suffer from an obsolescent body of knowledge (Levinthal & March, 1993). In
essence, this dilemma revolves around focusing on improving an organization’s short-term performance
through exploitation on the one hand, or increasing an organization’s long-term adaptability through
exploration on the other (Phelps, 2010). Some degree of knowledge exploration, thus, is deemed
necessary to overcome the hazards of knowledge exploitation, and vice versa. Although both knowledge
exploration and exploitation processes were initially considered from an intra-organizational perspective
(March, 1991), it is increasingly commonplace to regard both processes from an inter-organizational or
alliance perspective (Holmgvist, 2003; Lavie & Rosenkopf, 2006).

In seeking learning equilibrium, complicating factors are likely to arise. March (1991) even regards
knowledge exploitation and exploration fundamentally incompatible, a position for which he provides
three basic arguments. First of all, exploration and exploitation compete for the same set of
organizational resources, which are by definition limited (ibid.; Gupta et al., 2006). But more
interestingly, both types of knowledge behavior are sensitive to reiteration behavior, meaning that
knowledge exploration behavior is likely to lead to more knowledge exploration while knowledge
exploitation behavior is likely to lead to more knowledge exploitation (ibid.). Organizations, thus, need
to be aware of the danger of getting excessively involved in either type of knowledge behavior. Third,
knowledge exploration requires a very different mindset compared to that of knowledge exploitation. Or,
as March puts it, “exploiting interesting ideas often thrives on commitment more than thoughtfulness,
narrowness more than breadth, cohesiveness more than openness” (1996: 280). Exploration is to a
greater degree associated with “flexibility, decentralization, and loose cultures”, whereas exploitation is
associated with “efficiency, centralization, and tight cultures” (Jansen et al., 2009: 797). These
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fundamental differences invoke organizations to overly specialize in either one of both types of
knowledge behavior. Levitt & March (1988) already recognized this mechanism, terming it competency
trap, preventing organizations from reaping the benefits of either knowledge exploration or exploitation
processes. In this paper we refer to the process of organizations specializing too much in knowledge
exploration as a ‘learning trap’, and the process of organizations specializing too much in knowledge
exploitation as a ‘competency trap’.

Combining exploration and exploitation therefore can be thought of as a challenging and hazardous
undertaking, requiring constant moderation and effort by a focal firm’s management. Even more so
since both types of knowledge behaviors increasingly take place in the inter-organizational domain, like
in the case of learning alliances. Collaboration with other firms is considered to facilitate learning by
providing access to new knowledge residing externally (knowledge exploration), and/ or by teaming up
in leveraging existing knowledge (knowledge exploitation) (Lavie & Rosenkopf, 2006). Learning
alliances, thus, can serve as vehicles of learning through knowledge transfer and development as well as
vehicles of value creation through knowledge utilization (Bernard Nielsen & Nielsen, 2009; Hoffmann,
2007).

2.2 Alliance portfolios and learning equilibrium

In general, a firm’s alliance portfolio encompasses both standalone alliances and collaborative
networks (Parise & Casher, 2003), of which the latter can be thought of to take form as a clique-like
structure in a firm’s overall alliance portfolio (Rowly, Baum, Shipilov, Greve & Rao, 2004). In the
majority of studies, alliance portfolio’s are simply defined as *“a firm’s set of direct ties” (Ozcan &
Eisenhardt, 2009: 246) or “all the alliances of the focal firm” (Hoffman, 2007: 827). As such, the
alliance portfolio literature basically has adopted an ego-network approach towards studying the
antecedents and consequences of strategic alliance portfolios.

A central issue dominating the alliance portfolio literature revolves around how a firm can generate,
configure, and develop a high performing alliance portfolio and how it contributes to firm performance
(e.g. Ozcan & Eisenhardt, 2009; Lavie, 2007; Heimeriks, Klijn & Reuer, 2009; George, Zahra,
Wheatley & Khan, 2001), whereby most studies explicitly address the issue of explaining economic or
financial performance differences. Apart from some notable exceptions (Dyer & Nobeoka, 2000; Sarkar
et al., 2009), relatively little studies explicitly seek to understand the relationship between alliance
portfolio composition and firm performance from an innovation or knowledge perspective.
Notwithstanding the fact that alliance portfolio research is predominantly skewed towards understanding
economic performance differences, knowledge governance practices and learning have nevertheless
been found to maximize the returns of the portfolio of alliances (Parise & Casher, 2003; Sarkar et al.,
2009). This view is understandable as more and more organizations engage in interorganizational
relationships with the explicit purpose of enhancing one’s knowledge base (Lichtenthaler &
Lichtenthaler, 2009; Hoffmann, 2007; Inkpen, 1998). Learning therefore is inherently linked to alliance
portfolio management.

Ample attention has been provided to the issue of alliance portfolio diversity and firm performance
(ibid.), yet little attention exists for the influence of portfolio diversity on explorative and exploitative
learning outcomes. More specifically, no attention exists for the interaction effects among various forms
of portfolio diversity in the face of explorative and exploitative learning in an ambidextrous context.
Below, this study will continue with a conceptual exploration of how these various forms of alliance
portfolio diversity may affect explorative and exploitative outcomes.

3 Propositions
In the face of reaching a state of learning equilibrium, the diversity of an alliance portfolio is likely
to play a pivotal part.! Portfolio diversity is defined as the degree of variation in alliance portfolio

! Important to note, in this respect, is that the composition of a firm’s alliance portfolio, and specifically its state of
equilibrium, is contingent on factors both external and internal to the focal firm. Changes in exogenous uncertainty,
for instance, may cause a firm to develop its alliance portfolio more in the direction of knowledge exploration,
thereby shifting this uncertain undertaking from its internal organization towards its external set of relations
(Hoffmann, 2007; Brady & Davies, 2004). Likewise, the focal firm’s internal resources and strategic choices will
also influence the evolution of a firm’s alliance portfolio (ibid.; Dittrich, Duysters & De Man, 2007). Such and
other factors may cause a firm to adopt a dominant composition or design for its alliance portfolio (i.e.
predominantly focused on exploration or exploitation), thus moving away from a state of learning equilibrium. For
this study we choose to focus on portfolio level construct only, meaning that we will neglect environmental or
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partners. Following Jiang et al. (2010), this degree in variation encompasses three domains. First, as a
function of their differences in resources and capabilities as well as knowledge and technologies (i.e.,
partner diversity), second as a result of differences in functional background (i.e., functional diversity),
and third as a result of differences in governance type (i.e., governance diversity) (Jiang, Tao & Santoro,
2010; Beamisch & Goerzen, 2005).

We build on these three diversity domains to develop our propositions. We first establish a ground
framework in which we propose that partner diversity, functional diversity, and governance diversity
differentially affect, respectively, exploitative and explorative learning outcomes. Building on this
framework we then present two stylized solutions — one following a parallel design, the other a
‘core-crust’ design — on how firms may configure their portfolio in order to achieve the twofold
objective of optimizing exploitative and explorative learning.

3.1 Alliance portfolio partner diversity

The issue of alliance portfolio partner diversity revolves around what type of partners to
incorporate in the portfolio, and related to this, what type of portfolio orientation is necessary for the
focal firm to achieve its (learning) goals. The composition of a focal firm’s alliance portfolio reflects the
amount of horizontal differentiation, meaning the differences in unranked characteristics such as
innovative orientation, functional specialization, size, et cetera. In other words, portfolio composition
reflects portfolio heterogeneity or diversity, which is certain to affect its innovative outcomes (Luo &
Deng, 2009) for an increase in network diversity implies an increase in the availability of novel
knowledge accessible to the focal firm (Phelps, 2010).

When taking into consideration that innovation encompasses both explorative and exploitative
outcomes, the picture becomes somewhat more nuanced. As discussed above, explorative learning is
essentially different from exploitative learning. This fundamental difference must be taken into account
when devising an alliance portfolio built for supporting learning processes.

The nature of explorative learning, being inherently aimed at discontinuous learning and
experimentation (Simsek, 2009), implies a dependence on variation or diversity rather than uniformity.
Explorative learning, thus, is expected to thrive when supported by an alliance portfolio characterized by
high levels of diversity. The potential value of diversity in relation to explorative learning lies in the
following. First, a focal firm with an alliance portfolio characterized by partner diversity is expected to
reach more heterogeneity in its problem-solving arsenal (Simsek, 2009), for it is allowed to consider
multiple perspectives in its search for a solution. In addition, this will also allow the organization to
develop more advanced capabilities in dealing with a wide range of perspectives. A set of heterogeneous
contacts, which are contacts holding varying social positions and characteristics, broadens the scope of
knowledge available. This contrasts heavily with an alliance portfolio made up of relatively
homogeneous organizations, for instance when all organizations are active in the same industry. It
wouldn’t allow the focal firm to consider multiple perspectives on an issue, as alliance portfolio
members are more likely to regard their environment similarly (Simsek, 2009).

Tying in to this latter notion, a focal firm’s current world view is likely to be challenged when its
alliance portfolio is characterized by high levels of diversity. As such, a diverse portfolio holds more
opportunities to engage into combining familiar and unfamiliar knowledge (Fleming, 2001). This is an
important factor as inventions and new knowledge creation often thrive on the combination of different,
disparate pieces of knowledge (Amin & Cohendet, 2004). Phrased differently, the more distant alliance
partners are in terms of knowledge base, the greater the potential opportunities for engaging in
explorative learning. On the contrary, the closer alliance partners are to the focal firm, i.e. the more
homogenous its alliance portfolio, the more likely the focal firm is to find knowledge close to its current
knowledge base. This subsequently limits its potential for explorative learning (Simsek, 2009).

Diversity, in the face of explorative learning, can stem from industrial, national, and organizational
variation. An alliance portfolio characterized by industry diversity is likely to offer the focal firm a
variety of resources and perspectives, thus providing superior learning and resource potential (Jiang et
al., 2010). An alliance portfolio characterized by national diversity, likewise, increases the potential for
tapping into additional capabilities and augmenting different knowledge bases (ibid.; Lane, Salk &
Lyles, 2001; Lubatkin, Florin & Lane, 2001). Similarly, the presence of different types of organizations
in a focal firm’s alliance portfolio will provide the potential of tapping into different pools of resources
and capabilities (Harrison, Hitt, Hoskisson & Ireland, 2001).

organizational effects for the sake of analytical purity and reducing complexity.
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Proposition 1a: Alliance portfolio partner diversity is positively related to explorative learning at
the level of the focal firm, such that an increase in portfolio partner diversity results in higher levels of
explorative learning.

Exploitative learning fundamentally differs from explorative learning, and should be addressed
accordingly. As noted above, exploitative learning is characterized by routinized, standardized learning
processes, as it is aimed at refining and extending existing technologies or capabilities. This notion
suggests different type of partners and subsequently a different alliance portfolio composition for
successfully realizing exploitative learning.

Taking the characteristics of exploitative learning into consideration, it is important to realize that
“exploiting interesting ideas often thrives on commitment more than thoughtfulness, narrowness more
than breadth, cohesiveness more than openness” (March, 1996: 280), and as such require an efficient
portfolio organization, characterized by centralization and tight cultures (Jansen et al., 2009). A high
level of alliance portfolio diversity is likely to conflict with producing an efficient portfolio aimed at
exploitative learning.

The reason for this is to be found in the difficulty and complexity of governance associated with
high levels of alliance portfolio diversity. Processes of exploitation are likely to be hampered by the
presence of procedural differences (Simsek, 2009), and advancements taking place in the network are
more difficult to monitor and manage. Also, the costs of knowledge integration are likely to rise with an
increase in portfolio diversity, implying a shift away from the desired level of portfolio efficiency
required for successful knowledge exploitation.

When viewing this from the perspective of industry diversity, partners from different industries are
likely to hamper the manageability and efficiency needed when engaged in the process of exploitative
learning, as a result of a misfit in routines and processes. Increased management complexity is also
prone to occur when viewing this process from the domains of organizational and national diversity.

Proposition 1b: Alliance portfolio partner diversity is negatively associated with exploitative
learning at the level of the focal firm, such that an increase in portfolio partner diversity results in lower
levels of exploitative learning.

The negative trade-off between explorative and exploitative learning as a consequence of alliance
portfolio partner diversity suggests that a balance must be achieved in terms of the degree of partner
diversity characterizing an ambidextrous alliance portfolio. From the above it follows that, in essence,
when an alliance portfolio is characterized by a so-called dominant design, i.e. a high or low level of
diversity, mechanisms are likely to arise that deter the process of reaching a balance in exploitative and
explorative learning. On the other hand, a balanced alliance portfolio aimed at reaching learning
equilibrium implies that the focal firm always generates suboptimal results in terms of its explorative
and exploitative outcomes. From the viewpoint of maximizing exploitative learning, the portfolio should
be characterized by a homogenous configuration, while maximizing explorative learning requires a
diversified portfolio configuration.

3.2 Alliance portfolio functional diversity

Strategic alliances can serve a range of functional purposes (Jiang et al., 2010), varying from
marketing, manufacturing, R&D, et cetera. Essential to note, in this respect, is that particular types of
functions serve exploration purposes (e.g. R&D or learning alliances, also called upstream alliances)
with the aim of broadening technology or competence base, whereas other types of alliance functions
serve exploitation purposes (e.g. marketing, manufacturing, and distribution alliances, also called
downstream alliances), with the aim of leveraging existing resources and knowledge (ibid.). Past
research has found that firms with different types of functional alliances (R&D, distribution. marketing)
in their portfolios are more likely to hold a central position in industry networks, resulting in higher
growth rates (Powell, Koput & Smith-Doerr, 1996) and higher firm level performance (Baum,
Silverman, & Calabrese, 2000). The degree of diversity in terms of functional type is likely to affect
explorative and exploitative outcomes at the level of the focal firm as well.

The amount of exploitative learning taking place at the focal firm level will depend on the amount
or share of exploitative alliances present in the focal firm’s alliance portfolio. Likewise, the amount of
explorative learning taking place at the focal firm level is dependent on the number or share of
explorative alliances in the firm’s alliance portfolio. Thus, a tension arises that is inherent to an alliance
portfolio: in order to raise the level of either explorative or exploitative learning, the number of either
explorative or exploitative alliances needs to be increased. An increase in exploitative alliances,
however, will shift the balance in learning equilibrium towards exploitative learning outcomes, while an
increase in explorative alliances will shift the balance towards explorative learning.
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This dynamic requires a different approach towards the concept of diversity compared to diversity
as a function of partner characteristics. Whereas the underlying logic of the influence of diversity in the
case of partner characteristics rests on the idea of diversity as variation, the underlying logic behind the
influence of functional diversity rests on the idea of diversity as separation (Harrison & Klein, 2007).
Diversity as separation defines the level of diversity as a function of juxtaposition: alliances represent
opposite positions by being qualified as either downstream (exploitative) or upstream (explorative). In
turn, this implies that homogeneity in alliance portfolios stems from having either many downstream
alliances (as opposed to upstream alliances) or many upstream alliances (as opposed to its downstream
counterpart). Maximum alliance portfolio functional diversity, thus, is attained when a balance is
achieved in the share of upstream and downstream alliances present in an ambidextrous alliance
portfolio, resulting in learning equilibrium as well.

Proposition 2: Alliance portfolio functional diversity has a curvilinear association to explorative
learning and exploitative learning at the level of the focal firm.

This proposition suggests, similar to (but not the same as) the concept of partner diversity discussed
above, that a hybrid alliance portfolio design results in suboptimal returns in terms of explorative or
exploitative learning, while a portfolio design characterized by high levels of homogeneity (i.e., either
upstream or downstream alliances) generates optimal returns on either explorative or exploitative
learning, but always at the expense of one another.

3.3 Alliance portfolio governance diversity

Alliances can take many forms in terms of governance, which reflect either approaches based on
control or trust (De Man & Roijakkers, 2009) in order to deal with a certain degree of risk. In essence,
the type of governance structure chosen for any given alliance reflects the degree of mutual trust. The
higher the level of trust among alliance partners, the stronger the alliance tie relationally speaking, and
the lower the need for formal control mechanisms. Conversely, the lower the level of trust among
alliance partners, the weaker the alliance tie relationally speaking, the greater the perceived risk for
opportunistic behavior, and the higher the need for formal control mechanisms (Jiang et al., 2010).
Equity-based governance structures can be regarded to reflect great need for control, while non-equity
based governance structures reflect trust-based relationships. Alliance form matters when dealing with
issues related to explorative and exploitative learning. Or, as Inkpen puts it, “any general theory of
alliances, including one that focuses on learning, is destined to be limited in explanatory power unless
the theory deals with alliance form” (2000a: 778).

The issue of alliance form in relation to explorative and exploitative learning revolves around the
newness of the knowledge involved. Explorative learning is, as noted above, more experimental and
non-routinized of nature, thus involving the generation and development of more innovative, new, tacit
knowledge for either parties. Exploitative learning, by contrasts, is less experimental of nature,
involving the extension of the current knowledge base. The level of knowledge newness is likely to be
lower in this case.

As Contractor & Ra (2002) note, newer, more experimental knowledge is more likely to be tacit
than codified. The less codified the type of learning involved (i.e. explorative learning), the less likely
equity-based, formal governance structures are used in order to support the transfer (ibid.). This implies
that explorative learning at the focal firm is greatest in non-equity designed alliances, built on trust
rather than control in terms of governance structure (Kogut, 1988; Kogut & Zander, 1993; Shenkar & Li,
1999). The dilemma of disclosure or knowledge leakage aids the choice for a trust-based alliance form.
From a portfolio perspective, this means that an alliance portfolio characterized by high numbers of
non-equity, trust-based ties yields the most explorative learning. Conversely, the less new the
knowledge or learning involved, the more likely the knowledge involved is codified. Codified
knowledge is, by definition, more sensitive to leakage (Contractor & Ra, 2002), suggesting that alliance
partners are more likely to choose alliance form based on the need for control. Formally designed
alliances, characterized by high levels of control and low levels of trust, therefore can be considered to
yield more exploitative learning (Kogut, 1988; Kogut & Zander, 1993; Shenkar & Li, 1999). From a
portfolio perspective, this means that an alliance portfolio characterized by high numbers of equity,
control-based ties yields the most exploitative learning. This implies that a combination of equity and
non-equity-based alliances is required in order to reach a state of learning equilibrium.

Parallel to the concept of functional alliance portfolio diversity, the underlying logic behind the
influence of governance diversity rests on the idea of diversity as separation (Harrison & Klein, 2007).
Again, diversity as separation defines the level of diversity as a function of juxtaposition: alliances
represent opposite positions by being qualified as either equity (exploitative) or non-equity based
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(explorative). In turn, this implies that homogeneity in alliance portfolios stems from having either many
equity alliances (as opposed to non-equity alliances) or many non-equity alliances (as opposed to its
equity counterpart). Maximum alliance portfolio governance diversity, thus, is attained when a balance
is achieved in the share of equity and non-equity alliances present in an ambidextrous alliance portfolio.

Proposition 3: Alliance portfolio functional diversity has a curvilinear association to explorative
learning and exploitative learning at the level of the focal firm.

Analogue to the concept of functional alliance portfolio diversity, a hybrid alliance portfolio design
results in suboptimal returns in terms of explorative or exploitative learning, while a portfolio design
characterized by high levels of homogeneity (i.e. either equity or non-equity alliances) generates optimal
returns on either explorative or exploitative learning.
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Figure 1 Base-Line Conceptual Model

3.4 Variation across portfolio diversity domains: towards design solutions

From the theoretical argument above it has become evident that the sources of disequilibrium in
terms of knowledge exploration and exploitation are to be found across different domains of diversity.
The analysis shows that there is more to the alliance portfolio than the construct initially implies. The
inherently multidimensional characteristics of alliance portfolios make them interesting yet treacherous
terrains to advance our understanding of exploitation/ exploration dynamics. The question of how
alliance portfolio characteristics affect exploration and exploitation outcomes is inherently a
multidimensional question.

The model above demonstrates the difficulty of reaching a state of equilibrium in terms of
exploration and exploitation, while at the same time achieving optimal results for both learning
processes. An increase in portfolio partner diversity in, for instance, the partner domain will lead to an
increase in explorative learning on the one hand, but on the other hand will result in diminishing
exploitative learning, resulting in a subsequent state of disequilibrium.

In addition, the conceptual model exhibits the inherent difficulty of optimizing both explorative and
exploitative learning through an alliance portfolio diversity approach. Based on the analysis above, and
analogue to the concept of domain separation developed by Lavie & Rosenkopf (2006), we develop two
stylized solutions in order to demonstrate how suboptimal levels of exploration and/or exploitation can
be addressed by varying portfolio diversity levels across domains. The concept of domain separation
seeks to provide an alternative, organizational level, mode of balancing exploration and exploitation by
suggesting the possibility of “exploring in one domain while simultaneously exploiting in another” (ibid.,
130), for instance by means of the creation of a R&D-partnership (exploration) through a recurrent
alliance partner (exploitation). The two stylized solutions offered in this paper serve the purpose of
advancing our thinking on alliance portfolios and exploration/exploitation outcomes (see table 1). As
such, the main purpose of this approach is to generate verifiable propositions.

The first stylized solution seeks to reach optimal levels of exploration and exploitation through
building an ambidextrous alliance portfolio consisting of various levels of diversity across the three
diversity domains discussed above. The primary philosophy here is that optimal degrees of exploration
and exploitation can never be attained by designing an alliance portfolio according to one type of
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diversity only. Instead, optimal levels of exploration and exploitation can be reached by managing
portfolio diversity across different domains of diversity simultaneously.

The second stylized solution offers a different approach. It explores the strategy of creating a core
alliance portfolio characterized by intermediate levels of diversity in all diversity domains, thereby
purposefully seeking a state of suboptimal learning equilibrium across all domains. This suboptimal,
intermediate state of learning equilibrium, however, is suggested to provide the focal firm with ample
opportunities to temporally shift its learning focus towards either explorative or exploitative learning.
Thus, optimal levels of exploration and exploitation are attained over time. Both portfolio design
solutions are further elaborated on below.

Stylized solution 1: Reaching optimum through a parallel design

As outlined above, optimizing explorative and exploitative learning through designing an alliance
portfolio based on partner, functional, or governance diversity is destined to result in suboptimal levels
for either or both exploration and exploitation. Three basic reasons lie at the heart of this portfolio
management problem: 1) an alliance portfolio ideally configured for explorative learning goes at the
expense of exploitative learning, 2) an alliance portfolio ideally configured for exploitative learning
goes at the expense of explorative learning, and 3) an alliance portfolio characterized by an intermediate
level of diversity is likely to result in suboptimal outcomes for both explorative and exploitative learning.
Constructing an alliance portfolio characterized by intermediate levels of diversity, hence, cannot be
considered a solution when striving for optimal results on both exploration and exploitation.

An alliance portfolio configured towards explorative learning on, for instance, the partner diversity
dimension is characterized by high levels of portfolio heterogeneity (according to the notion of diversity
as variation (Harrison & Klein, 2007)). This inherently leads to a negative trade-off effect, at the
expense of exploitative learning, also termed a learning trap (March, 1991; 1996). Although there may
be very good reasons for a focal firm to construct its core alliance portfolio such that it yields primarily
explorative learning, like in the case of a biotechnology firm, neglecting exploitative learning will
inevitably cause problems to occur with respect to leveraging existing knowledge (March, 1991; Lavie
& Rosenkopf, 2006). The negative trade-off effect between explorative and exploitative learning as a
result of building a heterogeneous core alliance portfolio in the partner diversity domain may be
countered by investing in an additional alliance portfolio that functions as secondary to the core alliance
portfolio, and is configured for exploitative purposes according to the functional or governance domain.
As such, the negative trade-off effect is repaired by allowing a different level of diversity to occur in a
different domain of diversity.

Similarly, an alliance portfolio configured towards exploitative learning on the partner diversity
dimension, inherently leads to a negative trade-off effect at the expense of explorative learning, also
termed a competence trap (March, 1991; 1996). Again, the negative trade-off effect caused by a
dominant portfolio design in terms of partner diversity can be mitigated by configuring the alliance
portfolio towards explorative learning in the functional or governance domain.

In a similar vein, optimizing explorative and exploitative learning through functional or
governance diversity is likely to result in suboptimal results on exploration and exploitation at the best.
Again, an alliance portfolio designed for explorative learning from a functional or governance diversity
perspective isn’t likely to produce significant exploitative learning, while an alliance portfolio designed
for exploitative learning isn’t likely to yield any significant explorative learning outcomes. In addition,
and similar to the case of partner diversity, a mixed configuration for both functional and governance
diversity is likely to result in suboptimal outcomes for both explorative and exploitative learning.

From a functional diversity perspective an alliance portfolio geared towards exploration is to
consist of upstream alliances mainly, for explorative learning is most likely to stem from alliances aimed
at generating or developing new knowledge and capabilities. A focal firm’s core alliance portfolio built
around upstream alliances primarily, is likely to result in diminishing levels of exploitative learning.
Likewise, an alliance portfolio geared towards exploitation is to consist of downstream alliances mostly,
inevitably resulting in diminishing degrees of explorative outcomes. A heterogeneous portfolio in terms
of functional alliances is likely to result in suboptimal performance for both explorative and exploitative
learning.

A negative trade-off effect as a result of creating a core alliance portfolio geared towards
exploration in the functional domain, can be mitigated by adopting diversity levels in the partner or
governance domain level appropriate for exploitation. For instance, the trade-off effects of an alliance
portfolio consisting of primarily upstream alliances can be mitigated by homogeneity in the partner
domain. And, vice versa, the partner and governance dimension can be applied to mitigate negative
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trade-off effects at the expense of explorative learning as a consequence of configuring the alliance
portfolio towards exploitative learning from a functional perspective.

From a governance perspective, trust-based, non-equity alliances are more likely to generate
explorative learning, while control-based, equity alliances yield higher levels of exploitation levels.
Following the logic of diversity as separation (Harrison & Klein, 2007), alliance portfolio governance
diversity is expected to produce maximum results in terms of either explorative or exploitative learning
when following a dominant design logic (i.e. homogeneity). Again, a focal firm is expected to see little
explorative learning to occur when its alliance portfolio consists of downstream alliances mainly, while
an alliance portfolio design consisting of upstream alliances primarily will go at the expense of
exploitative learning. Like in the case of functional diversity, an intermediate level of diversity is
expected to yield suboptimal returns in terms of both explorative and exploitative learning.

Following its functional counterpart, a negative trade-off effect as a result of creating a core
alliance portfolio geared towards exploration in the governance domain theoretically can be mitigated
by adopting appropriate diversity levels in the partner or functional domain level. For instance, the
trade-off effects of an alliance portfolio consisting of primarily non-equity based alliances can be
mitigated by homogeneity in the partner or functional domain. In all, this suggests the following:

Proposition 4: Optimal levels of both exploration and exploitation can be attained by varying
levels of diversity across domains, such that an alliance portfolio geared towards exploration
(exploitation) in one domain is matched by a portfolio design geared towards exploitation (exploration)
in another domain.

Constructing an alliance portfolio with varying degrees of diversity across domains in an
ambidextrous manner does require the focal firm to actively steer and manage different degrees of
diversity simultaneously. This has two major disadvantages. First, given that modern enterprises tend to
maintain dozens of alliances in their portfolio at any given time, the effort of managing three dimensions
of this alliance portfolio in an integral manner becomes an extremely complex and challenging
commitment. Second, alliance portfolios are not only hard to monitor and manage (Parise & Casher,
2003), but also difficult to change in terms of strategic or learning intent (Koza & Lewin, 1998). It will
prove highly complex, but above all, time consuming to alter each of the three domains of diversity such
that it corresponds better to changing market conditions. In light of this complexity, we forward stylized
solution 2 below.

Stylized solution 2: Reaching optimum through a ‘core-crust’ design

Recognizing the difficulty of changing the dynamic of an ambidextrously designed alliance
portfolio harvesting varying levels of diversity across domains, solution 2 suggests a different approach.
As we will outline below, this solution allows the focal firm to respond to changing market conditions,
with corresponding alterations in exploitation or exploration demands, more swiftly.

In essence, this solution departs from the notion that an alliance portfolio characterized by
suboptimal levels of exploitation and exploration as a result of intermediate levels of diversity across all
three domains, offers the focal firm the opportunity to temporally shift its focus towards either
exploration or exploitation in order to optimize of either type of learning when the circumstances require
a focal firm to do so. Thus, this solution suggests a focal firm to build a core alliance portfolio designed
to attain intermediate levels of explorative and exploitative learning, and to optimize one of both by
temporally constructing an additional portfolio aimed at either exploitation or exploration. The focus,
hence, lies in purposefully seeking temporal learning disequilibrium in order to reach optimal results.

Consider the example of a pharmaceutical firm. To successfully develop (i.e., explore) and
commercialize (i.e., exploit) a medicine, pharmaceutical firms depend on their alliance portfolio, as it is
too costly and risky for them to market new medicines completely autonomously. Initially, a firm may
decide to design its alliance portfolio such that it sub optimizes exploitative and explorative learning
through moderate levels of partner, functional, and governance diversity. However, during the research
and development stage of a new medicine this firm may decide to temporarily augment its portfolio
diversity, to the end of explorative learning, by engaging in new alliances with different partners,
upstream functionality and equity-based. Once the medicine is fully developed and tested, it needs to be
brought to the market. To this end, the firm may dissolve its R&D-oriented alliances and replace them
by ones that enable it to realize exploitative outcomes. That is, it may establish alliances with more
homogeneous partners possessing downstream functionality, and preferably organize them through
non-equity arrangements. Taken together, the focal firm in this example shifts its focus on exploration
and exploitation through time, while its core alliance portfolio remains intact.
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This solution carries a number of advantages in comparison to solution 1. Most notably, the level of
complexity in terms of managing the core portfolio decreases, as all domains of portfolio are
characterized by intermediate levels of diversity. But more importantly, this solution allows a company
to dedicate is attention to a core portfolio for most of the time, allowing the alliance portfolio to reach
more or less stable and predictable learning outcomes. The possibility of maximizing explorative or
exploitative learning through a secondary, temporal portfolio does not affect the core all too
significantly.

Proposition 5: Purposefully departing from a suboptimal state of exploration and exploitation
through intermediate levels of diversity across all diversity domains, allows the focal firm to temporally
change its alliance portfolio design in favor of either exploitation or exploration when changing
market conditions demand for optimizing one of both learning processes.

Table 1 Two Alliance Portfolio Solutions

Parallel equilibrium Core-crust model of equilibrium
Exploitative and explorative learning are | Exploitative and explorative learning are
realized through balancing domain | realized through temporarily augmenting
diversity in alliance portfolio design a core alliance portfolio design
Optimal degrees of exploration and | Optimal degrees of exploration and

Description

Theoretical rationale

exploitation can never be attained by
designing an alliance portfolio according
to one type of diversity only. Optimal
levels of exploration and exploitation can
be reached by managing portfolio
diversity across different domains of

exploitation can never be attained by
designing an alliance portfolio according
to aligning three types of diversity.
Optimal levels of exploration and
exploitation can be reached by managing
portfolio diversity across time

diversity simultaneously
- Sustained exploitative and
explorative learning

- Flexibility realizing exploitative and
explorative learning

Benefits - More dedicated alliances in - . .
L . . Nucleus of dedicated alliance partners;
portfolio; less opportunistic behavior . :
inter-partner learning
- Risk of temporary learning and/or
competence traps ) .
Risks - Highly dependent of changing . Temporal changes t(.) p_ortfoho .
. increases risk of opportunistic behavior
market conditions
Pharmaceutical firm fundamentally . . . .
- - - - Pharmaceutical firm temporarily adjusts
adjusts alliance portfolio design to reach - - - .
. : - alliance portfolio design to match with
Illustration optimal levels of exploration and

requirements of distinct product

exploitation at all times
development stages

4 Discussion and Conclusion

This paper set out to conceptually explore under what conditions of alliance portfolio diversity a
desired state of learning equilibrium could be attained, such that both explorative and exploitative
learning are optimally produced. In part, the theoretical exploration revealed a complex,
multidimensional role for the concept of portfolio diversity in the advancement of both explorative and
exploitative learning. In essence, diversity affects explorative and exploitative learning differently,
suggesting that an increase in diversity positively effects explorative learning at the expense of
exploitative learning in the partner domain. Conversely, a decrease in partner diversity positively effects
exploitative learning at the expense of explorative learning. Propositions 1a-b address this notion. In the
case of both functional and governance diversity, intermediate levels of diversity are expected to yield
suboptimal returns for both explorative and exploitative learning, while a homogenous diversity design
yields either explorative or exploitative learning. Propositions 2 and 3 articulate this notion by stating a
curvilinear association. It implies that a focal firm’s top management is to carefully and consciously
monitor and regulate their alliance portfolio design. How exactly remains unclear in extant literature.
This paper makes a first stylized effort in order to fill this lacuna.

To overcome this problem of design, which in our view is inherent to ambidextrously designed
alliance portfolios especially, the focal firm faces the challenge of managing portfolio diversity analogue
to the concept of domain separation (Lavie & Rosenkopf, 2006). It requires management to regard a
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focal firm’s alliance portfolio as a multidimensional phenomenon, especially when viewed from a
diversity perspective.

This perspective offers a focal firm’s management to align its alliance portfolio in the face of
learning equilibrium, by managing diversity across different domains. Distinguishing three forms of
diversity — namely partner, functional, and governance diversity — this perspective allows a focal firm to
design an alliance portfolio with differential diversity characteristics. By means of stylized solution 1
‘parallel design’, it is proposed that high(er) levels of diversity in one domain, for example the partner
domain, may be compensated by low(er) levels of diversity in another domain, for example the
functional domain. This allows the focal firm to meet the design demands in terms of portfolio diversity,
when engaged in reaching desired states of explorative and exploitative learning outcomes. Proposition
4 addresses this specific issue.

Stylized solution 2 “core-crust design’ further explores the domain separation concept. Instead of
approaching the challenge of reaching an optimal learning equilibrium from an ambidextrous
perspective, however, this solution seeks to reach such a desired state of learning over time. It suggests a
focal firm to purposefully build a core alliance portfolio characterized by intermediate levels of diversity
across all domains, thus accepting a permanent state of suboptimal exploration and exploitation.
Subsequently, a focal firm is advised to seek optimal levels of either exploration or exploitation by
building a second, temporal portfolio geared exclusively to either type of learning. Proposition 5
articulates this position.

Besides advancing our theoretical understanding of alliance portfolio dynamics, this paper can also
be interpreted as an endeavor to forward our understanding of exploration/ exploitation-dynamics.
Whereas initially both types of learning were regarded as fundamentally incompatible (March, 1996),
the concept of domain separation appears to allow for a successful combination of explorative and
exploitative enterprises in the context of an ambidextrously designed alliance portfolio.

This paper, thus, provides an original contribution in two distinct ways: first, it forwards the idea of
various forms of alliance partner diversity (Jiang et al., 2010) in relation to the concept of learning
equilibrium. Second, it expands on the idea of domain separation (Lavie & Rosenkopf, 2006), which
was originally conceived in the context of dyadic alliances, translating it to the domain of alliance
portfolios. The two stylized solutions discussed above materialize this contribution.

The analysis in this paper limits itself in a number of ways. The focus is on the effect of 1)
diversity on 2) ambidextrously designed alliance portfolios, in the face of 3) exploitation/ exploration
equilibrium. Alliance portfolio structure is left out of the equation, as is a whole range of potential
factors exogenous to the alliance portfolio or focal firm. In addition, factors internal to the focal firm are
not taken into account. Finally, it is of a purely conceptual nature. Future research may test the
propositions first by means of a longitudinal case study to obtain in-depth insight in alliance portfolio
development (i.e., core-crust dynamics). Subsequently, a survey would enrich our understanding by
providing generalizations.

To conclude, we engaged with the recent turn in alliance studies to adopt a portfolio approach.
Specifically, we advanced prior literature on alliance portfolios and exploitative and explorative learning
by proposing how the composition of a focal firm’s alliance portfolio in terms of diversity affects its
exploitation/ exploration equilibrium. Our analysis suggests that alliance portfolio diversity results in
different outcomes for both explorative and exploitative learning, making it difficult to establish the
optimal degree of diversity. Analogue to the concept of domain separation, we forward the idea of
establishing different degrees of diversity across various domains enabling firms to adopt two solutions:
parallel design focusing on parallel logic and core-crust design focusing on temporal separation.
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Abstract: The paper presents a joint research project of the Universities of Dortmund, Frankfurt and
Magdeburg called Uni:prise — Universities as Enterprises. It deals with the identification of universities’
value-creating potentials, and it investigates future issues of the university system, in particular the
institutions and actors involved in developing research and higher-education capacities in the course of
an entrepreneurial process. In detail the project concentrates on the following key questions: What are
the underlying innovation and investment processes in science? What are the goals and means, costs and
benefits of science for researchers, students, and the economy? How can improvements in the field of
opportunity research be identified and designed for use? What kind of opportunities can be recognized
for advanced academic autonomy by using performance related distribution systems? And finally efforts
are made to create business models for the core potentials of the entrepreneurial university in research,
teaching and technology transfer.

Key words: Value-creating potential; Entrepreneurial opportunities; Business model

1 Introduction

The research is based on theoretical as well as on empirical economic and social science
approaches and methods. The project design aims in addressing three levels of investigation, divided
into three phases. The first phase includes the model level, institution level and player level. The second
phase contains the evaluation of the empirical and theoretical research concerning every level. The third
phase covers the documentation of the results of all three levels followed by feedback towards
universities in the interaction. Finally the relations between the addressed research questions and the
employed research methods are discussed. Historically seen this specific discussion is rather young and
started at the beginning of the new millennium when regarding the development and arrangement of the
knowledge society which increasingly focused on economic utilization of scientific knowledge. In the
course of that a central importance is assigned to the universities as engines of the development of
innovations. International discussion of universities as potential cores of added value chains, i.e. from
the finding of ideas to the utilization of innovative potentials, therefore has increasingly taken into
account knowledge and technology transfer as means to the creation of value generating processes.
While the institutionional research (university research) has paid attention especially to the system
analysis of a reform-driven construct named “Higher Education” since the 70s of the 20th century, in the
course of the 90s a different concept, coming from business administration and called ,,New Public
Management”, had been applied to the question of how to make universities more effective as well as
efficient in research, teaching and administration. This development has also been described as a
disciplinary shift from sociology to economics. Now the purpose was to implement efficiency-rising
attempts in research, teaching and (self) management of universities, like expense account and
achievement calculation, purpose arrangements, identification number development, incentive systems,
optimization in the use of ressources, and to introduce and internally launch new governance structures.

All these considerations have in common that they pursue an increase of instituional autonomy of
universities which enables them to improve the quality of research and teaching constantly even while
they have to deal with quickly changing conditions, such as degressive developments concerning the
universities global budgets. At the same time the impact of third means income should rise for the
fulfilment of excellency criteria as well as in order to increase the power to compete in a developing
international university market. In this context a socio-political desideratum arises for the management

* The authors acknowledge financial support by the Ministry for Education and Research of the Federal Republic of
Germany (BMBF) — Project Uni:prise: Universities as Ente