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ABSTRACT 

 
The current complexity of innovation processes has led to an understanding that the models of innovation have 

changed from linear model to a model characterised by multiple interactions and complex networks. Within this 

more multifaceted environment, has emerged a new set of actors, generally termed as intermediaries, performing 

a variety of tasks in the innovation process. The innovation literature has recognised various important 

supporting activities performed by intermediaries, by linking and facilitating the movement of information and 

knowledge between actors within an innovation system, in order to fill information gaps. Complementarily, we 

make the assumption that the intermediary can assume a more central role in the innovation process, performing 

activities beyond to filling information gaps, since they intervene to create, prioritise, and articulate meaning to 

practices. Under this argument, this paper explores how intermediaries work in making innovation happen in the 

Brazilian nuclear safety and security area, demonstrating the influence of intermediary organisations in 

improving nuclear regulatory activities. We make sense of these processes by analyzing intermediary roles in 

the recent regulatory activities improvements, specifically those related to the practices involving radiation 

sources in medicine. Thus, through an empirical case study, this paper examines the issue of intermediation in a 

wide sense, including strategic activities preformed by intermediaries, associated with accessing, diffusing, 

coordinating and enabling knowledge activities. 

 

 

1. INTRODUCTION 

 

The importance of ‘intermediaries' within the innovation process has been increasingly 

recognized. All organisations, at some point, need to look to external sources for inputs to the 

process of building up technological competence. In this sense, attention has begun to focus 

on the important role that actors in charge of intermediary functions can play in supporting 

the innovation process, performing a variety of activities in order to filling information gaps 

[1]. 

 

An increasing number of studies see intermediary organisations as facilitating the movement 

of information and knowledge, undertaking tasks related to the reduction of information 

asymmetries [2], supporting knowledge diffusion between communities [3, 4, 5], and as 

brokers, strengthening existing links within communities [6, 7]. 
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Complementarily, Clark and Ramirez [8] argue that knowledge intermediaries can play a far 

more central role than has until now been recognized by the literature, performing additional 

support roles, including accessing and bridging information gaps, coordinating and creating 

new practices, and enabling and developing new knowledge. This suggests that the nuclear 

industry needs to pay particular attention to the pivotal role of the intermediaries in the 

innovation process, particularly in their contribution to the process of capability building 

amongst the national regulatory bodies and to the inter-organisational knowledge transfer 

process. 

 

In the light of this argument, it is hypothesized that the level of interaction with 

intermediaries performing a wide range of innovatory activities associated with accessing, 

diffusing, coordinating and enabling knowledge, are positively associated with the innovation 

performance of the Brazilian nuclear regulatory body. It means the interactions supported by 

intermediaries have a positive impact in improving their absorptive capacity [9] and their 

level of participation in inter-organisational networks through knowledge that is transferred. 

 

In short, the purpose of this paper is to examine empirically how the intermediaries have 

supported the Brazilian nuclear regulatory body in the implementation of innovations, in 

order to confirm this relationship between the innovatory activities performed by 

intermediaries and the organisational innovation performance. 

 

The study involved a preliminary survey and semi-structured interviews with the regulatory 

body employers in charge of controlling medical and research facilities and activities 

involving radiation sources. 

 

The result reveals that the linkage with intermediaries has a significant impact on the 

innovation performance of the regulatory body, suggesting the Brazil needs to adopt more 

interactive models of innovation and knowledge transfer. In addition, these findings confirm 

that intermediaries can play a more distinct role in the innovation process. 

 

We proceed by first providing some background on how intermediaries are currently 

understood; emphasising their functions and activities in the context of innovation process. 

As part of this discussion we provide a particular focus on the dynamic of innovation in the 

nuclear safety and security area in section 3, contextualizing the approach in the nuclear area. 

In section 4 we introduce the methodology utilised to undertake the investigation. In section 5 

we present and discusses the data derived from the survey and interviews, with particular 

attention to the innovatory activities preformed by intermediaries. Finally, we discuss the 

implications and conclusions in the section 6. 

 

It is hoped that the study can contribute for future studies in improving innovation 

cooperation in the nuclear safety and security area. 

 

 

1. INTERMEDIARIES 

 

Intermediaries can perform a variety of tasks, assuming some important roles within the 

innovation process. These roles have been variously described as third parties, intermediary 

firms, bridges, brokers, information intermediaries and superstructure organisations [1]. 
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Despite this variety, the word intermediary has become an established term in the literatures 

on innovation and organisational studies [10].  

 

Howells [1], in a seminal study, suggested the definition of the Intermediate as ‘an 

organisation or body that acts an agent or broker in any aspects of the innovation process 

between two or more parties’. According Howells [1], ‘intermediary activities include: 

helping to provide information about potential collaborators; brokering a transaction between 

two or more parties; acting as a mediator, or go-between, bodies or organisations that are 

already collaborating; and helping find advice, funding and support for the innovation 

outcomes of such collaborations’. In this view, intermediaries play a critical role in the 

context of innovation as a facilitator for the knowledge transfer, essential for the promotion 

of innovation, and as a link between organisations. 

 

The range of activities in which intermediaries are involved is extremely broad. Some 

taxonomy that exists in the literature provides a range of different activities important in 

innovation. 

 

Table 1: Function and activities of intermediaries 

 

Intermediary functions (Howells, 2006) [1] Bridging activities (Bessant and Rush, 1995) [3] 

• Foresight and diagnostics 

• Scanning and information processing 

• Knowledge processing and combination 

/ recombination 

• Gatekeeping and brokering 

• Testing and validation 

• Accreditation 

• Validation and regulation 

• Protecting the results 

• Commercialisation 

• Evaluation of outcomes 

• Articulation of specific technology needs 

and selection of appropriate options 

• Identification of needs, selection, 

training and development of human 

resources 

• Financial support (investment appraisal 

and creation of business cases) 

• Identification, development, 

communication and implementation of 

business and innovation strategy 

• Education, information and 

communication about new technology 

• Locating key sources of new knowledge 

• Building linkages with the external 

knowledge system 

• Project management 

• Managing external resources 

 

 

The table above identifies some important supporting activities that intermediaries provide to 

other organisations by linking and facilitating the movement of information and knowledge. 

All these intermediary roles involve, at some point, knowledge creation, translation and 

dissemination, contributing to establish bridges between actors within an innovation system, 

in order to filling information gaps. 

 

Complementary, focusing on the intermediary relational competences and in the principles 

provided by the ‘practice-based’ literature [11, 12], Clark and Ramirez [8], argue the 

intermediaries are not merely passive agents bridging information gaps, since they intervene 

to create, prioritise, and articulate meaning to practices. To support this point of view, Clark 
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and Ramirez [8] consider that a social environment is created for the development of 

common practices [13], and that the ‘learning’ can emerge from a process of knowledge 

transfer through the interaction between actors within a community [14, 12]. In this 

perspective, considering practices form the centrepiece of learning, and because 

intermediaries help to create practice, Clark and Ramirez [8] suggest intermediaries can play 

a far more central role than has until now been recognized by the literature, performing 

strategic functions associated with: (a) accessing (e.g. scanning sources, accessing 

knowledge on new technologies), (b) diffusing (e.g. facilitating the spread of knowledge 

(procedure, good practice, patterns) among actors within a community; simplifying 

knowledge for non-specialist audiences), (c) coordinating (e.g. facilitating initiatives; 

establishing legitimacy of industry practices / procedures) and (d) enabling (e.g. providing 

new knowledge inputs; translating knowledge inputs; translating knowledge to make it usable 

in another context). 

 

Despite the diversity of the intermediary role and the flexibility in modes of operation and 

interaction, it is important to state that intermediary skills are essentially relational [8]. In the 

context of innovation systems, are considered intermediaries organisations that support actors 

in the creation of joint actions, establishing linkages, acting as a network facilitator [15], 

improving their relational capacity and carrying out transfer of knowledge [16]. 

 

It means that intermediaries play a critical role in the context of innovation as a facilitator for 

the inter-organisational knowledge transfer, essential for the promotion of innovation, and as 

a link between actors within a community, providing substantial contributions to the process 

of organisational capability building. 

 

Research on innovation intermediaries has been developed since the early 1990s [3, 16]. 

During this period, models of innovation have changed from linear model to a new model 

that underlines the complex interactions between actors, shifts and uncertainty [10]. 

Additionally, empirical work on innovation systems indicates that the way organisations 

implement innovatory activities has changed dramatically over the last two decades, 

demonstrating an expressive growth in the use of external networks to improve their 

innovation process [17]. 

 

Mainly when the sources of expertise of an industry are widely distributed, and its knowledge 

base is complex and expanding, no single organisation has all the necessary skills to stay on 

top of all areas of progress and bring significant innovations. In such settings, the locus of 

innovation will be found in networks of learning, rather than in individual firms [18, 19]. In 

this view, learning is seen as a social construction process [20], where knowledge creation 

occurs in the context of a community. 

 

Consequently, the activities and roles of intermediary organisations have been received 

significant attention in the literature, including innovation management, literature on 

innovation systems and science and technology studies [10]. In the same way, social network 

studies also recognise the network ‘bridgers’ as an important source of innovation [21]. 

 

However, to our knowledge there are few studies that address in detail the relationships 

between the activities performed by intermediaries and the innovation performance of 

organisations, demonstrating the effect of these activities to the process of organisational 
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capability building and to the knowledge transfer process. Therefore, it is under this context 

that the current study has been undertaken. 

 

 

2. THE DYNAMIC OF INNOVATION IN THE NUCLEAR SAFETY AND 

SECURITY AREA 

 

We make the assumption that increased knowledge sharing contributes to enhancing national 

nuclear regulatory bodies’ activities, by exchanging experiences and by improving their 

capabilities to control hazards, to prevent accidents, to respond to emergencies and to 

mitigate any harmful consequences. 

 

Nevertheless, to learn through inter-firm knowledge transfer, it is important that organisations 

possess the ability to acquire and to apply this knowledge properly in practice, in order to 

take advantage of the skills of others. Thus, this process involves at least two key factors: (a) 

improving absorptive capacity [9], and (b) participation in inter-organisational networks 

through which knowledge is transferred. This emphasizes the importance of both internal 

sources of knowledge and external participation. 

 

Absorptive capacity is seen as a mechanism for building a continuous innovation capacity in 

organisations. Cohen and Levinthal [9] pioneered the concept, understood as the ability of an 

organisation to identify, evaluate, assimilate, and apply new knowledge. The central idea of 

absorptive capacity is that previous knowledge influences the adoption of new knowledge 

and new ideas in an organisation. 

 

It means that the new knowledge obtained from the adoption process increases the 

organisational absorptive capacity, thus constituting a positive feedback cycle. The 

requirement for improving the regulatory body’s absorptive capacity is that radiation source 

technologies change, particularly those used in medicine. The regulatory staff, therefore, 

should have adequate technical and project management capability to recognize new safety 

issues arising from technological developments and improve the ability to access and in some 

cases adapt the most relevant knowledge and establish a basis for joint practices, bring 

expertise to be applied in problem areas. 

 

The other key factor is the regulatory body participation in inter-organisational networks, 

considering that a wide range of inter-organisational linkages is critical to knowledge 

diffusion, learning, and technology development [22]. These connections are highly salient 

for the establishment of arrangements for the exchange of safety related information to fulfill 

safety obligations. 

 

In the nuclear safety and security area, the majority of enhancements are essentially obtained 

based in a knowledge sharing model supported by collaborative networks. The safety 

requirement and procedures are constantly subject to enhancements, essentially obtained by 

sharing experiences, views, procedures and other elements, frequently based on 

investigations, studies, and negotiations in order to reach consensus. Therefore, it is possible 

to assume that a continuous process of knowledge accumulation, but also constant knowledge 

re-definition characterizes the innovation trajectory in nuclear safety and security, which 

allows the gradual improvement of the regulatory activities associated to the use of ionizing 

radiation. For this reason, the innovation process related to the improvement of the safety and 
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security levels is essentially associated with progressive learning processes incorporating 

different actors and agents in the nuclear industry. 

 

The concept of innovation presented here is associated to a practice or object that is perceived 

as new by a unit of adoption [23], and concerns ‘the search for, and the discovery, 

experimentation, development, imitation, and adoption of new products, new production 

processes and new organisational set-ups’ [24, p. 222]. In this case, the concept is then 

associated to the process by which the regulatory body, represented by its work force, begins 

to dominate and implement new procedures related to the nuclear safety and security matter, 

even when it is already being used by other countries. 

 

In the meantime, it is important to state the two key factors related to the inter-organisational 

knowledge transfer presented here are not substitutes for one another. Improving absorptive 

capability and participation in inter-organisational networks must to be seen as 

complementary [25]. Furthermore, despite external collaboration provides access to resources 

that cannot be generated internally [26], participating in inter-organisational networks is not 

simply a means to compensate for the lack of internal skills, but a way to develop and 

strengthen internal competences [18]. 

 

 

3. METHOD 

 

The research emphasizes that the Brazilian Nuclear Regulatory Body’s relational 

competencies and the support provided by the intermediaries in the improvements of the 

safety and security levels in the control of facilities and practices involving radiation sources 

in medicine in Brazil. 

 

The empirical study was carried out in the Directorate of Radiation Protection and Safety 

(DRS) / National Nuclear Energy Commission (CNEN), which is the organisation 

responsible for licensing and supervision of all radiological and nuclear facilities in Brazil. It 

involved a preliminary survey and semi-structured interviews with the regulatory body 

employers in charge to control medical and research facilities and activities involving 

radiation sources. 

 

The respondents were selected by the senior manager of the Medical Facilities Division, 

according with their field of expertise. All of them had worked in the nuclear industry for at 

least ten years, and had a fair amount of experience in many different positions, including 

authorization (licensing, certification, etc.), review and assessment, inspection and 

enforcement, development of regulations and guides, engineering and human factors related 

issues. Respondents all had a technical basic education. 

 

The respondents were asked to nominate the improvements undertaken by the regulatory 

body over the past three years in the patterns, control procedures, technical specifications and 

regulatory requirements associated to radiotherapy, radiology diagnostic and nuclear 

medicine. The improvements were identified according to the functions and activities 

performed by the regulatory body, including the evaluation of risks associated with radiation 

exposure and its biomedical effects, controlling occupational exposures, personal dosimetry 

services, dose rate monitoring, the transport and storage of sources, implementation of 
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emergency response plans, protection of workers and patients, safety and warning systems, 

emergency procedures and managerial procedures. 

 

The survey and the interviews focused the features of interactions and the role played by 

intermediaries in the inter-organisational knowledge transfer process, in order to identify how 

the intermediaries supported the regulatory body in this process, providing means to the 

implementation of innovations in the Brazilian nuclear safety and security area. 

 

For each improvement reported, was asked to identify: 

 

• Source of information and knowledge - who provided the necessary knowledge for the 

improvement (formally or informally), or where the knowledge was taken (eg. 

organisations (national or international), universities, research centres, communities of 

practices, bilateral or multilateral agreements, etc.); 

 

• Type of interaction – eg. accessing database, e-mail, training courses, seminars, 

workshop, meeting, technical visit, etc.; 

 

• Knowledge intermediaries – ‘an individual or organisation that promotes and facilitates 

knowledge flows between two or more parties, contributing to a process of learning and 

capability building amongst the organisations with whom they work’ [8] (eg. 

Organisations, Universities, research centres, etc.); 

 

• Type of intermediaries support [8]: 

a) Accessing: scanning sources, accessing knowledge on new technologies; 

b) Diffusing: facilitating the spread of knowledge (procedure, good practice, patterns) 

among actors within a community; simplifying knowledge for non-specialist 

audiences; 

c) Coordinating: facilitating initiatives; establishing legitimacy of industry practices / 

procedures; and / or 

d) Enabling: providing new knowledge inputs; translating knowledge inputs; 

translating knowledge to make it usable in another context. 

 

The primary survey material collected was also supported by the collation of interviews, 

detailing specific innovations in the area and the features of the interactions and the support 

provided by the intermediaries. 

 

Given that it was an explanatory study in part to help understand the intermediaries’ 

contributions to the innovation process based exclusively in improvements observed by the 

regulatory body, it was decided not to attempt to construct, at this stage, a complete 

population list of innovation intermediaries in the nuclear safety and security regulation in the 

medical application. Further studies could provide a fuller understanding of the role played 

by other intermediaries in the improvement of regulatory body skills, for example, 

improvements in inspection procedures by an individual, arising from lessons learned, 

training programs or internships. 

 

On this basis, the case study was then analysed in terms of what intermediary function they 

undertook in the innovations identified by the respondents, and the set of relationships 

associated with it. 
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4. ANALYSIS OF DATA 

 

The study aimed to identify how the intermediaries supported the Brazilian regulatory body 

in the inter-organisational knowledge transfer process, in order to providing means to the 

implementation of innovations in the Brazilian nuclear safety and security area. The starting 

point was the identification of innovations in the control of radiological activities in 

medicine, followed by the recognition and analysis of the role played by intermediaries in 

these innovations. 

 

Table 2 summarizes the information obtained in the survey and interviews, presenting the 

main innovations in the sector and the information associated with the role played by the 

intermediaries in this process. 

 

 

Table 2: Function and activities of intermediaries 

 

Activity 

Inspection of 

facilities with 

radioactive 

sources 

Safety evaluation 
Control of radiation 

sources 
Emergency preparedness 

Innovation 

( I 1 ) 

Implementation of 

a licensing and 

certification 

programme at 

cyclotron 

facilities 

( I 2 ) 

Establishment of 

new pattern 

(reduction in the 

occupational dose 

limit for the lens of 

the eye) 

( I 3 ) 

Establishment of an 

international regime of 

mutual consultation  on 

the import and export 

of radioactive sources 

( I 4 ) 

Establishment of new 

procedures for the control 

of radioactive sources in 

scrap metal 

Source of 

information 

and knowledge 

Regulatory body 

experts from 

Belgium, Serbia 

and Canada 

IAEA safety 

standards 

committee 

IAEA Member States 

participating in the 

elaboration of the code 

of conduct on the 

safety and security of 

radioactive sources 

Spanish Guide, IAEA 

safety standards and the 

expertise of the Forum 

Ibero-American Members 

Type of 

interaction 

Expert assistance 

available on-the-

spot in-country 

training 

Participation in the 

review process of 

the new IAEA basic 

safety standards 

Participation in the 

process of developing, 

reviewing and 

establishing the code of 

conduct on the safety 

and security of 

radioactive sources 

Elaboration of a joint 

technical guide through 

mutual cooperation  

between Argentina, Brazil, 

Chile, Cuba, Mexico, Peru, 

Spain and Uruguay 

Intermediaries 

International 

Atomic Energy 

Agency 

International 

Atomic Energy 

Agency 

International Atomic 

Energy Agency 

Ibero-American Forum of 

Radiological and Nuclear 

Regulatory Agencies 

Type of 

intermediary 

support 

Accessing, 

diffusion, 

coordination and 

enabling 

Accessing, 

diffusion, 

coordination and 

enabling 

Accessing, diffusion, 

coordination and 

enabling 

Accessing, diffusion, 

coordination and enabling 
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The analyse of the information provided by the respondents is presented according the type of 

intermediary support, grouped in the main four roles played by knowledge intermediaries 

suggested by Clark and Ramirez [8]: Accessing, diffusion, coordination and enabling 

knowledge. 

 

Accessing 

 

The information in the Table 2 demonstrates the intermediary undertaking a wide range of 

activities in order to support the Brazilian regulatory body to address important development 

challenges. Those related to accessing knowledge are demonstrated by the role played by 

IAEA accessing important sources of knowledge (I1), that helped the implementation of a 

licensing and certification programme at cyclotron facilities, providing expert assistance to 

the Brazilian regulatory body. The intermediaries also provided support associated with 

brokering activities [27], exposing the regulatory body to a wide range of organisations with 

valuable knowledge to share in the process of the establishment of new international patterns 

(I2 and I3). Complementarily, in all cases, the intermediaries provide means to fill gaps in 

the structure of information flows between actors, connecting communities. 

 

Diffusion 

 

The information provided by the respondents demonstrate the intermediaries supporting 

experience sharing amongst different actors within a community of practitioners, sometimes 

spreading experiences from one location to another (I1 and I4). They also established spaces 

that diffusion of knowledge requires, promoting seminars and meetings designed to support 

the exchange of ideas between experts and specialists from various countries (I1 and I4), and 

general conferences where new practices can be legitimized (I2 and I3). 

 

Coordination 

 

The coordination role was also reported by the respondents in all innovations, associated to 

intermediaries’ coordination activities undertaken to promote the development of ‘boundary 

objects’ [11]. In these cases, represented by the procedures associated to the licensing and 

certification established in (I1), the safety standard developed in (I2), the code of conduct 

developed in (I3) and the procedures developed / guide elaborated in (I4). It is important to 

state that coordination role is a challenge task when there is a lack of trust or cooperation 

amongst actors. In the case of the nuclear sector, this feature is minimized because the change 

agents basically take part of an epistemic community who share common understanding of a 

specific set of problems. This characteristic allows the intermediaries perform a wide array of 

coordination activities to reinforce the safety capabilities of national regulatory bodies. 

 

Enabling 

 

This role is associated to the intermediary skill to provide new knowledge inputs and 

translating existing knowledge to make it usable in another context. The respondents have 

reported that the intermediaries were able to provide expert advice and guidance in the 

implementation of the innovations. They observed that although the safety patterns have the 

same function in the regulation, its need to be adapted to another context, related to distinct 

facilities, resources, culture, legislation etc. It is important to register that was also reported 

that, with the experience acquired in the implementation of these innovations, the Brazilian 
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Regulatory Body become able to provide assistance to another Latin American countries, 

being requested by the International Atomic Energy Agency to assist regulatory bodies in the 

development of procedures related to the innovations implemented in Brazil. 

 

 

5. DISCUSSION AND CONCLUSIONS 

 

The paper argues that the intermediaries can assume a central role in the innovation process, 

performing essential activities associated to accessing, diffusing, coordinating and enabling 

knowledge. The paper argues further that the level of interaction with intermediaries is 

positively associated with the innovation performance of the Brazilian nuclear regulatory 

body, considering their contribution to the process of capability building and to the inter-

organisational knowledge transfer process. 

 

Our empirical analyses allow us to observe that the regulatory body rely on intermediaries 

support as part of integrated efforts to improve regulatory effectiveness, playing an essential 

role in the safe and effective use of radiation in medicine. The set of cases analysed in this 

study demonstrate that rather than using external relations as a mechanism to compensate for 

the lack of internal skills, the regulatory body has used collaboration to expand their 

competencies, enhancing the safety in medicine. 

 

The support provided by the intermediaries has helped build local expertise, and strengthens 

networking by an evolving process of interactive learning and skill development, bringing 

together specialists to address specific needs, taking into consideration existing capacities and 

different operational conditions. In this case, the ties provided by intermediaries were 

essential as conduits for knowledge flow between geographically distant locations. 

 

On the basis of this analysis, the findings indicate that, besides facilitating the transfer and 

diffusion of knowledge, intermediaries assume a central role in the innovation process in the 

nuclear safety and security area. More than filling information gaps, it was observed they can 

create and articulate meaning to practices, and enabling and developing new knowledge, 

providing substantial contributions to the process of organisational capability building. 

 

Additionally, the findings also confirm that the innovation process in the Brazilian nuclear 

safety and security area depends on their support for the establishment of arrangements for 

the exchange of safety related information to fulfil safety obligations. It demonstrates the 

influence of intermediary organisations in improving nuclear regulatory activities in Brazil, 

attesting a positive relationship between the innovatory activities performed by intermediaries 

and the organisational innovation performance. 

 

The above analysis suggests the nuclear safety and security area needs to pay particular 

attention to the following recommendations: (a) the Brazilian regulatory body needs adopt 

more interactive models of innovation and knowledge transfer; (b) managers should place 

greater emphasis on creating effective organisational arrangements to facilitate the Brazilian 

participation in inter-organisational networks established by the nuclear sector intermediaries; 

(c) managers should improve the employers ability to interact in these networks. 

 

However, some limitations of the current study need to be addressed. First, the sample size 

was rather small for making generalisations about views in the nuclear industry in general. 
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Second, the empirical results are derived from a sample of nuclear safety improvements and 

hence the findings might be specific for this sector. In this case, it is important to stress the 

permeable boundaries that characterises the nuclear safety and security area, a non 

competitive area with a high sense of community-level mutualism [28], with their sources of 

expertise widely geographically distributed. Nevertheless, future studies could use samples of 

nuclear safety and security area from other sectors to test the generalisations of the findings. 

 

Despite these limitations, our study can provide some contributions to the study of the 

intermediary roles in the nuclear sector, providing important implications for regulatory body 

managers concerned with the management of innovation. From a managerial viewpoint, it 

shows the linkage of intermediaries is a valid approach to improve the regulatory body 

performance. 
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