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Introducción: El capital intelectual (CI) es un factor clave en los procesos de transferencia de tecnología (TT) en las instituciones de educa-
ción superior (IES), particularmente en el marco de la tercera misión de la universidad. 
Objetivo: Identificar enfoques recurrentes y lagunas de conocimiento en la literatura sobre la relación entre las dimensiones del capital 
intelectual y los resultados de los procesos de transferencia de tecnología universitaria, prestando especial atención a las limitaciones para 
comprender y medir la dimensión relacional del capital intelectual en estos procesos.
Metodología: Se realizó un análisis exploratorio de la literatura utilizando Web of Science como base de datos principal, complementado 
con una estrategia de bola de nieve. El proceso se estructuró en tres fases: (i) planificación, que incluyó la definición del protocolo de revi-
sión y la estrategia de búsqueda; (ii) ejecución, que comprendió la selección, la lectura del texto completo y el análisis de los estudios; y (iii) 
presentación de informes, durante la cual se sintetizaron y organizaron los hallazgos. El corpus analítico final comprendió 94 publicaciones.
Resultados: Los hallazgos indican que las dimensiones del capital intelectual, humano, estructural y relacional se han abordado de manera 
desigual en la literatura. El capital humano y estructural cuentan con enfoques de medición más consolidados, mientras que el capital rela-
cional se ha evaluado principalmente mediante indicadores agregados o basados en la percepción.
Conclusiones: La literatura revisada muestra que su dimensión relacional presenta mayores limitaciones en cuanto a su medición y vincula-
ción con los resultados de la transferencia de tecnología. 

Resumen

Introduction: Intellectual capital (IC) is a key factor in technology transfer (TT) processes in higher education institutions 
(HEIs), particularly within the framework of the university’s third mission. 
Objective: To identify recurring approaches and knowledge gaps in the literature on the relationship between the dimen-
sions of intellectual capital and the outcomes of university technology transfer processes, paying special attention to the 
limitations in understanding and measuring the relational dimension of intellectual capital in these processes. 
Methodology: An exploratory literature review was conducted using Web of Science as the primary database, supple-
mented by a snowball sampling strategy. The process was structured in three phases: (i) planning, which included defining 
the review protocol and search strategy; (ii) execution, which comprised the selection, full-text reading, and analysis of the 
studies; and (iii) reporting, during which the findings were synthesized and organized. The final analytical corpus comprised 
94 publications. 
Results: The findings indicate that the dimensions of intellectual, human, structural, and relational capital have been 
addressed unevenly in the literature. Human and structural capital have more established measurement approaches, while 
relational capital has been assessed primarily using aggregate or perception-based indicators. 
Conclusions: The reviewed literature shows that the relational dimension of relational capital has greater limitations in 
terms of its measurement and its connection to technology transfer outcomes.

Palabras clave: Capital intelectual; transferencia de tecnología; tercera misión; capital relacional; análisis de redes sociales; 
universidades
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Graphical Abstract

Why was this study conducted?
This study was conducted to address the conceptual and methodological limitations in the literature regarding how the 
dimensions of intellectual capital influence university technology transfer processes and outcomes. Particular attention 
was given to relational capital because, despite its importance in the collaborative nature of technology transfer and the 
university’s third mission, its measurement remains less developed than that of human and structural capital.

What were the most significant findings?
The review found that human and structural capital have more consolidated conceptual and measurement approaches, 
whereas relational capital is still mainly assessed through aggregate, financial, or perception-based indicators. These 
approaches identify the existence of relationships and collaborative activities but provide limited explanations of how the 
structure, quality, and dynamics of those relationships influence concrete technology transfer outcomes. Social network 
analysis was identified as a relevant methodological alternative for addressing some of these limitations.

What do these results contribute?
These results provide an integrated understanding of how human, structural, and relational capital support different sta-
ges of university technology transfer. They also clarify the main conceptual and measurement gap concerning relational 
capital and propose the integration of traditional indicators with structural network metrics. This contribution provides a 
basis for developing more robust measurement approaches and for supporting higher education institutions and tech-
nology transfer offices in managing relationships more strategically and linking them to observable transfer outcomes.
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Introduction
Intellectual capital – IC has been widely recognized as a determining factor in organizational 

performance, particularly in contexts involving innovation and technology transfer –TT within higher 

education institutions – HEIs. Numerous studies have examined its impact on the development 

of competitive advantages, highlighting its contribution to organizations’ ability to develop new 

technologies, products, and processes (1–6). In the university context, this role becomes particularly 

relevant within the framework of the third mission, through which HEIs not only generate 

knowledge but also seek to transfer it to industry, public organizations, and society (5,7–9).

Technology transfer can be understood as an interaction process through which knowledge, 

research outcomes, and intellectual property are mobilized from their creators to other actors 

for the purpose of generating economic and social value (10,11). This process is inherently 

collaborative and depends on the coordination of multiple actors, which positions intellectual 

capital as a key resource by providing the capabilities, structures, and relationships required for its 

development (3,12–16). In particular, HEIs actively involved in technology transfer must strengthen 

not only their internal knowledge-generation capabilities, but also their ability to interact, 

negotiate, and collaborate with external actors (17).

Nevertheless, despite the recognition of intellectual capital as an enabler of technology transfer, 

the literature presents limitations in the way its influence on these processes is understood 

and measured. Whereas human and structural capital have received greater conceptual and 

methodological development, relational capital has been assessed mainly through aggregate 

indicators or general approaches that do not explain its contribution to technology transfer 

outcomes with sufficient precision. Consequently, a gap remains in the literature regarding the clear 

linkage between the relational capabilities of HEIs and observable technology transfer outcomes 

(9,14).

In this context, the objective of this article is to identify the main approaches and knowledge gaps 

concerning the relationship between the dimensions of intellectual capital and the outcomes 

of university technology transfer processes. To this end, an exploratory literature analysis was 

conducted to identify the main conceptual approaches, forms of operationalization, and gaps in the 

existing literature. Based on this analysis, the article seeks to contribute to a better understanding 

of the role of intellectual capital in technology transfer and to guide future research in the context 

of higher education institutions (14,18–25).

Methodology
An exploratory literature analysis was conducted to identify recurring approaches and knowledge 

gaps concerning intellectual capital and its relationship with technology transfer in higher 

education institutions, with particular emphasis on relational capital and its operationalization 

through social network analysis (26).

The analysis was conducted through a systematic review process structured into three phases: 

(i) planning, (ii) execution, and (iii) reporting of the review findings, as illustrated in Figure 1. The 

activities conducted during each phase are described below.

https://doi.org/10.1111/radm.12576
https://doi.org/10.1080/14778238.2022.2118636 
https://doi.org/10.1007/s10639-022-11563-x 
https://doi.org/10.1108/JIC-09-2019-0223 
https://doi.org/10.1080/02642069.2010.545883
https://doi.org/10.1016/j.respol.2005.05.012 
https://doi.org/10.5465/ambpp.2004.13863811
https://doi.org/10.1108/JIC-05-2023-0096 
https://doi.org/10.3390/risks9090170 

https://www.scielo.org.mx/pdf/etp/n39/n39a3.pdf

https://doi.org/10.1080/02642069.2010.545883 
https://doi.org/10.1016/j.techfore.2016.12.013 
https://doi.org/10.1016/j.techfore.2016.12.013 
https://doi.org/10.5465/amr.1998.533225
https://sk.sagepub.com/book/mono/analyzing-social-networks-3e/toc#_ 
https://acortar.link/JCjpSZ 
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Figure 1. Exploratory literature analysis process

Review Planning

During the planning phase, a review protocol was developed to address the following research 

question: How has the relationship between the dimensions of intellectual capital, particularly 

relational capital, and the outcomes of university technology transfer processes been addressed in 

the literature?

The protocol guided the methodological decisions and the development of the search strategy. 

Web of Science (WoS) was selected as the main indexing database because it includes publications 

from internationally recognized collections and publishers and applies widely acknowledged 

indexing and editorial quality criteria (26,27).

The literature search was designed by identifying the main terms associated with the research 

topic. Three groups of terms were established. The first consisted of “Intellectual Capital”, as this 

is the central concept of the study. The second included “technology transfer”, “innovation”, “third 

mission” and “technology commercialization”, to retrieve studies addressing intellectual capital in 

connection with technology transfer processes. The third included “universit*” and “higher educ*” to 

contextualize the results within higher education institutions. The truncation operator “*” was used 

to include variations of these terms.

https://acortar.link/JCjpSZ 
https://doi.org/10.5539/ass.v9n5p18 
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The relevant literature was retrieved using the following search equation:

Results
The initial search yielded 693 publications. Inclusion and exclusion criteria were subsequently 

established to identify publications aligned with the research question. The following Web 

of Science categories were considered: Management or Business or Business Finance or 

Multidisciplinary Sciences or Educational Research or Engineering Industrial or Engineering 

Multidisciplinary. The following meso-level citation topics were also included: 6.3 

Management or 6.11 Education & Educational Research or 6.238 Bibliometrics, Scientometrics 

& Research Integrity. In addition, the following micro-level citation topics were considered: 

6.3.1691 Intellectual Capital or 6.3.2 Knowledge Management or 6.3.726 Entrepreneurship or 

6.3.1467 Academic Entrepreneurship or 6.11.2332 Higher Education or 6.238.166 Bibliometrics 

or 6.3.368 Technology Acceptance Model. 

The main Web of Science search covered publications from 2020 to 2024 and was conducted 

in early 2025. This period was selected to capture recent developments in the measurement 

of intellectual capital within a context characterized by the growing relevance of university–

environment collaboration.

After applying the categories, citation topics, and publication-period criteria, 207 publications 

were retained. Their titles and abstracts were subsequently screened to assess their alignment 

with the research question. Publications were excluded when they referred to intellectual 

capital or technology transfer but did not examine the relationship between these concepts. 

Following this screening process, 87 publications were selected for full-text assessment.

Review Execution

During the execution phase, the 87 selected publications were assessed in full. Five 

publications were excluded because they did not directly address the relationship between 

intellectual capital and university technology transfer. These publications generally examined 

the influence of intellectual capital on social or sustainability-related factors or focused on 

business contexts without addressing its relationship with technology transfer.

Following the full-text assessment, 82 publications from the main Web of Science search were 

retained. The database search was complemented by backward and forward snowballing. 

The reference lists of the selected publications and the studies citing them were examined to 

identify relevant contributions not retrieved through the main search. This strategy enabled 

the inclusion of seminal and conceptually or empirically relevant publications, including 

studies published before 2020.

An additional 12 publications were incorporated through the snowballing strategy. Therefore, 

the final analytical corpus comprised 94 publications, all of which were read and analyzed in 

full.
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Reporting of the Review Findings

During the reporting phase, the findings obtained from the exploratory literature analysis were 

synthesized and organized. The analysis focused on identifying the main conceptual approaches, 

measurement methods, recurring findings, and knowledge gaps concerning the dimensions of 

intellectual capital and their relationship with university technology transfer outcomes.

Two graphical resources are presented to support the interpretation of the final analytical corpus. 

The first illustrates the annual distribution of the publications included in the analysis, while the 

second presents the temporal relationships among the main terms identified in the literature. Figure 

2 presents the annual distribution of the 94 publications included in the final analytical corpus. 

The main Web of Science search covered the 2020–2024 period, while earlier publications were 

incorporated through the snowballing strategy.

The annual distribution shows a marked increase in publications from 2020 onward, with the 

highest concentration observed in 2023. This pattern suggests growing academic interest in the 

relationship between intellectual capital, innovation, and technology transfer in higher education 

institutions.

Figure 2. Annual distribution of publications included in the final analytical corpus

The temporal co-occurrence map illustrates the evolution of the main topics addressed in the 

literature. In the earlier publications, intellectual capital in higher education institutions was 

associated with terms such as entrepreneurship, industry, management, and relational capital. 

Subsequently, attention expanded toward concepts such as intellectual capital, impact, innovation, 

intangible assets, structural capital, and human capital. In the most recent publications, increasing 

emphasis has been placed on knowledge management, technology transfer, and innovation 

performance, among other topics.
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Figure 3. Temporal co-occurrence map

Review Findings

The literature analysis made it possible to identify the main conceptual approaches, forms of 

operationalization, and relationships between intellectual capital – IC and technology transfer – TT 

processes in higher education institutions – HEIs, as well as relevant gaps in the measurement of 

its dimensions. Based on these findings, the results are organized around the recurring themes 

identified in the literature: intellectual capital as a conceptual framework, its role in knowledge 

generation, its relationship with the university’s third mission, and its connection with technology 

transfer processes.

Intellectual Capital

The concept of IC has been defined by several authors, although no universally accepted definition 

has yet been established (12,16,28–32). Likewise, its composition varies according to the author 

and the context in which it is analyzed. Table 1 presents the main definitions identified in the 

publications included in this review.

https://doi.org/10.1108/JIC-05-2023-0096 
https://doi.org/10.3390/risks9090170
https://doi.org/10.1108/JIC-02-2020-0052 
https://doi.org/10.1016/j.techfore.2020.119917 


Ingeniería y Competitividad, 2026 vol 28(2) e-30415751/ May- Aug 8 /19

doi:  10.25100/iyc.v28i2.15751

Intellectual capital and university technology transfer: An exploratory analysis 

Table 1. Definitions of intellectual capital

Definition Author(s)

A value-creation process reflected in the difference between an 

organization’s market value and book value (29,33).
John Kenneth 

Galbraith (1968)

Intellectual material (knowledge, information, intellectual property, 

and experience) that can be used to create wealth (32,34,35).
Stewart (1998)

The knowledge and knowing capability of a social collectivity (18,36).
Nahapiet and Ghoshal 

(1998)

The sum of everything that everyone in a company knows and that 

provides the company with a competitive advantage (37–39).
Bontis (1998)

The total stock of knowledge, information, technologies, intellectual 

property rights, experience, learning, and collective competencies 

capable of creating value for a company (30,37).
Bontis (2005)

A non-monetary asset that ultimately provides a financial advantage 

(38,40,41).
Edvinsson and Sullivan 

(1996)

The knowledge, skills, and experience that employees take with them 

when they leave a company (30,42).
Subramaniam and 

Youndt (2005)

A multidimensional phenomenon comprising experience-based 

assets, knowledge, and practical capabilities that enhance a 

company’s value (38,40,43).
Dumay (2016)

The sum of everything that is known and can be used to create value 

(30,44).
Guthrie (2004)

For the purposes of this review, and based on the definitions presented above, intellectual capital 

is understood as the combination of assets, intangible resources, and institutional activities that 

enable an organization to transform material, financial, and human resources into a system capable 

of creating value (39,41,45). Authors have proposed different dimensions of intellectual capital. 

However, human, structural, and relational capital are the dimensions most frequently addressed in 

the literature (4,6,39,41,45–47). 

Human capital – HC refers to the tacit and explicit knowledge accumulated by the individuals 

who make up an organization and contribute to the achievement of its strategic objectives. This 

dimension includes employees’ skills, experience, know-how, education, training, and motivation 

(41). Structural capital – SC comprises explicit knowledge embedded in procedures, intellectual 

property, organizational models, information and communication systems, organizational 

structures, operating procedures, and databases. This dimension also commonly includes the 

institution’s tangible resources (45). Relational capital – RC encompasses the set of economic, 

political, and institutional relationships between an HEI and its potential partners, including 

customers, suppliers, competitors, government institutions, and society more broadly at the 

regional, national, or international level. It also includes intra-institutional relationships and the 

institution’s capacity to establish and maintain such relationships (4,6,41,45–49). In addition, 

https://doi.org/10.47750/QAS/24.194.37 
https://doi.org/10.1111/radm.12570
https://doi.org/10.1016/j.techfore.2020.119917 
https://doi.org/10.18845/te.v17i2.6695 
https://doi.org/10.1108/JKM-06-2021-0453
https://doi.org/10.5465/amr.1998.533225 
https://doi.org/10.1108/JIC-03-2021-0095

https://doi.org/10.1108/JIC-04-2020-0109

https://www.torrossa.com/en/resources/an/4925786 
https://doi.org/10.1108/JIC-02-2020-0055
https://doi.org/10.1108/JIC-04-2020-0109 
https://api.semanticscholar.org/CorpusID:166850645 
https://doi.org/10.1108/00251749810204142
https://doi.org/10.3390/su11123455 
https://doi.org/10.1108/JIC-02-2020-0055 
https://doi.org/10.1108/JIC-01-2020-0010
https://api.semanticscholar.org/CorpusID:166850645 
https://doi.org/10.1108/00251749810204142 
https://doi.org/10.1016/j.jbusres.2019.10.029 
https://doi.org/10.1108/JIC-02-2020-0055 
https://doi.org/10.1142/S1363919621500092
https://www.torrossa.com/en/resources/an/4925786
https://doi.org/10.3390/su11123455
https://doi.org/10.1108/MEDAR-03-2022-1632 
https://www.torrossa.com/en/resources/an/4925786
https://doi.org/10.3390/su11123455 
https://doi.org/10.1108/MEDAR-03-2022-1632 

https://www.scopus.com/pages/publications/84929255724?origin=scopusAI

https://doi.org/10.3390/su11123455
https://doi.org/10.1108/MEDAR-03-2022-1632
https://doi.org/10.1108/JIC-12-2016-0139 
https://doi.org/10.1080/14778238.2022.2118636
https://doi.org/10.3390/su11123455
https://doi.org/10.1108/MEDAR-03-2022-1632
https://doi.org/10.1108/JIC-12-2020-0383 
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relational capital encompasses external perceptions of the organization, including its image, brand, 

prestige, reliability, reputation, and position within the networks to which it belongs (50).

Relational capital may also be conceptualized as social capital or divided into more specific 

dimensions. These include customer capital, associated with the intangible assets that support 

relationships with customers; internal capital, concerning intangible assets that enable intra-

institutional relationships; external capital, involving relationships with actors outside the 

organization, such as customers, suppliers, and other stakeholders; socio-environmental capital, 

related to the organization’s social and environmental responsibilities and impacts; and positional 

capital, which refers to strategic relationships within networks (8,14,32,51–53). 

Structural capital may also be described as organizational capital or divided into dimensions 

such as technological capital, information technology capital, information capital, innovation 

capital, and renewal capital (1,6,14,16,31,37,38,40,54–65). Structural capital is one of the most 

widely examined dimensions in the literature because it includes organizational assets that can be 

identified relatively easily, including tangible resources and intellectual property assets, on which 

organizations tend to concentrate their identification and management efforts (8,41,66).
Human capital is the most consistently addressed dimension of intellectual capital in the 

literature and is commonly operationalized through both qualitative and quantitative variables 

(1,4–7,9,13,14,16,31,34,37,38,40,47,50,54–60,62–64,67–75). It is also one of the most extensively 

studied dimensions because it is considered fundamental to every organization and is inherent to 

the individuals who comprise it. The literature has explored different variables for measuring an 

organization’s intellectual capital capabilities. These variables are summarized in Table 2.

Table 2. Variables associated with intellectual capital

IC dimension Variables

Human capital

Skills and knowledge (50,56,58)
Training and development (72)
Experience (3,7)
Educational background (34,48)
Competencies (6,30)
Retention of qualified employees (60)
Motivation and commitment (7)
Interpersonal relationships (7,58)

Structural capital

Organizational culture and structure (37,67,76)
Knowledge management systems (37,58,67)
Intellectual property (37,67,77)
Policies and procedures (37,67,71)
Support infrastructure (40,67)

Relational capital

Quality of relationships (65,78)
Social Network (31,65,77)
Customer loyalty (56,79)
Supplier relationships (31,65)
Collaborative partnerships (65,78)
Reputation (31,65)
Interorganizational communication (31,65)
Trust and commitment (31,65)

https://doi.org/10.1111/radm.12669
https://doi.org/10.1108/VJIKMS-06-2020-0110

https://doi.org/10.1016/j.techfore.2016.12.013

https://doi.org/10.1016/j.techfore.2020.119917
https://doi.org/10.3917/jie.032.0075 
https://doi.org/10.1002/sres.3003
https://doi.org/10.1111/radm.12576
https://doi.org/10.1080/14778238.2022.2118636
https://doi.org/10.1016/j.techfore.2016.12.013
https://doi.org/10.3390/risks9090170
https://doi.org/10.3390/jrfm15100456
https://doi.org/10.1108/JIC-04-2020-0109
https://api.semanticscholar.org/CorpusID:166850645
https://doi.org/10.1108/00251749810204142
https://doi.org/10.1108/VJIKMS-04-2021-0060 
https://doi.org/10.1108/JIC-07-2020-0221 
https://doi.org/10.1111/radm.12576 
https://doi.org/10.1108/JIC-12-2016-0139 
https://doi.org/10.1108/JIC-09-2019-0223
https://doi.org/10.1080/02642069.2010.545883
https://doi.org/10.1109/TEM.2022.3175655
https://doi.org/10.1016/j.techfore.2016.12.013
https://doi.org/10.3390/risks9090170
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https://doi.org/10.18845/te.v17i2.6695
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The variables proposed for human capital capture this concept comprehensively and can 

be adapted to the specific context of each organization, thereby enabling the collection of 

information on individual capabilities and tacit or explicit knowledge (3,6,7,30,34,48,50,56,58,60). 

Similarly, the structural capital variables identified in the literature represent explicit knowledge 

and the organization’s tangible resources, providing a basis for measuring this dimension 

(37,40,58,67,76,77).

In contrast, the measurement of relational capital presents greater challenges. In the literature 

included in this review, this dimension has mainly been assessed subjectively through Likert-

type scales or questions based on respondents’ perceptions, with limited evidence of objective 

indicators capable of capturing the concept comprehensively (32,40,54,61,78,80). Furthermore, 

relational capital has primarily been operationalized in business contexts. Although the variables 

identified for this dimension may also be relevant in other settings, including higher education 

institutions, their application requires contextual adaptation (14,16,31,65,77–79).

Intellectual Capital in Knowledge Generation

In the knowledge economy, IC is a crucial driver of innovation and organizational development 

and plays a strategic role in HEIs (37,45,63). Several authors have examined the relationship 

between intellectual capital and knowledge generation. Within this relationship, intellectual 

capital contributes to the development of research competencies associated with HC, technology 

management capabilities associated with SC and interdepartmental cooperation associated with RC 

(6).

Given the relevance of intellectual capital to knowledge generation in HEIs, the literature suggests 

developing more sophisticated assessment methods that account for specific characteristics of 

academic research and complement quantitative approaches with qualitative methods (7,81). 

These models should also examine the interaction among the dimensions of intellectual capital 

to determine their influence on research processes and their contribution to innovation and TT 

(4,18,33,35,39,41–44,82–84).

Intellectual Capital and the University’s Third Mission

The university’s third mission can be understood as the set of activities that extend beyond 

the traditional roles of teaching and research. It involves the generation, use, application, and 

exploitation of knowledge and other university capabilities outside academic settings, emphasizing 

the commitment of HEIs to society and their contribution to social, economic, and cultural 

development (80,85,86). From a broader perspective, the third mission also encompasses extension 

and social responsibility functions aimed at strengthening the relationships between universities 

and social, territorial, and community actors. Within this framework, cooperation, collaboration, 

and the social appropriation of knowledge are relevant components of university–environment 

interaction, going beyond approaches focused exclusively on knowledge commercialization or 

university–industry relations (80,85,86). HEIs use different indicators to assess their third-mission 

performance; however, comprehensive models that incorporate an intellectual capital perspective 

remain limited (14). The development of models based on intellectual capital is consistent with the 

nature of universities as organizations devoted to the production and transfer of knowledge (46), 
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among other institutional missions. The way intellectual capital is conceptualized and managed 

also varies according to the internal and external context of each institution. Consequently, the 

literature highlights the need to redefine intellectual capital in HEIs by considering its strategic role 

in promoting the entrepreneurial university. Within this context, relational capital acquires particular 

relevance, as HEIs need not only the capacity to interact with external actors, but also the ability to 

develop and manage strategic and long-term relationships with the different actors that comprise 

society (32,50).

Overall, the literature emphasizes the importance of relational capital in strengthening the 

university’s third mission through the connections between HEIs and their environment (73). 

Nevertheless, despite advances in the measurement and management of intellectual capital, 

difficulties remain regarding its full integration into university culture and management practices 

(14,46,50). Table 3 summarizes the main models and approaches used to measure intellectual 

capital in HEIs. In general, their principal limitations relate to their emphasis on the management 

of intellectual capital within the first two institutional missions, teaching and research, which makes 

them insufficient for adequately capturing activities associated with the university’s third mission.

Table 3. Approaches to measuring intellectual capital

Approach Advantages Limitations

International rankings: Rankings 
such as the Times Higher Education 

World University Rankings and 
the Academic Ranking of World 

Universities use indicators to classify 
HEIs globally. (14,46)

They provide a 
broad overview 
of institutional 

performance and 
enable comparisons 
among universities 

worldwide.

They focus mainly on teaching 
and research and do not 

comprehensively address the 
third mission. Therefore, despite 
offering a broad overview, they 

may be insufficient for evaluating 
third-mission activities.

Intellectual Capital Maturity Model 
(ICMM): An intellectual-capital-based 

framework for assessing the third 
mission according to the university’s 

capacity to produce and transfer 
knowledge. (14,46)

It supports strategic 
decision-making 

by focusing 
on knowledge 
management.

It emphasizes the assessment 
of capabilities for developing 
new technologies but requires 

further empirical validation across 
different contexts.

International research projects: 
Initiatives such as the E3M Project, 
the Observatory of the European 
University (OEU), and the Higher 

Education–Business and Community 
Interaction (HE-BCI) survey seek 
to identify and test indicators for 
evaluating the third mission. (14)

They contribute 
to the debate 

on third-mission 
measurement and 
propose specific 
indicators for this 

area.

They have not reached consensus 
on a common set of indicators or 
methodologies for assessing the 
quality of third-mission activities, 
which limits the development of 
clear and comparable datasets.
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Approach Advantages Limitations

Italian Evaluation Model (VQR): 
An Italian evaluation system that 

has evolved from a product-based 
approach toward a process-based 
model incorporating qualitative 

and quantitative intellectual capital 
indicators.

(46)

It provides a 
standardized 

and comparable 
database covering 
Italian universities.

It is primarily a research-quality 
assessment model that uses 
intellectual capital indicators, 

but it does not provide a 
comprehensive measurement of 

intellectual capital itself.

Value Added Intellectual Coefficient 
(VAIC™): A model for measuring 
intellectual capital that has been 

applied in sectors such as agriculture, 
construction, manufacturing, and 

transportation. (6,12)

Its application across 
different sectors 
suggests that it 
is adaptable and 

robust.

It is based mainly on financial 
indicators, which limits its 

applicability depending on the 
purpose of the assessment.

Integrated Intellectual Capital 
Measurement Model (IICM): A 

model designed to capture intellectual 
capital in contexts of business 

uncertainty. (12)

It integrates different 
dimensions of 

intellectual capital, 
recognizes the 

effects of digital 
transformation, 
offers flexibility 

across industries, 
and combines 

quantitative and 
qualitative measures.

It requires further empirical 
validation to confirm its 

applicability and effectiveness 
across different contexts.

Technology Transfer Office 
Efficiency Model: A self-assessment 
tool linked to a maturity model that 
evaluates the efficiency of university 
technology transfer offices – TTOs 
through intellectual capital-based 

indicators. (9)

It enables 
universities to assess 
technology transfer 

efficiency using non-
financial indicators.

It proposes relatively basic 
indicators that could be 

strengthened to identify more 
specific capabilities and requires 

further empirical validation across 
different contexts.

 

The approaches presented in Table 3 combine quantitative and qualitative indicators to provide a 

comprehensive characterization of intellectual capital in HEIs. They differ mainly in their orientation: 

some prioritize institutional classification, whereas others focus on intellectual capital management. 

As a result, the indicators used vary according to the model and its context of application, allowing 

implementation both at the institutional level and within specific organizational units, including 

TTOs.

The selection of a model therefore depends on the purpose of the assessment and the institution’s 

particular context. Intellectual capital measurement remains a developing field, and further research 

is required to improve existing models and develop new assessment tools (14,19–22).
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Intellectual Capital and Technology Transfer

The World Intellectual Property Organization – WIPO, defines TT as a collaborative process 

through which scientific discoveries, knowledge, and intellectual property flow from creators, such 

as universities and research institutions, to public and private users. Its purpose is to transform 

inventions and research outcomes into new products and services that benefit society (87,88).

Technology transfer may also be understood as an active interaction process between two or more 

entities through which technology and related knowledge are transferred to increase or stabilize 

the recipient’s capabilities (89).

Figure 4 provides a graphical representation of the technology transfer process. For analytical 

purposes, the process is divided into two major stages, shown in fuchsia and purple. The first 

stage focuses on value creation for innovation, while the second centers on the development of 

collaboration required to establish and consolidate the partnerships needed to transfer research 

outcomes. Each stage comprises four phases, resulting in a total of eight phases. Although the 

process is presented linearly for analytical purposes, feedback loops may occur among the different 

phases and stages in practice, leading to adjustments and iterations throughout the process. 

Technology transfer begins with the disclosure of an invention, when the responsible unit, generally 

the HEI’s TTO, identifies a new technology with transfer potential. The process concludes with the 

follow-up or monitoring of the transfer’s development. In the most successful cases, the transferred 

technology is further developed and commercialized and, once accepted by the market, may be 

considered an innovation (56,57,88,90). 

Figure 4. Graphical representation of the technology transfer process

The representation presented in Figure 4 provides a general synthesis of the technology transfer 

process and is not intended to replace specific technology maturity assessment models. In practice, 

technology development and transfer may be supported by tools such as technology readiness 

levels – TRLs, as well as by validation, technology packaging, scaling, and market-readiness 

activities.  However, these tools may vary according to the type of technology, sector, transfer 
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mechanism, and institutional regulations. Therefore, Figure 4 is used as an analytical framework for 

distinguishing between activities associated with value creation and those related to collaboration 

and the formalization of technology transfer. It does not describe or replace the specific tools that 

may support each phase.

The technology transfer process can be assessed in different ways. It may be evaluated in terms 

of success, which occurs when one actor’s experience influences another actor (91); effectiveness 

and efficiency, referring respectively to the usefulness and understanding of the technology by its 

recipients and to the speed and minimization of financial resources involved in the transfer process 

(92,93); performance, understood as the extent to which recipients acquire additional experience, 

knowledge, or technologies through the transferred technology (64,94); or knowledge diffusion, 

which can be assessed in terms of knowledge flows between two or more actors (10,11).

Several authors have identified a positive relationship between intellectual capital and innovation, 

mediated by technology transfer (1,3,9). Collaboration between HEIs and other actors, enabled by 

relational capital, contributes to higher performance and greater socioeconomic returns for HEIs 

(3). Within this relationship, technology transfer offices play an essential role as intermediaries and 

facilitators between HEIs and other actors. Consequently, TTOs require particularly well-developed 

relational capital to perform their functions successfully (90).

To promote innovation and technology transfer in HEIs through intellectual capital, the literature 

proposes the strategies presented in  Table 4. Each strategy is organized according to a dimension 

of intellectual capital and is translated into specific recommendations (1,58,64).

Table 4. Recommendations for promoting innovation and technology transfer in HEIs

Strategy Recommendations

Strengthen the HEI’s human capital 

(58,64)

Invest in researcher training and development.

Encourage interinstitutional mobility.

Promote collaboration with external experts.

Develop the HEI’s relational capital 

(1,64)

Establish strong and long-term relationships with 

other actors through strategic partnerships.

Participate in collaborative networks.

Promote interaction between academics and business 

representatives.

Optimize the HEI’s structural capital 

(58,64)

Develop effective knowledge management systems.

Create accessible databases.

Establish clear institutional policies for intellectual 

property and technology transfer.

Define procedures for technology valuation, 

negotiation, licensing, and commercialization.

Foster an organizational culture that values innovation 

and collaboration.
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Most of the recommendations presented in Table 4 are general in nature and, in many cases, 

require financial investment. Although these proposals identify relevant actions for strengthening TT 

processes, they generally do not specify how those actions should be implemented. Furthermore, 

few studies have developed specific metrics for measuring an HEI’s intellectual capital in relation 

to its technology transfer processes (9,14). To provide an initial approximation to the measurement 

of HEI capabilities in terms of intellectual capital for TT, the indicators presented in Table 5 were 

identified in the literature (9,14).

Table 5. Intellectual capital indicators for technology transfer

IC 
dimension

Indicator

Human 
Capital

Number of full-time academics (9)
Number of associate professors/ number of full-time academics (9)
Number of employees involved in Creative Commons and social innovation 
projects (14)

Number of HEI graduates or employees who have created start-ups or spin-offs 
(14)

Number of professors who have coauthored publications with nonacademic 
organizations (14)

Number of postgraduate students funded by private companies (14)

Percentage of staff with advanced degrees (9,14)

Structural 
Capital

Number of patents, licenses, and trademarks co-owned by the HEI (9,14)
Number of incubators co-owned by the HEI (9)
Success rate of R&D project applications (9)
Number of shared or open-access laboratories and facilities (9)
Budget allocated to equipment and instruments (9)
Budget allocated to books, journals, and databases (9)
Amount of research funding (9)

Relational 
Capital

Number of university–industry partnerships (9)
Amount of funding allocated to university–industry collaboration (9)
Number of international awards received (9,14)
Number of consortia (9,14)
Number of international joint R&D projects (9,14)
Number of new partnerships established for R&D projects (9,14)

Number of companies cofunding research or academic activities at the HEI (9,14)

 

The indicators associated with human capital mainly capture capabilities related to knowledge 

generation and the production of research outcomes. Indicators such as the number of full-time 

academics, the ratio of associate professors to full-time academics, the number of postgraduate 

students funded by private companies, and the percentage of staff with advanced degrees primarily 

reflect conditions that support the first stage of the TT process: value creation for innovation, 

as shown in Figure 4. However, these indicators are limited in their ability to capture the human 

capabilities required during the second stage, in which skills related to interaction with external 
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actors, negotiation, and agreement management become necessary. Some indicators, including the 

number of employees involved in Creative Commons and social innovation projects, the number 

of graduates or employees who have created start-ups or spin-offs, and the number of professors 

who have coauthored publications with non-academic organizations, provide an approximation 

to these dynamics. Nevertheless, there is generally less availability of metrics capturing the role 

of human capital in consolidating collaborations and achieving effective TT outcomes, as well as 

indicators related to the soft skills required during these phases (9,14).

The indicators identified for structural capital capture a broader set of organizational capabilities 

supporting the TT process at different stages. Indicators such as the budget allocated to equipment 

and instruments, the budget allocated to books, journals, and databases, and the amount of 

research funding are associated with financial resources, scientific infrastructure, and access to 

information. Therefore, they reflect conditions that support knowledge generation and maturation. 

Indicators such as the number of patents, licenses, and trademarks co-owned by the HEI and the 

success rate of R&D project applications provide an approximation to the institution’s capacity 

to protect and transform research outcomes into assets with transfer potential. Similarly, the 

number of co-owned incubators and shared laboratories or facilities reflects organizational 

conditions that may facilitate interaction with external actors. Overall, structural capital indicators 

demonstrate a greater capacity to capture the organizational conditions required throughout the 

TT process. Nevertheless, their specific contribution to the phases of interaction, negotiation, and 

commercialization remains indirect in some cases (9,14).

Relational capital indicators primarily quantify the HEI’s connections with external actors, determine 

the financial resources devoted to collaboration, or assess aspects of institutional image and 

reputation. Variables such as the number of university–industry partnerships, international joint 

R&D projects, consortia, newly established R&D partnerships, and companies cofunding research 

or academic activities are particularly relevant to the second stage of the TT process, which 

concerns the development of collaboration, as shown in Figure 4. However, these indicators 

mainly measure the existence or level of relational activity rather than its effectiveness in terms 

of TT outcomes (9,14). Although they provide an approximation to the institution’s portfolio of 

partnerships, they remain insufficient for evaluating the success of those relationships in terms 

of technology adoption, commercialization, or impact (4,48,49). Additionally, several of these 

indicators originate from approaches developed for general university–environment interaction 

contexts and have been measured through subjective assessments, including Likert-type scales. 

This reinforces the need to develop metrics that objectively capture the strategic quality of 

relationships and their effective contribution to TT processes (19–22,95–97). 
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Discussion and Conclusions
This review confirms that intellectual capital provides a relevant analytical framework for 

understanding technology transfer in higher education institutions, as it integrates complementary 

capabilities that intervene at different stages of the process. Human capital contributes the 

knowledge, experience, and competencies required to generate research outcomes; structural 

capital provides the organizational, regulatory, technological, and infrastructural conditions 

needed to protect, manage, and create value from those outcomes; and relational capital enables 

institutions to activate, sustain, and leverage the external relationships required for their transfer. 

From this perspective, university technology transfer does not depend on a single dimension of 

intellectual capital, but rather on the articulation of capabilities oriented toward both value creation 

and the development of collaboration.

However, the review also shows that this articulation has been addressed unevenly in the literature. 

While human and structural capital have more consolidated conceptual foundations and greater 

possibilities for measurement, relational capital emerges as the least developed dimension in terms 

of operationalization and in the way it is linked to technology transfer outcomes.

These findings are particularly relevant when examined from the perspective of the university’s 

third mission. This mission requires higher education institutions to move beyond their traditional 

teaching and research functions and to engage actively with external actors in processes 

aimed at generating economic, social, and territorial value. In this context, technology transfer 

constitutes one of the main mechanisms through which universities mobilize knowledge toward 

their surrounding environment. Nevertheless, this process does not depend exclusively on 

scientific capabilities or internal resources. It also relies on the institution’s ability to establish, 

maintain, and coordinate relationships with multiple actors, including firms, government entities, 

social organizations, communities, and other members of the innovation ecosystem. From this 

perspective, the multi-actor nature of university technology transfer makes relational capital a 

strategic resource for fulfilling the third mission, as it supports the exchange, cooperation, and 

coordination processes required to transform academic knowledge into outcomes with economic 

and social impact. The relevance of the asymmetry identified in the literature therefore lies in the 

fact that the university’s third mission is largely materialized through its relationships, which makes 

a deeper understanding of those relationships essential.

Despite this importance, the literature analyzed in this review tends to address the influence of 

relational capital only in general terms. Aggregate, financial, and perception-based indicators 

predominate, capturing the existence of connections or collaboration efforts but providing limited 

explanations of how the structure and quality of relationships influence the success of technology 

transfer.

More specifically, the reviewed studies commonly measure relational capital through aggregate 

indicators such as the number of university–industry partnerships, joint R&D projects, business 

cofunding, consortia, and institutional reputation attributes, particularly ranking positions. Although 
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these indicators are useful for identifying relational activity, they are limited in their ability to 

capture more complex dimensions, such as the strategic quality of connections, the institution’s 

position within a network, the diversity of its ties, its brokerage capacity, and the sustainability of 

relationships over time. Consequently, the main gap identified in this review does not lie in the 

recognition of the importance of relational capital, but in the limited capacity of existing metrics to 

explain its effective contribution to concrete technology transfer outcomes, including technology 

adoption, validation, commercialization, licensing, and scaling.

The review also suggests that the value of relational capital cannot be understood as an isolated 

institutional attribute. Its effectiveness depends on organizational and contextual conditions that 

mediate the relationship between external ties and transfer outcomes. These conditions include 

the availability of structural resources, the existence of institutional mechanisms for managing 

interaction with the external environment, and the role of specialized intermediaries, particularly 

technology transfer offices. Therefore, rather than conceiving relational capital as an inventory of 

relationships, it should be understood as an institutional capability to build, coordinate, and sustain 

collaborative configurations that facilitate knowledge flows, negotiation among actors, and the 

mobilization of research outcomes toward social and productive uses.

Within this framework, social network analysis – SNA emerges as a relevant methodological 

alternative for strengthening the measurement of relational capital in the university context. 

Its main contribution lies in moving beyond the simple counting of relationships and enabling 

a structural interpretation of collaboration through measures such as centrality, betweenness, 

density, redundancy, communities, and structural holes. This approach provides a robust basis 

for understanding how an institution’s network of relationships is organized, which actors occupy 

strategic positions, how resources and information circulate, and how particular configurations may 

facilitate or constrain trust, coordination, and technology transfer outcomes. From this perspective, 

network analysis does not replace traditional relational capital indicators but substantially expands 

their explanatory capacity.

From a practical standpoint, the findings suggest that higher education institutions and their 

technology transfer offices should move toward more integrated intellectual capital management 

systems in which the relational dimension is not treated merely as a secondary outcome of research 

activity, but as a strategic asset requiring specific monitoring, strengthening, and evaluation. 

This implies not only promoting a greater number of connections with external actors, but also 

understanding their structure, diversity, stability, and strategic value for technology transfer. 

Accordingly, complementing traditional indicators with structural network metrics may improve 

decision-making, support the identification of key actors, reveal excessive dependencies, detect 

relational gaps, and guide more effective university–environment engagement strategies.

Finally, the research agenda should advance toward studies that directly relate the dimensions of 

intellectual capital, particularly relational capital, to observable technology transfer outcomes, such 

as licensing agreements, commercially exploited patents, spin-off creation, socioeconomic impact, 

and innovation outcomes. Longitudinal and comparative studies are also needed to examine the 

evolution of collaboration networks over time. Future research should further combine quantitative 

network metrics with qualitative approaches capable of explaining underlying mechanisms such 
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as trust, governance, and capability complementarity. Multilayer studies examining different types 

of ties among actors and the roles played by institutional intermediaries, including technology 

transfer offices and science and technology parks, would also contribute to a more comprehensive 

understanding of these processes. In summary, advancing the field requires more than continuing 

to affirm that intellectual capital is important for technology transfer. It requires the development 

of analytical frameworks and measurement approaches capable of explaining more precisely how, 

under what conditions, and through which relational configurations intellectual capital is translated 

into effective technology transfer outcomes.
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