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Abstract: This study focuses on how technology transfer offices’ (TTO) maturity level influences
sustainable development in developing countries. A method for defining the maturity level of technology
transfer offices was developed based on criteria, dimensions and variables from a comprehensive
literature review. Technology transfer specialists were responsible for attaching weight to elements
using the multicriteria method, fuzzy simple additive weighting. Results provided an important
overview of 105 Brazilian TTOs, their maturity level and the impact on sustainable development.
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1. Introduction

With globalization, economic scenarios have been rapidly changing through technological
innovations, due to short product life cycles [1]. Therefore, innovating has become a matter of survival
in the business world and, linked to that, the university–industry–government interaction fosters
technology transfer for sustainable development [2]. In practice, university starts to perform a role that
reinforces the innovation process in a knowledge-based society [3,4].

The phenomenon of enterprising universities has received considerable attention over the last
decades, with business-oriented academia putting regions and nations in advantageous positions in
intensive areas of emerging economic knowledge, reconciling entrepreneurship with the university’s
scientific missions [5].

Universities have taken on a more active role in technology transfer (TT) processes, drawing more
attention to the interaction between public and private research. University patenting and licensing
have increased overall, given the awareness of opportunities to commercialize university research [6,7].
Thus, technology transfer offices (TTOs) have emerged in research universities as a new organizational
entity. They were established to facilitate the knowledge and technology transfer from the university
to the industry.

Even though TT is crucial for innovation to occur [8] and TTOs can potentially contribute to the
university-industry interaction, spreading technology and generating revenue for the university, there
are limited systemic analyses of the attributions of the organizational practices in this process [9] and
many of these analyses are focused on evaluating monetary indicators. But a TTO is much more than
numbers. TTOs must know how to identify the technology absorption capability of the technical
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users and align it with the inventor’s technical service capability, establishing an extensive, long-term
cooperation mechanism with the companies through technical services [10]. In order to consider TTO’s
whole capability, a maturity level analysis is applied to process improvement achievement specifying
advanced characteristics for processes. A maturity level analysis provides a set of variables which
specifies the path that a process follow towards achieving the next level. It also presents a set of goals
which, when satisfied, takes the organization to a highly mature process. Hence, a maturity level is
a well-defined plateau which establishes a level of capacity for improving organizational capability.

In fact, the purposes of TTOs are also aligned with the ninth sustainable development
goal—innovation and industrial infrastructure, which establishes that investments in infrastructure
and innovation are basic conditions for the economic growth and development of nations, seeing
that achieving equality in access to technology is crucial to promote information and knowledge for
all. Thus, developing countries, being responsible for large environmental impacts, must design
construction mechanisms of modern and resilient structures, efficiently strengthen their industry,
encourage innovation, value their small and medium enterprises, and include the most vulnerable
into their production and financial systems [11]. Successful innovations demand specific requirements
such as research and development, knowledge capital, and other resources.

In order to better understand the potential of contribution toward sustainable development, it is
thought that the more mature a TTO is, the more prepared it will be to transfer innovative technologies
and knowledge. Therefore, this study presents the following research problem: How does TTO’s level
of maturity effectively contribute to sustainable development?

In order to answer this question, this study has, as its purpose, to determine how TTO’s maturity
level influences sustainable development in developing countries.

The relevance of this study lies in the importance of the TTOs for the economic and social
development of the regions in which they act. Brazil is a country lacking in innovation, obtaining
a score of 33.82 points in the Global Innovation Index report, which ranked it 66th globally. Brazil is
ranked fifth considering countries in the Caribbean and Latin América. However when considering
BRICS (acronym coined for the association of five major emerging national economies: Brazil, Russia,
India, China and South Africa), Brazil is in the last place [12]. Therefore, the proposed maturity model
may be a key tool to solve problems in determining the status quo of a TTO and its ability to define
enhancement measures, identifying gaps that might be filled through improvement actions, even
though that is challenging [13].

From this point, the study is divided as follows: Section 2 presents university technology transfer
offices and maturity models, the data from Section 3 details the construction method of the maturity
model applied to TTOs described in Section 4. Finally, Section 5 presents the limitations and proposals
for future studies in the paper’s final considerations.

2. Theoretical Background

This paper presents a new method to determine technology transfer maturity level, applied to
university technology transfer offices. The method proposed in this study is based on the following
theoretical foundation: university technology transfer offices and maturity models. This section will
approach each topic.

2.1. University Technology Transfer Offices

An often-neglected point in academic entrepreneurship activities concerns the transfer of
knowledge and technology involving research contracts, disclosure activities, and student mobility
between the university and the industry [7]. Even though universities act as creators and consumers
of new knowledge, its social role in value creation has become a crucial political matter. Therefore,
patenting policies seek to encourage innovation by granting temporary and exclusive property rights
to inventors and their sponsor universities [14].



Sustainability 2020, 12, 1795 3 of 22

Some university administrators in industrialized countries have stated that university technology
transfer has the potential to generate substantial revenue for universities. Their main mechanisms of
TT commercialization are licensing agreements between the university and private companies, joint
research ventures, and university start-ups [15]. Intellectual property has become an indispensable
element for the sustainable growth of a corporation and it must be fostered for the development of
new technologies [16].

For years, developed countries like the United States (USA) and the United Kingdom have had
laws of incentive to science and technology, which enable social and economic development through
university research. In the USA, the Bayh–Dole Act of 1980 helped to accelerate the pace of diffusion of
new technologies, from universities and federal laboratories to companies [4]. Through this legislation,
numerous universities established technology transfer offices to manage and protect their intellectual
property. TTO’s role, according to the act, is to facilitate the transfer of commercial knowledge through
the licensing of research for industry or other manners of intellectual property resulting from university
research [9].

Organizational structure and creation of a specialized TTO within a university may be essential
for developing relations with the industry [17]. TTOs have a strategic value for universities committed
to the commercialization of academic knowledge [18].

Because of that reason, organizing a unit dedicated to technology transfer acting as a “technological
mediator” allows for specialization in support services, especially in partnered research, intellectual
property management, and sustainable business development [19]. As allies to universities, TTOs are
highly important in the commercialization process of university technology [20].

Given the TTOs’ significance in facing these challenges in the university–industry–government
interaction, it is vital to assess and measure their levels of success in TT. Thus, maturity models are
perfectly suited to the function of presenting the current reality of TTO management and how it can
influence sustainable development.

2.2. Maturity Model in Developing Countries

The systematic literature review revealed countless maturity models for different areas, such as
information technology, projects, among others, each with a rather specific focus [21]. Up to 2016,
no works had measured the maturity levels of TTOs in terms of their efficiency in technology transfer.
Secundo et al. [22] initiated the studies about the theme, aiming to discover non-monetary indicators
that could be employed to measure the efficiency of TTOs according to different maturity levels in
developing countries. Their objective was to develop a maturity model to measure TTO efficiency
employing non-monetary indicators.

In their study, Secundo et al. [22] prioritized non-monetary indicators, weighted through the
Fuzzy Analytic Hierarchy Process (FAHP) method. The FAHP is a well-known method to determine
these weights [23]. The model’s efficiency areas, ordered by their weights after the application of the
Fuzzy AHP, are (1) human resources (100%), (2) intellectual property (IP) strategy and policy (80%),
(3) networking (60%), (4) industry links (60%), (5) technology (40%) and (6) organization structure
and design (20%). To determine the maturity level, the TTO manager fills out a self-assessment
questionnaire containing 24 questions distributed across the model’s components, employing a Likert
scale that ranges from 1 to 5 in which 1 corresponds to strongly disagree and 5 to strongly agree. With
self-assessment, it is possible to calculate maturity levels, which are: Awareness Stage (1), Defined
Stage (2), Managed Stage (3), Integrated Stage (4) and Sustained Stage (5).

Afterward, De Beer et al. [24] applied their maturity model to 54 TTOs in the United Kingdom
and Europe seeking to validate it and perfect it, in order to formalize it as a mechanism able to identify
and share the best practices in TTOs. The results obtained comprised improvements in intangible
indicators and the model’s maturity levels, which were, however, altered from 5 to 8 levels in the
improved maturity model (IMM).
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Therefore, this maturity model enables the assessment of TTO efficiency employing intangible
indicators. Thus, universities can measure the efficiency of their TTOs, which indirectly contributes to
their competitiveness and regional development [25].

However, the method proposed in this paper differs from how Secundo et al. [22] determine the TT
maturity level of TTOs. The number of dimensions and variables examined, the self-assessment method
for TTO managers and the calculation of the maturity level are presented in the following sections.

3. Materials and Methods

In order to establish the theoretical background, searches were conducted on the journal databases
Web of Science, Scopus and Science Direct, in addition to a bibliometric analysis, comprised of papers
from journals, books and theses. The methodology employed in the systematic literature review
was the Methodi Ordinatio, which is a multi-criteria decision aid (MCDA) methodology to select the
scientific papers that composed the bibliographic portfolio [26,27].

This paper considered the use of questionnaires as a data collection tool in two different phases.
Firstly, an e-questionnaire was applied to a committee of six experts who are familiar and experienced
with TT. The respondents were targeted carefully as the value of their contribution to the project was
essential. They were responsible for setting importance degrees to dimensions and variables selected
from the literature review. Secondly, an e-questionnaire was applied to 261 out of 305 existing Brazilian
TTOs listed on the FORMICT 2018 report [28]. FORMICT is the Form for Information on Intellectual
Property Policy of Scientific, Technological and Innovation Institutions in Brazil created by the Ministry
of Science, Technology, Innovation and Communication. The 44 TTOs were excluded as they have no
link to a university. The response rate was 40.22%, 105 TTOs from 24 (88.89%) out of 27 Brazilian states.

3.1. Proposal of the Method for Determination of Maturity Levels (MDML)

In order to better understand and resolve the research problem, as well as to present the structure
of the method for determining TT maturity levels of Brazilian TTOs, six phases were established
(Figure 1).
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Figure 1. Method for determination of maturity levels (MDML).

3.1.1. Phase 1—Definition of the Criteria for Technology Transfer

The Method requires the definition of five criteria (technology promotion, identification of the TT
vehicle, technology protection, commercialization and result management) necessary for the technology
transfer to occur.

• Criterion 1—Technology promotion: this criterion refers to marketing strategies, including
but not limited to advertisements and paid articles in technical magazines, printed leaflets for
distribution at events, promoting and attending symposiums/technical conferences, participating
in professional expositions and working in joint projects with local and federal government [29].

• Criterion 2—Identification of the TT vehicle: its purpose is to identify the transfer agreement that
best suits the needs of the interested parties in the process (external partners, researchers and the
university). The knowledge concerning the technology is centered on the researchers, whereas the
knowledge of the legislation and TT process management lies on TTO, as the support organ that
best identifies the transfer vehicle [29].
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• Criterion 3—Technology protection: patenting is a way to attract private resources so as to foster
innovation, reducing above all the risks involved in the technology maturation period until it is
made available to society [30].

• Criterion 4—Commercialization: TTOs require a wide array of abilities for the commercial
exploration of the results of academic research [31]. It is also worth mentioning that the universities
that optimize their technology transfer efforts and improve their research reputation through
supporting basic research will attain long-term success in technology commercialization [32,33].
Finally, in order to improve the academic and commercial bonds with industry, in many universities
there is a TTO as a vehicle to support the creation of new companies with their origin at the
university [34].

• Criterion 5—Result management: research results must be managed in a way so as to ensure
that the contracting parties have the IP and their share of the results, by means of financial or
non-financial remuneration. Therefore, commercialization of academic research has become an
increasingly more crucial matter, given the concern with licensing and the universities’ wish to
maximize the returns from the IP [35].

3.1.2. Phase 2—Definition of the Dimensions and Variables

This method adapts its dimensions and variables from the Technology Transfer Octagon, developed
by Gaia et al. [36] and defined through the literature and empirical data. The dimensions were divided
according to their variables, reaching eight dimensions with seven variables each, for a total of
56 variables (Table 1). Even though they are adequate for the research, other variables were disregarded
due to the adaptation to the reality of a developing country.

Table 1. Dimensions and variables: Technology Transfer Octagon.

Dimensions Variables Description of the Variables

Structure

V.1.1 TTO having professionals in TT working full time.
V.1.2 TTO pertaining to a university that offers a large number of academic degrees.
V.1.3 TTO having its own infrastructure.
V.1.4 TTO mainly focusing on TT.
V.1.5 TTO having an organizational structure that clearly defines the duties of every employee.
V.1.6 TTO having its own website to exhibit its portfolio of TT-related activities.
V.1.7 TTO having an adequate and integrated ICT tool.

Relationship

V.2.1 TTO promoting and managing research partnerships with the private sector.
V.2.2 TTO maintaining interaction programs between the university and the industry.
V.2.3 TTO having a close relationship with the course departments.
V.2.4 TTO having the trust from the university’s researchers to promote their innovations.
V.2.5 TTO having directors with a strong network of contacts in the business community.
V.2.6 TTO having managers with solid personal relationships with local businesspeople.

V.2.7 TTO having a successful relationship with funding agencies that promote innovation
and TT.

Vision

V.3.1 TTO prioritizing the commercial exploration of technology over the protection of
intellectual property.

V.3.2 TTO facilitating TT for professors/researchers.
V.3.3 TTO prioritizing negotiations with partner-companies.
V.3.4 TTO having clear objectives for its revenue generation.
V.3.5 TTO focusing not only on local but also on regional development.
V.3.6 TTO facilitating TT for managers and researchers of partner-companies.
V.3.7 TTO aiming to positively influence the prestige of the university.

Processes

V.4.1 TTO adopting best practice procedures in TT for the industry.
V.4.2 TTO featuring the active participation of professors/researchers.
V.4.3 TTO having a formal process for the review of research projects.
V.4.4 TTO having a process to verify the receiving of royalties.

V.4.5 TTO being responsible for distributing the earnings and ensuring compliance with
the contracts.

V.4.6 TTO organizing networking events to facilitate the interaction between researchers and
the business community.

V.4.7 TTO having a formal program to divulge its activities.
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Table 1. Cont.

Dimensions Variables Description of the Variables

Financial
resources

V.5.1 TTO collaborating and partnering with R&D departments of private companies.
V.5.2 TTO partnering with funding agencies.
V.5.3 TTO having its own R&D budget.
V.5.4 TTO allocating financial resources for academic entrepreneurship.
V.5.5 TTO having enough budget to ensure its TT activities.
V.5.6 TTO receiving extra resources allocated by the university to focus on TT activities.
V.5.7 TTO receiving the participation of venture capital for Start-ups.

Ecosystem

V.6.1 TTO connecting academic entrepreneurs and corporations, in terms of research
and networking.

V.6.2 TTO stimulating the development of an academic entrepreneurship culture within
the university.

V.6.3 TTO pertaining to a university located in a region with a high R&D level relative to
the GDP.

V.6.4 TTO being located in a region with significant demand for technology.
V.6.5 TTO managing and supporting academic entrepreneurship programs.

V.6.6 TTO pertaining to a university that focuses on engineering and biological sciences
(medicine, pharmacology, dentistry, among others).

V.6.7 TTO being linked to a technological park.

Strategy

V.7.1 TTO having rules of procedure concerning the participation of researchers in
technology transfer.

V.7.2 TTO having policies of technology licensing as a part of its strategic plan.
V.7.3 TTO being autonomous in TT (removing bureaucracy from processes).

V.7.4 TTO having managers whose TT-related tasks do not collide with their other
professional activities.

V.7.5 TTO having a well-defined policy of financial reward.
V.7.6 TTO having internal marketing, disseminating successful cases.

V.7.7 TTO featuring mechanisms of approach with the business community (business
advisory programs, panels, debates, and lectures for the society).

People

V.8.1 TTO having experienced managers with administrative and technical skills, as well as in
communication and marketing.

V.8.2 TTO having employees experienced in negotiation and TT-savvy.

V.8.3 TTO having directors with experience (5 years) in business management, as well as
academic education.

V.8.4 TTO having directors with a high level of authority and support from the
university’s directorate.

V.8.5 TTO pertaining to a university in which research is a prerogative of the faculty.

V.8.6 TTO having directors with doctorates, preferably in the fields of engineering, biological
and health sciences, applied social sciences, agrarian sciences, among others.

V.8.7 TTO pertaining to a university whose leadership acknowledges and values the
importance of TT.

ICT—Information and communication technology. R&D—Research and development. GDP—Gross domestic
product. Source: Adapted from Gaia et al. [36].

The dimensions and variables defined in phase 2, as well as the criteria previously described,
are part of the framework, which employs the Fuzzy Simple Additive Weighting (FSAW) method to
establish their weights.

3.1.3. Phase 3—Definition of the Weights through the FSAW Method

This phase of the research requires the use of a multi-criteria method to grant more robustness to
the proposed method. In order to attribute weights only to the dimensions and variables defined in
the previous phases, the multi-criteria method selected was the Fuzzy Simple Additive Weighting
(FSAW). The FSAW method meets the needs of this study, seeing that it was employed to assess the
degree of importance of the dimensions and variables relative to the method’s criteria. The Triangular
Fuzzy Number (TFN) was applied to model the uncertainty in the process with a fuzzy linguistic
approach to assess the degree of importance of the dimensions and variables in the point of view of the
decision-maker/TT expert [37].

Because it is a weighted fuzzy application, the FSAW method approaches the experts’ preferences.
Even if its use is successful in several applications, in many practical cases, it is rather challenging for
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experts to express their preferences employing a fuzzy association function. Most of the existing FSAW
methods are comprised of linguistic terms, especially given that certain decisions cannot be measured
in an exact and accurate scale. The scale of linguistic intervals can be employed instead so as to reduce
the degree of uncertainty of the decision-makers/experts, as displayed in Table 2 [38].

Table 2. Fuzzy numbers and corresponding linguistic variables.

Alternative Linguistic
Variable

Code
Fuzzy Number

a b c

1 Very low VL 0 0 0.1
2 Low L 0 0.1 0.3
3 Medium low ML 0.1 0.3 0.5
4 Medium M 0.3 0.5 0.7
5 Medium high MH 0.5 0.7 0.9
6 High H 0.7 0.9 1
7 Very high VH 0.9 1 1

Source: Adapted from Sagar, Jayaswal and Kushwah [37].

In Figure 2, triangular fuzzy numbers can be defined as a triplet (a, b, c). The patterns a, b and c
indicate, respectively, the lowest value, the most promising value and the highest possible value that
characterizes a fuzzy event [37].Sustainability 2020, 12, x FOR PEER REVIEW  8  of  25 
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The steps for applying the FSAW method were presented by Sagar, Jayaswal and Kushwah [37],
as follows:

First Step: Selecting the criteria that will be employed as reference in the decision-making, namely
(Cj; j = 1, 2 . . . m), and form a group of experts (Ek; k = 1, 2 . . . n) for the decision-making. A committee
of experts has been identified and was invited to provide a qualitative evaluation pertaining to TT. This
committee was formed by six experts (E1, E2, E3, E4, E5 and E6), who meet the following prerequisites:
active work with TT, solid knowledge of intellectual property and management experience of a TTO.
The experts in this case are full professors of public Universities in Brazil, they have been TTO managers
for over eight years and all of them earnt a doctorate degree on Innovation and Technology. According
to FSAW methodology, six is a reliable measure because a large number of experts may cause negligible
mixing ratios in the final results.

It is worth mentioning that the decisions made by these experts concern Brazilian TTOs and that
the same method would yield different results if applied in a different country, due to the consultation
with local experts.

The research structure includes five evaluation criteria: Technology promotion (C1), Identification
of the TT vehicle (C2), Technology protection (C3), Commercialization (C4), and Result management
(C5). It also includes eight dimensions: Structure (D1), Relationship (D2), Vision (D3), Processes (D4),
Financial resources (D5), Ecosystem (D6), Strategy (D7) and People (D8), in addition to seven variables
in each dimension.

Second Step: the experts attribute the adequate rating for each criterion employing linguistic variables.



Sustainability 2020, 12, 1795 8 of 22

Third Step: The Fuzzy Decision Matrix DMjk is determined for all of the criteria in terms of
triangular fuzzy numbers.

DM jk =


X11 X12 · · · X1n

...
. . .

...
Xm1 Xm2 · · · Xmn

 (1)

Fourth Step: The fuzzy average scores (Ajk), the difuzzified values (e), and the normalized weight
(Wj) of each criterion are determined.

(Ajk) = (fk
j1 + fk

j2 + . . . + fk
jn)/n; j = 1, 2 . . . m; k = 1, 2 . . . n (2)

(e) = (a + b + c)/3 (3)

The normalized weight (Wj) of each criterion is obtained by dividing the fuzzy scores of each
criterion by the total of fuzzy scores of the whole criterion.

Fifth Step: The experts attribute the adequate rating, employing linguistic variables, for each
dimension (Di; i = 1, 2 . . . n) and variable (Vi; i = 1, 2 . . . n) of all TT criteria.

Sixth Step: the average fuzzy scores and the difuzzified scores of each dimension and variable of
all TT criteria are determined.

Seventh Step: The decision matrix for all of the criteria, dimensions and variables is determined
[Xij].

Eighth Step: The normalized matrix for all of the criteria, dimensions and variables is determined
[Rij].

Rij = Xij/max(X1j, X2j, X3j, X4j, X5j, X6j, X7j, X8j); i = 1, 2 . . . 8 (4)

Total scores (TS) for each dimension and variable are determined through the Simple Additive
Weighting (SAW) method.

TS = [Rij] [Wj] (5)

Ninth Step: Final results are obtained from the ranking of the sum of the multiplication of the
normalized matrix [Xij] with the normalized weight (Wj), leading to the ranking of the dimensions (Di)
and the ranking of the variables (Vi).

Tenth Step: This step is related to the next phase of the proposed method—the consolidation of
the weights of the dimensions and variables for their utilization in the framework.

3.1.4. Phase 4—Consolidation of the Weights of the Dimensions and Variables

This phase of the research compiles the weights of the dimensions and variables so as to allow the
visualization and verification of the weights obtained in phase 3, which need to be normalized.

3.1.5. Phase 5—Application of the Framework—Binary Scale

This phase of the research generates a file containing all of the dimensions and variables, with
a difference in the statements. For instance, while before the experts were asked how important
a variable was relative to the criteria (Phase 2), now the TTO managers are asked (Phase 5) whether the
TTO does not present (0) or presents (1) a variable, as displayed in Table 3.

Table 3. Difference between the questions for the experts and the TTO managers.

Expert (Phase 2) TTO Manager (Phase 5)

Var1—The TTO having professionals in Technology
Transfer working full time.

Var1—The TTO has professionals in Technology
Transfer working full time.

Source: authors.
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Thus, it is possible to ascertain whether the TTO presents (or not) those variables. Then, according
to the normalized weights of the SAW ranking of the dimensions and variables, Phase 6 can attain an
index that will determine the TT maturity level of the TTOs.

3.1.6. Phase 6—Determination of the TT Maturity Level

A few steps are required to determine the TT maturity level. After the TTO manager answers the
statements (variables) for each dimension, it is possible to calculate the general and the dimension
maturity levels.

First, the general maturity index (GMI) is obtained as follows: if the answer to the variable is (1),
it receives the weight attributed in the SAW ranking of the variables in its dimension. For instance:
GMI = (0.1543 × 0.1305) + (0 × 0.1305) + (0.1655 × 0.1305) + (0.1083 × 0.1305) + (0.1536 × 0.1305) + (0 ×
0.1305) + (0.1583 × 0.1305) . . . = 0.5748. That is explained by the fact that not all of the statements were
answered with (1); if that was the case, the GMI would be 1, corresponding to an index of 100%.

The dimension maturity index (DMI) is attained as follows: the DMI of the structure dimension =

(0.0201 × 0.1305) + (0 × 0.1305) + (0.0216 × 0.1305) + (0.0141 × 0.1305) + (0.0201 × 0.1305) + (0 × 0.1305)
+ (0.0207 × 0.1305) = 0.7401.

As a part of the proposed method, it is necessary to multiply the GMI and the DMI by five to attain
the TT Maturity Level. For the general maturity level, GMI = 0.5748 × 5 = 2.87, and for the dimension
maturity level, DMI = 0.7401 × 5 = 3.70, in a scale that goes from 0 to 5 as displayed in Figure 3.
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MDML provides an understanding of TTOs’ status quo considering their technology transfer
capacity. From Level 3 (intermediate maturity), TTOs may start to positively developing sustainable
development goals. At levels 4 (mature) and 5 (fully mature), TTOs are able to fulfill their technology
transfer role which is the main focus of sustainable development gols (SDGs), as TT is considered the
main means of sustainable development [39]. In this case, TT is understood as a mechanism to promote
sustainable development. However, in order to be considered a tool for promoting sustainability, both
flow and transferred technologies should be aligned with SDGs [40].

4. Results and Discussion

4.1. Method for the Determination of Maturity Levels: An Application in Technology Transfer Offices in
a Developing Country

After the definition of the technology transfer criteria: Technology Promotion (C1), Identification
of the TT vehicle (C2), Technology Protection (C3), Commercialization (C4), and Result Management
(C5), its dimensions: Structure (D1), Relationship (D2), Vision (D3), Processes (D4), Financial Resources
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(D5), Ecosystem (D6), Strategy (D7) and People (D8), and seven variables for each dimension, which
comprise the method’s premise, with the option of having more or fewer criteria, dimensions and
variables, the method continues with the application of the FSAW method for determining the weights.

A committee of six experts responded to an e-questionnaire (Table 4). Such experts were selected
by effective experience with technology transfer, intellectual property and management of TTOs.
Results show the reality of TTOs in a developing country. The application of the same method in
a developed country would yield different results.

Table 4. Rating of each criteria by the experts.

S No Criteria Cj
Experts

E1 E2 E3 E4 E5 E6

1 Promotion of Technology C1 VH VH H M MH VH
2 Identification of the transfer vehicle C2 VH VH VH VH VH H
3 Technology Protection C3 VH VH VH VH VH VH
4 Commercialization C4 H ML VH M VH H
5 Management of Results (Royalties) C5 MH VH H MH H MH

Determination of the decision matrix DMjk for all of the criteria in terms of triangular fuzzy
numbers is shown in Table 5.

Table 5. Decision matrix DMjk of the criteria.

Cj E1 E2 E3 E4 E5 E6

C1 (0.9; 1; 1) (0.9; 1; 1) (0.7; 0.9; 1) (0.3; 0.5; 0.7) (0.5; 0.7; 0.9) (0.9; 1; 1)
C2 (0.9; 1; 1) (0.9; 1; 1) (0.9; 1; 1) (0.9; 1; 1) (0.9; 1; 1) (0.7; 0.9; 1)
C3 (0.9; 1; 1) (0.9; 1; 1) (0.9; 1; 1) (0.9; 1; 1) (0.9; 1; 1) (0.9; 1; 1)
C4 (0.7; 0.9; 1) (0.1; 0.3; 0.5) (0.9; 1; 1) (0.3; 0.5; 0.7) (0.9; 1; 1) (0.7; 0.9; 1)
C5 (0.5; 0.7; 0.9) (0.9; 1; 1) (0.7; 0.9; 1) (0.5; 0.7; 0.9) (0.7; 0.9; 1) (0.5; 0.7; 0.9)

Determination of the average fuzzy scores (Ajk), the difuzzified values (e) and the normalized
weights (Wj) of each criterion are shown in Table 6.

Table 6. Average fuzzy scores, difuzzified values, and normalized weights of the criteria.

Criteria
(Cj)

Average Fuzzy Scores (Ajk) Difuzzified Value (e) Normalized
Weight (Wj)a b c Average Overall

C1 0.7000 0.7286 0.9333 0.7873 0.1930
C2 0.8667 0.8429 1.0000 0.9032 0.2214
C3 0.9000 0.8571 1.0000 0.9190 0.2253
C4 0.6000 0.6571 0.8667 0.7079 0.1736
C5 0.6333 0.7000 0.9500 0.7611 0.1866

Determining the ranking and the weight of each criteria according to Brazilian TT experts, displayed
in Table 7, highlights the focus on technology protection (C3), followed by the identification of the
transfer vehicle (C2), technology promotion (C1), result management (C5), and, finally, technology
commercialization (C4). While developed countries are able to go much further than technology
protection, bringing investments to the universities and fostering innovation and technological
development, in Brazil, the thought directed at intellectual property, partnerships and marketing remains.

Like the criteria, the experts rated each dimension in the technology transfer criteria, namely
structure (D1), relationship (D2), vision (D3), processes (D4), financial resources (D5), ecosystem (D6),
strategy (D7) and people (D8), according to the terms of linguistic variables, as shown in Table 8.
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Table 7. Importance ranking of the criteria for technology transfer.

Criteria Final Scores Ranking

C1 0.1930 3
C2 0.2214 2
C3 0.2253 1
C4 0.1736 5
C5 0.1866 4

Table 8. Rating of each dimension by the experts.

Criteria Dimensions
Experts

E1 E2 E3 E4 E5 E6

C1

D1 M VH MH ML M M
D2 H VH MH MH VH M
D3 MH VH VH MH MH MH
D4 H VH H MH VH VH
D5 H VH VH MH VH VH
D6 H VH M VH VH VH
D7 VH VH VH M VH VH
D8 H VH VH H VH VH

C2

D1 VH VH H ML H H
D2 VH VH H MH VH H
D3 VH VL VH MH MH VH
D4 H VH VH MH VH VH
D5 H VL H ML VH VH
D6 H VH MH VH VH VH
D7 VH VH H MH VH H
D8 MH VH MH H VH H

C3

D1 H VH H MH H M
D2 H ML VH ML VH MH
D3 H VH H MH MH VH
D4 VH VH VH MH VH H
D5 VH VH VH MH VH VH
D6 MH VH MH VH VH H
D7 VH VH VH M VH VH
D8 H VH H H VH VH

C4

D1 MH ML MH M H VH
D2 MH VH VH ML VH VH
D3 H VH VH MH MH VH
D4 H VH VH MH VH VH
D5 VH VH H VH VH H
D6 MH VH H M VH H
D7 MH VH VH M VH VH
D8 H VH VH H VH H

C5

D1 MH VH H M H MH
D2 MH ML MH ML VH MH
D3 MH VL H MH MH VH
D4 H VH VH MH VH VH
D5 MH VL MH ML VH VH
D6 MH VL MH ML VH H
D7 MH VL VH M VH VH
D8 VH VH H H VH VH

Afterwards, Table 9 shows the average diffuse scores with the difuzzified values and the normalized
weights of the dimensions.
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Table 9. Average fuzzy scores, difuzzified values, and normalized weights of the dimensions.

Criteria Dimensions
Average Fuzzy Scores Difuzzified Value (e) Normalized

Weighta b c Average Overall

C1

D1 0.40 0.58 0.75 0.5778 0.0870
D2 0.63 0.80 0.92 0.7833 0.1180
D3 0.63 0.80 0.93 0.7889 0.1188
D4 0.77 0.92 0.98 0.8889 0.1339
D5 0.80 0.93 0.98 0.9056 0.1364
D6 0.77 0.90 0.95 0.8722 0.1314
D7 0.80 0.92 0.95 0.8889 0.1339
D8 0.83 0.97 1.00 0.9333 0.1406

C2

D1 0.67 0.83 0.92 0.8056 0.1215
D2 0.77 0.92 0.98 0.8889 0.1341
D3 0.62 0.73 0.82 0.7222 0.1090
D4 0.80 0.93 0.98 0.9056 0.1366
D5 0.55 0.68 0.77 0.6667 0.1006
D6 0.80 0.93 0.98 0.9056 0.1366
D7 0.77 0.92 0.98 0.8889 0.1341
D8 0.70 0.87 0.97 0.8444 0.1274

C3

D1 0.63 0.82 0.93 0.7944 0.1165
D2 0.53 0.70 0.82 0.6833 0.1002
D3 0.70 0.87 0.97 0.8444 0.1239
D4 0.80 0.93 0.98 0.9056 0.1328
D5 0.83 0.95 0.98 0.9222 0.1353
D6 0.73 0.88 0.97 0.8611 0.1263
D7 0.80 0.92 0.95 0.8889 0.1304
D8 0.80 0.95 1.00 0.9167 0.1345

C4

D1 0.50 0.68 0.83 0.6722 0.0995
D2 0.70 0.83 0.90 0.8111 0.1201
D3 0.73 0.88 0.97 0.8611 0.1275
D4 0.80 0.93 0.98 0.9056 0.1340
D5 0.83 0.97 1.00 0.9333 0.1382
D6 0.67 0.83 0.93 0.8111 0.1201
D7 0.73 0.87 0.93 0.8444 0.1250
D8 0.80 0.95 1.00 0.9167 0.1357

C5

D1 0.60 0.78 0.92 0.7667 0.1328
D2 0.43 0.62 0.78 0.6111 0.1059
D3 0.52 0.67 0.80 0.6611 0.1145
D4 0.80 0.93 0.98 0.9056 0.1569
D5 0.48 0.62 0.73 0.6111 0.1059
D6 0.45 0.60 0.73 0.5944 0.1030
D7 0.58 0.70 0.78 0.6889 0.1193
D8 0.83 0.97 1.00 0.9333 0.1617

The next steps consist of determining the decision matrix for all criteria and dimensions,
as presented in Table 10.

Table 10. Determination of the decision matrix for all of the criteria and dimensions [Xij].

Dimensions C1 C2 C3 C4 C5

D1 0.0870 0.1215 0.1165 0.0995 0.1328
D2 0.1180 0.1341 0.1002 0.1201 0.1059
D3 0.1188 0.1090 0.1239 0.1275 0.1145
D4 0.1339 0.1366 0.1328 0.1340 0.1569
D5 0.1364 0.1006 0.1353 0.1382 0.1059
D6 0.1314 0.1366 0.1263 0.1201 0.1030
D7 0.1339 0.1341 0.1304 0.1250 0.1193
D8 0.1406 0.1274 0.1345 0.1357 0.1617
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Table 11 shows the decision matrix for all criteria and dimensions, normalizing the scores by the
maximum score for each criterion.

Table 11. Determination of the normalized matrix for all of the criteria and dimensions [Rij].

Dimensions C1 C2 C3 C4 C5

D1 0.6190 0.8896 0.8614 0.7202 0.8214
D2 0.8393 0.9816 0.7410 0.8690 0.6548
D3 0.8452 0.7975 0.9157 0.9226 0.7083
D4 0.9524 1.0000 0.9819 0.9702 0.9702
D5 0.9702 0.7362 1.0000 1.0000 0.6548
D6 0.9345 1.0000 0.9337 0.8690 0.6369
D7 0.9524 0.9816 0.9639 0.9048 0.7381
D8 1.0000 0.9325 0.9940 0.9821 1.0000

The total score of the dimension structure (D1) compared to the criteria is attained as follows:
(0.6190 × 0.1930) + (0.8896 × 0.2214) + (0.7202 × 0.2253) + (0.7202 × 0.1736) + (0.8214 × 0.1866) = 0.7889.
The total score of the dimensions (D2), (D3), (D4), (D5), (D6), (D7), and (D8) is determined likewise, as
displayed in Figure 4.
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As displayed in Table 12, the dimension people (D8) attained the highest score, followed by
the dimension processes (D4), strategy (D7), ecosystem (D6), financial resources (D5), vision (D3),
relationship (D2) and structure (D1).

Table 12. Importance ranking of the dimensions.

Dimensions Final Scores Normalized Weight Ranking

D1 0.7889 0.1116 8
D2 0.8194 0.1159 7
D3 0.8384 0.1186 6
D4 0.9760 0.1381 2
D5 0.8714 0.1233 5
D6 0.8819 0.1247 4
D7 0.9132 0.1292 3
D8 0.9806 0.1387 1

Each of the method’s dimensions has seven variables, which require rating in terms of linguistic
variables employing the FSAW method in the same way as the dimensions. After the method’s
application, a weight for each variable is attained. It is worth observing in Figure 5 that the method
allows alterations in the number of criteria (C.n), dimensions (D.n) and variables (V.n). Modifying
those elements enables the method to be employed in other knowledge areas.
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Figure 5. The variables’ relationship with the dimensions and criteria.

After conducting all of the calculations, the weights of all the variables and dimensions, which will
be employed in the application of the framework for the TTO managers, are consolidated (Table 13).

Table 13. Consolidation of the weights of the dimensions and variables.

Dimension/Variables Descriptors SAW Rating Weight Normalization

D1 Structure 0.7889 0.1116

V.1.1 Having professionals in TT working full time. 0.9050 0.1477

V.1.2 Pertaining to a university that offers a large number
of academic degrees. 0.7177 0.1171

V.1.3 Having its own infrastructure. 0.9595 0.1566
V.1.4 Mainly focusing on TT. 0.9364 0.1528

V.1.5 Having an organizational structure that clearly
defines the duties of every employee. 0.7793 0.1272

V.1.6 Having its own website to exhibit its portfolio of
TT-related activities. 0.8899 0.1452

V.1.7 Having an adequate and integrated ICT tool. 0.9400 0.1534

D2 Relationship. 0.8194 0.1159

V.2.1 Promoting and managing research partnerships with
the private sector. 0.8331 0.1376

V.2.2 Maintaining interaction programs between the
university and the industry. 0.9273 0.1531

V.2.3 Having a close relationship with the course
departments. 0.6934 0.1145

V.2.4 Having the trust from the university’s researchers to
promote their innovations. 0.9289 0.1534

V.2.5 Having directors with a strong network of contacts
in the business community. 0.9437 0.1558

V.2.6 Having managers with solid personal relationships
with local businesspeople. 0.8437 0.1393

V.2.7 Having a successful relationship with funding
agencies that promote innovation and TT. 0.8854 0.1462

D3 Vision. 0.8384 0.1186

V.3.1 Prioritizing the commercial exploration of technology
over the protection of intellectual property. 0.8682 0.1467

V.3.2 Facilitating TT for professors/researchers. 0.9624 0.1627
V.3.3 Prioritizing negotiations with partner-companies. 0.6791 0.1148
V.3.4 Having clear objectives for its revenue generation. 0.8506 0.1437

V.3.5 Focusing not only on local but also on regional
development. 0.8692 0.1469

V.3.6 Facilitating TT for managers and researchers of
partner-companies. 0.8664 0.1464

V.3.7 Aiming to positively influence the prestige of the
university. 0.8213 0.1388

D4 Processes. 0.9760 0.1381

V.4.1 Adopting best practice procedures in TT for the
industry. 0.8578 0.1471

V.4.2 Featuring the active participation of
professors/researchers. 0.8386 0.1438
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Table 13. Cont.

Dimension/Variables Descriptors SAW Rating Weight Normalization

V.4.3 Having a formal process for the review of research
projects. 0.8608 0.1476

V.4.4 Having a process to verify the receiving of royalties. 0.7738 0.1326

V.4.5 Being responsible for distributing the earnings and
ensuring compliance with the contracts. 0.8103 0.1389

V.4.6
Organizing networking events to facilitate the

interaction between researchers and the business
community.

0.8212 0.1408

V.4.7 Having a formal program to divulge its activities. 0.8707 0.1493

D5 Financial Resources. 0.8714 0.1233

V.5.1 Collaborating and partnering with R&D
departments of private companies. 0.9098 0.1519

V.5.2 Partnering with funding agencies. 0.7946 0.1327
V.5.3 Having its own R&D budget. 0.9477 0.1583

V.5.4 Allocating financial resources for academic
entrepreneurship. 0.8990 0.1501

V.5.5 Having enough budget to ensure TT activities. 0.8798 0.1469

V.5.6 Receiving extra resources allocated by the university
to focus on TT activities. 0.8140 0.1359

V.5.7 Receiving the participation of venture capital for
Start-ups. 0.7433 0.1241

D6 Ecosystem. 0.8819 0.1247

V.6.1 Connecting academic entrepreneurs and
corporations, in terms of research and networking. 0.8452 0.1500

V.6.2 Stimulating the development of an academic
entrepreneurship culture within the university. 0.8364 0.1484

V.6.3 Pertaining to a university located in a region with a
high R&D level relative to the GDP. 0.8197 0.1455

V.6.4 Being located in a region with significant demand for
technology. 0.8300 0.1473

V.6.5 Managing and supporting academic
entrepreneurship programs. 0.7600 0.1349

V.6.6
Pertaining to a university that focuses on

engineering and biological sciences (medicine,
pharmacology, dentistry, among others).

0.6156 0.1092

V.6.7 Being linked to a technological park. 0.9281 0.1647

D7 Strategy. 0.9132 0.1292

V.7.1 Having rules of procedure concerning the
participation of researchers in technology transfer. 0.8604 0.1546

V.7.2 Having policies of technology licensing as a part of
its strategic plan. 0.8999 0.1617

V.7.3 Being autonomous in TT (removing bureaucracy
from processes). 0.8316 0.1494

V.7.4 Having managers whose TT-related tasks do not
collide with their other professional activities. 0.5695 0.1023

V.7.5 Having a well-defined policy of financial reward. 0.7619 0.1369

V.7.6 Having internal marketing, disseminating successful
cases. 0.8191 0.1472

V.7.7
Featuring mechanisms of approach with the business

community (business advisory programs, panels,
debates, and lectures for the society).

0.8233 0.1479

D8 People. 0.9806 0.1387

V.8.1
Having experienced managers with administrative

and technical skills, as well as in communication and
marketing.

0.8978 0.1543

V.8.2 Having employees experienced in negotiation and
TT-savvy. 0.9413 0.1618

V.8.3
Having directors with experience (5 years) in
business management, as well as academic

education.
0.6444 0.1108

V.8.4 Having directors with a high level of authority and
support from the university’s directorate. 0.8497 0.1460
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Table 13. Cont.

Dimension/Variables Descriptors SAW Rating Weight Normalization

V.8.5 Pertaining to a university in which research is a
prerogative of the faculty. 0.9177 0.1577

V.8.6

Having directors with doctorates, preferably in the
fields of engineering, biological and health sciences,

applied social sciences, agrarian sciences, among
others.

0.6033 0.1037

V.8.7 Pertaining to a university whose leadership
acknowledges and values the importance of TT. 0.9641 0.1657

ICT—Information and communication technology. R&D—Research and development. GDP—Gross
domestic product.

4.2. Application of the Framework to Determine the Maturity Level of Technology Transfer Offices:
The Brazilian Case

Analysis of the TT maturity level results provided an overview of 105 Brazilian TTOs focusing
on how their TT maturity level influences sustainable development. To get a potential contribution,
e-questionnaires were responded to by TTOs’ managers/directors.

According to the MDML metric, TTOs start positively influencing sustainable development
as they reach Level 3 (intermediate maturity). TTOs reaching Levels 4 (mature) and 5 (fully
mature) are really capable of transferring technology, contributing to innovation and generating
new sustainable businesses in a systemic way, using a strategic relationship between the academic and
business community.

When analyzing TT maturity level (Table 14), considering this sample, there were no TTOs with
a maximum score (Level 5—Fully mature). Only about 5.71% of Brazilian TTOs obtained level 4
(Mature). Difficulties with financial resources, processes, ecosystem and strategy were obstacles to
reach Level 5. It is key to point out that 50% of Level 4 TTOs have financial resources difficulties.
Analyzing Level 3 TTOs, even though they also mention problems with processes, vision and ecosystem,
financial resources are again referred as the main problem (89.2%).

Table 14. Application of the framework to determine the maturity levels of Brazilian TTOs.

TTO Opening
Year

Employees DMI
GMI Ranking

TT Other D1 D2 D3 D4 D5 D6 D7 D8

TTO 87 2003 5 30 5.00 5.00 5.00 3.57 3.59 5.00 3.57 5.00 4.44 1
TTO 68 1986 8 12 5.00 5.00 4.27 2.89 4.38 4.18 5.00 4.23 4.33 2
TTO 88 2005 2 7 3.47 5.00 4.43 5.00 2.17 4.18 5.00 5.00 4.31 3
TTO 57 2009 4 20 5.00 5.00 3.69 5.00 2.21 3.44 5.00 5.00 4.31 4
TTO 65 2008 2 8 3.54 5.00 3.55 4.34 4.21 4.26 2.98 4.45 4.05 5
TTO 92 2010 1 3 2.71 5.00 4.27 5.00 2.96 2.99 5.00 3.93 4.01 6
TTO 41 2008 1 9 5.00 5.00 4.27 3.64 0.76 4.18 3.74 5.00 3.94 7
TTO 58 2007 1 4 5.00 4.23 4.27 5.00 3.59 3.54 2.27 2.85 3.82 8
TTO 62 2015 4 14 4.23 5.00 4.27 4.26 2.92 2.17 3.06 4.45 3.79 9
TTO 11 2015 15 5 4.27 5.00 3.55 3.64 1.42 3.44 3.57 5.00 3.74 10
TTO 69 2010 3 5 3.47 5.00 3.55 3.57 2.15 3.43 5.00 3.67 3.73 11
TTO 93 2009 1 2 4.24 5.00 3.69 2.20 2.95 5.00 2.25 4.45 3.69 12
TTO 04 1997 8 20 5.00 4.23 2.96 2.81 2.84 2.76 3.52 5.00 3.63 13
TTO 38 2006 1 6 4.24 4.23 2.97 3.60 2.17 4.18 3.01 4.45 3.61 14
TTO 100 1995 2 8 3.47 4.23 2.97 3.57 3.59 2.71 4.32 3.93 3.61 15
TTO 08 2006 2 6 5.00 4.22 3.55 2.83 0.79 3.54 4.32 4.17 3.53 16
TTO 19 2007 1 1 3.47 3.55 2.97 5.00 1.41 2.77 4.26 4.48 3.53 17
TTO 35 2009 2 6 2.74 5.00 4.27 2.86 1.34 3.73 3.80 4.48 3.53 18
TTO 22 2006 2 6 4.23 4.27 3.55 2.06 1.49 4.33 4.26 3.75 3.47 19
TTO 79 2009 2 24 4.23 5.00 2.24 1.45 1.42 3.43 5.00 5.00 3.46 20
TTO 18 2008 7 2 1.22 5.00 3.69 3.59 0.66 4.18 3.80 5.00 3.44 21
TTO 78 2008 2 2 3.47 3.52 3.69 2.90 2.17 4.18 3.75 3.67 3.42 22
TTO 104 2013 3 3 3.51 5.00 2.82 2.86 2.94 2.90 3.52 3.67 3.39 23
TTO 56 2018 0 1 3.63 5.00 3.55 4.30 0.00 3.51 2.32 4.45 3.35 24
TTO 54 2009 2 5 4.23 4.31 2.97 3.59 1.54 2.79 3.52 3.67 3.32 25
TTO 44 2015 2 3 2.92 4.27 3.69 3.59 3.04 2.31 4.49 2.10 3.29 26
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Table 14. Cont.

TTO Opening
Year

Employees DMI
GMI Ranking

TT Other D1 D2 D3 D4 D5 D6 D7 D8

TTO 67 2017 2 1 3.51 3.50 2.96 3.59 0.66 4.18 3.52 4.19 3.28 27
TTO 26 1999 2 4 2.69 5.00 2.97 4.26 1.42 3.63 2.20 3.62 3.24 28
TTO 03 2009 1 1 2.74 3.50 3.71 2.90 2.09 5.00 0.77 5.00 3.23 29
TTO 30 2002 4 22 3.65 4.43 4.28 3.64 2.16 2.31 3.44 2.13 3.23 30
TTO 103 2015 2 2 2.00 2.22 2.97 4.34 4.38 3.05 5.00 1.62 3.22 31
TTO 42 1992 2 11 1.95 5.00 2.97 2.88 2.84 3.50 3.80 2.81 3.21 32
TTO 72 2004 2 2 3.50 4.43 4.43 2.86 0.00 4.18 2.91 3.36 3.19 33
TTO 09 2005 5 40 3.47 2.95 2.97 2.17 2.16 5.00 4.25 2.37 3.15 34
TTO 102 2013 1 1 2.86 5.00 3.55 2.85 2.17 2.90 2.23 3.64 3.14 35
TTO 64 2014 4 13 3.47 4.43 3.71 4.26 0.75 2.17 1.51 4.45 3.10 36
TTO 81 2009 2 1 2.77 4.22 3.69 4.34 1.42 4.18 2.32 1.86 3.09 37
TTO 17 2007 3 2 4.41 3.62 1.51 2.92 0.66 2.77 4.49 4.17 3.08 38
TTO 86 2009 5 3 3.51 4.43 2.72 3.55 2.95 1.28 3.58 2.65 3.07 39
TTO 95 2005 1 6 4.23 4.43 2.24 3.64 0.66 2.71 2.28 4.19 3.05 40
TTO 24 2006 2 2 2.73 4.23 2.97 3.60 2.10 2.71 2.32 3.64 3.05 41
TTO 91 2015 1 3 2.74 2.95 5.00 2.17 2.97 2.90 1.94 3.62 3.02 42
TTO 14 2008 2 7 3.51 2.07 3.55 2.14 1.41 3.45 4.25 3.62 3.00 43
TTO 77 2016 2 3 2.91 2.89 5.00 1.44 1.42 2.90 2.32 5.00 2.98 44
TTO 25 2018 2 1 2.92 4.23 2.97 4.30 1.42 2.16 3.75 2.06 2.98 45
TTO 90 2010 1 5 3.50 3.70 2.97 2.86 1.54 2.17 3.75 2.87 2.91 46
TTO 28 2004 4 1 4.24 5.00 2.97 1.45 2.84 2.04 0.00 5.00 2.90 47
TTO 48 2008 1 11 2.83 4.23 2.97 2.83 0.66 2.90 2.25 4.19 2.87 48
TTO 59 2008 2 2 3.51 5.00 2.24 2.08 2.85 2.88 1.28 2.89 2.80 49
TTO 01 2007 1 2 3.50 2.72 2.24 3.56 1.49 2.70 3.00 2.87 2.77 50
TTO 89 2011 1 0 2.69 1.34 3.55 2.88 1.53 3.50 3.51 2.94 2.76 51
TTO 101 2007 6 4 1.95 2.19 4.27 3.56 1.40 2.17 3.06 2.87 2.70 52
TTO 63 2010 1 1 3.60 3.49 2.82 2.88 0.76 2.77 2.93 2.14 2.65 53
TTO 33 2007 0 4 2.73 3.55 2.24 4.26 0.66 2.71 1.48 3.36 2.65 54
TTO 83 2017 6 6 1.42 2.72 2.97 4.26 0.79 3.44 3.00 2.08 2.62 55
TTO 15 2008 1 2 3.47 2.03 2.82 2.82 0.73 3.50 2.33 2.85 2.57 56
TTO 31 2011 1 1 2.00 3.50 4.27 2.90 1.54 3.45 2.33 0.73 2.56 57
TTO 07 2007 2 7 1.51 2.88 3.55 2.17 2.17 3.63 1.99 2.33 2.52 58
TTO 99 2011 1 0 1.37 4.23 2.24 2.91 0.66 3.45 3.74 1.31 2.49 59
TTO 50 2009 1 2 2.19 2.89 2.76 2.78 2.78 1.56 2.81 2.13 2.49 60
TTO 82 2012 0 3 1.95 2.03 3.53 2.86 0.66 2.70 3.06 2.91 2.48 61
TTO 80 2013 2 1 0.76 3.66 4.31 2.18 2.21 1.49 2.26 2.86 2.47 62
TTO 06 2009 1 3 1.95 3.55 3.69 0.69 0.00 4.18 1.52 4.19 2.46 63
TTO 98 2010 2 0 0.78 4.27 2.97 0.72 2.94 3.45 1.58 2.87 2.43 64
TTO 10 2007 1 4 3.00 3.57 2.28 2.88 2.17 2.68 1.32 1.64 2.42 65
TTO 21 2007 3 2 1.95 4.23 2.81 1.41 0.76 2.03 2.32 3.62 2.39 66
TTO 51 2010 1 24 2.81 2.95 3.71 2.80 0.00 3.45 1.51 1.60 2.33 67
TTO 12 2007 1 1 3.47 3.66 2.08 1.41 1.40 1.27 2.27 3.10 2.31 68
TTO 76 2008 1 6 2.73 3.70 2.15 3.60 0.00 1.96 2.27 2.04 2.31 69
TTO 71 2012 1 0 1.31 1.45 3.55 2.89 2.15 1.48 3.51 1.86 2.30 70
TTO 49 2018 0 1 1.36 3.52 3.55 2.81 2.04 1.48 3.01 0.55 2.27 71
TTO 36 2008 1 5 3.50 3.66 2.97 1.45 0.66 2.71 2.32 1.29 2.27 72
TTO 46 2010 1 3 2.73 5.00 3.55 0.74 2.08 0.55 0.77 3.10 2.26 73
TTO 94 2010 2 0 2.69 3.66 4.43 1.40 0.73 1.49 2.27 1.60 2.23 74
TTO 53 2004 3 5 3.47 1.45 2.82 2.08 0.00 2.79 3.01 2.12 2.21 75
TTO 96 2015 5 0 0.59 4.27 3.55 0.72 2.17 2.17 2.32 2.08 2.21 76
TTO 70 2017 2 1 0.59 2.18 2.16 2.19 1.43 3.45 2.32 2.87 2.18 77
TTO 43 2008 1 2 2.09 2.03 3.55 2.90 0.00 1.29 2.27 2.87 2.14 78
TTO 16 2001 3 4 2.09 1.45 4.28 1.36 0.76 2.68 2.27 2.04 2.10 79
TTO 39 2007 1 9 2.09 3.46 2.97 1.45 0.66 2.70 1.97 1.31 2.04 80
TTO 45 2008 3 2 2.09 2.19 2.24 1.42 0.66 3.50 2.25 2.04 2.04 81
TTO 61 2009 1 1 0.59 4.27 2.97 2.12 1.49 2.17 2.32 0.52 2.03 82
TTO 73 2011 0 1 0.59 3.74 1.43 2.90 0.66 3.78 2.19 0.79 2.02 83
TTO 02 2017 1 1 2.18 1.45 4.28 1.46 0.00 2.85 2.33 1.62 2.00 84
TTO 34 2006 0 2 1.37 1.34 3.69 0.66 1.40 2.75 3.75 0.79 1.95 85
TTO 23 2008 1 8 2.09 2.72 2.97 1.46 0.00 3.45 0.77 2.14 1.93 86
TTO 75 2008 0 6 0.59 1.45 2.97 2.82 0.00 3.43 0.77 2.87 1.90 87
TTO 32 2011 1 1 0.59 1.45 2.97 1.40 0.73 2.71 3.01 1.35 1.78 88
TTO 74 2009 2 2 1.37 3.66 0.81 2.18 1.40 1.56 1.25 1.58 1.72 89
TTO 40 2013 2 1 0.64 0.69 3.55 2.10 0.00 2.68 0.74 2.87 1.69 90
TTO 29 2009 0 5 1.37 1.50 1.43 2.17 0.66 2.01 0.77 2.63 1.59 91
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Table 14. Cont.

TTO Opening
Year

Employees DMI
GMI Ranking

TT Other D1 D2 D3 D4 D5 D6 D7 D8

TTO 60 2018 0 1 1.31 2.77 1.55 0.72 0.00 3.60 1.58 1.35 1.59 92
TTO 85 2006 2 1 2.00 2.97 1.43 1.44 0.66 0.74 1.32 2.10 1.57 93
TTO 55 2015 1 0 0.78 3.70 1.43 0.70 0.00 2.17 3.01 0.73 1.54 94
TTO 84 2017 0 1 0.59 2.16 4.28 0.69 0.66 0.75 0.51 2.39 1.49 95
TTO 05 2012 0 2 0.76 2.92 2.28 1.36 0.00 2.23 0.81 1.28 1.44 96
TTO 66 2017 0 1 0.78 2.12 2.24 2.13 0.66 2.15 1.28 0.00 1.41 97
TTO 105 2011 1 0 0.59 0.77 1.51 2.10 0.66 1.46 1.46 1.62 1.30 98
TTO 13 2012 0 2 1.96 0.77 1.43 1.46 1.45 0.55 0.77 1.31 1.21 99
TTO 20 2013 3 3 2.29 0.69 1.51 0.70 1.40 1.56 1.58 0.00 1.18 100
TTO 52 2013 1 11 0.00 1.99 2.28 0.74 0.66 1.49 1.58 0.00 1.07 101
TTO 37 2016 0 3 2.74 0.57 0.69 1.47 0.00 1.48 0.00 1.31 1.02 102
TTO 47 2008 2 1 0.59 0.69 0.69 0.74 0.66 1.28 0.77 2.29 0.99 103
TTO 27 2017 0 1 0.59 0.77 1.43 0.72 0.00 2.88 0.68 0.79 0.98 104
TTO 97 2004 1 4 0.59 0.00 0.69 0.00 0.00 1.28 0.00 4.19 0.89 105

DMI—Maturity index by dimension. GMI—General maturity index.

According to this study, a rate of 59.05% Brazilian TTOs were under level 3 and all of them (100%)
bring up financial resources as their main issue, followed by processes (90.3%), structure and people
(85.5%).

Data indicates that financial resources dimension play an important role on maturity level and
some of the variables to be considered are:

• Not getting venture capital funds for startups (96.19%);
• No extra resources allocated by the university specially to TT activities (82.86%);
• Not having own budget for research and development (R&D) (81.9%);
• No financial resources allocated to academic entrepreneurship (70.48%);
• Not enough budget to guarantee TT activities (66.67%);
• Nor collaboration or partnership with R&D departments of private companies (62.86%), and
• No partnerships with development agencies (38.1%).

Considering TT maturity levels’ average of Brazilian TTOs, the overall maturity level was 2.67,
resulting on a rate of 59.05% Brazilian TTOs under level 3, meaning low maturity level, consequently
low or none influence on sustainable development. Therefore, Brazilian TTOs still have a long way to go
in order to accomplish positive technology transfer as well as sustainable development. Results shown
in Figure 6 indicate that the average is above 3 when analyzing relationship and vision dimensions,
indicating that TTOs have a clear vision of where they need to go and what they should do. However,
the lack of financial resources proved to be a serious obstacle while other dimensions play a secondary
role but they still have to be considered, such as structure, people and processes.
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4.3. Discussion about the Maturity Models

Maturity models act as a support for TTO managers to improve university’s technology transfer
processes, contributing to circumstantial changes in any TTO. However, there is a scarcity of studies
about maturity models for TTOs. This paper proposed to determine how TTOs’ maturity level influences
sustainable development in developing countries. For this purpose, the method for determining TT
maturity levels was developed and applied, employing a multi-criteria method to define the weight
of each dimension and variable, applying a framework containing a binary scale. It is relevant to
indicate that the method does not intend to ascertain how much, but rather, if each variable is present.
Considering that, questions were adapted from Gaia et al. [36] and answered by TTO managers.

Taking into account that MDML was proposed for TTOs in developing countries, the experts who
defined the weights employed in the method are Brazilian, thus reflecting the reality in Brazil. If the
method is applied in another country, local experts should be consulted, ideally. Moreover, the method
was designed to allow alterations in its criteria, dimensions and variables, focusing on the country’s
cultural, social, economic and political needs. Additionally, in fact, this paper applies the MDML to
TTOs, but it could be adapted for other areas as well.

Table 15 displays a comparison between the MM and the MDML, regarding their characteristics
and purposes. Both models fulfill their purposes, and the comparison does not aim to ascertain which
one is better. However, differences exist and should be taken into account and adapted to the reality of
the TTO.

Table 15. Comparison between the maturity models.

Comparative
Characteristics Maturity Model (MM) Method for Determining Maturity Levels

(MDML)

Multi-criteria method Fuzzy Analytic Hierarchy Process (Fuzzy AHP). Fuzzy Simple Additive Weighting (FSAW).

Decision-makers

It does not present the qualification of
decision-makers. Yimen and Dagbasi [41] point
out that the FAHP method is based on paired
comparisons, leading to the construction of

decision matrices in each level of the hierarchical
structure of the criteria. This point is not clear in

the maturity model.

It presents the decision-makers and their
qualifications (having actively worked with

TT, having solid knowledge about intellectual
property and having managed a TTO).

Decision weighting It does not present the weights attributed by the
decision-makers.

It presents the weights attributed by the
decision-makers.

Scale employed in the
self-assessment

Likert scale ranging from 1 to 5, with 1
corresponding to strongly disagree, 2 to disagree,

3 to neutral, 4 to agree and 5 to strongly agree.
The use of this scale and its terminology might
create problems when answering questions like:
does the TTO have enough personnel or is the

resource allocation sufficient for the TTO?
Questions of that nature are subjective; what is
enough for one TTO might not be for another.

Binary scale, aiming to ascertain only whether
the TTO does not present (0) or presents (1) a

given variable. For instance: does the TTO
have professionals in TT working full time?

Measured items Six efficiency areas, with 24 statements
distributed across them.

Eight dimensions containing seven variables
each, in a total of 56 variables.

Maturity levels
Its initial proposal presented five levels, later
adjusted to eight maturity levels (IMM). Each
level has a descriptor for its characterization.

It presents a general maturity index and a
dimension maturity index, which range from
0 to 5, with 0 corresponding to fully immature

and 5 to fully mature. It does not present
descriptors per level due to the

understanding that a TTO might have
descriptors of different levels. For instance,
a TTO might have a trained team with the

necessary TT skills but present a low maturity
level due to a lack of sufficient financial
resources to maintain its TT processes.

Application
Maturity model for TTOs in developing countries.

For its validation, it was applied in European
countries, including the United Kingdom.

Method for determining TT maturity levels of
TTOs in developing countries (Brazil).
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This paper makes several contributions to the literature. First, this study adds to the relatively
small amount of accounting research that investigates methods for defining maturity level whether
TTOs become more and more important means of development. Whereas previous research does not
provide an analysis based on TT, this study contemplates dimensions and variables directly related to
TT with bias with the ninth SDG. Second, the results of this study help provide a better understanding
of the situation of Brazilian TTOs according to their maturity level providing an overview of TTOs
in developing countries. Finally, this approach is distinct from similar studies as it places TT as the
main resource for achieving the SDGs limiting the role of science and innovation towards sustainable
development. It is therefore essential to recognize that there are different issues for different regions
and countries that go beyond aspects of TT [39].

5. Final Consideration

This study demonstrated how TTOs’ maturity level influences sustainable development in
developing countries by proposing a new method for determining maturity level of TT. This method
uses FSAW, and it is based on 5 requirements, 8 dimensions and 56 proposed variables which were
weighted by carefully targeted respondents. Out of 305 existing TTOs in Brazil according to the
FORMICT 2018 report [28] from the Ministry of Science, Technology Innovations and Communications,
44 TTOs were excluded as they had no link to a university. The response rate was 40.22%, as 105 TTOs
from 24 (88.89%) out of 27 Brazilian states participated in the research.

Results show that Brazilian TTOs achieved low levels of maturity and highlighted critical factors
for such outcome: financial resources (pointed out as the main problem), structure, processes, strategy,
ecosystem and people. On the other hand, relationship and vision Dimensions got better evaluation and
higher scores. Understanding that financial resources dimension is directly linked to the performance
of other dimensions, allocation of more resources to TT and R&D activities plays an important role in
strengthening TTOs.

This method for determining TTOs’ maturity level has proven to be an extensive way to provide
meaningful information for TTOs’ managers, especially in developing countries. By highlighting
main dimensions and specific variables affecting technology transfer processes, this model contributes
to performance improvement as it points out specific issues to be addressed by each organization
creating a supportive benchmark. It also provides important insights on sustainable development
since technology transfer is not the only one but a relevant mechanism for sustainability.

This method certainly merits further research investigation in other developing countries,
encouraging proper comparative work. This study provides insights for practical recommendations
on TTOs’ performance and its implications for sustainable development.
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