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Abstract

In the process of industry-university-research institute cooperation, it is of vital significance to construct a set of
comprehensive evaluation index system which can objectively and effectively reflect the performance of
industry-university-research institute cooperation for promoting the long-term cooperation among the three parties.
This paper regards industry-university-research institute cooperation as an input-output system, and constructs a
comprehensive evaluation index system which includes four first-level indexes of initial input, cooperative process,
cooperative output and re-input. On this basis, a reasonable evaluation model is constructed to comprehensively
evaluate the performance of industry-university-research cooperation from three aspects: cooperation scale,
cooperation efficiency and cooperation sustainability.

Keywords: industry-university-research long-term cooperation, index system, input-output, analytic hierarchy
process, standard deviation method

Since 1990's, knowledge economy rises in a global scope. As an important mode of technological innovation,
industry-university-research cooperation has gradually become a broad consensus of various countries in its
important position and significance in the process of economic development. At present, China is in the critical
period of transforming from extensive economy to intensive economy and building an innovative country. The
efficient interaction among enterprises, universities and scientific research institutes is gradually becoming an
effective driving force for technological innovation.

At present, domestic industry-university-research cooperation is presented in a variety of forms. For instance,
enterprises develop scientific achievements in cooperation with universities or research institutes; scientific and
technological achievements in colleges and universities or research institutions entrusted by enterprises; universities
or research institutions directly transfer technical achievements; enterprises and universities or research institutions
found research and development institutions; enterprises and universities or research institutions undertake the
national projects, etc.. To investigate the overall effect of so many different forms of cooperation, it is imperative to
find a set of comprehensive evaluation index system that can objectively and effectively reflect the effect of
industry-university-research cooperation.

1. The Basis of Index Selection

Industry-university-research cooperation refers to the process in which enterprises, institutions of higher learning and
scientific research institutions invest manpower, material resources and financial resources, and each element of the
system achieves a certain effect of cooperative innovation through the cooperation process, and finally converts into
innovation performance output. In essence, it is an input-output system (as shown in Figure 1). In this process,
enterprises become the demanders of technology due to their lack of technical resources and scientific research
ability, and provide financial support and technology application platform for research and development in the
combination. Although universities and scientific research institutions lack the platform of technology transformation
and commercialization, their advantages in technology and human capital make them become the suppliers of
technology and provide technical and human capital support in the combination. By combining the advantages of
their own resources, the two sides achieve complementary advantages of resources. In addition, in order to form a
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long-term cooperation mechanism among the three parties, all parties should also devote appropriate resources to a
new round of cooperation, so that the cooperation among the three parties can be maintained in the long term, rather
than taking a round of input-output process as the end of cooperation.
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Figure 1. Industry-university-research cooperation process diagram

According to the above analysis, the comprehensive evaluation index system of industry-university-research
cooperation should also be constructed from four aspects: initial input, cooperation process, cooperation output and
re-input. Among them, the indicators of initial input, cooperative output and re-input are mostly measurable
indicators, called hard indicators, which can be obtained through statistical data and investigation and evidence
collection. However, the indicators of cooperation process are mostly cognition and judgment indicators that are
difficult to quantify, called soft indicators, which need to be obtained through expert judgment.

2. The Principle of Establishing Index System

In order to ensure the scientificity of the evaluation index system, the necessary evaluation principles must be
adhered to:

2.1 The Objectivity Principle

That is to say, the indexes should be able to reflect the essential attributes of industry-university-research cooperation,
and the form should be able to reflect the actual content as far as possible, and the indexes should be set according to
the actual situation of industry-university-research cooperation.

2.2 Comparability Principle

That is to say, the evaluation system should be applicable to different forms of industry-university-research institute
cooperation evaluation. The indexes should be normative and continuous, and the selected indexes should be close to
the existing standard indexes as far as possible, so as to make the quality results of different forms of
industry-university-research institute cooperation comparable.

2.3 The Principle of Hierarchy

That is to say, the whole index system should be logical and clear. Usually, starting from the overall attribute of the
evaluation object, it is divided into first-level index, second-level index and third-level index according to the
principle of top-down and coarse to fine. Finally, it is the specific index that can be quantified.

2.4 Feasibility Principle

That is, indexes that are convenient for quantitative calculation and analysis should be selected as far as possible. For
those aspects that cannot be directly quantified, qualitative indicators can be set, but the connotation and denotation
of qualitative indicators should be accurate to avoid ambiguity.

2.5 Principle of Pertinence

That is to say, different and targeted evaluation indexes should be selected for different subjects of
industry-university-research cooperation.
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3. Construction of Comprehensive Evaluation Index System

This paper designs different evaluation systems according to the status and characteristics of different subjects of
industry-university-research cooperation. Because the position and role of universities and research institutions in the
process of industry-university-research cooperation are very similar, a unified evaluation system is designed for them.
Finally, a comprehensive evaluation index system for enterprises and a comprehensive evaluation index system for
universities and scientific research institutions are formed.

3.1 Construction of Enterprise Comprehensive Evaluation Index System

In essence, industry-university-research cooperation is a cyclic input-output process, and its merits and disadvantages
should be evaluated from four aspects: initial input, cooperative process, cooperative output and re-input. Through
analysis and summary, the hierarchy of enterprise comprehensive evaluation index system is shown in Figure 2.

3.1.1 Initial Input

In industry-university-research cooperation, enterprises are usually the demanders of technology and mainly
responsible for providing R&D funds. The amount and timeliness of R&D funds are crucial to the success of R&D
cooperation. In addition, enterprises should also invest the necessary scientific and technological personnel and
machinery. The number of scientific and technological personnel and the number of machinery and equipment
invested should also be weighted and averaged according to the level of scientific and technological personnel and
the value of machinery and equipment.

3.1.2 Cooperation Process

The purpose of selecting "cooperation process" is to investigate whether the cooperation between industry, university
and research institute runs smoothly from beginning to end and whether the cooperation is efficient. Specifically, it
includes information communication, which reflects the frequency of communication and the unimpeded degree of
information among all parties in the process of cooperation. The degree of coordination reflects the degree of
coordination of all parties in the process of cooperation; The degree of honesty reflects the cooperative attitude of all
parties, that is, the degree of honesty; The degree of importance reflects the degree of importance of the enterprise
executives and the main leaders of the academic and research parties to the industry-university-research cooperation
projects. The distribution of benefits reflects the satisfaction of all parties to the distribution of benefits.

3.1.3 Cooperative Output

As the demanders of technology in industry-university-research cooperation, enterprises participate in cooperation
with the ultimate purpose of acquiring new technology or new process for the production of new products, so as to
increase profits. Therefore, the cooperative output indicators of enterprises mainly include: the number of patents
granted, the number of new products developed, the proportion of the sales revenue of new products in the total sales
revenue of products, the number of professional and technical personnel trained and the number of various technical
rewards obtained. The second-level indicators under the above cooperative output should also be given different
weights according to their different levels, so as to obtain the comprehensive score of each second-level indicator.

3.1.4 Re-input

After the completion of a round of input-output process, enterprises should also carry out additional investment in
industry-university-research cooperation. Specific indicators include: re-input of scientific and technological funds,
re-put of scientific and technological personnel, and re-put of machinery and equipment. In the process of calculating
the above indicators, a weighted average should also be carried out on the basis of taking into account the level of
scientific and technical personnel and the value of machinery and equipment.
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Figure 2. Enterprises’ comprehensive evaluation index system

3.2 The Construction of Comprehensive Evaluation Index System of Universities and Research Institutions

The hierarchical structure of the comprehensive evaluation index system of universities and research
institutions is shown in Figure 3.

3.2.1 Initial Input

In industry-university-research cooperation, the research party is usually the technology supplier. Its important
responsibility is to invest human resources, carry out scientific and technological breakthroughs, and develop
scientific and technological achievements. In addition, the research side should also train the relevant technical
personnel of the enterprise for the use of the results.

3.2.2 Collaborative Process
In the process of industry-university-research cooperation, enterprises and university-research parties interact with

Published by Sciedu Press 33 ISSN 1923-3965 E-ISSN 1923-3973



http://jms.sciedupress.com Journal of Management and Strategy Vol. 12, No. 2; 2021

each other, so the evaluation indexes should be the same. The specific index composition has been introduced in
Section 3.1, and will not be repeated here.

3.2.3 Cooperative Output

As the technology supplier in the cooperation, the ultimate purpose of the student-research party is to cultivate
students' practical ability and improve their own research and development ability. Therefore, the indicators of
cooperative output mainly include: the number of students trained, the number of patents granted, the number of
published papers and works, the number of research and development projects, and the number of various scientific
and technological rewards obtained.

3.2.4 Re-input

After the completion of a round of input-output process, the academic and research parties should also make
additional investment in industry-university-research cooperation. The specific measurement indicators include: the
number of scientific and technological personnel reinvested, the number of scientific and technological achievements
reinvested, and the number of experimental instruments reinvested.

In the process of calculating the above second-level indicators, different weights should be determined according to
their different levels, and then the comprehensive score of each second-level indicator can be obtained.
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Figure 3. The structure of the comprehensive evaluation index system of universities and research institutes

4. Application of Comprehensive Evaluation Index System

The practical application of the above index system still needs to solve three problems: one is to determine the
weight of each layer of indicators; The second is to assign values to each index; The third is to calculate the
composite score.

4.1 Determine the Weight of Each Layer Index

In this paper, analytic hierarchy Process (AHP) is used to calculate the weight of each index. The judgment matrix of
relative importance of index is constructed by 1-9 scale on the basis of widely solicits expert opinions. Through
expert consultation, the relative importance of B layer factors and C layer factors is examined respectively, and the
judgment matrix A can be obtained. Taking the calculation process of layer B index relative to the weight of layer Al
as an example, the calculation process is as follows:
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In the equation below,

n

[12

= is the product of each row of the judgment matrix, and n is the order of the judgmentmatrix.

The relative weight coefficient of each factor can be obtained:

a):(a)pa)z’a)s’ah)T

Then the maximum eigenvalue Amax of the judgment matrix is calculated:

n

Aw).
A= Y02

Cl = Znac 0
Furthermore, we can get n—1
Cl
Thus, CR= RI

When CR=0, Matrix A has complete consistency. When CR<0.1, we get satisfactory consistency. When CR>0.1, we

get unsatisfactory consistency. Thus, it should be adjusted or abandoned.
In addition, the comprehensive consistency of the index system should be calculated.

Cl =@ xCl +w, xCl, + 0, xCl, + 0, xCl,
RI' =@, xRl + @, xRl, + o, xRl + v, xRI,

._cr

CR =—
RI

When CR*=0, The index system has complete consistency. When CR*<0.1, we get satisfactory consistency. When
CR*>0.1, we get unsatisfactory consistency. Thus, it should be adjusted or abandoned.
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4.2 The Assignment of Each Index

In this comprehensive evaluation system of industry-university-research cooperation, the indicators of initial input,
cooperative output and re-input are mostly measurable hard indicators, which can be obtained directly through
statistical data and investigation and evidence collection. However, the indicators contained in the cooperation
process are mostly soft indicators that are difficult to quantify and need to be obtained through expert judgment,
which requires the design of a reasonable evaluation scale. (As shown in Table 1)

Table 1. Industry-university-research cooperation process evaluation scale

Content Evaluation
(1=not agree; 7=totally agree)

In the process of cooperation, the other party can keep 1 2 3 4 5 6 7
information open at any time

In the process of cooperation, the other party hasmade 1 2 3 4 5 6 7
its due contribution to maintaining a good cooperative
relationship

No breach or breach of trust by the other party 1 2 3 4 5 6 7

The other party's leaders paid enough attention to 1 2 3 4 5 6 7
industry-university-research cooperation

The reward for the cooperation is reasonable 1 2 3 4 5 6 7

Note: "1" indicates disagreement with the description in the table, and the degree of agreement increases from "1" to
"7, with "7" indicating strong agreement with the description.

As the academic team leaders of academic institutions and the chief engineers of enterprises are the most familiar
with the entire process of industry-university-research cooperation, the academic team leaders of academic
institutions are selected to fill in the scale to evaluate the performance of enterprises when evaluating the
performance of enterprises in the process of industry-university-research cooperation. When evaluating the
performance of the academic and research institutes in the process of industry-university-research cooperation, the
chief engineer of the enterprise is selected to fill in the scale and evaluate the performance of the academic and
research institutes.

5. Conclusions

As for the concept of industry-university-research cooperation, Turbin and Garrett believe that the cooperation
between universities and enterprises is actually formed by heterogeneous organizations in order to realize the
complementary advantages of their own resources. Some researchers have proposed that the heterogeneity of the
cooperative subject and its resource endowment can only prove that the cooperative parties have the ability to
cooperate, but does not guarantee that the parties automatically form the desire to cooperate. Only when the interests
are driven, the cooperative parties have the initiative of cooperation. Industry-university-research cooperation is
defined as the economic and social activities in which enterprises, universities and scientific research institutions
cooperate with each other in the process of technological innovation, driven by interests and using their own
resources to complement each other. The external environment will have a direct impact on the cooperation, so the
external environment should be included in the definition of the cooperation.

This paper argues that integration of enterprise, university and research institution means that the three parties
cooperate with their own advantageous resources, under support from the government and intermediary
organizations. In the process of research and development, the advantages of their resources are combined with the
factors of production. At the time when they obtain the expected benefits, they make their own resource advantages
escalated further. Finally, the three parties stimulate the innovation and competitive advantage of the whole industry
or region.

References

Belderbos, R., Carree, M., & Lokshin, B. (2004, October). Cooperative R&D and firm performance. Research Policy,
33, 1477-1492. https://doi.org/10.1016/j.respol.2004.07.003

Published by Sciedu Press 37 ISSN 1923-3965 E-ISSN 1923-3973



http://jms.sciedupress.com Journal of Management and Strategy Vol. 12, No. 2; 2021

Cohen, W. M., & Levinthal, D. A. (1990, January). Absorptive Capacity: A New Perspective on Learning and
Innovation. Organizations and Innovation, 35, 128-152. https://doi.org/10.2307/2393553

Cohen, W. M., &Levinthal, D. A. (1989). Innovation and Learning: the two Faces of R&D. Economic Journal, 99,
569-596. https://doi.org/10.2307/2233763

Etzkowitz, H., & Leydesdorff, L. (1997). Universities and the global knowledge economy: A Triple Helix of
University-Industry-Government relations (3rd ed., vol. 2). London: Cassell Academic.

Faems, D., Van, L. B., & Debackere, K. (2005, March). The role of interorganizational collaboration within
innovation strategies: towards a portfolio approach. Journal of Product Innovation Management, 238-250.
https://doi.org/10.1111/j.0737-6782.2005.00120.x

Furman, J. L., Porter, M. E., & Stern, S. (2002, June). The determinants of national innovative capacity. Research
Policy, 31, 899-933. https://doi.org/10.1016/S0048-7333(01)00152-4

Griffth, R., Redding, S., &Van, R. J. (2004, April). Mapping the two faces of R&D: Productivity growth in OECD
industries. Review of Economics and Statistics, 86, 883-895. https://doi.org/10.1162/0034653043125194

Griliches, Z. (1979, January). Issues in assessing the contribution of research and development to productivity
growth. The Bell Journal of Economics, 10, 92-116. https://doi.org/10.2307/3003321

Hu, M. C., & Mathews, J. A. (2008, September). China's national innovative capacity. Research Policy, 37, 465-1479.
https://doi.org/10.1016/j.respol.2008.07.003

Lamniotte, R., & Panzarasa, P. (2009). Communities, knowledge creation, and information diffusion. Journal of
Informetrics, 3(3), 180-190. https://doi.org/10.1016/j.j0i.2009.03.007

Le Roy, F., Robert, M., & Lasch, F. (2016). Choosing the best partner for product innovation. International Studies of
Management & Organization, 46(2-3), 136-158. https://doi.org/10.1080/00208825.2016.1112148

Liu, J. B., & Liu, X. L. (2005, March). Externalization of R&D and implications for Chinese enterprises. Studies in
Science of Science, 23, 366-371. (in Chinese) https://doi.org/10.1142/S0256767905000771

Melin, G. (2009). Pragmatism and self-organization research collaboration on the individual level. Research Policy,
29(2009), 31-40. https://doi.org/10.1016/S0048-7333(99)00031-1

Monjon, S., & Waelbroeck, P. (2003, September). Assessing spillovers from universities to firms: evidence from
French  firm-level data. International Journal of Industrial Organization, 21, 1255-1270.
https://doi.org/10.1016/S0167-7187(03)00082-1

Motohashi, K., & Yun, X. (2007, August). China's innovation system reform and growing industry and science
linkages. Research Policy, 36, 1251-1260. https://doi.org/10.1016/j.respol.2007.02.023

Nieto, M. J., & Santamaria, L. (2007, June). The Importance of Diverse Collaborative Networks for the Novelty of
Product Innovation. Technovation, 27, 367-377. https://doi.org/10.1016/j.technovation.2006.10.001

Numprasertchai, S., & lgel, B. (2005). Managing knowledge through collaboration: Multiple case studies of
managing research in university laboratories in Thailand. Technovation, 25(10), 1173-1182.
https://doi.org/10.1016/j.technovation.2004.03.001

Ponomariov, B. L., & Boardman, P. C. (2010). Influencing scientists’ collaboration and productivity patterns through
new institutions: University research centers and scientific and technical human capital. Research Policy, 39(5),
613-624. https://doi.org/10.1016/j.respol.2010.02.013

Rubiano, M., Rangel, P., Pacheco, P., & Hern&dez, F. (2015). Research results transfer towards the productive sector
via research collaboration in four Colombian public universities. Journal of Technology Management &
Innovation, 10(4), 28-45. https://doi.org/10.4067/S0718-27242015000400004

Siegel, D. S., Waldman, D., & Link, A. (2003). Assessing the impact of organizational practices on the relative
productivity of university technology transfer offices: An exploratory study. Research Policy, 32(1), 27-48.
https://doi.org/10.1016/S0048-7333(01)00196-2

Stokols, D., Hall, J., Taylor, B., & Moser, R. (2008). The science of team science: Overview of the field and
introduction to the supplement. American Journal of Preventative Medicine, 35(2S), 77-89.
https://doi.org/10.1016/j.amepre.2008.05.002

Tsai, K. H. (2009, May). Collaborative Networks and Product Innovation Performance: Toward a Contingency

Published by Sciedu Press 38 ISSN 1923-3965 E-ISSN 1923-3973



http://jms.sciedupress.com Journal of Management and Strategy Vol. 12, No. 2; 2021

Perspective. Research Policy, 38, 765-778. https://doi.org/10.1016/j.respol.2008.12.012

Wonglimpiyarat, J. (2016). The innovation incubator, university business incubator and technology transfer strategy:
The case of Thailand. Technology in Society, 46(2016), 18-27. https://doi.org/10.1016/j.techsoc.2016.04.002

Zeng, S. X., & Xie, X. M. (2010, March). Tam C M. Relationship between cooperation networks and innovation
performance of SMEs. Technovation, 30, 181-194. https://doi.org/10.1016/j.technovation.2009.08.003

Zhou, W. B. (2010, April). Determinants and effects of research partnerships in china's emerging market.
Contemporary Economic Policy, 37, 129-147. https://doi.org/10.1111/j.1465-7287.2010.00242.x

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

Published by Sciedu Press 39 ISSN 1923-3965 E-ISSN 1923-3973



