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Abstract: The concept of university-industry partnership sustainability (UIPS) stands for
well-adjusted progress among key players from universities and industry by sustaining their welfare,
both in the present and in the future. This paper sought to develop an evaluation system for UIPS.
The need for such a system is justified at three levels: the micro level (i.e., research and innovation
performance, transfer and absorptive capability, and technology development), the meso level
(i.e., institutional arrangements, communication networks, and local and indigenous rules) and
the macro level (i.e., supply and demand, regulations, financing, taxes, culture, traditions, market,
climate, politics, demographics, and technology). The UIPS evaluation system developed in this
study offers the possibility of calculating a fair value of UIPS and providing recommendations for
improving university–industry (U–I) partnerships. This can be of great importance for entrepreneurial
universities that would like to strengthen their corporate links and/or reduce/reverse the “hollowing
effect” of globalisation in disadvantaged regions. Additionally, this paper also contains discussions
on the advantages, limitations, and managerial implications of this proposal.

Keywords: entrepreneurial universities; university–industry partnership sustainability; multiple
criteria decision analysis; micro, meso, and macro environments

1. Introduction

Analyses of university–industry partnership sustainability (UIPS) have been discussed from
different perspectives over the years [1–9]. This phenomenon is influenced by different integrated
macro-level contexts (e.g., supply and demand, regulations, financing, taxes, culture, tradition, market,
climate, political, demographics, and technology). It also depends on various factors on the micro
level (e.g., research and innovation performance, transfer and absorptive capability, and technology
development) and the meso level (e.g., institutional arrangements, communication networks, and local
and indigenous rules) [10–16]. Salleh and Omar [17] present a review of various models that focus
on collaboration management, the formation of a knowledge integration community, and research
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collaboration activities between academia and industry. Plewa et al. [18] analysed the evolution
of university industry linkage phases: pre-linkage that leads to an agreement to work together,
establishment that leads to a contract, engagement that leads to the delivery of a project, advancement
that leads to an ongoing partnership as well as word of mouth, and the latent phase that means
potential future cooperation should a suitable project arise, with continuing personal linkage. Ankrah
and Al-Tabbaa [19] employed a systematic procedure to review the literature on university–industry
(U–I) collaboration. Ankrah and Al-Tabbaa [19] examined three main phases in U–I collaboration:
formation (identifying partners, making contact, assessing partners, negotiation, agreement signing),
organisational forms (informal and formal personal relationships, third party, targeted and untargeted
formal agreements, focussed structures), and operational phase activities (meetings, communication,
trainings, personal mobility, employment, other activities).

The effort to make the life cycle of U–I partnerships and their components more sustainable
involved the development of a wide range of different databases, evaluation techniques and intelligent
systems (i.e., expert, knowledge, fuzzy, embedded, and decision support mechanisms) [20–23].
The U–I interface system and the interactive academic–industry partnership database enable academic
investigators and industry to match up their needs based on complementary knowledge, initiate
contact, and work to develop effective partnerships [24].

U–I partnership approaches (e.g., multidisciplinary, linear, market-led, bottom–up, top–down,
and cross-disciplinary, among many others) have limitations in terms of results, generalisations
and practical impacts on the community [11,15,25]. The present study sought to address this
gap by analysing some of the existing multiple criteria decision analysis (MCDA) methods and
identifying possibilities for improving the effectiveness of the approaches towards UIPS evaluation.
Specifically, the literature review suggests that the methods and systems currently available offer no
possibility to calculate a fair UIPS value, and provide recommendations for improving U–I partnerships.
Furthermore, the available techniques and software packages are unable to optimise the selected
criteria, which might otherwise generate an opportunity for further developments.

The INvestment Value Assessments along with Recommendation provisions (INVAR) method [26]
can be used for assessing a U–I partnership by using the same data as other MCDA methods. However,
by applying the INVAR method, it is additionally possible to determine the fair value of a U–I
partnership under consideration, optimise the parameters and composite parts of mutual cooperation,
and provide well-informed recommendations for improving cooperative work. This means that
the INVAR method can support the evaluation of U–I partnerships in a new form, thereby adding to
the extant literature on U–I collaboration, entrepreneurship, and operational research.

The structure of the remainder of this paper is as follows. Section 2 presents a review of
related work. Section 3 presents the methodology and the INVAR method along with sketches
of the components of the multiple criteria assessment system developed for UIPS. Section 4 presents
a practical application of the developed UIPS system, and discusses its impact for entrepreneurial
universities. Section 5 concludes the paper and lays the groundwork for future research.

2. Related Work

U–I collaborations have increased in number and variety over the past few decades [20,21,27–29].
These involve a wide range of UIPS variables, including databases and knowledge tools (e.g., software,
expert, fuzzy, embedded, and decision support mechanisms). Figure 1 presents some of these
elements, which are considered of extreme importance for increasing the entrepreneurial activity of
universities [10,13,30].
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Figure 1. Databases and datasets of university–industry partnership sustainability (UIPS) [31–40]. 

Garousi et al. [21] identify a significant number of themes and best practices in a U–I partnership 
by thematic analysis. These are namely: (1) holding regular workshops and seminars with industry; 
(2) assuring continuous learning from industry and academia; (3) ensuring management engagement 
basing research on real-world problems and showing explicit benefits to an industry partner; (4) 
exhibiting agility during a collaboration; and (5) co-locating the researcher on the industry side. 

Several studies about entrepreneurial universities in high-impact journals from the Scopus 
database were analysed in order to identify research gaps and highlight forthcoming research. UIPS 
data and software are at the heart of an examination of an entrepreneurial university. However, it is 
worth noting that the level of U–I collaborations in software engineering is still relatively low 
compared with the amount of activity in each of the two communities separately [18,21,41]. Indeed, 
the analysis of prior research included Chen and Lin [20], Banal-Estañol et al. [31], Callaert et al. [32], 
Fuentes, Dutrénit [33], Hemmert et al. [34], Myneni et al. [35] and Perkmann et al. [36]. These papers 
suggest that the methods and systems currently available offer no possibilities to calculate a UIPS fair 
value, and provide recommendations for improving U–I partnerships. Furthermore, the currently 
available techniques and software packages are unable to optimise the selected criteria 
[23,37,38,42,43]. In other words, this means that the current methods and systems are not able to 
calculate the fair value of a UIPS under deliberation (for further discussion, also see 
[21,22,24,39,40,44–48]). This study aims to contribute to this under-researched area. These limitations 
can be resolved by applying the INVAR method. Following this method, the present study sought to 
develop an UIPS evaluation system and outline the possibilities for applying the system in real 
settings. 

Figure 1. Databases and datasets of university–industry partnership sustainability (UIPS) [31–40].

Garousi et al. [21] identify a significant number of themes and best practices in a U–I partnership
by thematic analysis. These are namely: (1) holding regular workshops and seminars with industry;
(2) assuring continuous learning from industry and academia; (3) ensuring management engagement
basing research on real-world problems and showing explicit benefits to an industry partner;
(4) exhibiting agility during a collaboration; and (5) co-locating the researcher on the industry side.

Several studies about entrepreneurial universities in high-impact journals from the Scopus
database were analysed in order to identify research gaps and highlight forthcoming research. UIPS
data and software are at the heart of an examination of an entrepreneurial university. However, it is
worth noting that the level of U–I collaborations in software engineering is still relatively low compared
with the amount of activity in each of the two communities separately [18,21,41]. Indeed, the analysis
of prior research included Chen and Lin [20], Banal-Estañol et al. [31], Callaert et al. [32], Fuentes,
Dutrénit [33], Hemmert et al. [34], Myneni et al. [35] and Perkmann et al. [36]. These papers suggest
that the methods and systems currently available offer no possibilities to calculate a UIPS fair value,
and provide recommendations for improving U–I partnerships. Furthermore, the currently available
techniques and software packages are unable to optimise the selected criteria [23,37,38,42,43]. In other
words, this means that the current methods and systems are not able to calculate the fair value of
a UIPS under deliberation (for further discussion, also see [21,22,24,39,40,44–48]). This study aims to
contribute to this under-researched area. These limitations can be resolved by applying the INVAR
method. Following this method, the present study sought to develop an UIPS evaluation system and
outline the possibilities for applying the system in real settings.



Sustainability 2018, 10, 119 4 of 17

3. Methodology and System Development

3.1. Methodological Processes

Johnson [49,50] investigated a U–I partnership spanning five stages. These are: (1) awareness,
which includes career fairs and interviews; (2) involvement, which is related to industry affiliates,
advisory programs, research grants, internships, and software grants; (3) support, which has to do with
student consultancy, hardware grants, curriculum development, workshops and seminars, student
organisation sponsorships, philanthropic support, and guest speaking/lectures; (4) sponsorship,
which relates to university initiative sponsorships, undergraduate research program support, graduate
fellowships, collaborative research programs, outreach programs, and support for education proposals;
and (5) strategic partners, which involves executive sponsorships, joint partnerships, state education
lobbying, major gifts, and business development. The author’s proposal was later adapted by
Kaklauskas [26], Zavadskas and Kaklauskas [51], Kanapeckienė et al. [52] and Urbanavičienė et al. [53].
This allowed a sequence of methodological procedures to be followed in order to address some of
the limitations of the current UIPS evaluation systems. Figure 2 presents this sequence of methodological
procedures specifically.
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A wide range of different MCDA methods have been applied for analysing UIPS alternatives.
For example, Karsak and Dursun [54] use a fuzzy multi-criteria group decision making approach.
Chithambaranathan et al. [55] employ the ELimination Et Choix Traduisant la REalité (ELECTRE)
(in English, ELimination and Choice Expressing Reality) and VIseKriterijumska Optimizacija I
Kompromisno Resenje (VIKOR) (in English, Multiple criteria optimisation and compromise solution)
approaches. Prakash and Barua [56] utilise the fuzzy Analytic Hierarchy Process (fuzzy AHP) and
VIKOR methods. Deveci et al. [57] use the interval type-2 and fuzzy Technique for Order of Preference
by Similarity to Ideal Solution (TOPSIS) methods. Büyüközkan et al. [58] integrate the fuzzy Axiomatic
Design (fuzzy AD) and fuzzy AHP techniques, and the group decision making (GDM) approach.
Yazdani et al. [59] exploit the COmplex PRoportional ASsessment (COPRAS) method. According to
Mendoza and Prabhu [60], widespread use of these methods is due to a number of reasons, including
the possibility of quantifying complex phenomena and supporting decision-makers in situations where
multiple—and possibly conflicting—criteria and alternatives need to be regarded.

Frequently different results are obtained using different multiple criteria decision-making
(MCDM) methods when solving the same problem with identical criteria, the same values,
and the same weights. The determination of the best multiple criteria analysis method always caused
many disagreements and endless discussions. There is always an array of competing methods. It is
usually very difficult to ascertain whether the answer obtained by the application of some specific
multiple criteria analysis method is correct or incorrect. The COPRAS method has been applied
sufficiently broadly in scientific research worldwide, and it has been compared to other methods many
times [61–65], etc. These scientific studies have shown that the COPRAS method is reliable.

However, it is worth noting that an application of the different functions of the INVAR method
can expand the possibilities inherent in all of these methods (i.e., calculation of fair value, optimisation
of different criteria, and provision of digital recommendations). The INVAR method has been applied
in this study to strengthen the internal coherence of this evaluation system.

The main steps of the INVAR method are shown in Figure 3.
The significances and priorities of the alternatives under deliberation are calculated in the first

four stages based on data from the decision matrix (alternatives, criteria values, and weights).
In the third stage, the significance/effectiveness (Qj) is established for each variant under comparison,
whereas in the fourth stage, the priority of an alternative is established instead. The greater the Qj,
the greater the effectiveness (priority) of an alternative. The generalised criterion Qj depends directly
and proportionately on the values xij and weights qi of the criteria under comparison.

In the fifth stage, the calculated utility degrees (Uj) of the variants under comparison directly
depend on the criteria system, values, and weights defining them. The effort to determine
the investment value of an object under assessment that would make it equally competitive on
the market involved comprehensively assessing all of the positive and negative features of the objects
under deliberation, which led to the recommended sixth stage for determining investment value.
This stage involves calculating the investment value x1j (cycle e) by e cycles based on the decision
matrix data (alternatives, criteria values and weights) and the utility degrees (Uj) of the alternatives,
until the alternative aj under deliberation becomes equally competitive on the market with
the candidate alternatives (a1–an).

The data from the decision matrix and the utility degrees (Uj) of the alternatives serve as the basis
for performing the seventh and tenth stages, correspondingly as follows:

- the optimisation of value xij for any criteria during e approximations;

- the calculation by approximation e cycle to determine what the value xij (cycle e) should be for
the alternative aj to become the best among all of the candidate alternatives.

The criteria values and weights serve as the basis for calculating the minimising attributes S−j
and the maximising attributes S+j that define the j variant. These serve as the basis for providing
the quantitative recommendations in Stage 8 and Stage 9.
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Figure 3. Key steps of the INvestment Value Assessments along with Recommendation provisions
(INVAR) method [26].

One of the most important stages of an MCDA application involves the establishment of a system
of criteria describing the alternatives, measurement units, weights, and values. U–I partnerships relate
directly to the quantitative and qualitative data of these alternatives by comprehensively describing
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the alternatives under consideration. The system captures criteria X1–Xt along with the information
describing them (measuring units of the criteria [m1–mt], values [x11–xtn], and weights [q1–qt]) from
the U–I partnership database (see Table 1).

Table 1. Decision matrix [66].

Criteria Describing the
Candidate Alternatives

* Weight Units
U–I Partnership Alternatives under Comparison

1 2 . . . j . . . n

University–Industry Partnership Database

X1 – q1 m1 x11 x12 . . . x1j . . . x1n
X2 + q2 m2 x21 x22 . . . x2j . . . x2n
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Xi + qi mi xi1 xi2 . . . xij . . . xin
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Xt + qt mt xt1 xt2 . . . xtj . . . xtn
Vk V1 V2 . . . Vj . . . Vn

*: The symbol “+/−” specifies that a bigger (smaller) criterion value corresponds to a bigger (smaller) importance
for a user (stakeholder).

Based on this methodology, the INVAR method examines the existing intelligent and decision
support systems in order to identify the most rational alternative, allowing a UIPS evaluation system
to be developed. A step-by-step description of this process is presented in the next subsection.

3.2. Development of a UIPS Evaluation System

The analysis of information systems previously used in U–I partnerships (e.g., Kaklauskas and
Zavadskas [67]) and the methodology presented in Section 3.1 helped to develop a new multiple
criteria analysis system for U–I partnerships. This new system differs in the use of new, original,
and MCDA methods. Specifically, it involves the analysis of a U–I partnership life cycle and its
components (i.e., awareness, involvement, support, sponsorship, and strategic partner, as suggested
by Johnson [49,50]). Following this, a UIPS evaluation system was developed based on the analysis of
existing information and with the support of expert decision systems, as described in Figures 2 and 3.
This was accomplished to determine the most efficient alternatives of U–I partnerships.

4. Practical Application

4.1. Background

The Department of Construction Management and Real Estate (hereafter, CMRE) of Vilnius
Gediminas Technical University (hereafter, VGTU) works in close collaboration with companies
and organisations (e.g., Lithuanian Real Estate Development Association (LREDA), UAB Consultus
Magnus, UAB EIKA, and Capital Experts) that operate in different fields. UAB Consultus Magnus
operates in the sectors of transportation, education, social services, human resources, information
technologies, environmental protections, business environments, and tourism. UAB Consultus
Magnus provides consultations for preparing and implementing various projects with consideration of
the needs and environmental features of specific companies, organisations, or public sector institutions.
UAB EIKA is one of the largest real estate development and construction groups in Lithuania
developing residential, commercial, and public sector building projects. Capital Experts assists
in selling, purchasing, and leasing real estate, and offers consulting on different issues relevant to
real estate. Together, the Lithuanian Real Estate Development Association (hereafter, Association),
UAB EIKA, and Capital Experts participate in career fairs, where they always emphasise in their
interviews the importance of CMRE-educated experts in real estate and construction management
to the Lithuanian market. They also consult the CMRE Department students on different issues
regarding their professional careers and other matters. Members of the Association and UAB Consultus
Magnus, UAB EIKA, and Capital Experts companies participate in workshops and seminars held
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by the CMRE department, deliver targeted lectures to CMRE students, take part in the Career Days
held by VGTU, and engage in curriculum development studies programs of the CMRE Department.
They are preparing the collaborative research program report in joint with the CMRE. Furthermore,
these companies consult CMRE students and employees on business development issues.

The CMRE, the Association, UAB Consultus Magnus, UAB EIKA, and Capital Experts have jointly
signed a partnership and support contract. These companies invite CMRE academics and students
to conferences, seminars, and fairs that they organise in the fields of real estate and construction
management and development. Each academic year, the head of the Association serves as chairperson
of the defense committee that hears the oral defenses of the final projects for graduating the Property
Management study program with a Bachelor’s degree. Additionally, the Association, UAB Consultus
Magnus, UAB EIKA, and Capital Experts support the university and the CMRE department by offering
suggestions for the undergraduate research program in consideration of Lithuanian market needs.
The Association promotes state education. Furthermore, the Association, UAB Consultus Magnus,
UAB EIKA, and Capital Experts help provide practice positions for students.

These U–I agents have recently signed a joint partnership agreement. UAB EIKA has established
the EIKA Academy earmarked for first–fourth-year students who want not only to acquire theoretical
knowledge at the university, but also to apply it in practice. This is an ongoing practice, which provides
students with the opportunity to try out working at jobs tailored to their expertise. The EIKA Academy
partnership can last from a half-year to several years, or until graduation. The Academy organises
tours of objects under construction, and introduces the latest technologies that the construction sector
has been applying.

4.2. Calculation of the UIPS Utility Degree

The present study analyses four alternative U–I partnerships (i.e., a1, a2, a3, and a4). Table 2 shows
the data, which sums up the details about the four organisations in question related to a sustainable
VGTU–industry partnership. The system of criteria was based on the partnership chart, which is also
the source that served as the basis for the system of criteria developed by Johnson [49,50].

The following groups of criteria were analysed: awareness, involvement, support, sponsorship,
and strategic partner. The criteria weights were determined by means of expert methods. A five-point
Likert scale was used to capture the importance, or weights, of the evaluation criteria for UIPS.
Thirty-nine UIPS experts contributed to the anonymous survey. Eighteen experts were representing
the Department of Construction Management and Real Estate of the VGTU’s Civil Engineering
faculty. Another 21 experts came from industry, representing the Lithuanian Real Estate Development
Association, Consultus Magnus, UAB EIKA, and Capital Experts. For the evaluation of compared
UIPS alternatives, a group of three experts was formed that consisted of university representatives
(one head of department, and two professors). The group had to evaluate all criteria on a 10-point scale,
where the least relevant criteria scored one point each and very important criteria scored 10 points
each. The agreed integer number was used for further calculations. Table 2 enables a comparison of
alternative U–I partnerships.

The information included in Table 2 (i.e., partnership evaluation criteria, as well as respective
values and weights) is the basis for performing an assessment of the VGTU–industry partnership.
Tables 3 and 4 present the results of the calculations conducted using INVAR.

As shown in Table 4, a2 presents the highest utility degree (U2 = 100%).

4.3. Calculation of the VGTU–LREDA UIPS Fair Value

The calculation of the fair value of a1 with respect to the other U–I partnerships under analysis is
presented in Table 5, which shows that the imparity was inadequate for the first 120 cycles. Indeed,
for the 120th approximation cycle, the results are as follows: U1|120cycle = 85.51%; U2|120cycle = 100%;
U3|120cycle = 71.39% and U4|120cycle = 85.3%. At the 190th approximation cycle, the utility degree of a1 is
U1 = 85.55%, showing that a1 is more beneficial than a3 and a4.
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Table 2. Initial data matrix for INVAR method calculations.

No Evaluation Criteria for UIPS * Measurement Units Weight

Compared UIPS Alternatives

LREDA Consultus Magnus EIKA Capital Experts

a1 a2 a3 a4

U–I partnership costs

1. Costs - EUR 0.5 16,000 26,000 10,000 4500

Criteria for awareness

2. Career fairs + Points 0.125 10 9 8 9
3. Interviews + Points 0.1 10 9 7 8

Criteria for involvement

4. Industry affiliates/advisory program + Points 0.02 1 7 1 1
5. Research grants + Points 0.1 1 7 3 1
6. Internship + Points 0.02 1 7 2 1
7. Software grants + Points 0.01 1 2 1 1

Criteria for support

8. Students’ consultant + Points 0.21 10 10 5 7
9. Hardware grants + Points 0.01 1 2 1 1

10. Curriculum development + Points 0.2 7 10 1 2
11. Workshops/seminars + Points 0.05 10 10 2 8
12. Support contract + Points 0.025 9 10 5 2
13. Students organisations’ sponsorship + Points 0.01 1 1 3 1
14. Guest speaking/lectures + Points 0.05 10 8 6 8

Criteria for sponsorship

15. Undergraduate research program support + Points 0.1 8 10 7 5
16. Graduate fellowships + Points 0.045 9 10 8 6
17. Collaborative research program report + Points 0.15 6 8 5 3
18. Support for proposal for education + Points 0.1 10 10 6 3

Criteria for strategic partner

19. Executive sponsorship + Points 0.1 8 10 7 2
20. Joint partnership + Points 0.25 10 10 10 10
21. State education lobbying + Points 0.033 6 8 4 2
22. Major gifts + Points 0.01 1 1 1 1
23. Business development + Points 0.18 10 10 10 8

*: The symbol “+/−” specifies that a bigger (smaller) criterion value corresponds to a bigger (smaller) importance for a user (stakeholder); LREDA: Lithuanian Real Estate
Development Association.
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Table 3. Five INVAR technique steps.

Steps Equations Calculations

Step 1 Equation (1)

d11 = 0.5 × 16,000:(16,000 + 26,000 + 10,000 + 4500) = 0.1416
d12 = 0.5 × 26,000:(16,000 + 26,000 + 10,000 + 4500) = 0.2301
d13 = 0.5 × 10,000:(16,000 + 26,000 + 10,000 + 4500) = 0.0885
d14 = 0.5 × 45,000:(16,000 + 26,000 + 10,000 + 4500) = 0.0398

Step 1 Equation (2) For example, q2 = 0.0347 + 0.0312 + 0.0278 + 0.0312 = 0.125
q4 = 0.002 + 0.014 + 0.002 + 0.002 = 0.02, etc.

Step 2 Equation (3)
S+1 = 0.0347 + 0.0294 + 0.2709 + 0.002 + 0.0083 + 0.0018 + 0.002 + 0.0656 + 0.002 + 0.07 + 0.0167 + 0.0087 + 0.0017 + 0.0156 + 0.0267 + 0.0123 + 0.0409 +

0.0345 + 0.0296 + 0.0625 + 0.0099 + 0.0025 + 0.0474 = 0.5248
S−1 = 0.1416, etc.

Step 2 Equation (4) S+ = 0.5248 + 0.6553 + 0.3822 + 0.3354 = 1.8977
S− = 0.1416 + 0.2301 + 0.0885 + 0.0398 = 0.5

Step 3 Equation (5)
Q1 = 0.5248 + 0.0398·(0.1416+0.2301+0.0885+0.0398)

0.1416·( 0.0398
0.1416 +

0.0398
0.2301 +

0.0398
0.0885 +

0.0398
0.0398 )

= 0.5986

etc.
Q2 = 0.6553 + 0.0398·(0.1416+0.2301+0.0885+0.0398)

0.2301·( 0.0398
0.1416 +

0.0398
0.2301 +

0.0398
0.0885 +

0.0398
0.0398 )

= 0.7007

Step 4 Q2 > Q1 > Q4 > Q3 (see Table 4: 0.7007 > 0.5986 > 0.598 > 0.5003)

Step 5 Equation (6)

U1 = (0.5986:0.7007) × 100% = 85.43%
U2 = (0.7007:0.7007) × 100% = 100%
U3 = (0.5003:0.7007) × 100% = 71.4%
U4 = (0.598:0.7007) × 100% = 85.35%

Table 4. INVAR method calculation results.

No Evaluation Criteria for UIPS * Measurement Units Weight

Compared UIPS Alternatives

LREDA Consultus Magnus EIKA Capital Experts

a1 a2 a3 a4

U–I partnership costs

1. Costs − EURO 0.5 0.1416 0.2301 0.0885 0.0398

Criteria for awareness

2. Career fairs + Points 0.125 0.0347 0.0312 0.0278 0.0312
3. Interviews + Points 0.1 0.0294 0.0265 0.0206 0.0235

Criteria for involvement

4. Industry affiliates/advisory program + Points 0.02 0.002 0.014 0.002 0.002
5. Research grants + Points 0.1 0.0083 0.0583 0.025 0.0083
6. Internship + Points 0.02 0.0018 0.0127 0.0036 0.0018
7. Software grants + Points 0.01 0.002 0.004 0.002 0.002
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Table 4. Cont.

No Evaluation Criteria for UIPS * Measurement Units Weight

Compared UIPS Alternatives

LREDA Consultus Magnus EIKA Capital Experts

a1 a2 a3 a4

Criteria for support

8. Students’ consultant + Points 0.21 0.0656 0.0656 0.0328 0.0459
9. Hardware grants + Points 0.01 0.002 0.004 0.002 0.002

10. Curriculum development + Points 0.2 0.07 0.1 0.01 0.02
11. Workshops/seminars + Points 0.05 0.0167 0.0167 0.0033 0.0133
12. Support contract + Points 0.025 0.0087 0.0096 0.0048 0.0019
13. Students organisations’ sponsorship + Points 0.01 0.0017 0.0017 0.005 0.0017
14. Guest speaking/lectures + Points 0.05 0.0156 0.0125 0.0094 0.0125

Criteria for sponsorship

15. Undergraduate research program support + Points 0.1 0.0267 0.0333 0.0233 0.0167
16. Graduate fellowships + Points 0.045 0.0123 0.0136 0.0109 0.0082
17. Collaborative research program report + Points 0.15 0.0409 0.0545 0.0341 0.0205
18. Support for proposal for education + Points 0.1 0.0345 0.0345 0.0207 0.0103

Criteria for strategic partner

19. Executive sponsorship + Points 0.1 0.0296 0.037 0.0259 0.0074
20. Joint partnership + Points 0.25 0.0625 0.0625 0.0625 0.0625
21. State education lobbying + Points 0.033 0.0099 0.0132 0.0066 0.0033
22. Major gifts + Points 0.01 0.0025 0.0025 0.0025 0.0025
23. Business development + Points 0.18 0.0474 0.0474 0.0474 0.0379

Sums of weighted normalised maximising indices (UIPS “pluses”) of the university–industry partnership
sustainability continuum 0.5248 0.6553 0.3822 0.3354

Sums of weighted normalised minimising (VGTU–industry partnership continuum “minuses”) indices of
the university–industry partnership sustainability continuum 0.1416 0.2301 0.0885 0.0398

Significance of the university–industry partnership sustainability continuum 0.5986 0.7007 0.5003 0.598

Priority of the university–industry partnership sustainability continuum 2 1 4 3

Utility degree of the university–industry partnership sustainability continuum (%) 85.43% 100% 71.4% 85.35%

* The symbol “+/−” specifies that a bigger (smaller) criterion value corresponds to a bigger (smaller) importance for a user (stakeholder).
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Table 5. Revised changes in fair value calculations for LREDA under analysis a1.

Approximation Cycle *

Utility Degree Change in UIPS under Analysis by
Rationalising the Corrected Value x11 cycle e of a1

(U1e + U2e +U3e + + U4e):4 Imparity
U1e U2e U3e U4e

0 16,000 85.43% 100% 71.4% 85.35% 85,55% |−0.12%| > 0.00%
. . . . . . . . . . . . . . . . . . . . . . . .
120 15,880 85.51% 100% 71.39% 85.3% 85.55% |−0.04%| > 0.00%
. . . . . . . . . . . . . . . . . . . . . . . .
190 15,810 85.55% 100% 71.39% 85.26% 85.55% 0.00 = 0.00%
. . . . . . . . . . . . . . . . . . . . . . . .

1000 x1j iv = 15,000 86.08% 100% 71.27% 85.03% 85.56% 0.52 > 0.00%

* Revised changes in value and fair value x11 cycle e (EURO) of LREDA under valuation a1.

According to Table 5, calculations were repeated according to steps 1–6 (see Figure 2) until
imparity was fulfilled in the 190th cycle.

4.4. Value Optimisation

Based on steps 1–5 and 7, the x104 cycle e shows the UIPS value that is necessary for a4 to be equally
competitive on the market, as related to the other UIPSes (a1, a2, a3) under analysis (see Table 6).
The followed procedures allowed for the calculation of what the optimised curriculum development
score x104 cycle e should be for a4.

Table 6. Value optimisation processes.

Approximation Cycle x104 cycle e U4e U1e U2e U3e (U1e + U2e + U3e + + U4e) : 4 Imparity

0 2 85.35 85.43 100 71.4 85.55 |−0.19%| > 0.01%
. . . . . . . . . . . . . . . . . . . . . . . .
10 2.1 85.53 85.45 100 71.45 85.61 |−0.08%| > 0.01%
. . . . . . . . . . . . . . . . . . . . . . . .
14 2.14 85.62 85.44 100 71.46 85.63 |−0.01%| = 0.01%
. . . . . . . . . . . . . . . . . . . . . . . .
20 2.2 85.72 85.45 100 71.49 85.67 |0.05%| = 0.01%

As Table 6 shows, the imparity was inadequate for the first 10 cycles. The score x104 was
increased in every cycle (from x104 cycle 0 = 2) by an amount of 0.01 until the imparity was fulfilled
(x104 cycle 14 = 2.14). Scores x104 cycle e (respectively, 2 . . . and 2.14) were then checked for consistency in
the decision-making matrix.

4.5. Recommendations

The results of the INVAR application for the UIPS evaluation are presented in Table 7, where a2

stands as the best alternative for VGTU–industry cooperation.

Table 7. Quantitative recommendations presented in a matrix form.

Criteria Describing the
Candidate Alternatives * Measurement Units

Criterion Value (xij) Possible Improvement of the Analysed Criterion xij, by % (iij)
Possible Increase in Utility Degree Uj of the Candidate Alternative aj, by % (rij)

a1 a2 a3 a4

5. Research grants + Points
1 x52 = 7 x53 = 3 1

(600%) (0%) (i53 = 133.33%) (600%)
(25.0209%) (0%) (r53 = 5.5602%) (25.0209%)

*: The symbol “+/−” specifies that a bigger (smaller) criterion value corresponds to a bigger (smaller) importance
for a user (stakeholder).

In practice, the methodological processes that were followed for this study allowed for
an integrated assessment of the U–I partnership life cycle (i.e., awareness, involvement, support,
sponsorship, and strategic partner). This was conducted according to a system of criteria
(i.e., innovative, economic, managerial, technical, economic, legal/regulatory, educational, social,
cultural, ethical, psychological, emotional, religious, and ethnic aspects) and in conformity with
the requirements and opportunities of different stakeholders. Additionally, the INVAR method allows
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the strongest and weakest points of each UIPS, along with its basic components, to be established and
managed. This can be extremely important for entrepreneurial universities aiming to strengthen their
corporate links and/or reduce/reverse the “hollowing effect” of globalisation in some regions.

5. Conclusions

This study sought to create a neural system for a multiple criteria analysis of UIPS. An analysis
of prior research [1–3] suggests that the systems available globally have offered no possibilities to
execute a multi-variant design and a multiple criteria assessment of alternative iterative life cycles of
U–I partnerships, calculate their market and fair value, conduct online negotiations, and select options
that offer the best efficiency. Proposing a process-oriented framework that allows overcoming these
limitations is the main contribution of this study to theory and practice.

A U–I partnership iterative life cycle may have many alternatives. The basis for the variants
consists of an alternative’s components—awareness, involvement, support, sponsorship, and strategic
partners, among others. The above solutions and processes may be further considered in more detail.
Thus, a wide range of U–I partnership iterative life cycle alternatives can be obtained. However,
it is worth noting that the development of a potential U–I partnership is complicated, because
alternatives for awareness, involvement, support, sponsorship, and strategic partners are plentiful and
not continuously well matched. In this regard, the University (including its students, governing board,
rector, vice-rectors, deans, chairs, teaching and research staff, and administrative and support staff)
and industry stakeholders (including their top management (e.g., chairman, vice-presidents, board of
directors, chief executive officer), middle management (e.g., general managers, regional managers),
and first line management (e.g., supervisors, office managers, team leaders and employees)) are forced
to develop and analyse alternative UIPS solutions.

This research applied the INVAR method for a UIPS evaluation. The resulting new system makes
it possible to perform a multi-variant design, as well as a multiple criteria assessment of alternative
U–I partnership life cycles, calculate their market and fair values, and conduct online negotiations
to select the most efficient alternatives. This results in quantitative information that entrepreneurial
universities can use to strengthen their corporate links and/or reduce/reverse the “hollowing effect”
of globalisation in disadvantaged regions. Therefore, the UIPS evaluation system developed in this
study contributes to the theory and practice of entrepreneurial universities by introducing the INVAR
method and its respective framework to different classes of informational systems and decision-making
problems. Naturally, it also causes managerial implications for U–I stakeholders, namely in terms of
research and innovation performances.

Although the results are encouraging, the UIPS evaluation system developed in this study does
have some limitations. Among them, the ones requiring highlighting are the following: (1) the number
of participants in the experiment was small; (2) the processes followed require the collection of
much unstructured and semi-structured data from many sources, along with their analyses to
support stakeholders in decision-making; (3) stakeholders need to be aware of the broader context
of decision-making, which includes lifestyle, behavioral, cognitive, social, emotional, psychological,
cultural, and ethical factors that impact the success of entrepreneurial universities; and (4) the proposal
is process-oriented, which can be a disadvantage during the system’s implementation.

Future research is foreseen as moving in three main directions. First, the development of similar
experiments that also involve the comparison of other multiple criteria decision methods (for a review,
see Zavadskas and Turskis [68], Zavadskas et al. [69]), surveys of comparisons among different methods
and sensitivity and robustness analyses in order to explore which method provides more robust
and reliable risk assessments. Second, the existing database and the model-base under adaptation
should be extended. Third, development of the opinion analytics based on the new UIPS evaluation
system is expected. Opinion analytics will empower the automatic detection of opinions expressed
in articles, reviews, surveys, comments, opinions, notices, papers, researches, studies, blogs, online
forums, Facebook, Twitter, and other social media channels, thereby allowing for the visualisation
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of the opinions held by stakeholders on issues regarding a U–I partnership. The innovativeness
of opinion analytics will be primarily for automatically determining the level of sustainability of
the U–I partnership, compiling numerous alternative recommendations applicable to a specific user,
performing a multiple criteria analysis of these recommendations, and selecting the 10 most rational
ones for that user. Advancements and updates will be of particular interest to U–I stakeholders,
i.e., entrepreneurial universities in particular.
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29. Zemlickienė, V.; Mačiulis, A.; Tvaronavičienė, M. Factors impacting the commercial potential of technologies:
Expert approach. Technol. Econ. Dev. Econ. 2017, 23, 410–427. [CrossRef]

30. Muscio, A.; Quaglione, D.; Scarpinato, M. The effects of universities’ proximity to industrial districts on
university–industry collaboration. China Econ. Rev. 2012, 23, 639–650. [CrossRef]

31. Banal-Estañol, A.; Jofre-Bonet, M.; Lawson, C. The double-edged sword of industry collaboration: Evidence
from engineering academics in the UK. Res. Policy 2015, 44, 1160–1175. [CrossRef]

32. Callaert, J.; Landoni, P.; van Looy, B.; Verganti, R. Scientific yield from collaboration with industry:
The relevance of researchers’ strategic approaches. Res. Policy 2015, 44, 990–998. [CrossRef]

33. Fuentes, C.; Dutrénit, G. Best channels of academia-industry interaction for long-term benefit. Res. Policy
2012, 41, 1666–1682. [CrossRef]

34. Hemmert, M.; Bstieler, L.; Okamuro, H. Bridging the cultural divide: Trust formation in university-industry
research collaborations in the US, Japan, and South Korea. Technovation 2014, 34, 605–616. [CrossRef]

35. Myneni, S.; Patel, V.; Bova, G.; Wang, J.; Ackerman, C.; Berlinicke, C.; Chen, S.; Lindvall, M.; Zack, D.
Resolving complex research data management issues in biomedical laboratories: Qualitative study of
an industry-academia collaboration. Comput. Methods Progr. Biomed. 2016, 126, 160–170. [CrossRef]
[PubMed]

36. Perkmann, M.; King, Z.; Pavelin, S. Engaging excellence? Effects of faculty quality on university engagement
with industry. Res. Policy 2011, 40, 539–552. [CrossRef]

37. Dornbusch, F.; Neuhäusler, P. Composition of inventor teams and technological progress—The role of
collaboration between academia and industry. Res. Policy 2015, 44, 1360–1375. [CrossRef]

38. Feng, F.; Zhang, L.; Du, Y.; Wang, W. Visualization and quantitative study in bibliographic databases: A case
in the field of university-industry cooperation. J. Informetr. 2015, 9, 118–134. [CrossRef]

http://dx.doi.org/10.3846/16111699.2016.1253607
http://dx.doi.org/10.3846/1648715X.2016.1246387
http://dx.doi.org/10.1016/j.sbspro.2013.10.784
http://dx.doi.org/10.1016/j.jengtecman.2012.11.005
http://dx.doi.org/10.1016/j.scaman.2015.02.003
http://dx.doi.org/10.1016/j.techfore.2016.06.006
http://dx.doi.org/10.1016/j.infsof.2016.07.006
http://dx.doi.org/10.1016/j.eswa.2013.06.061
http://dx.doi.org/10.1016/j.enbuild.2017.01.075
http://www.sidnet.org/page/AIPP
http://dx.doi.org/10.1111/j.1540-5885.2010.00793.x
http://dx.doi.org/10.15837/ijccc.2016.5.2679
http://dx.doi.org/10.3846/20294913.2015.1070301
http://dx.doi.org/10.3846/20294913.2016.1271061
http://dx.doi.org/10.1016/j.chieco.2011.07.001
http://dx.doi.org/10.1016/j.respol.2015.02.006
http://dx.doi.org/10.1016/j.respol.2015.02.003
http://dx.doi.org/10.1016/j.respol.2012.03.026
http://dx.doi.org/10.1016/j.technovation.2014.04.006
http://dx.doi.org/10.1016/j.cmpb.2015.11.001
http://www.ncbi.nlm.nih.gov/pubmed/26652980
http://dx.doi.org/10.1016/j.respol.2011.01.007
http://dx.doi.org/10.1016/j.respol.2015.04.003
http://dx.doi.org/10.1016/j.joi.2014.11.009


Sustainability 2018, 10, 119 16 of 17

39. D’Este, P.; Guy, F.; Iammarino, S. Shaping the Formation of University-Industry Research Collaborations:
What Type of Proximiy Does Really Matter? 2012. Available online: http://druid8.sit.aau.dk/acc_papers/
soj71aahjen3994vu7p484x83uba.pdf (accessed on 11 October 2017).

40. Prigge, G.; Torraco, R. University-Industry Partnerships: A Study of How Top American Research
Universities Establish and Maintain Successful Partnerships. J. High. Educ. Outreach Engagem. 2006,
11, 89–100.

41. Schoen, A.; Potterie, B.; Henkel, J. Governance typology of universities’ technology transfer processes.
J. Technol. Transf. 2014, 39, 435–453. [CrossRef]

42. Teller, R.; Validova, A. Innovation Management in the Light of University-Industry Collaboration in
Post-Socialist Countries. Procedia Econ. Financ. 2015, 24, 691–700. [CrossRef]

43. Giuliani, E.; Morrison, A.; Pietrobelli, C.; Rabellotti, R. Who are the researchers that are collaborating with
industry? An analysis of the wine sectors in Chile, South Africa and Italy. Res. Policy 2010, 39, 748–761.
[CrossRef]

44. Bumblauskas, D.; Gemmill, D.; Igou, A.; Anzengruber, J. Smart Maintenance Decision Support Systems
(SMDSS) based on corporate big data analytics. Expert Syst. Appl. 2017, 90, 303–317. [CrossRef]

45. Calabrese, F.; Corallo, A.; Margherita, A.; Zizzari, A. A knowledge-based Decision Support system for
shipboard damage control. Expert Syst. Appl. 2012, 39, 8204–8211. [CrossRef]

46. Horváth, G.; Harazin, P. A framework for an industrial ecological Decision Support system to foster
partnerships between businesses and governments for sustainable development. J. Clean. Prod. 2016, 114,
214–223. [CrossRef]

47. Prince, R. Fleshing out expertise: The making of creative industries experts in the United Kingdom. Geoforum
2010, 41, 875–884. [CrossRef]

48. Rong, K.; Shi, Y.; Shang, T.; Chen, Y.; Hao, H. Organizing business ecosystems in emerging electric vehicle
industry: Structure, mechanism, and integrated configuration. Energy Policy 2017, 107, 234–247. [CrossRef]

49. Johnson, W. The Collaboration Imperative: Universities and Industry as Partners in the 21st Century
Knowledge Economy. 2006. Available online: http://sites.nationalacademies.org/cs/groups/pgasite/
documents/webpage/pga_051414.pdf (accessed on 11 October 2017).

50. Johnson, W. Research: Open Innovation, Open Collaboration, Trends, Challenges, and Advances in the Global
Landscape. 2008. Available online: https://www.ncsu.edu/iucrc/Jan\T1\textquoteright08/WayneJohnson-
IUCRCtalk-10JAN08.pdf (accessed on 11 October 2017).

51. Zavadskas, E.; Kaklauskas, A. Model for Lithuanian construction industry development. Transform. Bus. Econ.
2008, 7, 152–168. [CrossRef]
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