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Abstract 
 

This study uncovers the knowledge gaps regarding the capability management of research centers in the UK 

manufacturing sector. The paper presents some key findings from systematic literature review and introduces a 

novel framework that will improve the decision making process related to capability development and strategy 

building which are the two main challenges for the UK manufacturing research centers. The findings presented in 

this paper highlight the need for and the key elements of such a framework and the benefits that it will bring to a 

research center’s capability management, e.g. more effective evaluation of capabilities and comprehensive 

understanding of development of those capabilities. It also identified knowledge gap related to management of 

technology capability from a research centre perspective. At the moment there is a lack of standardized framework 

(or approach) that is easy to use and applicable to research centres in the manufacturing sector. The paper presents 

findings from systematic literature review and introduces a novel framework that will improve the decision making 

process related to capability development and strategy building in the manufacturing research centers. 
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1. Introduction 
For the purposes of this study, research centers are considered to be buildings, facilities, and coordinated teams 

focused on a particular area of development. They are distinct from research institutes in that they are a target a 

specific area of work, which is typically somewhat applied.  The main focus of this paper is on independent (i.e. 

separate form any single company) translational research centers (ITRCs), i.e. those which are focused on 

addressing the gap between proof of concept (typically the end point for mainstream academic research), and 
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industrial application. Examples of ITRCs are the Fraunhofer centers in Germany, and the High Value 

Manufacturing Catapults centers in the UK. 

 

Research centers are very important, especially in the manufacturing sector, as their main purpose is to bridge the 

gap between academia and industry. Hence, their aim is to “overcome modern engineering issues such as ‘valley of 

death’” (Uflewska et al., 2017), and “to close the critical gap between research findings and their subsequent 

development into commercial propositions” (Hauser, 2014). However, in order to go through that transition 

successfully, it is necessary for a research center to recognize its own capabilities (i.e. strengths and weaknesses), 

and which of them are matured enough in order to call a research center an expert (in a specific 

technology/processes). Research centers need to respond quickly to industrial client needs, which imply the 

existence of a level of an underlying capability (i.e. strengths and weaknesses) in selected key areas, ahead of the 

launch of a specific project to address a particular implementation.  

Therefore, in this paper, capability is defined as “a skill to carry out the deployment, the combination and the 

coordination of resources and competences through various value flows to put in work the strategic objectives 

beforehand defined” (Booto Ekionea et al., 2007). 

In order for manufacturing research centres to “turn ideas into commercial applications by addressing the gap 

(valley of death) between technology concept and commercialisation” (HVM Catapult, 2018), they need to have an 

objective approach that will allow them to understand their capabilities (i.e. strenghts and weaknesses). Furthermore, 

exsitisng frameworks do not apply to (and do not address) research centres needs (and challenges). They are usually 

too vague and time-consuming, which also makes them impractical in a research centre environment (Uflewska et 

al., 2017). Hence, in order to enhance modern innovation providers, a new conceptual framework is proposed. The 

framework concentrates on work and vison of research centres and is created to address their particular challenges 

realted to technology and strategy development, as well as decion making process.  

 

 

2. Results  
2.1 Seven research themes  
This systematic literature review focused on 118 papers from 15 well-established journals dedicated to 

manufacturing and management. The process involved clearly defined steps which are repeatable and transparent. 

The steps were also based on the systematic assessment performed by (Wetzstein et al., 2016). The systematic 

literature review identified seven key research themes. Each research theme was also divided into sub-themes. Those 

results are presented in Table 1.  

 

Table 1. Research themes identified in the SLR 

 Research Themes (RT)  Sub-themes (ST) 

 

RT1 

 

Challenges 

1a  what external factors affect company 

1b  types of challenges 

 

RT2 

 

Maturity 

2a of product/technology/process/industry 

2b what kinds of maturity affect manufacturing 

2c maturity models 

 

 

 

RT3 

 

 

Capabilities 

& 

Performance 

3a development of capabilities 

3b types of capabilities 

3c how capability affects performance 

3d knowledge & information transfer 

3e  technology transfer 

3f  socio-technical systems 

3i  innovation 

 

RT4 

 

Strategy 

4a importance of strategy 

4b  definition of strategy 

4c  manufacturing tasks & strategy 

4d  impact of strategy on company/strategy & performance 

 

RT5 

 

Decision making process 

5a  importance of DM 

5b decision makers/managers/who is a good decision maker? 

5c what influences DM process 

RT6 Supply chain aspect 6a definition 

1760



Proceedings of the International Conference on Industrial Engineering and Operations Management 

Paris, France, July 26-27, 2018 

© IEOM Society International 

6b  importance for manufacturing sector 

 

RT7 

 

University-industry collaboration 

7a academic perspective 

7b  manufacturing companies’ perspective 

7c  importance of R&D centers 

 

However, considering the amount of articles dedicated to each research theme, it could be stated that some of the 

research themes happened to be examined more often than others. For example, various aspects of capabilities 

(development and types of capabilities in different organizations) were described in 52 papers (44% of total number 

of papers), while only 8 papers (e.g. 6% of total number of papers) described the importance of supply chain. That is 

easily explained by the systematic review process, which was performed by the use of specific keywords. 

Furthermore, this SLR process emphasized three most discussed RTs/STs, as presented in Table 2 below.  

 

Table 2. Main three RTs/STs in the SLR 

Research themes  

Number of 

articles that 

included RT/ST 

Percentage of articles 

discussing specific 

RT/ST 

Number of times RT/ST 

was discussed 

throughout the SLR 
Types of capabilities 52 44% 100 

Types of challenges 48 40% 113 

Decision makers/managers/who is a 

good decision maker? 
42 35% 62 

 

As those were the most examined research themes throughout the SLR, next step involved focusing on those sub-

themes and investigate how they affect work of an organization.  

 

2.2 Research centres 
(Hauser, 2014) highlighted “the need for the UK to close the critical gap between research findings and their 

subsequent development into commercial propositions.” Thus, main purpose of research centers is to develop 

appropriate capabilities and to put them in place in order to close that gap (i.e. valley of death). For that reason, UK 

government established High Value Manufacturing Catapult network which involved “physical centres with 

associated technical know-how generally operate in the middle levels of technology readiness and provide services 

that address market failures, which in particular impact heavily on capital investment by firms,  and tend to pay off 

over longer timescales” (Hauser, 2014). Figure 1 shows the connection between research centres, large companies 

and academia, as well as indicates at what stage of technology development (i.e. Technology Readiness Levels) 

research centres are placed.  

 

 
Figure1. Relationship between academia, research centres and industry (Hauser, 2014) 

 

2.3 Challenges & Decision Makers 
The challenges related to capability management in various organizations are grouped into two categories: external 

and internal challenges. External challenges are identified as factors, such as: megatrends, quickly changing market, 

customers’ requirements (Lee & Kang, 2017), (Machado, de Lima, da Costa, Angelis, & Mattioda, 2017), (Kalkan, 

Bozkurt, & Arman, 2014), (Mikkola, 2001), (Koufteros, Vonderembse, & Doll, 2002), (Drejer & Riis, 1999), (St 

John, Cannon, & Pouder, 2001), (Druilhe & Garnsey, 2004). On the other hand, internal factors are, for example: 
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understanding companies own capabilities, choosing suitable long and short term strategy, organizational 

complexity, design of suitable operations, risk management, uncertainties management, uncertainties in regards to 

ability for technology (product) to be transferred to next level, as well as lack of time for managers to analyze 

necessary requirements for suitable strategy building and lack of analytic capabilities i.e. how to include competence 

based thinking in decision making/inexperience managers (Fuchs, Mifflin, Miller, & Whitney, 2000), (Machado, de 

Lima, da Costa, Angelis, & Mattioda, 2017), (Mikkola, 2001), (St John, Cannon, & Pouder, 2001), (Boon-itt, Wong, 

& Wong, 2017), (Srivastava & Gnyawali, 2010), (Tu, Vonderembse, Ragu-Nathan, & Sharkey, 2006). 

 

Therefore, above challenges are directly or indirectly link to capabilities and the level of development that 

company’s capability is at. Hence, decision makers (i.e. usually senior members of staff) have a responsibility to 

observe external and internal changes. Based on those changes, the internal capabilities might change from strength 

to a weakness (or other way around), and a new strategy will have to be developed. That only confirms how 

important it is for decision makers to have analytical skills and also have enough time to observe, assess and act 

based on the relevant information. 

 

Other challenges that were identified through SLR, and which are related to the work and responsibilities of decision 

makers are presented in Table 3.  

 

Table 3. Challenges related to decision makers  

Challenge Example from literature References 

Identification of 

opportunity 

“The first difficulty facing academic entrepreneurs is to identify and select a viable 

productive opportunity. Opportunities are objectively identifiable but their 
recognition is subjective and often depends on access to special knowledge” 

(Druilhe & 

Garnsey, 2004) 

 

“Developing the "right" new products is critical to firm success and is often cited as a 

key competitive dimension (Roussel et al. 1991, Cooper et al. 1998). Companies that 

make poor choices with respect to their new product development (NPD) portfolio 

run the risk of losing their competitive advantage.” 

(Raul & 

Stylianos, 2008) 

Utilization of 

knowledge/Comp

lexity of 

operational 

systems/tools 

“Managers face difficulties not in accessing knowledge, but in utilizing knowledge in 
decision making and in embodying knowledge in products/services and processes.” 

(Soo, Devinney, 

Midgley, & 

Deering, 2002) 

“Managers  need  models  that  help  them understand  the  organizational  and  

environmental  antecedents  and  outcomes  of  detailed but  uncomplicated  

classifications  of  learning and knowledge” 

(Herrmann, 2005) 

Uncertainty & 

uncompleted 

information 

“Making decisions under uncertainty and with incomplete information requires 

decision makers to draw inferences about future events” 

(Nerkar & 

Paruchuri, 2005) 

“Information inadequacy can arise from both project ambiguity and project 

complexity. Ambiguity refers to a lack of awareness of the project team about certain 

states of the world or causal relationships (Schrader et al. 1993). Project complexity 

means that many different actions and states of the world parameters interact, so the 

effect of actions is difficult to assess” 

(Pich, Loch, & De 

Meyer, 2002) 

Capturing 

relevant 

information 

“To compete successfully, managers need to be able to scan their environments, 

identify relevant opportunities and threats, to design responses that will satisfy 

customers in ways that competitors can’t easily imitate, and, finally, to ensure that 

these plans are implemented (…). Yet, capturing and distilling relevant information 

isn’t a natural capability for most senior management teams” 

(Harreld, 

O'Reilly, & 

Tushman, 2007) 

Communication 

“The most sophisticated analyses in the world are worthless if findings cannot be 
communicated to decision makers in ways that will encourage their use. Likewise, if 

decision makers cannot communicate their needs to analysts, modelers, and outcome 

managers, or if database administrators cannot communicate with data modelers for 

that matter, then the entire data-to-knowledge process is at risk. A director of 

decision support for a consumer goods company says his biggest problem is getting 

business analysts to present their findings to product managers in ways that they will 
be understood and accepted as useful.” 

(Davenport, 

Harris, De Long, 

& Jacobson, 

2001) 

Evaluation of 

skills, capabilities 

and resources 

“Managers of firms seeking to build analytical capabilities must evaluate the level 

and structure of skills needed to support their organization’s data analysis 

capabilities. If the skill levels of the business analysts, data modelers, and decision 

makers in an organization are inadequate, then a firm cannot be getting full value 
from its transaction data.” 

(Davenport, 

Harris, De Long, 

& Jacobson, 

2001) 
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“Knowledge management sits well within our understanding of what drives change 

and motivates innovation. This creates a convenient solution for managers trying to 

deal with the intangibility of knowledge. Most critically, managers can measure the 

change in innovative outputs that flow from knowledge management strategies and 
practices”. 

(Soo, Devinney, 

Midgley, & 

Deering, 2002) 

 

Therefore, based on the information presented in Table 3, it is possible to see that decision makers have to struggle 

with a variety of challenges. Some of them refer to “intangibility of knowledge” (Soo, Devinney, Midgley, & 

Deering, 2002),  or “utilizing knowledge in decision making and in embodying knowledge in products/services and 

processes” (Soo, Devinney, Midgley, & Deering, 2002). And so, as (Herrmann, 2005) mentioned decision makers 

“need  models  that  help  them understand  the  organizational  and  environmental  antecedents  and  outcomes  of  

detailed but  uncomplicated  classifications  of  learning and knowledge.”  

 

That is why decision makers from research centers need a tool that will help them evaluate and understand how well 

developed their capabilities are, and to overcome already mentioned challenges.  

 

2.4 Existing methods/tools   
Exisitng methods are mostly based on Technology Readiness Levels (TRL) measurement system or on Capability 

Maturity Model (CMM). Both methods (and other methods beased on those two) are not applicable in a research 

centre environemnt. Table 4 shows examples of those methods and explains the reasons why they are not suitable 

for research centres.  

 

Table 4. Comparison of different performance tools/methods 

Tool/Method Usage Disadvantages 

Capability 

Maturity 

Models (CMM) 

“Capability Maturity Model™ (CMM™) (…) Based on the 
specific software practices adopted, the CMM classifies the 
software process into five maturity levels. (…) “Maturity levels 

were associated with a software product based on the maturity 

level of the IT firm at the beginning of a product’s design. The 

maturity level of a product that benefited from process 
improvements later in the product’s life-cycle stages (e.g., 

coding stage) was assigned a commensurate increase in 

maturity level.” (Bititci, Suwignjo, & Carrie, 2001) 

“Such tool has to be adjusted to the needs 

of specific industry and addresses 

common problems that affect multiple 

actors” (Uflewska et al., 2017) 

Developed for software industry, highly 

advanced and complex- too complex for 

smaller organisations 

People 

Capability 

Matutiry 

Models          

(P-CMM) 

“The P-CMM framework which is a roadmap for implementing 

management processes and practices in order to continuously 

improve the capability and productivity of the human resources 

and to execute the strategic objectives of the organization” 

(Kropsu-Vehkapera & Kess, 2013) 

Developed for universities, only involves 

human aspects  

Technology 

Readiness 

Levels      

(TRL) 

TRLs are “a type of measurement system used to assess the 

maturity level of a particular technology” (NASA, 2012).  It is 

used to underatnd  

• On what level different technologies are currently 

• What level of each of those technologies we need in order to 

develop one specific system 

It does not imply   that the technology 

“will result in successful development of 

the system” (Nuclear Decommissioning 

Authority, 2014,) 

“It adds a degree of unnecessary 

ambiguity to a project, i.e. not accurate 

enough for some projects 

It does not apply to system integration” 

(Uflewska et al., 2017) 

Manufacturing 

Readiness 

Levels    

(MRL) 

“It assesses the development of a particular technology from a 

manufacturing perspective. It brings structure, but also helps to 

monitor how different aspects of technology are being 

developed” (Uflewska et al., 2017) 

“It describes today’s position, without 

providing close support (…) in how to 
plan or execute a specific project or lower 

level task” (Ward et al., 2012) 

Manufacturing 

Capability 

Readiness 

Levels   

(MCRL) 

(House of Commons, 2013) presented this nine-point scale as:  

“MCRL 1-4: Conception and assessment of Manufacturing 

Technology  

MCRL 5-6: Critical ‘pre-production’ phase, where expensive 

full-scale equipment and processes must be used but ahead of 

product launch , or factory 

MCRL 7-9: implementation of the process on the shop floor, 

and also confirms volume production with assured quality”   

•In relation to MCRL 4-6: “investment is 

high, but there is no certainty that (…)  
the proposed process will be successful” 

(House of Commons, 2013) 

•Size of the framework is overwhelming 
and it is time-consuming 
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In order to manage capabilities, an appropriate management tool/method has to be put in place. Different companies 

will use various tools depending on the nature of business and organizational structure of a company. Therefore, 

most industrial tools have been specifically designed according to the needs and type of work of a company. 

 

As discussed before those approaches are complex, time consuming and very often created with a specific purpose 

in mind (e.g. to be used with certain criteria that are applicable to a company that created the tool). And makes them 

inapplicable in research centres. Those tools are created considering vision and specific operations of a company in 

order to deliver high quality products and services. However, innovation providers differ from manufacturing 

companies as they do not have a large and complex organizational structure, and they mainly focus on addressing 

the gap between proof of concept (typically the end point for mainstream academic research), and industrial 

application (HVM Catapult, 2018). It means that a capability assessment for a research center should be much 

simpler and less time consuming, i.e. it should only consider most important capabilities that will have influence on 

all the projects. By doing so, a decision maker will be able to recognize research center’s strenghts and also areas 

that need further attention. That will help with minimizing risks (during projects) but also building a suitable long 

term strategy. In addition, evaluation of tangible and intangible capabilities will bring additional benefits, e.g. 

simplifying decision making process and understanding what capabilities are needed for a research centre to grow.  

 

 

3. Discussion 
3.1 Capabilities 
Previous sections explained the work and importance of research centres, as well as challenges that are related to 

decision makers. Those challenges are also related to the fact that research centres currently do not have a tool that is 

applicable to all manufacturing research centres (e.g. HVM Catapults in UK) (Uflewska et al., 2017). It is due to the 

fact that none of the existing tools concentrates on the needs and issues that modern research centres are facing. 

Exciting tools are usually too complex and time consuming. Also they usually concentrate on newness of a product, 

but do not consider if a research centre actually has the capability to develop that particular product.  

 

The previously introduced definition by (Booto Ekionea, et al., 2007) highlighted that capability is “the combination 

and the coordination of resources and competences.” In this research, resources are referred to as tangible 

capabilities (which are also quantitative), and competences are referred to as intangible capabilities (which are 

qualitative). The difference between those two groups is discussed in next section. However, it should be recognized 

that both types of capabilities have to be assessed and managed in an appropriate manner in order to improve those 

capabilities and build better strategy, which is extremely important for HVM Catapults as their aim is to strengthen 

UK’s manufacturing sector. Figure 2 shows the connection between those entities.  

 

 

 

 
 

 

 

 

 

 

Figure 2. Impact process: how capabilities of research centre influence national manufacturing sector 

 

3.2 Tangible and intangible capabilities 
“According to the resource-based view (RBV), a firm’s resources, particularly intangible ones, are more likely to 

contribute to the firm’s attaining and sustaining superior performance” (Hsu & Wang, 2012). Hence, in order to 

achieve a status of an expert (which is relevant to research centers as they target a very specific area), an 

organization has to understand and manage its own intangible resources. And so, it is assumed that intangible 

capabilities have a more significant impact on organization’s performance, than the tangible ones. On the other 

hand, an organization needs its tangible (i.e. basic) capabilities in order to use them to develop intangible once. 

Therefore, it is assumed that by keeping basic assets well-developed, it allows an organization to concentrate on 

expanding their intangible capabilities. The challenge is to measure, manage and develop those intangible 
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capabilities, which still seems to be a very difficult task to many organizations, especially for research center, as 

there is no evidence in the literature of how research centers evaluate and coordinate their resources/capabilities. 

 

It takes time for an organization to develop its own unique sets of capabilities (Wang & Ahmed, 2007). Building up 

capabilities could sometimes take years, but, in the end, an organization achieves certain level of expertise, which 

also has influence on its performance (O'Regan, Ghobadian, & Gallear, 2006), (Eddleston, Kellermanns, & Sarathy, 

2008). Thus, by understanding and managing capabilities, an organization has an opportunity to improve its 

performance and develop its capabilities further. Hence, an organization realizes its strong and weak points and is 

able to recognize what types of projects should be involved in. Therefore, capabilities affect decision making 

process, strategy building and performance. 

 

3.3 Conceptual Framework  
Literature findings confirmed different issues in relation to capability management. They also showed a lack of 

knowledge in regards to the management of capabilities in research centers in the manufacturing sector. It also 

showed a gap in relation to work and responsibilities of research centres.  

 

In order to fill the knowledge gap, a conceptual framework is proposed for the use of innovation providers. As 

presented in Figure 3 below, there are three main connections: 

 Between strategy and tangible capabilities,  

 Between strategy and intangible capabilities,  

 Between tangible and intangible capabilities 

 

The last connection was already described in previous sections. However it is important to highlight that both 

(tangible and intangible) capabilities will have influence on an overall strategy. According to (Harreld, O'Reilly, & 

Tushman, 2007) capabilities are “a concrete set of mechanisms that help managers address the fundamental 

question of strategy, which is to develop a truly sustainable competitive advantage. Interestingly, we are beginning 

to realize that sustainability is fleeting unless it is aligned with capabilities to continually sense how the 

marketplace is changing and seize these changes through dynamic organizational realignment.” 

 

 

Figure 3. Conceptual framework for capabilities management for research centers in the manufacturing sector 

  

Therefore, tangible and intangible capabilities have an influence on a short and long term strategy, but they also 

influence each other. However, by having an appropriate evaluation system, it will allow decision makers to fill in 

the results into the strategy (that is usually discussed by the use of road mapping process).  Once the strategy is 

created it will feed back into the two types of capabilities in order to show the path that need to be created to 

improve those capabilities further. By assessing internal tangible capabilities it will be possible to achieve top level 
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of performance in operations management. And by assessing intangible capabilities it will be possible to target a 

specific area of work, which will allow innovation providers to become experts in that area.  

 
Tangible and intangible capabilities will be measured by scorecards. The scorecards have been created for both 

types of capabilities and they include all the capabilities that were discussed in previous sections. Due to the fact that 

tangible capabilities focus on operations, therefore the evaluation captures the quantitative aspects of those 

capabilities. On the other hand, the scorecards for intangible capabilities focus on capturing qualitative aspects that 

are difficult to quantify, but also because those are the capabilities that give innovations providers the expert status. 

The examples of scorecards are presented below in Figure 4 and 5 below.  

 

 

Figure 4. Example of a scorecard for tangible capabilities 

 

 

Figure 5. Example of a scorecard for intangible capabilities  

 
As an example a column with ‘2014 data’ was included in the scorecard in order to indicate that capabilities will be 

measured continuously in order to show a history of development of a particular capability. By doing so, research 

centers will be able to track their capabilities and analyze what affected the development process. The framework 

aims to make the decision making process faster and more effective, but most importantly it allows to analyze 

capabilities of innovation providers and recognize what path will be the best for them at certain times. The 

framework will also help to capture potential uncertainties and risk related to internal operations.  
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4. Conclusions and Future Work  
This study focused on a research gap presented by a literature in relation to capability management by innovation 

providers. The systematic literature review provided evidence confirming that existing capability management 

approaches are not suitable for modern innovations providers applicable due to their complexity and time that is 

required to fill in all the information. Hence, this research gap introduced an opportunity to create a novel 

framework that will shorten the decision making process as well as provide reliable justifications to explain at which 

stage of development a capability is at. SLR also presented the distinction between tangible and intangible 

capabilities that are key for different aspects of work. By using information from SLR, it was possible to identify the 

gap and create a conceptual framework for the use of innovation providers in the manufacturing sector in the UK.  

Future work will focus on validation of the framework and the evaluation process. The scorecards will be presented 

to the decision makers of seven manufacturing research centers in the UK. After gathering valuable feedback, the 

scorecards will be modified. Afterwards, the framework will be tested on a short-term projects (at one research 

center at a time) in order to validate the framework further. This process will highlight which capabilities are used 

most frequently (or least frequently) at different research centers and also, what are the reasons behind it. Therefore, 

the validation process will bring an insight into which aspects all seven research centers share, and what should be 

modified further in order to make the framework applicable (and user friendly) for innovation providers in the 

manufacturing sector.  
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