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Abstract: The portfolio of research and technology transfer (TT) activities represents a 

dynamic time-limited project organizational structure. The topic of the influence of a 

properly organized working environment of universities and the effective creation and 

dissemination of knowledge in research and TT projects has been identified as a research gap. 

Therefore, this article focuses on the following research question: "What does the operational 

structure of research look like and what are its characteristics?" The main method for 

achieving this goal is a network analysis, the procedures of which were applied to the data 

of the University of Hradec Králové in the field of research and TT, specifically the data from 

research projects. The data file contains data of 370 research activities. The scale of the 

network has not been confirmed and it is also a network where the presence of the small 

world phenomenon has not been confirmed, which in the context of relatively high average 

degree of centrality indicates some redundancy in the interconnection of research teams and 

may be an indication of limited innovation potential of researchers of UHK teams and not 

fully effectively developed research basis. 
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1. Introduction: Knowledge Management and Technology Transfer 

Knowledge management makes it possible to explain why knowledge cannot be well 

transferred or communicated during the technology transfer process. The model of the 

relationship between knowledge management and technology transfer (TT) includes both the 

technology provider organization (university) and the technology recipient organization 

(companies between which TT takes place) work with two basic theoretical concepts - 

environmental knowledge management and absorption capacity (Anderton & Watson, 2018). 

Knowledge management enables to clarify the reasons why there are complications in the 

transfer or sharing of knowledge during the technology transfer process, using the concept 

of absorption. This concept enabled to understand how to positively influence relations 

between manufacturing companies and higher education organizations in order to "facilitate 

the process" of technology transfer. ¨The key factor for successful "facilitation" appears to be 

the examination of both subjects simultaneously by the same optics (Leonard, 1999). The 

absorption capacity is one of the determining abilities of a company to accept new knowledge 
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and be able to benefit from it for its own innovation activities. A firm or department with a 

high absorption capacity has a well-developed ability to effectively transfer the knowledge it 

acquires from surrounding units or firms (Tsai, 2001). This is also in line with the results of 

related studies, which confirmed that knowledge is usually distributed unevenly within the 

network (Borgatti, 2003; Tsai, 2001). It is also important to emphasize that the procedural 

concept of absorption capacity (Lane et al., 2006) as an element indicating the above-

described ability to effectively receive and transmit, i.e. to further distribute the accepted 

properties, is directly related to the position of the organization or company (Burt, 1976), and 

thus makes the position of the organization one of the primary factors of success of the 

transfer process (Kotler et al., 2013; Tsai, 2001). In the aviation industry, we have a proven 

direct impact of knowledge management on a successful TT (Rafiei et al., 2016). The results 

of the study say that it is appropriate for managers (in this case, in the aviation industry) to 

pay more attention to three topics: (1) technology transfer, (2) environment preparation to 

facilitate a technology flow and increase performance by allocating sufficient resources and 

space to these activities; and (3) building and developing relationships with support 

organizations, research institutes and universities, which makes it possible to transfer 

relevant knowledge and technology in a shorter time and at a lower cost. 

In this case, the first point seems interesting, which is closely related to both the sharing 

of experience and the transfer of formalized know-how in the form of documentation, 

manuals and training, which resonates with the SECI model (Nonaka, 1994). In the case of 

the second point, we can also find a model for Nonaka, as it can be set into the Ba model 

(Nonaka, 1994). Within the same model, we can identify the third point with the following 

types of Ba "Origin Ba" and "Dialog Ba" see Figure 3 (Nonaka, 1994). Studies on the role of 

universities as "open innovators" also highlight the importance of the position that the 

university occupies or is able to take and also defend within specific network structures 

(Jonsson et al., 2015; Kim et al., 2018). 

There are already traditional studies on the productivity of researchers and their co-

authoring cases of co-citation networks in which these researchers work, which are studies 

in the full sense of the word focused on the creation and sharing of knowledge in the 

university environment. Usually, the abilities of universities or their research teams are 

analyzed, such as productivity (Racherla & Hu, 2010), openness to innovation (Powell et al., 

1996; Smith et al., 2014) or the ability of companies to create new values for customers in a 

broader sense (Perkmann et al., 2011; Schaeffer et al., 2020; Tsai, 2001). This level, the level of 

creation and sharing of knowledge in the environment of universities, especially their 

transfer activities, is researched extensively. On the other hand, the level of creating a suitable 

organizational environment and learning about the processes of creating and sharing 

knowledge in academia is examined less often and yet according to Nonak's Ba-model, it is 

the level of organizational culture, which includes a key work environment for creating the 

so-called organizational knowledge. It turned out that the question "What does the 

operational structure of research look like and what are its characteristics?", i.e. what research 

projects are conducted and how individual knowledge from the heads of individual 

researchers gets into the final reports of more and more projects is not much researched, or 
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at least we have not found any studies at the level of "peer-review articles" in the available 

Scopus or WoS databases. Therefore, we consider it appropriate to pay more attention to this 

issue of "creating a suitable work environment for individuals in teams performing university 

research". A solid starting point for studying the structure and properties of the work 

organization of science and research is to clarify several basic concepts from the history of 

universities related to the topic. The university has historically occupied some "original 

position" (Lee, 1998), which, as mentioned above, resulted from the tradition and activities of 

the university, i.e. here we usually limit ourselves to two original roles (1) Teaching and (2) 

Research provided in Figure 1 below. 

 

 

Figure 1. Conceptual scheme of the change of historical roles of the university towards TT  

This defined position was then associated with "a target market" (Pritchard et al., 2016) , 

for which the university came up with "a certain offer" (Kotler et al., 2013) that resulted from 

the execution of rights and obligations associated with those roles (Wasserman & Faust, 

1994). In the course of time, the university has expanded its scope to include another role (3) 

of TT, which is naturally linked to "new target markets" and "expansion of supply" resulting 

from the expanded exercise of rights and obligations associated with these roles, i.e. TT and 

research activities (Bozeman, 2000). Now, we will specify these two roles (TT and research 

activities) through research projects: Research (GAČR) and (3rd role) TT (EHP, MK-NAKI, 

MPO, MV-PV, MZ, MŠMT, NORWAY, TACR).  

The above types of projects, together with researchers moving from project to project, 

create a structure that may or may not help to generate and disseminate knowledge. It is a 

slightly modified co-author's network, which forms a manageable structure of scientific 

cooperation, i.e. a portfolio of projects. To understand "What does the operational structure 

of research look like and what are its characteristics", we have set two successive goals: (i) to 

describe the time evolution of the network structure of the research project portfolio and (ii) 
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identification of the so-called cut-point projects, i.e. the projects which, due to their position, 

eventually divide the network into two or more parts. 

2. Methods 

The main method for achieving the goal is a network analysis, the procedures of which 

were applied to the data of the University of Hradec Králové in the field of research and TT 

from the databases of UHK information systems and subsequently, their analysis, evaluation 

and preparation for calculations were performed. These were the data from the research 

projects (GAČR, TAČR). The data file contains data of 370 research activities (in the following 

text, the designation project may be used, but it is still the same variable, i.e. the project of 

R&D activities). Within the mentioned 370 projects, 806 researchers were active in the 

monitored period of 2014-2019. The file contains data of 80 external entities. On average, there 

are about two projects per researcher and the average number of researchers per project is 

close to five. The first key task was how the network data will be obtained from this database, 

i.e. how networks will be created. The procedure for all networks created in this study was 

identical and followed standard networking procedures (Wasserman & Faust, 1994). 

3. Results 

3.1. Time Evolution of the Network Structure of the Portfolio of R&D Projects 

In relation to the first sub-objective, i.e. the description of the time evolution of the 

network structure of the research project portfolio, Table 1 provides a summary of network 

metrics that characterize the six networks shown in Figure 1. Specifically, network size 

measured by number of nodes 19 in 2014 to 370 in 2019. These are small to medium-sized 

networks at an advanced stage of development. Therefore, gigantic components are already 

recognizable in every period. The networks show a significant share of the gigantic 

component in the entire network, which ranges from 47 to 85.7% of the total number of peaks. 

Table 1. Structural metrics of the network of research projects from the period of 2014-2019 

Structural metrics 2014 2015 2016 2017 2018 2019 

Number of network nodes  19 88 141 207 300 370 

Number of components 4 24 25 28 33 48 

The size of a gigantic component 9 61 111 175 263 317 

The share of a gigantic component 0.474 0.693 0.787 0.845 0.877 0.857 

 

The development of the network in the individual monitored periods is summarized in 

six graphs in Figure 2. The graph for the period of 2014 also shows the designations of 

individual projects as they are listed in the database. In subsequent periods, due to the 

legibility of the graph, we do not list these designations. 
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Figure 2. Time evolution of the network of research projects in the period of 2014-2019 with a marked 

gigantic component 

For seven topological metrics see the list in the first column Table 2, the calculated values 

of individual topological metrics were calculated according to the relationships given in the 

theoretical part of this work and using routines offered by Cytoscape (Shannon, 2003) or 

UCINET (Borgatti, 2003). The number of researchers increased during the observed period, 

from 168 to 806, i.e. almost five times (4.8 times), however, the actual values of these numbers 

are relatively small for deciding on the presence of the phenomenon of a small world. The 

necessary comparisons require order differences of the compared values (Newman, 2018). 
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Table 2. Structural metrics of the research projects from the period of 2014-2019 

Structural metrics 2014 2015 2016 2017 2018 2019 

Number of network nodes 19 88 141 207 300 370 

Network density 0.123 0.038 0.043 0.045 0.049 0.053 

Number of isolated nodes 0 21 21 25 30 44 

Number of components 4 24 25 28 33 48 

Network diameter 4 9 7 7 7 6 

Clustering coefficient 0.511 0.287 0.421 0.438 0.505 0.524 

The average number of neighbors 

(degree) 2.21 3.34 5.97 9.31 14.55 19.57 

 

The high density (0.053) of the network indicates solid conditions for cooperation similar 

to the average of the network (6 steps) relative to the total number of nodes (370). In addition, 

the average value of the degree of centrality of 19.57 is quite high compared to the number of 

projects, which facilitates a certain sharing of knowledge but prevents us from declaring that 

it is a small world type network. From the point of view of the permeability of information 

and knowledge, however, the value of a high degree of centrality is a positive indicator of the 

possibilities of the network. The number of isolated points in the network is 44 (i.e. > 11%). 

The comments were made for the final period, i.e. 2014-2019, for which the data are listed in 

the column labeled 2019.  

Another typically monitored feature of the network is the so-called scale-free network, 

i.e. the presence of the so-called power law. Calculations performed in Excel based on the 

data obtained from the UCINET environment for the above-mentioned issues are 

summarized below, see Figure 3. The displayed graphs and results indicate that in none of 

the cases it is a scale-free network (𝛼 ∉ 〈2,3〉). The axes have a logarithmic scale. 

The visualization of the network is added to the numerical analyzes, which illustrates 

the composition in the network of research activities in individual periods according to their 

type. These are project-to-project networks. The visualization of individual networks is 

shown in Figure 4. At first glance, without further investigation, this visualization enables to 

see that in all monitored periods there is a clearly predominant type of research activities at 

UHK represented by red. 

3.2. Identification of the Cut-point Projects 

Within the second sub-objective, i.e. the identification of projects which, due to their 

position, possibly divide the network into two or more parts, 21 projects that have the role of 

"cut-point project" for a certain part of the network were identified. We detected the highest 

degree value (76) in the structure of the project portfolio. With reference to the theoretical 

part, we know that the examined portfolio of projects can be identified with part of the Ba 

space (Nonaka & Konno, 1998). A specific value of 76 means that individuals from the team 

that implemented the project participated in total 76 times in other projects. In other words, 

we can state that the bearers of knowledge who participated in the implementation of the 

project had a chance to spread their existing knowledge in another 76 projects. 



THE VITAL BASIS OF TECHNOLOGY TRANSFER 

 

Figure 3. Probability of degree distribution for developing network between 2014 and 2019 

From the point of view of developing and maintaining a network of project portfolios, 

the key question is how high is the risk of dividing this "path for knowledge dissemination" 

by the fact that for some reason a project would not occur. 
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Figure 4. Development of the structure of project portfolio networks with color-coded type of projects 

(GAČR = red) 

Figure 5 compares the situation where the four projects with the greatest cut-point 

potential are really removed from the network against the situation that the projects remain 

in the network. At the global level, this network will not be divided, as shown in Figure 5, as 

the remaining network of the 18 most important projects still shows multiple 

interconnections despite the removal of the four projects with the highest cut-point potential. 

However, the division of the network is already taking place at lower levels. 

 



THE VITAL BASIS OF TECHNOLOGY TRANSFER 

 

Figure 5. Results of the cut-point analysis for 2019 (filter degree> 60) 

4. Discussion 

The structure of the project network clearly demonstrated the dynamic development of 

the project portfolio from the original 19 projects to 370 projects. An interesting result of the 

analysis is essentially a linear increase in the number of components, i.e. according to the 

definition of interconnected parts of the network isolated from each other. In other words, 

the network is increasing, i.e. the number of internally interconnected cores (or individuals) 

which (who) are not interconnected with other clusters in the portfolio of research projects at 

UHK. In terms of the size of these clusters, the results indicate that the gigantic component, 

which determines the size of the largest cluster, covered about 53% of all projects in 2014, 

while in 2019, it was almost 85%. In view of the above, the following statement will be limited 

to the gigantic component. With regard to the growth in the number of unconnected clusters 

and in accordance with the corresponding increase in the average value of the degree of 

centrality, the analysis indicates a growing increase in the number of projects in which an 

individual researcher is involved, from the original approx. 3 (2.21 + 1) projects in 2014 to 20 

(19.57 + 1) in 2019. From the performed analyzes it is not possible to confirm either the 

presence of the network property of small world, neither the scale-free network. From the 

point of view of the permeability of the network for knowledge (measured by the degree of 

centrality metrics), this is the axis of the network, which has increased its permeability more 

than nine times during the six years of its development. The results of the analysis of 

significant projects and cut-point projects with regard to the impersonal nature of the 

"project" are summarized only at the level of cut-point projects. A total of 21 projects were 

identified with the potential to divide the network into two or more parts. Despite the 

relatively high values of the centrality of these projects in the analysis, we did not identify 

the space for the division of the network elsewhere than at the local level, which from a 

university perspective with the above network heterogeneity will not be a fundamental 

change. 

From the point of view of the intention to work with interaction with the environment 

and the university, the development of the number of projects and the number of projects 

according to the type of research activity appears to be key, i.e. GAČR, EHP, MK-NAKI, 
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MPO, MV-PV, MZ. The ratio between GAČR-type projects and other projects has shifted 

from the original values of approx. 5:1 in favor of GAČR to 3:1 in favor of GAČR. This shift 

in a possible change in the perception of the university, i.e. a possible change in the position 

of the university, is also an important result. 

5. Conclusions 

The question of what the structure of research at UHK looks like in terms of network 

structure can be answered with reference to Figure 4 and Figure 5. Specific properties can be 

summarized as follows: (i) the fact that the scale of the network has not been confirmed 

indicates that the network still changes significantly with the growing number of 

implemented projects, (ii) it is a network where the presence of the small world phenomenon 

has not been confirmed, which in the context of relatively high average degree of centrality 

indicates some redundancy in the interconnection of research teams and may be an indication 

of limited innovation potential of UHK research teams and not fully effectively developed 

basic structure for the implementation of research projects. This might be affected by limited 

availability in obtaining research projects. 
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