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Valuation method of intellectual property pledge
financing based on income interval analysis and
risk adjustment coefficient
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This study has developed a new method to valuate intellectual property for pledge financing.

First, based on interval theory and the relevant calculation rules, the income interval model is

and then used to calculate the interval values of intellectual property. Second, based on the

change structure of risk indicators, the AHP and set-valued statistics are utilized to calculate

the risk adjustment coefficient. Third, the point value of intellectual property is calculated

with its values at an interval scale and risk adjustment coefficient. The values of intellectual

property at an interval scale provide the two parties negotiating pledge financing with a

reference range of loan amounts. The risk adjustment coefficient becomes a crucial indicator

for measuring value evaluation risk. The point value of intellectual property specifies how

much the bank loan amount can deviate from the values of intellectual property at an interval

scale. The method creates a multi-indicator system to valuate intellectual property for pledge

financing, which lowers the risk of intellectual property pledge financing to a significant extent

and facilitates its operation. Moreover, the method has been proven to be efficient in practice.
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Introduction

The accumulation and spillover of intellectual capital
underpins sustainable economic development. The intel-
lectual property, capital and labor of an economy work

together to produce increasing returns to scale, improve marginal
productivity, and promote economic development (Romer, 1986).
Enterprises can also create technical barriers by building intel-
lectual property to make a fortune (Wang et al., 2014). Currently,
small- and medium-sized tech companies across the globe, major
creators of intellectual property, have become the major driving
force for innovation and have played an irreplaceable role in
stimulating the economic development of the world. However,
most small- and medium-sized tech startups are capital guzzlers
that require considerable investment, thus facing high risk. As a
result, they are having trouble raising funds from conventional
financing channels, and intellectual property pledge financing is
designed to address this issue (Bo et al., 2021). An increasing
number of small- and medium-sized tech companies are
attempting to raise funds with their intellectual property assets.
Therefore, intellectual property pledge financing has become a
significant way for these companies to acquire financial support.
However, to conduct intellectual property pledge financing, we
need effective methods to valuate intellectual property (Vuong
et al., 2021). Furthermore, such methods must be developed on
the basis of well-established theories. As an intangible asset,
intellectual property is valuable in different ways than tangible
assets. Specifically, intellectual property is innovative, proprietary
and incommensurable. Therefore, the labor theory of value and
cost-of-production theory cannot explain the formation of
intellectual property value (Boisot, 1998). The market method
and the cost method are also inapplicable to intellectual property
valuation (AlGhamdi and Durugbo, 2021). An intellectual
property asset, as a production factor, must be provided as a
commodity or service together with its physical carrier to gen-
erate utility for consumers. The value of an intellectual property
asset varies with the utility it provides consumers. Therefore,
marginal utility theory can explain the formation of intellectual
property value. Products derived from intellectual property create
a competitive advantage, the future income of which is the source
of value of intellectual property. Utility and scarcity are the the-
oretical basis for valuating intellectual property (Boisot 1998;
Hidalgo, 2015). The income method for asset valuation is foun-
ded on the theory. Despite its prevailing application in intellectual
property valuation, this method is limited (AlGhamdi and
Durugbo, 2021) in that intellectual property valuation is subject
to the influence of different appraisers, changes in objective
situations and the power balance between the two parties engaged
in pledge financing. This allows the indicators of the income
method to fluctuate in certain intervals. In response, we have
developed the income interval analysis, which extends the tradi-
tional income method by taking intervals into consideration.
Then, to make valuation less risky and provide the two parties
engaged in pledge financing with a base point of transaction, the
AHP and set-valued statistics are combined to calculate the risk
adjustment coefficient. Finally, the point value of intellectual
property is calculated with the values at an interval scale esti-
mated by the income interval analysis and the risk adjustment
coefficient. The intellectual property valuation method has also
been tested in practice. China has made great efforts to promote
intellectual property pledge financing, which has led to an
upsurge of studies on intellectual property valuation methods and
their widespread application. Intellectual property pledge finan-
cing is thus thriving in China. The total amount of pledge
financing rose from 93.17 billion yuan in 2015 to 218 billion yuan
in 2020, representing an average annual growth rate of 17.2% (see
Fig. 1). This has overcome the financing challenges confronting

small- and medium-sized tech companies. With sufficient
financial support, a large number of Chinese tech companies have
flourished, pushing China’s innovation to higher levels. The
number of approved invention patents also saw a surge from
93,000 in 2008 to 530,000 in 2020. Therefore, effective intellectual
property valuation has played a vital role in promoting the
development of intellectual property pledge financing. The
intellectual property valuation method developed in this paper,
subject to little influence of social and economic systems and
culture, among other factors, is universally applicable and can be
generalized to a wide range of scenarios.

Literature review
Intellectual property pledge financing evaluation is a professional
service in which an institution evaluates the value of an intel-
lectual property asset and prepares an evaluation report to pro-
vide a reference for the pledger to make financing decisions. The
market method, cost method and income method are the most
commonly used methods for the evaluation of intellectual prop-
erty pledge financing (Lagrost et al., 2010; Svishchova, 2022). The
market method determines the value of an intellectual property
asset by comparing the actual amount paid for a similar asset in a
similar market. This method should be used in scenarios where
an active market and all data of the comparable asset are available
(AlGhamdi and Durugbo, 2021). The intellectual property trad-
ing market in developing countries is neither active nor well
established. Moreover, every intellectual property asset is original,
novel and unique in itself. The owner of an intellectual property
asset has a monopoly over it, and any other, even if having made
the same technology achievements through independent research
and development, will not be deemed the owner of the intellectual
property asset. Therefore, it is extremely difficult to obtain
transaction data to conduct valuation via the market method.
Moreover, the actual amount paid for an intellectual property
asset is often kept confidential. The limitations of the market
method and the features of intellectual property have conspired to
restrict the application of this method in intellectual property
valuation. This approach is primarily effective in evaluating the
value of right-of-use intangible assets and that of assets with
similar features (Lagrost et al., 2010; Svishchova, 2022). The cost
method is used to valuate intellectual property assets by aggre-
gating the expenditures incurred after considering different kinds
of obsolescence factors. The cost of development of an intellectual
property asset is readily available. However, valuating an intel-
lectual property asset at its cost reveals the socially necessary
labor time for creating the asset but neglects the value it can
possibly generate in the future. Investment in intellectual prop-
erty creation is usually high risk but brings huge rewards. In other
words, intellectual property generates far more or far less income
than cost. The cost method is most suitable for determining the
minimum trading value (Parr, 2018; Svishchova, 2022). The
income method calculates the future income that can possibly be
generated to determine the present value of the asset in question.
This method is the most popular tool to valuate intellectual
property in that it makes scientific calculations (Loyarte et al.,
2018; Lagrost et al., 2010). However, this approach is also limited:
it is difficult to predict the future income most intellectual
property assets can possibly generate. The discounted rate can be
affected by many risk factors. Calculations vary considerably with
changes in indicators; consequently, improvement is required to
make this method more effective in practice.

It is difficult to valuate intellectual property scientifically. In
response, many scholars have attempted to improve the income
method, including measuring the expected rate of return against
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the expected excess return and calculating the expected income
and discounted rate with the income share percentage (Ma et al.,
2019; Yuan et al., 2012). As more scholars have become com-
mitted to studying the evaluation of intellectual property,
approaches other than the market method, the cost method and
the income method have been developed. These approaches
combine qualitative and quantitative tools to valuate intellectual
property. Delphi is a frequently used qualitative method, but to
quantify expert evaluations, we must resort to the AHP. By
structuring and systemizing the valuation of intellectual property,
the AHP enables both qualitative evaluation and quantitative
calculation of intellectual property value (Subramanian and
Ramanathan, 2012). The AHP is a simple, flexible and practical
tool to manage multi-criteria decision-making by evaluating
both qualitative and quantitative factors (Satty, 2008). The AHP
can be used in many scenarios together with other methods,
such as TOPSIS, Delphi and fuzzy comprehensive evaluation.
Intellectual property is unique, and its valuation is subject to
the influence of its distinctive features and various other factors,
thus entailing high risks (Zyoud and Fuchs-Hanusch, 2017;
Huang et al., 2022; Lyu et al., 2020). Based on theoretical
research and a review of existing methods, we propose to
combine income interval analysis with the risk adjustment
coefficient to valuate intellectual property. In this way, an
indicator system composed of the interval scale, risk adjustment
coefficient and point value of intellectual property is formed,
and this multi-indicator system can lower the risk of evaluation.
Intellectual property pledge evaluation differs from transaction
evaluation in that meeting the risk control requirements of
financial institutions facilitates transactions. The intellectual
property pledge financing evaluation method developed in this
paper speaks to the distinctive feature of pledge financing by
exerting effective risk control.

This paper enriches relevant theories by clarifying the status of
utility theory and interval theory as the theoretical foundation for
intellectual property pledge financing valuation. The labor theory of
value, the cost-of-production theory of value and the marginal utility
theory of value are major economic theories explaining value for-
mation (Boisot, 1998). Intellectual property is original, proprietary
and incommensurable; therefore, it cannot be measured against the
socially necessary labor time. Consequently, the labor theory of value
cannot explain the formation of intellectual property value. The cost-
of-production theory of value is more effective in deciphering the
value formation of tangible assets that can be produced repeatedly.
In contrast, intellectual property, a crystallization of human wisdom,
occurs only once. Moreover, it is difficult to determine the cost of
intellectual property. Therefore, the cost-of-production theory of
value is not suitable for valuating intellectual property. The value of

intellectual capital resides in the future income that the competitive
advantage of its commercialization can possibly generate. The value
of intellectual property is judged by its utility and scarcity, and it is
reasonable to valuate intellectual property pledge financing based on
the utility theory of value and interval theory. This paper is inno-
vative in the following three aspects. First, we optimized the income
method. Specifically, we conducted income interval analysis based
on the utility theory of value, interval theory and calculation rules of
intervals. This approach is designed in accordance with the dis-
tinctive features of intellectual property pledge financing to fulfill
relevant risk control requirements and proved effective in practice.
Second, we combined the AHP with set-valued statistics. The AHP,
a multi-criteria decision-making tool involving both qualitative and
quantitative analysis, works perfectly with flexible set-valued statis-
tics. We have developed a typical way to calculate the risk adjust-
ment coefficient and have managed to determine the point value of
intellectual property. Third, we have established a valuation system
composed of interval values, risk adjustment coefficient and point
value to valuate intellectual property pledge financing, which over-
comes the limitations of valuating intellectual property against a
single indicator. It has been found in practice that valuating intel-
lectual property based on a multi-indicator system serves the parties
engaged in intellectual property pledge financing better.

Theoretical and methodological basis
Interval theory and income interval analysis. The income
method estimates the expected future income and remaining useful
life of intellectual property and then discounts the probable future
income to the value in the present day using a discounted rate.

V ¼ ∑
n

t¼1

Rt

1þ rð Þt ð1Þ

where V is the value of intellectual property, Rt is the expected
income of intellectual property in year t, r is the expected discounted
rate of intellectual property, t is the expected remaining useful life of
intellectual property.

At present, the income method produces only accurate point
estimates of various indicators or the closest estimates to the true
values of these indicators but fails to specify the margin of error.
However, valuation is a kind of consultation, and the valuation of
intellectual property varies with the professional competence of
different appraisers. In addition, the value of intellectual property
will change with economic and legal variations. Therefore, it is
reasonable to assume that interval estimates allowing for a certain
margin of error rather than accurate point estimates should be
adopted for the indicators of the income method. First, the
expected income Rt is not the historical data of income but the
part of income earned using intellectual property in the expected

Fig. 1 Intellectual property pledge financing amount and growth rate in China. Pledged financing amount Data released by the State Intellectual Property
Office of China, the growth rate is calculated by the author.
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income increments. Intellectual property is only valuable when it
is offered with a physical carrier, but it is difficult to draw a clear
line between the two. As a result, adopting the interval estimates
of income contributed by intellectual property allows for changes
in influence factors, thus being more agreeable with the features
of valuation. Then, the expected discounted rate r is a type of
return on investment, which comprises the risk-free rate of return
often represented by the bank interest rate or treasury note rate
and the rate of return to investment that carries risk as well as
inflation. The discounted rate varies with macroeconomic
changes and industry progress. Therefore, assigning the dis-
counted rate to a specific range is consistent with reality. Finally,
the expected useful life t refers to the remaining useful years of
intellectual property calculated from the time when the valuation
is done, and it is dependent on the economic life of intellectual
property. This indicates that t of intellectual property should not
be smaller than the term of the loan, and its value should be able
to cover the loan amount to protect the creditor’s rights.
However, we can only estimate the maximum useful years of
intellectual property. Therefore, it is reasonable to assign the
expected useful life of intellectual property to a specific range. The
analysis above leads us to the following formula for calculating
the income interval:

V�;Vþ� � ¼ ∑
n

t¼1

R�
t ;R

þ
t

� �

1þ r�; rþ½ �ð Þ t�;tþ½ � ð2Þ

where [V−, V+] stands for the value interval of intellectual
property. ½R�

t ;R
þ
t � represents the expected income interval of

intellectual property in year t. [r−, r+] refers to the interval of the
expected discounted rate of intellectual property in year t. [t−, t+]
is the interval of the expected useful life of intellectual property.

Calculation rules of interval values. The utility theory of value
and interval theory lay a solid theoretical foundation for income
interval analysis. The calculation rules of interval values serve as
the basis for income interval analysis to make calculations (Moore
et al., 2009). These calculation rules are rarely used in asset
valuation. This paper innovates by employing these calculation
rules to valuate intellectual property pledge financing. Detailed
calculation rules are presented as follows.

The interval of binary numbers is in the form of
�A
� � ¼ a�; aþ½ �, �B

� � ¼ b�; bþ½ �. The calculation rules of the
binary numbers are detailed as follows:

Addition: �A
� �þ �B

� � ¼ a� þ b�; aþ þ bþ½ �; a≥ 0; b≥ 0:
Subtraction: �A

� �� �B
� � ¼ a� � b�; aþ � bþ½ �; a≥ 0; b≥ 0:

Multiplication: �A
� �

´ �B
� � ¼ a�; aþ½ � ´ b�; bþ½ �; a≥ 0; b≥ 0:

Division:
�A½ �
�B½ � ¼

a�;aþ½ �
b�;bþ½ � ¼ a�

bþ ;
aþ
b�

� �
; a≥ 0; b>0:

Exponentiation: �A
� �n¼ a�; aþ½ �n¼ a�ð Þn; aþð Þn� �

; a≥ 0; b≥ 0:

Average calculating operation: supposing �A1

� � ¼ a�1 ; a
þ
1

� �
;

�A2

� � ¼ a�2 ; a
þ
2

� �
; L; �An

� � ¼ a�n ; a
þ
n

� �
; a≥ 0; b≥ 0: the formula

Ave �A1

� � ¼ a�1 þa�2 þLþa�n
n ;

aþ1 þaþ2 þLþaþn
n

h i
: returns the average.

Set-valued statistics. Set-valued statistics incorporate point esti-
mates into the interval of estimates (Sun et al., 2001; Wang, 1985).
During valuation, experts are invited to estimate the interval of
intellectual property values. Suppose the kth expert assigns the

value of intellectual property μ 1ð Þ
i1 ; μ

2ð Þ
i2

h i
; μ 1ð Þ

i1 ; μ
2ð Þ
i2 ≥ 0 in interval i.

n experts assign the value of intellectual property in n intervals,

thereby forming a set-valued statistical series μ 1ð Þ
i1 ; μ

1ð Þ
i2

h i
;

μ 1ð Þ
i1 ; μ

1ð Þ
i2

h i
; μ 2ð Þ

i1 ; μ
2ð Þ
i2

h i
; μ 3ð Þ

i1 ; μ
3ð Þ
i2

h i
; L; μ kð Þ

i1 ; μ
kð Þ
i2

h i
; L; μ nð Þ

i1 ; μ
nð Þ
i2

h i
.

These subsets are distributed in a certain pattern on the value
axis, which can be described by expression (3):

XðμiÞ ¼
1
n
∑
n

k¼1
χ

μ kð Þ
i1 ;μ

kð Þ
i2

� �ðμiÞ ð3Þ

where χ
μ kð Þ
i1 ;μ

kð Þ
i2

� � ¼ 1; μ kð Þ
i1 ≤ μi ≤ μ

kð Þ
i2

0; else

�

XðμiÞ is the drop shadow function. The estimated weight of
indicator i �μi is calculated in expression (4).

�μi ¼
Rmax
minμi

�X μi
� �

dμiRmax
min

�X μi
� �

dμi
ð4Þ

max and min are the maximum and minimum values of μi,
which can be obtained based on expressions (5) and (6):

Zmax

min

μi �X μi
� �

dμi ¼
1
2n

∑
n

k¼1
μki2
� �2� μki1

� �2h i
ð5Þ

Zmax

min

�X μi
� �

dμi ¼
1
n
∑
n

k¼1
μðkÞi2 � μðkÞi1

h i
ð6Þ

Expressions (5) and (6) lead to expression (7).

�μi ¼
1
2
∑
n

k¼1
μki2
� �2� μki1

� �2h i
= ∑

n

k¼1
μðkÞi2 � μðkÞi1

h i
ð7Þ

The confidence interval bi of �μi of indicator i can be utilized to
determine whether expert evaluations are consistent and �μi is
accurate. bi can be calculated with expression (8).

bi ¼
1

1þ gi
ð8Þ

gi can be calculated using expression (9).

gi ¼
R max

min
μi ��μi½ �2 �X μið ÞdμiR max

min
�X μið Þdμi

gi ¼ 1
3 ∑

n

k¼1
μðkÞi2 � �μi

� �3
� μðkÞi1 � �μi

� �3
	 


= ∑
n

k¼1
μðkÞi2 � μðkÞi1

h i ð9Þ

Expression (8) indicates that a larger gi will result in a smaller
bi, suggesting consistency in expert evaluations. bi is usually
preset to 0.9 for intellectual property valuation. If bi does not
reach the preset value, experts have to continuously adjust the
interval values they give until bi equals 0.9.

The AHP. The AHP is a systematic analysis method that com-
bines qualitative analysis and quantitative analysis and is widely
employed in asset valuation (Zyoud and Fuchs-Hanusch, 2017;
Huang et al., 2022; Lyu et al., 2020). Intellectual property valua-
tion is both subjective and professional, and the involvement of
enough experts is necessary. To obtain more robust evaluations, it
is important to analyze the indicator-specific factors influencing
intellectual property value and paint a full picture of intellectual
property value for experts to help them make accurate quanti-
tative evaluations. The AHP is a powerful tool to tackle
unquantifiable multi-criteria problems that attempt to achieve
multiple objectives (Saaty, 2008; Subramanian and Ramanathan,
2012). In this paper, we combined the AHP with set-valued sta-
tistics to double adjust the weights of risk indicators calculated by
the AHP and then calculate the risk adjustment coefficient. The
seamless combination of the AHP managing multi-objective
decision-making based on both qualitative analysis and quanti-
tative analysis with flexible set-valued statistics has fulfilled the
requirements of various parties involved in intellectual property
pledge financing on risk control.
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Application of the new valuation method
Procedures. The new method evaluates intellectual property pledge
financing in three steps: first, establish an indicator system and
calculate the preliminary interval values of intellectual property
based on income interval analysis. Second, based on the change
structure of risk indicators affecting intellectual property value, use
the AHP and set-valued statistics to calculate the risk adjustment
coefficient of intellectual property value. Third, calculate the point
value of intellectual property value based on the preliminary interval
values and risk adjustment coefficient (see Fig. 2).

Case study. XTX Technology Co., Ltd. (hereinafter referred to as
XTX Technology) in Nanjing specializes in the research and
development of copying machines, printers and other consumables.
According to Baiten, a patent service provider in China, as of 2020,
43 patents have been granted to XTX Technology. Moreover, several
toners independently developed by XTX Technology have been
identified as high-tech products in Jiangsu Province. However, as
production scales up, more money is put into research and devel-
opment. To obtain funds, on November 11, 2021, XTX Technology
pledged a patented technology (No: ZLNJ027) with the Bank of
China to apply for a loan. Zhongtian Assets Appraisal is responsible
for valuating the patent as an independent third party, and the
valuation is done via the income method. The income method
involves the following indicators. Expected income Rt: Rt is mea-
sured against the technical contribution of the patent to the sales of
related products. Sales of related products increased from 8.7 million
yuan in 2016 to 11.1036 million yuan in 2021, representing an
annual growth rate of ~5%. Approximately 7% of the sales are
attributable to the patent. In other words, the sales generated by the
patent also rose from 609,000 yuan in 2016 to 777,200 yuan in 2021.
Sales are expected to grow at approximately 5% from 2022 to 2028,
and the technical contribution of the patent remains at 7%. There-
fore, the sales attributable to the patent will gradually increase from
816,100 yuan in 2022 to 1.0937 million yuan in 2028. Expected
discounted rate r: discounted rate= risk-free treasury note rate+
industry risk rate+ inflation rate. The 5-year treasury note rate is
5.32%, and the sum of the industry risk rate and inflation rate is
~4%. Therefore, the discounted rate of the patent is approximately
9.32%. Expected useful life t: under patent law, the term of invention
patents is 15 years. Considering the changing market environment
and technological advances, the economic life of the patent is
expected to be ~7 years.

The indicator system of intellectual property valuation. First,
after studying recent cases, policies, papers and monographs in

relation to intellectual property valuation and consulting with pro-
fessionals, we have chosen several indicators that influence intel-
lectual property value on the basis of the Intellectual Property
Evaluation Manual published by China Technology Exchange
(CTEX). Second, more indicators will not necessarily lead to more
accurate evaluations. On the one hand, experts will be distracted by
too many indicators; on the other hand, with so many indicators, it
is more likely that some may be incompressible to experts, making it
difficult for the experts to arrive at sound evaluations. Based on the
theoretical basis and features of the method for intellectual property
valuation, experts are invited to rate the intellectual property on a
1–9 Saaty scale. The weight of each indicator is then calculated using
yaahp, which is taken as the score of the indicator, and finally, the
indicators are ranked by score and those with higher scores are
selected. Third, since intellectual property valuation is inevitably
subject to the influence of subjective factors, the indicators that are
chosen may overlap in logic terms. In response, experts are invited to
remove indicators with unclear definitions and logically overlapping
ones. Eleven high-ranking indicators survived the two tests. The 11
indicators, with normalized scores, form the indicator system for the
intellectual property valuation case study in this paper (see Table 1).

Preliminary interval of intellectual property values. First,
appraisers from Zhongtian Assets Appraisal prepared a detailed
report on the pledged patent of XTX Technology. The report
expounded on the discounted rate, expected income and expected
useful life of the patent, among other indicators, and presented
preliminary calculation results. Second, Zhongtian Assets Appraisal
invited five experts to valuate the patent of XTX Technology, who
then calculated the indicators in Table 1 based on the detailed
information and preliminary calculation results of these indicators in
the report. Third, consider the calculation results of [r−, r+] of
expert 1. Given the weights of various indicators in Table 1, expert 1
first determined the lower limit of the interval of indicators P1-P11
based on the information and preliminary calculation results in the
report, then multiplied the weight by the lower limit of each indi-
cator, and finally summed the products of these indicators. The sum
is the lower limit r− in [r−, r+], which is 8.12. The upper limit r+ is
calculated via the same method, and the result is 10.33. [r−, r+]
equals [8.12, 10.33]. The calculation results of [r−, r+] for all 11
indicators are listed in Table 2. Other experts calculated [r−, r+] in
the same way. Corresponding results are reported in Table 3. Fourth,
[t−, t+] and [R−, R+] are calculated with the same method as [r−,
r+]. The calculation results are presented in Tables 3 and 4. With the
calculation results of various indicators available, [V−, V+] is cal-
culated based on expression (2). The results are reported in Table 4.

Fig. 2 Procedures of the new method to valuate intellectual property pledge financing. It intuitively describes the process and steps of the value assessment
of intellectual property pledge financing, and indicates that several aspects of the work constitute a step as a whole in the scope of the virtual box.
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Calculate [t−, t+] = [6.1, 7.1] and [R−, R+] in reference to the
calculation formula of [r−, r+]: r�; rþ½ � ¼
8:12þ8:21þ8:22þ8:29þ8:27

5 ; 10:33þ10:42þ10:43þ10:45þ10:51
5

� � ¼ 8:22; 10:43½ �.
Experts are invited to predict the income that intellectual
property can possibly generate in the future [6, 7] years.
Predictions are detailed in Table 4.

Consider the [V−, V+] calculated by expert 1 with the income
interval analysis.

With t= 6,

V�;Vþ½ �6¼ 81;82½ �
1þ 0:0822;0:1043½ �ð Þ þ 86;86:5½ �

1þ 0:0822;0:1043½ �ð Þ2 þ
89;90½ �

1þ 0:0822;0:1043½ �ð Þ3

þ 94:5;95½ �
1þ 0:0822;0:1043½ �ð Þ4 þ

99;100½ �
1þ 0:0822;0:1043½ �ð Þ5 þ

104:5;105½ �
1þ 0:0822;0:1043½ �ð Þ6

¼ 81;82½ �
1:0822;1:1043½ � þ 86;86:5½ �

1:0822;1:1043½ �2 þ
89;90½ �

1:0822;1:1043½ �3 þ
94:5;95½ �

1:0822;1:1043½ �4

þ 99;100½ �
1:0822;1:1043½ �5 þ

104:5;105½ �
1:0822;1:1043½ �6

¼ 81;82½ �
1:0822;1:1043½ � þ 86;86:5½ �

1:08222;1:10432½ � þ 89;90½ �
1:08223;1:10433½ �

þ 94:5;95½ �
1:08224;1:10434½ � þ 99;100½ �

1:08225;1:09435½ � þ 104:5;105½ �
1:08226;1:10436½ �

¼ 81
1:1043 ;

82
1:0822

� �þ 86
1:10432 ;

86:5
1:08222

� �þ 89
1:10433 ;

90
1:08223

� �

þ 94:5
1:10434 ;

95
1:08224

� �þ 99
1:10435 ;

100
1:08225

� �þ 104:5
1:10436 ;

105
1:08226

� �

¼ 73:3496; 75:7716½ � þ 70:5219; 73:8586½ � þ 66:0889; 71:0101½ �
þ 63:5453; 69:2618½ � þ 60:2837; 67:3693½ � þ 57:6227; 65:3648½ �
¼ 391:4123; 422:6362½ �

With t= 7,

V�;Vþ½ �7¼ 81;82½ �
1þ 0:0822;0:1043½ �ð Þ þ 86;86:5½ �

1þ 0:0822;0:1043½ �ð Þ2 þ
89;90½ �

1þ 0:0822;0:1043½ �ð Þ3

þ 94:5;95½ �
1þ 0:0822;0:1043½ �ð Þ4 þ

99;100½ �
1þ 0:0822;0:1043½ �ð Þ5 þ

104:5;105½ �
1þ 0:0822;0:1043½ �ð Þ6 þ

109;110½ �
1þ 0:0822;0:1043½ �ð Þ7

¼ 81;82½ �
1:0822;1:1043½ � þ 86;86:5½ �

1:0822;1:1043½ �2 þ
89;90½ �

1:0822;1:1043½ �3 þ
94:5;95½ �

1:0822;1:1043½ �4 þ
99;100½ �

1:0822;1:1043½ �5

þ 104:5;105½ �
1:0822;1:1043½ �6 þ

109;110½ �
1:0822;1:1043½ �7

¼ 81;82½ �
1:0822;1:1043½ � þ 86;86:5½ �

1:08222;1:10432½ � þ 89;90½ �
1:08223;1:10433½ � þ 94:5;95½ �

1:08224;1:10434½ �

þ 99;100½ �
1:08225;1:09435½ � þ 104:5;105½ �

1:08226;1:10436½ � þ 109;110½ �
1:08227;1:10437½ �

¼ 81
1:1043 ;

82
1:0822

� �þ 86
1:10432 ;

86:5
1:08222

� �þ 89
1:10433 ;

90
1:08223

� �þ 94:5
1:10434 ;

95
1:08224

� �

þ 99
1:10435 ;

100
1:08225

� �þ 104:5
1:10436 ;

105
1:08226

� �þ 109
1:10437 ;

110
1:08227

� �

¼ 73:3496; 75:7716½ � þ 70:5219; 73:8586½ � þ 66:0889; 71:0101½ �
þ 63:5453; 69:2618½ � þ 60:2837; 67:3693½ � þ 57:6227; 65:3648½ �
þ 54:4273; 63:2761½ �
¼ 445:8396; 485:9123½ �

The final calculation results of [V−, V+] of expert 1 are:

V�;Vþ½ �1¼
V�;Vþ½ �6þ V�;Vþ½ �7

2 ¼ 391:4123;422:6362½ �þ 445:8396;485:9123½ �
2

¼ 837:2518;908:5485½ �
2 ¼ 418:6259; 454:2742½ � V�;Vþ½ � of the other

four experts can be calculated in the same way, and the
calculation results are reported in Table 4. The preliminary value
interval of intellectual property can be determined by averaging
the calculation results of the five experts.

Table 1 The indicator system for intellectual property valuation.

Primary indicator Secondary indicator Description Weight Sign

Market value Market size prospect Market demand and market value 0.05 P1
Readiness of commercialization To what degree it is possible to commercialize intellectual property 0.15 P2
Fierceness of competition The fierceness of competition confronting intellectual property products 0.09 P3
Stability of intellectual property rights The validity of intellectual property rights during their exercise 0.25 P4

Technical value Degree of standardization The standard level determined by the government 0.03 P5
International presence Patent filings and authorizations with other countries 0.05 P6
Irreplaceability Technical barriers created by intellectual property to obtain excess profits 0.08 P7
Economic life The number of years in which intellectual property creates profits 0.14 P8

Legal value Scope of protection Corporate protection and territorial scope of protection for intellectual
property

0.04 P9

Infringement judging Ownership and authorization of intellectual property, and law
enforcement on competition restriction

0.09 P10

Term of protection The term of protection starting from the date of approval 0.03 P11

Weights of the indicators are normalized.

Table 2 [r−, r+] calculation results of expert 1.

Indicator sign P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

Indicator weight ① 0.05 0.15 0.09 0.25 0.03 0.05 0.08 0.14 0.04 0.09 0.03
Lower limit of the interval ② 8.05 8.37 7.99 8.18 8.19 8.12 7.96 8.12 8.15 7.8 8.17
Sum of r−=①×② 8.12
Upper limit of the interval ③ 11.12 9.89 10.27 10.36 9.89 10.32 10.53 10.67 10.78 9.88 10.26
Sum of r+=①×③ 10.33
[r−, r+] values [8.12, 10.33]

The discounted rate is estimated to be ~9.32% in the report prepared by Zhongtian Asset Appraisal.

V�;Vþ½ �0¼
V�;Vþ½ �1þ V�;Vþ½ �2þ V�;Vþ½ �3þ V�;Vþ½ �4þ V�;Vþ½ �5

5

¼ 418:6259;454:2742½ �þ 419:1508;454:7012½ �þ 419:8964;455:5277½ �þ 419:2773;454:3643½ �þ 419:213;454:5574½ �
5

¼ 419:2327; 454:6850½ �
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Weights of indicators calculated by the AHP
Risk change structure model of intellectual property value com-
ponents. The preliminary value interval of intellectual property
may still be biased. This can mainly be ascribed to changes in the
value components of intellectual property and the cognitive
limitations of experts. To lower the risk, a change structure of risk
indicators is identified, where weights of the intellectual value
components are calculated by the AHP to measure the influence
of changes in these components on the intellectual value. On this

basis, set-valued statistics are used to calculate the risk adjustment
coefficient, as shown in Fig. 3.

Weighting and consistency testing. Based on Fig. 3, experts mea-
sured the influence of indicators at level C on those at level A with
a 1–9 Saaty scale and then compared and quantified this influ-
ence. On this basis, the judgment matrix A–C is developed.

The indicator value of C1 is calculated with the square foot
method: N1 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 ´ 2 ´ 33

p ¼ 1:82. The indicator values of C2 and

C3 are calculated in the same way: N2 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 ´ 1 ´ 1

2
3

q
¼ 1 and

N3 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
3 ´

1
2 ´ 1

3

q
¼ 0:55:The weights are normalized:

W ¼ ðC1;C2;C3Þ ¼ ð0:5390; 0:2972; 0:1638Þ:The eigenvectors
of matrices A-C are calculated:
E ¼ ðC1;C2;C3Þ ¼ ð1:62482; 0:8943; 0:492063Þ:The largest
Eigen value λmax ¼ 3:0092 conforms to the matrix in question.
CI is calculated: CI ¼ 0:0046: As demonstrated in Table 5,

Table 3 [r−, r+] and [t−, t+] calculation results of the 5 experts.

Indicator Unit Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Average interval value

[r−, r+] % [8.12, 10.33] [8.21, 10.42] [8.22, 10.43] [8.29, 10.45] [8.27, 10.51] [8.22, 10.43]
[t−, t+] Year [6, 7] [6.5, 7.5] [5.5, 6.5] [6, 7] [6.5, 7.5] [6.1, 7.1]

Table 4 Calculation results of the income interval indicator Rt and the intellectual property value interval [V−, V+].

Indicator [R−, R+] Unit: ten thousand yuan

Year Expert 1 Expert 2 Expert 3 Expert 4 Expert 5

2022 [81, 82] [81.5, 82] [82, 82.5] [81.5, 82] [81.5, 82]
2023 [86, 86.5] [86, 87] [86, 87] [86.5, 87] [86.5, 87]
2024 [89, 90] [89.5, 90] [89.5, 90] [89, 90] [89, 90]
2025 [94.5, 95] [94.5, 95] [95, 95.5] [94, 95] [94.5, 95]
2026 [99, 100] [99.5, 100] [99.5, 100] [99, 99.5] [99, 100]
2027 [104.5, 105] [104, 105] [104, 105] [104.5, 105] [104, 105]
2028 [109, 110] [109.5, 110] [109, 110] [109.5, 110] [109, 109.5]
[V−, V+] [418.6259, 454.2742] [419.1508, 454.7012] [419.8964, 455.5277] [419.2773, 454.3643] [419.213, 454.5574]

Fig. 3 Change structure of risk indicators affecting intellectual property value. The content and composition level of intellectual property value
assessment risk are described intuitively, and the scope of the virtual box specifically explains the content of the value change risk of the upper level.

Table 5 Judgment matrices A–C.

A C1 C2 C3 Weight W λmax CI RI CR

C1 1 2 3 0.5390 3.0092 0.0046 0.58 0.0079
C2 1/2 1 2 0.2972
C3 1/3 1/2 1 0.1638
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RI ¼ 0:58. Then, we have CR ¼ CI
RI ¼ 0:0046

0:58 ¼ 0:0079 and
CR≤ 0:1:This indicates that the indicator weights are consistent.
The weights of the three judgment matrices are calculated with
the same method, as reported in Tables 6, 7, and 8. The combined
weights are calculated with the criterion layer weights and the
plan layer weights (see Table 9).

A consistency check is performed on the total order of the hierarchy.

C�R ¼
∑
i
CIiwi

∑
i
RIiwi

¼ 0:0046 ´ 1þ0:0103 ´ 0:5390þ0:0048 ´ 0:2972þ0:0092 ´ 0:1638
0:58 ´ 1þ0:90 ´ 0:5390þ0:90 ´ 0:2972þ0:58 ´ 0:1638

¼ 0:01308522
1:427584 ¼ 0:0092C�R<0:1, demonstrating that the hierarchy

total order passed the consistency test and verifying the credibility

of the weights of risk indicators affecting intellectual property
value.

A multi-indicator valuation system for intellectual property
pledge financing. Intellectual property pledge financing is
designed to obtain bank loans rather than sell an intellectual
property asset. Therefore, on the enterprises’ part, the key to
valuating intellectual property is to obtain enough bank loans to
meet their capital needs, and they are willing to exchange their
intellectual property for a bank loan of less value. Moreover,
under the current financial system in China, banks, with money
in hand, have a large say in whether to grant a loan. To make
intellectual property pledge financing happen, it is important to
help banks maximize interests and fulfill their risk control
requirements. Simply simulating market transactions where
appraisers act as impartial evaluators of intellectual property
value, although seemingly objective and fair, actually runs counter
to the realities and real intentions of intellectual property pledge

financing. Such valuation is one-sided. Therefore, it is necessary
to incorporate the risk control requirements of banks into intel-
lectual property valuation. To do so, experts are invited to assign
a value within [0, 1] to each risk indicator. The value manifests
experts’ confidence in the accuracy of the weight being assigned
to each indicator. For instance, if an expert assigns 0.8 to P11, the
chance that the weight of P11 (0.0517) is accurate stands at 80%.
Then, the risk-free weight of P11 can be calculated accordingly:
0.0517 × 0.8= 0.04136. Experts are asked to place their con-
fidence in the accuracy of the weight within a range of estimates.
Set-valued statistics are employed to calculate the upper and
lower limits of the range. Taking P11, �μi, gi and bi are calculated
with set-valued statistics based on the following expressions.
Specifically, �μi is calculated based on expression (7).

�μi ¼
1
2

0:952 � 0:92
� �þ 12 � 0:952

� �þ 0:952 � 0:92
� �þ 12 � 0:952

� �þ 0:952 � 0:92
� �

0:95� 0:9ð Þ þ 1� 0:95ð Þ þ 0:95� 0:9ð Þ þ 1� 0:95ð Þ þ 0:95� 0:9ð Þ
¼ 1

2
´
0:4725
0:25

¼ 0:945

gi is calculated based on expression (9).

According to expression (8), we have bi ¼ 1
1þ0:0008 ¼ 0:999.

bi ≥ 0:9 suggests that experts’ evaluations are consistent and �μi ¼
0:945 is accurate. The �μi, gi, and bi values of all other plan layer
indicators are calculated in the same way (see Table 10).

The risk adjustment coefficient of intellectual property valuation
AC can be calculated with the weight W and �μi values in Table 10:
AC ¼ 0:0517 ´ 0:945þ0:1494 ´ 0:862þLþ0:0898 ´ 0:894þ0:0345 ´ 0:875

0:0517þ0:1494þLþ0:894þ0:875 ¼ 0:8864.
The preliminary value interval [V−, V+] is V�;Vþ½ �0¼
419:2327; 454:6850½ �, in which 4.192327 million yuan is the lower
limit of V�;Vþ½ �0 or the smallest expected income the intellectual
property can possibly generate in the future. As the expected income
grows from 4.192327 million yuan to 4.54685 million yuan, risk
increases accordingly, and 4.54685 million yuan is associated with
the highest risk. The risk adjustment coefficient AC measures the
probability of the expected income rising from 4.192327 million
yuan to 4.54685 million yuan, or rising by 354,523
(454.6850–419.2327) yuan. In this case, AC= 0.8864 means that
the probability the expected income rises by 354,523

Table 6 Judgment matrix C1-P.

C1 P11 P12 P13 P14 Weight W λmax CI RI CR

P11 1 1/3 1/2 1/4 0.0960 4.0310 0.0103 0.90 0.0114
P12 3 1 2 1/2 0.2771
P13 2 1/2 1 1/3 0.1611
P14 4 2 3 1 0.4658

Table 7 Judgment matrix C2-P.

C2 P21 P22 P23 P24 Weight W λmax CI RI CR

P21 1 1/2 1/3 1/5 0.0883 4.0145 0.0048 0.90 0.0053
P22 2 1 1/2 1/3 0.1575
P23 3 2 1 1/2 0.2718
P24 5 3 2 1 0.4824

Table 8 Judgment matrix C3-P.

C3 C31 C32 C33 Weight W λmax CI RI CR

C31 1 1/2 1 0.2409 3.0183 0.0092 0.58 0.0159
C32 2 1 3 0.5485
C33 1 1/3 1 0.2106

gi ¼
1
3

0:95� 0:945ð Þ3� 0:9� 0:945ð Þ3� �þ 1� 0:945ð Þ3� 0:95� 0:945ð Þ3� �þ Lþ 0:95� 0:945ð Þ3� 0:9� 0:945ð Þ3� �
0:95� 0:9ð Þ þ 1� 0:95ð Þ þ 0:95� 0:9ð Þ þ 1� 0:95ð Þ þ 0:95� 0:9ð Þ ¼ 1

3
´
0:0006
0:25

¼ 0:0008
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(454.6850–419.2327) yuan is 0.8864. Furthermore, the point value of
intellectual property can be calculated based on the preliminary
interval values and risk adjustment coefficient: VF ¼ V�;Vþ½ �0 ´
AC ¼ 419:2327þ ð454:6850� 419:2327Þ ´ 0:8864 ¼ 450:6576,
which is 4.506576 million yuan. The point value, interval values and
risk adjustment coefficient calculated by the method developed in
this paper form an indicator system for intellectual property
valuation, which paints a fuller picture for parties involved in pledge
financing. In addition, with more comprehensive analysis, it can
greatly lower the risk of pledge financing and facilitate its operation.

Conclusions
In the case of XTX Technology, its patent pledged is valued in
[4.192327, 4.54685] million yuan, which serves as a reference for
both parties to pledge financing to make decisions. Pledge
financing performed by small- and medium-sized tech companies
is different from conventional transactions in that these compa-
nies attempt to obtain sufficient funds from banks by pledging
their intellectual property assets rather than securing a good deal.
Therefore, as long as these tech companies can obtain sufficient
funds, they are satisfied with any loan amount within the interval
[4.192327, 4.54685] million yuan. Banks usually try to maximize
the profits of a loan on the one hand and minimize the risk on the

other, especially the cumulative risk of multiple loans. The two
parties will negotiate the pledge financing around [4.192327,
4.54685] million yuan. However, in reality, banks have the upper
hand in the credit market, and they usually determine the loan
amount by adding to the lower limit of 4.192327 million yuan.
The risk adjustment coefficient serves as an important basis for
banks to decide on the amount they will add to the lower limit. A
larger risk adjustment coefficient suggests more accurate intel-
lectual property valuation. Consequently, banks are willing to add
more to the lower limit of 4.192327 million yuan and grant a loan
worth as much as 4.506576 million yuan, which is the point value
of intellectual property. The interval values, risk adjustment
coefficient and point value of intellectual property enable banks to
consider granting a loan from many respects, thereby reducing
the risk to a considerable extent and facilitating the operation of
pledge financing. Intellectual property is difficult to quantify,
resulting in ambiguous and arbitrary valuation. The valuation
method of intellectual property in this paper is founded on sound
theories and offers a simple but practical tool to make accurate
evaluations. Finally, as demonstrated by the case study, Zhongtian
Asset Appraisal has made a satisfactory valuation of intellectual
property using this method. The method is universally applicable
and can be used in the intellectual property pledge financing of
small- and medium-sized tech companies around the world.

Table 9 Combined weight of risk indicators affecting intellectual property value.

Criterion layer (C) indicator Weight Plan layer (P) indicator Weight Combined weight

Change in market value C1 0.5390 Change in market value prospect P11 0.0960 0.0517
Change in readiness of commercialization P12 0.2771 0.1494
Change in fierceness of competition P13 0.1611 0.0868
Change in stability of intellectual property rights P14 0.4658 0.2511

Change in technical value C2 0.2972 Change in degree of standardization P21 0.0883 0.0262
Change in international presence P22 0.1575 0.0468
Change in irreplaceability P23 0.2718 0.0808
Change in economic life P24 0.4824 0.1434

Change in legal value C3 0.1638 Change in scope of protection P31 0.2409 0.0395
Change in infringement judging P32 0.5485 0.0898
Change in useful life P33 0.2106 0.0345

Table 10 Weight and range of change of intellectual property value indicators.

Indicator P11 P12 P13 P14

W 0.0517 0.1494 0.0868 0.2511
Expert 1 [0.9,0.95] [0.8,0.9] [0.95,1] [0.85,0.92]
Expert 2 [0.95,1] [0.85,0.9] [0.9,0.95] [0.8,0.92]
Expert 3 [0.9,0.95] [0.8,0.9] [0.9,1] [0.8,0.85]
Expert 4 [0.95,1] [0.83,0.9] [0.92,0.98] [0.8,0.9]
Expert 5 [0.9,0.95] [0.87,0.92] [0.9,0.96] [0.85,0.95]
�μi 0.945 0.862 0.946 0.867
gi 0.0008 0.0008 0.0006 0.001
bi 0.999 0.998 0.999 0.997

Indicator P21 P22 P23 P24 P31 P32 P33

W 0.0262 0.0468 0.0808 0.1434 0.0395 0.0898 0.0345
Expert 1 [0.7,0.85] [0.85,0.9] [0.85,1] [0.9,1] [0.7,0.85] [0.8,0.95] [0.7,0.9]
Expert 2 [0.75,0.85] [0.9,1] [0.9,1] [0.95,1] [0.7,0.8] [0.9,1] [0.8,0.9]
Expert 3 [0.8,0.85] [0.9,0.95] [0.8,0.95] [0.9,0.95] [0.8,1] [0.85,0.95] [0.85,1]
Expert 4 [0.72,0.8] [0.8,0.9] [0.8,0.9] [0.8,0.9] [0.73,0.8] [0.8,0.9] [0.8,1]
Expert 5 [0.7,0.9] [0.85,1] [0.8,1] [0.8,1] [0.7,0.9] [0.8,1] [0.8,1]
�μi 0.790 0.908 0.900 0.910 0.812 0.894 0.875
gi 0.002 0.002 0.003 0.003 0.005 0.002 0.004
bi 0.997 0.997 0.996 0.996 0.994 0.997 0.995
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Limitations and inspirations for future research
Only a limited number of experts are involved in the study.
Zhongtian Asset Appraisal only invites experts who are conversant
with intellectual property valuation theories, certified by the China
Appraisal Society and involved in at least two asset valuation
missions, limiting the number of qualified experts. To overcome
this limitation, expert opinions can be collected in the form of
scales, and then reliability analysis, validity analysis and factor
analysis can be conducted with SPSS to establish a valuation
indicator system. Studies on the AHP have found ways to make it
more objective. However, we did not make full use of the objective
AHP in the research. More efforts will be put into reducing biased
expert evaluation with the objective AHP in our future studies.

Data availability
The datasets analyzed during the current study are available in
the Dataverse repository: https://dataverse.harvard.edu/privateurl.
xhtml?token=a42afa12-37c4-4d0b-9e58-1d809be71dbe.
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