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)e choice of open innovation alliance has a significant impact on avoiding potential design risk. In order to reduce the enterprise
design risk, an evaluation index system of innovation capability, including design risk, is constructed by considering the aspects of
design risk identification, risk response, and risk monitoring. )en, a design risk evaluation method based on the prospect theory
and fuzzy TOPSIS method is proposed. Combined with the prospect theory, the influences of three different risk attitudes (risk-
taking, intermediate, and conservative) on design decisions are analyzed. Finally, the evaluation system andmethod are applied to
the design evaluation of digital welding power source, and its feasibility is verified by a numerical example. )e results show that
the conservative risk attitude is consistent with the closeness evaluation results, and the intermediate risk attitude is consistent
with the risk-taking attitude evaluation results. Introducing the psychological risk factors of the subject into the design decision-
making behavior can help enterprises to choose the innovation alliance, which is more in line with the actual needs and reduces
the innovation risk to the greatest extent. )e index system and evaluation method established in this paper can provide
theoretical reference for enterprise design risk analysis.

1. Introduction

With the development of science and technology, the in-
terdisciplinary application of multi-fields and disciplines is
promoted, and individual enterprises are limited by their
own scale and resource allocation. In innovation activities,
they tend to seek the sharing of resources and knowledge
from external resources (universities, scientific research
institutions, or other enterprises), and take open innovation
as the main way to improve the success rate of innovation,
reduce the risk of innovation, and shorten the innovation
cycle. )e essence of open innovation, first proposed by
Chesbrough [1], is to encourage enterprises to seek creative
ideas internally and externally at the same time and to
commercialize them successfully. It has now become a
popular trend of collaborative design to choose a suitable
design team and outsource all or part of product design,
marketing operation, print or film advertising work to

professional design teams in order to reduce costs and
improve efficiency.

Design is not only a typical innovation activity but also
has its unique characteristics. In terms of its connotation, it
has the function of “arranging and planning in advance, and
reflecting and completing something in a specific way.”
Moreover, it covers more contents because of its humanistic
and aesthetic characteristics. In the past, product design was
the duty-bound responsibility of the enterprise technology
department and development department. With the de-
velopment and progress of the industry, users’ requirements
for products have gradually improved, and product design is
being gradually outsourced to specialized industrial design
companies as service business content by industrial
manufacturing enterprises. Design outsourcing is widely
adopted at home and abroad, and the design service industry
represented by professional design firms has mushroomed
rapidly. )e world’s top 500 companies are increasingly
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relying on design outsourcing services to varying degrees.
Design outsourcing refers to an enterprise that separates part
of the business content and business process from the value
chain and outsources it to an external professional design
service provider to complete an economic activity, so that it
can focus on the core business, reduce costs, improve effi-
ciency, and enhance the enterprise’s core competitiveness
and environmental resilience. Design service outsourcing
emphasizes high specialization and advocates full reliance on
professional organizations and professionals. However,
because the internal and external collaboration process
involves multiparty R&D cooperation, it will enhance the
instability of heterogeneous open innovation due to cultural
background, organizational structure, target selection, and
other factors. Even because of information asymmetry or
asynchrony, different sharing ability, and other factors, the
shadow of risk is laid for open innovation.

)erefore, although design outsourcing is conducive for
the development of enterprises and the improvement of
their product design capabilities, to a certain extent, en-
terprises need to control the quality of design outsourcing,
carry out tracking management, and have a good under-
standing of the possible design risks. Design risk is also one
of the potential risk inducements in enterprise product
innovation. Innovation is often accompanied by the advent
of new products and new technologies. Due to the lack of
understanding of potential market users, there is a lag in the
degree of market recognition and acceptance, and there is
also a delay in the benefits of innovation. At the same time,
there are also design risks that are delayed. In the process of
design, due to the influence of subjective and objective
factors, the actual achievement of the design deviates from
the design goal, thus causing the loss of design value. Design
risk will not only cause enterprises to suffer economic losses
from the failure of new product development but also
produce other potential adverse reactions. In serious cases, it
will even cause users to suffer personal injury. )e research
of design risk should not only explore various potential
economic losses in the design process from the perspective
of enterprises but also take the position of decision-makers
in order to reduce the impact of design risk to the minimum
category.

)e main purpose of this study is to track key decision
points on the basis of previous work [2], classify decision-
makers’ risk attitudes, and then study the risk assessment
and management in the design and new product develop-
ment. Enterprise risk attitude refers to the risk tolerance
capacity of individual enterprises, including not only the
ability to protect intellectual property rights but also the
leader’s risk preference, strategy selection, and organiza-
tional management, as well as the technology department’s
ability to avoid and respond to technological risks. )e role
of design in innovation is well known, but measuring the
criteria for partner evaluation that include design risk is a
complex task [3]. Most of the existing models have some
limitations when considering the heterogeneity of partners.
In this paper, different ways of innovation are taken as the
main consideration for the selection of open innovation
alliances, and different types of partners are selected,

respectively. According to the advantages and disadvantages
of their innovation ways, the ability evaluation system
considering design risk is constructed. Considering the
different preferences of decision-makers to risk attitudes, the
fuzzy decision matrix is transformed into the prospect value
matrix by using TOPSIS method based on prospect theory
and fuzzy sets. )e relative closeness degree is replaced by
the calculated revenue loss ratio, the advantages and dis-
advantages of alternative schemes are ranked and verified
with the example, and then the resistance ability and strain
ability of different types of innovation alliances to innova-
tion risks are evaluated.

2. Literature Review

2.1. Design Risk. Because of the interdisciplinary nature of
new product development based on design, a preliminary
assessment of the literature on designmay be helpful to carry
out new risk research. Design management risk integration
is fundamentally different from the general design risk
management. It mainly focuses on the risk integration at the
strategic and operational levels, rather than the risk man-
agement at the control and reporting levels [4]. In 2005, the
Cox Review [5], a research report submitted by the former
chairman of the British Design Council to the government,
proposed the important role of design in promoting
emerging economies and the influence mechanism of design
on the creativity of enterprises, and suggested that the UK
could take its design industry as a breakthrough point for
competition. Later, Clayton and Bookxs [6] considered the
product design risks from the perspective of project man-
agement. He believed that design risk assessment is an ac-
tivity to determine the potential risks in the design process,
which includes two processes: conceptual design and detail
design. Design risk assessment also requires the reduction of
all kinds of possible failures and the consequent impact of
failures, so as to detect and control the system-level risks as
soon as possible. Khan et al. [7] used case studies to un-
derstand the role of product design in supply chain decision-
making, especially in reducing supply chain risk and im-
proving supply chain agility. )ey also emphasized that the
product design process is a strategic tool to improve
competitiveness and plays an important role in the devel-
opment of global supply chain strategy. Jerrard et al. [8]
pointed out that in the corporate structure (especially in
small companies), the part of the designer does not have
enough awareness of risks. When a risky design content is
transmitted to decision-makers, it is easy for them to make
wrong decisions due to the lack of professional judgment on
design. Finally, the risk of design continues and results in the
failure of new product development. Based on the concept of
“Risk-taking in Design,” Jerrard et al. [9] once again
interviewed five small creative companies to investigate the
way they perceive and evaluate design and risk in the process
of new product development, and found that the perception
of risk in each company varies greatly. )is study provides a
reflection on the practice of creative design, and also has
potential significance for the formulation of business sup-
port policies.
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Due to the particularity of the design task and the re-
peatability of the design process, various aspects that may
produce design risks are involved: the time span needed by
the design enterprise and the capital conditions and hard-
ware conditions of the experimental trial production; blindly
pursuing the gorgeous effect on the design drawings will
only lead to the continuous increase of costs, and there is a
certain financial risk; the design company shall keep the
design tasks of the main enterprise confidential to prevent
the disclosure of any design tasks and design results before
the product is launched; the design company shall be re-
sponsible for the design works, which must be original
innovative design or imitation innovation that does not
involve intellectual property rights, etc. )erefore, the de-
cision-making subject enterprises have sufficient cognition
of design risks at the early stage of screening, which is
conducive for their own development and improvement of
innovation efficiency.

2.2. Multicriteria Decision-Making Method. In the selection
of decision-making methods, hundreds of models and al-
gorithms have been applied to the multicriteria decision-
making process [10, 11]. Multicriteria decision-making
(MCDM) is a complex and dynamic process that selects the
best alternative solution by defining the ultimate goal. In this
kind of decision-making process, the selection of innovative
design company is not only based on the basic situation of
the design company but also based on the subjective
judgment of the decision-maker on the existing conditions
and expected goals of the enterprise. MCDM can perform a
multicriteria ranking of alternatives and assist the decision
process by analyzing and listing the important properties of
noninferior and/or compromise solutions. Since the 1970s,
the research on the problem and method of multicriteria
decision-making has become a hot topic in the academic
circle. Scholars have carried out extensive theoretical and
methodological research on multi-objective decision-mak-
ing, statistical decision-making, sequential decision-making,
and decision system. “Multiple attribute decision-making,”
the first research monograph on multicriteria decision-
making, appeared in the 1980s, which summarized and
sorted out theories, methods, and other achievements [12].
Since then, multicriteria decision-making methods have
been developed rapidly, such as analytic hierarchy process
(AHP) [13], multidimensional preference linear program-
ming (LINMAP) [14], approach to ideal solution (TOPSIS)
[15], compromise sorting (VIKOR) [16], and other widely
used decision-making methods. Many scholars have also
improved and expanded the process and application scope of
these methods and proposed methods that can adapt to
different decision-making environments.

Among them, analytic hierarchy process (AHP) is a
measurement theory by pairwise comparison, which relies
on the judgment of experts to derive the priority scale.
Judgments may be inconsistent. How to measure the in-
consistency and improve the judgment, so as to obtain better
consistency when possible is the focus of AHP. On this basis,
scholars have proposed many methods combined with AHP,

such as grey relational degree, TOPSIS, and so on. TOPSIS
(Technique for Order Preference by Similarity to an Ideal
Solution) method was first proposed by Hwang and Yoon
[17]. Its essential attribute is to judge the proximity of the
target and evaluate the relative merits of the existing scheme
by calculating the distance between the target and the best
scheme and the worst scheme. Due to the complexity of
decision-making problems and the limitation of enterprise
cognition on the subject of decision-making [18], fuzzy
TOPSIS is a common multi-objective decision-making
method in the field of management science. Compared with
the traditional evaluation method, fuzzy TOPSIS not only
has the advantages of intuitive and convenient calculation,
small demand for sample size, objective and reasonable
analysis but also can more accurately reduce the impact of
subjective factors of evaluation index on the results [19]. It
can provide the value of positive and negative ideal solution
for the development of prospect theory, which can be used as
the evaluation standard of loss and profit. Both Vikor and
TOPSIS are based on aggregate functions that indicate “near
ideal” [20]. )e VIKOR method can also provide reference
points for the forward theory, but the ranking of VIKOR
focuses more on the degree of proximity to the ideal so-
lution, which may select the scheme with the best overall
solution and the worst single solution to some extent.
TOPSIS avoids this with two reference points.

In the decision-making of design enterprise selection,
the main enterprise has made leap-forward progress through
channels such as joint venture, introduction, cooperation,
and independent innovation, while at the same time taking
on additional risks caused by design outsourcing. Since the
characteristics of partners have some subcriteria, the com-
bination evaluation method is beneficial to comprehensively
measure the development level and background of the en-
terprise, so this paper adopts the combined method of AHP
and TOPSIS to construct a partner selection model con-
sidering design risks.

2.3. Prospect 'eory. Kahneman and Tversky [21] put for-
ward the prospect theory, which is based on psychology to
improve the classical expected utility theory. Its premise is
“bounded rationality,” which is an important theory of
behavioral decision-making. Prospect theory distinguishes
the standard of subjective expectation from the value itself
but makes behavioral decisions corresponding to the ref-
erence point of subjective choice.

Prospect value mainly includes value weight and weight
function. )e value function is the value of the decision-
maker’s subjective feelings based on the actual benefits and
losses. )e value function proposed by Tversky is shown in
the following equation (1):

V(Δx) �
Δxα

, Δx≥ 0,

−θ(−Δx)
β
, Δx< 0.

􏼨 (1)

Here, Δx is the distance from the reference point, Δx≥ 0
is for profit, Δx< 0 is for loss; α, β is the risk attitude co-
efficient; and θ is the risk attitude coefficient. By assigning
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values to α, β, different risk attitudes of main enterprises can
be reflected. )rough the reproduction of Tversky’s exper-
iment, Zeng [22] found that the value of α, β for Chinese
students could be greater than 1 with the same experimental
procedure. )e reason for this phenomenon is that the
experimental data are not completely consistent with
China’s national conditions. Jian and Sun [23] believe that
the difference is not caused by the difference between China
and the United States, but that there is space for im-
provement in the value of parameters. )erefore, they put
forward three different types of risk attitudes: adventurous
(0< α, β< 1), intermediate (α � β � 1), and conservative
(α, β> 1). On the basis of this research, more scholars made
discussions [24]. )e prospect theoretical value functions of
three different risk attitudes are shown in Figure 1. For risk-
taking decision-makers, risk aversion is adopted when they
face gains, and risk preference is adopted when they face
losses; however, the conservative decision-makers take risk
preference for gains and risk aversion for losses.

Prospect theory reveals the influence of subconscious
psychology on decision-making results and promotes the
continuous improvement of decision-making theory. By
introducing the prospect theory, this paper judges the risk
attitude of the main enterprise in the decision-making
process. Reference point is an important parameter to
measure gain and loss, so selecting a reasonable reference
point in prospect theory has an important influence on the
decision-making result [25]. In this paper, we select the
reference point of multi-attribute decision-making as the
positive and negative ideal solution [26].

3. Evaluation Index System of Technological
Innovation Ability considering Risk

)e improvement of enterprise innovation ability must be
based on the accurate evaluation of enterprise innovation
ability. A sound index system can promote enterprises to
find the deficiencies of their innovation ability through
comprehensive and scientific evaluation, and provide them
with a basis for decision-making, so as to maintain and
improve the competitive advantage of innovation. Many
scholars try to synthesize what criteria can be used in the
selection of strategic partners. For example, in an earlier
attempt, Brendel [27] first formulated a list of 20 key issues
for reference to the selection criteria of potential members.
Brouthers et al. [28] focused on four broad categories of
factors, called “complementary skills,” “cooperative culture,”
“compatible objectives,” and “commensurate risk levels.”
According to Dacin et al. [29], some characteristics of
strategic partner selection are post analysis of the motiva-
tion, criteria, practices, and results of the partner selection
process. Chen et al. [30] combined the four periods of the
technological change cycle model to discuss the motivation
of enterprise alliance and the criteria of partner selection.
Wu et al. [31] constructed the index system into five indi-
cators including partner characteristics, marketing ability,
intangible assets, management ability, and fitness and 19
subcriteria. Angeles and Nath [32] developed a 31-item
questionnaire to study 6 cooperation factors, including

strategic commitment, partner flexibility, infrastructure,
communication, etc. Solesvik and Westhead [33] found that
successful alliances are related to partners who establish trust
and honesty, share common strategic goals, and provide
relevant resources and capabilities. )e basic principles of
intercompany cooperation will change with the passage of
time, and the motivation is related to the development stage.

Previous research on innovation or product design
evaluation mainly focused on innovation capability and
innovation performance, and the consideration of innova-
tion risk or design risk was not systematic. Because of the
factors such as large investment in the early stage of in-
novation activities, uncertain return period, and unstable
innovation benefit, this paper effectively controls the main
factors influencing technological innovation from the as-
pects of risk identification, risk response, and risk moni-
toring to scientifically reflect design risk.)e construction of
innovation capability evaluationmodel including design risk
assessment is helpful to reduce the design risk and avoid the
unnecessary loss. In the introduction of design risk, this
paper combines interviews and actual research. )en, on the
basis of referring to the existing design risk research system
of domestic and foreign scholars, this paper mainly selects
the anti-risk awareness of decision-makers, the risk aversion
awareness, and adaptability of various departments to
consider. )e evaluation index system of innovation alliance
considering open innovation risk is designed as 5 first-level
indexes and 20 second-level indexes. )e index system and
data sources are shown in Table 1.

R&D expenditure intensity refers to the proportion of
R&D expenditure in innovation investment. Technical
personnel input refers to the proportion of personnel en-
gaged in technical research in the innovation team. To a
certain extent, the two can reflect the R&D investment of
enterprises from the financial and human aspects. )e
implementation of new technology can accelerate the
commercialization of collaborative innovation results,

v(x)

b x
Reference point

adventurous

intermediate
conservative

Figure 1: Prospect theoretical value function of three different risk
attitudes.
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shorten the R&D cycle, and increase the investment cost.
)erefore, the “new process implementation intensity”
represents the promotion of the introduction of new
manufacturing technology for the commercialization of
R&D achievements, which can indirectly reflect the ac-
ceptance of enterprises of new technologies. “Technology
purchasing power” refers to the application ability of en-
terprises to obtain technology directly from external R&D
teams to meet their own needs, which reflects the proportion
of imported technology or patents and enterprises’ inde-
pendent R&D achievements. In the process of open inno-
vation, enterprises with strong technology purchasing power
can absorb mature technologies suitable for their own de-
velopment through payment, which has stronger conve-
nience and time advantage compared with independent
research and development, which is difficult to tackle. But,
technology purchase behavior has a certain dependence on
external resources, which will increase the potential inno-
vation risk caused by such factors as technology matching or
technology reliability.

In terms of independent R&D capability, the “existing
technology quantity” mainly indicates the achievements and
technologies of enterprises’ independent innovation before the
development of open innovation, which can reflect the inde-
pendent R&D capability of main enterprises. Secondly, it

mainly considers the relevant information of technical per-
sonnel, such as per capita quality, proportion of personnel,
working experience, etc. In addition, the “innovation incentive
policy” of enterprises to technical personnel is the main in-
centive to promote the enthusiasm of R&D investment of
technical personnel, and also the main means to promote the
independent innovation ability of enterprises. Moreover, there
is a potential R&D risk of overreliance on their own conditions
for enterprises with independent innovation as the main body.
)e proportion of independent design can fully reflect the
degree of fit between the technical team and the design de-
partment. Compared with commissioned design and other
methods, independent design is conducive for the unity of
design strategy, but it has a certain constraint on the divergence
of product design thinking. )e overall quality of organization
and management team is also an important standard to
measure the matching of enterprise innovation ability: )e
leader’s willingness to innovate determines the initiative and
enthusiasm of cooperation among enterprises; decision-
makers’ awareness of innovation and prevention determines
the sensitivity of enterprises to their own risks and external
risks; the comprehensive quality of the design team determines
the stability of the organization structure; design risk resilience
will affect the timeliness of information transmission and the
execution of decision-making.

Table 1: Evaluation index system and data sources.

Variable Item Code Data sources Literature sources

R&D input capacity (W1)

R&D funding intensity W11 Statistical data

Angeles and Nath [32], Kor and Mesko
[34], Guan and Ma [35]

Technical personnel input W12 Statistical data
Implementation intensity of new

process W13 Expert rating

Technology purchasing power W14
Comprehensive

analysis

Independent R&D
capability (W2)

Amount of prior technology W21
Comprehensive

analysis

Brendel [27], Brouthers et al. [28], Dacin
et al. [29], Wu et al. [31], Helfat [36]

Per capita quality of technical
personnel W22 Statistical data

Proportion of technical personnel W23 Statistical data
Experience of technical personnel W24 Statistical data

Innovation incentive mechanism W25
Comprehensive

analysis

Proportion of independent design W26
Comprehensive

analysis

Organization and
management ability (W3)

Leaders’ willingness to innovate W31 Expert rating

Angeles and Nath [32], Kor and Mesko
[34], Helfat et al. [36], Helfat and Peteraf

[37]

Decision-making level innovation
risk prevention awareness W32 Expert rating

Comprehensive quality of design
team W33 Statistical data

Design risk resilience W34 Expert rating

Marketing capability (W4)

Market awareness of similar products W41 Expert rating

Wu et al. [31], Guan andMa [35], Tan [38],
Chau and Lin [39]

Marketing capability W42 Statistical data

Design and development cycle W43
Comprehensive

analysis
E-business application capability W44 Statistical data

Other indicators (W5)

Intellectual property management
system W51

Comprehensive
analysis Wu et al. [31], Angeles and Nath [32]Macroenvironment of market launch

period W52
Comprehensive

analysis
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And, the marketing ability of innovation alliance is also
one of the important references for selection [31]. When the
two sides of the innovation alliance match the market
cognition of similar products, it shows that both sides have a
common voice in the technology field. )e grasp of inno-
vation R&D cycle of both sides can better supervise the
consistency of the collaborative process, and lay a good
foundation for the technology R&D of both sides. In terms of
marketing ability and e-commerce application ability, the
main consideration is whether the two sides of the coop-
eration and alliance can learn from each other and reach a
stable win-win situation. In addition, two aspects of intel-
lectual property management system and the macro envi-
ronment of the market launch period are selected from other
technical indicators in order to avoid the situation of col-
lective loss caused by the unilateral intellectual property
loopholes of both sides of innovation, as well as the time-lag
risk of technological innovation caused by changes in the
market environment.

4. Construction of the Evaluation Model of
Technological Innovation Capability of
Enterprises considering Risk

4.1. Index Weight. In view of the fact that there are many
indexes affecting the evaluation of enterprise’s technological
innovation capability and it is not easy to quantify, the AHP
method is adopted to combine quantitative and qualitative
methods. Firstly, the main indexes involved in the study
(Table 1) are conceptualized, and the actual hierarchical
structure is improved according to the potential association
and subordination among the indexes; Secondly, the indexes
of the same layer are compared in pairs from top to bottom,
the judgment matrix among the factors of each layer is
constructed by Delphi method and 1–9 scale method, the
weight vector of evaluation index is obtained by using the
square root method, and the weight set of the first-level
evaluation index and the second grade rating index is ob-
tained; Finally, in order to avoid the increase of errors caused
by the subjectivity of experts in scoring, the consistency test
is carried out on the judgment matrix.

4.2. Evaluation Process of Fuzzy TOPSIS Based on Prospect
'eory

4.2.1. Construction of the Fuzzy Evaluation Set. When
evaluating the high-tech scientific research projects, con-
sidering the fuzziness and subjectivity of each index, se-
mantic judgment is used to express it. It can be divided into
five levels: very low, low, average, high, and very high. )e
five semantic variables are represented by interval numbers,
as shown in Table 2.

4.2.2. Construction of the Fuzzy Evaluation Matrix.
According to the comment set, the initial fuzzy matrix of the
second-level index is constructed as follows:

X �

x11 x12 · · · x1j

x21 x22 · · · x2j

⋮ ⋮ ⋮ ⋮

xi1 xi2 · · · xij

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

, i � 1, 2, . . . , p; j � 1, 2, . . . , q,

(2)

where xpq is the semantic value of the q-th second-level
evaluation index of the p-th enterprise; xpq � (xl

pq, xu
pq)

)e normalization matrixN is obtained by standardizing
the matrix X.

N �

n11 n12 · · · n1j

n21 n22 · · · n2j

⋮ ⋮ ⋮ ⋮

ni1 ni2 · · · nij

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

, i � 1, 2, . . . , p; j � 1, 2, . . . , q.

(3)

)e four procedures are most well known in TOPSIS.
)ese normalization procedures are (1) vector normaliza-
tion, (2) linear scale transformation (Max–Min), (3) linear
scale transformation (Max), and (4) linear scale transfor-
mation (Sum) [40]. )e calculation method and charac-
teristics are shown in Table 3.

By comparing the four calculation methods, it can be
seen that vector enhancement has the advantage of con-
verting all attributes into dimensionless measurement unit,
thus making interattribute comparison easier. But, it has a
drawback of having nonequal scale length leading to diffi-
culties in straightforward comparison. Linear Scale Trans-
formation (Max-Min) has the advantage that the scale
measurement is precisely between 0 and 1 for each attribute,
but the drawback is that the scale transformation is not
proportional to outcome. Linear Scale Transformation
(Max) and Linear Scale Transformation (SUM) can guar-
antee linear transformation of results. But Linear Scale
Transformation (Max) can better reflect the contrast be-
tween elements, highlighting the advantages and disad-
vantages of the scheme. )erefore, in the normalization

Table 2: Linguistic values and interval numbers of innovation
ability.

Semantic meaning of innovation ability Interval numbers
Very low (VL) (0, 0.2)
Low (L) (0.2, 0.4)
Average (M) (0.4, 0.6)
High (H) (0.6, 0.8)
Very high (VH) (0.8, 1.0)
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process of fuzzy matrices, Linear Scale Transformation
(Max) is selected. )e calculation method of elements in
equation (3) is shown in the following equation:

nij �
xij

max max x
l
i1, x

u
i1􏼐 􏼑, max x

l
i2, x

u
i2􏼐 􏼑, . . . , max x

l
iq, x

u
iq􏼐 􏼑􏼐 􏼑

, i � 1, 2, . . . , p; j � 1, 2, . . . , q. (4)

Combined with the weight vector ω∗j of evaluation index
and the standardized matrix N, the weighted interval
standardized fuzzy matrix Z can be obtained as follows:

Z �

z11 z12 · · · z1j

z21 z22 · · · z2j

⋮ ⋮ ⋮ ⋮

zi1 zi2 · · · zij

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

p×q

, i � 1, 2, . . . , p; j � 1, 2, . . . , q,

(5)

where zij � nij × ω∗j

4.2.3. Calculation of the Positive and Negative Ideal Solutions.
TOPSIS is a user-friendly method that requires few inputs
from the user [41]. It consists of choosing the alternative
which is closest to the best solution, called the positive ideal
solution, and furthest from the worst solution, called the
negative ideal solution. )e selection of ideal solution
usually includes three modes [42]. As in the crisp version,
different interpretations of ideal solutions exist. )ey can be
classified into three main categories [43]:

(1) Absolute values: 􏽥v+
j � (1, 1, 1) and 􏽥v−

j � (0, 0, 0) [15]
(2) Max-min values: 􏽥v+

j � maxi􏽥vij and 􏽥v−
j � mini􏽥vij [44]

(3) Fixed values, as in the crisp version [45, 46]: for
example, a combination of both [47], which pro-
duces the positive ideal solution 􏽥v+

j � (1, 1, 1), and
the negative ideal solution 􏽥v−

j � mini􏽥vij

By comparing the calculation methods of the above three
ideal solutions, it can be seen that max-min values are
calculated according to the elements in the decision matrix,
and the selection of positive and negative ideal solutions is
based on the evaluation matrix of the scheme. Compared

with the other twomethods, themethod of selecting the ideal
solution is closer to the result of the evaluation matrix. )e
core of this paper includes the design risk attitude, and the
calculation method of max-min values’ ideal solution can
fully reflect the comparative relationship between the dif-
ferent attitudes of decision-makers, so as to make the results
close to the actual situation and ensure the scientificity of the
results.

)e most commonly used ones are absolute and max-
min values. However rank reversal probably will remain an
important tool for judging the validity of a multi-attribute
decision-making method. According to Aires and Ferreira
[48, 49], when the max-min values ideal solution was se-
lected, TOPSIS did not present any rank reversal due to this
cause in their studied examples. In general, among the three
ideal solution modes, max-min values have the best stability.
)erefore, the ideal solution mode of max-min values is
selected in the design risk assessment in this paper.

)e fuzzy positive ideal solution Z+ and negative ideal
solution Z− are the sets of maximum and minimum eval-
uation values in each index, respectively. )e calculation
method is as follows:

Z
+

� z
+l
j , z

+u
j􏽮 􏽯 � max

i
zij|j ∈ J1􏼚 􏼛, min

i
zij|j ∈ J2􏼚 􏼛􏼚 􏼛,

Z
−

� z
−l
j , z

−u
j􏽮 􏽯 � min

i
zij|j ∈ J1􏼚 􏼛, max

i
zij|j ∈ J2􏼚 􏼛􏼚 􏼛,

(6)

where i� 1, 2, . . ., p; j� 1, 2, . . ., q; J1 is the benefit index; and
J2 is the cost index.

4.2.4. Calculation of the Index Closeness Degree. In het-
erogeneous multi-attribute decision-making, the closeness
degree is usually used to reflect the closeness degree of

Table 3: Comparison of normalization methods and characteristics.

Method names
Calculation method

Method characteristicsBenefit
attributes Cost attributes

Vector normalization nij �
xij�����

􏽐
p

i�1 x2
ij

􏽱 nij �
1/xij�������

􏽐
p

i�1(1/x2
ij

)

􏽱 Converting all attributes into dimensionless measurement unit;
having nonequal scale length

Linear scale transformation
(max–min) nij �

xij−xmin
j

xmax
j

−xmin
j

nij �
xmax

j
−xij

xmax
j

−xmin
j

)e scale transformation is not proportional to outcome

Linear scale transformation
(max) nij �

xij

xmax
j

nij � 1 −
xij

xmax
j

Outcomes are transformed in a linear way

Linear scale transformation
(sum) nij �

xij

􏽐
p

i�1 xij

nij �
1/xij

􏽐
p

i�1 1/xij

)e sum of index elements is one

Mathematical Problems in Engineering 7



decision-making schemes. )e positive and negative ideal
solutions of heterogeneous information are calculated for
comparison between schemes. Before calculating the index
closeness degree, it is necessary to determine the distance d+

i

and d−
i between the evaluation scheme of innovation ca-

pability of each enterprise and the positive and negative ideal
solutions. In the TOPSIS method, literature [42] conducted
case analysis and found that the evaluation results of the five
commonly used distance calculation methods are stable. )e
calculation methods are shown in Table 4.

)e five distance calculation methods have their own
characteristics. Compared with the five methods, it can be
seen that the Euclidean distance and Manhattan distance
calculation methods are simple. So, the distance between the
evaluation scheme and the ideal solution can be calculated
more concisely and directly, which meets the evaluation
requirements of the technical innovation ability considering
the risk index system. Manhattan distance seems good for
high-dimensional data, but it is not as intuitive as Euclidean
distance. Moreover, it is easier to give a higher distance value
than Euclidean distance because it cannot be the shortest
path. Euclidean distance can be understood as the length of
the line segment connecting two points. Although Euclidean
distance will deviate due to the unit change of features, this
deficiency can be effectively solved after data normalization.
To sum up, the matrix dimension studied in this paper is
relatively small, so it is more appropriate to choose Eu-
clidean distance for calculation in this paper. )erefore, the
calculation method is as follows [50]:

d
+
i �

������������

􏽘

q

j�1
zij − z

+
j􏼐 􏼑

2

􏽶
􏽴

, i � 1, 2, . . . , p; j � 1, 2, . . . , q,

(7)

d
−
i �

������������

􏽘

q

j�1
zij − z

−
j􏼐 􏼑

2

􏽶
􏽴

, i � 1, 2, . . . , p; j � 1, 2, . . . , q.

(8)

)e calculation method of index closeness degree is
shown in equation (9). )e index closeness degree can be
calculated by combining equations (7)–(9). )e higher the
degree of closeness is, the stronger the enterprise’s tech-
nological innovation ability is

T
∗
i �

d
−
i

d
+
i + d

−
i

, i � 1, 2, . . . , p. (9)

4.2.5. Calculation of the Benefit-Loss Ratio for Each Scheme.
Traditional decision-making methods are mostly based on
expected utility theory, while in terms of behavior, risky
decision-making largely depends on whether the deci-
sion-maker pays attention to profit or loss. According to
the certainty and reflexivity of prospect theory, people are
averse to risk before gain and prefer risk before loss. )e
unified reference mode is adopted in the calculation of the
closeness degree, and the subjective tendency of the de-
cision-maker is not integrated into the decision-making
process. )e ranking of the scheme according to the loss-
profit ratio under the guidance of the prospect theory is
helpful for the decision-maker to judge the bearing ca-
pacity of the design risk according to their own actual
needs. According to the significance of value function in
the prospect theory, it can be seen that: When the ref-
erence point of the positive ideal solution is selected, each
scheme is a loss of value relative to the positive ideal
solution; when the negative ideal solution is taken as the
reference point, each scheme is a gain of value relative to
the negative ideal solution. )e calculation methods of
profit loss and gain are shown in

V
−
ij d

+
i( 􏼁􏽨 􏽩 � −θ dE zij, z

+
j􏼐 􏼑􏼐 􏼑

β
􏼔 􏼕

p×q
, (10)

V
+
ij d

−
i( 􏼁􏽨 􏽩 � dE zij, z

−
j􏼐 􏼑􏼐 􏼑

α
􏽨 􏽩

p×q
, (11)

where α, β, and θ are known coefficients of the main
enterprise, respectively; α is the risk avoidance coefficient,
which indicates the risk aversion degree of the possible
income when the main enterprise chooses the innovation
alliance; β is the risk preference coefficient, which rep-
resents the risk preference degree of the main enterprises
facing unknown losses when they choose innovation al-
liance; and θ is the sensitivity of decision-makers of main
enterprises to gains and losses, namely, the risk attitude
coefficient. Finally, the loss-gain ratio of each scheme can
be calculated according to the formula. )e bigger the
loss-gain ratio is, the better the scheme will be, so as to
rank the schemes.

Table 4: Calculation methods of distance between evaluation scheme and ideal solution.

Distance metrics d+
i definition d−

i definition

Euclidean d+
i �

�������������
􏽐

q
j�1 (zij − z+

j )2
􏽱

d−
i �

�������������
􏽐

q
j�1 (zij − z−

j )2
􏽱

Manhattan d+
i � 􏽐

q
j�1 |zij − z+

j | d−
i � 􏽐

q
j�1 |zij − z−

j |

Lorentzian d+
i � 􏽐

q
j�1 ln(1 + |zij − z+

j |) d−
i � 􏽐

q
j�1 ln(1 + |zij − z−

j |)

Jaccard d+
i �

􏽐
q

j�1 (zij−z+
j
)2

􏽐
q

j�1 (zij+z+
j
)2−zijz+

j

d−
i �

􏽐
q

j�1 (zij−z−
j
)2

􏽐
q

j�1 (zij+z−
j

)2−zijz−
j

Dice d+
i �

􏽐
q

j�1 (zij−z+
j
)2

􏽐
q

j�1 z2
ij

+􏽐
q

j�1 (z+
j
)2

d−
i �

􏽐
q

j�1 (zij−z−
j
)2

􏽐
q

j�1 z2
ij

+􏽐
q

j�1 (z−
j

)2
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Si �
􏽐

p
j�1 V

+
ij d

−
i( 􏼁

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌

􏽐
p

j�1 V
−
ij d

+
i( 􏼁

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌
. (12)

5. Example Analysis

Six experts were invited to evaluate the innovation ability of
small and medium-sized science and technology enterprises
in high-tech zones of Shanxi Province, and the evaluation
was carried out through the evaluation system established
above. After scoring the relative importance of the evalu-
ation indicators, the experts calculated the weights of the
first- and second-level indicators, as shown in Table 5. And,
the consistency of the evaluation results was tested, and the
evaluation results met the evaluation consistency. Suppose
that the main enterprise is faced with the construction of
new projects through collaborative innovation with four
enterprises A, B, C, and D. Since the project involves the
R&D and application of new products or new technologies,
there is no precedent for reference. In order to effectively
avoid innovation risks, combined with the advantages of the
four enterprises and referring to the methods proposed in
the previous paper, the innovation alliance suitable for the
main enterprises is selected. According to the current sit-
uation of the four enterprises, the fuzzy evaluation set is
obtained by means of expert evaluation, questionnaire
survey, and interview analysis, as shown in Table 5.

Based on Table 5, the matrix of the secondary evaluation
indexes of four enterprises (A, B, C, and D) is established
according to formulas (2)–(5). )e evaluation results are
normalized by combining the first-level and second-level
weights obtained by experts.)e results of normalization are
shown in Table 6.

Relative to the positive ideal solution in the TOPSIS
method, the result of choosing any innovation alliance is
loss, while it is gain relative to the negative ideal solution. In
this paper, we use the value function parameters of decision-
makers with three different types of risk attitude [23], and
risk-taking type (α � β � 0.88), intermediate type
(α � β � 1), and conservative type (α � β � 1.21) are se-
lected, respectively. When θ� 2.25, the positive and negative
ideal solutions of the normalized matrix are calculated
according to Equations (5) and (6). Calculate the Euclidean
distance by equations (7) and (8). Finally, the prospect
decision value can be obtained according to Equations
(10)–(11). )e approximation degree of evaluation index is
calculated according to Equation (9) for the calculation
results of each enterprise, and the profit-loss ratio of the four
enterprises is calculated according to Equation (12). )e
calculation results of closeness degree and profit-loss ratio
and the ranking of innovation ability of four enterprises
considering risk attitude are shown in Table 7.

6. Results and Discussion

It can be seen from the scheme income ratio in Table 7 that
the greater the income ratio, the stronger the advantage of
choosing the innovation alliance. When the risk attitude of

enterprises is considered as risk-taking and intermediate, the
ranking result is A>C>D>B. )erefore, the results show
that choosing enterprise A as the innovation alliance has the
best RD efficiency, which can make the best use of the
advantages of both sides to promote the industrialization of
open innovation achievements. When the enterprise risk
attitude is conservative, the ranking result is A>C>B>D,
and this result is consistent with the evaluation result of
closeness degree. Although the best solution is enterprise A,
the order of advantages and disadvantages of enterprise B
and D is slightly different. Meanwhile, by comparing the
closeness degree, the decision order is the same as that of
conservative enterprises. It can be seen from this that the
model obtained under the traditional expected utility theory
ignores the different risk attitudes of decision-makers facing
gains and losses, only conforms to the conservative enter-
prises, and fails to consider the actual situation of enterprises
with intermediate risk attitudes and risk-taking attitudes.
However, considering the risk attitude of the decision-maker
enterprise with the prospect theory is more in line with the
actual decision-making needs.

Taking the design of digital welding power source as an
example. In the initial stage of product design, a pulse
welding power supply developed and designed by a company
in Beijing involves product image identification design.
After bidding, 4 design companies that meet the require-
ments of product design are selected. By referring to their
tender, company background, expert evaluation, and other
information, the design companies are screened according
to the process mentioned above. )e digital welding power
supply has three independent welding modes: pulse gas
shielded welding, direct current gas shielded welding, and
flux-coated electrode manual welding (including simple
argon arc welding), which can be selected according to
different welding requirements. It mainly includes welding
cable positive and negative connection seat, LCD display
window, handle, adjusting knob, wire feeder interface,
power supply nameplate, various types of selection interface,
etc.

In the process of partner selection of enterprise serialized
product research and development, according to the eval-
uation system of technology innovation ability considering
design risk, the candidate enterprises are evaluated by
expert evaluation. )e selection of design companies was
completed through multicriteria decision-making.
According to the intermediate risk attitude, the design
companies with certain design foundation and trial
production conditions led by the design teachers of a
university were selected. In the actual operation process,
the pulse welding power supply research and development
enterprise analyzed its own scale and customer group and
found that the enterprise’s own risk tolerance is weak. But,
they have a strong desire for design change. By evaluating
the risk attitude of the decision-making subject enterprise,
the optimal partner of intermediate risk attitude is finally
selected. )e actual design effect of the project is shown in
Figure 2.

During the collaborative innovation project, due to the
uncertainty of open innovation and the time-lag of
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product design innovation benefits, the risk attitude of
enterprises has a significant impact on the selection of
cooperative alliance. By analyzing the ability of alliances
to avoid innovation risks, enterprises can choose more

specific innovation alliances. And, according to their
resistance to risk, the input-output ratio of collaborative
process is balanced to better optimize the allocation of
innovation resources.

Table 7: Proportion of scheme income and loss.

Enterprise A Enterprise B Enterprise C Enterprise D
Closeness degree 0.5594 0.5049 0.5241 0.4599

Profit-loss ratio
Risk-taking type 0.5510 0.3861 0.5255 0.4232
Intermediate type 0.5645 0.3921 0.5301 0.4135
Conservative type 0.5905 0.4036 0.5365 0.3958

Table 5: Importance of expert evaluation and fuzzy evaluation set of enterprises.

First-level indicators Weight Secondary indicators Weight Enterprise A Enterprise B Enterprise C Enterprise D

W1 0.308

W11 0.128 (0.6, 0.8) (0.8, 1.0) (0.6, 0.8) (0.4, 0.6)
W12 0.069 (0.8, 1.0) (0.2, 0.4) (0.4, 0.6) (0.6, 0.8)
W13 0.050 (0.4, 0.6) (0.6, 0.8) (0.6, 0.8) (0.2, 0.4)
W14 0.061 (0.4, 0.6) (0.8, 1.0) (0.6, 0.8) (0.4, 0.6)

W21 0.277

W21 0.055 (0.6, 0.8) (0.2, 0.4) (0.4, 0.6) (0.6, 0.8)
W22 0.056 (0.6, 0.8) (0.6, 0.8) (0.6, 0.8) (0.8, 1.0)
W23 0.040 (0.8, 1.0) (0.4, 0.6) (0.6, 0.8) (0.4, 0.6)
W24 0.049 (0.6, 0.8) (0.2, 0.4) (0.4, 0.6) (0.2, 0.4)
W25 0.050 (0.8, 1.0) (0.4, 0.6) (0.8, 1.0) (0.6, 0.8)
W26 0.027 (0.2, 0.4) (0.6, 0.8) (0.2, 0.4) (0.8, 1.0)

W3 0.179

W31 0.064 (0.8, 1.0) (0.4, 0.6) (0.4, 0.6) (0.6, 0.8)
W32 0.043 (0.2, 0.4) (0.8, 1.0) (0.6, 0.8) (0.8, 1.0)
W33 0.042 (0.4, 0.6) (0.6, 0.8) (0.4, 0.6) (0.6, 0.8)
W34 0.030 (0.4, 0.6) (0.2, 0.4) (0.6, 0.8) (0.8, 1.0)

W4 0.134

W41 0.051 (0.6, 0.8) (0.8, 1.0) (0.8, 1.0) (0.4, 0.6)
W42 0.036 (0.2, 0.4) (0.4, 0.6) (0.8, 1.0) (0.4, 0.6)
W43 0.019 (0.8, 1.0) (0.2, 0.4) (0.4, 0.6) (0.6, 0.8)
W44 0.028 (0, 0.2) (0.6, 0.8) (0.8, 1.0) (0.8, 1.0)

W5 0.102 W51 0.054 (0.6, 0.8) (0.4, 0.6) (0.2, 0.4) (0.6, 0.8)
W52 0.048 (0.4, 0.6) (0.4, 0.6) (0.6, 0.8) (0.2, 0.4)

Table 6: Normalized evaluation results of enterprise indicators.

Secondary indicators Enterprise A Enterprise B Enterprise C Enterprise D
W11 (0.0766, 0.1021) (0.1021, 0.1276) (0.0766, 0.1021) (0.051, 0.0766)
W12 (0.0555, 0.0694) (0.0139, 0.0278) (0.0278, 0.0416) (0.0416, 0.0555)
W13 (0.0249, 0.0373) (0.0373, 0.0497) (0.0373, 0.0497) (0.0124, 0.0249)
W14 (0.0244, 0.0366) (0.0488, 0.061) (0.0366, 0.0488) (0.0244, 0.0366)
W21 (0.0414, 0.0552) (0.0138, 0.0276) (0.0276, 0.0414) (0.0414, 0.0552)
W22 (0.0335, 0.0447) (0.0335, 0.0447) (0.0335, 0.0447) (0.0447, 0.0559)
W23 (0.0322, 0.0403) (0.0161, 0.0242) (0.0242, 0.0322) (0.0161, 0.0242)
W24 (0.0369, 0.0491) (0.0123, 0.0246) (0.0246, 0.0369) (0.0123, 0.0246)
W25 (0.0399, 0.0499) (0.02, 0.0299) (0.0399, 0.0499) (0.0299, 0.0399)
W26 (0.0053, 0.0106) (0.0159, 0.0212) (0.0053, 0.0106) (0.0212, 0.0266)
W31 (0.0511, 0.0638) (0.0255, 0.0383) (0.0255, 0.0383) (0.0383, 0.0511)
W32 (0.0086, 0.0172) (0.0345, 0.0431) (0.0259, 0.0345) (0.0345, 0.0431)
W33 (0.0211, 0.0316) (0.0316, 0.0422) (0.0211, 0.0316) (0.0316, 0.0422)
W34 (0.0119, 0.0179) (0.006, 0.0119) (0.0179, 0.0239) (0.0239, 0.0299)
W41 (0.0308, 0.0411) (0.0411, 0.0514) (0.0411, 0.0514) (0.0205, 0.0308)
W42 (0.0072, 0.0144) (0.0144, 0.0217) (0.0289, 0.0361) (0.0144, 0.0217)
W43 (0.0149, 0.0187) (0.0037, 0.0075) (0.0075, 0.0112) (0.0112, 0.0149)
W44 (0, 0.0057) (0.017, 0.0227) (0.0227, 0.0283) (0.0227, 0.0283)
W51 (0.0402, 0.0536) (0.0268, 0.0402) (0.0134, 0.0268) (0.0402, 0.0536)
W52 (0.0241, 0.0362) (0.0241, 0.0362) (0.0362, 0.0483) (0.0121, 0.0241)
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7. Conclusion

Although technological innovation is a risky activity, it is
also an effective way for enterprises to realize their own
interests. Choosing the innovation alliance that can learn
from each other is an effective means to improve the success
rate of innovation and promote the commercialization of
technology industrialization. By constructing an open in-
novation capability system considering risk aversion, this
paper puts forward the evaluation method based on prospect
theory and fuzzy TOPSIS evaluation method, which helps
the main enterprises to choose their own innovation alliance
under the risk attitude; truly; effectively; and scientifically
carry out risk management; minimize the possibility of risk
occurrence; and make technological innovation activities
have higher value. Introducing the psychological risk factors
of the subject into the design decision-making behavior can
help enterprises to choose the innovation alliance which is
more in line with the actual needs and reduce the innovation
risk to the greatest extent.
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