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Abstract 
 
 

The aim of this study is to explore the impact orientation of principal investigators (PIs) of publicly 

funded medical device research projects. PI impact orientation can be defined as the awareness, 

attitudes and approaches of principal investigators in relation to the generation and prioritisation of 

research impact. The methodological approach undertaken was qualitative in nature, involving semi-

structured, open-ended interviews with a full population sample (n=38) of PIs affiliated with CÚRAM, 

the SFI Centre for Research in Medical Devices. Applying a thematic analysis approach. findings were 

gathered into four thematic groups; PI perspectives on impact, factors influencing PI impact orientation, 

factors inhibiting PI impact orientation, and PI approaches to impact. 

 

The main findings of this study include medical device PIs understanding of impact consisting of 

scientific impact and broader impacts (health, societal, economic and human capital), with many PIs 

viewing health, economic and human capital impacts as de facto societal impact, or societal impact as 

a hybrid impact of other categories. PIs were more focused on the shorter-term outputs, or routes to 

impact, rather than the macro-level impacts of their research. Commercialisation was considered by 

many PIs as the most effective, and for some the only route to impact. Relevant stakeholders of medical 

device research were identified, along with factors and inhibitors relating to PI impact orientation. 

Complexities of impact were identified, including issues of attribution, temporality and lack of common 

understandings of impact, that led to some misunderstandings and negative perspectives on impact.  PI 

approaches to impact included collaboration strategies, with industry, clinicians, multidisciplinary 

academics and, to a lesser extent, patients and patient groups. Other approaches to impact offered by 

PIs included project formation strategies, involving both proactive and reactive behaviours, and career 

planning and strategising for impact. Using Bronfenbrenner’s bioecological theory, an ecological 

framework for PI impact orientation was developed from the findings of this study, to support PIs in 

addressing, mapping and analysing the impact of their research across environmental systems, 

identifying stakeholders relevant to their research, with the research translation continuum, from basic 

scientific discovery to point-of-care application, as a frame of reference. 

 

A number of recommendations emerged from these findings, for medical device PIs, policymakers and 

higher education institutions (HEIs). Recommendations for PIs included the need for more systematic 

planning for impact, from project formation stage onwards, including multiple stakeholder engagement 

and collaboration throughout the process, to enhance their research project’s impact potential. HEIs 

must offer more targeted, joined up supports and training for medical device PIs in their efforts to create 

impactful research, with time allowed to PIs in planning for impact. At the policy level, more 

standardisation is required in impact definitions and understanding across research policies and 



 viii 

structures, to aid impact understanding for all stakeholders in the research process. Similarly, 

policymakers need to ensure that the metrics they utilise and the outputs they desire are ones that PIs 

can achieve, and that are firmly linked to eventual impact. A number of future research avenues are also 

proposed.  
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1. Introduction 
 

Introduction  
 
Establishing the impact of science on society is not so precise a science. While scientific 

advancement has undoubtedly accelerated in the past decades, achieving great benefits for 

modern society in addressing the ‘grand challenges’ of our times, cracks in the system have 

caused a dearth of research waste. This is due in large part to translation potholes on the road 

from bench to bedside, and the increasing uncertainty of science, “its composition more 

heterogeneous, its values more contested, its methods more diverse and its boundaries more 

ragged” (Nowotny et al, 2001, p.2). 
 
Scientists are required more and more to contribute to society through their work, no longer 

allowed to sit in their ivory towers and follow research paths for the sole purpose of curiosity. 

Scientists now have multiple role obligations beyond the traditional tasks of academic research 

and teaching, and are required to deliver on multiple fronts (Cunningham et al, 2016a). 

Scientists must think about their research in terms of relevance for society and justify the 

directions they take in their work. This is imperative for publicly funded researchers, where in 

return for public money they need to ensure that their research will provide some benefit to 

their funders, the general public. The “linchpin” (Mangematin, 2014, p.1) of publicly funded 

research projects is the principal investigator (PI), the lead scientist of research projects. As 

such, they can influence the design and direction of research to fit with their own agendas, 

including the impact potential of the project (D’Este & Perkmann, 2011). However, we know 

little about the impact orientation of PIs and how impact is understood, planned and shaped 

from the micro-level perspective of the PI. 
 
In terms of the benefits of science for society, there may be none more obvious than 

improvements to public health (‘health is wealth’). With the increasing aged population and 

the global burden of non-communicable disease (WHO, 2015), it is of paramount importance 

that health-related researchers are carrying out their research with relevance and benefits to 

society at the forefront of their thoughts (e.g. Neta et al, 2015; Nason et al, 2011; Buxton & 

Hanney, 1996). One such area of health research that could produce solutions to the ‘grand 

challenges’ faced by society is medical device research. Publicly funded medical device 



 2 

research is a field of research that can have a clear and transparent impact on society through 

improved health outcomes for the public that funds it, providing transformative solutions for 

chronic illnesses that are effective, sustainable and affordable. However, as with many fields 

of research, much health research does not make it from the bench to the beside (the research 

translation continuum), into policy and practice, and does not create impact (Neta et al, 2015). 

To this end, this multidisciplinary and interdisciplinary study seeks to explore impact of 

medical device public research from the micro level perspective of the PI, utilising Urie 

Bronfenbrenner’s ecological theory as a framework to conceptualise PI impact orientation. 

1.1 Background to the study 
 
This study is set against the backdrop of the ‘impact agenda’ emphasis in public research policy 

trends, the increased attention placed by national and international funding bodies on the 

broader impacts of the research they fund, beyond scientific excellence (Martin, 2011). The 

study’s main participants were scientists undertaking the principal investigator role on 

CÚRAM1-funded projects, a nationally funded centre of excellence in medical device research, 

with over €135 million in total grant value secured since its establishment in 2016 (SFI, 2019a).  

It should be noted that this study is funded as part of a larger CÚRAM project on the 

Translational Support platform exploring medical device research translation and impact (see 

section 2.3.2 for more). 
 
The author’s own interest in this topic was sparked through three rather different, but 

intertwining, curiosities. First, the author had prior interest in the emerging area of PI research 

in general, having worked as research assistant on a number of smaller studies with the PI as 

the focus of study. Secondly, early in the course of this study, the author read Urie 

Bronfenbrenner’s seminal 1979 work, The Ecology of Human Development, in which he first 

presented his ecological systems theory. The focus placed on the proximal processes that occur 

between individuals in ecological system and how these could affect human development 

sparked the author’s interest, and in particular in how this theory could be applied beyond the 

study of child development. Similarly, Bronfenbrenner’s later focus on time as a factor in 

development, and the more multifaceted Bioecological Theory he developed began to offer the 

author many new and enticing avenues with which to explore impact orientation. Thirdly, as a 

Galway native, the author is well aware of the importance of the medical device industry, as 

this sector is one of the main employers in the city over the past twenty years. Therefore, to be 

 
1  CÚRAM is the Irish Centre for Research in Medical Devices.  
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able to focus on medical device research scientists and processes and thus perhaps contribute 

in some small way to improving research practices in the medical device field in the region and 

beyond was a key motivation.  
 
This study focuses on four diverse but interrelated literature areas of interdisciplinary study. 

The first area is that of principal investigator research, a relatively recent research avenue 

exploring science and research processes through the lens of the PI, the lead scientist of 

publicly funded research projects. This area of research has evolved and increased in relevance 

as studies have investigated the unique, central role of the PI in the conduct, advancement and 

application of science. Studies on PIs to date have focused on three aspects of the PI role: 

scientific leadership, project management and academic entrepreneurship. PIs, as public 

research project leaders, are responsible for ensuring that the project meets the requirements of 

funders and that the research is relevant to the public that funds it. Therefore, this study will 

explore PI awareness, attitudes and approaches in relation to the generation and prioritisation 

of research impacts, or PI impact orientation.   
 
The second area of study explores impact, the impact agenda, attempts to conceptualise and 

categorise impact of research and the challenges in understanding, measuring, assessing and 

evaluating impact. Impact is a recurring debate in science and refers to the contribution of 

research to society beyond the traditional focus of research projects on scientific excellence 

(Martin, 2011). Over the past few decades, more and more weight has been placed on research 

projects’ broader impact potential ex ante, and actual ex post impact on society. Broader impact 

includes economic, human capital, health, environmental, international and societal categories 

of impact, with societal impacts perhaps the most challenging to define and measure. In 

general, the biggest issue in the impact debate has been how we understand and define different 

categories of impact, and then how we measure, assess and evaluate these impacts of research. 

To date, impact has been understood using more macro-level terminology and definitions, from 

the high-level viewpoint of national and international research evaluation frameworks and the 

end-point impact of research. Instead, this study will explore impact from the micro-level 

perspective, using the PI as the unit of analysis, due to their central position in research 

processes, how they understand and address impact in their work and their impact orientation. 
 
The third strand of literature of this study is translational research. Translational research 

describes the process through which scientific knowledge is transformed from basic discovery 

through to point-of-care application, including all activities required to bring research “from 
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bench to bedside” (Woolf, 2008, p.211). Translational research is a core concept in medical 

device research, used to address the challenges involved in connecting research with practice 

(Searles et al, 2016), or as Hamilton (2015, p.60) suggests, “the science of putting science to 

use.” Medical device research involves long development cycles, high levels of uncertainty 

and investment (Walsh et al, 2018), and translational research can be viewed as a way to 

address these challenges, to bridge the translation gap between bench and bedside.   
 
The fourth area explored and applied in this study is ecological theory, specifically Urie 

Bronfenbrenner’s ecological and bioecological theories of human development, wherein the 

developing individual influences and is influenced by their environment (e.g. Bronfenbrenner, 

1979). Bronfenbrenner’s original ecological model focused mainly on context, with the 

individual at the centre of four interrelated environmental systems with which an individual 

interacts, the micro-, meso-, exo-, and macro- systems. The bioecological theory, the later 

iteration of ecological theory, and the process-person-context-time (PPCT) model, included a 

fifth system level, the chronosystem, with more attention to the individual and the proximal 

process that take place between the individuals and environments over time (e.g. 

Bronfenbrenner & Morris, 2006). This theory will be applied as a framework for PI impact 

orientation.   

1.2 Focus of the thesis 
 
The overarching aim of this study is to examine the impact orientation of PIs involved in 

medical device research through the exploration and identification of the antecedent, 

organisational, project and individual factors and barriers that may influence, enhance, 

or hinder, their impact orientation.  

 

The study objectives are five-fold: 

1. To identify the antecedent factors that influence PI impact orientation. 

2. To identify the preferred impacts of PIs of medical device research. 

3. To identify and classify the governmental, organisational, project and individual-level 

facilitators and barriers influencing the potential impact of a research project and the 

stakeholders and collaborators involved. 

4. To make recommendations for  how medical device PIs and policymakers can improve 

the potential impact of research.  
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5. To inform future studies on how PIs understand and enhance the potential impact of 

their research, both in medical device related research and in academic research in 

general. 

 
This study investigates the awareness, attitudes and approaches to impact at the level of the 

principal investigator, the lead scientists of publicly funded research projects. The 38 PIs at the 

centre of this study share the common characteristic of being involved in medical device related 

research, through the Irish Centre for Research in Medical Devices, CÚRAM. The study 

undertakes a qualitative methodological approach to the research design. Through semi-

structured interviews, PI impact orientation is explored, which this study defines as the 

awareness, attitudes, and approaches of PIs in relation to the generation and prioritisation of 

research impacts. In applying Bronfenbrenner’s bioecological theory, a framework is 

developed to conceptualise impact orientation of PIs, with translational research offering a 

frame of reference for the medical device research translation process, from bench to bedside.  
 
The study has four key original contributions to offer.  Firstly, a crucial contribution of this 

study is to the emerging PI research domain, in the fact that PIs understanding of and 

approaches to impact, and PIs involved in medical device research, are both underexplored 

areas of research. Applying elements of Bronfenbrenner’s bioecological theory to 

conceptualise PI impact orientation, how they understand and approach impact, is a second 

novel feature of this piece of research. The micro-level perspective of PIs of medical device 

research and the environments in which they work offers great potential for deeper 

understanding of research processes in the medical device research field, an important and key 

growth sector in Ireland and for society in general. Finally, the interdisciplinary nature of the 

study, combining elements of PI research, technology transfer studies, social science research 

and translational research, to explore impact from the unique angle of the micro-level PI 

perspective offers a clear original contribution to the field.  
 

1.3 Thesis Outline  
 
This thesis is divided into seven chapters. Following this introductory chapter, Chapter 2 

outlines the context in which the study is set, with the chapter divided into three sections. 

Included in this chapter is an overview of the Irish research landscape, including relevant policy 

developments and funding mechanisms, the medical device sector at a global, European and 

national level, and the Irish medical device research landscape. Chapter 3 reviews the literature 
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in relation to principal investigator research, impact, translational research and 

Bronfenbrenner’s ecological theory, concluding with the development of a tentative ecological 

framework for impact orientation. Chapter 4 describes the methodology used in this study, and 

it is divided into four sections. In this chapter, the rationale for the study is outlined, followed 

by a description of how the study was designed and implemented. A profile of the study 

participants, and consideration of limitations of the study are also discussed.  
 
Chapter 5 presents the core research findings of the study, separated into the key themes 

identified through the data analysis phase: PI perspectives on impact, factors influencing 

impact orientation, factors impeding impact orientation, and approaches to impact. Chapter 6 

discusses these findings as they relate to the study objectives 1-4, and how these relate to extant 

literature and offer novel contributions to the field. This chapter also considers the tentative 

ecological framework in light of these findings, and how the framework could be further 

developed to incorporate these findings. Chapter 7 restates the purpose and rationale for the 

study, then revisits the methods utilised and outlines the key results. The author concludes the 

thesis by summarising the key findings and original contributions of the study and addressing 

objective 5 of the study, future research directions in relation to medical device PI impact 

orientation. 
 

Chapter conclusion 
 
The primary aim of this introductory chapter was to create an overview for the entire study 

which aims to explore the impact orientation of PIs involved in medical device publicly funded 

research. The wider objective of this study is to explore PIs perspectives and approaches to the 

impact of their research, and identify the factors and barriers involved, with a deeper 

understanding of this phenomenon potentially informing PIs and policymakers alike on ways 

to improve the impact potential of medical device public research. Finally, the aim and 

objectives of the study were outlined, followed by a description of the structure of the thesis. 

We now move to Chapter 2 which will explore the context in which this study is set.  
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2. Context for the Study 
 

Introduction 
 
This chapter provides contextual background information for the study and is divided into three 

sections. Section 2.1 provides an overview of the current research landscape in which PIs of 

this study are positioned, including an overview of national industrial and educational policy 

developments and the national public funding mechanisms through which medical device 

research is supported. Section 2.2 presents an outline of the medical device and medical 

technology landscape globally, at a European level and in Ireland. Section 2.3 outlines an 

overview of the funding body and centre with which the study participants are affiliated, 

Science Foundation Ireland (SFI) and CÚRAM, the Irish Centre for Research in Medical 

Devices.  
 

2.1 Ireland’s Research Landscape 

2.1.1 Evolution of Irish Industry and Education Policies 
 

The shift in research impact towards the generation of wider societal impacts that can address 

grand challenges can be seen reflected in Irish industrial and education policy.  Labelled as the 

“poor man of Europe” in the 1970s (Cunningham et al, 2019a, p.2) and situated in Europe’s 

northwest periphery, Ireland is now one of the emerging global hubs for medical devices, with 

nine of the top ten technology companies having operations here, as discussed in more detail 

in section 2.2. Industrial policy, for many decades, placed significant emphasis on foreign 

direct investment (FDI), particularly from the US and primarily focused on high technology 

sectors including ICT and pharmaceutical/health sciences (Cunningham et al, 2019a). Ireland 

were referenced by some as a ‘first mover’ in seeking to attract FDI to the country (Gal, 2008). 

This targeted industrial policy approach, aided by national industrial development agencies, 

created a hospitable climate for foreign investment, not least through the incentive of low 

corporation tax. Recent policy developments, from the 1990s onwards and particularly after 

the economic recession of 2008, have shifted from FDI-focused towards the promotion and 

sustainability of indigenous industrial development, perceived as more sustainable with longer-

term positive impact for the economy (O’Sullivan, 2000). 
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To this end, there has been a growing emphasis on the role of innovation and entrepreneurship 

in national industry policy, with the widespread use in policy documents of terms such as 

‘knowledge economy’, ‘innovation’ and ‘research and development’, suggesting to some 

extent an approach based on linear development (Cunningham et al, 2019a). An example of 

concrete actions by the government to build a knowledge economy was the establishment of 

Science Foundation Ireland (SFI), which had a mission to “progress Ireland’s society and 

economy by supporting the best scientific and engineering research while building an 

awareness of the role, impact and opportunities science creates” (SFI, 2018, p.4). To this end, 

SFI established research centres, including CÚRAM, with the objective of fostering research 

links between companies and universities, more on which is discussed in section 2.3.   
 
Alongside national industry policy developments, education policy has played a significant 

role in the expansion of Ireland’s knowledge economy. Education policy has shifted through 

the decades to fit with the model of economic growth driven through science, technology and 

innovation (Coates & Mac Labhrainn, 2009), with Irish third level education policy in 

particular complementing industry policy discussed above. Recent policy trends in relation to 

higher education institutions placed emphasis on “a strong engagement with individual 

students, communities, society and enterprise… and a means to equip them with the skills to 

play a strong part on the world stage. It will also be the engine for new ideas through research, 

and many of these ideas will translate into the sustaining innovative enterprises of the future” 

(Higher Education Strategy Group, 2011, p.10). Key strategic objectives of education policy 

include the development of a world-class research system, supporting technology transfer and 

commercialisation activities, enhancing collaboration to create strong linkages and alignment 

between education and economy, and the internationalisation of research (Cunningham et al, 

2019a). Included in this drive to support these objectives was the development of a professional 

technology transfer system across Ireland’s Higher Education Institutions (HEIs), providing 

direct support to Technology Transfer Offices (TTOs) across Irish HEIs and establishing 

Knowledge Transfer Ireland (KTI) in 2013 to guide knowledge transfer activities in Ireland. 

As discussed later in this chapter, a steering group identified fourteen priority research areas of 

focus, including medical devices. Through these industry and education policy developments, 

Ireland’s research landscape has evolved and expanded over the past number of decades, led 

in large part by initiatives of national and international public funders of research. Examples 

of efforts in this regard relevant to this study are presented below, to further familiarise the 

reader with the research environment in which medical device PIs are based. 
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2.1.3 Funding  of Ireland’s Research Activities 
 
PIs of public research engage with a number of different funding mechanisms in order to fund 

their research activities. Alongside international funding, most prominently EU funding, there 

are a number of Irish public funding bodies that PIs involved in medical device research can 

seek funding from for their research (see Table 2.1). The main public funders of research in 

Ireland comprise of an ecosystem of sorts in which the PI operates. These funding bodies have 

similar requirements to demonstrate impact from the research they fund, and this is explored 

in detail in section 2.3 in relation to SFI, as the primary funder of medical device PIs, this 

study’s unit of analysis.  

 
Table 2.1: Irish research public funding sources 

Organisation Acronym Description 

Higher Education 

Authority 

HEA • The main agency through which the Irish 

government disburses and manages higher 

education funding  

• Responsible for managing the Programme for 

Research in Third Level Institutes (PRTLI), which 

funded over €1 billion in research programmes 

between 1998 and 2015 

Health Research 

Board 

HRB • The Health Research Board is a state agency, 

funded mainly by the Department of Health, that 

supports high quality, innovative health research, 

overseeing a €45 million  investment in health 

research activity each year (HRB, 2019)  

• The HRB monitoring and evaluation processes are 

guided by the Payback Framework and take place 

across three phases, the third of which being impact 

assessment 

Irish Research 

Council 

IRC • An associated agency of the Department of 

Education and Skills, operating under the aegis of 

the Higher Education Authority, fund researchers 

through a variety of research schemes 
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Science Foundation 

Ireland 

SFI • Ireland’s statutory body with responsibility for 

funding basic and applied science, technology, 

engineering and mathematics (STEM) research 

• Promotes and assists in the development of 

competitiveness of Irish industry and employment 

• Described in detail in section 2.3.1 

Enterprise Ireland EI • Government organisation with responsibility to 

develop and grow Irish enterprises in international 

markets  

• Provides funding support for researchers, as well 

as companies, to develop new technologies and 

processes with potential for job creation and 

export 

 

These funding bodies can be viewed as a core element of the medical device public research 

ecosystem, as illustrated for clarity in Figure 2.1. In tandem with these various funding bodies, 

there are a number of recent policy trends and initiatives, led in no small part by the impact 

agenda, to support academics to engage more with society in order to increase the relevance of 

their work for the public who funds it. In order to provide the reader with some practical 

examples of this trend, two such examples of particular relevance to medical device research 

are outlined in Table 2.2, both with the goal of greater science-society engagement. 
 

 
 
Figure 2.1: High-level medical device research ecosystem (with illustrative examples) 
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Table 2.2: National initiatives to encourage science-society interaction 

Public and patient involvement in research 

 
Current funding policy trends have placed emphasis on public and patient involvement in 

research (PPI), with studies exploring how public and patient involvement in research can 

improve how research is planned, carried out, communicated and utilised (Brett et al, 2014). 

As opposed to the traditional view of patients as subjects or participants of research, PPI 

places patients and the public as actively involved in all aspects of the research process, from 

project design to dissemination. People have unique perspective and expert knowledge of 

their own health and illnesses and as such it is vitally important to include this expertise in 

health research (ibid). As such, through PPI, it is anticipated that researchers can carry out 

research with greater relevance to patients. This trend can be observed in funding bodies’ 

strategic plans and funding calls, requiring evidence of PPI integrated into project proposals, 

in order to encourage scientists to involve patients and the public in research projects. There 

are a number of organisations and initiatives with the goal of embedding PPI into health 

research, including IPPOSI, a patient-led organisation promoting “patient involvement in the 

treatment and decision-making processes that affect them in Ireland and Europe” (IPPOSI, 

n.d., para.2), and the UK’s INVOLVE, the national advisory group responsible for promoting 

PPI in public health and social care research. Furthermore, HRB have funded a number of 

PPI Ignite programmes in Irish universities to promote and build capacity for researchers in 

PPI.  

Campus Engage 

 
Another academic initiative related to impact is the Campus Engage project, facilitated by 

the Irish Universities Association. The mission of Campus Engage is “supporting Irish higher 

education institutions to embed, scale and promote civic and community engagement across 

staff and student teaching, learning and research” (Campus Engage, 2019, para.1). This 

initiative is focused on community-based teaching and learning, engaged research and 

innovation for societal impact, student volunteering and planning for impact. Specifically in 

relation to impact, Campus Engage offer a framework for Irish Higher Education Institutions 

(HEIs) to plan, measure, and collect data on impact, with the purpose to “set baseline figures, 

or key performance indicators and is non-prescriptive, just a supportive guideline” (Campus 

Engage, 2019, para.1). 
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2.2 Ireland’s Medical Device Landscape 
 
In this section, summaries of the medical device landscapes at a global level, in Europe and 

Ireland are presented, and how this landscape has shaped policy to prioritise medical device-

related research, to introduce the reader to the field of medical device research. Before 

exploring this, a summary of definitions, understandings and descriptions of medical devices 

is required, from which a simplified definition will be presented that will be used in this study. 
 

“The field of medical devices is large, diverse, competitive, and highly innovative. This 

is an area of great promise, sometimes spectacular promise, sometimes seductive 

promise. It is also an area with a number of problems and pitfalls, some familiar, others 

unique” (Chan, 2010, p.1). 

2.2.1 Definition of a medical device  
 
Medical devices are “very wide-ranging products, such as apparatus/instruments, software, and 

materials (i.e. substances)” (Racchi et al, 2016, p.907) and as such there is no globally accepted 

definition of a medical device2,3, just as there is no one set of regulatory requirements for 

medical device development, varying from continent to continent, and even between countries. 

As national and international regulatory agencies are key actors in the medical device sector, 

an exploration of some of the most influential or dynamic national regulatory agencies 

definitions of ‘medical device’ is required for this study. (See Appendix A for full definitions 

as provided by the various national and international regulatory agencies). Relevant regulatory 

agencies included the World Health Organisation (WHO), the United Nations specialised 

agency concerned with international public health, China’s National Medical Products 

Administration (NMPA) (formally the China Food and Drugs Administration), Japan’s 

Pharmaceutical and Medical Device Agency (PMDA), the United States’ Food and Drug 

Administration (FDA) and EU Directives. It should be noted that Ireland’s Health Product’s 

Regulatory Agency (HPRA) adopts the EU definition for medical devices. While the European 

Union recently adopted two new regulations on medical devices (MDR) and in-vitro 

 
2 This was observed also through findings of the systematic literature review undertaken as part of this study, 
more on which is discussed in Chapter 3. 
3 It should be noted that medical technology, or ‘med tech’, is another widely used term in relation to the medical 
device sector.  However medical technology typically includes IT products and services, which do not fit under 
the established definitions of medical devices. For the purposes of continuity and clarity, we will only use the 
term ‘medical device’ in this study, accept when otherwise noted. 
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diagnostics (IVDR), replacing the original Directives to further develop and strengthen the 

existing regulatory system, the general definition of a medical device remains the same.  
 
Common elements of these medical device definitions include the focus on ‘device’ type (e.g. 

instrument or apparatus), medical purpose (e.g. diagnosis, treatment, monitoring) and the 

human body, and perhaps most significantly, that there be no pharmacological, immunological 

or metabolic element to the device itself. This differentiation between pharmacological and 

non-pharmacological interventions was shared by all five regulatory agencies, where products 

with a “pharmacological, immunological, or metabolic mechanism of action” are classified as 

“medicinal products” (Racchi et al, 2016, p.907). The most significant disparities between 

agency definitions were in terms of terminology and inclusion criteria, with China the only 

agency including Information Technology in their definition, while some agencies include 

animal health medical devices in their definition also. 
 
From the definitions provided by regulatory agencies outlined above, it is clear that there is 

large scope for inclusion in terms of academic and industry involvement, product and process 

design and function. Across these various definitions, a variety of categories, classes and 

classifications of medical devices are outlined. Of particular relevance to this study in terms of 

classification, the three types of medical device outlined by Ireland’s Health Products 

Regulatory Authority (HPRA) are general medical devices, active implantable medical 

devices and in-vitro diagnostic medical devices, with devices further divided into three classes 

depending of level of risk; high, medium and low risk. Further classifications of medical 

devices include the part of the body affected, degree of invasiveness and duration of contact. 

Some jurisdictions include ‘accessories to a medical device’ in their definitions of medical 

device also, defined by the FDA as “a device intended to support, supplement, and/or augment 

the performance of one or more parent devices” (FDA, 2019, para.1). Through researching 

these various national regulatory agency definitions of a medical device, it is clear there are 

many commonalities but also differences in classification and terminology. Other studies have 

gathered medical devices into four product groupings from low-tech, relatively simple goods 

to high-tech products: disposables; surgical and medical instruments; therapeutics; and 

diagnostic equipment (e.g. Torsekar, 2018). 
 
For the purpose of this study, we will utilise the Global Harmonization Task Force’s definition 

of a ‘medical device’. This task force encourages convergence at the global level of medical 

device regulatory systems to facilitate trade through harmonised guidance documents and is 
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made up of a group of representatives from medical device regulatory authorities and trade 

associations from around the world. The definition provided is as follows: “An article, 

instrument, apparatus or machine that is used in the prevention, diagnosis or treatment of illness 

or disease, or for detecting, measuring, restoring, correcting or modifying the structure or 

function of the body for some health purpose. Typically, the purpose of a medical device is not 

achieved by pharmacological, immunological or metabolic means” (WHO, 2017, p.6). A more 

user-friendly definition is offered by De Maria et al (2018, p.156): “A medical device can be 

described as any means of improving or monitoring patient health that acts on the body in a 

non-metabolic fashion. This wide definition includes electromedical equipment, implantable 

mechanical devices, diagnostic devices, and even everyday life objects such as band-aids and 

glasses.” This overview of various definitions for medical devices offer the reader an 

understanding of the wide range of research areas that could be involved in medical device-

related research. Next, a summary is provided of the global, European and Irish medical device 

sector to give readers an insight into the medical device landscape in which the study’s PIs are 

engaged. 
 

2.2.2 Global medical device sector 
 
The increasing complexity of global health challenges, including the significant and predicted 

increases in the aging population (UN, 2015), and the global burden of non-communicable 

diseases (WHO, 2017) has led to the Universal Health Coverage mandate of the Sustainable 

Development Goals (and in particular Sustainable Development Goal 3: “Ensure healthy lives 

and promote well-being for all at all ages” (UN, 2015, p.18)) and calls for “safe, effective and 

appropriate medical devices” (WHO, 2017, p.10). The global market for medical devices is 

increasing as the world’s population is rapidly aging (WHO, 2015), with trends suggesting that 

by the year 2050, one third of people will be over 65 (UN, 2015). As such, increased focus and 

emphasis has been placed on medical device research, development, innovation, marketing and 

production, to produce more effective, sustainable and affordable medical device solutions. 
 
The global market size for medical devices is $521.2bn as of 2017, which is forecasted to grow 

to $674.5bn by 2022 (BCC Research, 2018, cited in DBEI, 2018). The world-leaders in medical 

device production are undoubtedly originating in the US, with nine of the top 15 medical device 

companies, directly employing 400,000 people (Cunningham et al, 2015b) and roughly one-

quarter of the global market share (Torsekar, 2018). The biggest growth markets have been 
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identified in the Asia-Pacific region, representing “more than half of the world’s population 

and roughly one-quarter of the global medical device market” (ibid, p.4). 

2.2.3 Europe’s medical device & technology sector4 
 
The European medical technology industry, combining medical devices, in vitro diagnostics, 

and digital health, employs more than 675,000 people, demonstrating the importance of the 

sector to Europe’s economy, with Germany employing the highest number of people, followed 

by the UK and France (MedTech Europe, 2019). There are approximately 27,000 companies 

in operation in Europe, 95% of which are small and medium-sized companies (SMEs). The 

majority of these SMEs employ less than 50 people (ibid). Similar to employment figures, the 

largest number of companies are based in Germany (European Commission, 2013). 

Furthermore, European countries spend 10% of gross domestic product on healthcare on 

average, with 7.2% of this figure attributed to medical technologies, which is less than 1% of 

GDP. Expenditure on medical technology amounts to €213 per capita (weighted average).   
 
In terms of innovation, over 13,000 patent applications filed with the European Patent Office 

in 2017 were in the field of medical technology (7.9% of the total number of applications). 

40% of these applications came from European countries, with the majority of the remainder 

from the US (37%). In general, medical technology patent applications have doubled in the 

past decade, and are the leading sector in terms of patenting activity in Europe (MedTech 

Europe, 2019), demonstrating the levels of innovation taking place in the medical device and 

medical technology sector.  

 

In 2019, the medical technology market in Europe was estimated at approximately €115 billion, 

representing 27% of the world market, the second largest medical technology market after the 

US.  Market growth in Europe averaged 4.4% per annum over the previous nine years. The 

biggest markets in Europe were identified as Germany, France, the UK, Italy and Spain. In 

2017, similar to previous years, the main three European medical technology trade partners 

were the US, China and Japan (MedTech Europe5, 2019). 
 

 
4 There was a very small amount of reliable data available on Ireland and Europe’s medical device sector. As such 
it was decided to look more broadly at the Irish and European medical technology, or medtech, sector due to the 
increased availability of reliable data.  
5 MedTech Europe is the European Trade Association representing Medical Technology industries, representing 
Diagnostics and Medical Device manufacturers operating in Europe. Calculations are based on data from WHO, 
BMI Research, Eurostat, EFPIA and EDMA. 
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European medical device regulations 
 

The World Health Organisation (WHO) emphasises the importance of regulating medical 

devices for better public health outcomes through access to “safe, effective and quality medical 

products,” urging member states to “strengthen national regulatory systems, to engage in 

global, regional and sub-regional networks of national regulatory authorities, and to promote 

international cooperation, as appropriate” (WHO, 2017, p.11). National and international 

regulatory agencies are responsible for reducing potential health risks and “enabling patient 

access to high quality, safe and effective medical devices” (ibid, p.28) and authorising products 

to legally enter the local market through CE marking certification. In the near future, the 

European medical device regulatory environment will undergo changes as outlined in section 

2.2.1 above, with more rigorous regulations introduced on the clinical evidence required to be 

EU certified, with new responsibilities for post-market surveillance and incident monitoring 

(European Commission, 2019c). The state agency with responsibility for medical device 

regulation on the Irish market is the HPRA, designated as Competent Authority (CA) for 

medical devices in Ireland and adopting the European legislation on medical device regulation.  

Regulatory policies and practices can be considered as an intermediary step in the research 

translation continuum (see section 3.3) between bench and bedside (Blumel et al, 2015). As 

such it is vitally important for PIs involved in bringing a medical device to market to have an 

understanding of the regulatory requirements involved in this process, in shaping their 

commercialisation decisions and how they approach impact of their medical device research. 

2.3.4 Ireland’s medical device sector 
 
The medical device sector in Ireland has grown substantially over the past 25 years, alongside 

the government’s policy drive to attract FDI as outlined above, with Ireland’s medical device 

sector now recognised as one of the five global emerging hubs (Ryan et al, 2010). The number 

of medical technology companies has increased from 50 to over 450 in the past 25 years (Irish 

Medtech Association6, 2019). Nine of the top ten medical device companies globally have 

bases in Ireland, and alongside this growth, medical device related research has become a key 

national research priority (Cunningham et al., 2015b; Giblin, 2011; Giblin & Ryan, 2012).  
 

 
6 The Irish Medtech Association is the business association within Ibec (Irish Business and Employers 
Confederation) representing the medical devices and diagnostics sector in Ireland. 
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Of the most recent available data, Ireland has the highest proportion (74 per 10,000 inhabitants; 

i.e. 29,000) of people employed in medical technology industry in European countries 

(Department of Foreign Affairs & Trade, 2019). It was estimated in 2016 that Ireland’s medical 

technology sector had exports of €12.6 billion, quadrupling in the past ten years (Irish Medtech 

Association, 2019), with exports of medical devices and diagnostic products representing 8% 

of the country’s total merchandise exports (IDA Ireland, 2019). Alongside trade, there has been 

significant public government investment in research through the Programme for Research in 

Third Level Institutions (PTRLI) and Science Foundation Ireland (SFI), including establishing 

Ireland’s first stem cell manufacturing centre in 2015 and CÚRAM, the Irish Centre for 

Research in Medical Devices, both based in NUI Galway, Ireland. 
 
Galway’s medical device industry cluster, primarily focusing on specialised surgical and 

medical equipment (Ryan et al, 2010), expanded first through FDI-focused industrial policy, 

with increased numbers of indigenous companies established in the past twenty years 

(Cunningham et al, 2019a) in line with industry policy trends described earlier in this chapter. 

This medical device cluster in the west of Ireland, in Galway city and county more specifically, 

currently has over 100 medical technology companies in the region, with the sector dominating 

local industrial employment, representing 56% of total industrial employment in Galway city 

alone in 2016, which is the highest share for any region in the state in this sector (WDC, 2019).  

Alongside a strong ICT sector in the region, this cluster of medical device companies in Galway 

includes multinational corporations (MNCs) Medtronic and Boston Scientific, and a number 

of indigenous and foreign-owned SMEs, adding to the vibrancy of the regional cluster (Giblin 

& Ryan, 2012). 
 
It is clear from the data above that the medical device sector in Ireland is a key component, or 

“success story”, of Ireland’s economy (Ryan et al, 2010, p.31), both in terms of manufacturing 

and research and development (R&D). Medical device-related research therefore is of critical 

importance to future growth in Ireland’s economy and to society in general. The policy model 

of attracting FDI through various financial incentives outlined above could be considered 

successful in “establishing a global and vibrant high-tech industry within a few decades”, with 

recent policy developments looking to drive the sector forward through more endogenous 

development and research “to lead the way in the development of next-generation technologies 

and products” (ibid). Due to the translational nature of medical device research, on creating a 

device or technology that can be used to improve or monitor patient health, from basic 
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fundamental research to point-of-care application, understanding better how researchers 

approach and prioritise the impacts of their research at the micro-level of the PI is a clearly 

beneficial endeavour. In the final section of this chapter, an overview of SFI and CÚRAM is 

provided for readers to better understand the specific research environment of this study’s PIs.  
 

2.3 SFI and CÚRAM  

2.3.1 Science Foundation Ireland 
 
Science Foundation Ireland (SFI) is Ireland’s statutory body with responsibility for funding 

basic and applied science, technology, engineering and mathematics (STEM) research as well 

as the aim of promoting and assisting in the development of competitiveness of Irish industry 

and employment. Established in 2003, the goals and objectives of SFI are based on their 

strategic plan ‘Agenda 2020’, which aims to position Ireland as “the best country in the world 

for scientific research excellence and impact” (SFI, 2012, p.2). Programmes run by the 

foundation in an effort to achieve this goal include the SFI Starting Investigator programme, 

the Research Professorship programme, SFI President of Ireland Future Research Leaders, 

various workshops and conferences, maternity allowances awards, enterprise partnership 

programmes, a range of national education and public engagement programmes, and various 

PhD programmes.  In 2017, SFI funded over 4,500 people working on SFI research projects, 

producing almost 5,000 publications and 36 patents granted, with a total of €173 million 

invested in Irish research (SFI, 2018). 
 
As the largest funder of basic and applied scientific research in Ireland, SFI provides funding 

to international researchers wishing to relocate to Ireland, and those already based in Ireland, 

to “outstanding investigators…and for collaboration with industry” (SFI, 2019a, para.1). 

Industry engagement, collaborations and partnerships are a key focus of SFI, with SFI 

supporting over 1,500 industry collaborations with MNCs and SMEs in 2017 (SFI, 2018). 

International collaborations are also emphasised by the agency, with SFI-funded researchers 

involved in almost 2,500 international collaborations across 66 countries.  
 
The flagship programme of SFI, the Centres for Science, Engineering and Technology (CSETs) 

programme, launched in 2003, was designed to contribute to the country’s evolution towards 

a knowledge economy “through a deepening and broadening of its scientific knowledge base 

and stock by funding exploratory research,” with the intention for Ireland to focus on “targeted 
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arenas of scientific knowledge and industrial activity” (Ryan et al, 2018, p.18). The 

overarching aim of this policy development, modelled on US National Science Foundation 

(NSF) initiatives, was to create a clustering effect that would entice foreign-owned industry to 

come to the region to form close ties with this knowledge cluster, bringing industry to academia 

and academia to industry (ibid). The CSETs programme established nine centres between 2003 

and 2008, from an initial investment of €185 million in government funding (SFI, 2012). 
 
Government policy has evolved in the past number of years, as outlined in section 2.1, with 

SFI placing increasing attention on industry-informed research and industry-led technology 

centres for economic impact (Pandit & Zeugolis, 2016), with CÚRAM a prime example of this 

trend, and a greater emphasis on the broader impacts of research, as outlined in the following 

section. Included in this current trend is increased focus on education in, engagement with, and 

promotion of science, technology, engineering and mathematics (STEM) and the value of 

STEM to society and the economy (SFI, 2019b). 
 

SFI Pillars of impact 
 
SFI states that, alongside excellent science, they are now focused on delivering research that 

“positively impacts on society, in areas such as health, technology, education and climate” 

(SFI, 2018, p.19). This changing focus is apparent in SFI’s research evaluation policies, “as an 

important and integral part of our review processes” (SFI, 2019b, para.7). SFI-funded 

researchers are required to fill out impact statements as part of project proposals, as well as in 

their annual and mid-term programme reporting to SFI, using the categories of impact as 

defined by SFI. SFI categorises research impact across eight pillars, underpinned by three 

thematic areas. The 8 pillars, as identified by SFI, are economic, societal, international 

engagement, policy and public service, health and wellbeing, environmental, professional 

services and human capital impacts (see Appendix B for SFI definitions). The three thematic 

areas across which these various categories of impact are underpinned are “creating new 

products, policies, processes and behaviours, improving efficiency and efficacy of existing 

practice, and research to improve resilience and sustainability” (SFI, 2019b, para.2). 

Researchers are required to write their impact statements in non-technical language, as specific 

and comprehensibly as possible, answering the following questions: who will benefit from this 

research, and how will they benefit from this research? (ibid) It is clear from these requirements 

of SFI, that PIs, as the lead scientists of research projects, are on the frontline in terms of 
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deciding on and prioritising potential impacts of research.7 However, as will be presented in 

the literature review, there is a distinct lack of empirical evidence on PI impact orientation, in 

medical device research, and in academic endeavours in general.  
 

2.3.2 CÚRAM 
 
A key objective of SFI’s Agenda 2020 strategic plan was to establish a set of world-leading 

research centres to provide major economic impact for Ireland, seeking to create partnerships 

and collaborations between academia and industry to address important research questions and 

ultimately contribute in a meaningful way to the Irish economy (SFI, 2012). These centres, 

including CÚRAM, were developed out of the government policy mandate to “develop a 

distinctive industry-focused culture” (Department of Jobs, Enterprise and Innovation, 2012), 

promoting inter- and multi-disciplinary research activities and academic-industry interaction 

and collaborations. Through government investment, and industry partners, 17 research ‘super 

centres’ have been created to date; the first seven in 2013, with five funded in 2014 and 

commenced operation in 2015, with a further five established since then. These centres are 

focused on strategic areas of importance for Ireland and seek to support research projects that 

combine scientific excellence with economic and broader societal impacts. 
 
CÚRAM is the Irish Centre for Research in Medical Devices and is co-funded by SFI and the 

European Regional Development Fund alongside industry contributions. CÚRAM8 is one of 

SFI’s research ‘super centres’ hosted at various Irish academic institutes, with the specific goal 

of “designing the next generation of ‘smart’ medical devices” (CÚRAM, 2019, para.1). 

Medical device research was identified by the Irish government’s Research Prioritisation 

Steering Group (Department of Jobs, Enterprise and Innovation, 2012) as one of the priority 

research areas of importance for taxpayer investment. The centre places specific emphasis on 

chronic illnesses such as heart disease, wound healing, diabetes and musculoskeletal diseases, 

and therefore CÚRAM researchers come from a wide variety of disciplines, including 

biomaterials, drug delivery, tissue engineering, regenerative medicine, device design and 

glycoscience. 
 

 
7 It should be noted that SFI centres sometimes use the term ‘funded investigator’ instead of ‘principal 
investigator’ but the role requirements and definitions are the same.  
8 CÚRAM is an Irish language word meaning ‘care’. 
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The centre was first established in 2016, receiving an initial investment of €49 million over six 

years from SFI and industry partner co-funding, with the centre having secured over €135 

million in total grant value (€25.2 million in CÚRAM team share) to date through EU 

Framework programmes. Through these various funding sources, CÚRAM employs, as of 

December 2018, over 500 researchers, with 61 PIs and 8 clinician collaborators. The centre is 

led by National University of Ireland Galway, with academic partners based across four 

academic institutes and six Irish universities (CÚRAM, 2019). As with all SFI research centres, 

CÚRAM-funded researchers have a clear remit to seek out and partner with industry, in 

boundary spanning, knowledge and technology transfer activities and commercialisation, 

alongside their more traditional roles of education and research. CÚRAM has established 28 

industrial partnerships to date, made up of 18 SMEs and 10 MNCs (CÚRAM, 2019). To this 

end, CÚRAM offers a range of supports, initiatives and programs to their researchers, with 

CÚRAM’s Industry Program Team providing researchers with knowledge and expertise in IP, 

facilitating academic-clinician-industry interactions, determining the type of funding and IP 

model, supporting the definition and allocation of resources and budget, and identifying further 

activities and future projects to advance the technologies. As such CÚRAM is very much 

focused on the ‘third mission’ of university. This setting in which the PIs of this study are 

affiliated with provides an interesting backdrop to explore impact orientation.  
 
The first phase of CÚRAM’s development consisted of 5 platforms of research under which 

projects are placed: Building Blocks, Functionalisation and Assembly, Medical Implant 

Design, Enabling Technologies, and Translation Support. This fifth platform focuses 

specifically on the translation of research, from bench to bedside. Projects in this platform 

incorporated a variety of translation-related areas, including health economics, regulatory 

affairs, biostatistics and impact orientation. This study, and the wider project in which this 

study is based, is funded by CÚRAM and is aligned with the Translation Support platform, 

which served as an expert consultation group throughout the lifecycle of this study.  
 

Chapter conclusion 
 
This chapter set out to provide the reader with an overview of the research landscape in which 

this study’s unit of analysis, PIs of Irish public research medical device research, are based. 

First it explored the evolution of industry and education policy trends in relation to the current 

research landscape, followed by a brief overview of Irish research public funding of medical 
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device research in Ireland. Next an overview of the medical device landscape at a global, 

European and national level was provided. Finally, SFI and CÚRAM were described in detail 

due to their relevance to this study. This chapter provided many examples of the emphasis on 

impact and the impact agenda in Ireland’s medical device research environment and the wider 

research landscape, calling attention to the timely nature of this study on the impact of medical 

device research through the micro-level perspective of PIs. The following chapter will present 

to the reader a review of literature relevant to the study. 
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3. Literature Review 
Introduction  
 
In order to address the overarching aim, and related objectives, of the study, this chapter 

provides a comprehensive review of relevant literature across the following interrelated and 

interdisciplinary areas: principal investigators (PIs); impact and impact orientation; 

translational research; and Bronfenbrenner’s bioecological theory. Section 3.1 examines the 

extant literature on principal investigators relevant to this study. Included in this section is an 

overview of findings of a systematic literature review, reviewing relevant literature on medical 

device scientists’ influence on the broader impact of research. Section 3.2 describes the various 

debates on how impact is understood, defined, measured, assessed and evaluated. Section 3.3 

addresses the concept of translational research, the process through which knowledge is 

transformed through research fields, from basic scientific discovery to public health impact.  

Section 3.4 outlines the various iterations of Bronfenbrenner’s ecological bioecological theory. 

Finally, in section 3.5, the key findings from this literature review are gathered together to 

construct a tentative ecological framework for this study.  

3.1 Principal Investigators 
 
There is an emerging body of research focused on scientists in the principal investigator role. 

Firstly, this review will discuss how the PI is defined and understood. The roles and 

responsibilities of PIs will be discussed, focusing on activities and functions most relevant to 

this study.  Motivations of PIs, and scientists in general, to engage in science will then be 

discussed. Finally, the review will consider the influence of PIs on the conduct and 

advancement of science and wider impact of research. This final section includes findings of a 

systematic literature review undertaken to gather relevant literature on medical device 

scientists’ influence on the broader impact and translation of research. 
 

3.1.1 Defining the principal investigator 

As academic research systems and scientific avenues have evolved and grown more complex 

over time, alongside the increasingly diverse range of participants and emergent funding 

structures (Adler et al., 2009), so too have the complexity of roles and responsibilities of the 

principal investigator. Yet, despite the common usage of the term principal investigator in 

research policy and practices, to date there does not appear to be a universally agreed definition 
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of the principal investigator. Mangematin et al (2014, p.3) suggest that “ambiguities about the 

PIs’ definitions reflect the tensions about their role and functions.”  
 
A review carried out by Cunningham et al. (2016) examined research policy documents of the 

primary funding bodies in Ireland, Europe and the USA, and found indications of some 

expansive interpretations of the PI role, with the majority of emphasis remaining on “project 

management, administration and fiduciary responsibilities” (Cunningham et al., 2016, p.71). 

This review highlighted that the more elementary definition of the PI, traditionally adopted by 

universities and funding bodies, centred on the PI as a scientific leader and project manager, 

expected to complete the research in accordance with funding body requirements within the 

funding limits awarded. Similarly, Del Giudice et al (2017, p.321) offered the definition of PIs 

as “individuals responsible for the scientific or technical direction of research projects,” 

aligning with the US National Science Foundation (NSF) PI definition.  

 
A further interpretation offered by Kidwell (2013, p.213) proffered that alongside the 

traditional PI role “at the forefront of invention… they are also innovators.” Kidwell’s 

interpretation looked to address how the academic profession has transformed over time as the 

mission of university has expanded, increasing their focus on management and commercial 

structures, with academics expected to engage with multiple stakeholders simultaneously. As 

Clark (1987, p.112) noted, “academics are caught up in various matrices, with multiple 

memberships that shape their work, call upon their loyalties and apportion their authority.”  
 
Boehm and Hogen (2012, p.134) described the PI as “a jack of all trades” who must take on a 

multitude of roles; “project manager, negotiator, resource acquirer, as well as the traditional 

academic roles of Ph.D. supervision and mentoring.” More advanced PI definitions looked to 

address the increasingly multifaceted requirements placed on PIs, including Cunningham et al 

(2016a, p.72), defining principal investigators as “scientists who orchestrate new research 

projects, combine resources and competencies, deepen existing scientific trajectories or shape 

new areas.”   Mangematin et al (2014, p.1) describe PIs, and in particular, high-performing PIs 

(HP-PIs), as the “linchpin for transformation, shaping research avenues, articulating actors 

within programmes, and bridging academia and industry.” Common characteristics of these 

various definitions include the PI as scientific leader with responsibility for successfully 

carrying out the project goals, with some highlighting the importance of project management 

and stakeholder engagement. The more nuanced definitions highlighted the entrepreneurial 
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aspect of the PI role, placing less emphasis on the more traditional characteristics of the lead 

scientist as teacher and researcher, as well as referencing the stakeholder networks in which 

PIs operate.   

 
Due to the complexities of the PI role, the expanse of research areas across which the PI can 

operate, and the oft international nature of the role, the term PI is commonly understood in 

practice, but different contexts use different terminology to describe them (Cunningham et al, 

2016). For example, in the case of EU-funded research projects, PIs are referred to as project 

coordinators. For the purpose of this study we will define the principal investigator as the 

academic leaders of publicly funded research projects, taking responsibility for scientific and 

broader impact direction, progress and completion of the project and associated goals. The 

focus of this study is solely on university-based PIs involved in publicly funded research 

projects. 

 

3.1.2 PI roles  

The primary, fundamental role of scientists who undertake the position of PI is that of lead 

scientific researcher. However, as academic roles have evolved (Slaughter & Leslie, 1997), 

and as highlighted in many definitions presented above, PIs are more often expected to 

incorporate other roles and activities alongside that of the lead researcher (Jain et al., 2009). In 

general, PI research to date has focused on three aspects of the PI role; scientific leadership, 

project management and academic entrepreneurship. Leadership and managerial roles of the 

PI include responsibility for the design and scheduling of research projects, supervising and 

possibly mentoring members of the research team, engaging with relevant stakeholders and 

acting as the “primary contact with the funding agency” (Cunningham et al., 2014, p.97). 

Furthermore PIs are responsible for signing off on budgetary and financial matters, “ensuring 

all deliverables and deadlines are met, and submitting technical documentation and progress 

reports” (ibid, p.96). Emphasising the myriad of roles and responsibilities the PI may 

undertake, Cunningham et al (2013) listed the various responsibilities of a principal 

investigator as follows: scientist, research strategist, project manager, team leader, knowledge 

broker, administrator, stakeholder manager, project promoter, resource manager, supervisor 

and mentor.  
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3.1.2.1 Third mission roles 

Some PI roles are related more to the third mission of universities. The third mission is most 

often associated with commercialisation and entrepreneurship, though a broader understanding 

of this term could be seen as engagement with society through knowledge and technology 

transfer and exchange, alongside the more traditional university avenues or missions of 

education and research (Owen-Smith & Powell, 2003). PIs, as academic leaders based within 

universities and public research laboratories, are thus required to undertake third mission roles. 

It is these PI roles that are most clearly related to their impact orientation, and are of relevance 

to explore further for this study.  

 
PIs are required more and more to move beyond the traditional roles, responsibilities and 

activities associated with scientific leader and project manager towards that of the academic 

entrepreneur.  There has been significant attention on PIs and their entrepreneurial intent and 

activities in PI literature in recent years, as scientific or academic entrepreneurs (e.g. Casati & 

Genet, 2014; Cunningham et al, 2019b). Krabel and Mueller (2009) identified peer relations, 

industry ties and patent activity as key aspects of the academic entrepreneur role. Prior 

knowledge and experience in business and entrepreneurship is generally acknowledged as vital 

in the development of scientists’ entrepreneurial tendencies (Shane, 2000). Studies have 

indicated that this experience can advance social capital to better support commercialisation 

(Mosey and Wright, 2007), with scientists also influenced by colleagues with 

commercialisation experience (Bercovitz & Feldman, 2008). Prior commercial experience can 

also support PIs in accessing appropriate financial capital and information (Evans & Leighton, 

1989). A relevant PI study by Del Giudice et al (2017, p.325) emphasised the key factor of 

country culture influencing PI academic and business orientation and the strategic orientation 

towards entrepreneurship, the “real driving force that makes Principal Investigators and their 

research groups more competitive than other international PIs.” In general, these studies 

highlight the importance of context in shaping PI entrepreneurial orientation. 
 
A key element of the PI position is being primarily responsible for the commercialisation of 

research, either within academic structures, or beyond. For PIs working within academic 

systems, Siegel and Wessner (2009, p.10) posit that “university star scientists have a vast 

network of [academic] colleagues. This social network has been shown to be extremely useful 

in the commercialisation of research.” A number of studies highlighted academic 
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entrepreneurship as strongly context dependent (e.g. Bercovitz & Feldman, 2008; Gartner, 

1985) with PIs searching for suitably entrepreneurial ecosystems in which to commercialise 

their research (Auerswald, 2015). As Baglieri and Lorenzoni (2014) suggest, PIs can decide to 

establish firms outside the university setting to enhance the commercialisation potential of their 

research and use this as an opportunity to shape their research agenda and market potential. 

This study, involving five PI case histories, presented how PIs as scientific entrepreneurs 

positioned themselves closer to the market to better identify market needs and act “as agents 

of economic and social development” (ibid, p.52). As such these PIs did not consider 

entrepreneurship as an alternative career, but “a path to get access to much more information 

that allows them to shape institutional environment and market boundaries” (ibid, p.70). This 

phenomenon of viewing commercialisation as a path to broader economic and societal impacts 

was a recurring theme across many studies (Fini et al, 2018; Bornmann, 2013a), “an enabler of 

change, rather than a final outcome” (Fini et al, 2018, p.4), and of particular interest to this 

study’s objectives.  
 
Another relevant related study carried out by Romano et al (2015, p.166) focused on the role 

of PIs as explorative entrepreneurs in entrepreneurial universities, “combining knowledge 

theory and business theory, to strengthen the cooperation between two different environments, 

research and business, and to support research spin-off creation in entrepreneurial universities.” 

These explorative PIs are characterised by long-term strategic orientation, with a specific focus 

on industry collaboration. The authors presented an exploratory framework for PI 

categorisation involving two dimensions of long- or short-term visioning (temporal 

perspective) and scientific or economic opportunity recognition. These orthogonal dimensions 

were used to delineate four types of PI: science focused, collaborative, industry focused and 

explorative entrepreneurs. It should be noted that a research-oriented approach was found to 

remain the more common PI orientation over an explorative entrepreneurial mindset (ibid).  
 
As several of the studies presented above suggest, PIs display different mindsets in terms of 

entrepreneurial orientation, with some PIs more research-oriented, not considering or focusing 

on applications for their research, and others more business or entrepreneurial focused, looking 

toward the application of knowledge for specific purposes, or to “making sense of science” 

(Casati & Genet, 2014, p.25). It is clear that these technology transfer and entrepreneurial roles 

of PIs are relevant to the broader impact orientation of PIs and as such to the focus of this study.  
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3.1.3 PI activities 

PI approaches and activities most closely related with creating research impact are outlined 

below (strategic behaviours, knowledge brokerage, boundary spanning and environmental 

scanning) to further illuminate for the reader extant literature on PIs and how they engage in 

research processes.  

3.1.3.1 Strategic behaviours of PIs 

While some studies have looked at the importance of strategy for scientists in their endeavours 

(Simpson & Powell, 1999; Laudel, 2006; Morris & Rip, 2006), little is known about how PIs 

strategise (O’Kane et al, 2015). Investigating the strategic behaviours of PIs in shaping 

successfully funded research projects, O’Kane et al. (ibid, p.200) observed that “proactive PIs 

utilising non-conformance strategies shape new research trajectories, while conformative 

and/or reactive PIs predominantly pursue and deepen existing trajectories.” Focusing on 

proactive and reactive PIs, their strategic posture, and level of conformance in meeting funders’ 

expectations, four strategic behaviours were identified: research designers (more proactive and 

non-conformative); research adapters (more reactive and potentially non-conformative); 

research supporters (more proactive and conformative); and research pursuers (more reactive 

and conformative).  Of particular relevance, O’Kane et al (2015, p.203) found that “the scope 

and horizon of a research project can differ depending on the degree of proactivity/reactivity 

and level of conformance of the PI.”  Similarly, Casati and Genet (2014, p.16) suggested that 

PIs as academic entrepreneurs undertake envisioning and value creation activities to further the 

commercialisation potential of their work. They describe this envisioning as representing “PIs’ 

medium and long terms scientific vision and perspectives, and includes how they frame their 

overall scientific ambition as series of projects which match the requirements of public 

authorities”. As such, PIs must strategise to realise their scientific vision while balancing this 

against short-term goals and project-level demands. These studies highlight the significance in 

examining strategic behaviours in relation to principal investigators’ impact orientation; how 

they decide on and plan their project’s structure, goals and ethos.  

3.1.3.2 Knowledge brokers and boundary spanners 

Large-scale public funding programmes require PIs to provide the bridge and become a broker 

between scientific research and relevant stakeholder, most often industry.  Kidwell (2013), 

studying PIs in nanotechnology projects, contended that PIs are knowledge brokers, creating 

value by bridging structural holes and building trust between the lab and industry through four 
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distinct PI roles – extrapolation, seeking, aligning and anticipating.  These activities are 

summarised as follows: 

• “extrapolating from known data they know and building hypothesis on how their 

research might fill a structural hole;  

• seeking new knowledge, talent and/or allies to validate that hypothesis and further 

illuminate the holes; 

• aligning the motivations, goals and objectives of diverse allies; and 

• anticipating issues along the way.”  (ibid, p.215) 

 
“Brokerage is about coordinating people between whom it would be valuable, but risky, to 

trust” (Burt, 2005, p.97). Being an effective knowledge broker is an important attribute for 

principal investigators in the current competitive market, as knowledge brokerage can support 

PIs in building relationships with important stakeholders throughout the research project 

lifecycle. Building sustainable professional and personal relationships across organisations and 

between academia and industry was further highlighted by Boehm and Hogan (2014) as an 

important activity for PIs. As Del Guidice et al (2017, p.331) surmised, the PI is “best placed 

to bridge the gap between industry and academia.” Casati and Genet (2014) identified PIs as 

science brokers, wherein they transferred knowledge and expertise across domains alongside 

forming new networks and relationships. These studies highlight the PI academic entrepreneur 

as a bridge between academia and industry.  
 
In a related study, Mangematin et al (2014, p.1) stated that principal investigators act as 

boundary spanners “amongst academic and private sectors and amongst subfields and 

disciplines,” actioning their environment.  As scientific entrepreneurs, principal investigators 

engage in three actions proposed by Mangematin et al (ibid, p.4): “envisioning to propose 

perspectives, vision of the future and to share expectations; creation of new organisation to 

organise resources, of new markets by shaping innovations and users or new research avenues 

or trajectories; and resourcing to implement their vision and to make things happen.” Principal 

investigators, as scientific entrepreneurs, must action their environment to change 

organisational boundaries and develop new ones. Boundary spanning PIs can position 

themselves closer to market needs and this process enables principal investigators to envision 

their project’s development from start to finish. One of the ways that PIs can support this work 

is through environmental scanning. 
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3.1.3.3 Environmental scanning 

Another emerging activity for principal investigators, environmental scanning is a process 

whereby the PI “scans the environment for strong and weak signs that would support the 

relevance of their research from a scientific and market perspective” (Cunningham et al, 2015a, 

p.194).  The main function of environmental scanning is to improve flexible thinking and 

enhance performance by considering a wide range of data sources and external factors (Daft et 

al, 1988), with environmental scanning a “key first step in strategic decision making” (Pryor 

et al, 2019, p.1958). This activity has traditionally been associated with organisational theory 

and business strategy (e.g. Jain, 1984). For example, Daft et al (1988, p.123), through 

interviews with chief executives in manufacturing companies, found that chief executives in 

high-performing companies scan “more frequently and more broadly” to respond to sector 

uncertainty than those in lower-performing companies. Similarly, Beal (2000) found that even 

for small companies, environmental scanning can be of benefit to firm performance, with 

McGee and Sawyerr (2003, p.398) further suggesting that for smaller firms who cannot allocate 

resources to formal environmental scanning activities, maintaining personal information 

networks, or “a web of personal contacts,” are especially important to reduce perceived 

strategic uncertainty (PSU) and enhance firm performance. In general, research on 

environmental scanning has emphasised the role of individuals, often top management 

personnel, in carrying out scanning activities, with the primary motivation to search out 

opportunities and threats (Lang et al, 1997).  

 
Environmental scanning has been utilised more recently beyond business, for example in 

public health and medicine “to look for quality improvement opportunities, and research 

priorities, guide interventions, educate decision makers, and improve health outcomes” 

(Wilburn et al, 2016, p.1). In relation to PIs, environmental scanning can help to maintain 

project relevance and requires PIs to adapt their project’s design and develop flexibility within 

projects.  In their study of managerial challenges of PIs, involving semi-structured interviews 

with 30 PIs of science, engineering and technology publicly funded research projects in Ireland, 

Cunningham et al (2015a) found that all interviewed PIs had a clear appreciation of the need 

for relevance of their research, both in terms of economic or market relevance, and in 

addressing societal issues or challenges. However, this study also found that more experienced 

PIs were more likely to “engage in environmental scanning and to purposefully develop 

flexibility within projects” (ibid, p.194) with a mixture of formal and ad-hoc environmental 

scanning activities undertaken by PIs.  
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3.1.4 PI motivations  

Another important and relevant area of PI research for this study is the motivation of PIs in 

undertaking and carrying out publicly funded research projects. Many studies have shown that 

scientists are motivated by a wide range of personal and institutional incentives that can differ 

from one scientist to the next and in different fields of research (e.g. Bercovitz & Feldman, 

2008). As such, understanding scientists’ motivations to engage in research, teaching and third-

mission activities is a complex undertaking. However, as D’Este and Perkmann (2011, p.317) 

emphasised when exploring university-industry cooperation, “understanding the individual 

motivational drivers for university-industry relations is important for judging the ultimate 

organisational and societal implications of the entrepreneurial university,” thus suggesting the 

value in investigating the individual PI’s motivational drivers.  In the past, several studies 

identified the financial income associated with the commercialisation agenda as the key payoff 

from applied research (e.g. Jensen & Thursby 2001; Thursby & Thursby 2007). Scientists’ 

attitudes towards commercialisation and industry collaboration have evolved from opposition 

to acceptance (Etzkowitz, 2002), and there is a growing concern amongst experts that “research 

and science agendas are being influenced by motives of profit and technology development as 

opposed to solely the advancement of knowledge” (Cunningham et al, 2016b, p.784).   
 
Some studies have found that there are often more important and complex drivers than financial 

rewards.  For example, Göktepe-Hultén (2008, p.13) identified personal satisfaction and 

solving societal problems as more important motivations for scientists: “Inventors have 

generally considered the ‘personal satisfaction involved in showing that something is 

technically possible and in solving industrial or societal problems’ as more important than 

money or career advancement.”  Cunningham et al (2016b, p.764) found no evidence of the 

“distraction of money” in their study in terms of blurring boundaries between universities and 

research institutes.  Results from a study by D’Este and Perkmann (2011, p.316) suggest “most 

academics engage with industry to further their research rather than to commercialise their 

knowledge.”  Furthermore, in relation to working with industry, this study found that ‘access 

to personal income’ was considered important by only 16% of academics:  “This means most, 

but not all, academics are motivated by finding solutions to interesting problems rather than 

pursuing economic opportunities” (ibid). In their conclusion, D’Este and Perkmann (ibid, 

p.330) identified four main motivations for academics engaging with industry: “(1) 

commercialisation (commercial exploitation of technology or knowledge); (2) learning 
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(informing academic research through engagement with industry); (3) access to funding 

(complementing public research monies with funding from industry); and (4) access to in-kind 

resources (using industry-provided equipment, materials and data for research).”  On the other 

hand, Casati and Genet (2014) identified the desire to be in the midst of science as the most 

significant driver for principal investigators.  There is clearly a wide disparity in what the main 

motivations are for PIs engaging in research, possibly due to the differences in scientific areas 

under investigation; for example, the D’Este and Perkmann study looked at the physical and 

engineering sciences only. 
 
Another method of examining motivations of scientists is through the lens of social psychology 

and self-determination theory (SDT) (Deci & Ryan, 2000; Ryan & Deci, 2000; Gagne & Deci, 

2005), which distinguishes three main states of motivation: intrinsic motivation (doing 

something for its inherent satisfaction), extrinsic motivation (doing something for a separable 

outcome or external reward) and amotivation (not doing something due to lack of interest or 

not valuing the activity). SDT places these three states on a continuum of self-determination, 

from amotivation to intrinsic. Utilising this theory, Lam (2011, p.1354) examined scientists’ 

motivation for pursuing commercial activities, employing three concepts of ‘gold’ (financial 

rewards), ‘ribbon’ (reputational/career rewards) and ‘puzzle’ (intrinsic satisfaction). This study 

highlighted “the primacy of scientists’ self-motivation” and the need to consider a broad mix 

of motives, including “the social and affective aspects of intrinsic motivation” (ibid), for a 

fuller explanation of scientists’ commercial behaviour.  Scientists’ personal interest in exerting 

a positive impact on others was acknowledged as one of the underlying reasons for scientists 

engaging more in commercial activities and practices.  
 
Adding to this point, the explicit desire to benefit others through their own behaviour was 

highlighted as the basis of another category of motivation, namely pro-social motivation (Grant 

& Berry, 2011).  D’Este et al (2013, p.4) introduced the concept of pro-social research 

behaviour as “the adoption of conducts that place social relevance as a critical goal of 

research,” acts that intend to benefit others while not formally specified as role requirements.  

Of particular relevance to this study, Azagra-Caro and Llopis (2018) examined the relationship 

between biomedical scientists’ psychological characteristics, their motivations (including pro-

social) and personality traits, and their perceived impact on different stakeholders. The authors 

argued that individual scientists differed in the degree of importance they attached to the 

potential beneficiaries of their research partly due to personality differences.  This study 
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suggested that the greater the researcher’s intrinsic, extrinsic and pro-social motivations, the 

greater their awareness of the effects of their research for all stakeholders. Also, results from 

this study suggested that, with few exceptions, intrinsic, extrinsic and pro-social motivations 

had positive effects on most beneficiaries of research: academia, industry and patients. It 

should be noted that several studies on scientists’ motivations characterised motivation as an 

extremely complex notion and that inadequate conceptual development could lead to excessive 

reductionism (D’Este & Perkmann, 2011; Lam 2011; Perkmann et al., 2013). 

 
Scientists have some degree of freedom in whether or not they choose to take on the role of PI 

(Cunningham, 2016b). The position of PI is often seen as a significant and prestigious 

milestone on a scientist’s career ladder (ibid). As Rosser and Chameau (2006, p.335) describe 

in their study, an academic recipient of a National Science Foundation grant is seen as carrying 

“considerable prestige.” Another key motivation identified for taking on the PI role was the 

potential opportunity to shape research activities and academic outputs and outcomes (Feeney 

& Welch, 2014). Cunningham et al (2016b) identified push and pull factors that influence 

scientists to take on the PI role. Push factors, where PIs have less choice in becoming a PI, 

included project dependencies and institutional pressures. Pull factors, whereby the PI has more 

choice in choosing to take on the role, included autonomy, career ambitions and potential for 

advancement and personal drive and ambition.  The push factors of project dependency, 

wherein PIs were forced into the role because of their particular skill set or reputation 

potentially enhancing the chances of a project being funded, and institutional pressures were 

emphasised more by low or mid-career status PIs. The pull factors identified in this study were 

autonomy, career ambitions and personal drive, and were emphasised in relation to public 

funding schemes and incentives.  These push and pull factors can only influence the PI’s 

decision to take on the role, but in turn can also shape PI perspectives on the outputs, outcomes 

and impacts of their research, particularly in relation to pull factors, which are all related to 

having control over research direction and goals, similar to the findings of Feeney and Walsh 

(2014).  

3.1.5 PI influence on impact 

Across various fields of research, including entrepreneurship, innovation and strategic 

management, some efforts have been made to explore the influence PIs can exert on their 

research projects. As offered by numerous studies, the decision to direct and design research 

agendas is still the responsibility of the individual scientist (e.g. Stern, 2004; Tartari & Breschi, 
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2012; Azagra-Caro & Llopis, 2018). As leaders of publicly funded research projects, PIs are 

increasingly being asked to demonstrate the broader impact of their research beyond academia, 

including the diffusion of knowledge across diverse fields and disciplines, and into public 

policy and practice. A number of factors are relevant to consider in relation to this, including 

contextual factors as presented above (e.g. Del Giudice et al, 2017), competency of PIs as 

excellent researchers (Cunningham et al, 2016b), experience level (Van der Weijden et al, 

2012), motivations (Azagra-Caro & Llopis, 2018), leadership and managerial capabilities 

(Cunningham et al, 2015a), and prior experience in technology transfer and commercialisation 

(Baglieri & Lorenzoni, 2014). For example, as Cunningham et al (2019b, p.551) succinctly 

proffer, “it is the PIs’ competency and experience that contributes to the efficient and effective 

value creation processes.” 

 
The level of experience of PIs has been identified as an important factor in relation to their 

impact orientation, as emphasised in the highly relevant study by Van der Weijden et al. (2012) 

of PI opinions on societal impact of research.  This quantitative study of biomedical and health 

research leaders (PIs) in the Netherlands found that experience in leadership was conversely 

related to the societal output of PIs, where groups with more experienced research leaders 

produced less societal outputs.9  This suggests that younger PIs were more aware of the 

increased societal demand for relevance of their research and that “the new generation of PIs 

adapts its attitude in response to the changing science-society relationship” (ibid, p.299).  In 

general, PIs were found to be relatively unfamiliar in reporting the amount of societal output, 

which the authors believe is because “the measurement of societal output is not implemented 

in research evaluation system in the same way scientific output is” (ibid, p.298). An interrelated 

study by Verbree et al (2012), using the same data source, found that the main focus of 

experienced PIs was to preserve and extend group vitality, with the acquisition of funding the 

highest priority. In comparison, the younger generation spent more time on group management 

and research activities, but less time than the more experienced PIs on education.  Also, it was 

found that the younger generation of PIs had a higher dependence on external funds for their 

research, which the authors suggest may give the younger PIs less freedom to explore their 

own individual research interests. 

 

 
9 Societal output examples included contributions to public media, presentations for a non-scientific audience, 
policy reports and professional publications 
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3.1.6 Scientist influence on medical device research impact – A systematic literature review 

To gain a deeper understanding of scientists influence on the broader impacts of research, 

specifically in relation to medical device-related research, it was decided that a systematic 

literature review be carried out in order to ascertain the state of research in this area. While the 

research outlined above on PIs offers many insights, these are not specifically related to 

medical device research, and the field of medical device research, and the complex translational 

pathway from discovery to application, could offer many unique challenges for PIs that would 

be of benefit to explore further. As part of this study, the systematic literature review 

undertaken explored extant peer-reviewed literature on PIs, and scientists in general, influence 

on the broader impacts of medical device related research. The search was carried out on 

Scopus and Embase databases (deemed most suitable through consultation with relevant 

experts), with the search terms utilised for this review included in Appendix C. Relevant studies 

identified through this review were sparse (ten peer-reviewed articles, with only two focusing 

on the PI specifically (see Appendix D), indicating the infancy of this line of enquiry. Findings 

were classified as facilitators and barriers to impact for scientists of medical device related 

research. Two facilitators of impact identified through analysis of the included articles were 

the importance of collaboration for translation and impact, particularly industry collaboration, 

and the need for awareness of and identification of relevant stakeholders to include their 

perspectives in terms of planning for impact from research activities. Barriers to impact 

included commercialisation issues, mainly the lack of relevant experience and supports for 

commercialisation, and collaboration issues, including divergent goals of stakeholders, lack of 

identification of or engagement with relevant stakeholders, and time constraints.  
 
There was notable difficulty in accessing relevant articles that related to the influence of 

scientists (and even more so PIs specifically), medical device related research, and the broader 

impacts of research through the systematic search. Concurrently, there was a lack of common 

terminology in relation to impact and translation for impact across the articles, a finding 

highlighting the need for consensus of understanding and standardised terminology (Dolan et 

al, in draft). While this systematic review provided some interesting findings, the vast majority 

of the articles identified were related to the general scientist, as opposed to the PI, and so can 

only serve as a supplementary indicator in terms of how PIs involved in medical device 

research understand and approach impact from their research.  
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Conclusions – Principal investigator 
 
In reviewing the extant literature on principal investigator research, a number of conclusions 

can be drawn, of particular relevance to this study. PI roles related to the ‘third mission’ of 

university, namely technology transfer, commercialisation and entrepreneurship, have obvious 

bearing on how PIs engage with the impact agenda and with the broader impacts of their 

research, particularly economic impact. Similarly, the interrelated activities of strategising, 

knowledge brokering, boundary spanning, and environmental scanning could provide 

mechanisms through which PIs can improve the impact potential of their research. A number 

of possible factors of impact orientation also emerged through this literature review, including 

the type and level of previous PI experience, personal motivations to take on the PI role and 

engage in research, and environmental factors such as the location as an entrepreneurial 

ecosystem in which the PI works. The systematic literature review highlighted the general 

dearth of research on PIs of medical device research, and their influence on impact, as well as 

the place of collaboration with relevant stakeholders for impact, which was a recurring theme 

in many of the studies presented in this section. While this review offered many examples of 

the importance and significance of the role of the PI in research processes, there is significant 

scope to explore the area of PI impact orientation to further illuminate the role and influence 

of the PI in creating potentially impactful research for society.   
 
 

3.2 Impact  
 
This section of the literature review begins by exploring the changing relationship between 

science and society and with it the increased emphasis on scientists demonstrating the impact 

or benefit of their research on society, particularly in relation to publicly funded research 

projects. Following this, an overview of the different definitions and understandings of impact, 

with particular focus on societal impact, is presented. Relevant frameworks for assessing and 

evaluating research impact are outlined and reviewed, followed by an overview of the common 

issues in relation to the measurement, assessment and evaluation of research impacts, once 

again with significant focus on societal impacts. To begin exploring impact and the impact 

agenda, the reader will first be provided with some background to the emergence of the impact 

agenda, the changing relationship between science and society.  



 37 

3.2.1 Science-Society Relationship 

As research processes and systems have evolved and academic science is shaped more by 

aspirations towards technology and knowledge transfer beyond academia, or towards the 

production of ‘relevant’ knowledge (Hessels and van Lente, 2008), various attempts have been 

posited to conceptualise the changes in the science-society relationship. Some of the most 

widely used theories of science-society interaction offer multi-stakeholder models for research 

and development. These concepts include Mode-2 knowledge production (Nowotny et al, 

2001; Gibbons et al, 1994), the triple, quadruple or N-tuple helices approaches (Etzkowitz & 

Leydesdorff, 1995; Afonso et al, 2012; Miller et al, 2016), the entrepreneurial university 

(Clark, 1998), the knowledge society (Stehr, 1994), academic capitalism (Slaughter & Leslie, 

1997), post-academic science (Ziman, 2000) and third mission activities (e.g. Pâlsson et al. 

2009), with the majority of these models urging greater consideration for the societal returns 

from research as a primary goal of science.   
 
While many of these theories have been in existence for 20 years, they are still the most widely 

discussed models of the transformation of science and are regularly used in conversations about 

the ways in which scientific research is organised, measured, assessed and evaluated, and thus 

how research is publicly funded. Common features of these approaches to knowledge 

production and the developing science-society relationship are in placing increased emphasis 

on interactions in other societal spheres beyond academia and the societal benefits of science. 

A recent and in vogue example of this type of thinking is open science, the practice of making 

science and the knowledge generated through scientific endeavours more accessible and 

applicable across all levels of society (Cribb & Sari, 2010). This practice offers an example of 

the changing relationship between science and society towards greater levels of stakeholder 

communication, engagement and collaboration throughout the research process. 

 
In parallel with these academic debates on the changing relationship between science and 

society, since the early 1990s there has been a visible trend of policy makers and funding bodies 

to encourage researchers to demonstrate the value of science to different stakeholders and to 

deliver clear societal benefits from the knowledge they produce (Bornmann, 2013a).  As such, 

scientists must “infuse a clearer social orientation to their work” (D’Este et al, 2013, p.6), 

particularly in relation to publicly funded research, part of the focus of this study. Recent policy 

developments in relation to the impact agenda and requirements for scientists to demonstrate 
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the impact of their publicly funded research are presented in section 3.2.3, following an 

overview of the features of publicly funded research most relevant to the focus of this study.  

3.2.2 Publicly Funded Research 

Funding for science comes from two main sources: public sector funding to create knowledge, 

and funding from private sector entities in the pursuit of commercial goals. As an overview of 

publicly funded research, the primary funding source of the medical device PIs in this study, 

some key characteristics are presented. Firstly, publicly funded research is owned and financed 

by governments on behalf of the public, under the fundamental, but much debated, premise 

that scientific knowledge created through publicly funded research is a public good (Callon, 

1994; Bush, 1945). Public research includes both applied and basic research, with basic 

research often excluded from privately funded research due to its lack of direct market potential 

(Drejer & Jorgensen, 2004).10 Another important characteristic of public research over private 

research is the inherent public pressure to ensure public money is allocated efficiently and 

effectively (Lyall et al, 2004), thus leading to increased requirements for accountability and 

transparency (Hackett, 1990).  
 
For publicly funded research projects, there exists greater responsibility towards, and 

integration with, society (Ziman, 1998). Publicly funded research differs in characteristics 

across countries, cultures and national innovation schemes (Malo, 2009; Del Giudice et al, 

2017), as the priorities of public research schemes are designed to support the particular 

national scientific, economic or social priorities (Cunningham et al, 2016b). However, in 

general, it can be said that public research requires levels of accountability and transparency 

that may not be as necessary with other sources of research funding. There has been an 

increasing emphasis within publicly funded research projects to engage in multidisciplinary, 

collaborative research, often combining academia and industry, exchanging resources and 

skills to generate and share impact, supported by public authorities (Landry & Amara, 1998; 

Adler et al., 2009). As such, researchers are expected to be held accountable for ensuring value 

for money for the public who are funding their research, as funding bodies look for 

demonstration of the benefit of their research spending, for future funding allocation also. 

 
10 For this study, basic research is defined as “experimental or theoretical work undertaken primarily to 
acquire new knowledge of the underlying foundations of phenomena and observable facts, without any 
particular application or use in view” (Frascati Manual, 2002, p.77). Applied research is defined as “original 
investigation undertaken in order to acquire new knowledge. It is, however, directed primarily towards a 
specific practical aim or objective” (ibid). 
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Another reason for the increased emphasis on broader impacts of research is to reduce waste 

from “incomplete or unusable” research projects and reports (Glasziou et al., 2014, p.267).  

 

The on-going change in the relationship between science and society and emphasis on broader 

impact of research, the impact agenda, has resulted in a large variety of scholarly pursuits on 

how we understand and conceptualise impact, alongside approaches for more effectively and 

efficiently measuring, assessing and evaluating impact, in an attempt to reflect this 

heterogeneity, more on which is detailed in section 3.2.5. Accordingly, government research 

policy has an increasingly mission-led focus (Etzkowitz & Leydesdorff, 2000). Mission-

oriented research policy, or ‘big science to meet big problems’ is critical for European 

competitiveness, wherein science is expected to better address the ‘grand challenges’ that affect 

modern society (European Commission, 2010). The government’s mission-led reorientation of 

research towards societal goals and grand challenges can be understood as more globally 

oriented, toward societal goals (Cagnin et al, 2012), with governments seeking to ensure that 

public research generates multiple academic and non-academic impacts. To this end, impact is 

now being tied into national and international competitiveness agendas and industry policies.  

The following section provides for the reader an overview of the reasons for the impact agenda, 

current definitions and categories of impact, the evolution of research evaluation frameworks 

to address impact and the challenges and issues in understanding, measuring, assessing and 

evaluating research impact. 

3.2.3 The Impact Agenda 
 
The reasons for the rise of, or increased interest in, the impact agenda, as it is commonly known 

amongst academics and policymakers, is multi-faceted, depending on the perspective of the 

stakeholder, whether it be national governments, taxpayers, academics, industry or relevant 

others. From a governmental perspective, publicly funded research has been identified as an 

important mechanism for boosting innovation and economic growth and as such needs to be 

applied beyond academic communities in order to drive growth in the economy.  Taxpayers, 

as the fundamental funders of research, naturally want their money to be spent effectively and 

efficiently, to the overall benefit of society. Similarly, publicly funded researchers have an 

obligation or a responsibility to contribute something to society in return for society funding 

their research projects. “During the past 20 to 30 years, publicly funded research has become 

subject to ever more intensive accountability” (Martin, 2011). In theory, the measurement of 
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research impact on society most suitably addresses accountability to taxpayers and donors, the 

funders of publicly funded research (Fielding, 2003). 
 
Measurement, assessment and evaluation of the impact of research also offers an appropriate 

method for allocating funding of research, with leaders of the most potentially impactful 

research projects having more chance of receiving public funding than researchers that can 

argue less for the societal relevance or impact of their work. Another reason for the impact 

agenda, as offered by the Small Advanced Economies Initiative (SAEI), is in offering the 

opportunity to change behaviour and expectations of research, “to make researchers more 

aware or conscious of pathways for translation of their work” (SAEI, 2015, p.8) and thus 

improving understanding of the potential benefit or relevance of research for society through 

early engagement with relevant stakeholders.  From an innovation standpoint, this impact 

emphasis can be viewed as an attempt to bridge the ‘translation gap’, ‘translation gaps’, or 

‘translation chasm’, more on which is discussed in section 3.3.  
 

Alongside the policy developments outlined in section 3.2.1 above, another exemplification of 

the rise of the impact agenda is in Europe’s Horizon 2020 Framework Programme, the largest 

ever EU Research and Innovation funding programme with near €80 billion in available funds 

over seven years (2014-2020), with Ireland having secured €424 million (European 

Commission, 2019a). Horizon Europe, the next iteration of this programme, is planned to be 

launched in 2021, with a proposed increase in funding by the European Commission to €100 

billion for research and innovation (European Commission, 2019b). EU policy through the 

implementation of Horizon 2020 has a strong impact focus, “for bridging the ‘valley of death’ 

if Europe is to remain competitive” (European Commission, 2010, p.2). As a result, Horizon 

2020 included impact as one of the three evaluation criteria, between excellence and quality, 

and efficiency of the implementation. It is promised that Horizon Europe will include impact 

as one of three core values of the programme, alongside excellence and openness, and that a 

more sophisticated approach will be developed for impact, going “beyond the dichotomy of 

science-for-science’s sake and a utilitarian concept of science” (LERU, 2018, p.1). This policy 

further emphasises the importance of stakeholder involvement, with “consultations with 

stakeholders and citizens are a vital part of these activities” (ibid).  
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3.2.4 Understanding Impact 
 
Research impact has many different, and often competing, definitions, both in the literature 

and across national and international impact evaluation frameworks (Donovan, 2011; Banzi et 

al, 2011). Understandings of impact differ depending on the user or audience, as “organisations 

and stakeholders may be interested in specific aspects of impact, dependent on their focus” 

(Penfield et al., 2014, p.21). As an example of a broad definition of research impact, Prof Mark 

Reed, a widely recognised international expert in research impact, offered the following curt 

definition: “Impact is the good that researchers can do in the world” (Reed, 2018, para.5). In 

relation to medical and health research areas, a working definition tailored for health and 

medical research, as offered by Searles et al. (2016, p.2), is “the demonstrable effect from the 

flows of knowledge between basic, patient and population-orientated research, and clinical 

trials, that improves human health and quality of life, and generates benefits for the economy, 

society, culture, national security, public policy, or the environment.” This definition 

emphasises the translational nature of health research and, unsurprisingly, the health impacts 

from health research, as well as suggesting specific environments in which impact can occur. 

Another relevant definition, adopted from the Research Council UK (RCUK)11, is that of 

Science Foundation Ireland, the primary funder of the medical device PI sample, broadly 

defining research impact as “the demonstrable contribution that excellent research makes to 

society and the economy”12 (SFI, 2019, para.2). 
 
A commonality of many definitions for impact (see Table 3.1 for list of relevant definitions of 

national funding bodies) is the distinction made between academic and non-academic benefits 

of research (e.g. Spaapen & van Drooge, 2007; Molas-Gallart & Tang, 2011; Martin, 2011). 

Scientific impact, or scientific excellence, can be viewed as the intellectual contribution of 

research to the academic field of study, with non-academic or broader impacts centred on the 

benefits beyond academia.  Similarly, for many impact evaluation frameworks, including SFI 

in Ireland, the UK’s Research Evaluation Framework (REF) and the Australian Research 

Council (ARC), an explicit line is drawn between research ‘excellence’ (scientific impact) and 

research ‘impact’ (i.e. wider societal benefits or broader impacts), with these frameworks 

discussed further in section 3.2.6. This division of scientific quality and impact is not 

 
11 Research Council UK has since 2019 transitioned into UK Research & Innovation (UKRI) 
12 As they are of particular relevance to this study and the PI sample under investigation, for a full list of SFI 
definitions for different categories of impact, see Appendix B 
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universally agreed upon, with some literature combining scientific excellence and broader 

impact, embracing an all-inclusive definition for impact (e.g. Scott et al., 2011; Holbrook and 

Frodeman, 2011). For example, in their narrative review of research impact, Greenhalgh et al 

(2016, p.1) define impact as follows: “Impact occurs when research generates benefits (health, 

economic, cultural) in addition to building the academic knowledge base.” As Boaz et al. 

(2009, p.256) surmise, “different terms have a shared interest in change that lies beyond the 

research process and its primary outputs,” and an “appreciation of the complexity and diversity 

of research use” (ibid, p.266).  
 
In their systematic review of impact definitions in relation to policy impact, Alla et al (2017, 

p.7) found that impact was most often defined “in terms of the contribution that research made 

to different areas of influence, including among others the economy, society, environment, 

culture, policies and health.” The second key finding from this review of definitions was in the 

variety of types of avenues of impact, with two main aspects emerging: “research has impact 

by changing knowledge, understanding, awareness and attitudes, or through creating products 

(effects on different avenues of impact); and research has impact through scholarly activities 

or excellent research (through effects on quality and behaviour)” (ibid).   
 
Table 3.1: Sample of relevant definitions of impact13 

 

Science Foundation Ireland (SFI) 

 

“The demonstrable contribution that excellent research makes to society and the economy” 

(SFI, 2019b, para2) 

UK 2014 Research Excellence Framework (REF) 

 

Impact is the effect research has beyond academia and consists of “…benefits to one or more 

areas of the economy, society, culture, public policy and services, health, production, 

environment, international development or quality of life, whether locally, regionally, 

nationally or internationally” and as “…manifested in a wide variety of ways including, but 

not limited to: the many types of beneficiary (individuals, organisations, communities, 

regions and other entities); impacts on products, processes, behaviours, policies, practices; 

and avoidance of harm or the waste of resources.” (REF, 2011, p.63) 

 
13 Interestingly, the European Commission, despite its presence as a major funder of research, does not have 
an explicit definition for research impact (LERU, 2018). 
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Canadian Academy of Health Sciences (CAHS)  

 

“Health impacts can be defined as changes in the healthy functioning of individuals 

(physical, psychological, and social aspects of their health), changes to health services, or 

changes to the broader determinants of health. Social impacts are changes that are broader 

than simply those to health noted above, and include changes to working systems, ethical 

understanding of health interventions, or population interactions. Economic impacts can be 

regarded as the benefits from commercialization, the net monetary value of improved health, 

and the benefits from performing health research.”  

(CAHS, 2009, p.51) 

 

UK Research and Innovation (UKRI)  

 

“Impact is the demonstrable contribution that excellent research makes to society and the 

economy. 

Academic impact is the demonstrable contribution that excellent research makes to 

scientific advances, across and within disciplines, including significant advances in 

understanding, method, theory and application. 

Economic and societal impact is the demonstrable contribution that excellent research 

makes to society and the economy, of benefit to individuals, organisations and nations.” 

 (UKRI, 2019, para.2) 

 

Australian Research Council (ARC) 

 

“Research impact is the contribution that research makes to the economy, society, 

environment or culture, beyond the contribution to academic research.”  

(ARC, 2019, para.3)  

 

 
 
The main focus of this study is on impact in terms of broader, and sometimes less tangible, 

benefits or returns of research for society. Scientific excellence, often interchanged with 

scientific or academic impact, has a number of well-established and widely accepted indicators 

and assessment methods. These include per-author and per-journal citation counts, and the 

slightly more complex Journal Impact Factor (Garfield, 2003) and author h-index, as devised 
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by Hirsch (2005).14 In contrast, defining, categorising, measuring and evaluating the broader 

impacts of research are widely debated, as outlined in section 3.2.8 below (e.g. Nightingale 

and Scott, 2007). As such, this study’s focus on the broader, non-academic impacts of research 

from the PI perspective offer a potentially informative area to explore, to gain insight into 

broader impact from this micro-level viewpoint.  For clarity to the reader, this study will use 

the term scientific impact for any form of scientific or academic quality or excellence, and 

broader impacts when referring to non-academic impacts. An overview of some of the most 

widely adopted categories of broader impact are presented below, to provide the reader with 

an introduction to these impact types referenced throughout the literature. It should be noted 

that there are many impact evaluation frameworks with a wide variety of impact categorisations 

and as such, much disparity in understandings and definitions of categories of impact.  

3.2.4.1 Economic Impact 

 
Beyond scientific impact, the next most established impact category in terms of tangible 

metrics is economic impact. Definitions of economic impact generally include some reference 

to monetary value from research for firms and the economy (e.g. Warry, 2006), 

commercialisation benefits (e.g. Buxton et al, 2004), employment-related impacts and, in the 

case of the economic impact of health research, the benefit of health improvements to health 

care, the workforce and the economy (e.g. Kuruvilla et al, 2007).  Metrics to gauge economic 

impact are relatively established compared to other broader impacts. These metrics (sometimes 

referred to as indicators, outputs and intermediate outcomes of research) include invention 

disclosures, technology licensing, intellectual property (IP), patenting activities, industry 

collaboration, and the formation of spin-out, start-ups or new companies. Commercialisation 

activities and related metrics are the most widely established, employed and supported tangible 

indicators for impact of research beyond scientific impact (Fini et al, 2018). However, there 

are many debates and concerns as to the effectiveness of some commercialisation activities as 

indicators of or outputs towards real impact on the economy, including spin-out creation (e.g. 

Siegel & Wright, 2015), patenting activity (e.g. Mowery & Ziedonis, 2002) and licensing (Fini 

et al, 2018). 

 
14 While not the focus of this study, it should be noted that there is much debate on the veracity and suitability 
of these citation-based metrics to assess scientific impact (e.g. Bornmann, 2013; Bollen et al, 2009; Waltman, 
2016) with a number of alternative metrics (altmetrics) proposed in recent years to complement these 
traditional bibliometrics, measuring scientific impact utilising online activities and sources (Priem et al, 
2010). 
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3.2.4.2 Human capital impact 

 
Another widely accepted category of broader impact is human capital impact, also referred to 

as human capacity building, capacity development, individual level research capacity building, 

or, in the case of SFI, human capacity impact.  This impact category generally incorporates the 

development and improvement of skills, competencies and abilities of human resources, both 

in specific knowledge and tools, and in supporting people to become adaptive learners. 

Generally, this type of impact is targeted at student learners, the current and future workforce, 

and the wider public. In the case of SFI, human capacity impact is one of the seven pillars of 

impact and includes impacts that “enhance scientific and technical capabilities of the 

population… future-proofing and enabling the current workforce and enabling informed public 

discussions on complex issues involving science” (SAEI, 2015, p.31). There are a number of 

metrics for human capital impact utilised to evaluate research, including trainees taking up 

industry employment, training of PhD students, postdoctoral researchers employed, uptake of 

STEM subjects, improvements to STEM-related education, and public outreach activities. It 

should be noted that there is evidence of correlation between human capital impact with both 

societal and economic impacts and is considered a key driver of foreign direct investment 

(World Economic Forum, 2013). 

3.2.4.3 Health impact 

 
Another category of broader impact of particular relevance to this study and the medical device 

research process is that of health impact. Health impact includes impacts of research on 

physical and mental health of the population, whereby “health outcomes have been improved, 

or whose quality of life has been enhanced (or potential harm mitigated)” (SAEI, 2015, p.31). 

The Payback model, as described in section 3.2.6.1 and adopted by HRB, included ‘health 

sector benefits’ as one of three wider benefit or payback categories of research and could be 

defined as “improved health, cost reduction in delivering existing services, qualitative 

improvements in the process of delivery, improved equity in service delivery” (Nason et al, 

2008, p.9). Metrics for health impact include the development of a new drug, treatment, 

diagnostic or device, and passed for use, collaborations with health sector bodies, health 

markers, improved understanding of health determinants and preventative interventions. The 

payback framework, which was designed originally for health research, offered four indicators 

for health sector benefits of research: strategic research initiatives and outcomes, Quality 
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Adjusted Life Years (QALYs), health care cost savings, and patient satisfaction (Buxton and 

Hanney, 1996).  

3.2.4.4 Environmental impact 

 
Environmental impact is another category receiving increased attention in recent decades, 

including in EU research policy (Owen et al, 2012), and can be defined as: “impacts where the 

key beneficiaries are the natural environment with its ecosystem services, together with 

societies, individuals or groups who benefit from such services.” (SAEI, 2015, p.31) As 

Pencheon (2011) surmises, “research not only needs to be done increasingly sustainably, but 

the content of the research needs to direct how we promote health and deliver healthcare in 

more sustainable ways.” Included in environmental impacts are sustainability, waste reduction, 

biodiversity, recycling, and adaption to climate change (Donovan, 2008). As such, 

environmental impact is often referenced in relation to wider societal impact, sometimes 

referred to as responsible research and innovation (Owen et al, 2012).  

3.2.4.5 Cultural impact 

 
Another regularly referenced category of broader impact is that of cultural impact, another SFI 

pillar of impact. A wide ranging definition of cultural impact was presented by Donovan (2008, 

p.54) as “supporting greater understanding of where we have come from, and who and what 

we are as a nation and society; understanding how we relate to other societies and cultures; 

stimulating creativity within the community; contributing to cultural preservation and 

enrichment; and bringing new ideas and new modes of experience to the nation.” The breadth 

of possible impacts that could be included in cultural impact was shared across understanding 

of cultural impact of research, with a more succinct but nonetheless wide in scope definition 

offered by SAEI (2015, p.31): “Cultural benefits are those that add to the cultural capital of a 

nation.” 
 
 
These broader impact categories are clearly wide-ranging in scope and as such, the metrics or 

indicators most associated with them are difficult to capture, with the debatable exception of 

economic impact. These categories of broader impact are also interlinked in one crucial regard, 

in that they are all working towards societal improvements and impact. In general, there is clear 

overlap between categories of impact. For example, there is a growing body of evidence that 

human capital impact is a key driver of economic growth (Hawkes and Ugur, 2012), and 
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therefore could also be considered economic impact. This could also be argued for societal 

impact being shaped by health, environmental, economic, human capital and other broader 

impacts of research.  

3.2.4.6 Societal impact 

 
The societal impact of research is increasingly important to scholarly research as research 

activities and knowledge transfer that extend beyond the academic world are a growing focus 

of attention in research policy, as outlined in Chapter 2. However, a recurring challenge in 

defining impact is in relation to how one characterises or defines societal impact. For this study, 

we will use the most commonly referenced term from the literature, ‘societal impact’, but as 

Bornmann (2013a, p.217) offered, there are many terms used in the literature that refer to 

societal impact of research, including: “third stream activities, societal benefits, societal 

quality, usefulness, public values, knowledge transfer, and societal relevance.” Similarly, while 

there are established metrics associated with scientific quality and impact, and to a lesser extent 

economic impact, this is not the case for societal impact (ibid). 
 
We will employ the definition offered by Fini et al. (2018, p.8) for broader (societal) impact: 

“the effect on, change or benefit to the economy, society, culture, public policy or services, 

health, the environment or quality of life, from new or improved products or services based on 

scientific knowledge. These impacts can be both positive and negative.” This definition was 

chosen as it offers scope for including the broader impact categories outlined above, while still 

focusing on specific and tangible “products or services.” The additional sentence on allowing 

both positive and negative impact is an important addition, as recent research has begun to 

focus more on the need for capturing all types of impact, whether or not it is potentially 

beneficial to society (e.g. Derrick et al, 2018). Using the example of research on electric 

vehicles and the batteries required having a potentially more damaging effect on global 

warming, Fini et al (2018, p.9) stressed that “negative aspects [of societal impact] should be 

taken into account” when engaging with impact. 
 
From various studies, and as outlined in the overview of impacts above, categories of broader 

impact such as economic and health could be viewed as types of societal impact, through their 

benefit to the public. Studies have focused in particular on the benefits for society of 

commercialisation and technology transfer activities, with some arguing that the only way for 

research to benefit society is through research results being “converted into marketable and 
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consumable products (e.g., medicaments, diagnostic tools, machines, and devices) or services” 

(Bornmann, 2013a, p.217). Others, such as Fini et al. (2018), maintain that there is still a lack 

of theoretical and empirical evidence on the link between commercialisation and societal 

impact. For the purposes of this study, a distinction will be drawn between established 

economic, commercialisation or technology transfer impact metrics or outputs, such as patents, 

invention disclosures, licensing and spin-outs, and broader societal impact. 
 
In summary, definitions of impact vary greatly, suggesting a lack of agreement and 

understanding on what constitutes impact amongst researchers and policymakers alike. A 

common element of many definitions outlined above is the separation of scientific and non-

scientific impacts, or as this study labels them broader impacts, with this further separated into 

categories. These broader impact categories, with the possible exception of economic impact, 

are wide in scope and as such there are few agreed upon, tangible metrics. Similarly, there is 

scope for overlap and linkages across categories, including economic, health, human capital, 

environmental and cultural, with these categories all working towards, to greater and lesser 

extents, benefits to society, or societal impact. As mentioned above, there are many debates 

about how impact should be measured, assessed and evaluated, particularly the broader impacts 

of research. This is of paramount important to funding bodies and policymakers of publicly 

funded research, who are tasked with ensuring the research they fund will have the greatest 

potential for impact on the society that ultimately funds it. As such, it was deemed a worthwhile 

pursuit to explore impact measurement, assessment and evaluation theory and frameworks, to 

gain a deeper understanding of the state of these theories and practices in relation to the impact 

of public research, with particular emphasis on funding bodies related to medical device 

research.   

3.2.5 Impact Measurement: Evolution of Research Impact Evaluation Frameworks 
 
While efforts to assess and evaluate the ‘value for money’ of research have become more and 

more common over the past 30 years (Martin, 2011), formal commitments by national and 

international bodies to promote and prioritise the broader impacts of research have been in 

focus for less than 20 years. One of the first national government research evaluation 

frameworks to place a formal emphasis on broader impact from publicly funded research dates 

back to the early 2000s. In 2001, Australian government policy first stated a commitment to 

strengthen the links between academia and industry (Williams & Grant, 2018) and in 2005 

formally committed to this with the design and development of the proposed Research Quality 
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Framework (RQF). The RQF was never rolled out however, due to a change of government in 

2007, but the efforts and recommendations in relation to developing a methodology for impact 

evaluation influenced other frameworks (Samuel and Derrick, 2015).  

 
In the UK, while there had been several policy papers written in the 1990s on the need for 

societal benefits from scientific research, the first real commitment came in 2006 as the 

Research Assessment Exercise was replaced with the Research Excellence Framework (REF). 

This revised framework was developed through a commissioned review of international impact 

assessment approaches that identified Australia’s proposed RQF as a suitable basis for impact 

assessment (ibid).  This proposal to include impact in research assessment at a national level 

was confirmed in 2011, accounting for 20% of the total assessment.  
 

It should be noted also that Australia returned to the ‘impact agenda’ in more recent times, with 

the development of a national Engagement and Impact (EI) assessment framework, to examine 

various broader impacts of university research and to promote and incentivise greater levels of 

collaboration with industry partners and end-users (Deeming et al, 2017). This approach 

involves a matrix of metric-based indicators of impact combined with narrative impact case 

studies. The main differences between this framework, piloted in 2017 and rolled out in 2018, 

and the UK’s REF is the differentiation of ‘impact’ and ‘engagement’ in the EI framework, as 

well as the use of metric indicators supplemented by narrative impact case studies (Doyle, 

2018). In comparison, the REF focuses on the use of narrative case studies as the main source 

for making funding decisions, as the use of metric indicators of impact in REF2014 was 

criticised as not sophisticated enough to truly measure impact (Manville et al, 2015). The next 

phase of the REF, REF2021 places increased emphasis on public engagement, includes impact 

on teaching activities, and impact in general, now accounting for 25% of assessment (Murphy, 

2017). These frameworks could be viewed as accelerators of the research ‘impact agenda’.  

 

Due to the increased interest of policymakers in research assessment and evaluation 

frameworks that can address non-academic impact, and the research undertaken to test these 

frameworks, an overview and analysis of attempts to conceptualise, measure and evaluate 

impact through different research impact evaluation (and assessment) frameworks (RIEFs) is 
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presented in the following section15.  As an introduction to RIEFs, Bozeman and Sarewitz 

(2011, p.8) defined research evaluation as “any systematic, data based (including qualitative 

data) analysis that seeks as its objective to determine or to forecast the social or economic 

impacts of research and attendant technical activity.”  
 
The evolution of research impact evaluation was divided by Donovan (2008) into three phases: 

technometrics, sociometrics and case studies. Technometrics involved collating data on 

investments from industry, commercialisation, and technology transfer, but did not extend to 

broader economic or societal benefits. The second stage, sociometrics (the social returns of 

research), was not restricted to economic impact but also “attempted to map research outcomes 

onto existing government social statistics. Yet, these impact indicators presented no credible 

link between academic research and macro-level social trends, and they overlooked the cultural 

import of research” (Donovan, 2008, p.48). The third wave of impact evaluation is 

characterised by the case study approach.  A range of indicators, both qualitative and 

quantitative, is employed in this approach to provide a more comprehensive picture of societal 

impact. The disadvantages of this approach are that it can be expensive, time-consuming and 

difficult to compare with other institutions (ibid). 
 
There is a lack of agreed upon evaluation indicators for broader, non-academic impacts, as 

there are for scientific impact (e.g. citation-based metrics), that can be easily collated and 

compared across disciplines (Spaapen & van Drooge, 2011).  Frank and Nason (2009, p.531) 

argued that the most effective methods for measuring impact should be “feasible, not too labour 

intensive, and economically viable.” As Holbrook and Frodeman (2011, p.244) suggested, 

“scientists generally dislike impacts considerations,” taking scientists outside their disciplinary 

area, and as such they can have issues engaging in societal impact evaluation. Bornmann 

(2013b, p.229) further argued assessment approaches are needed that will “combine the 

scientific and societal impact assessment in a single applicable framework,” though some 

studies, including Bornmann, have argued that scientific and broader impacts don’t necessarily 

correlate with one another.   
 
The significance of the indirect and non-linear nature of research impact is emphasised by 

Molas-Gallart et al. (1999), introducing ‘beneficiaries’, groups that may be affected by the 

 
15 While some frameworks included for analysis are more concerned with assessment (formative) rather than 
evaluation (summative) of research impact, both processes attempt to address and conceptualise impact of 
research, and so both offer opportunity to deepen understanding of impact and approaches to impact. 
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results of the research, emphasising the importance of stakeholders in all types of impact 

assessment and evaluation. Furthermore, as proffered by Spaapen and van Drooge (2011, 

p213), “social impact (of science) is difficult to plan; it sometimes happens unexpectedly or 

can even be unintended. It is only by analysing the processes that induce impact that we have 

a chance of recognising potential research impacts and the cotntributions made by research that 

might otherwise not be evident.” It seems evident from these arguments on impact evaluation 

that there needs to be more consideration for the researchers tasked with demonstrating the 

impact of their research, and, as Spaapen and van Drooge suggest, attention to processes that 

can create impact. Next, this review will provide the reader with a brief overview and 

summation of the recent frameworks for impact evaluation that have attempted to assess the 

broader impacts of research, sometimes referred to as societal impact but referring to the non-

academic impacts of research. 

3.2.6 Impact Measurement: Frameworks of Impact Assessment and Evaluation  

The overview of established and particularly relevant RIEFs used in medical device related 

fields provides a summary of efforts to address impact from public research and the lessons to 

be learned. (See Table 3.2 for overview of REIFs and some key contributions from each). These 

frameworks were chosen based on Raftery et al’s (2016) meta-synthesis review of research 

impact studies as well as through consultation with medical device research experts.  
 
Table 3.2: Research Impact Evaluation Frameworks 

Framework Approaches to evaluating impact 

Research Quality Framework 

(RQF) & Engagement and Impact 

(EI) assessment - Australia 

• Metric-based indicators of impact combined with 

narrative impact case studies 

• Focus on collaboration with industry partners and 

end-users 

Research Excellence Framework 

(REF) - UK 

• Peer-reviewed narrative case studies and impact 

template 

– Impact template describing the approach to 

enabling impact  

– Case studies describe the impact taking place 

• Retrospective review of research 

• Societal impact as 20% of overall evaluation 

Payback framework 

(Buxton & Hanney, 1996) 

• Narrative case studies 
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• Logic model for representing the entire research 

process and five categories for classification of the 

different beneficiaries of research. 

• Five categories of research beneficiaries:  

– Knowledge production  

– Capacity-building 

– Informing policy or product development 

– Health and health sector benefits  

– Broader social and economic benefits 

Canadian Academy of Health 

Sciences (CAHS) Framework 

 

• Narrative case studies 

• Logic model approach with five impact categories, 

similar to Payback Framework  

– Advancing knowledge 

– Capacity-building 

– Informing decision-making 

– Health impacts 

– Socioeconomic impacts 

Evaluating Research in Context 

(ERiC) - Netherlands 

• Self-evaluation, case studies and a set of indicators 

• Assessment by relevant stakeholders 

• Focused on productive interactions between 

researchers and stakeholders that can lead to impact 

SIAMPI16 Project - EU • Focused on productive interactions between 

researchers and stakeholders that can lead to impact 

• Three categories of productive interactions: 

– Direct interactions 

– Indirect interactions 

– Financial interactions 

Framework to Assess the Impact 

from Translational health research 

(FAIT) - Australia 

• Mixed methods approach, combining elements of 

the Payback model with social return on 

investments and case studies 

• Translation as a precondition for research impact 

• Researchers cans add their own bespoke metrics 

 

 
16 Social Impact Assessment Method for research and funding instruments through the study of Productive 
Interactions between science and society 
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3.2.6.1 Payback Framework 

 
Of particular relevance to this study due to its relevance to medical device research and focus 

on the broader, societal impacts of research, the Payback Framework, an approach first 

developed by Martin Buxton and Stephen Hanney in the mid-1990s at the Health Economics 

Research Group at Brunel University UK, is an evaluation framework for assessing impact of 

research (Buxton & Hanney, 1996). Initially developed to assess the outcomes of research in 

the biomedical and health spheres, this approach has been modified and applied to research in 

the social sciences and humanities, demonstrating that the framework could be used in diverse 

contexts for the assessment of societal impact (Klautzer et al., 2011; Levitt et al., 2010). This 

framework is often regarded as best practice to assess societal impact (Donovan, 2011; 

Donovan & Hanney, 2011; CAHS, 2009) and has been embraced in a number of other 

outcome-focused evaluation models (Bornmann, 2013a).   
 
The structure of the Payback Framework approach consists of two elements: a logic model for 

representing the entire research process and five categories for classification of the different 

beneficiaries of research.  The logic model consists of seven stages of research and two 

interfaces between research and broader environmental systems (Donovan & Hanney, 2011). 

Using a narrative case study approach, the Payback Framework gauges “the contribution of 

research to knowledge production, capacity-building, informing policy or product 

development, health and health sector benefits, and broader social and economic benefits” 

(Donovan, 2011, p.175).  Data for these five categories of benefits from research could be 

collected through surveys of decision makers and analysis of documents (Donovan & Hanney, 

2011).  Limitations of the Payback framework include the labour-intensive nature of analysing 

researcher interviews alongside document analysis, requiring the researcher to produce a case 

study with a great level of detail for each project. The Payback framework is also generally 

focused on project-level impact, which may underestimate impact, as “the impact of 

programmes of research may be greater than the sum of their parts due to economic and 

intellectual synergies” (Greenhalgh et al, 2016, p.4). 

3.2.6.2 Canadian Academy of Health Sciences (CAHS) Framework 

 
The Payback Framework has been widely adapted and tailored for other impact assessment 

and evaluation frameworks, with the most widely used of these the CAHS Framework 

(Greenhalgh et al., 2016). This framework seeks to address some of the limitations of the 
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Payback Framework in placing greater focus on the less obvious influences involved in 

research systems in Canadian health research and in offering more transparent instruction on 

how to operate and implement the framework. The CAHS Framework uses a logic model 

approach with five impact categories, similar to the Payback Framework; advancing 

knowledge, capacity-building, informing decision-making, health impacts, and socioeconomic 

impacts, with each category divided into a number of subcategories. Users are encouraged to 

draw on the indicators most appropriate to their particular research, and can be utilised across 

various stages of translational research and at individual, institutional, national and 

international levels. The model looks to provide a more comprehensive and systematic 

approach to the assessment of health research impact. Limitations, similar to the Payback 

Framework, include that the model is “likely to be highly labour-intensive and hence 

prohibitively expensive in some circumstances.” 

3.2.6.3 Research Excellence Framework (REF Impact) 

 
The Research Excellence Framework (REF) is a national evaluation exercise for assessing the 

quality of research in higher education institutions (HEIs) in the UK, carried out approximately 

every six.  This system, which replaced the Research Assessment Exercise (RAE) (1986-1998), 

was first carried out in 2014 and was the first mandatory national research assessment to 

dedicate a specific proportion (20%) of its overall evaluation to societal impact (Samuel & 

Derrick, 2015).  This impact was assessed ex post and broadly defined as “an effect on, change 

or benefit to the economy, society, culture, public policy or services, health, the environment 

or quality of life, beyond academia”17 (REF, 2011, p.26), emphasising the breadth of possible 

uses of research.  
 
Alongside impact, the overall quality of research was assessed in terms of ‘originality, 

significance and rigour’ (65%), and research environment, the contribution of research to the 

‘vitality and sustainability’ of the wider discipline (e.g. PhD completions) (15%). The REF 

system required that academics show evidence of the impact of their research through an 

impact template and impact case study, which were evaluated through a process of panel-based 

expert peer reviewers and end-user assessors. The results of the first REF in 2014 were used to 

disburse the 1.6 billion pounds of government research funding across UK universities, 

 
17 The next iteration of REF, REF2021 has retained the same definition for impact, and increased the societal 
impact proportion to 25% 
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highlighting the significance of the REF for individual researchers and for academic 

institutions (ibid). 

3.2.6.4 Evaluating Research in Context (ERiC) 

 
Donovan (2008) identified the Netherlands as one of the leading countries in terms of research 

impact evaluation. Beginning in 2006, the ERiC project (Evaluating Research in Context), and 

the closely related international SIAMPI project (Social Impact Assessment Method for 

research and funding instruments through the study of Productive Interactions between science 

and society), set itself the objective of developing tools and methods for the evaluation of the 

societal relevance of academic research. The ERiC project defines social relevance as “the 

degree to which research contributes to and creates an understanding of the development of 

societal sectors and practice (such as industry, education, policymaking, health care) and the 

goals they aim to achieve, and to resolving problems and issues (such as climate change and 

social cohesion)” with the expectation that “the research will provide a contribution in the short 

or long term” (ERiC, 2010, p.10).  According to the ERiC project guide, a combination of self-

evaluation, case studies and a set of indicators can be used to evaluate the societal quality of 

research carried out by a research institute (ibid).  
 
In this approach, relevant stakeholders are required to assess societal impacts, similar to 

scientific peer evaluation of scientific quality.  “Stakeholders were able to indicate in what way 

research is relevant for them, how they productively communicate with researchers, and how 

they use the results in their daily work — even if this cannot always be measured through 

formal and explicit references to research output” (de Jong et al, 2011, p.70). The ERiC project 

outlined steps in their approach to evaluating the performance of a research group, with the 

research group’s mission providing the frame of reference and what the group expects to 

accomplish.  Firstly, the group’s relevant stakeholders are identified, followed by identifying 

the specific types of outputs for these scholarly and societal audiences, and the interactions 

between them.  Following this, indicators for research output, quality and impact are 

developed, and a general quality concept is introduced, beyond what is visible, taking into 

account the quality and intensity of communication and collaborations between researchers and 

stakeholders, the productive interactions that may, at some point in the future, result in impact 

(de Jong et al, 2011).  
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3.2.6.5 SIAMPI Project 

 
The SIAMPI project, an international project funded under the European Commission’s 

Seventh Framework Programme, developed a framework for the study of productive 

interactions and social impact through analyses of case studies in four research areas across 

four countries and at a European level. Analyses of case studies in these different contexts 

contended that a key to successful generation of societal impact lay in the interactions between 

researchers and stakeholders and that productive interactions between scientists and 

stakeholders can result in the generation of societal impact, though it is not always a necessary 

condition for societal impact. SIAMPI identified ‘stakeholders’ as all those involved in 

achieving social impact, for example, researchers, government, industry, or the general public. 
 
At the core of the ERiC and SIAMPI frameworks is the concept of productive interactions, 

which are defined as the “exchanges between researchers and stakeholders in which knowledge 

is produced and valued that is both scientifically robust and socially relevant” (Spaapen & Van 

Drooge 2011, p.212).  SIAMPI developed indicators for societal impact with three categories 

of productive interactions between researchers and stakeholders; direct interactions, indirect 

interactions and financial interactions.  Direct interactions involved direct contact between 

scientists and relevant stakeholders, with indicators of a mainly qualitative nature, while 

indirect interactions involved interaction through some form of material “carrier”, e.g. 

publications, exhibitions, films.  Financial interactions occurred when stakeholders were 

engaged in economic exchanges, which involved more straightforward quantitative indicators 

including patents, licensing, contracts, project grants and PhD funding. By investigating 

societal impact in terms of direct, indirect and financial productive interactions, societal impact 

can become a more tangible concept for researchers (ibid).  

 
The SIAMPI project emphasised that it is not the productive interaction per se that is important, 

but more so the role the productive interaction plays in the process of realising social impact; 

the aim of the interaction, the context and the stakeholders involved in the research. Data from 

indicators in the three categories of productive interaction can be gathered “to give useful 

information about steps that are necessary to achieve social impact and about the relationship 

with various stakeholders” (Spaapen & Van Drooge 2011, p.217).  The project also identified 

the ‘enlightenment’ function of productive interactions, wherein “both researchers and 

management began to understand that social impact is not only a faraway goal, but can be seen 

as a process in which each step is valuable, the beginning (a contact, an article, a public debate), 
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the middle (a joint venture, a prototype, a new protocol or rule), and the end (a product, a 

service, a new organisation)” (Spaapen & Van Drooge 2011, p.216). 

3.2.6.6 FAIT 

 
The Framework to Assess the Impact from Translational health research (FAIT) is a recent 

addition to the evolving body of research on research impact evaluation frameworks. The FAIT 

platform undertakes a mixed methods approach to the study of research impact, combining 

elements of the Payback model with social return on investments and case studies. The 

framework is designed so as to prospectively measure translation and impact, with the 

underpinning assumption that research translation is a precondition for research impact, and 

that “planning, monitoring and providing feedback about activities and behaviours associated 

with research translation should lead to successful translation” (Reeves et al., 2017, p.2). An 

important and innovative aspect of this model is its continual adaptability, offering researchers 

the chance to add their own bespoke metrics.  

3.2.6.7 Other forms of societal impact assessment 

 
Another innovative form of societal impact assessment was the Research Impact Framework, 

which was first developed for academics to measure and monitor the impact of their own work. 

The Research Impact Framework involved a checklist of categories in health research that 

would encourage scientists to “systematically think through and describe the impact of their 

work” (Kuruvilla et al, 2006, p.135). The seven categories offered were: knowledge, attitude, 

and behaviour impacts; health literacy; health status; equity and human rights; related to the 

economy/macroeconomic; social capital and empowerment; and culture and art.  
 
Another interesting approach, the Societal Impact Factor (SIF), developed by 

Niederkrotenthaler et al. (2011, p.4), is based on the researcher’s self-assessment of their 

publication in relation to three dimensions: “the aim of the publication (gain of knowledge, 

application of knowledge, and increase in awareness); the efforts of the authors to translate 

their research results into societal action or practical reality; and the accomplishment of the 

translation in terms of the geographical reach (level), status (preliminary or permanent) and 

size of the target group of this translation.” Lyall et al. (2004) proposed an evaluation 

methodology based on the identification of diverse end-users of public sector research 

organisations, differentiating between upstream end-users, collaborators, intermediaries, and 

downstream end-users.  It should be noted that many of these evaluation methods are context-
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specific, and societal impacts can vary greatly depending on the field of research, context or 

setting. 

3.2.7 Impact measurement: Stakeholder interaction for impact  
 
Common elements of these recent, innovative frameworks for assessing and evaluating impact 

include a greater focus on the research process, including translational research, considerations 

for the scientists who will use the framework, including bespoke metrics depending on context, 

and the pronounced emphasis of the importance of stakeholder engagement for impact. The 

concept of research-stakeholder ‘productive interaction’ and including the stakeholders in the 

research process can be surmised as follows: “If research is to have an impact in society, there 

must be some interaction between a research group and societal stakeholders” (ERiC, 2010, 

p.10).  De Jong et al. (2011) recognised interactions with non-academic stakeholders as a key 

aspect of knowledge circulation between science and society, with the level of collaboration 

informing the quality and quantity of knowledge that is circulated, and giving an indication of 

the societal quality of the research undertaken.  Scientists do not necessarily transfer knowledge 

they produce to society themselves; societal impact can happen through iterative processes 

between scientists and stakeholders in their research. Scientists with more awareness of the 

impact of their work on society tend to perform better (Moynihan & Pandey, 2007). 
 
Equally, it is argued by van der Weijden et al. (2012, p.287) that the quality and impact of 

research output is “decided by the specific audiences that it is intended for.  Impact can be 

measured in terms of the reaction of an audience on the output.”  The focus of productive 

interaction approaches is on learning and improvement rather than judging and accounting. It 

is also suggested that by using productive interactions there is more potential to identify the 

contributions of research to future societal impact (Spaapen & Drooge, 2011) Despite this 

support for the inclusion of stakeholders in the research process, few studies have examined 

whether researchers attach importance to non-academic beneficiaries of research, a topic for 

exploration in this study. The final section of this review of impact will offer the reader an 

overview of the many challenges of impact and the issues in measuring, assessing and 

evaluating the broader impacts of research.  
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3.2.8 Challenges of Impact  
 
There are a variety of lines of criticism in relation to the current emphasis placed by policy 

makers on broader impact of research and how it is understood, measured, assessed and 

evaluated. One of the most common issues raised in relation to this relates to those scientists 

engaged in basic scientific discovery research, in that recent research impact focus could have 

adverse effects for blue-sky research (Linden, 2008). It is certainly difficult to anticipate 

potential impact of certain research, particularly for ‘blue sky’ research, possibly causing 

restriction of scientist autonomy and academic freedom (McCowan, 2018). This prerequisite 

placed on scientists to specify potential impact prior to undertaking research may also promote 

research that delivers easily pre-determined results, or “low hanging impact fruits” (Izzi, 2018, 

para.2), rather than engaging in open, curiosity led research, thus promoting and rewarding 

‘game-playing’. As Brewer (2011, p.256) summarised, “counting the countable because the 

countable can be easily counted renders impact illegitimate,” 18 potentially overlooking types 

of genuine impact because they may be hard to measure.  
 
Another related point to note is that scientists may base their research actions on readily 

available indicators: “the obvious danger is that researchers and universities intensify their 

efforts to participate in activities that can be directly documented rather than activities that are 

harder to document but in reality may be more useful to society” (Erno-Kjolhede & Hansson, 

2011, p.136). Studies have pointed out that scientist often base their actions on indicators and 

criteria used in impact evaluations, (Bornmann, 2012; Erno-Kjolhede & Hansson, 2011) and 

so the choice and design of research evaluation and assessment methodologies is vital to the 

potential impact of research. 

 
In terms of societal impact measurement in general, it is difficult to develop simple indicators 

of impact on society that can be applied across different research areas “without over-much 

reducing the richness and complexity” (van der Meulen & Rip, 2000, p.12).  Linear models 

have dominated the practice of research evaluation, but studies have shown that impact is a 

complex, multifaceted phenomenon that “involves a wide variety of direct and indirect non-

linear and self-reinforcing activities” (Gregersen, Linde, & Rasmussen, 2009, p.152).  As 

 
18 Goodhart’s Law offers a similar sentiment, that once an indicator is recognised and target for evaluation 
purposes, it loses its ability to serve as an effective indicator for the particular characteristic (Goodhart, 1975; 
see also Chrystal and Mizen, 2001). 
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(Martin 2007, p.250) surmises: “indeed, the very concept of ‘impact’ and its assessment implies 

a rather linear model of how knowledge from an individual piece of research is subsequently 

taken up and used.” This assumption of impact as linear, from academia to beneficiaries outside 

the university, described by Oancea (2013, p.248) as the “chain-link” approach, doesn’t allow 

for the indirect, bidirectional, multidirectional or unplanned flows of knowledge production 

and application that inevitably take place (Smith et al, 2011). 
 
Measuring impacts, particularly societal impacts, is a challenging process as projects’ 

outcomes are often wide-ranging and complex, so while an attempt to measure a project’s 

impact could look at some of the potential outcomes, it would be incredibly difficult to develop 

an all-encompassing measurement tool.  Rymer (2011, p.10) argued that “the routes through 

which research can influence individual behaviour or inform social policy are often very 

diffuse.” Furthermore, attributing impact to a particular piece of research is a common 

challenge of impact measurement, assessment and evaluation. It can be very difficult to 

separate impacts and benefits of research into economic, societal, and scientific categories: 

“There is a fuzzy boundary between the economic and non-economic benefits; for example, if 

a new medical treatment improves health and reduces the days of work lost to a particular 

illness, are the benefits economic or social?” (Salter & Martin, 2001, p.510). While societal 

impact can sometimes be distinguished from other impacts, there is no clear border between 

the concepts.   

In relation to societal impacts in particular, it is difficult to link a particular societal impact to 

a specific research effort, as impact can be diffuse, complex and contingent: “the relationship 

between knowledge and impact is complex and innovations are based on a variety of 

[knowledge] sources” (de Jong et al., 2011, p.62).  Broader impact can also be produced 

indirectly through research output being taken up by other researchers who incorporate it into 

their own research, which may produce impact relevant to society, a process particularly 

common in the biomedical and health research fields. Similarly, another element regarding the 

issue of attribution of impact is the internationality problem; as the world becomes a more 

interconnected circle of research entities, attributing impact to domestic research becomes 

more and more difficult (Khazragui & Hudson, 2014).  

Another common problem with the measurement and evaluation of impact is with the issue of 

temporality; “the time span between research and its embodiment in products, processes or 

social practices” (Spaapen and Van Drooge, 2011, p.211). As an example of this issue, a 
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cardiovascular research study reported “an average time-lag between research funding and 

impacts on health provision of around 17 years” (Buxton, 2011, p.260). Impact is not just a 

short-term phenomenon; it can involve intermediate (new or improved products, services and 

processes) or ultimate (improved quality of life, improved awareness) outputs (Bornmann, 

2013a). Additionally, as Bornmann (ibid, p.219) argues, “premature impact measurement may 

result in policies that overemphasise research bringing short-term benefits.”  Due to the 

difficulties associated with the temporality issue, the time between research and impact, 

including unexpected impacts (Buxton, 2011; Martin, 2007), the analysis of preconditions for 

impact, such as the approaches of PIs in their project design, could be beneficial. Also, at the 

earliest stage of the research process, particularly in the biomedical and health research fields, 

potential application of research outputs are a distant goal and  “it is at this stage also that 

scientists have most of the decision rights over the orientation of their research projects” 

(Tartari and Breschi, 2012).  
 
Additional issues for the individual scientist raised specifically in relation to impact assessment 

and evaluation are the time demands and administrative burden (Deeming et al, 2017) placed 

on researchers to demonstrate to funders the potential or actual impact of their research, an 

issue of particular note for PIs. Some studies have argued that the increased emphasis on impact 

has placed excessive pressure on scientists, particularly early career scientists (Watermeyer, 

2016). For some researchers this pressure to articulate the potential impact of research can also 

lead to what Chubb and Watermeyer (2018) label impact sensationalism, whereby academics 

embellish or even falsify the impact of their work in order to secure professional advantage. In 

their study on the “moral economy of (pathways to) impact statements”, Chubb and 

Watermeyer (ibid, p.2363) expressed concern that the increased emphasis on impact in research 

evaluation policy could lead to “the unravelling of academic integrity.” A similar issue raised 

in some studies was that of the notion of impact as an exclusively positive concept, ignoring 

negative or controversial aspects of impact, and the inherent risks of this to the integrity of 

research (e.g. Derrick et al, 2018). 

Conclusions – Impact 
 
This section on impact outlined some of the reasons behind the impact agenda, through the 

changing science-society relationship, the requirements of publicly funded research to 

demonstrate the value to the public that funds it, and the increasingly mission-led policy focus 

towards societal benefits of research. Definitions of impact were explored to gain a deeper 
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understanding of impact, alongside an overview of the common categories of broader (non-

academic) impact. Following this, a review was carried out of relevant and innovative research 

impact evaluation frameworks (RIEFs) to gather perspectives and current thinking on impact 

measurement, assessment and evaluation. RIEFs are of particular relevance to this study as PIs 

of (medical device) public research, the unit of analysis in this study, must engage with these 

frameworks in order to obtain and maintain funding of their research. Interesting findings of 

this review included the current trend towards more process-focused evaluation frameworks 

that seek to engage more effectively with scientists through more flexible metrics, and an 

emphasis on the importance of stakeholder interactions for impact.  It should be noted also that 

PIs of medical device research may well be unaware of much of what is discussed in this 

chapter, as they are understandably more focused on their own research area, possibly far 

removed from research policy, impact measurement studies and frameworks for assessing and 

evaluating the broader impact of research. Finally, challenges and issues relating to impact 

were presented. As mentioned throughout this section on impact, as it relates to the field of 

medical device research, translational research is a central concept, and as such, an overview 

of this concept will provide the reader with insight into the translational process, an integral 

component of medical device research. 
 

3.3 Translational Research 
 
Translational research explores the path that research takes from the point of discovery through 

to application in the real world, the research process, and the potential problematic points, or 

translation gaps, along this path where research can stall. In the field of medical device 

research, translational research and the translation path from basic scientific discovery research 

to point of care application is pivotal, with PIs undertaking medical device research projects 

from a variety of disciplinary backgrounds, from basic to applied sciences. Whereas in other 

research areas, for example the social sciences, knowledge can be translated, transferred and 

acted on in close temporal proximity to the research, medical device research is often 

characterised by “long development cycles, a high degree of uncertainty, and high costs” 

(Walsh et al, 2018, p.1610). These long development cycles are due to complexities of medical 

device development and innovation and the hurdles to overcome in terms of regulatory 

requirements, a necessity for medical device research to ensure product safety and efficacy 

(Markman et al, 2005). The concept of translational research could be viewed as a way to 

address these challenges, to support medical device PIs in bridging the various translation gaps, 
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or chasms, the “valley of death” (Butler, 2008, p. 840), between the bench and the bedside and 

therefore create impact for society. The process of translation is a central priority in biomedical 

policy development and progressively in many other fields as well. While the term originated 

in biomedical research, translational research, along with the ideas and practices associated 

with it, is being redefined in broader terms, opening the field to other research areas, including 

evaluation research and community-based participatory research.  
 
Translational research (TR), sometimes referred to in the literature as translational science or 

translational medicine, describes the process through which knowledge is transformed through 

research fields from basic scientific discovery to public health or patient impact. TR includes 

all activities required to bring research from bench to bedside (Woolf, 2008), thus requiring 

engagement and integration between scientist and clinician expert (Partridge, 2003). 

Translational research is closely connected to research impact, as the increased focus on 

translation of research ‘from bench to bedside’ can be viewed as the overarching process 

through which research projects can impact society. Recent developments in the scientific 

community have seen an emphasis on translational research as a means to more closely link 

the twin missions of research and impact (Searles et al, 2016).  In biomedical and health 

research, translational research is the concept used to address the challenges involved in 

connecting research with practice (ibid). From even a brief search of the literature on translation 

and translational research it is clear that there are multiple meanings of the term translational 

research and that the term has different meanings for different people in biomedical research 

(Marincola, 2003). Blumel et al (2015, p.8) suggest that the vagueness or differences in 

definitions and meanings around the concept of translation actually has advantages for 

scientists as this “fuzziness… allows different stakeholders to address specific issues or 

problems that need to be overcome.” 

 
Translational research, as described by the Cooksey Report (Cooksey, 2006, para.2.9) focused 

on strengthening the translatability of research and was broadly defined as: “the process of 

taking the findings from basic or clinical research and using them to produce innovations in 

health care settings.” Translational research aims to obtain fundamental knowledge and 

translate this knowledge into applicable treatments; from laboratory experiments to patient 

applications; from bench to bedside, and vice versa (Woolf, 2008), indicating that TR can be 

considered a two-way, or bidirectional interaction between academia and society. As Hamilton 

(2015, p.60) neatly surmises: “It is a conceptual framework for understanding how research 
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makes a difference to the world, especially how it is connected with policy and practice. A 

brief definition is: Translational research is the science of putting science to use.” Definitions 

of translational research commonly identified the main issue of translation, identified either as 

waste in research or the valley of death, wherein possible results and impacts of research get 

lost in translation or “buried” (Blumel et al, 2015, p.13). Blumel et al identified the clinician 

scientist as the lead actor in translational research literature and raised the question as to 

whether “this role can be expected to integrate the different organisational tasks and identities” 

(ibid, p.55), a question closely related to this study’s research questions. They also suggest 

further research be carried out to investigate “how various key actors understand translational 

research and how these understandings are interrelated” (ibid). 

 

3.3.1 Process Models of Translational Research 
 
The process of translation is a central priority in medical device-related research (specifically 

biomedical) policy development and so the last decade has seen an increasing number of 

studies developing ‘blueprints’ for translational research. Blumel et al (2015, p.30) identified 

two basic trends in the development of translational research: “(1) an ongoing expansion of the 

TR process to encompass more and more aspects, particularly in the context of clinical practice 

and public health, and (2) a subsequent increase in the number of translational phases within 

the proposed process models.” Relevant and prominent linear and non-linear models to 

describe the translation process are presented and analysed below, to further our understanding 

of translational research and how it can be utilised in this study to understand and conceptualise 

medical device PI impact orientation. 

 

 

 

 

 

 

 
 
 

 

 



 65 

Table 3.3: Overview of Translational Research Process Models 
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Linear TR Models 

Sung et al (2003) Unidirectional 

from T1 to T2 

2 T1 - Basic scientific discovery stage, from the laboratory 

to clinical trials on humans.  

T2 - From clinical science to public health impact. 

Westfall et al 

(2007) 

Bidirectional 

between T1, 

T2, and T3 

3 T1 – Similar to Sung et al 

T2 - Research knowledge moves from early clinical trials 

to phase III and IV clinical trials involving patients.  

T3 - Translation to practice, encompassing dissemination 

and implementation research, with both phases involving 

a dynamic bidirectional translation process. 

Dougherty and 

Conway’s (2008) 

3 T’s Roadmap 

Bidirectional 

between T1, 

T2, and T3 

3 T1 - From basic biomedical science to clinical efficacy 

knowledge  

T2 - Translates this knowledge to clinical effectiveness, 

including activities focusing on patient-specific evidence 

of effectiveness and the development of “practice 

guidelines and tools for patients, clinicians and policy 

makers.” (p.2319). 

T3 - translates clinical effectiveness to health-care 

delivery and improved health quality and value, 

addressing the “how” of health care delivery and 

including policy changes to foster improved population 

health outcomes 

Khoury et al 

(2010) 

Bidirectional 

connecting 

T1-T4 

4 T1 and T2 – similar to Dougherty and Conway  

T3 - focusses on dissemination, implementation and 

diffusion of research 

T4 - evaluating population health impacts of the research, 

which Khoury et al describe as “outcomes research” and 

define as research that describes, interprets and predicts 

the impact of various influences, especially (but not 

exclusively) interventions on ‘final’ endpoints that matter 

to decision makers. Decision makers include patients, 
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families, individuals at risk, provider, private and public 

payers, and so forth” (p.668). 

Rubio et al 

(2010) 

Bidirectional 

between T1, 

T2, and T3 

3 T1 - From basic research to patient-oriented research that 

leads to new or improved scientific understanding or 

standards of care 

T2 - From patient-oriented research to population-based 

research 

T3 - From laboratory- and population-based research “to 

stimulate a robust scientific understanding of human 

health and disease” (p.4). 

Non-linear TR Models 

Trochim et al. 

(2011) – Process 

Marker Model 

Bidirectional - Process marker model, an assessment tool that looks to 

identify “a set of observable points in the process that can 

be operationally defined and measured, in order to enable 

evaluation of the duration of segments of the research-

practice continuum” (p.158). 

Drolet and 

Lorenzi (2011) – 

Biomedical 

Research 

Translation 

Continuum 

Bidirectional 3* Four research stages (basic science discovery, proposed 

human application, effective clinical application and 

clinical practice) separated by gaps, or ‘translational 

chasms’, corresponding to the gaps mentioned previously 

(i.e. T1, T2, T3). 

 

3.3.1.1 Linear process models 

 
There is general agreement that translation is needed at (at least) two points in the research 

process between discovery and application, with some arguing that there are three or more 

points. The two phase process of research progression was first described by the US Institute 

of Medicine (IOM) Clinical Roundtable in 2003, with the first point (T1), the most familiar to 

medical researchers, at the basic scientific discovery stage, when a treatment needs to move 

from the laboratory to clinical trials on humans. The second translation phase (T2) is from 

clinical science to public health impact (Sung et al., 2003). The IOM Clinical Roundtable 

identified ‘translational blocks’ between the steps that impede research progress and represent 

major challenges in reaching health improvements from basic science. The roundtable 

described the first “roadblock” as “the transfer of new understandings of disease mechanisms 

gained in the laboratory into the development of new methods for diagnosis, therapy, and 
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prevention and their first testing in humans” (Sung et al, 2003, p.1279). The second roadblock 

was described as “the translation of results from clinical studies into everyday clinical practice 

and health decision making” (ibid). PIs, as the key actors in medical device research processes, 

need to be aware of these roadblocks in their research strategies and planning.  
 
In a similar multiphase model developed by Westfall et al (2007), the second phase is divided 

into two distinct parts. In their T2 phase, research knowledge moves from early clinical trials 

to phase III and IV clinical trials involving patients. The third phase then involves translation 

to practice, encompassing dissemination and implementation research, with both phases 

involving a dynamic bidirectional translation process. The endpoint of this model, unlike most 

other models, is clinical practice rather than improved health.  Dougherty and Conway (2008) 

also offer a three-phase translational research model, the ‘3T’s Road Map’, with this model 

explicitly referencing feedback loops, indicating the bidirectional nature of the process.  Some 

TR models also include a fourth phase in the translation process (T4), including the four-phase 

model offered by Khoury et al (2010), with this fourth phase focused on impact and as such of 

particular relevance to the objectives of this research and impact orientation of PIs of medical 

device research. This model can also be seen as a continuum wherein each phase can provide 

insight for the next phase,  

3.3.1.2 Non-linear process models 

 
An issue with the concept of translational research, as identified by Drolet and Lorenzi (2011) 

and as evidenced in the models above, is that the terminology involved, including the ‘T’ terms, 

have been used indiscriminately by both researchers and physicians in various articles to 

describe translation steps, obstacles to translations, translation activities and translational 

research. To address this issue, and to solidify the concepts of translation, Drolet and Lorenzi 

(ibid) suggest a framework representing the entire translation process, the Biomedical Research 

Translation Continuum. Translational research is defined in this model as the activities within 

the continuum that bridge the gaps or chasms between the four stages in the research process, 

also known in this study as the “zone of translation” (ibid, p.3).  Drolet and Lorenzi chose the 

term ‘translational chasms’ to represent “the black boxes in which activities of translation 

remain vague” (ibid, p.4), highlighting their view that what happens in the translation phases 

is not entirely understood. The aim of this model is to better identify the areas in which research 

can be ‘lost in translation.’  
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The majority of literature on translational research describes translational resesarch as a linear 

pathway. A slightly different perspective on translational research considers this concept as 

iterative approaches that seek to triangulate research, evidence, policy and practice (Glasgow 

et al, 2012). Rubio et al (2010) characterised their model as a circular process, suggesting that 

translational research is composed of a continuous cycle and does not follow a linear path.  

Another interesting component of this model for publicly funded PIs is that it is the only 

process model including a feedback loop from the public to basic science as a translational 

phase: “How research in populations informs hypotheses that can be tested in basic science 

laboratories and how biomarkers in animal models can translate into population-based 

screening tools”  (ibid, p.5).   
 
Another recent perspective in this area presents translational research as a multi-layered, staged 

models emphasising both research translation and translating knowledge into evidence-based 

practice and vice versa (Rychetnik et al., 2012).  A recent qualitative study (Rubio et al, 2014, 

p.443), exploring how investigators approach their research programmes along the 

translational research continuum, identified three characteristic models to describe how 

translational investigators approached their research programme; linear (“bench research 

eventually being translated across the continuum to patients’ bedside and into the 

community”), holistic (“driven by a focused desire to address specific health problems”) and 

technical (whereby the investigator pursues their own research projects to use or expand a 

technology or methodology the investigator has developed or is an expert in).  This study found 

that the majority of investigators followed a linear approach to research but that the way in 

which scholars thought about their research determined the model to which each investigator 

adhered.   
 
Examining translational research from the perspective of evaluators charged with assessing 

translational efforts, Trochim et al. (2011, p.153) reviewed the first four models described in 

Table 3.2, seeking to assess how “the rate and volume of translation” can be increased. One of 

the common features of all four models was that they characterised translation research as “a 

temporal process moving from basic to clinical to post-clinical research and ultimately to use 

and public health impact” (ibid, p.155). These models were also continuous and bidirectional 

in nature (apart from Sung et al (2003)), so that research can move forward and backwards 

along the translational continuum. Trochim et al (2011 p.153) also criticised these phase 

models as “confusing and insufficient as a basis for evaluation,” a view shared by Woolf 
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(2008). Rather than develop another model or concept of translational research through their 

analysis, Trochim et al (2011, p.158) created the “process marker model”, an assessment tool 

that looks to identify “a set of observable points in the process that can be operationally defined 

and measured, in order to enable evaluation of the duration of segments of the research-practice 

continuum.” The process marker model views research as a continuous process that may be 

bidirectional, variable and complex in nature, with different discoveries following unique 

pathways through the process with many different potential markers.  Blumel et al (2015, p.34) 

suggest that this model may be “helpful for analysing ongoing research processes that claim to 

be TR and thus for shedding some light into the black box,” though they make the point that 

the question of how to foster better translation is not addressed.  

Conclusions – Translational Research 
 
Translational research (TR), with the objective to move research along a continuum from basic 

research to practice, will provide a suitable basis for guiding this study to address the stated 

research questions. Being ensconced primarily in the health sciences, translational research 

provides an appropriate framework for exploring medical device research processes and 

practices, considering the wide variety of academic fields from which medical device research 

can derive, from basic science to point-of-care. Another important characteristic of TR for this 

study is the emphasis on multidisciplinary understanding (Marincola, 2003) and 

interdisciplinary approaches across diverse academic fields (Blumel et al, 2015), both 

important elements of medical device research processes. As argued by Blumel et al (2015), 

TR places emphasis on the individual scientist as a key actor in translation, relating to this 

study’s micro-level perspective of the PI.  

 
Finally, translational research and impact are deeply interwoven in research, with translational 

research offering a path or roadmap for scientists to achieve impact for the patient at the 

‘bedside’, with some academics arguing TR as a “prerequisite for research impact” (Searles et 

al, 2016, p.60). Therefore, translational research, and specifically the bidirectional and 

multidirectional, non-linear models focusing on impact, can provide this study with a research 

process framework for analysis of PI impact orientations in the medical device field. It is clear 

that translational research is a complex and multifaceted concept for PIs to grasp and grapple 

with, moving beyond traditional research settings to society. TR also offers a method towards 

improved synthesis of “the market and the state, private and public sectors, science and values, 

producers and users of knowledge” (Barré, 2005, p.117). As such, utilising a non-linear 



 70 

translational research model, such as the Biomedical Translational Research Continuum 

(Drolet and Lorenzi, 2011), provide this study with an method to address the complex and 

multidimensional PI medical device environment, with the choice of a non-linear model further 

influenced by the incorporation of the bioecological model into a tentative framework for 

impact orientation, as introduced in the next section.  
 

3.4 Bioecological Theory 
 
Bioecological theory is a core element of this study, with the utilisation of this theory allowing 

for the exploration of the impact orientation of medical device PIs in different environments 

and environmental systems through the interactions that take place between the individual PI 

and the interconnected systems surrounding them, i.e. their research environment. From a 

translational research perspective, the bioecological systems model provides a supportive 

framework to understand the actors involved in the complex and multidimensional TR 

processes of medical device research. In general, this theory can serve as both a mapping tool 

for PI interactions and activities related to impact, and also, in its more advanced iteration 

(PPCT model), as an overarching analytical framework to explore the impact orientation of PIs 

of publicly funded medical device research.  
 
Due to the complex nature of impact, a suitably multifaceted, flexible framework is required 

in order to better understand and conceptualise PI impact orientation. This framework needs to 

be able to address the broader impacts of research, across systems of stakeholders who could 

potentially benefit from the research produced, as emphasised by some of the RIEFs outlined 

above. Similarly, as with the many challenges faced by ex post evaluation frameworks and 

impact in general outlined in section 3.2.8, a framework addressing impact from the point of 

view of the PI could provide deeper understanding of factors and barriers to impact, and 

approaches towards impact of research. As detailed elsewhere in this thesis, the nature of 

research has changed dramatically in the recent past. Scientific endeavours now take place 

across different cultural and occupational boundaries and so stakeholders and scientists have 

increased levels of interdependence as “their roles are increasingly embedded in ever-broader 

social systems” (Casati and Genet, 2014, p.24). From the studies on PIs to date, as presented 

in section 3.1, environmental or contextual factors clearly influence PIs in their research roles 

and activities. Furthermore, the translational nature of medical device research, requiring 

various strands of research across the translation continuum, adds to the environmental 
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complexity in which the PI operates. Therefore, the bioecological theory offers an appropriate 

approach, centred on exploring the social systems and interactions from the micro-level 

perspective, most associated with the work of Uri Bronbrenfenner and applied across a range 

of social and health sciences domains, specifically social service, childcare and health 

promotion.19   

3.4.1 Bronfenbrenner’s ecological systems 

“Ecological approaches are fundamentally concerned with specifying the individual and 

environmental conditions necessary for individual action” (Grzywacz & Fuqua, 2000, p.103).  

McLaren and Hawe (2005, p.9) defined the overall ecological perspective as “a conceptual 

framework designed to draw attention to individual and environmental determinants of 

behaviour.  The visual metaphor is a series of concentric or nested circles which represents a 

level of influence on behaviour.”  Bronfenbrenner’s bioecological theory identified five 

environmental systems with which an individual interacts, the micro-, meso-, exo-, macro- and 

chrono-systems.20 (See figure 3.1 for a visual representation of the ecological systems model). 

In its original form (originally labelled as ecological theory, or ecological systems theory), 

Bronfenbrenner (1979, p.22) described the topology of an individual’s overall ecological 

environment as ‘a nested arrangement of structures, each contained within the next’, and that 

one must examine this system as an “interdependent whole” to fully understand the forces 

influencing the development of an individual. (See Table 3.4 for a breakdown of the systems 

of the bioecological theory). Jack (1997, p.109) described the original ecological systems 

theory as “examining the ways in which people and their habitats shape and influence one 

another through a process of reciprocal interactions between individuals and groups, and their 

immediate and wider environments.” In both the ecological and later bioecological approaches, 

collaboration between participants is not only a tactical strategy, it is “part of the intervention 

paradigm itself” (Trickett, 2009, p.264).  

 

 
19 Interestingly, Cornell University dedicated their Center for Translational Research in the Social and 
Behavioural Sciences to Urie Bronfenbrenner, named the Bronfenbrenner Center for Translational Research. 
20 In the original theory, only the first four systems were included in the ecological model, with the chrono-
system added in later iterations of the theory (e.g. Bronfenbrenner, 1988). 
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Figure 3.1: Ecological systems model 

 
Table 3.4: Definitions and descriptions of levels of bioecological systems theory 

Construct Abridged 

description 

Definition (from Bronfenbrenner, 1979) 

Microsystem 

 

Immediate 

environment 

“A pattern of activities, roles, and interpersonal 

relations experienced by the developing person in a 

given setting with particular physical and material 

characteristics.” (p.22) 

Mesosystem Connections 

between 

microsystems 

“The interrelations among two or more settings in 

which the developing person actively participates.” 

(p.25) 

Exosystem Indirect 

environment 

“One or more settings that do not involve the 

developing person as an active participant, but in 

which events occur that affect, or are affected by, 

what happens in the setting containing the developing 

person.” (p.25) 

Macrosystem Social and cultural 

values 

“Consistencies, in the form and content of lower-

order systems that exist, or could exist, at the level of 

subculture or culture as a whole, along with any 

belief systems or ideology underlying such 

consistencies.” (p.26) 
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Chronosystem Changes over time “the influence on the person’s development of 

changes (and continuities) over time in the 

environments in which the person is living.” 

(Bronfenbrenner, 1986, p.724) 

 

3.4.2 Development of the bioecological theory 

Urie Bronfenbrenner’ theory of human development was in a continual state of reassessment, 

extension and revision throughout his lifetime, from ecological to bioecological, but his theory 

has always been ecological in nature, stressing person-centred interrelatedness and the theory 

of person-in-environment (Tudge et al, 1997).21 In the mature iteration of Bronfenbrenner’s 

ecological theory he extended his ideas about the “bioecological model as a system” 

(Bronfenbrenner, 1995, p.621) to suggest a process-person-context-time model (PPCT) for 

conceptualising the integrated developmental system, with these four components interrelated 

in nature. Process refers to proximal processes or interactions between the individual and their 

environment, person the personal characteristics of the individual, context the environmental 

systems, and time the influence of time on development, both across the lifespan and 

generational. The later extensions of the theory introduced and emphasised proximal processes 

as fundamental to the theory and the key factor in development (e.g. Bronfenbrenner and 

Morris, 1998; Bronfenbrenner and Ceci, 1994).  

 
Bronfenbrenner criticised his own original theory as too focused on context, thus discounting 

the role of the individual in development and temporal factors. As suggested above, the 

bioecological theory places interactions, or proximal processes at the centre of the theory, as a 

potential explanatory variable between individual or contextual characteristics and an outcome 

of interest (Bronfenbrenner, 1988). Similarly, the PPCT model focuses more on the 

characteristics of the individual under investigation and time related influences on 

development, offering greater depth in understanding development (e.g. Bronfenbrenner, 

2005). 

 
21 Bronfenbrenner himself referenced this development of his theory, distinguishing the theory as “two 
periods: the first ending with the publication of the Ecology of Human Development (Bronfenbrenner, 1979), 
and the second characterized by a series of papers that call the original model into question” 
(Bronfenbrenner, 1988, p.4). 
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3.4.2.1 Proximal processes 

Proximal processes are the bidirectional interactions between a person and the people, objects 

and symbols in their immediate environment. These proximal processes “operate over time and 

are posited as the primary mechanisms producing human development” (Bronfenbrenner and 

Morris, 2006, p.795). The form, power, content, and direction of proximal processes that effect 

development “vary systematically as a joint function of the characteristics of the developing 

person; of the environment - both immediate and more remote - in which the processes are 

taking place; the nature of the developmental outcomes under consideration; and the social 

continuities and changes occurring over time through the life course and the historical period 

during which the person has lived” (Bronfenbrenner & Morris, 1998, p. 996). For proximal 

processes to be successful in stimulating effective and continuous development, the 

interactions must be reciprocal, progressively complex, and occur on a regular basis over an 

extended period of time.  By enhancing proximal processes and opportunities for such 

interactions, “it is possible to increase the extent of actualised genetic potentials for 

developmental competence” (Bronfenbrenner & Ceci, 1994, p.568). While this particular 

statement is of little relevance to the objectives of this study, it does offer an indication of the 

potential benefits of the type of interactions outlined above for the individual and in the case 

of this study, the PI.  

3.4.2.2 Person and Time 

While acknowledging the biological aspects of the developing person, Bronfenbrenner devoted 

more attention to personal characteristics that individuals bring into social interactions and 

serve as shapers of development, divided into three types: demand, resource and force 

characteristics (Bronfenbrenner, 2005). Demand characteristics are those that act as an 

immediate stimulus to another person, such as gender, age, and physical appearance. Resource 

characteristics are not immediately apparent, though sometimes induced from observed 

demand characteristics, and relate to mental (e.g. language, intelligence), emotional (e.g. past 

experiences), social (e.g. support network, access to education) and material resources. Force 

characteristics are active behavioural dispositions, such as motivation, temperament and 

persistence, that can positively or negatively affect proximal processes (e.g. drive to succeed).  

Another crucial element of the PPCT model is time, consisting of three subfactors. As 

Bronfenbrenner and Morris (1998) outlined, the time element is divided into micro-time (what 

occurs during a particular activity or interaction), meso-time (the level of consistency of 
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activities and interactions), and macro-time (variance in wider societal expectations, i.e. the 

chronosystem).   

3.4.3 Criticisms of bioecological theory 

Of course, alongside the vast potential for utilising the various elements of the bioecological 

theory, there are a small number of limitations, criticisms and misuses of the model. For 

example, Tudge et al (2009, p.198) highlighted the incorrect research procedures sometimes 

used in applying Bronfenbrenner’s model, in particular in relation to confusion about which 

version of the theory to apply, “resulting in conceptual confusion and inadequate testing of the 

theory,”22 with the majority of applications centred solely on the theory as a mapping tool. 

Perhaps the biggest critic of the original ecological theory was Bronfenbrenner himself, 

believing that it was too narrowly focused on context, and as such, developed the bioecological 

theory to address other elements relevant to development. Beyond Bronfenbrenner’s own 

critique of his theory (e.g. Bronfenbrenner, 2005), other criticisms of the theory include 

individual and cultural processes treated as separate entities	(Rogoff, 2003), the framework as 

too broad and unwieldy (e.g. Caswell, 1988; Payne, 1991) and too abstract and impractical for 

application (Wakefield, 1996; Finn and Jacobson, 2003).  

3.4.4 Applications of bioecological theory 

Beyond direct application of the bioecological theory to developmental research (e.g. Farrant 

and Zubrick, 2010; Benson and Buehler, 2012), the theory has been adapted and applied across 

ever widening research areas, including education systems (e.g. McKown, 2005), occupational 

practices (e.g. Beaton, 2000), public mental health research (Eriksson et al, 2018), and nursing 

studies (e.g. Hickey et al, 2013). It should be noted that Tudge et al (2016), in their recent 

systematic review of the appropriate use of the bioecological theory, identified only two articles 

that fully and correctly applied the theory to their study from 2010 to 2016. Through scoping 

searches of the available literature, it appears that this study is the first attempt to apply the 

bioecological theory in the medical device field and in addressing impact from the micro-level 

perspective of the PI.  

 

 

 
22 Tudge et al. (2009) examined 25 articles published from 2001 to 2008 all based on Bronfenbrenner’s 
theory, finding that only four of these used the theory appropriately in their research.  
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Summary – Bioecological Theory  
 
From this discussion, it is clear that Bronfenbrenner’s ecological model can be a highly useful 

theoretical framework for understanding the influence of the individual on their environment 

and vice versa, as well as a mapping tool to categorise the different environmental levels 

involved. (e.g. Vélez-Agosto et al, 2017)  Furthermore, similar to the productive interactions 

theory presented by Spaapen and van Drooge (2011), and the emphasis placed by translational 

research models on scientists’ interactions and collaborations, the ecological model places 

central significance on proximal processes, the interactions between the person and their 

immediate environment. As the literature highlights, bioecological theory has in the majority 

of cases been used as a simple mapping tool. This study will look to apply the theory in a more 

in depth and appropriate manner, utilising the various elements to enhance the capabilities of 

the framework. Combining these three concepts into a tentative framework for impact 

orientation, with translational research as a frame of reference, and Bronfenbrenner’s 

ecological model as an overarching theoretical framework, this study can seek to gain a better 

understanding of the impact orientation of PIs in the medical device sector.  
 

3.5 Assimilating strands of research into a tentative conceptual model 
 
So far, this discussion has reviewed key literature on PI roles and activities, motivations and 

their influence on the conduct of research, the impact agenda, impact understandings, and 

attempts to conceptualise impact for evaluation purposes, the translational nature of medical 

device research, and the bioecological theory and its potential applications. Now, the core 

messages emerging from the literature, as they relate to this study’s research objectives, will 

be used to construct a tentative framework for medical device PI impact orientation, from 

which the findings of this study will be incorporated into in Chapter 6. 
 

3.5.1 Key messages from literature 
 
Message 1 – PIs are a central actor in the conduct and advancement of research 

PIs, as the leaders of publicly funded research, have a wide variety of roles and responsibilities 

beyond the traditional view of academic leaders as lead scientists and project managers. PIs 

are also responsible for the ‘third mission’ goals of projects, how the research will be delivered 

to address societal needs and market demands. PIs engage in a number of activities in this 
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regard, including entrepreneurship and commercialisation activities, strategic planning, 

knowledge brokerage, boundary spanning, and environmental scanning. PIs could have a wide 

variety of motivations for taking on the PI role on a project, particularly for the wide range of 

scientists taking on the role of PIs of medical device public research, with these motivations 

potentially influencing project goals, outputs, outcomes and impact. However, despite the 

focus placed on some elements of impact orientation, there was a scarcity of literature explicitly 

focusing on PIs and impact, the impact agenda, and their influence and engagement with the 

broader impacts of research, specifically in relation to medical device research processes and 

practices.   
 
Message 2 – Importance of impact to society  

With the changing relationship between science and society, from science and society towards 

science for and with society, increased emphasis has been placed on accountability and 

transparency of science. Mission-oriented research policies of governments, to address the 

‘grand challenges’ affecting society, now require publicly funded scientists to demonstrate both 

academic and non-academic contributions of their research for societal impact. As a result of 

this changing relationship, the impact agenda has risen up the policy ladder to become a central 

priority of publicly funded research, particularly in fields related to medical device research. 

The impact potential of projects needs to be considered by funders and researchers alike when 

allocating resources, time and efforts to maximise translation potential and societal relevance 

and minimise waste, thus bridging the translation gap.  
 
Message 3 – Significant and substantial issues in impact measurement, assessment and 

evaluation 

Issues of attribution and temporality of impact are sources of concern in impact debates, 

particularly in relation to attempts to measure, assess and evaluate the broader impacts of 

research. The complexity of impact, as discussed throughout this chapter, leads to issues in 

defining and categorising impact, and thus, in how PIs understand and approach the impact of 

their research. Other issues outlined in this chapter include concerns as to the effectiveness and 

accuracy of current impact metrics and indicators, oversimplification of the road to impact 

(including linear models of impact), the time and administrative burden attached to many 

current RIEFs, and the primary focus on positive impacts, potentially overlooking controversial 

or negative, but nonetheless important impacts of research activities (e.g. grimpact). Another 

potential issue for medical device PIs in particular is their position on the translation continuum 
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from bench to bedside, with many PIs of medical device-related research far removed from 

application, and possibly impeded in their broader impact focus beyond academic 

environments. As such there is scope for additional, complementary approaches to impact from 

the micro-level PI perspective. 
 
Message 4 – Impactful research requires stakeholder interactions 

There is a clear focus in many international research impact assessment and evaluation 

frameworks on requiring publicly funded scientists to engage with academic and non-academic 

stakeholders of research, including academics within and outside their own field or discipline, 

industry, government bodies, the general public and the end users of research. Through these 

‘productive interactions’ and collaborations, broader impacts of research can be enhanced, to 

ensure the research carried out has relevance to stakeholders, the beneficiaries of research 

impact. Furthermore, there has been some research on PIs involved in medical device research, 

as identified through the systematic literature review, and the need for scientists to identify and 

collaborate with stakeholders across relevant environments to enrich the impact potential of 

research projects.   
 
Message 5 – Applicability of the bioecological theory for PI impact orientation 

The final core message from this literature review is the potential applicability of the 

bioecological theory in conceptualising impact orientation of PIs of medical device public 

research. The process-person-context-time model (PPCT) offers a number of promising 

elements that could address the issues of impact, while also serving as a micro-level framework 

with the PI at the centre. The process element of the model emphasises the importance of 

proximal processes between systems, thus addressing the need for ‘productive interactions’ 

between PIs and stakeholders. The proximal processes are the key element of Bronfenbrenner’s 

theory, the primary mechanism through which human potential is actualised, and as such form 

the clearest connection to theories of approaches to impact that focus on stakeholder 

engagement and collaboration as key to generating impactful research. Personal characteristics 

are also included in this model, which could play a role in PI impact orientation (e.g. experience 

level, motivation). The context component of the model, with the associated five environmental 

systems of interaction, offer a framework in which to identify and map stakeholder interaction 

and impact potential (see figure 3.2 below). Finally, the time element of the bioecological 

theory allows for considerations of the various temporal factors and issues of translation and 

impact.  
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3.5.2 Towards a tentative ecological framework 

 

Using these core messages as foundational elements, with the bioecological theoretical model 

as a framing device, it is possible to construct a tentative conceptual model for impact 

orientation of PIs of public medical device research. The discussion above outlines the many 

issues of impact understanding, in conceptualising impact to address the many audiences and 

beneficiaries of science, but in general these attempts start with the macro-level perspective of 

impact and research systems. As outlined in message five, the bioecological theory offers an 

alternative approach, from the micro-level perspective of the PI.   
  
Reconceptualising research impact through the prism of the PI perspective offers a novel lens 

through which to view impact, due to the PI position in research processes as key actors in the 

conduct and advancement of science. In placing the PI at the centre of the ecological 

framework, as Bronfenbrenner did with the developing human, we can explore how PIs 

understand and approach impact in their research, and the factors and barriers involved. This 

framework could be of particular use to PIs in basic, underpinning, ‘bench’ research related to 

medical device research, offering them a framework that can support them in mapping and 

planning for the potential impacts and relevant stakeholders for their research project, despite 

their distance from the ‘bedside’. 
 
This study proposes a tentative ecological framework for impact orientation using the 

ecological systems theory of the five concentric circles representing spheres of influence as a 

mapping tool for PIs to plan for impact. The framework places the PI at the centre of the 

microsystem, having most direct influence or impact on the people, structures and systems 

closest to them, the further out from the centre the PI’s research reaches, the greater the 

expansion of their impact on the system as a whole. Utilising this model, PIs can plan for 

stakeholder interactions across environmental systems, as well as map where they intend to 

direct their research to create impact, from the micro-level to macro-level. 
 
An example of how this framework could be used to identify and visualise stakeholder 

interactions is presented in Figure 3.2. This visualisation serves as an illustrative example of 

how PIs could map the interactions they engage in with stakeholders to enhance the impact 

potential of their work. The framework of nested systems can benefit PIs to gain an 
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appreciation of the concept that they are located in the centre of their research environment and 

thus are in a key position to influence the potential impact of their research activities. From 

their position in the microsystem, PIs can engage with project partners and their project 

research team. This immediate environment is nested within broader exo- and macrosystems 

that can influence research processes and research impact impact. This tentative framework is 

revisited in greater detail in light of the findings of the qualitative study undertaken in Chapter 

6.  
 

 
Figure 3.2: Sample ecological systems model application for PI impact orientation 

 
The methodology design and implementation are outlined in the next chapter to provide the 

reader with an overview of the methodological approach undertaken for this study, including 

theoretical considerations, the design of the data collection tool, how the research was 

implemented, and the data was analysed, leading to findings present in detail in Chapter 5.    
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4. Methodology 
 

Introduction 
 
This chapter describes the methodology designed and implemented to address the overarching 

aim and objectives of this study. The chapter is divided into four sections. To begin, the 

rationale for this study is outlined, reiterating the overarching aim and five objectives, as 

previously outlined in the introduction. Next, the study design, research methods chosen and 

how the research position of the author was established are outlined. Following this an 

overview is presented of how the study was implemented, including the issues that arose 

relating to the implementation of the study, such as ethical considerations, sample and data 

collection and analysis. The final section of this chapter addresses the limitations and 

mitigations of this study. 
 

Section 4.1 – Rationale for the study 
 
Policymakers are placing increased emphasis on scientists to demonstrate the impact of their 

research, and yet there exists a lack of consensus on how best to define, understand, measure, 

assess and evaluate the impacts of research. Similarly, research on principal investigators is an 

emerging field and to date no studies have addressed PIs in the medical device sector or PIs 

influence on impact. Therefore, this study explores the impact orientation of PIs involved in 

medical device public research. As outlined in Chapter 3, Urie Bronfenbrenner’s bioecological 

theory will provide us with a framework for understanding impact orientation of PIs. This study 

seeks to build on the emerging field of research on PIs, as well as extending PI research into 

the medical device research field.  
 
Considering this rationale, and as outlined in the literature review, the overarching aim of this 

study is to explore the impact orientation of PIs involved in medical device research 

through the exploration and identification of the antecedent, organisational, project and 

individual factors and barriers that may influence, enhance, or hinder, their impact 

orientation.  

 
The objectives of this study are as follows: 

1. To identify the antecedent factors that influence PI impact orientation. 

2. To identify the preferred impacts of PIs of medical device research. 
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3. To identify and classify the governmental, organisational, project and individual-level 

facilitators and barriers influencing the potential impact of a research project and the 

stakeholders and collaborators involved. 

4. To make recommendations for  how medical device PIs and policymakers can improve 

the potential impact of research.  

5. To inform future studies on how PIs understand and enhance the potential impact of 

their research, both in medical device related research and in academic research in 

general. 

Section 4.2 – Designing the study 
 
This section addresses three core issues in deciding on a suitable study design. First, the 

qualitative methodology adopted for this study is described, offering an insight into how this 

study approaches the research objectives and investigates PI impact orientation. The research 

position of the author is described and how the data collection tools were subsequently 

designed. Before that the theoretical considerations for the research design are outlined, using 

a critical realist approach as the theoretical underpinning for this study.   

4.2.1 Theoretical considerations for the research design 

 
This study follows the critical realism research paradigm as the theoretical approach to the 

research. Features of critical realism that are useful for this study are that it is an inclusive 

approach, recognising a range of different methodologies that can be applied in different 

contexts. Critical realism also recognises the power of the individual in relation to structure 

and aligns well with the focus on the PI as the individual actor and examining the world (in 

this case, impact orientation) from this micro-level perspective.   

 

Social enquiry is shaped by assumptions we make about the nature of society, the nature of 

reality or the social world (ontology), how we view knowledge (epistemology) and the values 

within that society. Ontological assumptions give rise to epistemological assumptions, which 

influences methodological considerations that then affect data collection choices (Cohen et al, 

2007). As such, research methods are not simply a technical exercise to address the research 

questions but are based on how the researcher understands and views the world, what 

understanding means and the purpose of understanding. Three of the most common theoretical 

approaches, or research paradigms, to conducting research are positivism (e.g. Platt, 1981), 

interpretativism (or constructivist) (e.g. Hughes, 1990) and critical realism (e.g. Bhaskar, 



 83 

1989).  Whereas positivism assumes that all science share a common set of principles and logic 

(and thus focus mainly on quantitative research techniques), and interpretivism looks to “grasp 

the subjective meaning of social action” (Bryman, 2004, p.13) (thus focusing on qualitative 

techniques), the critical realist approach assumes reality to have multiple layers involving 

structures or mechanisms that can cause or influence what is observed or experienced.  
 
First emerging through the work of Bhaskar as an alternative to positivism or interpretivism 

(Denzin and Lincoln, 2011), critical realism “helps researchers to explain social events and 

suggest practical policy recommendations to address social problems,” (Fletcher, 2017, p.181) 

utilising components of both positivist and constructivist approaches. Critical realism offers 

that the world is “theory-laden, but not theory-determined” (ibid, p.182), with an ontological 

view of reality stratified across three levels; the empirical, the actual and the real. The empirical 

level encompasses events as we experience them, whereas the actual level consists of events 

without the filter of human experience. The third level, the real level, allows for the existence 

of causal structures, whereby there exist structures or mechanisms that cause or influence what 

is observed or experienced. The focus of critical realism is on these causal structures or 

mechanisms “to explain social events” (ibid, p.181).  

 

Robson (2002) outlines how critical realism is sympathetic to the two ends of the ‘paradigm 

wars’ of traditional positivism and the constructionist view. Critical realists accept that 

knowledge can exist and be shared by individuals, but that the subjective views of each 

individual can influence their experience of that knowledge. Critical realism also allows for 

both deductive and inductive processes in the study’s research design, thus focusing on further 

understanding and clarification of structures and mechanisms. Furthermore, critical realism 

holds that, unlike naïve realism, there is a distinction between the objects that are the focus of 

an enquiry and the terminology we use to conceptualise them (Sayer, 1999). The approach 

undertaken in this study is qualitative in nature to address the research aim and objectives. It 

was deemed a suitable methodology to explore impact at the level of the individual PI, with 

the critical realist paradigm found to be a suitable theoretical approach to support the 

explorative and qualitative nature of the study. As Bhaskar surmised (1989, p.2):  

“We will only be able to understand – and so change – the social world if we identify 

the structures at work that generate those events and discourses… These structures are 

not spontaneously apparent in the observable pattern of events; they can only be 

identified through the practical and theoretical work of the social sciences.”  
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Research Approach 
 
Due to the largely explorative nature of this study, a qualitative approach was the chosen 

methodology for the study. According to Cresswell (1994), “a qualitative study is defined as 

an inquiry process of understanding a social or human problem, based on building a complex, 

holistic picture, formed with words, reporting detailed views of informants, and conducted in 

a natural setting.” Qualitative research is based on the subjective, looking at human realities 

instead of concrete realities of objects (ibid).  
 
A qualitative methodology was chosen for exploration of PI impact orientation for a number 

of reasons: 

• The goal of qualitative research is “to discover patterns which emerge after close 

observation, careful documentation, and thoughtful analysis of the research topic” 

(Morehouse & Maykut, 2002, p.21). 

• It enables multiple realities to be explored in a topic with limited formal previous 

inquiry (Denzin & Lincoln, 2018). 

• It provides a method to explore ‘insider’ viewpoints, where the researcher “spends 

many hours in the field, collects extensive data, and labours over field issues of trying 

to gain access, rapport, and an “insider” perspective” (Creswell & Poth, 2017, p.49). 
 
PI research can still be considered an emerging field, and as such exploration for deeper 

understanding is the main activity to be undertaken. As such, a qualitative study is appropriate, 

when “variables cannot be easily identified, theories are not available to explain behaviour of 

participants or their population of study, and theories need to be developed” (ibid, p.48). The 

majority of studies on PIs to date have also undertaken a qualitative approach. Furthermore, 

qualitative methods can reveal nuances of PI impact orientation and examine in more detail the 

complexities and depth of context. For these reasons a qualitative design approach has been 

chosen, with the additional aim of informing future research avenues. 
 
It should be noted that originally, a mixed methods approach was the chosen methodology for 

the study, including both quantitative and qualitative methods in separate phases of the 

methodology. As is common practice in real world research, the benefit of a mixed method 

approach is that rather than employing a strictly positivist or constructivist approach, a 

combination of the two research paradigms could maximise the strengths and minimise the 
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weaknesses of each approach (Bryman, 2004). Mixed methods research can be defined as “the 

class of research where the researcher mixes or combines quantitative and qualitative research 

techniques, methods, approaches, concepts or language in a single study” (Johnson & 

Onwuegbuzie, 2004, p. 17). However, due to the volume and quality of data obtained in the 

qualitative phase of the study, and the extreme difficulty in obtaining survey responses for the 

quantitative phase of the project (an international survey of PI perspectives and approaches to 

impact), it was decided to focus solely on a qualitative methodology for exploring this 

relatively unknown area of the impact orientation of PIs involved in medical device research. 
 

Selecting the sample and sample size 
 
Once the research method was chosen, the next step was to choose a suitable sample for the 

study. The participants in this research are principal investigators involved in medical device 

research. The qualitative approach undertaken for this study involved interviews with a full 

population of PIs affiliated with and funded through CÚRAM, the Irish Centre for Research in 

Medical Devices. (See section 2.3 for a full description of CÚRAM). A total of 56 PIs were 

contacted in relation to the qualitative study, with 38 PIs agreeing to take part. Table 4.2 below 

presents an anonymised overview of respondents’ professional title, gender, position in 

academic institution, research area and years as PI. 
 
In relation to the analysis method utilised and sample size, guidance on sample size for thematic 

analysis, the chosen method of data analysis, is nonspecific and guided by the needs of the 

study (Braun & Clark, 2006). Therefore, it was decided that this sample of 38 PIs was 

sufficiently large to address the needs of this study, as it was similar to previous qualitative 

studies on PIs of roughly 30 in the sample. The sample size was deemed adequate (large enough 

for replication to occur) and appropriate (interviewees as experts in the explored area), with 

data reaching a point of saturation, both in terms of scope and replication (Morse, 2015).  In 

general, sample size for qualitative studies is guided by saturation, “the gold standard by which 

purposive sample sizes are determined in health science research” (Guest et al., 2006, p.60). 

Saturation is defined by Morse (2015, p.587) as “the building of rich data within the process 

of inquiry, by attending to scope and replication, hence, in turn, building the theoretical aspects 

of inquiry.” Additionally, saturation supports research rigor, identified by Morse (ibid) as “the 

most frequently touted guarantee of qualitative rigor offered by authors.” Fusch and Ness 
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(2015, p.1408) add that failure to achieve saturation before discontinuing data collection has 

“an impact on the quality of the research conducted.”      
 

Designing the data collection tools 
 
Table 4.1 presents the data collection tool designed and implemented in order to collect suitable 

data to address the objectives of the study.  

 
Table 4.1: Tools used to collect the data required to address the objectives of the study 

Research objective Tool to meet objective 

 

To identify the antecedent factors that 

influence PI impact orientation. 

 

Qualitative data collected from PI interviews 

To identify the preferred impacts of PIs of 

medical device research. 

 

Qualitative data collected from PI interviews  

To identify and classify the governmental, 

organisational, project and individual-level 

facilitators and barriers influencing the 

potential impact of a research project and the 

stakeholders and collaborators involved. 

 

Qualitative data collected from PI interviews 

To make recommendations as to how 

medical device PIs and policymakers can 

improve the potential impact of research.  

 

Qualitative data collected from PI interviews, 

and based on results from objectives 1-3 

To inform future studies on how PIs 

understand and enhance the potential impact 

of their research, both in medical device 

related research and in academic research in 

general. 

 

This objective will be addressed primarily in 

Chapter 7, based on results from the other 

four objectives (Chapter 6)  
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Qualitative research design 
 
The main qualitative element of the study design consisted of semi-structured interviews with 

the group of PIs involved in medical device research in Irish academic institutions and affiliated 

with CÚRAM. The interviews were semi-structured in design to allow for a suitable amount 

of flexibility in terms of providing PIs the freedom to offer and explore their own perspectives 

and experiences related to impact, thus allowing for unexpected opinions or perspectives not 

addressed in the interview schedule (Hair, Celsi, Money, Samouel and Page, 2011). Semi-

structured interviews are an appropriate qualitative instrument due to the level of detail they 

can produce (Bell, 1987), providing richer, more descriptive data than quantitative research 

methods (Brewer, 2007). Similarly, Patton (2002, p.340) suggests that interviews can help us 

discover things “we cannot directly observe,” including the “feelings, thoughts and intentions” 

of the interviewees. Qualitative interviews can provide this study with real life examples that 

can strengthen and elaborate on findings or results of other analyses.  
 
The interview schedule was developed based on relevant or similar studies in the literature 

outlined and reviewed in Chapter 2, as well as through consultation with the study supervisors 

and the Translation Group at CÚRAM. This group consists of CÚRAM researchers identified 

as working in the translation space, including biostatistics, health economics and regulatory 

affairs, who meet three to four times per year to discuss progress on CÚRAM translation 

projects. The schedule explored respondents’ motivations for taking on the role of PI and the 

challenges involved, their main roles and responsibilities as PI, investigating how each 

respondent views the impact of their research and the efforts they make to realise that impact. 

Each question had a number of prompting questions to encourage respondents to offer more 

information, if required. A final, ‘catch-all question’ was included in the interview schedule, 

to capture any other information the PI wanted to offer in relation to impact of their research. 

(See Appendix E for open-ended interview schedule). Alongside the interview data gathered, 

some descriptive data on each PI’s academic and commercial background was collated from 

online sources, to verify details offered by PI respondents, and for further comparative 

purposes during analysis.  
 
The interview schedule was piloted with a subset of the PI sample (n=5) to assess the 

appropriateness and effectiveness of the schedule. Following preliminary analysis of the pilot 

interview transcripts and discussions with the study supervisors, slight revisions were made to 

the structure of the interview schedule to focus more on the PI views on impact and the 
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approaches undertaken. Nonetheless, these pilot interview transcripts contained a significant 

amount of relevant and rich data and so were included in the main study sample. 
 

Section 4.3 – Implementing the study 
 
Three issues relating to the study are outlined in this section. First the ethical considerations 

are discussed. This is followed by details on the actual qualitative data collection process. 

Lastly, the method of analysis for the data gathered is outlined.  

Ethical considerations 
 
Before beginning data collection for the study, a formal application was made to the Research 

Ethics Committee at NUI Galway. The objective of the Research Ethics Committee is to 

safeguard the health, welfare and rights of human participants and researchers in research 

studies. As such, the committee reviews studies to ensure there is minimised predictable risk 

to both the participants and researchers of the study. While there was little apparent risk 

involved in investigating PI impact orientation, the committee’s approval was sought, and 

information provided on the study proposal, participant information sheets and consent forms, 

and sample emails to potential participants. After reviewing the application, the Research 

Ethics Committee granted full ethical approval to the study. 
 
Confidentiality 
 
The most important ethical consideration for this research was in relation to confidentiality. 

Many of the PIs involved in this study are at a senior position in their career and in their 

institution, are often involved in industry partnerships and publicly or privately funded research 

projects with high levels of funding. Respondents could therefore offer information on these 

that may be of a sensitive nature. As a result, confidentiality and anonymity of each PI is of the 

utmost importance. To safeguard confidentiality, participant anonymity was ensured by 

allocating each participant a unique identifier number and deleting any identifiable information 

to prevent ‘singling out’ or data linking.   
 
Data management 
 
The key between the participants’ identity and identifier number, recordings and transcripts 

were saved in separate folders on a password protected PC and a back-up copy on memory 

stick in a locked filing cabinet in the supervisor’s office. Interview recordings and 
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transcriptions will be stored securely offline on a password protected PC and then destroyed 

five years after completion of the study, in line with guidelines provided by GDPR and NUI 

Galway’s Research Ethics Committee. 

Data collection  

The process of data collection was carried out through collecting qualitative data from 

CÚRAM-funded PIs involved in medical device research. 
 
Qualitative Data from CÚRAM PIs 
 
The group of PIs under investigation were chosen due to their affiliation with CÚRAM, as 

principal investigators in charge of medical device public research projects. A primary reason 

for deciding on this cohort as the focus of this study was the variety of disciplinary backgrounds 

of PIs involved across the translation continuum; from basic scientific discovery to clinical 

research, as well as their specific focus on medical device research. Medical device research is 

a dynamic, complex area of research currently in vogue in global health research, as outlined 

in Chapters 1 and 2.  
 
All CÚRAM-affiliated PIs were systematically contacted by email to invite them to partake in 

a semi-structured interview on their experiences to date as a PI and their views on and 

approaches to impact. There were a total of 38 respondents of the 56 CÚRAM-funded 

investigators identified and contacted.  The majority of PIs interviewed were male (29 

compared to 9 female PIs), with 22 PIs holding professorships (19 males, 3 females). The PI 

interviewees in this study worked across five Irish academic institutes, with the vast majority 

(n=27) located in NUI Galway, while the other eleven interviewees were spread across five 

other Irish universities and academic institutes. PIs were asked how many years they had been 

in the PI role, with levels of experience varying greatly across the sample. The average number 

of years of PI experience of respondents was 13 years. (See Table 4.2 for breakdown of 

experience levels). Disciplinary backgrounds of PIs were diverse, from basic scientific 

domains such as cell biology and anatomy, through to applied and translational disciplines, for 

example biomedical engineering and medicine (see Table 4.2) The most common broad 

disciplinary area in which PIs were based was engineering, with this including a wide variety 

of engineering areas, including biomaterials, mechanical and biomedical.  Due to the small 

number of total PIs funded by CÚRAM, limited and high-level information is provided on the 

backgrounds of PIs involved in the study, in order to avoid potential identification of PI 

respondents.  
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Table 4.2: Characteristics of PI sample23 

Title Gender Position with 
Institute24 

Research Area25 Years as PI 
range 

Prof M Head of 
Department 

Medicine >15 

Prof M Senior lecturer Translational 
research26 

5-15 

Dr M Lecturer Engineering <5 
Prof M Professor Chemistry >15 
Dr M Senior lecturer Engineering >15 
Prof M Head of 

Department 
Pharmacology 5-15 

Dr M Lecturer Engineering 5-15 
Prof F Professor Pharmacy >15 
Prof M Professor Translational research >15 

Prof M Professor Translational research >15 

Prof M Head of 
Department 

Biology >15 

Prof M Head of 
Department 

Chemistry >15 

Dr M Lecturer Engineering 5-15 
Dr M Head of 

Department 
Biology >15 

Prof F Associate 
professor 

Pharmacy 5-15 

Dr M Senior lecturer Engineering 5-15 
Prof M Head of 

Department 
Biology 5-15 

Prof M Professor Medicine >15 
Prof M Professor Pharmacology 5-15 
Prof M Professor Health sciences 5-15 
Prof M Professor Engineering >15 
Dr M Senior lecturer Physics 5-15 
Dr F Senior lecturer Biology >15 
Dr F Senior lecturer Translational research 5-15 

Prof M Senior lecturer Biology 5-15 
Dr F Lecturer Science <5 

 
23 Order in which PI characteristics are presented were randomized, to further safeguard PI anonymity.  
24 Academic positions were obtained from the PIs’ institute website, with head of department used as an 
umbrella term for head of school, director of centre, etc. 
25 Research areas of PIs were obtained from the PIs’ institute website, and then categorised by broad 
disciplinary area, to minimize the risk of identification of respondents.  
26 Translational research was used as an umbrella term for any PI research areas that provide translation 
support for medical device research beyond traditional health science and medical device research areas.  
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Dr F Senior lecturer Chemistry >15 
Prof F Professor Engineering 5-15 
Prof M Head of 

Department 
Pharmacology >15 

Prof M Professor Translational research <5 
Prof M Head of 

Department 
Engineering 5-15 

Other  F Head of 
Department 

Health sciences 5-15 

Prof M Head of 
Department 

Engineering >15 

Dr M Lecturer Engineering 5-15 
Dr M Other Translational research 5-15 

Prof M Head of 
Department 

Translational research <5 

Dr M Head of 
Department 

Engineering <5 

Dr F Head of 
Department 

Health sciences 5-15 

 
The interviews were conducted either in person (n=29), over the phone (n=8) or by Skype call 

(n=1), with interviews lasting between 25 minutes and over one hour, averaging 33 minutes, 

carried out between September 2017 and March 2018. The length of interview was determined 

by both the interviewer and interviewee, the interviewer having asked all they felt was relevant 

to the study, as well as the participant having offered all they wanted to say, as appropriate for 

thematic analysis (Braun and Clark, 2006) as outlined below. Interviews were recorded and 

transcribed with interview transcriptions amounting to over 250 pages of interview data, 

averaging 4,300 words per interview transcription. As the interviews were semi-structured and 

open-ended in design, each interview was distinctive in terms of the level of detail obtained on 

the core themes. 
 
Overall number of research participants 
 
The total number of research participants for this study is 38 PI interviewees. 
 

Methods of data analysis  
 
Following data collection, interviews were transcribed by the authors, and then analysed using 

the Nvivo 11 software package. The transcribing of interview recordings was carried out by 

the author, with the process deemed an effective method to begin to familiarise oneself with 

the data (Braun & Clark, 2006). Furthermore, this process is recognised as “an interpretive act, 

where meanings are created, rather than simply a mechanical one of putting spoke sounds on 
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paper” (Lapadat & Lindsay, 1999). Nvivo was chosen as an appropriate qualitative analysis 

software tool due to it allowing one to easily and powerfully manage the large amount of data 

gathered, as well as to identify patterns and themes from the data, to better prevent information 

overload and make more sense of the data (Miles & Huberman, 1994). This software also fits 

appropriately with the chosen method for analysing the interview data, thematic analysis 

(Brooks et al, 2015).  
 
Thematic analysis was the chosen method of analysis as it allows for a large amount of data 

from numerous respondents to be analysed and synthesised into a coherent and meaningful 

account (Boyatzis, 1998). Braun and Clark’s (2006) model of thematic analysis was chosen, 

first and foremost for the flexibility that the model allows, as well as offering a clear and usable 

systematic framework for undertaking thematic analysis. Critical realism is consistent with this 

form of analysis, though thematic analysis is not related to one single epistemological position 

(ibid). Braun and Clark offer a practice-based, structured method to analyse and synthesise a 

large amount of interview data from many participants, through either an inductive or deductive 

analysis of the chosen data. This approach involves six stages of data analysis, beginning with 

data familiarisation (primarily involving the verbatim transcribing of interview data and active 

reading and rereading of the transcriptions), creating initial codes, and defining, reviewing and 

refining themes and subthemes by grouping the initial codes. Coding involved the 

identification of topics, issues, factors, etc. as revealed through respondents’ narratives and 

interpreted by the researcher. Creating themes involved gathering codes from one or more 

transcript to present higher-level findings, with themes tending to emerge through answering 

the question, ‘what is this expression an example of?’ (Ryan & Bernard, 2003, p. 87). An 

example of the process is presented in Figure 4.1 below, relating to some of the initial coding 

and the eventual theme of complexities of impact and related subthemes. It should be noted that 

this figure provides a simplistic illustrative example of the thematic analysis process only, as 

the full list of initial codes and the five stages of thematic analysis would be too exhaustive to 

represent in a diagram. 
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Figure 4.1: Illustrative example of theme and subthemes developed from initial codes  

 
As outlined by Braun and Clark, themes are continually reviewed and refined throughout the 

process, with the final themes intended to provide a detailed, in-depth description of the data, 

supported by relevant quotes from respondents. Frequency of coding was considered when 

creating themes, but was not of vital importance, as a single occurrence of data could be as 

useful as many when investigating an underexplored area, as qualitative research is concerned 

with meaning, as opposed to making generalised statements (Crouch and McKenzie, 2006). 

Thematic analysis was also utilised for the systematic literature review carried out as part of 

the review of relevant literature for this study.  
 
The analysis undertaken was of an inductive nature, in order to develop ‘bottom-up’ themes, 

so as to allow for unpredicted participant perspectives, rather than being led by previous 
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findings from similar studies. In this way, we can hopefully avoid or negate for biases or 

assumptions from the literature or the researcher’s own opinions or beliefs (Creswell & Poth, 

2017). It should be noted that at times throughout the thematic analysis process, the researcher 

felt that some of the coding and identification of themes was being informed by the PI 

interviews previously read. In order to negate this influence, interviews were reread, and coding 

double-checked in random order. As addressed by Pope et al. (2000), due to the researcher’s 

continual involvement in both data collection and data analysis processes, this researcher-

informed analysis is almost impossible to avoid in qualitative inquiry. While this is not possible 

to exclude from analysis, it can also serve as a strength. In general, a qualitative approach 

supports a reflexive process that is deepened by researchers’ increasing depth of knowledge 

through the analysis process (Finlay, 2003), with reflexivity a key component of qualitative 

research.  
 

Section 4.4 – Limitations of the study 
 
Alongside the design and implementation processes outlined above, it is important to consider 

and highlight any limitations encountered in this study, along with suggestions to overcome 

these limitations. Although there are unknown limitations to any study, some of the limitations 

identified that may affect the outcome of this study are discussed below.  
 

1. PIs in this study were all funded, to greater and lesser extents, by CÚRAM, and so may 

have felt the need to mention them in the interviews, e.g. to promote the centre. The 

interviewer did attempt to make it clear with all PIs, throughout the interview, and in 

the information sheet, that this study looked to explore the views and actions of the PI 

in general, not in relation to their work with CÚRAM. Nevertheless, the larger study 

this paper is drawing from is being carried out under the CÚRAM umbrella, and while 

there is no direct focus on the centre’s performance or influence, PIs may have felt that 

they should be speaking positively about the centre. 

2. Another possible limitation of this study is that we only spoke with those PIs willing to 

be interviewed. Thus, the respondents were self-selected to participate in the qualitative 

phase of the study. There is no obvious solution to this, as it is an inevitable 

consequence of this type of research but nonetheless important to note. 

3. Because of the lack of a significant quantitative element to this study, for reasons 

outlined in section 4.2, there was no opportunity for triangulation of data across 
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methods, which could have strengthened further the validity and depth of the findings.  

4. This study focuses on perceived potential impact of research as opposed to real or actual 

impact. As such, a significant limitation of this study is this focus on perceived potential 

research impact. However, as alluded to in Chapter 2, impact is a highly debated 

concept and so focusing on micro-level perspective of how scientists understand and 

address the issue of research impact could offer fresh perspectives in the debate.  

5. Issues around terminology both in the definitions of medical device research, and 

perhaps more pertinently the variety of definitions and understandings of research 

impact, are another area of contention in the design and implementation of this study, 

as discussed in Chapter 3.  

6. From the early months of this study, the author intended to undertake critical realist 

approach to the entirety of the research process. However, as the research progressed 

and the empirical data began to emerge from the interviews, as well as the difficulties 

of recruiting PIs for the proposed but not included survey, the thematic analysis and 

ecological theory components of the study became more central to the research 

approach. While critical realism does underpin how the author would wish to approach 

research, as the research developed, it was in fact a more pragmatic approach that 

developed with an emphasis on the empirical research based on the ecological model. 
 

Chapter Conclusion 
 
This chapter set out to describe the design and implementation of the chosen methodology in 

order to address the overarching aim and related objectives of the study. Following a reiteration 

of the study rationale, aim and objectives, three key issues were discussed in relation to the 

design of the study; namely the theoretical considerations underpinning it, how the research 

position for the study was established, and the design of the data collection tool. Issues relating 

to the implementation of the work were then presented, including ethical considerations, the 

process of data collection and methods of data analysis. Finally, limitations of the study that 

may affect the outcomes were summarised. Next, the findings of the qualitative study are 

presented, providing the reader with the results of the thematic analysis in relation to the impact 

orientation of medical device PIs. 
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5. Findings 
Introduction 
 
This chapter presents the data gathered and analysed, using the thematic analysis approach 

outlined in Chapter 4, based on qualitative, semi-structured interviews with PIs involved in 

medical device research in Ireland. Using this inductive method, four overarching themes were 

identified with a large number of interrelated subthemes, as outlined below. The first section 

presents the main set of findings in relation to the impact orientation of medical device PIs, the 

views of PIs in relation to impact, and how they understand, define and categorise the impacts 

of their research. Section 5.2 outlines the factors identified, both personal and contextual, that 

may shape PIs’ impact orientation. This section also utilises Bronfenbrenner’s basic ecological 

systems theory to group these subthemes into micro-, meso-, exo- and macro-level factors. 

Section 5.3 then offers issues or barriers to impact from analysis of PI perceptions of impact. 

Section 5.4 summarises the approaches and strategies undertaken by PIs in relation to 

maximising the impact potential of the project. Finally, an overview of key findings is 

presented, with a more in-depth discussion presented in Chapter 6.   

 

For the convenience of the reader table 5.1 below groups numbers of respondents and is 

referred to as such throughout the chapter. 

 
Table 5.1: References for number of PIs 

 
Few PIs 1-8 
Some PIs 9-16 
Many PIs 17-24 
Most PIs 25-35 
Vast majority of PIs 36-38 
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Figure 5.1: Thematic Analysis Overview of Key Themes 

 

5.1 Perspectives on Impact 
 
The most common understanding of impact expressed by the PI respondents was a combination 

of scientific impact and some broader impacts. The scientific impact described by respondents 

aligned closely with the normative framework by which scientific research is measured, 

focusing on the traditional, well established metrics of publications, citations, h-indexes, 

impact factors, etc. The broader impacts offered by respondents generally included one or two, 

and sometimes all four, of the following impact categories: economic, human capital, health 

and societal. This separation of scientific and other categories of impact was indicated by many 

PIs, most simply expressed by PI27: “So broadly speaking there can be two types of research 

impact, you’ve got your scientific impact, and then you’ve got your societal or economic or 

commercial impact.” From the findings presented below it is clear that there is a significant 

amount of disparity between PIs in terms of their perspectives on impact, categories of impact, 

the impact agenda, approaches to engaging in potentially impactful research, and the factors 

and barriers at play in regard to PI impact orientation.  
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In the majority of cases, PI responses on the impact of their research were centred on impact 

outputs and outcomes, particularly the more established scientific or economic impact metrics 

or KPIs (key performance indicators) of recent research evaluation frameworks. For example, 

PI02, a highly translation-oriented PI, offered the following understanding of impact as “a 

broad congregation…it’s about publications… and patents and what can be commercialised, 

and obviously patient impact, which requires things to be commercialised or it’s not going to 

get through to patients.” This view highlights a number of different facets of the impact debate 

and agenda that are explored throughout this chapter, including focus on measurable indicators 

of both scientific excellence and broader impact, commercialisation as a route to health impact, 

and a general emphasis on the economic impact metrics of research.  
 
Some PIs emphasised the importance of the current impact agenda and the requirements for 

PIs to outline the potential impact of their project. PI35 offers an example of this view of the 

importance of current trends in research policy to emphasise impact: “Unless you can actually 

tell me how is that going to impact the patient, or impact the next generation of devices, there 

has to be a reason for what you are doing, or the path you are taking, always have in the back 

of your mind, how is this going to impact clinically or impact the patient.” This view was not 

shared by all PIs however, as will be presented throughout the findings that follow. 
 
The following sections separate and outline PI perspectives on the scientific and broader 

impacts of research, with broader impacts further separated into categories of impact as 

identified by respondents. Included in each section are some of the specific elements of each 

impact category highlighted by PIs as having significance in relation to their own impact 

orientation. 

5.1.1 Scientific Impact 
 
When asked the central question about the impact of their research, the majority of respondents 

(n=22) spoke of scientific-related outputs, outcomes and impacts. As an example, when asked 

about the impact of their work, PI16 responded: “So immediately as an academic I think about 

the journal publication that will come out of the research.” This sentiment was shared by almost 

half of PIs, who made some reference to publications, journals and impact factors of journals 

(JIFs). Some PIs, when first asked about impact, spoke only about JIFs, before being reminded 

of the purpose of the interview. Scientific impact is of course the most well established impact 

category for PIs and as such most likely the impact or concept they are most comfortable 
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discussing and engaging with, as PI31 suggests: “I’m very familiar with the process, it’s very 

easy for me to clear impact through publishing basic science papers.”  

5.1.1.1 Macro-level scientific impact  

 
While the majority of comments on scientific impact were specifically related to the traditional 

scientific impact metrics, as explored below, a few PIs spoke about the bigger picture in terms 

of their research having an impact within the scientific community. For example, a few PIs 

spoke about scientific impact in terms of improvements in scientific processes and methods, 

“the way people do things, or think about things” (PI27).  PI36, an established applied science-

oriented professor with over 20 years of PI experience, spoke passionately about the 

importance of macro-level scientific impact, beyond reaching the traditional KPIs for scientific 

quality:  

“We don't want to be just writing papers for the sake of it, we want to be writing papers 

that are actually saying something… that's important for the scientific community, they 

are providing a message that is of interest to the scientific community and that the work 

will have impact and will be cited…  for me impact is when our work is read and when 

our work is cited, the journey doesn't end when the paper gets published.” 

5.1.1.2 Scientific impact metrics 

 
Examples of scientific impacts offered by PIs most often focused on traditional metrics of 

scientific quality or excellence, including publications, citation counts, h-indexes, impact 

factors, journal and special issue editorships, conference presentations (including keynote 

addresses), and the organisation of and attendance at research symposia related to the PI’s 

research area. Through combinations of these metrics, PIs can showcase the scientific impact 

of their research “not one single metric tells the whole story” (PI21). Publication in high impact 

journals was the most commonly cited example of scientific impact, “the bread and butter of 

our jobs” (PI33), with PIs offering in-depth knowledge of the relevant importance of certain 

journals in their particular field.  With those who spoke about impact factors, PIs agreed that 

“in general they align, higher impacts are better journals” (PI29). This emphasis on impact 

factors and publications in the higher impact factor journals was particularly evident for 

scientists more “preoccupied with basic science” (PI31). PI16, a primarily basic science-

focused PI with over ten years PI experience, spoke about how they aspire to publish in high 

impact factor journals, “because there is a recognition in the field that if you’ve got really good 

research, it will be published in these journals” (PI16). 
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Many PIs praised the publishing process as generally suitable to assess the scientific quality of 

research. In particular, PIs pointed to the value of and trust in peer review, that peer reviewers, 

particularly in “the higher, or more reputable journals… hold you to account better, in terms of 

the value of the referee’s comments, and they will insist on the experiments are done properly 

and the right conclusions are drawn” (PI29). PI21 in particular emphasised the importance and 

value of peer review as a fitting evaluation process to gauge the scientific quality of research: 

“That’s why you use peer reviewers, people from that discipline that can assess it, and they 

know what is important and what is not important…  you get pretty good assessment of the 

quality of science”. 

5.1.1.3 Benefits of scientific impact metrics 

	
A common benefit for PIs for working towards scientific impact, as offered by respondents, 

was recognition from peers, as PI35 surmised: 

  

“I suppose it does give you, what we all want… I don't know is respect the word, or 

acknowledgement, or accolade, or something from your peers… And it does give you 

a little boost when you see your citations are going up, or particular papers, or you’re 

sitting at a conference and somebody else is presenting work, and your paper, see they 

did read it [laughs].”  

 

Alongside this, some respondents placed emphasis on the need to focus on scientific impact to 

improve their credibility and standing within the scientific community, “because first we are 

judged by peers in our science” (PI34), and that it has “knock-on effects to the kind of grants 

you get and the types of students who apply to you” (PI11). This sentiment about the benefit 

of publishing for grant applications was shared by PI31, stating: “that’s one of the first things 

they look for… reviewers go straight to your CV. Oh he has got x amount of papers, and his 

h-index is this.”  

 

A few PIs made note of the benefits of scientific impact for their own development, for example 

in feedback they receive from journal reviewers: “What I found out very quickly was that the 

feedback I was getting from journals really helped my actual work as a researcher, because the 

feedback was very detailed” (PI36). Another, perhaps obvious, benefit of publications 

highlighted by a few PIs was as an effective and important means of dissemination and 
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communication of their work.  PI36 outlined their strategy for using publications and the 

citation-based metrics associated with it to inform the direction of his own research into the 

future:  

“I track my citations very closely, I’ve got Google scholar alerts, so that I get an email 

every day telling me which of my papers have been cited the last day. I am also on 

ResearchGate… I am tracking that quite closely and seeing what work is getting cited, 

what work isn’t getting cited, and I’m trying to, so I’ve kind of got an awareness of 

that.” 
 
Another important aspect of scientific impact is in influencing others to build on research and 

develop further, with publishing offering the opportunity to have “people interested in what 

you do, and getting them interested, maybe then for other people to pick up what you do and 

continue it, and maybe even make it better… influencing scientific developments, or industrial 

developments” (PI28). 

5.1.1.4 Criticism of scientific impact metrics 

	
Some PIs offered criticisms of the established metrics for scientific impact, particularly 

publication-related metrics. PIs were concerned about the pressure that scientists are under to 

publish regularly and the focus in general on publications, that scientists are “over-focused on 

papers, and I think that is to the detriment of impact” (PI10). As PI32 emphasised, “to me, that 

is only half the story,” suggesting that in order to demonstrate impact, publications are not a 

comprehensive measure.  PI04 also emphasised this issue when speaking about their own views 

on impact, and their priorities in this regard: “I think there is much more value in transferring 

a process than in writing a paper.”  
 
Another related issue raised by a few PIs, including PI15, an experienced applied science-

focused PI, suggested that research could sometimes be designed primarily “to generate 

publications, which is not how it should be done,” whereby project design is centred around 

maximising publication potential over anything else, including societal relevance. A reason for 

this pressure to publish and emphasis on academic publications, offered by a few PIs, was the 

relationship between publications and career progression, as professed by PI12: “You stall in 

your publication count, you stall in your career. It is hard, very hard.” It should be noted that 

six PIs spoke specifically of not feeling any pressure in relation to publishing their work.  
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A few PIs offered criticisms of the JIF metric and the importance and value placed on 

publishing their research papers in high impact journals, “even within the journals I know well, 

you know the ones that we would publish in, the impact factors don't stack up necessarily” 

(PI17). PI32 expressed disappointment with the lack of connection as they saw it between 

impact factors of journals (or the publication potential of research) and commercially impactful 

research, a recurring topic discussed in detail in section 5.3 on the conflict between scientific 

and economic impact:  

 

“If I wanted to be simply producing high impact papers, then I would not be doing what 

I’m doing, I wouldn't be involved in manufacturing or commercialisation or patient 

trials, because they are high impact from the point of view of people, but low impact 

from the point of view of academic.”  

 

PI03 offered another concern related to the focus of academia on publications, the disconnect 

or lack of communication channels between publications and the general public: “At the end 

of the day really, how many people are able to read scientific publications, or proposals? Not 

many, a very small percentage, it is a club that can read it.”  
 

5.1.2 Broader impacts 
 
Alongside scientific impact, PI respondents offered a number of interrelated, sometimes 

overlapping, impacts they want their research to have, which this study defines as ‘broader 

impacts’. When speaking about broader impacts of research, many PIs offered similar 

sentiments on the actual value or impact of research. For example, speaking about broader 

impact from their research, PI05 asked the question “why are we actually doing research?” 

referencing the wider, macro-level goals of research. A similar comment was offered by PI08: 

“The real question is, is there any value in knowing it?” This idea of value of research was 

shared by many PIs when speaking about broader impacts of research. While there was 

significant disparity between PI perspectives and categorisations of the broader impacts of their 

research, four key subthemes, or categories, were identified through thematic analysis of the 

interview data, namely economic impacts, health impacts, societal impacts and human capital 

impacts. These four categories of impact were highlighted by PIs in various combinations, 

overlaps and levels of priority. Views on each category of impact are presented below, 
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alongside the most cited metrics for each impact and the various benefits, issues and criticisms 

for each category, as highlighted by the PI sample.  

5.1.2.1 Economic Impact 

 
The second most common category of impact highlighted by respondents, after scientific 

impact, was economic impact, with 12 respondents in particular speaking at length on the 

commercialisation focus of their research. Economic impact, as described by PI respondents, 

generally related to measurable indicators of impact on the economy through 

commercialisation and technology transfer activities. Commercialisation through industry 

collaboration was the most common avenue for potential economic impact offered by 

respondents. As suggested above, the measurable or “harder metrics” (PI19) of economic 

impact was highlighted by many PIs when speaking about the impact of their work, as will be 

expanded on below.  

5.1.2.1.1 Commercialisation  
 
Some PIs offered the view that the most effective, or for some the only, way for their research 

to achieve broader impact, particularly on patients and ultimately on society, was through their 

commercialisation activities. As PI07, an applied science-oriented professor, succinctly put it: 

“I believe in the concept that for something to reach a patient, it has to be commercialisable.”  

This view of commercialisation as an effective means of achieving real impact for patients was 

shared by a number of basic and applied science-oriented PIs and was a recurring theme 

throughout this chapter. The practical, pragmatic focus of commercialisation was highlighted 

by a few PIs during interviews: “There is no point in having altruistic goals with this kind of 

thing if there isn’t a commercial case to be made for a product that won’t see the light of day” 

(PI20). The practicality of commercialisation was further emphasised by PI36: “To me that’s 

not just about money. That’s about actually your research getting translated into a form where 

a patient can actually use it.” 

 

Commercialisation through industry collaboration was also highlighted by some PIs. Speaking 

about projects that did not get successfully translated into impact, PI14 reasoned that these 

projects “were where there wasn’t any real industry interest, or we didn’t work really hard in 

getting the industry interested in it.” The most common reason offered for the necessity for 

industry involvement to achieve impact was the cost of medical device design and 

development, with PI19 estimating “it is about 9 million [euro] to get a device onto a patient 
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and onto the market.”  Furthermore, as will be further detailed below in section 5.4.1, PI19 

emphasised the benefit of industry collaboration because “you need the commercial experience 

to get it out of the building.”  

5.1.2.1.2 Economic impact metrics 
 
The most common examples of economic impact offered by PI respondents were generation 

of patents, invention disclosures, intellectual property (IP) and licencing activities. As 

mentioned above, these measures of economic impact were referenced by PIs as valuable due 

to their usability, practicality and being more tangible in nature than other impact metrics. In 

general, when speaking about examples of economic impact, PIs simply referenced these 

metrics without delving deeper into the broader potential economic impact of their research 

through these metrics, with some exceptions.  
 
A few PIs (n=5) stated that they were involved in spinout companies resulting from their 

publicly funded research projects. PI32, a translation-focused scientist working across both 

basic and applied science and with over 20 years PI experience, placed particular emphasis on 

spinouts as an effective measure of “successful impact… and if you look at those research 

programmes that have resulted in spinout companies that have been successful… it means the 

research was good enough, the capacity to commercialise the research existed, the right people 

were available, and the investment was available.” Furthermore, spinouts were emphasised by 

PI18 as an effective means to demonstrate real economic impact through job creation: “We 

have created jobs, and we will continue to create jobs.” 
	

5.1.2.2 Health Impact  

	
As would be expected with PIs involved in medical device research, health impact, sometimes 

referred to as clinical or patient impact, was a common category of impact identified by 

interviewees, specifically mentioned by a few PIs (n=8) as the first and most important impact 

of their research. As PI32 offered, “the motivation to see that research delivered not so much 

as a published output, but as a real impact output that would impact patients has always been 

the driver for me.” Interestingly, considering every PI in this study are involved in medical 

device-related research, only 23 of the 38 PI interviewees made specific reference of the health 

impact of their research. Almost all of these PIs gave real world examples of the potential 

health impact of their research on patients, speaking about specific changes they would like to 

see in their area of investigation. It should be noted that almost all PIs who offered real world 
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examples of health impacts were based primarily at the more applied end of the TR continuum. 

As PI18 suggests, “the fact that I work in the health area, it is relatively easy to define impact 

in terms of people’s health.” A few PIs offered examples of health impacts related to improving 

specific elements of patient experiences with illness, medical devices and treatments. For 

example, PI30 provided the case of TB treatment whereby patients are required to take six 

months of multiple antibiotics, “it’s very onerous”, and how their research was exploring ways 

to enable “a shorter or more effective, more targeted approach.” 
 
Many PIs, when speaking about health impacts, offered more ambitious, long-term goals than 

when referring to scientific or economic impacts, wherein often PIs focused on the metrics or 

KPIs most associated with these impacts (e.g. publication count, citations, patents). For 

example, PI35, a moderately experienced, highly applied-focused PI, offered an ambitious 

perspective on health impact from their research, seeking to “impact a wide network of patients, 

that would impact, not just patients that I treat on a day to day basis, or that I come into contact 

with, but patients that might be in Belgium or France or New York.” In relation to the long 

term nature of health impact, some PIs spoke about health impact in relation to their overall 

career goals, such as PI32: “if at the end of my career there is something that is injected into a 

patient that cures or treats the disease that they are suffering from, then to me that’ll represent 

a successful career.” A few PIs suggested that health impact, due to the nature of their work in 

the field of medical device related research, is the ultimate goal of all their research, “all 

motivated towards a clinical need, for what we do” (PI16). From these quotes it is clear that 

when many PIs spoke about health impact, they spoke in grander, less metric-centric, language. 

In general, PIs did not reference common metrics or indicators for health impact (outside of 

their particular topic of interest) as they had done for scientific and economic impact.  

 

Two PIs raised the interesting issue that for some of their projects focused specifically on health 

impacts, the scientific impact element would not be so strong.  PI19 explains this as follows:  

 

“It’s not something that is really cutting edge, it’s not something that’s going to be an 

amazing scientific breakthrough, we are repurposing technology that is already in 

existence, so it is not cutting edge science, but the patient impact would be massive, so 

that’s really what is driving us there.”  
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PI35 offered a related point when speaking about their students coming up with scientifically 

interesting ideas for projects and keeping them focused on clinical impact: “there’s no point in 

going down that rabbit hole unless at the end of that rabbit hole, there’s something that's 

clinically applicable.” This conflict between scientific impact and health impact was similar to 

the clash between scientific and economic impact as outlined in section 5.3.3.2 below. 

  

5.1.2.2.1 Long-term nature of health impact 
	

“Clinical impact is probably the hardest, because it is a long way from doing a bit of 

research to having a clinical impact. So that is probably the hardest one to actually 

achieve and demonstrate, and it is the one that takes the longest amount of time.” 

(PI07) 

	
A few PIs (n=7) emphasised the particularly long-term nature of health impact. For example, 

the main area of interest for PI11 was in gene delivery research, where it “could potentially 

have a huge effect on a very large number of diseases, but it is high risk, and there are kind of 

what we would say are medicines of the future, so they are really only kind of starting to make 

an impact now.” PI27 emphasised this also in relation to basic research where “the immediate 

health impact is harder to see… in some cases far off in the future.” PI28 offered similar 

sentiments on health impact and basic research: “that’s not so relevant for me because I’m at 

the bottom end of development of medical devices, so we make the materials, so there are a 

couple of steps after that to really generate the impact on health.” As such it is clear that PIs of 

basic research place particular significance on time constraint and time-lag issues in 

demonstrating health impact from their research.   
 
Another issue raised by a few PIs, similar to points raised by PIs on scientific impacts, is the 

incremental nature of their research projects’ impact on health, thus requiring more time to 

demonstrate potential impact of research on health and wellbeing. PI27 spoke about the need 

also for a combination of different disciplinary projects in order to “ultimately help some 

patients down the line.” PI16 further emphasised the incremental nature of research impact 

while discussing the potential health impact of their research: 

 

“…not just in my project but in the entire field, in creating a solution during project A, 

and saying what are the bottlenecks that are preventing this from becoming a product, 

and proposes a new solution that builds on the same clinical problem, builds on some 
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of the things we learned from project A but realises some of the bottlenecks from project 

A and starts again with a new idea.”  
 
5.1.2.2.2 Health impact and other impacts 
 
Health impact and societal impact were combined in a few PIs’ understanding of impact, 

connecting health and societal impact through the effect their research can have on quality of 

life (or as one PI referenced, quality adjusted life year (QALY)), disease control, reduction in 

mortality rates, and basically having an impact on peoples’ lives through health impact. An 

example of this combination or overlap of health and societal impact was offered by PI18 in 

providing their perspective of the impact of their research, also highlighting the potential 

overlap between health and economic impact:  

 

“As a translational clinical researcher I think of it as improved health. If you improve 

health then you improve wealth in society, because people who are healthy can work 

and be productive, and also their quality of life and their family engagement, and so 

improvement in health is about as concrete an impact as you get.”  

	
In outlining their perspectives on the impact of their research, health and economic impacts 

coalesced for a few PIs also, as presented above, and in discussing designing devices, 

treatments and procedures that are more cost efficient for patients, clinicians and hospitals. The 

importance of awareness of health economics specifically in relation to health impact was 

raised by a few PIs, including PI35: “There’s no point in putting these expensive devices into 

patients unless you can prove they are winning in terms of QALY.” Two PIs spoke specifically 

about how impact on health would ultimately also create economic impact, “that would free up 

other resources you could allocate elsewhere” (PI37).  

	
A few PIs also spoke about health impact through industry collaboration and the theory, as 

outlined above, that the most effective way to have an impact on patients is through research 

commercialisation. For example, PI09 spoke about working with a stent manufacturing 

company because “I want that stent to get to patients so it will have that kind of impact… on 

people’s lives, on health, on practices.” PI36, when speaking about commercialisation, stated 

that “to me that’s not just about money. That’s about actually your research getting translated 

into a form where a patient can actually use it.” These perspectives indicate the clear overlaps 

occurring between categories of impact for medical device PIs. 
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5.1.2.3 Societal impacts 

 
Similar to health impacts but to a greater extent, when PIs spoke of societal impacts, they 

generally spoke of more far-reaching and less detail-specific long-term goals of their research 

activities to benefit society. For example, PI32 spoke about societal impact as the overarching 

aim of research, that it is “why we’re doing what we’re doing.” When discussing societal 

impact in specific detail, some PIs spoke of impact on society through health impact, economic 

impact or human capital related impact. As outlined above, a few PIs made the point that for 

research to have a societal impact it should be commercialised. Another way of approaching 

this overlap between economic and societal impact categories was offered by PI06, a highly 

experienced applied science PI:  

 

“…trying to make things that can be used in people, and it will keep people in the 

workplace longer, rather than going into hospitals. So there is a societal benefit. It is 

also an economic benefit. There is an overlap between a lot of them.”  

 

Similarly, some PIs merged societal impact with health impact, exemplified by PI16: “In my 

case it is easy to talk about societal impact in terms of a clinical problem… and talking about 

a solution to that problem.” A few PIs made reference to societal impact through human capital 

impact, such as PI34, who suggested that the societal impact of their research was “to help 

creating jobs with people who deserve, who need jobs… helping them to really increase their 

level of living, of incomes.” PI34 was the only PI to make specific reference to being able to 

address environmental impact, and spoke of being driven to “make our society better but just 

in a sustainable way... an obsession with me, to try to be sustainable to use what we have all 

around us already, instead of constructing, building new things.” In comparison, PI14 

referenced environmental impact as the most difficult category of impact to address: “I just 

don’t know how I relate to that.” 
 
A few PIs, when speaking about societal impact, referenced the local community, with two 

speaking specifically of wanting to focus the impact of their research on their own 

communities. A common thread of thought in relation to PI understandings of societal impact 

related to outreach, public engagement, education and science communication, a similar trait 

to PIs understanding of scientific and economic impact focusing solely on metrics or outputs 

of research, or routes to impact. This misconception of societal impact as outreach or outreach 
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as societal impact was shared by some PIs, with PI06 suggesting that “we are still learning 

what [outreach and public engagement] is.” A few PIs suggested that the main issue with 

societal impact is the lack of measurable or tangible outputs associated with it. As PI28 

suggests, “impact on society is, to be honest, wishy-washy… it is definitely more difficult to 

define and also to address in proposals than scientific impact,” with this concern in defining 

societal impact echoed by some PIs. From the findings outlined above, it appears that PIs’ 

understanding of societal impact is either embedded in other, more tangible types of impact, 

outreach activities, or more long-term, generalised goals for society. 

5.1.2.4 Human capital impacts 

 
Human capital impact was highlighted by some PIs as the most important impact they could 

offer from their research activities, specifically the hiring and training of PhD doctoral 

candidates and postdoctoral researchers or postdocs through their research projects. This 

impact was achieved through training PhD students and postdocs in research practices and 

technical skills specific to their research area, “soft skills around presentation and problem 

solving and written communication” (PI16) and commercialisation and technology transfer 

knowledge (for a small number of PIs), as well as the influence PIs could have on the 

professional development of their research team. PI36, a highly experienced applied research 

PI with over 20 years in the PI role, spoke about taking “great pride” in this type of impact, 

with PI34 talking in practical terms about being happy in their position “when I see people 

having good jobs and good income, that’s the point.” A few PIs raised the training of the next 

generation of scientists as the most important long-term impact of their work, particularly the 

number of students they will support over their career:  

 

“…having eventually a legacy of people who trained with you and have gone on to do 

good things, including publishing and getting their own grants, or at least being better 

practitioners, or better contributors…  And over the years those numbers stack up” 

(PI24). 

 

PI27, a highly translation-focused PI working across basic and applied research fields, offered 

a similar opinion of human capital impact and the long-term impact achieved by the PIs’ 

students and postdocs: “training and producing PhD students and postdocs who are going to 

go on and become the next PIs hopefully, and the next leaders, or the next leaders in industry, 

I actually think that’s probably our biggest impact.” As PI30 suggests “a lot of them are doing 
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amazing things, once they’ve left here.” Similarly, when speaking about the PhD students 

involved in their research projects, PI16 proffered: “They all come out of a PhD I think a much 

more employable person than they were coming into it. So even the projects that don't lead to 

high impact factor journal papers usually have the impact of training students further.” Another 

point raised by PIs in relation to human capital impact was the relative ease with which one 

can demonstrate this type of impact, the training of future workforces; “the low-hanging fruit… 

that’s easy enough to measure, you’ve trained somebody in the workforce” (PI07). PI22 also 

emphasised this particular point: “… most of my postdocs are in industry now, in pharma, so I 

must be doing something right.” As PI29 suggests, “that is a measurable impact.” 

	
It should be noted that, although interviewees were frequently reminded that the questions they 

were answering were in relation to their experiences as PIs of publicly funded research projects, 

some PIs spoke specifically of their teaching responsibilities within their academic institution. 

For example, PI05 argued that “you can work away on papers here, but if you go into a lecture 

hall with 100 people – that is the most impactful thing you do in the week.” PI15 offers a 

similar opinion on the impact of their work: “In terms of impact, I think I’m likely to make a 

bigger impact, if I look back at my career, to leave a bigger mark through teaching than through 

research.” Nonetheless, there was significant concurrence of opinions in relation to teaching 

and training of postgraduate students and postdoctoral researchers as a significant impact for 

PIs in their careers.  

5.1.3 Short-term and long-term impact  
 
A common theme of discussion amongst some PIs in relation to their understanding of impact, 

as alluded to in the sections above, was the long-term nature of impact and that their research 

is “doing a tiny little bit that ultimately inches its way towards some therapy” (PI12). As PI26 

suggests: “in reality, research is a long-term game.” PIs spoke about the oft long-term nature 

of research impact in relation to the different categories of broader impact, the long and slow 

path to translation of research, from basic or fundamental research through to point-of-care 

application. Some PIs also spoke about long-term impact in their criticism of funding body and 

government policy requirements to demonstrate impact, with an overview of each of these 

presented in the following sections.  
 
Of particular relevance to the field of medical device research, the long-term nature of health 

impact was emphasised by PIs, identified as the hardest to demonstrate by a few PIs, including 
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PI07, because “it is the one that takes the longest amount of time.” As PI08 suggests when 

speaking of health-related impact: “Quicker healing for patients, that is meaningful, but that 

would take a long time to find out.” Similarly, when discussing the societal impact of their 

work, PI28 suggested that societal impact would most probably not be quantifiable “within the 

lifetime of the project, or the lifetime of the PI maybe. [laughs]”  
 
In relation to economic impact, PI04 offered the example of a company they collaborated with 

and the tangible impacts from this project that they could demonstrate but only over a long 

period of time, beyond the timescale of the project: “two sales of large pieces of equipment… 

two PhDs graduating, a third on the way… two patents, five or six publications… but that’s 

over nearly a 10-year period now.” Speaking specifically about patents as an output leading to 

impact, PI10 suggested that this process “delays things by two years.” Similarly, PI23 

mentioned a patent they had been granted with a company “might be of value to the field at 

some time. If we get a few bob, that’s fine too, it’ll be well after I’m retired [laughs].” 

Interestingly, PI16, when speaking about impact, equated short-term impact with scientific 

metrics and “medium to long term” impact with broader impact categories, particularly 

commercialisation in order to achieve impact for patients, to “actually make it into some kind 

of use.” 

5.1.3.1 Slow nature of translation 

 
The slow and long translation path of research was emphasised by the PI sample, particularly 

for translation of medical device research, which often requires various phases of pre-clinical 

and clinical trials;  

 

“…scaled up, commercialised, so the patient, whatever we are doing is the minimum 

eight years away…what could I possibly offer the person that is most likely going to 

die before I even get anything into an animal?” (PI13) 

 

 A few more fundamental science-oriented PIs also raised this point, particularly in relation to 

the fundamental or basic science nature of their research: “what we do is potentially only of 

benefit ten years down the track.” (PI22) As PI27 offers: “the immediate health impact is harder 

to see sometimes with basic research.” PI26 also noted the “indemnifications and liabilities and 

warranties…it took over a year to get technology to the stage where it could be used in 

patients… that shouldn’t happen… but it does.”  PI21 took this a step further, bringing up 
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examples of the oft coincidental nature of discovery and unpredictable nature of impact, 

“usually in research that meant to find something else… that with this chemical you can do 

something that nobody thought of usually, or in many cases, decades after it was discovered.” 

Similarly, PI38 used the example of “pure maths… the impact might not be recognised for a 

long time… something that you put out now in some years’ time is figured out to be the solution 

to something much bigger than you had thought of.” 
 

5.1.3.2 Conflict with funding body requirements 

 
A few PIs suggested that funding bodies favoured demonstration of more short-term impacts, 

and that this does not always equate to the realistic impact potential of their projects (as 

exemplified in the quotes above), with PI10 commenting that funding bodies need to have more 

“achievable timelines.” Speaking about the long-term impact of their research, PI04 offered 

the following: “I cannot present it on an EI application because they are not thinking the same 

way, but they are thinking more near-term, get it to the market.” A few PIs suggested that 

funding bodies need to be more flexible in their understanding of impact, taking into account 

the long-term nature of the broader impacts of research:  

 

“And I think SFI want to do that, they want to follow people who were funded ten years 

ago and find out where that has led to. And you can track that but a lot of time you have 

to have leveraged more funding to keep it going.” (PI10) 

 

Some PIs also raised concerns over the strategic thinking required when writing successful 

grant applications for funding, and the requirement or pressure to state, or potentially even 

overstate, or “embellish” (PI05), the impacts from their research, and the dangers that this could 

entail. This issue is explored in more detail in section 5.3.1.3 (attribution of impact). 
 

5.2 Factors influencing Impact Orientation 
 
Themes identified through analysis of the PI interview data were defined as factors and barriers 

influencing PI impact orientation. Furthermore, adapting Bronfenbrenner’s contextual 

framework involving four environmental levels of influence on development, the factors that 

influence impact orientation were grouped according to their relative proximity to the PI. As 

summarised in chapter 3, there are some debates on the classifications and differentiation 

between the system levels of the ecological theory. For this study, we classified micro-level 
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factors as characteristics coming directly (in as much as we can surmise) from the PI, such as 

motivations, passion and intrinsic goals. Meso-level factors were understood as aspects or 

elements of the PI’s proximate research environment that most directly influence impact 

orientation, such as the influence of industry, academic mentors and end-users. Exo-level 

factors were understood as the factors outside of the PIs immediate sphere of interactions that 

nonetheless influence impact orientation, in this case the relevant public funding bodies of 

medical device research. Macro-level contextual factors can be understood as the wider, 

cultural elements influencing PI impact orientation, as offered by the PI sample; in this case 

the impact agenda of national governments and international organisations. As these factors of 

funding bodies and the impact agenda are intertwined, they are presented together as exo- and 

macro- level factors. It should be noted that while only four levels of influential factors were 

utilised in this section, the fifth level (from Bronfenbrenner’s later bioecological theory) of the 

chronosystem could also have been incorporated if a sufficient amount of data were identified 

through analysis on changes over time.  
 

5.2.1 Micro-level factors 

5.2.1.1 Personal motivations 

 
Personal motivation, both intrinsic and extrinsic in nature, was identified through thematic 

analysis as a factor influencing how PIs understand and approach the impact of their research. 

In the interview data, PIs outlined their motivations for engaging in research and being a PI on 

publicly funded research projects related to the medical device field. As suggested by many 

respondents, PIs, as scientists first and foremost, are motivated by “a wonder for how the world 

works, and in the medical sense, how we can fix disorders… we can make it a healthier place 

to live” (PI01). There are two recurring intrinsic motivations within this quote, the motivation 

of scientific curiosity and credibility, and the motivation to improve society.  
 
The curiosity-driven motivation was highlighted by many PIs as influencing how they engage 

in research, particularly for some more basic science-oriented PIs. As PI21 succinctly states: 

“I’m a basic scientist, so my research is driven by curiosity, not by the necessity to sell 

something.” Somewhat related to this is the motivation expressed by a few PIs of gaining peer 

recognition or “credibility” (PI36) through their research activities, particularly in relation to 

scientific impact metrics such as publishing in high-ranking or high impact factor journals in 

their own field.  The motivation to learn new skills or try new things was also mentioned by 
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some PIs in relation to their choice of research area and collaboration strategies, whether to 

“keep things really fresh” or to deepen understanding of particular related areas, to “amass so 

much expertise in different systems” (PI31).  
 
The autonomous nature of the PI role was another motivating factor identified by some PIs for 

taking on the role, and for engaging in research, having the “ability to independently define 

and direct research programmes,” (PI16) or, as PI27 suggest, “to set up your own group and be 

able to carry out the research you want to carry out.” As such it can be surmised that many PIs 

want to remain independent and rely on self-motivation in their research projects. Many 

comments on PI autonomy related to working in academia as opposed to industry, which some 

PIs felt lacked the academic freedom they have achieved in the university setting, wherein “you 

have the time to explore a concept completely uninhibited… not restrained in any way” (PI05). 

PI37 emphasised the importance of independence in terms of choosing the research direction 

“that could improve things for people.” Related to this particular finding, many PIs made 

reference to the need for PIs to have a strong personal drive in carrying out their work and 

examples of this can be observed throughout this chapter.   
 
As discussed in more detail in section 5.4.3 below, many PIs outlined their long-term goals and 

strategies relating to impact and as such these could be viewed as drivers for PI impact 

orientation, whether it be to be a respected leader in their particular scientific field, to get a 

product onto the market or loftier goals of improving health for patients and society (pro-social 

motivation). As PI34 proffers: “I don't want to do research to only do research, I like to do 

good research that’s one thing, but my main objective is to help people living better, that’s 

clear in my head.” PI17, an applied science professor with over 15 years PI experience, 

expressed this sentiment relating to their main driver for engaging in research: “for me the 

central nervous system and how the human body moves, and how we can treat that with either 

technology or with different therapies to rehabilitate people and give them better quality of 

life.”  
 
Similarly, in terms of extrinsic motivations, some PIs spoke about their ambitions to teach and 

mentor the next generation of scientists and PIs as a significant motivation for engaging in 

research, as evidenced in section 5.1.2.4 above on the focus of some PIs on human capital 

impact. As PI34 suggests, their drive to engage in research is “not for self-development 

actually, but for bringing students and projects to an end and building a group of people.”  

Another key motivation presented by some PIs was in relation to technology transfer, whether 



 115 

it be creating a patent, licensing a technology or forming a spinout company. This type of 

motivation would then lend itself to PIs focusing more on economic type impacts, over a 

traditional research orientation. A few PIs made specific reference to not being intrinsically 

motivated by monetary or financial gains, particularly when speaking about the economic 

impact of their work.   
 
Interestingly, and perhaps related to both intrinsic and extrinsic motivations presented in this 

section, three of the study participants highlighted the influencing factor of researchers as lead 

users, “having a personal connection with [research]” (PI17) and as such their essential 

motivation is to improve treatments in their area of interest: “well I’m a patient myself number 

one [laughs]… so I am the patient advocate on that side” (PI30).   

5.2.1.2 PI Passion 

 
A factor closely related to personal motivation, passion was a common factor of impact 

orientation for some PIs, particularly in relation to their research area. This was exemplified in 

the choice of language used by some PIs when talking about their own project work. A few PIs 

spoke specifically about their “love” for their research area, with some PIs mentioning the pride 

they take in their work. PI03 spoke of being inspired and attempting to inspire others through 

their research activities, “it comes from the heart.” PI06, speaking about the activities of 

CÚRAM’s Education and Public Engagement (EPE) initiative, said that they are “thrilled by 

stuff like that.” Similarly, a number of PIs spoke about their excitement in working on 

particular projects and in particular collaborations with various partners: “I get excited when 

papers are published” (PI31).  
 
Related to this, a few PIs mentioned their various activities outside of the normal day-to-day 

activities as PIs to progress and increase the impact potential of their projects. These PIs offered 

examples of working on the research areas they are most passionate about in their spare time, 

“your pet project” (PI25), “you’ll do it at 1am, 2am, because you like what you are doing” 

(PI31). As PI34 outlines: “this is not the job like another job, this is something that is passion, 

so even at the weekend, you think about this… it’s always on your mind.” From these 

comments it is clear that passion is a potential factor of how PIs engage in research processes 

and understand and approach the impact of their research.  
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5.2.1.3 Career reputation  

 
Some PIs highlighted career reputation as an important factor for how they approach creating 

impactful research, particularly in relation to collaboration activities. For example, PI22 said 

that they “don’t have to push industry anymore” to get involved in their research projects. This 

relative ease in collaboration with relevant stakeholders was due to the “high profile” of the 

PIs in their research area: “If we contact somebody they’ll probably know who we are, they’ve 

heard of us” (PI32). Speaking about building strong collaboration networks, PI32 explained 

how his group have “some degree of recognition and I think sort of an acknowledgement what 

we are doing has some value”, having sufficiently and deliberately developed their 

international profile in their field. A few PIs emphasised the importance of developing a strong 

international profile or reputation in order to develop more successful, potentially impactful 

research projects through collaborations. This factor of career reputation on impact orientation 

was evident throughout this chapter, particularly in section 5.4 on approaches for impact.   

5.2.1.4 Position on TR Continuum 

 
The position of PIs on the research translation continuum was another meso-level factor 

influencing PI impact orientation identified through thematic analysis. Study participants were 

based across the continuum, from basic or fundamental research through to applied, point-of-

care research, with many placed somewhere in the vast space in between. (For a summary of 

translational research, see Chapter 3). In general, those PIs based at the applied end of the 

research translation continuum were more comfortable discussing the potential impact of their 

research, as succinctly stated by PI26, an applied-oriented PI: “For me it’s relatively easy to 

see impact… My colleagues are sometimes jealous of where I sit on the TRL curve 

[Technology Readiness Level].” A few PIs suggested that collaboration was an easier process 

when positioned on the applied end of the translational continuum, “part and parcel of it a bit” 

(PI17). 
 
For those focused primarily on basic or fundamental research, eight PIs made reference to 

being too far upstream of point-of-care application to address and demonstrate broader impacts 

of their research: “It is so long term it is probably very difficult to do” (PI05). In discussing 

SFI requirements to demonstrate the impact of their work, PI31 offered the following opinion: 

“It is important, it’s just something I struggle with a little bit, because basic science has been 

sort of engrained in my research.” Similarly, speaking about collaborations and interactions 



 117 

with end-users and clinicians, PI22 stated that “I think our stuff is just too far removed from 

all that.” PI31, a PI with a predominantly basic science background, had an interesting opinion 

on this topic: “I’m lucky... okay I may like doing basic science because it is comfortable to 

me… but at the very least there’s scope for translation, I mean come on, I work in biomaterials, 

it’s a hot topic and it translates very well in medical devices” (PI31). This comment is 

interesting in that it was seldom offered by the basic PIs, despite the fact that all PIs in this 

study are involved in medical device related research, and yet many spoke of difficulties in 

addressing the impact potential of their project. In general, the PIs who were either on the 

applied side of the research translation continuum, or those with greater flexibility to move 

between the two sides of basic and applied, not “becoming pigeon-holed” (PI31) appeared most 

comfortable talking about the broader impact potential of their research. 

5.2.1.5 Commercialisation knowledge 

 
PIs’ understanding, knowledge and appreciation of technology transfer and commercialisation 

activities played a role in influencing how PIs understood and approached impact. As an 

example, PI32 emphasised getting equity investment for research projects as an important 

indicator of the impact potential of a project or area of research, demonstrating their knowledge 

of commercialisation processes: “That is different from a grant, it means that people are willing 

to put [their hands] in their pockets to support what you are doing.” PI commercialisation 

knowledge was gained by previous experience in industry, collaboration activities with 

industry and interactions with more translation-oriented academics, as well as learning ‘on the 

fly’. For example, PI13 suggested bringing in others to “help with the commercialisation side 

of things” to address any gaps in knowledge in relation to commercialisation. Two PIs spoke 

specifically about contacting Technology Transfer Offices (TTOs). PIs with evident 

commercialisation knowledge viewed commercialisation as more than a “ticking the box” 

(PI26) exercise to access funding. A few PIs highlighted the role of CÚRAM in relation to 

supporting commercialisation and technology transfer activities through the services and 

supports they provide. 
 
Knowledge of the market to which their research will eventually be translated and 

commercialised was referenced by some PIs as important to their impact orientation. PI07 

expressed this simply as “the bigger the market the better, the cheaper the product the better, 

the less competition the better [laughs].” PI10 offered a nuanced understanding of the market 

in which their research is based and how they calculate the “addressable market” for their 
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technology. A few PIs provided figures and statistics on the market potential and market costs 

for the medical device products they were working on, emphasising the need to understand and 

incorporate this data for designing and delivering the most potentially impactful research 

projects. PI19 surmised the benefit of this type of commercialisation knowledge succinctly as 

follows: “You are going to need investment which means you have to think about the investor.” 

Seven PIs of the sample of 38 said that they lacked experience in or sufficient knowledge of 

commercialisation activities. 
 

5.2.2 Meso-level factors 

5.2.2.1 Industry experience 

 
Thirteen of the PI respondents in this study stated explicitly that they had experience, prior to 

taking on their current academic role, working in various medical device related industries. 

This experience was identified as a factor that could shape PI impact orientation, how PIs 

choose projects, manage their team and prioritise the potential impact from these projects. For 

example, PI10 emphasised their background in industry as important to how they prioritise 

economic impact: “I think I was influenced a lot there, that they don't really do anything unless 

it is going to generate revenue growth.” PI04 spoke about their previous industry experience 

influencing how they were then “more about making things happen on the industrial side” in 

terms of their impact orientation. As such it appears that previous industry experience could 

influence PI impact orientation in relation to economic impact focus. Similarly, PIs with 

industry experience appeared comfortable with the technology transfer aspect of the PI role. 

For example, PI06 felt that due to their previous industry experience, it was “easier for me than 

a lot of the others… easier to make that jump” because of their knowledge of industry and 

networks therein.  

	
Another finding from the data was that those PIs with previous industry experience appeared 

more comfortable engaging in industry collaboration than some of the PIs without, though not 

exclusively so. PI28 added that in their experience there was “probably a higher acceptance 

level [in industry] when they know that you have been in industry and you know how to talk 

the industry talk.” PI24, an applied and experienced PI with no previous industry experience 

offered the following in relation to industry collaboration:  
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“You’ve got an idea and you think it is commercialisable, but you don't have a lot of 

experience with industry partnership, I think you can really flounder, cold-calling 

companies and getting nowhere… I think afterwards it just feels like a bad date.”  

		
Another benefit of industry experience highlighted by a few PIs was in the training they 

received in industry, for example in project management, communication, and regulatory 

pathways: “the quality of the training can often be much better than it is in an academic 

environment” (PI32). This training, as suggested by PI14 amongst others, taught these PIs 

“how to adapt… if I was only an academic, I would not be adapting that fast.” PI32, a primarily 

basic science-focused PI with industry experience, emphasised especially the “immense value” 

of industry experience “in terms of understanding how the field works, and being translational 

in the approach I’ve taken.” These statements hint that previous experience working in industry 

influences PI research practices and impact orientation. 

5.2.2.2 International experience 

 
Many PIs highlighted that their international experience and collaborations influenced how 

they approached their research activities and the development of their impact orientation. 25 

PI respondents made reference to their international experience, working in academic 

institutions and industry, primarily in Europe and the US, as well as working with international 

research partners on various projects. In terms of learning from their previous international 

experiences about the competitive nature of their work environment, PI13 offered the 

following: “there were differences in how things were running, and it was more of a business 

than an academic institution, you either deliver or you are out, even if you have a heart attack 

probably… You are consumable.” PI09 stated that when hiring researchers, they will always 

favour those with international experience over those without.  

	
Some PIs suggested that international collaborations and networking were of vital importance 

to the success and ultimate impact of their research, or as PI08 succinctly summarises, “so we 

could develop better projects.” Some PIs made specific reference to the international research 

groups, institutions and conferences they were involved in or collaborated with and the benefits 

of involvement for enhancing impact potential. Benefits highlighted by respondents included 

in developing and expanding networks and linkages with academic and industry partners, 

“amplification” (PI24) of PI research, increased chance of being funded or “a better chance of 

success” (PI11), access to relevant expertise, “sharing knowhow” (PI12), students, postdocs, 
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resources and materials. Another benefit highlighted by a few PIs was in deepening 

understanding of “what is the international demand” (PI04) for their research. In general, in 

relation to the importance of international experience and interactions, PIs spoke about being 

located in Ireland and that Ireland is “too small as a nation to think you can work on your own.” 

(PI26) 

	

5.2.2.3 Academic experience 

 
Another meso-level factor of PI impact orientation is that of prior academic experience, 

particularly the influence of academic mentors, from the PIs’ own PhD supervisors to senior 

academics in their field that they work alongside as postdoctoral researchers. When speaking 

about the PI training they had received, the vast majority of PIs stated that they had not received 

any formal PI training, but had developed their PI skills ‘on the fly’, and for some, were 

influenced heavily by the actions and support of their academic mentors. As PI16 pointed out, 

these people served as mentors, “but probably not in the sense that we have mentors now.” A 

few PIs made specific reference to learning from both the positive and negative aspects of their 

mentors’ PI activities: “It is their influence on you…you can see the good and bad in that… 

their influence is probably manifested in how I do things” (PI05). Speaking about these, “you 

can either learn from these mistakes or acquire their bad habit” (PI24). PIs stated that they were 

influenced by their mentors in their management activities, collaboration strategies, technology 

transfer activities and how to be successful in their research activities. Academic colleagues in 

the PI’s discipline or field of research also served as mentors for a few PIs, particularly in 

learning about funding mechanisms. Specifically, in relation to how PIs planned the impact of 

their research, academic mentors with strong technology transfer, commercialisation and 

entrepreneurship focus influenced a few PIs to shape their research in this direction.   

 

The majority of PIs spoke about how they developed the skills required to be a successful PI 

through ‘learning on the fly’ as they carried out their duties as PI.  While more training has 

being proposed and developed for early career researchers in recent times, for the vast majority 

of PIs involved in this study, with over ten years of PI experience on average already in their 

careers, there was little or no training available to them when they began their PI careers. A 

few PIs mentioned the clinician and academic networks developed during their time as 

postdoctoral researchers, where the PIs “still maintain links with them” (PI25), as beneficial to 
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their research activities and the potential impact of their work: “A lot of the stuff I was already 

doing… mentoring students, directing projects, writing grants” (PI25). 
 

5.2.2.4 Competencies of team members  

 
Some PIs emphasised the vital importance of a strong project team to deliver on proposed 

impacts from their research projects: “together that’s where the success rate comes from” 

(PI30). As PI27 summarised: “You need the good team of people behind you to have real 

impact.” Speaking about ensuring a project is ‘successful’, PI35 offered the following on their 

research team: “I suppose it’s hard initially to get the right people, I think what I learned 

throughout is, what makes a project really good is not necessarily the idea and your work-plan, 

what makes a project really good are the people you work with.” Similarly, discussing the role 

of postdoctoral researchers in their projects, PI23 offered the following: “They are the basis of 

the research effort here. They are the people who carry all the knowledge… Your research 

won’t function without them.” A few PIs spoke specifically about the influence of the team on 

their own research goals and direction, with PI37 suggesting that it was important for them 

generally to “work with people that are better than you, because you learn much more from 

them,” the team working together thus acting “like an engine I guess… working well 

together… coming up with new concepts,” (PI31) and as such, some PIs believed that the 

competencies of the project team can influence the potential impact of the project. The 

intertwined theme of collaboration for impact is explored in section 5.4.1 below.  

5.2.2.5 Proximity to patients 

 
Some PIs identified access and proximity to patients, patient groups and clinicians as a factor 

in their impact orientation, particularly in relation to developing their research questions, or 

choosing the unmet clinical need they will focus on. Choosing the unmet clinical need, a central 

concern for medical device PIs, was pointed out by a few PIs as a relatively easy part of the 

research process due to their proximity to patients through their position in hospitals and 

clinics: “My day-to-day clinical work is managing patients with that disease, so it is easy to 

come up with that part for me” (PI07). A few PIs, while not clinicians themselves, were located 

with their research groups and lab on the site of university hospitals, and as such “straight away 

you are seeing patients, so that makes you more focused on the translational aspect” (PI19). As 
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PI33 offers, “that’s the great thing about being based here27 to understand the challenge and 

understand the problem.” 
 
PI04, a primarily basic science-oriented senior lecturer with over ten years PI experience spoke 

about their collaboration with clinicians and the benefits of having access to patients through 

this collaboration, having the opportunity of “standing in front of patients, understanding their 

needs.” PI10, an applied science professor with less than ten years PI experience, described 

their strategy to include a member of patient citizen panels sitting on their external advisory 

board as a method to interact more closely with patients in their work. The interrelated theme 

of clinician collaboration is discussed in more detail in section 5.4.1.3.  Of course, contrary to 

these opinions, some PIs suggested that their research was too far upstream from end users and 

thus there was little or no need to engage with them.  
 

5.2.2.6 Networking  

 
Some PIs emphasised the importance of developing a network of knowledgeable individuals, 

in academia, industry and clinics, to work with, bounce ideas off, and get advice from in 

relation to impact, particularly in medical device research. It should be noted that networking 

as a factor of impact orientation could be viewed as intermingled with many of the micro- and 

meso-level factors presented above. When asked about creating potentially impactful research, 

PIs spoke about how they “have to get out there and meet people” (PI08), create “extensive 

networks of partnerships” (PI18), and “build up trust and some sort of a working relationship 

with people, in advance” (PI11). 
 
Networking, as an interrelated meso-level factor of impact orientation, also had connections to 

the level and types of previous experience of PIs. As PI21 curtly suggested, “I’ve been long 

enough in the business, so I know the people.” PI20 outlined how these networks of actors is 

developed: “you end up with a lot of different networks from people you knew from when you 

did your PhD, people you met in industry over the years, and then I’d have a network then of 

people and clinicians and researchers I met during my postdoc.” A few PIs also placed 

particular focus on the importance of building external working relationships and networks 

with people outside of their field, university and academia in general, for enhancing the impact 

potential of their work. CÚRAM was highlighted by some PIs as an effective support in this 

 
27 Italics in respondents quotes correspond to changes made to maintain anonymity of PIs 
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regard, to connect PIs with potential collaborators outside the PI’s field, particularly in 

industry.   

5.2.3 Exo- and Macro level factors 

5.2.3.1 Funding body requirements 

 
“Absolutely, I think the funders have educated me on impact.” (PI14) 

 

As PI03 succinctly outlined, “funding is the fuel for research.” As such it is perhaps self-evident 

that funding bodies would have an influence on research processes, and the requirements they 

set in place for PIs, influencing how PIs engage in research and direct the impact from said 

research. For example, speaking about funding body influence, PI13 explained that “this is why 

we do more applied research, more towards the development side than the research side... it is 

key.” As PI15 offers, “funding has a big bearing on the choice of research topic.” As such the 

current emphasis of funding body assessment and evaluation frameworks on demonstrating 

impact, and the intertwined impact ‘agenda’, as described in Chapter 3, were the most often 

identified exo- and macro-level factors influencing impact orientation. As PI19 suggested, 

funding success can act as a motivator for impact:  

 

“I always think there is kind of an opportunity-cost of getting funded, so you get funded 

but someone else didn't, so that means you really have responsibility to make that 

impact.”  
 
Funding body requirements shape how PIs approach impact and how they address different 

types of impact from their research. PI34, a basic scientist, stated plainly how SFI have shaped 

their research priorities: “you need to justify much more the social impact of what you will 

do.” Similarly, in relation to health impact and the unmet clinical need, PI29, another basic 

science-focused scientist, mentioned how when “driven by a grant application, it is usually 

some unmet clinical need, it has to be, otherwise it’s not going to get funded.” For some PIs, 

funding body influence on PI impact orientation was strongest in relation to economic impact. 

PI29 offered an example of this in relation to EU funding: “EU funding requires that there must 

be involvement of industry, and I suppose that kind of also geared us up to set up a start-up.” 
 
A few PIs also mentioned how SFI and government policy has pushed academics to look 

beyond Ireland for funding, as offered by PI24: “What it has definitely done which is perhaps 
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beneficial, is it has driven Irish researchers a lot more strongly towards pursuing European 

funding and pursuing other funding options, Wellcome Trust and even NIH funding and other 

funding streams, which is a big benefit to the country. So sometimes the cattle prod is not 

necessarily all a negative.” A few PIs spoke about using EU funding sources “to keep the basic 

[research] going” (PI23). 
 

Some PIs commented on the pressures they faced to maintain funding, both for their research 

goals and to provide employment to their team: “you have to keep getting funding, because 

people depend on you, their lives, their careers, their progression depends on you” (PI03). This 

pressure to maintain funding of their research was identified as a motivation by some PIs for 

choosing projects, including PI17: “the grants have a finite time and you need to keep your eye 

on it because so much work goes into building it all up and building up a team and then when 

that grant stops, then, it can all disappear very quickly.” This pressure to maintain funding 

could therefore influence the direction of a PI’s impact orientation. In general, funding bodies 

have a clear influence on direction of research, as proffered by PI22:  

 

“I would say we have adapted as a group, compared to when I first came here, in terms 

of what the focus of the lab is. And that deviation simply reflects where we think we 

can get money or what we can get money for.” 

 
Funding bodies influence on collaboration  

Some PIs mentioned the influence of funders in PIs engaging in collaboration with other 

stakeholders in the research process to increase the impact potential of their projects. For 

example, PI16, a basic scientist with over ten years of experience as PI, spoke of funders 

“pushing us to come together… if there is opportunity for funding, you tend to find 

collaboration.” EU funding mechanisms in particular were emphasised by a few PIs as an 

important factor in collaboration, “where for many of them [it is] necessary to have a mixture 

of academic and industry and other partners… and some of those have gone very well… they 

are not going to fund applications that don’t bring some different elements together” (PI24). 

PI33, an applied scientist with over 15 years PI experience, expanded on this further:  

 

“Many of us are funded by European Union grants, Horizon 2020 grants, where you’ve 

multiple partners, so you become use to working across different universities and 

sharing technology and IP and knowledge to the benefit of science.” 
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The most referenced type of interaction and collaboration influenced by funders was with 

industry. Speaking about Irish and European funding policy, applied scientist PI35 offered the 

following:  

 

“Before that we always thought science is there, and at the other end is the big bad 

industry… and those barriers have been broken down… it’s less distasteful now to be 

seen to be bringing in funding from industry, and there’s many more calls where you 

can marry those two.”  
 
Some criticisms were outlined by PIs in relation to funding body requirements for impact, as 

is presented in more detail in section 5.3 below. These concerns included too much focus on 

applied research, ‘hype’ research, short-term impacts, measurable impacts, and increased 

administrative workload of requirements of funding bodies. In general, from the PI perspective, 

funding body requirements shape PI impact orientation in the types of impact PIs focus on, 

pushing them to engage in international-level research and collaborations.  
 

Competitive funding environment  

Almost half of the PI respondents (n=14) noted the competitive nature of funding in their field, 

and in the medical device research landscape in general as an important factor in how they 

engaged in research, and thus how they approached impact. One reason for the competitive 

nature of research funding offered by a few PIs was simply the increased number of academic 

researchers vying for funding: “the number of people involved in academic research is huge 

compared to what it was when I started” (PI11). PI24 also raised the point that while there has 

been an increase in researcher numbers across academia, “the funding landscape has been fairly 

static, because of the economic recession.” As such, PIs offered various examples of needing 

to be competitive in their field, with PI14 suggesting that “you can think about each of us as 

companies, each individual PI as an industry of its own.” In order to be competitive in their 

field a few PIs emphasised the importance of industry interactions, “really the instrument that 

enabled me to become really competitive is the industry research fellowship” (PI04). PI29 

stated explicitly that they sought industry involvement in their projects because EU funding 

required involvement of industry, and so “geared us up to set up a start-up.” A few PIs spoke 

of the competitive aspect of academia as a motivation in itself: “I couldn’t be in an environment 

that wasn’t competitive, I’d get bored” (PI13). 
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Impact statements  

In relation to funding body requirements, when PIs spoke specifically about writing impact 

statements as part of their funding applications, a few PIs proposed the benefit of being required 

to write about the impact of their work as a reflective practice: “It forced us all to think about 

the relevance of our research” (PI27). PI29 offered similar sentiments about the benefit of 

writing impact statements as a reflective exercise: “they have kind of opened my eyes… you 

are trying to almost make them up, and then you kind of think, this is important and this is real, 

and I suppose its changed my mind set a little bit” (PI29). As PI20 curtly suggested, writing an 

impact statement “offers a reality check.” PI30 offered more detail on this, and how writing an 

impact statement allowed them to reflect on the impact of their research “at multiple levels,” 

going on to praise the use of writing these statements, as “it reinforces for me what I’m killing 

myself doing every day, it’s actually important. [Laughs]” Another benefit of this activity was 

offered by PI02, whereby writing about the planned impact of their research helps them “to 

develop further how you are going to do it.” As PI20 surmises: “if you can’t describe in layman 

terms in a couple of sentences what the point of your project was… then there’s not much point 

in doing that work” (PI20). Some criticisms of impact statements were also presented, outlined 

in section 5.3.3 below. 
 

5.2.3.2 Impact agenda 

	
“I think [the impact agenda] has a big impact on what type of research gets done” 
	
At the wider macro-level, the impact agenda as a central influence on the medical device 

research landscape was identified as a factor shaping PI impact orientation. Recent government 

policy has embraced the requirement for PIs to demonstrate the broader impact of their 

research, and this was identified by many PIs as influencing their understanding and attitude 

towards impact. For the PIs under investigation in this study, as CÚRAM-funded investigators, 

they are required by SFI to outline the planned impact of their research projects, and as pointed 

out by PI24, “SFI represents government policy.” As suggested by PI32, “the agenda is to move 

this technology towards clinical translation… there’s a need to be translational delivery minded 

and to do clinical trials, and not just keep on doing basic research.” The main elements of the 

impact agenda highlighted by respondents were industry engagement focus, commercialisation 

emphasis, outreach and public engagement requirements and an increased preference for 

applied-oriented or translational research projects. 
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Opinions on the impact agenda varied across the sample, with many expressing concerns about 

aspects of the research impact concept, more of which is discussed in section 5.3.3. A few PIs 

made specific reference to their understanding of the reasons for and importance of the impact 

agenda in current research policy. One reason for the impact agenda specifically identified by 

a few PIs was to break down ‘ivory tower’ thinking, whereby scientists are cut off from society 

to carry out their research as they see fit.  As PI01 proffered, being “stuck in ivory towers… 

you forget that this is actually for the betterment of humanity.” PI24 described the “ivory tower 

view of research” as those scientists working on projects with “absolutely no potential 

benefit… you should start thinking about what you are doing.” PI33 added to this, suggesting 

that “it’s too easy for academics to sit in their silos... and publish a few interesting papers and 

it never goes anywhere or does anything.” Some PIs intertwined the impact agenda with recent 

public engagement and education emphasis in research policy, with PI33 stating that outreach 

is important to show the public “how this money is being spent and what is actually going on 

in Irish universities” (PI33). As such, some of these PIs praised the impact agenda requiring 

PIs to address impact, because “if nobody asks the questions… they may not consider or reflect 

on the impact of their research” (PI03). It is clear from the findings above that the impact 

agenda, and government research policy in this regard, influenced PI impact orientation, their 

awareness of, attitudes towards and approaches for impact from medical device research.		
 

5.3 Factors impeding Impact Orientation 
 
Alongside the factors identified influencing and supporting the development of a more nuanced 

PI impact orientation, a number of issues were highlighted that could potentially impede how 

a PI understands and approaches impact in their work. These factors were centred around the 

many complexities of impact, misunderstandings and misconceptions of impact, and negative 

perspectives on elements of the impact agenda. Some of these overlapping issues have been 

mentioned earlier in this chapter and are explored in detail in this section.  

5.3.1 Complexities of impact 
 
The predominant issue of impact, as identified through thematic analysis of the PI interview 

data, is the complex nature of impact itself. Issues relating to the complexities of impact, as 

described by PI in this study, included the lack of a common, agreed upon definition for impact 
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and categories of impact, the many intangible or immeasurable aspects of impact, the overlap 

amongst impact categories, temporal challenges of impact and the issue of attribution.  

5.3.1.1 Lack of common definition and understanding 

 
“Everyone has a different definition of impact.” (PI25) 

 
One of the most marked issues emerging through analysis of PI interviews is the disparity in 

understanding in how the term impact is understood by PIs: “…it probably means different 

things to different people” (PI07). In discussions about impact, PIs noted that the definition of 

impact is “very, very loose” (PI13), “an elusive word, in particular in science” (PI21), and 

something that PIs can “struggle with” (PI22). As PI13 suggested, defining impact “depends 

on at which side of the table you are, you know, if you are a tax-payer you want to see jobs, if 

you are on the government side you want to see job creation, if you are a patient you want to 

see implants, if you are a researcher or an academic you need to see publications.”  

	
The disparity between how various national and international organisations and funding bodies 

related to medical device research define impact was also mentioned as an inhibiting factor of 

impact understanding. As presented in section 5.1 above, of the variety of perspectives of 

impact offered by PIs, the majority included a mix of scientific and some broader impacts, 

including economic, health, societal and human capital impacts, with little convergence of 

understandings. This confusion in how impact is defined was also highlighted in how PIs 

approached writing their impact statements, a requirement of SFI as part of funding 

applications. As outlined above in relation to PI perspectives on impact, there was confusion 

also in the overlap between impact categories, including health and societal, health and 

economic, and human capital and societal impacts. As PI36 suggested, impact can occur at 

multiple levels simultaneously, or can be viewed as “multi-stranded” (PI36). Speaking about 

the various categories of impact, PI27 speculated “to have very strong impact on all of them as 

a single PI is really quite difficult.” 

5.3.1.2 Intangible and immeasurable impact  

 
Some PIs raised the issue of the intangible and immeasurable nature of impact or certain aspects 

of impact. As PI05 stated: “it’s very difficult to assess what’s the value of [research].” Speaking 

about their own research, PI05 suggested that “the benefit is hidden or wrapped up in so much 

else.” This comment hints at another issue related to the complexities of impact, how impact 
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can be attributed to a specific research project, more of which is discussed in section 5.3.1.3 

below. Similarly, some PIs made reference to the complex task of measuring impact in general, 

and in particular the broader impacts of research. As an example, PI15 identified current 

metrics for impact as “surrogates for impact. It probably correlates to some extent… but it is 

impossible to measure really.” As PI21 suggests, impact can be “elusive and unpredictable” 

and thus difficult to measure, assess and evaluate.  

5.3.1.3 Attribution of impact 

 
Attributing impact to a particular piece of research was an issue raised by some PIs. Indirect 

impact was raised as an attribution issue by a small number of PIs, whereby PI research may 

influence or inspire others to carry out research that has real impact: “It might be something 

we do informing their products” (PI16). Furthermore, a few PIs raised the issue of claiming 

impacts involving industry partners, as PI04 noted:  

 

“You have to be careful how you mention that impact…  you have to be very 

considerate of everybody’s contribution to that impact. We operate in a value chain, I 

bring some value, other people bring value and the overall, net value is the real impact. 

But you have to be skilful in identifying it… not overstating your role.”  

 

This final point from PI04, on the issue of PIs overstating their role in impact was also 

highlighted by PIs in speaking about funding body requirements and subsequent pressure to 

demonstrate impact from projects, as presented in section 5.3.3.4.  
 
Related to issues surrounding attribution of impact to a particular project, some PIs emphasised 

that multiple projects are often required to achieve impact, or that many individual projects 

cannot offer real impact. In relation to health impact specifically, PI05 stated that “it’s kind of 

a group effort in a way.” A number of PIs shared similar opinions that an accumulative body 

of evidence is required to influence practice and have impact. As PI03 reflected, “I go back to 

the fact that me as a PI am a drop in the ocean, but every drop counts” (PI03). Speaking about 

attempts to eradicate biofilm infections, PI25 realised that “maybe you yourself won’t get that, 

but you will be a small part of getting there… how do you measure that?” This issue was 

emphasised particularly in discussions of societal impact, as offered by PI24, speaking about 

“having an impact in a societal way, I would maybe have thought of that as more the outcome 

of the overall area of research that I am involved in” as opposed to the impact of one particular 
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project.  “I think it is very difficult to gauge impact of individual projects… In terms of the 

impact or the output, I think there will be a certain number of breakthroughs, when you carry 

out 100 projects, two or three might be able to make that impact” (PI05). This comment 

highlights an opinion expressed by two other PIs that only a small percentage of funded projects 

can achieve real, measurable and demonstratable impact for society.   

5.3.2 Misunderstandings of impact 
 
Alongside the complexities of impact as outlined above, and possibly as a direct result of it, a 

number of misunderstandings or misinterpretations of impact were identified in this study. As 

suggested above, the lack of standardised definitions and understanding of impact resulted in 

a significant amount of confusion amongst the sample in their understanding of impact: “still 

nobody can really say what it is” (PI21). While some PIs demonstrated very clear and nuanced 

perspectives of impact, as detailed in section 5.1, there were some common misunderstandings 

offered on research impact, particularly in relation to the broader impacts of research.  
 
As detailed above, a few PIs misconstrued impact by connecting it primarily to impact factors 

of academic journals.  Another common misunderstanding of impact identified was in 

describing impact as outputs only. Throughout the findings presented above on PI 

understandings of impact, many PIs offered examples of impact centred on measurable outputs 

rather than actual impact, most notably in relation to scientific and economic impacts. This 

could be due to the fact that these types of impact have more established and “measurable” 

metrics or outputs related to them and some PIs, when asked about their views on the impact 

of their research, emphasised the impacts they felt were achievable or tangible. As PI10 

suggests, “impact needs to have more defined elements to hit.” 

 
Another recurring misunderstanding of impact related to public engagement, education and 

outreach activities. Some PIs, when asked about the broader impact of their research, offered 

details on their public engagement and education activities. For example, PI05 described 

impact as follows: “you think of scientific impact and dissemination, but you don’t think about 

public engagement, or the other side of it.” This “other side” of impact as public engagement 

was a perspective shared to greater and lesser extents by many PIs, whereby outreach activities 

are considered end results of research, as opposed to outputs that can lead to impact, or routes 

to impact.  
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There is obviously good reason for undertaking these type activities for researchers, with some 

PIs emphasising the need to communicate their publicly funded research to the people who are 

essentially funding it, as suggested by PI16: “I think it is important that scientists think about 

the impact of their research, be able to articulate to the general public why what they are doing 

is important, obviously outreach is a big part of that.”  PI03 emphasised the “social 

responsibility” to communicate the value of their research to the taxpayers, because “the money 

is coming from the taxpayers’ pockets.” This understanding of outreach as a means to justify 

spending and inform the public on the importance of publicly funded research was further 

advanced by PI36, speaking about SFI providing “good funding to the scientific community, 

and then the politicians have to justify that, and that circle has to be closed there.”  A few PIs 

also referred to outreach as a type of human capital or education impact, whereby through their 

outreach and public engagement activities they are educating the public in science.  
 

5.3.3 Negative perspectives of impact 
 
Some PIs expressed criticism of the impact agenda, under a number of different subthemes 

identified through thematic analysis of the interview data. In terms of criticisms of the impact 

agenda, beyond the issues of complexity and misunderstandings outlined in the previous 

sections, some PIs expressed concern about the focus of funding bodies, effectively acting as 

conduits of the impact agenda, on “quantity rather than quality” (PI13) and “short-term 

benefits” (PI07) from research. Some PIs raised the issue that current metrics and indicators of 

the impact agenda may not be effective in evaluating actual impact. PI15, for example, 

expressed concern about the impact agenda, “putting too much emphasis on… measurable 

impacts outside of the campus.” Furthermore, PI09 warned that “we need to be careful… that 

the tail is not wagging the dog… ticking the box… and losing half your time and half your 

money.” This perspective also questioned the level of emphasis and effort of funders on 

evaluating impact as the most efficient use of resources and time. A few PI raised similar 

concerns about the time required to “start optimising for research impact, and papers, and 

student employability, and spinouts and things… it suddenly becomes a hopeless job” (PI04).  

 

A few PIs expressed scepticism about the level of hype and emphasis surrounding the impact 

agenda and funding body requirements in this regard, with a few PIs referring to impact as a 

“buzzword”. PI03, while not a critic of the impact agenda, did suggest that “funders are 

organisations like anything else. They want to make as big a bang as possible, and they want 
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to keep their paymasters in government as happy as possible.” In relation to this, PI08 proffered 

that even though their research area was translational in nature with clear and demonstratable 

health benefits for patients, “it is not sexy... so it’s really hard to get people excited. If you want 

to split a cell in cancer, you’re more likely to get it funded.” 
 
A few PIs spoke about their initial scepticism of the impact agenda and the shift in SFI policy 

towards translation and impact and away from blue sky research, but that these concerns were 

allayed over time: “watching that evolve has changed my mind a bit” (PI24). This PI went on 

to speak about their initial “angst and anger and anxiety… that grant decisions were being made 

purely on commercial impacts… a bunch of bozos sitting around a table will just go I don’t see 

a lot of money in this, we won’t fund it. But that is a simplistic view… I think SFI have evolved 

the process.”   

 
A small number of PIs expressed concern about the perceived push for PIs to engage more in 

entrepreneurial activities. As PI25 argues, “that is a different mindset, a different skill set, and 

have I spent 20 years training to be an excellent scientist just to chuck it all in and do something 

I have no experience in?” A few PIs also raised the issue of time constraints in relation to the 

expectations to become entrepreneurs as well as scientists: “spinning out companies as an add 

on to an already full-time job…if you are doing that, you need to drop something else [laughs] 

realistically, if you are going to sleep, and I think there needs to be an awareness of that” (PI30).  

5.3.3.1 Criticism of applied science focus 

 
Some PIs expressed frustration at current government and SFI policy which they feel prioritises 

applied and translational research over more basic or fundamental, blue sky research, 

emphasising the need for science funding policy to focus more on scientific impact and 

scientific “quality” and less so on broader impacts of research. The main concern of these PIs 

was the risk of losing out on discoveries from blue-sky research if there is too much focus on 

applied, translational research. As PI22 outlines, “obviously SFI are not very keen on 

fundamental science, but that’s the politics of it.” Adding to this sentiment, PI32 hypothesised 

“if I were a basic scientist and interested in one particular sort of biological question… then I 

would probably be unhappy.” Speaking about the impact of their own basic science research, 

PI15 stated that “it is a long way downstream, and it is very hard to map what I do here to what 

eventually goes to market.” This PI suggested that this policy to favour applied over 

fundamental science research was “short sighted if you don’t do the underpinning research 
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now” and that “in ten or fifteen years’ time” issues could arise due to absence of blue-sky 

research. 
 
Some PIs indicated that they felt current funding body policy concentration on applied science 

was evident through the preference for broader impacts in research evaluation policies. PI13 

expressed this view when speaking about the current Irish funding landscape: “they fund 

research at an advanced TRL level, after three, so basic science is not anymore something that 

you will get funding for… If you get the best basic scientist in the world, in Ireland he is not 

going to succeed.” PI13 also spoke about this difficulty for basic science projects competing 

against more applied or translational projects for funding: “You cannot compare apples and 

oranges.” A few PIs raised similar issues relating to SFI governance and the increasing focus 

on applied science, moving away from more basic blue-sky research. PI23 spoke passionately 

about this issue, suggesting that “there needs to be a rebalancing of power in SFI.” PI22 added 

that they “could do a lot more if SFI was a little bit more open-minded.” 

 

PI21, a basic science-focused professor with over ten years PI experience, spoke at length on 

this issue: 

“Historically, not a single great discovery was meant to be found, and if we knew 

everything, then science would be redundant. Science is about discovery, so I think 

looking for impact is not the right way to evaluate science, I think that quality of science 

is what people should be looking at, and good science will eventually have an impact, 

it doesn't matter if it is immediately or in ten or twenty years.”  

 

This PI had particularly critical views on the impact agenda, with the increased focus on 

broader impacts and decreased focus on scientific quality, intimating that scientific 

advancements of any kind will ultimately benefit society by its very nature, without the need 

to investigate or focus on other impacts beyond scientific excellence:  

 

“It’s just impossible, because quality of science is something that you may argue is 

illusive as impact, but it is not, because that is something that you will have good criteria 

for that. So, we can do that… impact is more difficult to predict, and at the end of the 

day, good science will have impact, sooner or later, it doesn't matter.”  
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5.3.3.2 Scientific and economic impact tensions 

 
“You can do one or the other, you can’t do both.” (PI32) 

 
An issue raised by a few PIs in relation to commercialisation was the conflict between pressures 

for PIs to publish the results of their research and protecting commercialisation opportunities, 

and as such “the field is very confused… the two, they are almost mutually exclusive, so there’s 

a tension there that has not yet been resolved, it still exists” (PI32). This tension was further 

highlighted by PI36, who suggested that if they publish without looking at the 

commercialisation potential of research, “maybe someone else will come along and read your 

paper and commercialise it, but it’s a much lower chance.” PI27, working across both basic 

and applied science domains, spoke about the issue of publishing alongside protecting IP:  

 

“They often maybe have to choose between one and the other. Now I know there are 

ways to publish and still protect the IP, but it’s time, and you might want to get the 

story out quickly, because there’s competitors in the field who are working on the same 

thing, and they are going to publish in the best journals, so if you don't they will.”  

 

PI26, an early stage applied-oriented PI, raised the issue, shared by a few PIs, that academic 

career progression and success is judged less on commercialisation activities and more on 

traditional scientific impact metrics:  

 

“All my postdoc research got commercialised, which meant that from a research point 

of view it wasn't a great place to start, because it was all tied up in IP. At one level it 

looked fantastic, because what I’d done was in patents, but on the other hand, it doesn't 

help you to build a research programme that's going to kick start your career.”  

 

PI32, a more basic-oriented PI who engages in translational research also, spoke about this 

incompatibility between scientific and economic impact as “a tension we still face, you’d think 

it’d be resolved by now, but… the traditional rules still apply.” Other PIs offered similar 

opinions on this issue, and that in general, research with commercialisation potential isn’t as 

enticing to journals as more basic science research. As PI09 offers: “it may well be high impact 

in terms of getting to patient… it is not fundamental science, it is technological developments 

and those things don’t publish well and are never going to publish well.”  
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5.3.3.3 Criticism of economic impact focus 

 
Another recurring issue amongst the PI sample was in relation to economic impact and the 

perceived partiality of the impact agenda and funding bodies towards this type of impact. PI01 

warned of the “danger of too much of the commercial aspect of science.”  A few PIs noted the 

current concentration on demonstrating impact through commercialisation outputs such as 

patenting as a problematic area, or patenting for the sake of patenting. This belief was explained 

by PI19, a moderately experienced applied-focused senior lecturer:  

 

“That is something we struggle with, because it is not something that is important to 

me, so we don't actually make, I’ve never made money from a patent, but I am 

conscious of getting patents because that is what keeps the lights on in the lab, and 

keeps the lab funded.”  

	
PI19 went on to argue that “the commercial benefit is given extra weighting because it is a 

harder metric… if you have five patents on one side, no patents on the other side, but a better 

societal benefit, I think they will go with the patents because it is a safer bet.” This opinion, 

echoed by a few other PIs, and evidenced throughout this chapter, hints to the need for more 

tangible metrics for societal impact.   
 
As PI26, a moderately experienced applied-focused PI, stated: “I’m firmly of the opinion that 

in the vast majority of cases, a good publication is worth infinitely more than a bad patent.” 

PI26 also offered a criticism of spinouts as a commercialisation impact metric, criticising 

academic institutions approach to spinout companies and the lack of “seed investment” on the 

part of the university. As such, PI26 believed that “there’s no incentive apart from ticking the 

box that was created.” Speaking about commercialisation metrics such as spinouts and patents, 

PI21 argued that these were “false measures of quality… I can patent how to feed my animals, 

that doesn’t say anything.” Speaking about economic impacts generally, PI21 argued that they 

“don’t think that is the purpose of science… we are not supposed to increase the job numbers 

in Ireland, at least not directly.”  

5.3.3.4 Communicating impact – ‘playing the game’  

 
As indicated in the previous section, another common issue raised by some PIs was in the 

requirement of funding bodies for scientists to articulate and communicate the impact of their 

research, and the need to ‘play the game’ in this regard. Some PIs were concerned about the 
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complex nature of impact and the confusion around how it is defined and understood in relation 

to writing impact statements as part of their grant applications. PI34, for example, spoke about 

the difficulties and need for support in writing their statement, “to really analyse what could be 

the real impact of my research… sometimes I don’t have the words to write it.” This sentiment 

was shared by a number of PIs, whereby respondents were wary that impact would be judged 

on “being really good at English” (PI08) or as PI27 suggests, “it was finding the language and 

the words and the format… finding the best way to package and present that.” PI34 raised this 

concern, highlighting the incapability between this type of activity and their skillset as 

scientists:  “It’s not only language, it’s really to express… we are only scientists at the 

beginning, so making this connection with the true life, and the social impact of what you do 

is something strange.” On the other hand, PI16 believed that “all good academics should be 

able to write a two-page impact statement to justify what they do.”  
 
Many PIs spoke about how they need to be “savvy” (PI24) or “strategic” (PI32) when 

approaching impact, particularly in relation to articulating the impact of their research in SFI 

impact statements “without promising too much” (PI27). PI06 described this activity as “lip-

service to what SFI wanted”, writing “what they want to hear” (PI28). One PI even spoke about 

how “if somebody gets a grant, which means it was probably successful, we take the impact 

statement, change the words to make it suit, because that’s what they want.” Similarly, a few 

PIs indicated that there is a risk, under the current requirements to demonstrate impact, of 

scientists overstating the results of a piece of research, both in terms of scientific impact and 

the broader impacts of research, as suggested in section 5.1.3 above. A few PI spoke 

particularly sceptically about this pursuit of articulating the potential impact of research, 

exemplified by PI20, a highly applied-oriented scientist: “I’d say the success rate in 

implementing exactly what was outlined is nearly zero.” This attitude on the impact statement 

was reflected to varying degrees in some PIs opinions, suggesting that while the impact 

statement can positively shape impact orientation of PIs, it can also impede understanding of 

and approaches for creating impact from publicly research projects.  

 

5.4 Approaches for Impact 
 
A number of common strategies or approaches for impact were identified as key themes 

through thematic analysis of the PI interview data. This final section of the main findings of 

the study is divided into three sections; collaboration strategies, project formation strategies 



 137 

and career planning and strategising. These three themes were the most commonly referenced 

and emphasised approaches undertaken by the PI sample in relation to their impact orientation.  

5.4.1 Collaboration strategies 
 

“If you have an idea… but you really need to make it novel, and innovative, impactful, 

you have to talk to people.” (PI24) 
 
Collaboration was the most widely cited activity in relation to creating impactful research 

referenced by PIs interviewed in this study, with 26 PIs making specific reference to the 

benefits of collaboration for creating impactful research, or to “boost the impact” (PI24). For 

example, when speaking about their research having impact, PI04 suggested that this was done 

when “you develop long term relationships with people and see how those grow.” Many PIs 

expressed strong opinions on the vital importance of collaboration as an approach to create 

impactful research: “Collaborative projects, for me, in my field, is the solution… to be efficient 

the only way is definitely to work all together at a national level” (PI34). 
 
A key benefit of collaboration for PIs in this sample was in “working with people from different 

backgrounds, with different training,” which PI09 described as “a really positive thing” (PI09), 

with this diverse range of collaborators providing “different pieces of the puzzle” (PI03). 

Through this variety of collaborators, PIs could access different expertise, “depending on 

particular emphasis we need, in different areas,” (PI16) and “progress much more rapidly if 

you’ve got different people thinking about a particular problem in a different way” (PI11). 

PI05, speaking about a particular collaboration they were involved in with a surgeon, outlined 

how “neither of us have the expertise to do it, but it is actually very easy to do it once the link 

is there… the two together make the whole thing possible.” PI24 added to this, wherein 

research collaborations can be “greater than the sum of their parts… doing blockbuster work 

because they work well together and complement each other.” In choosing collaboration 

partners, PI14 offered the following: “The rule of thumb is you work with credible people, to 

make credible things happen.”  
 
International collaboration was also emphasised by some PIs as an important aspect of their 

work, to create potentially impactful research, as suggested earlier in this chapter.  For example, 

PI08 summed up their collaboration strategy as follows:  
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“I’m looking for collaborations, and collaborations with different disciplines, and with 

different entities, but also where possible, international collaborations. That is very 

important to me. I know it is kind of a no-brainer at this stage, but it also brings a huge 

richness to what you do.”  
 

Developing research questions  
 
Collaborations and interactions with relevant stakeholders in general were identified by some 

PIs as a vital component for developing ideas for research projects. To this point, PI24 spoke 

about ideas for research areas to explore coming out of attendance at conferences and seminars, 

and the interactions therein: “Certainly in my viewpoint, project ideas at least, maybe not the 

finished project, often come out of these discussions and interactions.”  Speaking about “wider 

collaborative links”, PI12 spoke of the benefit of such collaboration activities: “it makes you 

think broadly and laterally, and then you get your questions.” PI31 added to this with a similar 

viewpoint to the majority of PIs interviewed, stating that “a good mature research question 

takes input from… people with multiple expertise.” As PI35 notes: “don’t [have] your arms 

around an idea, saying no one can make this better… there’s endless possibilities to making 

stuff better if you bring the right people on board.” 
 

Personal relationships  
 
Some PIs emphasised the importance of developing personal relationships with their project 

partners: “you’ve got to get on well with the person” (PI17) As PI33 states: “All my best 

industry collaborations, just like my best academic collaborations usually involve someone in 

the company that we also happen to get on well with them, we can go to dinner, or a pint, or 

whatever.” PI19 offered a similar statement on choosing project partners, suggesting that they 

would be “very careful about who I work with... anytime I meet an academic, I’m trying to 

figure out where do they stand, are they a doer?” However, PI33 warned that “you are not going 

to work with somebody mediocre, with mediocre research pedigree, because you like them.” 

Another related strategy suggested by a few PIs, similar to views on industry collaborations, 

was in continuing relationships with collaborators through projects: “there are some situations 

where you put a proposal together and you sit down with a couple of people that you worked 

with before, and are friends with, and then you try to figure out what can we do together, rather 

than the other way around, where you have a topic and you try to fill the different areas of 

expertise with people that you pull in” (PI28).  
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Serendipity of collaboration formation 
 
There was no single method or strategy for initial contact between PIs and their collaborators. 

For the majority of PIs, collaborations were developed on an ad hoc basis, for many reasons, 

including due to the complex nature of industry-academic, and clinician-academic interactions. 

PI20 proffers the following, a similar sentiment to many PIs:  

 

“Some projects we've a clinician comes to us, in some cases we’ve industry coming to 

us, and in other cases, maybe we might have been working on something previously 

and then we see another application for it.”  
 
Many PIs emphasised the serendipitous nature of how collaborations were formed, including 

PI08, who suggested that “so much of it is chance… or somebody knows somebody, and as 

unscientific as that is, that is how a lot of it seems to work.” PI24, an applied science professor 

with over fifteen years PI experience, offered the following sentiment, suggesting the 

unpredictability of the research landscape:  

 

“Certainly you have periods where it seems like everyone is knocking on your door for 

some reason, you just published something, or when you are the new kid in town… it 

can be almost a period of too many people coming to your door, and then there are other 

periods where it is more up to you.”  

 

PIs offered many different scenarios and situations through which collaborations were formed, 

including through meeting at conferences and seminars: “you meet someone… you get 

chatting, I do this, you do that, we have a conference call, and things kind of snowball from 

there” (PI17). Some PIs presented themselves as the “drivers” (PI32) of collaboration and less 

“passive” in their collaboration activity. As PI28 suggests, “the best [collaborations] form sort 

of organically, so just come across them, or they send you an email… or you drop them a line.”  
 
In choosing the collaboration partner, for many PIs, it was “driven by the need” (PI17) of the 

particular project. “Word of mouth” (PI24) connections were mentioned by a number of PIs as 

a useful strategy for finding collaborators, or as PI09 states, “contacts of contacts… I will go 

up to a colleague and say given that you are working with company, who should I speak to?” 

A common reason for this is that through this process a PI can assess “what’s the personality 

of the person, can you work with that person?” (PI28) Three PIs suggested that they would 
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Google relevant experts if they didn’t have a contact already made or look through published 

literature to see “who is a name in the field” (PI28). These examples suggest some PIs were 

more active than others in seeking collaboration partners.   
 

Collaboration brokers 

A few PIs spoke specifically about their role as project PI to proactively bring partners together. 

PI30, an applied scientist with over ten years’ experience as PI, suggested that it is through 

collaboration they can have real impact, “because as I said, I’m the matchmaker, I depend on 

the basic chemists, the basic biology research… and then we package it, if you like.” PI34 

offered a similar sentiment about industry partnerships, whereby they feel it is their 

responsibility “to connect people, to make connections, good relationships with the different 

companies.”  

 

Some PIs emphasised the importance of bringing collaborators together early in the research 

process, often before project initiation, in order to maximise the impact potential of the project.  

PI01 surmised the consequence of not organising these collaborations before project proposal 

as follows: “otherwise you are going to end up doing the wrong thing at the wrong time with 

the wrong people.” PI13 offered the practical side of this strategy: “ If successful, you need 

them to be ready… [and] they need to see that you are active, that you mean business, because 

don’t forget, this is your job, they have another job.” A few PIs noted that many PIs “often 

leave it quite late until they band together to apply” (PI02).  

 

PI29, a basic scientist with over 15 years PI experience, offered the following as an overview 

of the benefit of collaboration for impact, highlighting the importance of industry and clinician 

collaborations, which are presented next:  

 

“I think it is important for selling why we do science in the first place, there has to be I 

think something at the end of it, and usually that something at the end of it is through 

industry partners, or clinical partners. If they are not on board with it, it’s just going to 

languish in a journal somewhere.”  
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5.4.1.1 Industry collaborations 

 
“You are just that bit closer to translation… I kind of like that aspect… that the 

company might be able to translate what you do with them into something that is 

clinically useful.” (PI30) 
 
Industry collaborations were identified by most PIs as important in creating impactful research, 

as industry partners “will get the value back from it” (PI05). As outlined in section 5.1.2.1 

above, many PIs believe that for research to have impact it must first be commercialisable, and 

therefore industry collaboration is key to many projects for creating impact. At a very basic 

level, many PIs spoke about collaborating with industry as a way to meet economic impact 

KPIs: “because we are interacting with companies, I can talk about economic impact… either 

directly by creating a new company, or indirectly by licensing or partnering with these 

companies” (PI16). Industry collaboration was identified by a few basic scientists in particular 

as an important mechanism to create impact, as exemplified by PI29, a basic scientist: “through 

the interactions with industry, I can see possibilities for impact… but this is talking way, way 

down the line really, impact on say cancer treatments.”  
 

Lessons from industry collaboration 

PI13, a lecturer in applied science with ten years PI experience referenced the knowledge 

gained from industry partners on “scalability, manufacturing” and how industry partners can 

“in ten seconds flat destroy any idea” because academics “think industry is going to be like the 

lab… they just don’t understand the volume of whatever the company is producing.” A few 

PIs offered similar opinions on the learning that can be gained from industry collaboration. 

PI19 provided an interesting example of their group working with a company “for no cost, but 

we were just doing it so now people in my group know exactly what is required to bring a 

device through trials.” A few PIs also referenced the relatively short-term focus of industry as 

a positive influence on their own research practices, motivating them to think and plan for 

short-term outputs. PI19 offered the example of working with a company who they first spoke 

with in March about a potential technology to having an animal study by August: “That is 

insane… it is funny, that influences every other project you’re on.”  Speaking about their 

industry collaborations, PI08 stated that this type of interaction “really challenges your 

thinking, and that is what I like.”  As PI19 succinctly states: “the advantage of industry is they 

move faster.” Another reason mentioned for industry collaboration was to gain access to 

resources. 
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Along with a small number of PI respondents, PI13 outlined the benefits of collaboration for 

the industry partner, how industry gets “a little bit of the science from us, a better understanding 

of things… we get to understand better the processes, which then will feed into the company, 

then the companies can improve their processes, their products, etc.” In this way, impact is 

created from research directly through the industry collaboration.  
 

Strategies for industry collaboration 

Speaking about their strategies for engaging with industry, a few PIs suggested that “it has to 

be mutually beneficial” (PI24) with “shared interests” (PI27) between academic and industry 

partners. PI20 outlined their strategy for industry collaboration as follows: “It is good I think 

to find projects that they’re aiming towards the next five years or so, but don’t have either the 

time internally, or the right resources or expertise to be able to tackle them.” Also, the 

comments by PI13 above, and a few other PIs, highlight the need for industry involvement 

from project initiation “because there is no point in us designing something that they can’t 

manufacture” (PI09). 
 
Some PIs spoke about “courting” (PI26) particular companies for many years in order to 

facilitate future industry collaboration potential and how these relationships were “a long time 

forming.” The development of relationships with industry was emphasised by some PIs as an 

important aspect of their collaboration strategy, as presented by PI33: “If you do well at the 

start… they come back to you often, with a new idea, or a new need, or a new problem.”  
 
PI31 suggested a tactic whereby they would focus their industry collaborations on young 

companies rather than “the big fish industry partners”, where “there is great scope to develop 

a story… they want someone like me to come in… and that’s rewarding… They’re also very 

enthusiastic, so they’ve got that part covered and I can help them out with the science end of 

things. So it’s a win-win situation.” Similarly, PI38 expressed apprehension about industry 

collaboration with larger companies: “You usually judge it by the size of the company… if the 

company is that big, do they really need to partner with a uni?” 
 

Issues with industry collaboration 

A few PIs offered various criticism of industry collaboration, particularly in relation to current 

requirements by funders for PIs engaging with industry in order to be funded. As PI25, a 

relatively inexperienced PI in basic science, outlines: “There’s this expectation from say the 

EU and SFI that businesses are something like charitable organisations, that they will fund half 
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a project. They won’t… [It is a] totally unrealistic expectation of funding agencies.”  As PI21 

surmises: “they are supposed to make money, we are supposed to make science. That is the 

difference.” Similarly, a few PIs spoke apprehensively about how industry collaboration might 

actually relate to societal impact. For example, PI08 was wary of the potential conflict between 

industry goals and societal needs: “industry designs a new device and they’ll do the trials that 

suit them on that device, on that select group of people… it is now important because industry 

has said it’s important.”  

 

This opinion was shared by some PIs, wherein the industry partner “only want you to do 

something for them” (PI25), and this bi-directional flow is not part of the project proposal.  

Furthermore, PI25 suggested that “a company will fund a piece of work if the IP will come to 

them… they are in it for profit and they are not into sharing… there are usually pretty clear, as 

in this is what we want… clear from the beginning.” As PI10 suggests, academics need to have 

an “understanding of what they want versus what we want academically, kind of having that 

realistic mind-set.” Another issue raised by a few PIs is the administrative or bureaucratic 

culture in industry: “it’s much more formal in terms of paperwork and contracts,” (PI28) with 

“all these meetings all day every day,” (PI31) and “presentations every two weeks (PI23). As 

PI29 noted, some industry partners can be “much more cautious and pedantic.” PI38 surmised 

this concern as follows: “There’s no training to say you need to be aware that when you are 

working with industry there’s a different expectation on you” (PI38). 

5.4.1.2 Academic collaborations 

 
The second category of collaboration identified through analysis was with academic partners, 

both within the PI’s own field and across other disciplines. As PI33 proffers: “Our research is 

incredibly interdisciplinary, so we need engineers, biomaterial scientists, molecular biologists, 

we need pharmacists.” This need for expertise of academics from other disciplines was 

referenced by many PIs as important to their impact efforts, because they “can’t do all the 

things that are required” by themselves (PI06). As PI16 suggested, “there are things I don’t do 

in my lab… it is very useful to be able to send somebody an email, going can you do this for 

us, and a good collaborator will do that for us.” Interestingly, PI35 suggested that working with 

academics in other disciplines “can be easier… because there’s a mutual respect there.” PI35 

praised academic collaborations because “you learn a lot… it is kind of very refreshing, and 

keeps you, keeps everything very interesting.” PIs emphasised this need to bring academics 
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from other disciplines on board, to “rely on their expertise” (PI03) and to be “open” (PI35) to 

input from others so you don’t “end up with a sort of monochrome career.” 
 
PI17, a more basic-oriented scientist, made the interesting point of collaborating with other 

academics in order to increase the chances of moving the research towards commercialisation. 

PI27, a professor who works in both basic and applied scientific areas, offered a similar 

sentiment, speaking specifically about the role of CÚRAM in supporting these collaborations 

and multiple PIs bringing “their own strengths… to generate IP and ultimately spinout 

companies.” A few PIs also spoke about actively seeking out collaborations with scientists in 

other countries: “we reach out to them because we don’t believe that there is any point in us 

trying to reinvent the wheel if somebody can help our technology be improved quicker” (PI33). 

Some PIs emphasised the importance of building up relationships and working with academic 

partners they had worked with on previous projects, as a strategy for collaboration.  

5.4.1.3 Clinician collaborations 

 
“The first most important thing we do is to sit down with the clinicians… to understand 

the challenge and understand the problem.” (PI33) 
 
Clinician collaboration was identified by 21 PIs as an important strategy for creating impactful 

research, “keeping the focus on the clinical need” (PI17). The input of clinicians on medical 

device projects may seem self-evident, but is an important point nonetheless. As PI03 

expressed, “you need someone who guides you, who is in the field where this is being applied.” 

This attitude, whereby the clinician collaborator serves as a guide to ensure the research is 

going in a suitable direction to achieve real impact, was shared by a number of PIs. Another 

related reason for clinical collaboration offered by PIs was to develop interesting and important 

research questions through “working with people who are informed and bring different things” 

(PI33). Due to their daily work, PI05 suggests that “there are a lot of interesting questions that 

clinicians will face that we have expertise to tackle, and it creates quite novel research for us.” 

As PI31 proffers, “when you talk to these clinicians, they really do sort of say this is what we 

want.” This PI then went on to describe in detail degradation of materials and how clinicians 

were able to inform him how best to approach these type problems to best aid patient healing. 
 
This perspective of clinician collaboration to gain access to expertise in particular practical 

medical fields was identified by many PIs as an important aspect of this type of collaboration. 

PI03 surmised this attitude as follows:  
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“I can never bring a solution unless I have people who let’s say are either medics who 

understand cancer better than I do, who understand the gut system better than I do, who 

understand how the immune system works better than I do.”  

	
As such clinician collaborators can provide information to PIs on “the sheer practicalities” 

(PI08) of a particular problem, technology or treatment, with PI31 suggesting this collaboration 

is most useful in “helping to focus the niggley parts, the bits you were unaware of, the details 

I guess.” 
 
A few PIs spoke about making a concerted effort to embed themselves in clinician 

environments to strengthen the impact potential of their work. PI33 offered the following 

strategy: “I thought that my work had better applicability, was more likely to get out of the lab 

and make an impact if I was embedded more closely with clinicians in the medical school.” 

Another related benefit of clinician collaboration acknowledged by some PIs was increased 

access to relevant resources, including human tissue. PI31, who spoke particularly passionately 

about the importance of clinician collaboration for impact, stated that, without clinician 

involvement in the medical device research process, “I’m going to be on this trajectory forever, 

exploring nice things that I find are interesting but really the impact, at least as far as short term 

impact, is probably going to be very low.” This opinion was shared by a number of PIs, 

speaking about the importance of clinicians to develop research projects with more achievable 

impacts.  
 
Some concerns were also raised in relation to clinician collaboration. PI05 spoke of issues 

“having access to surgeons” and the time constraints of both the PI and clinician partners to 

engage in collaboration. Time constraints were highlighted by a few PIs as an issue particularly 

in relation to clinician collaboration: “they are really busy people so it’s hard to get them” 

(PI29). Two of the relatively less experienced PI respondents offered similar opinions, with 

PI31 adding that some clinicians could be “quite unapproachable, others aren’t interested in 

research.” Similar to issues identified in communication between academia and industry 

partners, a few PIs raised the issue of communication difficulties between academics and 

clinician collaborators: “there is a bit of a language barrier, both directions” (PI15). 
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5.4.1.4 Patient collaborations 

 
In relation to patient collaboration, some PIs spoke of the benefits “to know what patients 

think” (PI18), that “it gives you a whole other perspective on it, very important” (PI17). PI11 

offered a number of examples of working with Irish and international patient groups and focus 

groups, including IPPOSI (Irish Platform for Patient Organisations, Science & Industry) who 

supported PI11 on a grant application: “they wrote me a letter of support for the last grant I put 

in because it was very patient focused.”  PI36 outlined specific examples of how patient 

collaboration and involvement improved the eventual impact of their projects, “we think 

engaging with the user is a key element if you are going to have better innovation.” PI36, a 

highly experienced applied scientist, spoke specifically about learning from this type of patient 

collaboration, realising from this input that “our design process here isn’t exactly optimum… 

we learned a lot by doing that.” PI24 emphasised the importance of patient collaboration from 

the project development onwards “because it is a bit of an assumption that you know what 

people actually want, or would have the most impact on quality of life, or health or wellbeing 

or happiness.” PI38 made an interesting point, about another benefit or impact of patient 

collaboration in their research projects: “even the Hawthorne Effect of knowing that’s 

happening is huge. And that is to me a lovely impact.” These examples offer practical benefits 

for PIs of engaging in patient collaborations for greater impact. However, patient collaboration 

was the least referenced type of collaboration offered by PIs.  

	
A potential reason for this, clinician collaboration was linked with patient collaboration for a 

few PIs because “the patient interacts with the clinician” (PI13), with the clinician at “the 

coalface” of patient interaction (PI30). The perspective focused on the clinician as the eventual 

end-user or “user of the concept” (PI14) was a viewpoint shared by a few PIs. PI11 explained 

their strategy as follows:  

“I would always try to have a clinician involved, in a lot of my projects because I think 

it is important again to have the end user insight, the patient in other words, you can get 

that kind of input if you have a clinician involved because they are using the product or 

they are potentially going to use the product, and they know more about the disease, 

and the patient, and what will work and what won’t work.”  
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5.4.2 Project formation strategies 
 

“How you actually start your project is just as important as how you finish it.” (PI36) 
 
Alongside collaboration strategies, another common theme identified in relation to approaches 

for impact was project formation strategies, wherein PIs had particular methods, strategies and 

behaviours in choosing and developing their publicly funded research projects. For almost half 

of PI interviewees, most of whom were more experienced in the PI role, these strategies were 

deliberate and systematic, based on what had worked well for them in the past in relation to 

creating impactful research from their research projects. In general, strategies involved a large 

amount of pre-project preparation and consultation with relevant stakeholders (most often with 

industry, clinician and academic partners). PI19 summed this practice up as follows: “the 

phrase I always say is, if you've got seven hours to chop a tree, you spend the first five 

sharpening the axe.” PI30 emphasised the importance of strategic planning: “so it’s good to sit 

down and strategically think about it I think, rather than having an ad hoc approach, and blanket 

bombing funding calls randomly.” 
 
Through thematic analysis, four types of project formation strategies were identified: PI-led, 

opportunity-led, impact-led and collaborator-led project formation. These project development 

strategies were often interrelated for many PIs, due to the often “still fairly amorphous” (PI06) 

nature of project development. PI25 stated this simply as “you try a lot of different things, and 

then it’s whatever gets funded.”	

5.4.2.1 PI-led project formation 

 
“While you do have to look out for funding of what is best going to be funded, it is 

actually what you are interested in, is what you are better off working in.” (PI05) 

  

Focusing on what the PI is most interested in, or has the most expertise in, was a project 

formation strategy shared by some PIs. PI11 stated that if they have the choice, they will choose 

the topic “that I feel I have good ideas for, or more ideas for.” Many PIs spoke about choosing 

research projects due to their personal interest in the topic. PI38 suggested that in developing 

research project proposals “you want something you can deliver on most of it, but is there some 

bit you have to figure out, because that’s what keeps you going.” PI35 stated that they would 

choose projects that “make me go, oh that’s cool.” PI35 went on to speak about how their 

passion for particular areas of research would focus them in that direction, choosing projects 



 148 

“not only because I like treating those diseases, but also because they are areas I know most 

about, and they are areas I think I can make the most impact.”   
 
A common thread in this strategy is actively seeking collaborators out, particularly for those 

PIs early in their career. As PI30 explains, speaking about starting out as a PI, “it was probably 

more me going and selling my wares [laughs], and letting them know what I can do.” PI33 

went into greater detail about this strategy, whereby academics need to be “active on social 

media, retweeting papers, reaching out to people… if there is a leader in their field… offer to 

go and give a seminar.” PI14, an experienced PI with previous industry experience, stated that 

they “would have pushed for getting industry [involved] up front.”  A few of the PIs 

interviewed were also involved in clinical practice, and so they would use ideas they developed 

through their day-to-day work and connections with patients and other clinicians as the basis 

for projects. “My prioritisation is based on the problems I meet in the clinic” (PI18). 
 
A few PIs suggested that in order to carry out the research that interested them, they would 

look to funding calls and see how they could fit their work into these calls while preserving 

their own research goals. PI02 outlined how he would look first at “the funders, what they are 

doing, and how we can combine things that can appeal to funders but do what we want to do 

strategically. And that’s not easy.” PI34 shared similar opinions, speaking also about the 

limited time they have in their career, not wanting to “spend much more time doing things I 

don’t like. I really decided to focus only on what I have in my brain, my obsession.” PI17 

outlined a related strategy to this, focusing on research they want to explore “and then I try to 

find the funding that aligns to it.”  

5.4.2.2 Opportunity-led project formation 

 
“When an opportunity arises, I just go for it.” (PI04) 

 

Some PIs spoke about making decisions on project formations based on likeliness of obtaining 

funding, “an area that’s very fundable right now” (PI31), from the various science funding 

bodies. This opportunistic attitude to project formation decisions was emphasised by many PIs, 

to greater and lesser extents, wherein PIs were often led by funding opportunities. PI22, a basic 

science focused PI with ten years of experience in the PI role, stated that “to be honest, we are 

a bit guided these days by where we think we can get the funds, which I think is completely 
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wrong, but what can I say about that, you know, if you don't get the grant, you can’t do 

anything.”  
 
A few PIs spoke specifically about choosing research projects based on “where the hype is. 

This sounds a bit ridiculous but that’s not only true for PIs, funding organisations do that too” 

(PI10). PI32 offered similar opinions on this, to understand “what’s topical and what’s the 

correct agenda at the right time, is very important. And that agenda changes frequently, so it is 

a time-specific thing, understanding what’s the agenda at any particular time.” Similarly, a 

small number of PIs spoke about being driven by current technology development focus, such 

as PI20, an early career stage PI: “Our ideal thing is that everything is clinically led, but 

sometimes there is a bit of seeing technology development in a space, and then finding clinical 

applications for it.” A few PIs spoke specifically about the “waves in funding” priorities (PI15) 

and “tailoring” their research (PI11) to the changing landscape, or as PI21 suggests: “you have 

to think how to remain relevant, you have to reinvent yourself many times… you can’t expect 

to work 20 years on the same thing and still get funded.” In many cases, PIs with opportunity-

led strategies were more pragmatic in their approach to project development, focusing on 

funding potential: “…whether funding is possible in this space. Just because you have an unmet 

clinical need and you have a clinician doesn’t mean there is funding possible” (PI14).  
 
In relation to opportunity-led project formation strategies, many PIs spoke about adjusting their 

research to fit funding calls. PI24 described this process as to “duck and dive…I’m not 

advocating it, it’s an experience and it’s one that to me has resulted in maybe me going in too 

many different directions, so I’m trying to consolidate now.” A few PIs raised this as a point 

of concern, whereby “I have projects that are funded that I’m purely working on because there 

was an opportunity to get funded” (PI24).  

 

“I would say it is adaptation to the environment that is present, the fund environment 

that is there, to adapt to that funding environment, keeping your integrity intact... at the 

root of it you are still doing what you are doing, you’ve just adapted your research 

questions” (PI14).  

 

Speaking about adapting their research for funding, some PIs spoke about using this approach 

as a stepping stone towards more long-term goals: “you may be able to use it as a nucleus… 

develop a project that is maybe more in your niche, and that just benefits from this core 
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funding” (PI24). PI30 outlined a similar process in their strategic thinking: “So we can get 

funding, but we may have to look to different agencies for different aspects of it.”  
 
In relation to opportunity-led project development strategies, a few PIs suggested that they 

would look for less competitive areas of funding, as “a lot of areas are actually quite saturated, 

that it is incredibly hard to have an impact” (PI05). PI11 offered a specific example of this:  

 

“sometimes there are funding opportunities as well, that there are grants specifically 

targeted towards rare diseases or whatever, and that gives you an opportunity to get 

funding in a space that maybe isn’t as competitive, maybe, isn’t as competitive as it 

might otherwise be.”  

 

Similar to this approach, some PIs spoke about “searching around… trying to find my own 

area”, choosing their particular area of expertise because “it’d be a good space to get into” 

(PI31), or “creating a niche offering” (PI03). PI28 also spoke about the niche area they were 

in, “and it’s a niche area that was recognised by SFI as something that should be covered in 

Ireland. The competition wasn’t as high for me, let’s put it that way.” PI15 surmised the 

purpose of this strategy so as to “develop ideas that are risky enough to be interesting and 

worthwhile, but also … feasible.” 

5.4.2.3 Impact-led project formation 

 
“I’m looking for impact in the broad sense when I’m looking at what I’m going to do 

next.” (PI36) 

 

Another project formation strategy identified through thematic analysis was that of impact-led 

project formation. When discussing project formation, some PIs spoke explicitly about impact 

considerations in relation to project design and development. For example, when developing a 

new technology, PI36 asks “is this something that we can see a patient eventually using and is 

it actually going to be of any benefit whatsoever?” Similarly, when asked about their project 

formation strategy, PI19 outlined how they decide on the focus of their publicly funded 

research project: “So the perfect project for me I suppose is in this order; 1. That it makes an 

impact on patients; 2. That it's a good vehicle to train researchers; and 3. That would support 

Irish medtech.” PI20 outlined a similar strategy: “Every project we do, we look at how complex 

it is and whether it has a real chance of progressing towards clinical applications” (PI20). 
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A few PIs referred to addressing “clinically relevant problem” in their project formation 

strategies, as offered by PI27, choosing projects that address “massive issues, pain, depression, 

anxiety, in the top five, certainly top ten, global burden of disease challenges.” PI19 offers a 

succinct summation of this approach: “a really good patient need is always a good driver for a 

project.” This strategy lines up with the collaboration activities many PIs undertake with 

clinician partners (see section 5.4.1.3), with the specific goal of creating the most potentially 

impactful research for clinicians and ultimately patient groups.  
 

Environmental scanning 
 
A few PIs referenced specifically their activities and knowledge in relation to medical device 

markets and the importance of that for how they choose their projects. PI11, working with an 

MNC located nearby, spent a month looking at “the addressable market… the number of 

patients that could be addressed with this product.” PI36 offered another example of deliberate 

environment scanning strategies, what they called “a customer discovery process” involving 

reviewing extant literature, surveying clinicians on the topic and investigating existing patents 

in the particular area. Alongside this process, PI36 and their team regularly searches the FDA’s 

MAUD database for medical device issues, reports on returns etc, to identify gaps in the 

market. Interestingly, one PI spoke of utilising scientific impact metrics to gain a deeper 

understanding of what is interesting to their scientific community and using this as a method 

to prioritise future research directions. 

5.4.2.4 Collaborator-led project formation 

 
“Sometimes people come up with a problem, and I try to give my slant on it.” (PI01) 

 
Some PIs, when asked about how they plan for impact in their project development strategies, 

emphasised the importance of collaborator input, and in some cases, collaborator-led project 

development strategies, whereby the PI is approached by someone to develop a research 

project. A few PIs outlined how they have been involved in successful projects where clinicians 

came to them with their ideas and the project went from there, where “the unmet clinical need 

has been defined by a clinician in the area… driven by clinicians at the coalface” (PI30). 

Similarly PI33 emphasised that the first step in developing their research projects is “to sit 

down with the clinicians.” This strategy can be evidenced in section 5.4.1 on collaboration 

strategies, with many PIs stressing the importance of collaborators in developing relevant 
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research questions with potential for actual impact, particularly with clinician collaborators.  

This view was echoed by PI35, stating that their more successful projects are ones “that I’ve 

had better people on board with, I think that’s the key to it.” 	

	

5.4.3 Career Planning and Strategising 
 

 “I have no problem with impact because I have a very clear vision about what I want 

to do for the region and for the benefit of the economy.” (PI04) 
 
A third approach or strategy for creating impact from research was that of long-term strategic 

thinking and career planning. Many PIs referenced, to greater and lesser extents, the importance 

of strategic thinking “beyond the three- to five-year tranches of funding” to create impact from 

their research. For example, when speaking about PIs creating impact, PI27 emphasised that 

“you need to be able to allow PIs the freedom to think and strategise, and plan their impact 

over a period of time, and finding that kind of thinking time can be difficult… the long term 

strategy, I think that’s quite important.” This process of PIs taking time to think about long-

term goals and impact from their research was identified by some PIs as vital to their success 

and the broader impact potential of their research, to “take a step back” (PI31) or “sit down and 

strategically think about it… rather than having an ad hoc approach” (PI30). 
 
Collaboration with industry was one approach suggested by PIs relating to long-term planning 

for impact. PI31, for example, spoke about their strategy of engaging with companies at the 

early stage of the research translation continuum, because “the rewards are there to be reaped 

going forward.” As this PI explains, “the impact might not be there yet, but this is hopefully 

how we are going to get there.” Through industry collaboration, some PIs felt that they could 

best realise their long-term impact goals. This relates once again to commercialisation for 

impact, a theme identified and presented earlier in this chapter.  

5.4.3.1 Limited amount of time to create impact 

 
Some PIs, and particularly those with more nuanced impact orientations, placed emphasis on 

the limited amount of time in a scientist’s career in which to create potentially impactful 

research: “I used to think I’m young, but I’ve only got ten years left. I feel it’s time now to start 

doing something” (PI04). A few of the more experienced PIs spoke of a “limited window” 
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(PI36) of time in their career to create impact, and that this would be a motivating factor to “try 

and pick something where I would have impact… impact in the broadest sense of the word.” 

 

Related to this, a few PIs who were at a later stage of their career trajectory mentioned that this 

fact, of being “established” scientists in their field, allowed them “the luxury of focusing on 

more longer-term goals” (PI16). Two early stage PIs also mentioned that it is easier for more 

established PIs to plan for impact, “where you can do what you want” (PI31). Generally, those 

PIs who made note of having a significant impact from their research over the span of their 

career spoke in more ambitious terminology, but as PI37 noted: “you don’t think about this 

every day.” Generally, these PIs spoke about the slow, incremental steps taken to create impact. 

	
As a few PIs outlined, due to the oft long-term nature of impact, as detailed throughout this 

chapter, PIs need to develop longer-term impact goals.  To this end, PIs emphasised the need 

to make small steps towards these goals.  As PI17 suggested: 

 

“It is all incremental, the stuff we do isn’t going to change the world or anything, but 

you are adding to, hopefully, to a pool of knowledge, and gradually we are moving to 

the better understanding of things… So if we can bring forward the knowledge a little 

bit, bit by bit, and over the years you can see… the understanding becomes clearer… 

to me that is creating impact, in our domain.”  

5.4.3.2 Incremental steps towards impact  

 

A few PIs also spoke about more detailed planning through the course of their career, in relation 

to impact, whereby they would be planning small steps along the way to build towards impact. 

These PIs, including PI30, used this ‘stepping stones’ method for planning for impact: “I think 

because that can be a very blue skies long term goal, I try to make sure that I see where we are 

making small steps in impact that are important along that route.” This strategy included 

building on previous research to increase the potential impact of research, wherein the PI “will 

be a small part of getting there” (PI25). For example, some PIs set out their strategy to apply 

for funding to build on research previously carried out, to “bring that to the next stage of 

development” (PI33). PI04 spoke about “trying to be more strategic, trying to use the funding” 

to work towards their longer-term goals.   
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A few PIs spoke about having some long-term goals that they continue working on sporadically 

over their career alongside other projects: “I do have one or two long term interests that I’ve 

been working on for a long time, that are just kind of ticking over” (PI15). PI35 offered a 

similar opinion of maintaining long-term goals throughout their career: “There has to be a 

reason for what you are doing, or the path you are taking. Always have in the back of your 

mind, how is this going to impact clinically or impact the patient.” 

5.4.3.3 Project planning towards long-term goals 

 
This approach of career planning and strategising, whereby PIs are planning their projects to 

fit with their long term goals, was summed up by PI12: “There has to be an end in sight, a goal, 

something that will help people at the end of the day.” PI03, when speaking about their long-

term “vision or… dream”, suggested that “you may not achieve [the higher goal] … but when 

you are walking on that path, you are inspiring a lot of people with you.” Many PIs outlined 

their long-term goals, or “underpinning drive… my primary raison d’etre” (PI18), when 

speaking about their research and the potential impact of their work, as a strategy to direct their 

research and thus influence the potential impact of their research.  This focus on long term 

impact goals, or the “bigger picture” (PI30), was emphasised as beneficial by a small number 

of PIs for their own internal motivation, including PI30: “For myself and the team, it’s really 

important for them to feel that, god, what am I beavering away for three or four years here, 

what’s it actually contributing to.” 
 
A few PIs did point out the inherent difficulties and pitfalls of long-term career planning and 

strategic thinking. For example, PI28 states that they know “where I’d wish to be at that time, 

but it is very hard to plan that far ahead.” PI16 adds to this that “luck plays a huge role in 

everyone’s career trajectory.” Nonetheless, long-term strategic planning was a key strategy for 

many PIs from the sample in terms of approaching impact. It should be noted that a few PIs 

did not believe it possible to engage in realistic long-term career planning for impact.  
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Chapter conclusion 
 
 
Table 5.2: Summary of key findings of thematic analysis 

 

PI perspectives on impact 

Scientific Impact 

– Closely aligned to established scientific outputs (micro-level) over wider impact 

(macro-level) 

– PI benefits of scientific impact included peer recognition, enhanced credibility, 

feedback from peer reviewers, and influencing field 

– Criticisms of scientific impact included pressure to publish & inaccuracy of JIFs 

Broader Impacts 

– Long-term, slow nature of medical device translation for broader impacts, 

particularly health and societal 

– Primarily focused on established economic outputs over wider impact 

– Commercialisation as an important or only route to health impact 

– Third of medical device PIs did not reference health impact 

– Health impact – real world examples and long-term goals 

– Conflict between categories of impact: e.g. health/scientific; economic/scientific; 

health/economic 

– Societal impact – less detail-specific, long-term goals 

– Lack of tangible societal outputs and focus on outreach activities as societal impact 

– Emphasis on the value of human capital impact – real world outputs examples 

(micro-level) 

Factors of Impact Orientation 

Micro-level factors 

– Personal motivations – curiosity, autonomy, long-term goals 

– Passion for research area 

– Career reputation  

– Position on TR continuum – distance from relevant stakeholders & impact 

– Commercialisation knowledge  

Meso-level factors 

– Prior experience in industry – communication, networking, skills acquired in 

commercialisation 

– Influence of academic mentors 

– International experience – networking, access to expertise 
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– Project team – enhancing impact potential and influencing PI impact orientation 

– PI proximity to patients 

– Networking – access to expertise 

Exo/Macro-level factors 

– Funding body requirements for impact – influence on economic impact and applied 

science focus, industry collaboration, impact statement as reflective exercise 

– Impact agenda – breaking down ‘ivory tower’, making PIs contemplate relevance of 

research 

Barriers to Impact Orientation 

Complexities of impact 

– Lack of common understanding, intangible nature of impact, attribution issues 

Misunderstanding of impact 

– Outputs as impact, as opposed to routes to impact 

– JIF as impact 

– Overlap of impact categories 

Negative opinions of impact agenda 

– Too focused on short-term, measurable impacts, applied research, ‘hype’ research, 

‘playing the game’ of selling impact, and increased administrative workload of 

requirements of funding bodies 

Approaches to Impact  

Collaboration strategies 

– Industry collaboration for economic impact, funding success, issue of conflicting 

goals 

– Clinician collaboration for health impact, relevant research questions 

– Multidisciplinary academic collaboration for enhancing impact potential 

– Patient impact for relevance, priority setting, though least referenced collaborators 

– Serendipity of collaboration formation 

– PIs as active brokers of collaboration 

Project formation strategies 

– Systematic pre-project preparations and stakeholder consultations 

– Types of project formation 

o PI-led project formation  

o Opportunity-led project formation 

o Impact-led project formation 

o Collaborator-led project formation 

Career planning & strategising 
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– Limited amount of time in career to create impact 

– Incremental steps towards impact 

– Project planning for long-term impact goals 

  
This chapter presented the findings of the thematic analysis of PI interview data, resulting in 

four overarching thematic areas: PI perspectives on impact, factors influencing impact 

orientation, factors impeding impact orientation and approaches to impact, with the key 

findings summarised in Table 5.2. Interesting findings in relation to PI perspectives of impact 

included how impact was generally understood and delineated as scientific-type impacts and 

then the broader impacts of research. These broader impacts included economic impact, health 

impact, societal impact and human capital impact, with human capital emphasised by some PIs 

as the most valuable impact they could achieve in their career, an unexpected finding 

considering the extant literature and policy focus. Scientific and economic impacts were 

generally described using the established outputs familiar to the PI group, particularly journal 

publications and technology transfer activities, whereas health, societal and human capital 

impacts were described in more macro-level terms. Other noteworthy findings on perspectives 

of impact included how some PIs did not reference health impact, despite their involvement in 

medical device research, the conflicting overlapping categories of impact, the long-term nature 

of medical device research translation, and commercialisation as the main, sometimes only, 

route to impact.   

 

Factors influencing how PIs understood and approached impact were categorised utilising an 

adapted contextual framework from Bronfenbrenner’s ecological systems theory. At the micro-

level, factors shaping impact orientation included personal motivations of the PI, both intrinsic 

and extrinsic, position on TR continuum, commercialisation knowledge, and personal passion 

of PIs, an unexpected finding not identified in extant literature.  At the meso-level (though 

micro- and meso-levels could be combined), PIs’ experiences prior to taking on the role are a 

key factor in their impact orientation. At the more macro-level, the intertwined but distinct 

factors of funding body requirements and the impact agenda clearly play a role in PI impact 

orientation development. Barriers or impeding factors to impact centre around complexities of 

impact, misunderstandings of impact, potentially resulting from the complexities, and negative 

opinions on the impact agenda. An interesting finding in this regard was the criticism of 

funding bodies perceived partiality for short-term metrics, while this was also one of the main 
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findings of PI perspectives of impact, further suggesting the highly influential role of funding 

bodies in PI impact orientation.  

 

The final section of this chapter outlined the approaches for impact that PIs undertook, as 

identified through analysis of the data. Three themes were identified in relation to this, 

collaboration strategies, project formation strategies and long-term career strategies of PIs to 

enhance their projects’ impact potential. Collaboration strategies suggested by PIs could be 

delineated by the stakeholders involved, between industry, academic, clinician and patient 

collaborations. The most discussed collaborations were with industry partners, and the practical 

benefits of engaging with industry to bring a device through to market, as a way to both achieve 

economic impact, but also as the main route to health impact. Clinician collaboration was 

highlighted as beneficial for developing relevant research questions for impact. Project 

formation strategies were also highlighted by PIs as vital to the impact potential of medical 

device projects, with a number of different, interrelated strategies for project formation 

identified. Career planning and strategising for impact was another highlighted approach by 

many PIs for achieving broader impact, including planning for impact in incremental steps, an 

approach echoing PI perspectives on impact as short-term outputs. These findings require 

further analysis and discussion, which is presented for the reader in the next chapter. 
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6. Discussion 
Introduction 
 
As discussed in Chapter 1, as the leaders of public research, PIs are key actors in the conduct 

and advancement of science and as such can play a central role in enhancing the impact 

potential of public research, a crucial concern for public funding bodies and, ultimately, for 

society. Medical device research in particular has the potential to drastically improve people’s 

lives through the development of safe, cost effective, efficient and innovative device-based 

health interventions and solutions. As such, understanding the medical device research 

processes leading to impact from the perspective of the PI could be of great benefit for patients, 

clinicians, healthcare providers and society. However, this is a relatively new area of concern 

and there is a dearth of knowledge in these interrelated areas of PIs, impact and medical device 

research.  Considering this, the overarching aim of this study was to examine the impact 

orientation of PIs involved in medical device research through the exploration and 

identification of the antecedent, organisational, project and individual factors and 

barriers that may influence or enhance, or hinder, their impact orientation. 
 
In Chapter 3, a comprehensive review of key literature relevant to the study objectives was 

presented. The review focused on elements of principal investigator research, impact, 

translational research and bioecological theory relevant to the overarching aim of the study. 

The author then constructed the core messages identified through the literature review into a 

tentative ecological framework for this study. The desired outcome inherent to this study is to 

illuminate how PIs engage with impact from their medical device research, and to develop a 

framework that could support PIs in identifying and planning for impact.  The tentative 

ecological framework proposed using the ecological systems theory model of concentric circles 

representing spheres of influence as a mapping tool for PIs to plan for impact. This framework 

places the PI at the centre of the microsystem, having most direct influence or impact on the 

people, structures and systems closest to them, the further out from the centre the PI’s research 

reaches, the greater the expansion of their impact on the system as a whole.  Subsequently the 

findings of the fieldwork, designed to address the objectives of the study, were presented in 

Chapter 5.  
 
The purpose of this chapter is to discuss the findings presented in Chapter 5 specifically in 

relation to the first four objectives of the study, with the final objective addressed in Chapter 

7. The findings will be mapped onto the ecological model utilised throughout this study. 
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Ecological terminology of micro-macro levels specifically will be utilised to categorise factors, 

facilitators and barriers to impact.  Findings related to objectives 1-3 will inform objective 4 

and inform the further development of the ecological framework for impact orientation. In 

essence, this chapter explains the relevance of the findings to the study aim and objectives, or 

‘why they matter’. In particular, this chapter addresses the question, do the findings add an 

original contribution to the area of focus, in research processes generally, and in relation 

specifically to the field of medical device research?  
 

6.1 Discussion of research findings in relation to objectives 1-3 
 
Before exploring the research findings further, objectives 1-3 of the study are reiterated 

below: 

 

1. To identify the antecedent factors that influences the PI understanding of research 

impact 

2. To identify the preferred impacts of PIs of medical device research 

3. To identify and classify the governmental, organisational, project and individual-level 

facilitators and barriers influencing the potential impact of a research project and the 

stakeholders and collaborators involved 

 

Objective 4 is discussed in section 6.2, which also incorporates the revised ecological 

framework for impact orientation, based on the findings of this study. Objective 5, future 

research avenues, will be addressed in Chapter 7. 
 

6.1.1 Objective 1  

To identify the antecedent factors that influences PI impact orientation 
 
The first study objective set the task of identifying the antecedent factors that influence PI 

impact orientation, with factors clearly identified through the thematic analysis of the interview 

data. Findings on the theme of factors of impact orientation presented micro- to macro-level 

antecedent factors that can influence and shape how PIs address the impact of their work. It is 

through increasing our understanding of how PIs perceive impact, and the influencing and 

inhibiting factors, that we can offer recommendations on expanding PI impact orientation, for 

PIs to think beyond publications and patent applications, and metrics and indicators in general, 



 161 

and think in terms of strategy to create long-term impact for broader systems in society. This 

focus on broader impact is a novel undertaking in the field of PI research. Antecedent factors 

influencing PI impact understanding and orientation are separated for clarity into micro-level 

(factors in the PI’s immediate environment) and macro-level (factors beyond the PI’s 

immediate environment).   
 

6.1.1.1 Micro-level factors 

 
Prior experience 

 
Perhaps the strongest finding in relation to antecedent factors shaping PI perspectives on 

impact is prior experience, the lessons scientists learned prior to taking on the PI role, whether 

through industry experience, international experience, postdoctoral experience or from 

influential academic mentors.  

 
While there is limited extant literature on factors influencing scientists’ impact orientation, as 

outlined in the review of the literature, some studies have explored the related area of 

entrepreneurial orientation, with a number of studies identifying previous work experience in 

the private sector or working with industry as a factor influencing the scientists’ predisposition 

towards academic entrepreneurship (e.g. Shane, 2000; Krabel & Mueller, 2009), technology 

transfer (e.g. Bercovitz & Feldman, 2008) and collaboration (Van Rijnsoever & Hessels, 2011). 

In the novel exploration of medical device impact from the micro-level perspective of the PI, 

findings of this study contribute to the literature in this area in a number of ways. Prior industry 

experience was perceived as advantageous for engagement with industry, thus providing PIs 

with more potential avenues for impact. PIs with previous industry experience spoke 

confidently in their perspectives on impact, showing clarity and conciseness in the types of 

research they wanted their impact to have, and expressing clearly the route through which they 

could achieve these impacts, these routes based on economic impact metrics, most often 

commercialisation, and through industry collaborations. A potential underlying factor of this, 

as evidenced in the findings, is the training received through industry, developing the skills and 

traits required for successful technology transfer and commercialisation, aligning with the 

findings of Bercovitz & Feldman (2008): “Professional training does more than simply transfer 

technical knowledge; it actively socialises people to value certain things above others” 

(Finnemore & Sikkink, 1998, p. 905, cited in Bercovitz & Feldman, 2008). This quote 

highlights the contextual influence of prior industry training and experience on how PIs engage 
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with aspects of their research and as such broadening their impact orientation to look beyond 

traditional avenues of scientific impact.  
 
The findings highlighted that it is through technology transfer and industry collaboration routes 

that PIs with experience in industry could envisage impact, both in terms of more grounded, 

practical economic impact, but also, through industry collaboration and successful 

commercialisation, eventual impact for society, as suggested by Fini et al (2018). Some PIs did 

not have experience working in industry but still demonstrated detailed commercialisation 

knowledge they had developed and utilised for their project activities, knowledge gathered 

either through industry collaboration or through other learning mechanisms (e.g. ‘learning on 

the fly’). Many of these PIs also demonstrated clarity in their vision of how their research could 

have a wider, macro-level impact through commercialisation.  As such, a key finding of this 

study is that PIs with prior industry or commercialisation experience exhibited more expansive 

impact orientations, with the lessons they learned in industry or commercialisation activities 

shaping their mindset in terms of understanding of and approaches to the broader, non-

academic impact of their work. This finding adds to research on antecedent industry experience 

as a factor for scientists’ tendencies towards technology transfer, academic entrepreneurship 

and collaboration, extending this to how PIs understand and approach the broader impact of 

their research projects.    
 
Scientists undertaking the PI role most often come from academic backgrounds, building on 

an academic career to reach the “prestigious” PI position (Rosser and Chameau, 2006, p.335). 

As identified by van der Weijden et al (2015) academic mentors can positively influence early 

career scientists in research management and funding success. Findings of this study extend 

this concept to understandings and approaches to impact whereby the transfer of skills, 

knowledge and tendencies between academic mentors and students support future PIs in how 

they engage in research and approach the impact of their work. Findings also identified PIs 

learning informally about successful research through observing their academic mentors at 

work, learning from both “the good and the bad” (PI05).  Furthermore, the influence of 

postdoctoral experience was also identified as a related antecedent micro-level factor of impact 

orientation. Postdoctoral experience could also be considered an exo-level factor shaping PI 

impact orientation, providing them time and perspective to begin to consider the potential 

impact of their work into the future and develop a more nuanced impact orientation, though 

more exploration of this would be beneficial. Mentors and peers with strong entrepreneurial 
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focus and experience influenced a few of the PI sample to engage themselves in entrepreneurial 

activity, another important and related factor. This finding echoes previous studies on the 

influence of entrepreneurial-oriented academic peers on entrepreneurial behaviours (Krabel & 

Mueller, 2009), industry engagement (Tartari et al, 2014), and technology transfer activities 

(Bercovitz and Feldman, 2008).  
 
A number of studies on prior experience shaping scientists’ mindsets in terms of technology 

transfer and collaboration also found that years of experience contributed to this (e.g. Van der 

Weijden et al, 2012; Van Rijnsoever & Hessels, 2011; Bercovitz & Feldman, 2008). Of 

particular relevance to this study, and described in Chapter 3, the studies of van der Weidjen 

et al (2012) and Verbree et al (2012) argued that experienced PIs were less aware of the 

increased societal demand for relevance of their research and that “the new generation of PIs 

adapts its attitude in response to the changing science-society relationship” (Van der Weijden 

et al, 2012, p.299).  The findings of this study did not identify any discernible, significant 

differences on PI impact understandings and orientation in terms of level of career experience, 

with early stage PIs and highly experienced PIs as likely as each other to display sophisticated 

and reflective impact orientations. One reason for this may be that the extant studies focused 

on societal outputs including contributions to public media, presentations for a non-scientific 

audience, policy reports and professional publications, while this qualitative study explored 

macro-level concepts of impact. Also, this study’s unit of analysis is PIs of medical device 

research specifically, and as such they should, in theory at least, be aware of the market or 

societal demands for their research. 

 
Prior experiences of PIs shape PI impact orientation, how they understand the nature and 

purpose of their work (van der Weidjen et al, 2012) to achieve scientific and broader impacts. 

While industry and international experience may influence PIs’ understanding of impact 

through the development of skills and traits related to commercialisation, industry 

collaboration and entrepreneurship, the influence of academic mentors and postdoctoral 

experience could provide more diverse perspectives on impact, in theory at least (Lee et al, 

2015). This study has highlighted the influence of prior academic experience on shaping PI 

impact orientation in medical device public research and offers potential for further research 

extending into other fields.   
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Personal motivation 
 
PI motivations, as outlined in Chapter 3, is one area of PI research with numerous relevant 

comprehensive studies. For example, Cunningham et al (2016b) explored why PIs choose to 

take on the PI role, to choose to be the leader of publicly funded research projects, 

distinguishing push and pull factors or motivations, of having less (push) or more (pull) choice 

in them choosing to take on the role of PI. Lam (2011) examined scientists’ motivation for 

pursuing commercial activities, identifying gold, ribbon and puzzle PI motivations, while 

D’Este and Perkmann (2011) explored individual motivations of scientists in university-

industry cooperation. Findings from this study add to this body of work in relation to 

motivations of PIs to engage with impact.  As evidenced in the previous chapter, personal 

motivation was identified as a factor of impact orientation, with examples of intrinsic and 

extrinsic personal motivations identified for taking on and continuing in the PI role and 

factoring into the impact orientation of PIs.  
 
PIs are driven primarily by scientific curiosity, the intrinsic motivation to understand how the 

world works, or as Lam (2010, p.1354) describes it, “solving the puzzle, creative activity being 

its own reward.” This type of ‘puzzle’ motivation fits with scientific impact, in theory at least, 

with PIs less interested in the economic impact of their efforts, in line with the findings of Stern 

(2004) and Del Giudice et al (2017).  It should be noted that PIs sometimes spoke about this in 

relation to the grander, societal goals, or health impact from their efforts. The gold concept of 

financial reward was not offered by many PIs as a motivating factor for them engaging in 

research, a finding concurring with Lam’s results that focused specifically on commercial 

pursuits, and similarly with Cunningham et al (2016b). When PIs spoke about economic 

impacts, and their approaches towards it, they mentioned more often the benefits of economic 

impact to support their long-term career goals, increasing access to resources and, in some 

cases, create actual benefits to patients and the public, as discussed in section 6.1.2 below. 

These findings mirror the findings from Cunningham et al (2016b) and the ‘pull’ factors of 

control, career ambition and personal drive in taking on the PI role, in this case PI impact 

orientation, suggesting a connection between why scientists become PIs and their impact 

orientation. 

 
A key extrinsic motivation expressed by the PIs in this study was that of building their research 

profile, with the position of PI holding value in the academic community, the so-called ‘ribbon’ 

motivation (reputation and career rewards) as presented by Lam (2010). The ribbon motivation, 
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to enhance reputation, was evident in particular when PIs spoke about the scientific impact of 

their work, with the view that it is through publications, citations, or “prizes”, that they can 

increase their reputation amongst their peers. This was perhaps the only area where a 

distinction could be drawn between early career researchers and the more experienced 

scientists, due to their relative positions in academic structures, a finding similar to that of 

Cunningham et al (2014). For those scientists taking on the PI role for peer recognition, this 

motivation could possibly influence their understanding of impact, in that they may be more 

focused on the metrics of scientific impact, as argued by Casati and Genet (2014).  
 
A third category of motivation, labelled by Grant and Berry (2011) as pro-social motivation, 

was evident in the case of some of the PIs of this study. As described in Chapter 3, pro-social 

motivation concerns actions that serve to benefit others and is clearly evident in some PIs 

descriptions of the desired impact of their research. As D’Este et al (2013) emphasised, pro-

social motivations and research behaviour are acts that intend to benefit others while not 

formally specified as role requirements. This point was echoed in some PIs perspectives, 

activities they engage in outside their role requirements, sometimes outside of normal working 

hours, to enhance their impact potential (e.g. networking). As such, personal motivation clearly 

plays a role in how PIs understand and engage with impact, PI impact orientation, adding to 

the growing body of literature on scientists’, and in particular PIs’, motivations. This finding 

offers a clear, original and important contribution to the literature, particularly in relation to 

pro-social motivation, with PIs a distinct, highly influential group in academic research 

systems, and as such this finding is particularly noteworthy. 

 
Position on the TR continuum  

 
The PIs who participated in this study came from across the disciplinary spectrum of medical 

device research, from basic science to highly applied, and there was some, but not a significant 

amount of, commonality in thought amongst either more basic science-focused or applied-

oriented PIs in relation to their impact orientation. Nonetheless, it is clear from much of the 

data that the position in which the PI sits along the TR continuum can affect how PIs understand 

the impact of their work.  
 
As presented by Walsh et al (2018), medical device research involves long development cycles 

from basic scientific discovery through to application (Walsh et al, 2018), due to the complex 

nature of medical device innovation and the regulatory hurdles in place to ensure product safety 
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and efficacy (Markman et al, 2005). As such, the basic science PIs of medical device research 

are a significant distance from the eventual impact of their work, both in terms of temporality 

and proximity, a recurring sentiment of some PIs whose research was situated mainly in the 

laboratory setting, and so their route to impact is a longer one than more applied, clinical or 

translational PIs. Some applied-oriented PIs shared similar concerns on their impact 

understanding being affected by their distance from end user application, further highlighting 

the protracted translational research pathway between research and impact. This finding 

reinforces the work of O’Reilly & Cunningham (2017) which identified social proximity as a 

potential barrier to technology transfer between academia and industry.  This issue related to 

PI position on the TR continuum could be viewed as both proximal (ibid) and temporal in 

nature, as highlighted by Trochim et al (2011). It should be noted that some basic science-

oriented PIs exhibited expansive and nuanced impact orientations despite their position on the 

TR continuum, as evidenced through the findings, offering promise for basic scientists’ 

potential to engage meaningfully with impact. 
 
A related element of this TR position factor is ‘proximity to patients’, whereby PIs who spoke 

about their interactions with patients, sometimes daily, also spoke with more detail and 

practical knowledge of the potential health impact of their research. This factor could also be 

connected with the benefits of clinician collaboration, and perhaps even collaboration in 

general, emphasising the benefits of stakeholder interaction for impact, as highlighted by 

numerous studies (e.g. Spaapen & van Drooge, 2011; Molas-Gallart & Tang, 2011). While 

some PIs spoke about their efforts to engage more closely with patients or patient groups, as 

mentioned in Chapter 5, some more basic-focused PIs did not see the need to engage with 

patients or patient groups due to their distant position in the research translation continuum, a 

finding echoed in the findings of van der Weijden et al (2012). This finding offers an important 

and novel contribution to this debate, as it conflicts with some TR models that include a 

feedback loop from the public to basic science as a translational phase (e.g. Rubio et al, 2010), 

with translational research as a continuous cycle, and suggests some variation in perspective 

on the scope of impact expected from PI’s depending on their position on the TR continuum. 
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6.1.1.2 Macro-level factors 

 
Alongside these micro-level antecedent factors shaping medical device PIs’ understanding of 

the impact of their medical device research, a key finding that emerged was the influence of 

funding bodies on PI impact understanding and orientation. For example, funders were 

identified as guiding some PIs more towards applied research and away from basic discovery 

research to obtain funding, demonstrating the sway that funders can have over the conduct of 

science, as argued by Lerner (1999). A number of studies have explored the impact of funding 

bodies on research activities, including technology transfer and commercialisation (e.g. 

O’Kane, 2016; O’Kane et al, 2017; Sandström & Van den Besselaar, 2018) but there is a lack 

of empirical evidence on the influence of funding bodies on impact from the micro-level PI 

perspective. 
 
In relation to how PIs perceive impact, funders were mentioned by the majority of PIs as a 

factor in their understanding of impact through the requirements they set to demonstrate 

impact, and in the case of medical device PIs based in Ireland primarily the influence of SFI 

and the Horizon 2020 framework (European Commission, 2010). The influence of funding 

bodies as a driver for impact orientation has not been explored before from the PI perspective, 

or specifically in the field of medical device research, and as such is a key finding of this study. 

In particular, the specific requirements, outputs, metrics and indicators emphasised by funding 

bodies has a significant influence on how PIs understand the impact of their research, 

reinforcing arguments from Bornmann (2012) and Erno-Kjolhede & Hansson (2011). As 

evidenced throughout the previous chapter, many PIs describe impact in terms of the outputs 

and outcomes of research, such as patenting as economic impact, number of PhD students as 

human capital impact, EPE activities as societal impact, without connecting these outputs to 

the broader impact, thus recognising output as impact. This focus on output or outcome as 

impact is discussed in more detail in the following sections, but it could certainly be argued 

that PIs’ understanding of impact and their impact orientation is shaped by funding bodies 

requirements to demonstrate the impact of their research and the outputs therein. An interesting 

point raised by one PI was in how the act of receiving funding motivated them to think more 

about impact. This further suggests that funders, as a factor influencing how PIs understand 

impact, act as a drive to think about impact in general. It is perhaps through contemplating the 

impact of their work that PIs can begin to develop a more nuanced impact orientation. 
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Another antecedent factor shaping PI understanding of impact, relating potentially to both the 

micro- and macro-levels, identified in the findings is that of negative opinions and confusion 

related to the impact agenda (Bornmann, 2012) and the complexities and issues of impact. As 

discussed later in this chapter, the complexities of impact caused confusion amongst some PIs 

in how they understood and categorised impact, and similarly gave rise to some negative or 

pessimistic viewpoints on the importance of impact in research processes and thus influences 

how PIs understand and approach the broader impact of their research. 

Conclusions on Objective 1 

 
Antecedent factors identified from findings in this study shaping how PIs understand impact 

involved micro-level and macro-level influencers, with micro-level factors of prior experience, 

personal motivation and TR position and macro-level factors of funding body and negative 

opinions on the impact agenda adding to the extant literature on factors influencing scientists 

and PIs research activities and attitudes.  Prior experience was the most referenced antecedent 

factor of impact orientation identified from the study, specifically industry experience and 

commercialisation knowledge supporting PIs to envisage and plan for the impact of their 

research through commercialisation and industry collaboration activities, building on the 

growing body of literature on PI industry experience. The influence of funders and their 

requirements for impact on PI impact understanding and orientation, is a novel finding of this 

study. Of particular note is the ‘output as impact’ understanding of impact of many PIs, 

discussed in the following section, which can be partly apportioned to the influence of funding 

body requirements to demonstrate impact through outputs linked to impact.   
 

6.1.2 Objective 2 

To identify the preferred impacts of PIs of medical device research 
 
This objective was the most explorative in nature. As presented in the literature review, there 

is a lack of relevant literature on PI impact preferences and prioritisation, and their perspective 

of impact. This is an issue in medical device research specifically and scientific research more 

generally. In general, findings from this study suggest that PIs of medical device research 

understand impact of their work split between scientific impact and broader categories of 

impact. This divide mirrored the majority of definitions of impact presented in Chapter 3 

(Penfield et al, 2014). As such, the variety of understandings offered by PIs reflect the variety 

and disparity of impact definitions of the various funding bodies PIs engage with to fund their 
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research (LERU, 2018), reinforcing the findings of Greenhalgh et al (2016) from the micro-

level view of the PI. As outlined in the findings, PIs generally understand broader impact as 

the value of research beyond scientific advancement, and so this can be considered the main 

distinction between scientific and broader impacts.  
 
Despite the confusion expressed by some PIs in relation to what constitutes impact, and the 

narrow, output-oriented view exhibited by some, several PIs spoke about impact in similar 

ways to how it is presented in policy (SFI, 2019b) and literature (e.g. Fini et al, 2018) and 

demonstrated an appreciation for the reasons behind the impact agenda. These PIs recognised 

impact as the broader benefits to the public in the long-term, as opposed to focusing solely on 

required KPIs or metrics, such as licensing agreements or number of jobs created, without 

thought of the actual impact of these activities. PI perspectives on impact offer insights into 

how understandings of impact have progressed as the impact agenda has risen to the fore in 

research practices and processes (Martin, 2011). As a number of PIs offered, their 

understanding of impact is no longer based on publications as “the be all and end all of 

everything” (PI18). As some PIs articulated, to greater and lesser extents, they understood 

impact as the actual benefits of their research to society, “just to see things being used” (PI38). 

Similarly, some PIs demonstrated their appreciation for the role of the impact agenda and 

efforts in this regard to move scientists out of the ‘ivory tower’ and to validate the relevance 

of their research activities (Lam, 2010). The most noticeable difference between more basic-

oriented PIs and more applied or translation focused PIs was in a greater emphasis placed on 

scientific outputs and impact by the more basic, often lab-based PIs, in concordance with Salter 

& Martin (2001), though many of the more basic-focused PIs offered nuanced and 

sophisticated perspectives of impact. 
 
Despite the role complexities and requirements of the PI position (Cunningham et al, 2016a), 

many respondents offered practical examples of working towards impact through various 

activities, actioning their environment for more effective collaboration with industry, clinicians 

and other academics, to further the impact of their research. Perhaps the most significant 

finding in relation to how PIs of medical device science understand the impact of their work is 

in their focus generally on outputs or indicators of impact as prescribed by funding body 

requirements, as mentioned in the previous section. 
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6.1.2.1 Outputs as impact 
 
One of the major criticisms levelled at the impact agenda and the attempts at the macro-level 

of national and international public funding bodies to measure the impact of research is the 

overemphasis placed on measurable output, outcomes and impact (Buxton & Hanney, 1996). 

Interestingly, this could be seen reflected from the micro-level view of the PIs in this study, of 

“counting the countable” (Brewer, 2011, p.256) in relation to impact, a similar finding to other 

studies highlighting that scientist often base their actions on indicators and criteria used in 

impact evaluations (Bornmann, 2012; Erno-Kjolhede & Hansson, 2011). Medical device PI 

understanding of and attention to outputs and outcomes as impact, and their focus therein on 

achievable metrics or indicators of impact is a significant and substantial finding from this 

study, and original contribution to the field of impact research.  
 
A recurring and related theme of PIs describing impact in their research was the mix of practical 

and theoretical examples of impact presented. Some PIs offered their understanding of impact 

through practical real-world examples, demonstrating a preference for and tendency towards 

tangible, achievable goals of research. In general, when PIs spoke about impact in practical 

terms rather than grander terminology, they spoke about the outputs and outcomes of their 

efforts leading to impact (see section 6.1.2.2 below for more detail). As presented in the 

findings, a number of PIs spoke about how it is through a combination of metrics that they can 

demonstrate the impact of their work. Nonetheless, when asked directly about the impact of 

their work, many spoke only of the established metrics for economic and scientific impact and 

as such described impact as the established, measurable outputs of funding body research 

evaluation frameworks, or as Izzi (2018, para.2) described it, “the low-hanging impact fruit.” 

Some PIs could connect outputs and outcomes to the macro-level impacts that can result, but 

this was not consistent by any means across the sample. Some of the PIs who spoke in more 

high-level, theoretical terms about the impact of their research for society did not expressly 

offer the routes or outputs through which they could achieve these aims. As such reliable, 

effective and achievable outputs of research are of paramount importance to achieving impact 

from research projects, bridging the translation gap between research and application or 

research and impact, echoing the arguments of a number of other studies on impact assessment 

(e.g. Searles et al, 2016; Greenhalgh & Fahy, 2015). 
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It should be noted of course that this process is not necessarily a negative, but as it currently 

operates, it does not provide PIs with agency to explore impact beyond what is required of 

them by funders. These findings suggest the need for policymakers to focus more on the routes 

to impact. As is discussed later in this chapter, focusing on short-term outputs towards a 

specific goal could provide PIs with an effective process to engage with impact and thus 

develop a more nuanced understanding of impact.   
 

6.1.2.2 Micro-level perspectives of impact 
 
PIs outlined their perspectives on the broader impacts of research, with these views separated 

into micro-level or short-term impact understanding and macro-level, or high-level, 

understanding of impact.  It is clear from the findings that PIs are relatively comfortable 

speaking about the scientific and economic impact potential of their work. Some did speak of 

the wider, macro-level scientific impact of their work, and wanting to produce research that 

could impact “the way people do things or think about things” (PI27). However, discussions 

on scientific impact generally centred on the established shorter-term, tangible outputs or 

metrics of scientific impact, e.g. citations, publication count, h-index, as opposed to wider 

benefits of their work to the academic community. PIs’ understanding of economic impact 

were similarly centred on indicators of economic impact in funding assessment and evaluation 

frameworks, more immediate metrics such as patenting, licensing, invention disclosures and 

spinouts, with PIs offering less examples on the actual, macro-level economic impact of these 

activities. As such, medical device PI understanding of scientific and economic impact took a 

mainly micro-level, short-term perspective on impact.  
 
Before moving onto macro-level perspectives of impact, a brief discussion is pertinent here on 

the benefits of scientific and economic impact as offered by the medical device PIs of the study. 

While numerous studies have explored the benefits of scientific and economic impact for PIs, 

the perspective of medical device PIs offers an original contribution to the extant literature. PIs 

were motivated to work towards scientific and economic impact to increase their chances of 

receiving and maintaining funding, the prevalent pressure PIs were under in their role as leaders 

of public research project, and to improve their standing in the academic community, as to be 

a credible PI you need to have demonstrated scientific capacity (Cunningham et al, 2019b).  

Demonstrating the economic impact of their research was also viewed by some PIs as a 

measure of the real value of the research (e.g. “it means the research was good enough” (PI32)) 
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because by successfully commercialising their work, they are showing that the research was 

worthy of investment and relevant to the market. This perception of validation through 

achieving economic impact via commercialisation activities echoed findings of the work of 

Guerrero et al (2015). Another benefit of scientific impact for PIs was the potential to improve 

their work through the feedback they receive from peers during the publication processes. One 

PI even offered their strategy of using citation counts as a method to choose future research 

directions, suggesting a reactive strategic posture (O’Kane et al, 2015).  

 
In general, it is evident that PIs regard scientific impact as an important aspect to their work, 

understanding and appreciating the current metrics, and the benefits for their own career and 

research progress in working towards creating scientifically excellent research, as argued by 

Bollen et al (2009).  As outlined in the previous chapter, a few PIs spoke particularly 

passionately and were particularly critical of the emphasis on broader impacts of research, the 

impact agenda, and the risks to blue sky research, echoing concerns raised in other studies 

presented in Chapter 3 (e.g. Linden, 2008). Of course, it should be noted that some PIs criticised 

the current state of scientific impact measurement and evaluation, and the flaws in the system 

in terms of pressure to publish, inaccurate impact factors and the conflict between commercial 

concerns and publications, or economic and scientific impact, as argued by a number of studies 

(e.g. Bornmann, 2013; Bollen et al, 2009; Waltman, 2016). 

6.1.2.3 Macro-level perspectives on impact 
 
PI perspectives on societal and health impact were most often macro-level in nature. As the 

findings show, PIs had more difficulty in articulating in tangible terms the societal impact of 

their work, and instead offering theoretical or even vague terminology to describe the societal 

impact of their research, an issue raised repeatedly in the literature on measuring societal 

impact (e.g. Mostert, 2010; Samuel & Derrick, 2015; Bornmann, 2012). When speaking in 

more practical terms, PIs most often associated societal impact with other impact-related 

activities such as commercialisation activities, education, outreach and science 

communication. An interesting finding of this study, societal impact was associated with or 

even interpreted as education and public engagement (EPE) activities by the majority of 

respondents.28 Once again, this highlights how these medical device PIs have a predilection for 

measurable indicators or metrics when articulating impact. However, while these are wider 

 
28 It should be noted another reason for this focus could be the strong emphasis SFI and CÚRAM place on 
their researchers engaging in EPE (CÚRAM, 2019) 
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impact activities that form part of the work contributing to human capital and societal impact, 

or routes to impact, EPE activities, science communication and outreach are not actual societal 

impact (Bornmann, 2013a). In general, there was confusion as to the outputs for societal 

impact, a similar finding to that of Bornmann (ibid, p.298): “the measurement of societal output 

is not implemented in research evaluation system in the same way scientific output is.” 
 
Similar to societal impact, PIs articulated their medical device research projects’ health impacts 

in more macro-level terms, possibly due to the long-term nature of most health-related impacts, 

as emphasised in the findings and argued by Trochim et al (2011). The longer translational path 

of health impact could affect how PIs approach health related impacts, making it more difficult 

to visualise and engage with, as outlined in section 6.1.1 above. Perhaps one of the most 

noteworthy findings from this study in relation to PIs understanding of impact was that, even 

though they were working on medical device research, roughly one third of PIs didn’t make 

reference to the potential health impact of their research. There are many possible explanations 

for this, as evidenced in the findings, between the confusion surrounding the complexities of 

impact (Rymer, 2011), the PI being positioned too far from application of research to envisage 

health impact from their work (Walsh et al, 2018), and the dearth of tangible, achievable 

outputs for these PIs in relation to health impact (Buxton & Hanney, 1996). Nonetheless, the 

majority of PIs did mention health related impact when discussing the topic, with many, more 

often those at the applied end of the continuum, offering real world examples of the problems, 

or ‘unmet clinical need’, that their research is looking to address. 
 
Another important finding of this explorative study is in many medical device PIs emphasis on 

and prioritisation of human capital impact, through the hiring and training of researchers as 

part of their publicly funded research projects, and the macro-level impact PIs believe these 

efforts could have or “scientific capacity development” (Feeney & Welch, 2014, p.115). 

Human capital impact was the only type of impact regularly referenced in both micro- and 

macro-level terms. Once again, a potential reason for the relative clarity with which PIs 

discussed the human capital impact of their work is the tangible and achievable outputs 

involved. PIs can see in their daily environment the benefit of their work for members of their 

research team, whether it be PhD students or postdoctoral researchers, and as such offers a 

tangible, transparent route to impact.  
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6.1.2.4 Overlapping and hybrid impacts 
 
As suggested above, PI understanding of impact was commonly divided into categories of 

impact, amalgamations of scientific and broader impacts, usually reflecting aspects of the SFI 

pillars of impact (SFI, 2019b) and extant impact research (e.g. Fini et al, 2018). From the 

findings, PIs’ understanding of broader impacts included significant overlap and repetition 

between categories of societal, health and economic impacts, and to a lesser extent human 

capital impact. These can serve as inhibitors of PIs understanding of and engagement with 

impact, increasing confusion and uncertainty around the concept of impact (Salter & Martin, 

2001). An interesting result emerging from the findings in relation to how PIs of medical device 

research understand and categorise impact was the commonly implied causal relationship 

between economic, health, and to a lesser extent human capital, and societal impact, with 

economic impact viewed by several PIs as a mechanism, sometimes the only mechanism, for 

their research to have an impact of public health and thus society (Bornmann, 2013a).  
 
In general, many PIs, when speaking about health or economic impact, spoke about the benefit 

of these types of impact for the general public or society, something that is obviously of 

particular relevance to the medical device research community (Walsh et al, 2018). This is an 

interesting finding from the study, with commercialisation activities the primary example of 

this, wherein it is through, and for some only through, commercialisation of knowledge that 

research can impact patients and society. As such societal impact is viewed as a hybrid of other 

broader impacts (see Figure 6.1). This finding contributes to extant literature on 

commercialisation as a route to broader health and societal impacts (Fini et al, 2018; 

Bornmann, 2013a), “an enabler of change, rather than a final outcome” (Fini et al, 2018, p.4), 

addressing the concept from the novel micro-level perspective of the PI. This finding also 

reinforces the earlier finding of ‘output as impact’, in that commercialisation offers PIs an 

opportunity to engage in a tangible way with types of impact of their research, particularly for 

medical device PIs and health impact, as there is a clearer, more evident connection between 

commercialisation and health impact, according to the PI sample, and as argued by Fini et al 

(ibid).  
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Figure 6.1: Societal impact as a hybrid impact 

 

Conclusions on Objective 2 

 
PIs understanding of impact was commonly split between scientific impact and broader 

impacts of research. The medical device PIs in this study were most comfortable discussing 

the micro-level scientific impact of their work, and to a lesser extent economic and human 

capital impact, with a wider disparity of macro-level interpretations on the health and societal 

impacts of their research. A prime reason for this, as argued throughout this discussion, is the 

perceived preference of the medical device PIs of this study for tangible, practical outputs of 

research over macro-level, theoretical impacts or goals. The broader impacts of research were 

often mixed together in various iterations, with overlap of impacts and hybrid impact, whereby 

certain impacts are factors of other impacts, e.g. societal impact.   PIs can more easily address 

impact when there exist achievable metrics that represent clear steps towards impact.  

Nonetheless, many PIs of medical device public research offer nuanced understandings of 

impact, beyond the traditional view of research projects as a mechanism to produce knowledge, 

exhibiting sophisticated and nuanced impact orientations. The novelty of these findings on 

impact understanding is the micro-level perspective through which they are framed, that of the 

lens of the medical device public research PI, as well as contributing to extant PI and impact 

literature.   
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6.1.3 Objective 3 

To identify and classify the governmental, organisational, project and individual-level 

facilitators of and barriers to potential impact of a research project and the stakeholders and 

collaborators involved 
 
Through thematic analysis of the PI interview data, a number of facilitators of and barriers to 

impact from the perspective of the PI of medical device public research were identified, thus 

addressing objective 3 of this study. The facilitators of impact were divided into individual, 

project, organisational and governmental level, in approximation to the micro-, meso-, exo- 

and macro-levels of the bioecological systems theory. Barriers to impact align to the theme of 

factors impeding impact orientation as outlined in Chapter 5. In addressing the potential impact 

of a research project, as emphasised by some PIs and identified through the systematic review 

of the previous chapter (e.g. Spaapen & van Drooge, 2011; Molas-Gallart et al., 1999), it is 

important to considered impact in relation to the potential beneficiaries or stakeholders of 

research, in this case medical device research. Stakeholders of medical device research, as 

offered by PIs of medical device public research, include the following: the project research 

team, including postdoctoral researchers and PhD students; industry partners, including MNCs 

and SMEs; regulatory agencies; academic partners within the PI’s own field of research and in 

divergent fields, across different academic national and international HEIs; national and 

international funding bodies; SFI research centres; clinician collaborators; patient groups; and 

end-users of medical devices, whether it be healthcare workers or patients themselves. 

Stakeholders identified through the literature review of medical device processes but not 

commonly referred to by PIs include Technology Transfer Offices and government-level 

policymakers. 
 

6.1.3.1 Individual-level facilitators 

At the individual level, facilitators of impact for PIs of medical device research include prior 

experience of PIs in engaging in translation and commercialisation activities, either in 

academia or industry, PI personal passion and motivation to create impactful research, and 

career planning and strategising. 

 

Prior experience in technology transfer and commercialisation activities as a facilitator of 

creating potentially impactful research emerged from the PI interviews, particularly for PIs 

with previous industry experience before taking on the PI role. Through this experience, PIs 
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have developed the skills necessary to maximise the commercialisation potential of the 

research they engage in, with a clearer understanding of the translation path and the various 

clinical and regulatory hurdles to overcome (Bercovitz & Feldman, 2008). Furthermore, these 

PIs have less issues in industry collaboration, between having stronger links to companies they 

had worked with (Krabel & Mueller, 2009) or stronger communication skills for engaging with 

potential industry partners, thus improving the chance of productive collaborations with 

enhanced impact potential (Van Rijnsoever & Hessels, 2011). This gives PIs with previous 

experience in industry a competitive advantage and a clearer, perhaps safer, route to successful 

translation of their research.    

 

The intrinsic and extrinsic motivations of PIs engaging in medical device research, as outlined 

in section 6.1.1, offer another individual-level facilitator of impact, given the central and 

influential position of the PI in the research process as detailed throughout this thesis and 

emphasised in the literature (e.g. Mangematin et al, 2014). Findings of this study highlighted 

many PIs’ pro-social motivation to benefit society through their publicly funded research 

projects. As D’Este et al (2013) argued, the greater the motivation, the greater the awareness 

of impact on stakeholders or beneficiaries of research. Furthermore, as suggested by D’Este et 

al (ibid), intrinsic, extrinsic and pro-social motivations, with few exceptions, have positive 

effects on beneficiaries and as such can facilitate the creation of potentially impactful research.   

Another related subtheme emerging from thematic analysis, and one that was not predicted 

through the literature, was that of PI passion in their engagement in and commitment to their 

research. PI passion was professed in their descriptions of their research focus, the people they 

collaborate with and the desired impacts of their research. This finding adds to the body of 

research on scientist passion, primarily focused on passion in relation to entrepreneurial intent 

(e.g. Cardon et al, 2005). 

 

Emerging from the theme of approaches to impact, career planning and strategising offers 

another important individual-level facilitator of impact. Due to the temporal nature of impact 

(Trochim et al, 2011), as well as the long road of translation in medical device research (Drolet 

& Lorenzi, 2011), career planning and strategising is imperative for PIs in order to maximise 

the broader impact of their research projects (e.g. Casati & Genet, 2014). Through the various 

strategies offered by PIs and described in Chapter 5, including taking incremental steps towards 

the desired impact and adapting multiple projects to fit with long-term impact goals, PIs could 

enhance the impact potential of their projects and of their research over the course of their 
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careers. This finding reinforces findings of the study of Romano et al (2015), with these 

explorative PIs who engage in career planning and strategising presenting a long-term strategic 

orientation that could involve scientific or economic opportunity recognition. This long-term 

strategic orientation is particularly relevant to medical device research, for PIs of medical 

device research to engage in strategic planning over the course of their career. As such, the 

long-term wait for impact can be broken down into tangible steps towards a long-term, high-

level impact. PI career planning and strategising, as an approach to impact, connects to the 

work of O’Kane et al (2015) on strategic behaviours in relation to funding conformance and 

strategic posturing, with career planning and strategising a proactive posture that could be 

either conformative or non-conformative to funding structure requirements.   
 

6.1.3.2 Project-level facilitators 

In terms of the project-level facilitators of impact, project team capabilities, project 

collaboration strategies and project formation strategies were identified through findings of 

Chapter 5. Competencies of team members was identified by medical device PIs as an 

important project-level facilitator of impact, as argued by Hackett (1990), with postdoctoral 

researchers in particular highlighted as important actors in the conduct, relevance and potential 

impact of research projects (Lee et al, 2015). As such, an important activity for PIs in relation 

to impact, and one that has not been highlighted to any significant extent in the reviewed 

literature, is in hiring the most suitable researchers and project team members in order to 

enhance the impact potential of the research undertaken. This finding also offers a grounded 

example of the bidirectional nature of research and impact, with postdoctoral researchers 

facilitating the impact of a research project while also a potential beneficiary of that project 

through human capital impact, another interesting contribution to the field of impact research.  

 
Another evident and related facilitator of impact is collaboration, with collaboration strategies 

of PIs a central approach to creating impactful research, as evidenced repeatedly in the findings 

and through the literature and associated systematic literature review summarised in Chapter 3 

(e.g. Boehm & Hogan, 2014). PIs of medical device research are engaged in multiple 

collaborations in their public research projects, with industry, other academics and clinicians, 

as well as, in some cases, patient groups and other relevant stakeholders of medical device 

research (Baglieri & Lorenzi, 2014). Through many of the collaboration strategies presented 

in Chapter 5, it is evident that PIs of medical device research are active participants in 

collaboration. These PIs seek out project partners who can offer relevant questions that can 
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address societal health problems, expertise across a wide variety of disciplines that can support 

and enhance the research outputs, outcomes and impact, support in bringing the medical device 

to the market and generally maximise the impact potential of the research undertaken at a 

project-level. This finding further connects to O’Kane et al’s (2015) strategic behaviours of 

PIs, with PIs as research designers, engaged in collaboration strategies, actively seeking out 

like-minded individuals to achieve their long-term research goals.  
 
Current research policy is emphasising more and more the need for collaboration for projects 

to be funded. As outlined in Chapter 2, there are a number of initiatives in existence 

encouraging scientists to engage with society (e.g. PPI, citizen scientists, Campus Engage). 

However, these initiatives were mentioned rarely, if at all, by PIs in this study. Specifically in 

relation to PPI, patient collaboration was one collaboration strategy for impact identified by a 

few PIs, but it was not as often highlighted by PIs as other forms of collaboration. This is a 

significant finding by itself that requires further exploration, considering the nature of the 

research PIs are involved in, that of health-related public research, whereby patients and the 

public should be the central stakeholder in research. As Brett et al (2014) argued, public and 

patient involvement in research can improve how research is planned, carried out, 

communicated and utilised, thus enhancing the impact potential of projects. PIs who do not 

engage with patients as end-users of their research are losing the opportunity for feedback that 

could inform future research directions (Drolet & Lorenzi, 2011). This finding offers an 

original contribution to the literature on impact and public and patient involvement in research 

(PPI), offering the micro-level perspective of PIs of medical device public research.  

 
A third significant project-level facilitator of impact is that of project formation strategies of 

PIs. PIs emphasised the importance of effective project formation practices, including engaging 

with suitable collaborators early in project development, a large amount of pre-project 

preparation and consultation with relevant stakeholders, to further the impact potential of the 

project in question. While not highlighted in the literature, the four interrelated project 

formation strategies identified (PI-led, opportunity-led, impact-led and collaborator-led) all 

hold potential to enhance impact and require further exploration at the micro-level PI 

perspective. PI-led project formation strategies allow for PIs to control the direction of project 

goals (Cunningham et al, 2015a) and therefore their own desired impacts, thus demonstrating 

a proactive strategic posture (O’Kane et al, 2015). Opportunity-led strategies most often 

comprised of PIs following funding opportunities, and thus creating impact as directed by the 
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project funders, demonstrating a more reactive strategic posture (ibid). Impact-led strategies 

for project formation involved PIs designing their project proposals and the activities of project 

formation with the specific impact goals directing these actions. Collaborator-led project 

formation strategies, wherein the PI would follow the directions of the collaboration partner, 

whether it be a fellow academic, industry or clinician, could enhance impact potential through 

these joined up collaboration activities (de Jong et al, 2011). As mentioned already, these types 

of project formation strategies of PIs extend the work of O’Kane et al (2015) whereby PIs 

engaging in PI-led strategies could be viewed as research designers (more proactive and non-

conformative), those engaged in opportunity-led and collaborator-led project formation as 

either research pursuers (more reactive and conformative) or research supporters (more 

proactive and conformative), with PIs utilising impact-led project formation strategies research 

adapters (more reactive and potentially non-conformative). Further research in this area could 

add greater weight to these findings, but there is a distinct contribution to extant literature 

offered through these findings, extending strategic behaviour to how PI strategically approach 

the impact of their research activities. 

6.1.3.3 Organisational-level facilitators 
As stressed above and throughout this study, the position of principal investigator is a complex 

and demanding undertaking (Cunningham et al, 2019b), and as such organisational 

mechanisms are required to support PIs in their various goals. One of the key roles of PIs 

engaging in public research is ensuring that the project is as potentially impactful as possible. 

Therefore, it is imperative at an organisational level to support the PIs of public research 

projects to consider and engage effectively with the impact potential of their research. The role 

of CÚRAM was discussed by some of the PI sample in supporting their impact-related 

activities, whether it be industry collaboration (a fundamental element of the CÚRAM mission 

(CÚRAM, 2019)), commercialisation or networking (Dolan et al, 2019)29. It should be noted 

also that university-level support structures such as Technology Transfer Offices (TTOs) were 

not a common theme of discussion in relation to PIs addressing the impact of their work, which 

suggests a lack of engagement or embeddedness between medical device PIs and TTO 

supports, a finding echoing that of O’Reilly et al (2017). In general, reference to organisational-

 
29 Findings related to the specific influence of CÚRAM in supporting PIs to meet multiple scientific, 
commercialization, educational and public engagement objectives were utilised for a recent publication on 
the role and function of cooperative research centres (CRCs) in entrepreneurial universities from a principal 
investigator perspective.  
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level facilitators of impact were limited from the findings, unlike governmental level 

facilitators as described below, and as such are worthy of further exploration. 

6.1.3.4 Governmental-level facilitators 

At a governmental level, findings clearly indicated that national and international public 

funding bodies have significant influence over medical device public research PI impact 

orientation and the potential impact of their medical device research projects, reinforcing the 

arguments of Erno-Kjolhede & Hansson (2011) and O’Kane et al (2017).  In relation to how 

PIs perceive impact, funders were mentioned as a key factor in their understanding of impact 

and impact in general, through the requirements they set to demonstrate impact, and in the case 

of SFI and many major European funding bodies primarily through the impact statements PIs 

need to complete. As highlighted in the findings, the competitive medical device research 

landscape in which PIs operate points to the control that funding bodies can exert in terms of 

conditions for funding (Sandström & Van den Besselaar, 2018). Interestingly, and a novel 

result of this study, this requirement provided some PIs with an opportunity to reflect on their 

research, having to legitimise their research direction and outline their planned routes to 

impact, expanding on the findings of Greenhalgh et al (2016) from the micro-level PI 

perspective. Once again, some PIs also criticised this process as time consuming and 

ineffective, with a perception of unfair advantage for those scientists who could better 

communicate the potential impact of their work. Nonetheless, funding bodies clearly offer a 

potent facilitator of impact through their influence on the conduct of science and PI’s impact 

orientation, offering a novel contribution to the fields of PI and impact research in the influence 

of funding bodies on potential, with funders also indirectly facilitating impact potential through 

their emphasis on collaboration with industry, international collaboration and EPE activities.  
 

 
Figure 6.2: Summary of micro- to macro-level facilitators of impact 
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6.1.3.5 Barriers to impact 

From the perspective of the medical device PI, barriers to impact include the complex nature 

of impact, confusion and negative views on impact, the long-term road of medical device 

translation, and PI role complexities and demands. The challenges of impact, as outlined in 

Chapter 3, could be seen reflected in much of the perspectives on impact offered by the PIs in 

this sample. It could be argued that these issues or barriers relate more to how PIs articulate 

the impact of their research, as findings are based on the information provided by PIs 

themselves during the interviews. If so, this is still an important finding, as PIs in medical 

device research and in research in general, need to be able to articulate clearly the impact of 

their work to survive and succeed in an increasingly competitive funding environment.   
 
As outlined in the findings, and argued in much of the literature on impact as described in 

Chapter 3 (e.g. Spaapen and van Drooge, 2011; Martin, 2011; Salter and Martin, 2001), the 

complex nature of impact could be viewed as the most fundamental barrier or inhibitor of PI 

impact understanding and orientation. Complexities of impact identified through the findings 

were centred around problems of attribution and causality, temporality, and overlapping 

categories of impact, adding to the extant impact literature from the micro-level PI perspective. 

The variety of and variation in impact definitions can be viewed as both a result of the 

complexity of impact and a potential source of some of these issues of complexity, 

misunderstandings and negative opinions.  
 
Attributing impact to a particular research project was identified as an issue for medical device 

PIs in this sample, a finding reflected in much of the impact literature (e.g. de Jong et al, 2011). 

Related to this were points made by PIs in relation to how multiple research projects can be 

required to create actual impact, and the possibility or even probability that research can 

achieve impact indirectly by influencing or inspiring other academics to carry on with a 

particular result, idea, or theory of an initial piece of research, building on impact literature on 

the attribution issue (e.g. Rymer, 2011; Khazragui & Hudson, 2014) from the micro-level 

perspective. This was highlighted by the sample of PIs in relation to the specific needs and 

complexities of medical device projects, whereby an accumulative body of evidence is required 

to influence practice and have impact, particularly in relation to health and societal impacts 

(Buxton & Hanney, 1996). The unpredictability of scientific discovery and advances further 

complicates impact understanding and how PIs approach and plan for impact, similar to the 

predicament of research evaluation frameworks (e.g. Molas-Gallart et al, 2000). 
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The majority of PIs’ understanding of impact are bound to the issue of temporality, as argued 

by Spaapen & van Drooge (2011), the time-lag from research to impact (particularly significant 

in medical device research and translation), the repeated emphasis of many in the PI sample on 

short-term, micro-level outputs over long-term, macro-level impact. A key finding of this 

study, PI efforts in engaging with impact are shaped by funding body requirements, with a few 

PIs arguing that funders are still focused on the short-term, measurable outputs of their 

research, as such influencing PIs preference for these outputs over broader, less tangible 

impact. This finding echoes some of the criticism presented in impact literature (Penfield et al, 

2014). Another potential reason for this is that medical device scientists are focused on 

scientific pursuits, and therefore have a penchant for scientific thinking, which may conflict 

with the high-level thinking or vagaries often associated with impact understanding, 

measurement, assessment and evaluation (Samuel & Derrick, 2015). Of course, this is 

understandable and offers a number of potential avenues to improve or expand PI impact 

orientation by developing and proposing more efficient, effective, and transparent metrics for 

broader impacts of research, with considerations for the type of PI involved. These metrics 

need to represent achievable steps towards stated and specific impacts (Searles et al, 2016).   

 

The position of PI of medical device public research, as repeatedly stated by PIs in the sample, 

involves a number of disparate roles, activities, requirements and pressures. Due to PI role 

complexities and the various pressures they are under, as described in the literature in Chapter 

3 and further developed by the PI sample in Chapter 5, using short-term outputs to work 

towards impact could provide PIs with a more viable route to impact. Another indirect, exo-

level potential barrier to impact, shaping how PIs understand impact, PI role complexities, 

commitments and pressures inhibit PIs from engaging fully in planning for impact. As 

described in the literature (e.g. Cunningham et al, 2016b) and referred to throughout the 

findings of this study, much of the activities of PIs are not formally specified as role 

requirements and require significant effort, time and resources on the part of the PI. 
 

As discussed in relation to objective 1 above, the long and often slow process of translational 

research, and the time-lag between research and impact described by Buxton (2011), clearly 

influences PI understanding of impact and their impact orientation. The medical device TR 

continuum, from discovery to point-of-care application, is a long road. As such, without 

sufficient career planning and strategising, a PI may find it difficult to decipher the impact 
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potential of their work if they are positioned at the basic end of the process, something that is 

particularly pertinent in medical device research due to the clinical trials and regulations 

fundamental to the creation of safe, ethical and efficient medical device products (Markman et 

al, 2005). 
 
The complexities of impact could be viewed as a route cause of the misunderstandings of PIs 

that were identified surrounding impact and the impact agenda, and furthermore of some of the 

negative views expressed by PIs in relation to their impact orientation.  Negative opinions and 

confusion in relation to impact could certainly be understood as barriers themselves to creating 

impactful research from the PI perspective. If PIs hold these opinions or misunderstand the 

meaning and purpose of impact, they are less likely to engage fully in ensuring their research 

creates impact, beyond what is required of them by funders in exchange for financial support. 

In general, misunderstandings of impact centred on confusion over defining impact, categories 

of impact and, most commonly, interpreting outputs of research as impact, including outreach 

and EPE activities.  As mentioned by a few PIs, the misunderstandings on impact also may be 

due to the disparity in definitions used by various national and international research 

organisations, including whether scientific quality is included as a type of impact or separate 

to the broader impacts.  As outlined above, the issue of overlapping categories of impact could 

be seen as a further cause of confusion in PIs understanding of impact. These tensions between 

various categories of impact, including scientific and economic, scientific and health, economic 

and societal, and societal and health were evident through the findings in relation to PI 

understandings of impact.  

Conclusions on Objective 3 

 
A number of important facilitators and barriers to impact have been discussed in this study that 

add an original contribution to extant literature on impact. Whereas research to date has 

addressed facilitating and mitigating influences on impact at a project-specific level, the 

facilitators and barriers identified in this chapter offer a novel contribution through the 

perspective of PIs of medical device research. At the individual PI level, prior experience, PI 

passion, misunderstandings and negative opinions on impact can facilitate or inhibit impact of 

research. Project-level strategies and approaches to impact in relation to collaboration, career 

planning and project formation offer potential facilitators of impact, from the micro-level 

perspective of the PI. As described in Chapter 3, there are many issues and challenges with 

impact that could act as barriers to impact, and many of these were also identified by the PIs 
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of this study as inhibiting the impact potential of their medical device public research projects.  

These findings offer novel contributions to PI and impact research, addressing impact in PI 

research, and the perspective of the PI in impact research. Arising from this discussion on 

Objectives 1-3, there are a number of recommendations for PIs and policymakers emerging 

from this study in relation to PI impact orientation and enhancing the impact potential of 

medical device research projects, as discussed in the section 6.2. 
 

6.2 Discussion of research findings in relation to objective 4 and ecological 
framework for impact orientation 

  
The primary aim of this section is to address objective 4, which was designed to make 

recommendations as to how PIs could improve the potential impact of the medical device 

research projects they lead on. These recommendations originate from the findings addressing 

objectives 1-3 above and the findings of this study in general, and are divided into 

recommendations for the PIs themselves, for HEIs and for the policymakers of medical device 

research to support PIs to maximise the impact potential of their research. These 

recommendations lead into a reworking of the tentative framework for impact orientation first 

described in Chapter 3.  

 

6.2.1 Objective 4 – Recommendations for PIs and policymakers 

To make recommendations as to how medical device PIs and policymakers can improve the 

potential impact of research  
 

6.2.1.1 Recommendations for PIs 

With the increasing role complexity of the PI position, as the leader of publicly funded research 

projects and the “linchpin for transformation” within research systems (Mangematin et al, 

2014, p.1), PIs have a limited amount of time and resources in their day-to-day activities and 

in their career, to plan for and achieve impact from their research. As such, it is imperative that 

PIs plan for impact carefully prior to project development, as suggested in section 6.1.3 above. 

Medical device PIs in particular must deal with an even more complicated translational path 

from discovery to application, and therefore, strategic planning is of paramount importance to 

the successful translation of their research. Elements of this planning process, as identified 

through this study, include the hiring of project team members that will bolster the impact 

potential of the project, deciding on the collaborations and ‘productive interactions’ (Spaapen 
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and van Drooge, 2011) that can add to the societal relevance of the project outputs, outcomes 

and impact, and long-term planning and strategising for impact. Due to the serendipitous and 

often unpredicted nature of impact, as evidenced throughout the study findings, PIs, and the 

plans they put in place, must be flexible, adaptable and receptive to the ever-changing medical 

device research environment in which they work.  
 
As outlined above, prior experience of PIs before taking on the role influenced how they 

understood and thus engaged with the impact of their work. Whether it be through industry, 

international or previous academic experience, there are certainly lessons to be learned for 

scientists before taking on the PI role. While PIs may not necessarily want to move into the 

commercial sector, experience and skills could be garnered through training, either internally 

in academia, or through greater engagement with industry, clinicians, multidisciplinary 

academic partners and end-users of research. PIs can also learn about the relevance of their 

research through these interactions and through their outreach and EPE activities, which some 

PIs understand up to now as a one-way interaction from academia to the public, not 

appreciating the potentially useful feedback these mechanisms offer to further enhance the 

impact potential of their work and to develop a more nuanced impact orientation. To this end, 

the ecological framework developed as part of this study, utilising Urie Bronfenbrenner’s 

bioecological theory, is presented below, to support PIs in planning their route to impact.  

 

Interrelated with recommendations for PIs, a number of recommendations were identified for 

Higher Education Institutes and are presented next. 

6.2.1.2 Recommendations for HEIs 

Collaboration and interactions with stakeholders of research is an increasingly relevant 

strategy, evidenced throughout the spine of this study and extant literature (e.g. Boehm & 

Hogan, 2014), to increase the impact potential of medical device public research. As mentioned 

in section 6.1.3 above, current research policy emphasises collaboration in funding applications 

and assessments, and this endeavour needs to continue to grow and evolve. Recent initiatives, 

such as PPI and Campus Engage were only referenced by a small number of PIs, with patient 

collaboration in general not a widely cited strategy for PIs, despite the recent research 

emphasising the benefits of public and patient engagement in research (Brett et al, 2014).  

Internal university organisations that seek to support their researchers in research impact, such 

as TTOs and HR departments, can lead this charge, placing greater emphasis on the 
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connections between these initiatives and impact, increasing PI engagement in such activities, 

even if only for the intrinsic motivation of increasing the chances of funding. These internal 

organisations can support early career researchers and PIs alike in planning for impact through 

joined up thinking on impact across departments and disciplines, raising awareness of the 

training and supports available for scientists to enhance the impact potential of their research 

activities. 

 

The oft serendipitous nature of collaboration and project formation in the medical device 

research environment, another noteworthy finding of this study, alludes to the thinking that PIs 

need to be given more time and flexibility to plan for and engage in these type of activities, to 

augment the potential for collaboration and the development of projects with greater impact 

potential. As described in the findings, PIs learned the skills necessary to lead their projects 

either ‘on the fly’ or through previous experiences in industry, informal mentorship and other 

informal networks. Additional formal and informal career management supports could benefit 

PIs in their multitude of roles and activities related to technology transfer, translation and 

impact. In general, PIs should be provided with dedicated training and support in role 

preparation. It should be noted that in more recent times PI training has been developed across 

universities, though these programmes are still in their infancy and many of this study’s PIs 

are too long established to feel the need to avail of these supports, as outlined in the findings. 

 

6.2.1.3 Recommendations for policymakers 

Policymakers of national and international funding bodies and government agencies can 

support medical device PIs in their efforts towards creating potentially impactful research 

through the formulation of appropriate and bespoke policies for medical device research. PIs 

of medical device research require a variety of support in their journey towards impact, due to 

the long road of translational research, the complex nature of medical device research and 

impact, the heavy workload of PIs of public research and the various activities they need to 

engage in to maximise impact potential. Currently there are no formal, discrete support 

mechanisms for ensuring impactful research, beyond the requirements of funding bodies, and 

therefore recommendations for policymakers in this regard are of vital importance. Similarly, 

the long-term nature of translation and impact of medical device research must be considered 

by policymakers in the development of evaluation frameworks and metrics for impact. 
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A distinct finding of this research is that PIs of medical device public research do not share a 

common understanding of impact. As such, efforts are required to develop and agree upon a 

more universally accepted definition for impact that is embedded in processes and attitudes of 

stakeholders, across national and international funding bodies and government agencies. 

Findings from this study would suggest a clear separation of impact from scientific excellence 

or quality, to clarify the concept of impact as the value of research beyond academia. 

Furthermore, for PIs of medical device research, due to their science-oriented backgrounds, a 

more narrowly defined definition of impact, and of the categories of impact, could lead to more 

effective and transparent tools and methods for evaluation of research, as suggested in the 

discussion above.  

 

As outlined in the findings, general teaching and lecturing activities were used by some PIs as 

examples of their human capital impact. This is an area that requires further clarification in 

impact policy, the difference between research impact and teaching impact, particularly when 

dealing with project-specific impacts to address funding requirements.  There is of course great 

potential for tangible impact through teaching, and so this needs to be considered by 

policymakers, at least in clarification of what counts in relation to human capital impact. From 

the findings of this study, there is clearly some confusion about what constitutes human capital 

impact from medical device public research. 

 

From the findings outlined in the previous chapter, it is clear that PIs have a complicated 

environment in which they must navigate, including engaging with the complicated and much 

debated concept of impact. A core finding highlighted above of how PIs of medical device 

research are focused on the achievable outputs of their research rather than impact, or even 

perhaps outputs rather than outcomes, suggests that policymakers need to ensure that the 

metrics they utilise and the outputs they desire are ones that PIs can achieve, and that are firmly 

linked to eventual impact. This is of particular importance for PIs on the basic side of the TR 

continuum, who are the most ‘purely’ science-oriented and thus, are more comfortable dealing 

with measurable or quantifiable indicators of research performance and success. It should also 

be noted that some basic-oriented PIs expressed sophisticated and nuanced impact orientations, 

while some applied-oriented PIs offered narrow or more traditional understandings of impact. 

While current metrics and outputs related to scientific and economic impact are well 

established, and PIs are relatively comfortable in addressing, these could be further 

strengthened by stronger emphasis and linkages on the impacts that can occur as a result. For 
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the other broader impacts of research identified by PIs, human capital, health, and societal, 

there is a lack of tangible, graspable metrics for PIs to engage with that clearly connect to 

defined and distinct categories of impact. Effective outputs with proven, transparent routes to 

impact could encourage PIs to engage more openly with impact. Translational research models, 

such as the TR Continuum (Drolet and Lorenzi, 2011), could support policymakers in raising 

awareness and understanding of the route to impact.  

 

Commercialisation focus and knowledge emerged as a strong influencer of PI impact 

orientation, and from the literature reviewed in Chapter 3. However, for basic scientists of 

medical device research, they may naturally consider themselves too far removed from 

application to be expected to engage with impact through commercialisation. While there are 

clear benefits of PIs thinking about the commercial aspect of their research to aid the eventual 

translation and impact potential of their work, consideration must be given to how to support 

and encourage PIs of basic science in this regard, without simply pressuring them to 

demonstrate economic or commercial impact in order to receive funding. Further, there needs 

to be consideration given on the part of policymakers to the evident tensions between scientific 

and economic impacts in relation to commercialisation. For example, some PIs raised the 

concern that scientific impact was still preferred over economic impact in funding applications, 

with preference given to PIs with higher publication counts, and in journals, whereby applied, 

commercialisable research was not as highly valued as work of scientific excellence.  

 

A final point in relation to recommendations for policymakers concerns the fact that this study 

is focused solely on the perspective of the PI and on what they understand as the desired or 

intended impacts of their research: “I suppose it’s all in potential, at the moment” (PI25). 

However, for PIs developing research which they hope to have meaningful impacts and 

benefits for society, this is as far as they can look to, their intended or desired impacts. As such, 

as PIs are most often the point of contact to research evaluation, it should be emphasised more 

that evaluation looks at intended impacts, not that PIs actually have to show the actual impact 

of their research, something that could be years away, perhaps even beyond their lifetimes. 

Intended impact can lead to real impact but PIs need to be encouraged to think more openly 

and creatively about impact, not view it as an impossible task to prove the impact of their 

endeavours. As McCowan (2018, p.288) argues, “what is at stake here then is not impact versus 

no impact, but of what kind of impact is desired.” The development of ex ante impact 

frameworks could provide PIs with a tool to map intended impact from project development 
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onwards, with an example of this outlined next, an ecological framework for impact 

orientation. 
 

6.2.2 An ecological framework for impact orientation 
 
There are a multitude of difficulties in assessing and evaluating impact from the macro-level 

perspective of national and international public funding bodies, as described in detail in 

Chapter 3, and therefore it is difficult for PIs to know how to plan for impact. Taking the lessons 

learned from the extant literature, a tentative ecological framework for impact orientation was 

proposed in section 3.5. This ecological framework addresses impact instead from the micro-

level perspective of the PI, as a central actor in the conduct and translation of research, offering 

an original contribution to impact research and the impact debate. The findings of this study, 

as described above and in the previous chapter, have offered a number of original contributions 

to the impact debate and how medical device PIs understand and approach impact, their impact 

orientation. Shaped by these findings, the tentative ecological framework proposed in chapter 

3 has been refined, with a more comprehensive framework for PI impact orientation now 

proposed, utilising Bronfenbrenner’s expanded bioecological theory and the PPCT model to 

further support PIs in planning for impact (see Figure 6.3 below). The process-person-context-

time (PPCT) model, as described in Chapter 3, offers an ecological framework for individual-

environment interaction in PI impact orientation development. Bronfenbrenner highlighted the 

crucial role of proximal processes for development (e.g. Bronfenbrenner, 1988), as did the 

innovative societal impact assessment work of Spaapen and van Drooge (2011) and others (see 

section 3.2.5.3), focusing on the ‘productive interactions’ between researchers and 

stakeholders as key to the generation of broader impact of research. As such, the ecological 

framework for impact orientation emphasises stakeholder interactions as a key component of 

the framework. The incremental steps that PIs take towards impact are vital to successfully 

develop a medical device that could improve or save lives, but it is difficult for PIs to fully plan 

this route to health impact. The framework offers potential as a qualitative ex ante tool for PIs 

to use to map and plan for potential impact, across systems, accounting for temporal elements 

of their research impact, emphasising the interactions that PIs engage in with stakeholders, and 

as such addressing many of the findings and PI recommendations of this study.  
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Figure 6.3: Ecological framework for impact orientation 

 
As a simplified example of the benefit of this framework for PI impact orientation, a finding 

of this study outlined how, while the requirement to complete impact statements divided 

opinion amongst PIs, many PIs recommended the merits of it as a tool to think about and plan 

for the impact of their work. The ecological framework offers a more comprehensive ex ante 

tool for conceptualising and planning for impact of medical device research, from the project 

development phase onwards and outwards. Recent attempts at creating tools for impact have 

focused on use of linear logic models at the evaluation side of the research process (e.g. 

Gregersen, Linde, & Rasmussen, 2009) whereas, as stated by Spaapen and van Drooge (2011, 

p.9), “impact of research starts in the research itself… By relating impacts more directly to the 

research work, the scope of impact is likely to be smaller than when using a ‘logical’ 

framework.” As opposed to logic models, which have been “increasingly viewed as over-

simplistic” (Greenhalgh and Fahy, 2015, p.3), this framework does not follow a discrete, linear 

process, from research to impact, but rather is a continuous cyclical framework. This 

framework, for use from project development stage onwards, could also offer a practical 

benefit for the PI, in that it can support them in addressing impact in their funding applications 

(e.g. impact statements). To further inform the reader on the four components of the PPCT 
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model and how these are adopted for the PI ecological framework for impact orientation, the 

four components are described in detail below.  

 

Process 

As presented in Chapter 3, the keystone of Bronfenbrenner’s bioecological theory is the quality 

of the proximal processes taking place between the individual and the actors in their 

environment, similar to the SIAMPI model (Spaapen and van Drooge, 2011) and this study’s 

findings on the importance of quality collaboration with various stakeholders of medical device 

research, whether it is the clinician partner, industry, patient groups, regulatory agencies, or 

other relevant actors. Proximal processes can be considered repeated engagement in activities 

and interactions with stakeholders, increasing in complexity (bidirectional interactions). As 

such this framework emphasises to PIs the importance of considering and planning for 

reciprocal interactions, engagements and collaborations with relevant stakeholders (e.g. patient 

groups) of the medical device research being undertaken to further the relevance of the research 

for stakeholders, and ultimately enhance the potential impact of research. 

 

Person 

Placing the PI as the individual at the centre of spheres of influence, PIs must contemplate the 

individual characteristics of demand, resource and force (as described in Chapter 3) that can 

influence proximal processes and as such, impact orientation (see figure 6.4 below). Demand 

characteristics refer to “personal stimulus” or immediate stimulus characteristics (Tudge et al, 

2009, p.203), for example professional reputation. Resource characteristics, while related to 

demand characteristics, are not immediately apparent in interactions or proximal processes, but 

can influence proximal processes nonetheless, emotional or mental resources, such as skills or 

prior experience, and social or material resources. Force characteristics relate to differences in 

temperament, motivation and persistence. Applying the ecological framework, PI’s can 

consider their own personal characteristics and traits ex ante and anticipate how these can 

facilitate or inhibit their impact orientation, the productive interactions taking place with 

stakeholders, and the impact potential of their research. Consideration of antecedent personal 

characteristics and traits allows PIs to more effectively and efficiently plan for impact, 

anticipating how their individual-level attributes can aid or hinder the development of 

impactful research.  
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Figure 6.4: Person component of Ecological Framework for Impact Orientation 

Context 

Through exploration of spheres of influence (see Figure 6.5) PIs can begin to map and connect 

with potential stakeholders and beneficiaries of their research, and the level and types of impact 

they intend to work toward. The systems or spheres of influence of the ecological framework 

are dynamic and overlap each other, as do categories of impact.  A particularly novel 

characteristic of this model, the exo-level of ecological systems theory, provides an opportunity 

to specify indirect influences on and impacts of research, such as the organisational context of 

impact. As the PI brings their research from the lab to clinical trials to clinical application, they 

can also visualise how they are moving out from the micro-system toward the macro-system, 

engaging with relevant stakeholders at each step of the process.  

 

Stakeholders can be defined as “anyone who takes part in the iterative process that induces the 

results of research into social impact” (ibid, p.6). In the case of medical device research, as 

described above, the stakeholders of medical device research are a large and diverse group, 

with many different levels and types of understanding in relation the research undertaken (e.g. 

clinicians, regulatory agencies, government bodies, patients). PIs can use the ecological 

systems model (see Figure 6.5) to plan for productive interactions with relevant stakeholders, 

from the micro (e.g. project team members) and meso (e.g. industry and clinician partners), to 

exo (e.g. funding body requirements) and macro (e.g. medical device market needs).  

 



 194 

 
Figure 6.5: Context component of Ecological Framework for Impact Orientation  

 

Time 

The fourth component of the ecological framework is that of time, connecting to the issues of 

temporality presented in this study, with time divided into micro-, meso- and macro-levels, for 

PIs to further explore their own activities and actions in relation to impact.  

• Micro-time: what is happening during specific proximal processes (e.g. collaborations 

and stakeholder interactions) 

• Meso-time: the extent to which these processes occur (e.g. how often interactions take 

place and at what point in the project cycle) 

• Macro-time (Chronosystem): the shifting expectancies in wider culture (e.g. 

government priorities, cultural values) 

 

While this study focused primarily on broader impacts of medical device research, this 

ecological framework could also be applied to scientific impacts, utilising the ecological 

systems model to plan for impact across academic spheres of influence. The PI can use the 

model as a planning tool to move from micro-level impact (e.g. building professional 

reputation) towards macro-level impact (e.g. influencing scientific policy through knowledge 

creation). Utilising the other parts of the framework, the PI can identify the stakeholders at 

each system level, from micro (e.g. project team members) and meso (e.g. academics in their 

field) to exo (e.g. experienced journal editors) and macro (e.g. multidisciplinary conference 
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organisers) and consider the interactions they can engage in to further the scientific impact 

potential of their research. Considerations can also be given to the time-related considerations 

for impact, including micro-time (e.g. in-depth discussions with academics in their field), 

meso-time (e.g. regular team progress meetings) and macro-time (e.g. interest in this area of 

research in current research policy). It should be noted that these examples are just that. There 

are any number of ways for PIs to use the framework to support their planning for impact and 

a key strength of the framework is its flexibility and adaptability for PIs to engage with as they 

need.  

 

This ecological model offers a number of original contributions to the field of impact research. 

While previous impact frameworks focused on evaluation from the macro level perspective 

(Buxton & Hanney, 1996), the ecological framework for impact orientation is at the micro-

level and attempts to address the need for a more operational level understanding of impact as 

highlighted from the findings of this study. This framework, while attempting to address many 

of the issues raised in this chapter, cannot fully capture all the challenges of the incredibly 

complex concept of impact.  However, this framework is not designed as a replacement for 

current research impact practices and frameworks, but as a complementary analytical tool to 

support PIs in planning for impact. This micro-level PI-centric ecological framework addresses 

the multiple benefits and beneficiaries of research (context), individual attributes of the PI 

(person), collaboration and engagement with stakeholders (process), and the time required for 

impact. PIs can use the framework to effectively and creatively plan for impact from their 

medical device public research projects, breaking down the layers of complexity of impact to 

support PIs in engaging with impact and thus enhancing the impact potential of their research 

efforts. 

Chapter conclusions 
 
The primary purpose of this chapter was to discuss the research findings in relation to four of 

the five objectives of the study. Furthermore, this discussion considered the key findings in 

relation to the tentative framework presented in Chapter 3. This led to the tentative ecological 

framework being amended and developed further to include other aspects of the PPCT mode, 

namely person, process and time. The ecological framework for impact orientation places the 

PI at the centre of the microsystem, having most direct influence or impact on the people, 

structures and systems closest to them, the further out from the centre the PI’s research reaches, 

the greater the expansion of their impact on the system as a whole.   
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7. Conclusions  
 

Introduction 
 
This chapter fulfils five primary functions. First, it serves as a reminder to the reader of the 

rationale, overarching aim and five objectives of the study. Secondly, it summarises the four 

interdisciplinary literature areas of research that underpin this study, while also revisiting the 

research methods used. Next it reiterates the key research findings of the study. In addressing 

objective 5, this chapter puts forward a set of potential research directions on how principal 

investigators (PIs) understand and enhance the potential impact of their research, both in 

medical device related research and in the wider sphere of academia. Finally, to conclude, some 

final remarks and reflections from the author are provided. 
 

7.1 Rationale for and aim and objectives of the study 
 
Alongside the evolution and expansion of medical device public research, and publicly funded 

research in general, the impact agenda has gained momentum in research policy. The impact 

agenda, actioned through national and international funding bodies, is focused on scientists 

demonstrating the impact of their research beyond academia. As the leaders of publicly funded 

research, the principal investigator (PI) is the actor in the research process often tasked with 

this responsibility to demonstrate the impact of their research. However, within the growing 

body of research on PIs, there has been no empirical focus on how PIs engage with the impact 

agenda, their awareness, attitudes and approaches in relation to the generation and prioritisation 

of research impacts (i.e. their impact orientation), particularly in medical device research, a 

field of study with massive potential to address global health problems and ‘grand challenges’ 

of modern society.  

 

In light of this, the overarching aim of this study was to examine the impact orientation of PIs 

involved in medical device research through the exploration and identification of the 

antecedent, organisational, project and individual factors and barriers that may influence, 

enhance, or hinder, their impact orientation.  

 

The objectives of the study were: 

1. To identify the antecedent factors that influence PI impact orientation. 

2. To identify the preferred impacts of PIs of medical device research. 
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3. To identify and classify the governmental, organisational, project and individual-level 

facilitators and barriers influencing the potential impact of a research project and the 

stakeholders and collaborators involved. 

4. To make recommendations for  how medical device PIs and policymakers can improve 

the potential impact of research.  

5. To inform future studies on how PIs understand and enhance the potential impact of 

their research, both in medical device related research and in academic research in 

general. 
 

In more specific terms, this study investigated the understandings and approaches to impact at 

the micro-level of the PI. The 38 PIs at the centre of this study shared the common characteristic 

of being involved in medical device research, through the Irish Centre for Research in Medical 

Devices, CÚRAM. Through semi-structured interviews with these PIs, the awareness, 

attitudes, and approaches of PIs in relation to the generation and prioritisation of research 

impacts were illuminated, their impact orientation. Utilising bioecological theory, an 

ecological framework for impact orientation was developed to map impact, with the TR 

continuum, from basic scientific discovery to point-of-care application, as a frame of reference. 
 

7.2 Underpinning areas of literature and research methodology 
 

7.2.1 Underpinning areas of literature 
 
In Chapter 3, four diverse but interrelated literature areas of study were examined in detail, 

namely PI research, impact, translational research and bioecological theory.  

 

Principal investigators were described as the academic leaders of publicly funded research 

projects, taking responsibility for scientific and broader impact direction, progress and 

completion of the project and associated goals. As research systems have grown more complex, 

so to have a variety of roles, responsibilities and activities of PIs of public research. In general, 

the core roles of PIs of public research consist of scientific leadership, project management, 

and ‘third mission’ responsibilities. PIs engage in a number of activities in relation to impact, 

including strategic thinking, knowledge brokering, boundary spanning and environmental 

scanning. From a systematic review of extant literature on medical device PIs influence on 
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impact, it was evident that there is a dearth of research looking specifically at the PI’s micro-

level influence on broader impact in the field of medical device research.  

 

The second research area fundamental to this study was that of impact of research. Impact was 

defined by funders as “the demonstrable contribution that excellent research makes to society 

and the economy” (SFI, 2019b, para.2). In relation to the broader, societal impact of research, 

the definition used in this study was “the effect on, change or benefit to the economy, society, 

culture, public policy or services, health, the environment or quality of life, from new or 

improved products or services based on scientific knowledge. These impacts can be both 

positive and negative” (Fini et al., 2018, p.8).  As suggested in this definition, impact was 

separated into categories of impact, such as scientific, economic, health, societal, cultural, 

environmental and human capital. This study used the term scientific impact for all forms of 

scientific or academic quality or excellence, and broader impacts when referring to non-

academic impacts. The impact agenda is considered vitally important to move scientists out of 

their ‘ivory towers’, to engage in more societally relevant research that can benefit the public 

that are funding the research. There are a multitude of issues, challenges and debates identified 

on how impact is understood, defined, measured, assessed and evaluated.  This literature area 

explored the most relevant approaches to impact measurement, assessment and evaluation, 

including research impact assessment and evaluation frameworks that looked to address the 

broader, societal impacts of research, emphasising greater interactions and collaboration with 

relevant stakeholders.  

 

Translational research, the third underpinning literature area, describes the process through 

which knowledge is transformed through research fields from basic scientific discovery to 

public health or patient impact, including all activities required to bring research from bench 

to bedside (Woolfe, 2008). As such, translational research is interrelated with the impact 

agenda and could be viewed as a means through which to achieve impact. Translational 

research is a central priority in the field of medical device research and as such was an 

important reference point for analysis of the PI medical device landscape. Linear and non-

linear models of translational research were explored and analysed, with the multidirectional, 

non-linear models of translational research (e.g. Drolet and Lorenzi, 2011) being utilised to 

describe and explore the process of translation of medical device research.  
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The final literature area examined was bioecological theory, the mature iteration of 

Bronfenbrenner’s original ecological systems theory, which offers a theoretical framework 

whereby human development is influenced by their interactions with various aspects of their 

environment. The process-person-context-time (PPCT) model of bioecological theory, offers 

a framework for individual-environment interaction which was applied to PI impact 

orientation, focusing on the PI at the centre of the spheres of influence and the proximal 

processes that take place between systems (e.g. Bronfenbrenner and Morris, 1998; 

Bronfenbrenner and Ceci, 1994).    

 

7.2.2 Research methodology 

In Chapter 4, the research methodology was outlined in detail. A qualitative approach was used 

to collect the data for this study, involving semi-structured interviews with a full population of 

PIs funded through CÚRAM, the Irish Centre for Research in Medical Devices, with the total 

number of research participants for this study comprising 38 interviewees. This process 

gathered data on PI perceptions on impact, the approaches to impact undertaken and the 

challenges involved, as well as the PI experience in general. The interview schedule looked 

specifically at respondents’ motivations for taking on the role of PI and the challenges 

involved, their main roles and responsibilities as PI, investigating how each respondent views 

the intended or desired impact of their research and the efforts they make to realise that impact, 

with the average length of interviews 33 minutes. Interviews were transcribed by the author 

and data analysis consisted of engaging in a thematic analysis of the interview data, using the 

NVivo software package, with the identification of a number of key themes (and related 

subthemes): perspectives on impact, factors influencing impact orientation, factors impeding 

impact orientation and approaches to impact.  
 

7.3 Key research findings from the study 
 
The core set of findings, as identified in Chapter 5 and discussed across Chapter 6, emanated 

from the data generated in this study. The key findings and original contributions of this study 

are summarised below: 

7.3.1 Medical device PI impact orientation 

Medical device PIs’ understanding of impact consist of scientific impact and broader impacts, 

including health, societal, economic and human capital impacts, with many viewing health, 
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economic and human capital impacts as de facto societal impact, or societal impact as a hybrid 

impact of other categories. PIs use more practical terminology on the scientific, economic, 

human capital and health impacts of their research, with more theoretical and less grounded 

examples of societal impact. However, medical device PI impact orientation is most focused 

on the outputs of research over the actual impact or benefits of research. In general, PIs are 

relatively comfortable conveying the scientific, economic and human capital impacts of their 

research, centred for the most part on the established outputs of these impacts, and less so 

speaking on the societal and, to a lesser extent, health impacts of research.  

 

Factors influencing medical device PI impact orientation consist of micro- and meso-level 

factors (e.g. personal motivation, position on TR continuum, attitudes towards impact, prior 

experience in industry, international environments, relevant academic experience, and 

commercialisation knowledge), and exo- and macro-level factors (e.g. national and 

international funding bodies, impact agenda). From the findings, the level of experience of PIs 

did not play a significant role in their impact orientation with early stage PIs and highly 

experienced PIs as likely to express sophisticated and nuanced impact orientations, indicating 

a noteworthy result of the study.  Similarly, while position on TR continuum did factor into PI 

impact orientation, specifically in relation to temporality and proximity challenges of impact, 

many basic and applied PIs offered similarly sophisticated and expansive impact orientations. 

Concerns raised by PIs relating to issues of impact included the temporal nature of impact 

conflicting with the requirement to demonstrate it, the challenges of attribution and causation, 

and the time burden of engaging with impact. The core approaches of PIs to creating impactful 

research are collaboration with industry, clinicians and other academics, project formation 

strategies, and career planning and strategising. Through these approaches, PIs can effectively 

plan for impact from project formation onwards, actively seeking productive collaborations 

with stakeholders, taking incremental steps towards long-term goals of research.  

7.3.2 Stakeholders involved in medical device research 

Stakeholders of medical device research, as offered by the PI sample, include the following: 

the project research team, including postdoctoral researchers and PhD students; industry 

partners, including MNCs and SMEs; academic partners within the PI’s own field of research 

and in divergent fields, across different academic national and international institutions, and 

multidisciplinary research collaborators; academic research centres; national and international 
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funding bodies; regulatory agencies; clinician collaborators; patient groups; and end-users of 

medical devices, whether it be healthcare professionals or patients themselves.  

7.3.3 Misunderstandings of impact  

Despite the increased emphasis of national and international funding bodies on the impact of 

publicly funded research, a variety of misunderstandings of impact were identified in this 

study. The most prominent finding in this regard is the focus of the majority of PIs on the 

outputs of their research that align with categories of impact, with many interpreting these 

outputs as the endpoint in terms of impact. For example, patenting activities were frequently 

mentioned in relation to impact, but a patent does not by itself constitute impact. As such, there 

is a clear need to separate and emphasise routes to impact from the impact itself. Medical device 

PIs appear to favour achievable, short term metrics of impact, as these are more tangible than 

the high-level concepts often expressed by funders in relation to impact. Other 

misunderstandings and confusion in relation to impact include the related misunderstanding of 

outreach activities as societal impact, overlap of impact categories, and interpreting impact as 

journal impact factors (JIFs). A potential reason for such misunderstandings, arising from this 

study, are the complexities of impact, including issues of temporality, multi-layered and 

intangible aspects of impact and overlap of impact categories.  

7.3.4 Negative perceptions of impact 

Some of the medical device PI sample offered criticisms of the impact agenda and the 

requirements to demonstrate impact. Many of these criticisms related to the complexities of 

impact outlined above, and as argued in the previous chapter, could be considered a 

consequence of these complexities. Other concerns raised in relation to impact included the 

risk to blue sky research,  the overemphasis placed on commercialisation and economic impact, 

and the need to ‘play the game’ of selling research through impact statements, with preference 

for those who could best articulate the impact potential of their research.  

7.3.5 Temporal issues with impact  

Another important finding of this study in relation to complexity of impact is the issues of 

temporality associated with medical device research impact as highlighted by PIs, including 

the long-term nature of impact, limited amount of time in a PIs career to create impact, the long 

road to translation, and the time required to properly engage in impact-related activities. Impact 

can of course be immediate or long-term, but for the broader impacts of research, specifically 

societal and health impacts, it can take a significant amount of time to demonstrate impact, 
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perhaps beyond the lifetime of the project, or, as one PI offered, beyond the lifetime of the 

scientist. The long-term nature of impact is a particularly pertinent issue for medical device 

PIs, due to the long research translation continuum from discovery to application and the many 

regulatory hurdles along the way. As such, impact evaluation frameworks and research policy 

need to account for this issue in relation to their emphasis on PIs demonstrating the impact of 

their public research.  

7.3.6 Commercialisation for impact 

Commercialisation knowledge was another key factor influencing PI impact orientation, with 

PIs comfortable in commercialisation also showing more confidence and comfort in describing 

the impact potential of their work. As outlined above, in general these descriptions focused on 

the outputs of research over actual impact, but nonetheless commercialisation provided PIs 

with an effective and transparent route to impact. Commercialisation for health impact was a 

particulary relevant theme for medical device research, wherein some PIs believed that the only 

way to achieve impact for patients was through the commercialisation of knowledge. Some 

issues were also raised in relation to commercialisation, including the concern that career 

advancement was still based more on traditional measures of scientific impact, the preference 

of journals on scientific value over commercial, and the conflict between publishing research 

findings and creating commercially viable research.  

7.3.7 Collaboration for impact 

Collaboration was the most widely referenced approach to enhance the impact potential of 

medical device publicly funded research projects. Collaboration strategies highlighted by PIs 

were divided by stakeholder partners, including industry, clinician, academic, and patient 

collaborations, with patient collaboration the least common collaboration activity for the PI 

sample. Benefits of collaboration for impact included generating more relevant ideas and 

research questions for project proposals, increased chances of funding success, knowledge 

exchange activities, and enhanced commercialisation potential.  PIs, working often as the 

active broker of collaboration, further emphasised the value of multidisciplinary research and 

international collaborations to increase the relevance and value of research activities.  A 

number of challenges and barriers to collaboration were also identified, including conflicting 

goals of project partners (particularly for industry collaboration), access to suitable 

collaborators (particularly clinicians), and time constraints of PIs. Alongside collaboration 

strategies, the two other micro-level PI approaches to impact highlighted in this study were 



 203 

project formation strategies to maximise the impact potential of a project, and career planning 

and strategising for impact. 

7.3.8 Macro-level influences on PI impact orientation  

In exploring the factors that could influence a PI’s impact orientation, national and international 

funding bodies were a central factor in how PIs understood and approached impact.  PIs impact 

orientation was often clearly shaped by funder requirements and, as such, more consideration 

needs to be given to these requirements and how PIs, a key actor in the conduct of research, 

can most effectively engage with impact. In particular, as outlined above, PIs of medical device 

research are naturally prone to engage with measurable, or at least tangible, outputs, outcomes 

and impacts of research. The risk is that PIs, and particularly medical device PIs, will skew 

towards the types of impact that are easier to attribute their research to, and not where it is most 

relevant to society. As such, more attention needs to be given to the outputs of research or the 

routes to impact, how these are separate to impact, how to most effectively communicate this 

to PIs, and how best to support PIs in these activities. As described in the findings, PIs learned 

the skills necessary to lead their projects either ‘on the fly’ or through prior industry experience, 

informal mentorship and other informal networks, and therefore, more formal and informal 

impact supports could benefit PIs  

7.3.9 Ecological framework for impact orientation 

The ecological framework for PI impact orientation, created in Chapter 3 (see Figure 3.2) and 

refined in light of the discussion of the key research findings in Chapter 5, offers a number of 

original contributions to the field of impact research and a practical analytical tool for medical 

device PIs to plan the potential or targeted impact of their research projects. In essence, the 

framework was developed through consultation with a group of scientists who have excelled 

in their field of research to the degree that they are leaders of large scale publicly funded 

research projects, adding significant weight to the framework’s value for scientists.  This 

framework is directed at the micro-level perspective of the PI, unlike other frameworks for 

impact focused on the macro-level view of impact, and, as such, addresses the need for a more 

operational level understanding of, and planning for, the routes to impact. Through the 

contextual component of the framework, PIs can conceptualise how their research can impact 

different environments beyond academia, from the micro-level to the macro-level. This 

framework places greater attention to the processes through which impact is achieved, placing 

greater attention on the interactions across systems, for example with academics in 

neighbouring fields, commercial institutes, government bodies, health care professionals, and 
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patient groups. The ecological framework emphasises consideration of individual 

characteristics of the medical device PI in planning for impact and the temporal components 

of impact orientation. While the ecological framework for impact orientation does not address 

all the challenges of impact, it does offer potential as an ex ante analytical tool to planfor impact 

from the micro-level PI perspective, encouraging PIs to consider relevant stakeholders and 

potential collaborators to engage with, to increase the impact potential of their project, and the 

environments across which they could direct the impact of their research. PIs can utilise the 

ecological framework to address current impact assessment requirements, for example impact 

statements, thus providing a concrete benefit for PIs applying this framework to their research 

activities. Furthermore, the ecological framework for impact orientation offers a more nuanced 

and expansive understanding of impact, from the perspective of the PI for the PI, to engage 

with the impact agenda and to engage in deeper consideration of how the research projects they 

undertake could benefit society and how to work towards that goal.  
 

7.4 Objective 5 – Future research avenues 
To inform future studies on how PIs understand and enhance the potential impact of their 

research, both in medical device related research and in academic research in general 
 
The exploratory nature and novelty of this study naturally generates more questions than 

answers, and as such there are a multitude of potential future research avenues to explore. First 

and foremost in the mind of the author, this vein of research could be greatly enriched, 

continuing with the theme of the micro-level unit of inquiry, by incorporating the perspectives 

of other individual stakeholders in the medical device research process, including industry 

leaders, clinicians, regulatory agency experts, and the end users of medical devices, be they 

healthcare professionals or patients themselves. Similarly, an international comparison study 

would add nuance to the findings of this study and highlight how cultural differences could 

affect the impact orientation of PIs. A longitudinal study following the creation of a medical 

device from discovery to application, from the micro-level perspective, could be a further 

avenue to build on the results of this study. Other potential future research avenues emerged 

through data analysis and discussion of the findings of this study, including the following: 

 

Benefits for PIs of engaging with impact: Several PIs in this study clearly understood impact 

as a unidirectional process, whereby impact related to how PIs engaged in research for society, 

as opposed to research with society. Benefits of engaging in impact for the PIs themselves 
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require further investigation and could provide a mechanism with which to strengthen the 

impact agenda. Furthermore, a key finding of this study related to the negative attitudes of 

some PIs to the impact agenda. As such, a greater understanding of the benefits of engaging 

with impact could offer a solution to this issue.  

 

Career progression and impact: A related future research avenue is to explore in more detail 

the effects of impact on PI career progression, considering the conflicts highlighted by the PI 

sample in this regard. When speaking about motivations for research, there was very little 

mention by PIs of career progression as a motivating factor. This may be because of their 

relatively advanced career position, but nonetheless presents an interesting finding and one that 

requires further exploration. 

 

Environmental impact: As noted in the previous chapter, only one PI made reference to 

environmental impact of their work, a finding of significance in itself considering current 

trends in government policy and public opinion towards fighting climate change. The only 

other reference made to environmental impact was PI14’s statement of not knowing how their 

research could relate to that. This is certainly an area for further exploration. 

 

Impact agenda and economic impact metrics: Another potential future research avenue 

could address the concerns of PIs in relation to the impact agenda’s attention on economic 

impact, industry collaboration and commercialisation and the conflicting goals of actors 

therein.  

 

Ecological framework: This study has introduced the ecological framework for PI impact 

orientation, adapting and applying Bronfenbrenner’s bioecological theory, specifically the 

process-person-context time (PPCT) model. While this study was exploratory in nature, due to 

the novelty of the topic, the framework could serve as a foundation to investigate specific 

elements of PI impact orientation. For example, while some personal characteristics of impact 

orientation were identified, relating to resource (previous experience) and force (personal 

motivation), future research could focus explicitly on personal characteristics shaping PI 

impact orientation. Also, quantitative research could be effective in exploring time-related 

characteristics (micro, meso and macro-time) of PI interactions with stakeholders. 
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Chapter conclusion 
 
This chapter fulfilled four primary functions: to remind the reader of the background, aim and 

objectives of the study; to summarise the four areas of multidisciplinary study that underpin 

the study, and the research methods adopted; to reiterate the key research findings of the study; 

and finally, to put forward a set of potential future research directions. In bringing this thesis 

to an end, the author wishes to share some final remarks and reflections on the study, both in 

terms of the results and implications of the study and a personal reflection on the value of this 

study. 

 

Final remarks and reflections 

 

This study’s primary contribution to the field of impact research is the PI ecological framework 

for impact orientation. This framework is not a replacement for existing frameworks, 

programmes and initiatives related to impact, but can serve to support these various approaches 

to impact from the micro-level perspective of the PI, a central actor in public research. It is 

clear from looking at the various efforts of governments to evaluate impact that there are 

innovative solutions being proposed. However, research waste, the translation gap, the valley 

of death persists. The ecological framework offers a flexible, resource-light, complementary 

method to address this issue, alongside the efforts of others. The framework offers PIs and 

policymakers a mechanism for breaking down the layers of complexities of impact into 

interactions with relevant stakeholders of medical device research, whether it be the PI and 

industry, PI and clinicians, PI and multidisciplinary academic partnerships or PIs and patients 

or the general public. As such, PIs can plan for and engage with impact in a more stratified 

manner, encouraging stakeholder interaction, engagement and collaboration to create relevant, 

impactful research that acknowledges and incorporates the perspectives of multiple 

stakeholders. The flexibility of the PI ecological framework for impact orientation allows for 

potential applications beyond the medical device field and principal investigators. 

 

A key recommendation of this study for policymakers and internal organisations of academic 

institutions is the need for more standardised, user-friendly definitions and categorisations of 

impact that are embedded across medical device research systems and academia in general. 

There must also be flexibility and freedom within the impact agenda to provide space for PIs 
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to plan their own routes to impact, allowing for PI passion, creativity and individuality to 

address impact as they best can, in essence, taking into account their own impact orientation. 

As such, the impact agenda must recognise the diversity of PIs, particularly in medical device 

research, across the TR continuum, and offer support and guidance in a more bespoke manner, 

in order to encourage all PIs to consider and engage with the impact potential of their research 

efforts. In this regard, this study is part of a larger CÚRAM-funded project that will develop 

training materials and provide training and support for early career researchers and PIs to 

develop and expand their impact orientation.  

 

On the one hand, it would appear obvious that PIs of medical device research would have a 

clear advantage in addressing impact from their research. However, as the findings of this study 

highlight, the long, complex translation path of a medical device, from discovery to application, 

and the regulatory and clinical hurdles along the way, acts as a barrier to impact for the PI. As 

such it is vitally important to engage with PIs, the leaders of potentially life-changing medical 

device public research, to support them to consider and plan for the long-term impact of their 

work, from project development stage onwards, utilising the supports available, collaborating 

with important stakeholders to increase the relevance and impact potential of their work.  

 

Undertaking this study has been a tremendously challenging experience, with many hills, some 

mountains, and a few valleys along the road.  As the author outlined in Chapter 3 regarding the 

impact agenda potentially focusing too much on the positive side of impact, he did feel, at 

times, that he himself was focusing on the negative when analysing the data, looking for the 

cracks in the system. In actuality, the author feels he should have paused to appreciate the 

impressive grasp that PIs had on the impact of their endeavours and the passion with which 

they spoke, from early in their PI career to close to the end, from basic scientists to point of 

care clinical academics. PIs want to engage with the impact agenda, but they don’t have the 

time and lack clarity on the potentially immense scope of impact. As such, policymakers, 

universities and funding bodies need to support PIs to engage in a real way with the impact of 

their research. The author wishes to conclude with this positive message, that medical device 

scientists want to break out of what might be perceived as their ivory towers, or their silos. 

This research shows the extent to which PIs want their often ground-breaking, innovative, 

highly complex research to have real impact on people’s lives, and this thesis has sought to 

provide a set of insights into how to support these PIs in their invaluable endeavours.  
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Appendices  
Appendix A  

Regulatory agencies’ medical device definitions  
 

Country Regulatory 
authority 

Definition of medical device 

United 
Nations 

WHO Any instrument, apparatus, implement, machine, appliance, implant, 
reagent for in vitro use, software, material or other similar or related 
article, intended by the manufacturer to be used, alone or in 
combination, for human beings, for one or more of the specific medical 
purpose(s) of: 

• diagnosis, prevention, monitoring, treatment or alleviation of 
disease, 

• diagnosis, monitoring, treatment, alleviation of or 
compensation for an injury, 

• investigation, replacement, modification, or support of the 
anatomy or of a physiological process, 

• supporting or sustaining life, 
• control of conception, 
• disinfection of medical devices 
• providing information by means of in vitro examination of 

specimens derived from the human body;  
and does not achieve its primary intended action by pharmacological, 
immunological or metabolic means, in or on the human body, but 
which may be assisted in its intended function by such means.  
Note: Products which may be considered to be medical devices in some 
jurisdictions but not in others include: 

• disinfection substances, 
• aids for persons with disabilities, 
• devices incorporating animal and/or human tissues, 
• devices for.in-vitro fertilization or assisted reproduction 

technologies”  
 

China NMPA Any instrument, apparatus, appliance, material, or other article whether 
used alone or in combination, including the software necessary for its 
proper application. It does not achieve its principal action in or on the 
human body by means of pharmacology, immunology or metabolism, 
but which may be assisted in its function by such means; the use of 
which is to achieve the following intended objectives: 1. Diagnosis, 
prevention, monitoring, treatment or alleviation of disease; 2. 
Diagnosis, monitoring, treatment, alleviation of or compensation for an 
injury or handicap conditions; 3. Investigation, replacement or 
modification for anatomy or a physiological process; 4. Control of 
conception  

Japan PMDA Medical appliances or instruments (excluding regenerative medicine 
products) intended for use in the diagnosis, treatment or prevention of 
disease in humans or animals, or intended to affect the structure and 
functions of the bodies of humans or animals, as specified by Cabinet 
Order.  

US FDA An instrument, apparatus, implement, machine, contrivance, implant, 
in vitro reagent, or other similar or related article, including a 
component part or accessory which is: recognized in the official 
National Formulary, or the United States Pharmacopoeia, or any 
supplement to them, intended for use in the diagnosis of disease or 
other conditions, or in the cure, mitigation, treatment, or prevention of 
disease, in man or other animals, or intended to affect the structure or 
any function of the body of man or other animals, and which does not 
achieve its primary intended purposes through chemical action within 
or on the body of man or other animals and which is not dependent 
upon being metabolized for the achievement of any of its primary 
intended purposes." 
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EU EU Directives ‘any instrument, apparatus, appliance, software, implant, reagent, 
material or other article intended by the manufacturer to be used, alone 
or in combination, for human beings for one or more of the following 
specific medical purposes:  

• —  diagnosis, prevention, monitoring, prediction, prognosis, 
treatment or alleviation of disease,  

• —  diagnosis, monitoring, treatment, alleviation of, or 
compensation for, an injury or disability,  

• —  investigation, replacement or modification of the 
anatomy or of a physiological or pathological process or 
state,  

• —  providing information by means of in vitro examination 
of specimens derived from the human body, including organ, 
blood and tissue donations,  

and which does not achieve its principal intended action by 
pharmacological, immunological or metabolic means, in or on the 
human body, but which may be assisted in its function by such means.  
The following products shall also be deemed to be medical devices:  
— devices for the control or support of conception;  
— products specifically intended for the cleaning, disinfection or 
sterilisation of devices as referred to in Article 1(4) and of those 
referred to in the first paragraph of this point.  
 

Ireland HPRA Same as EU 
Source: WHO (2019) 
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Appendix B 
SFI Definitions of types of impact 

 
Economic impacts 
 
Impacts where the beneficiaries may include businesses, either new or established, or other 
organisations which undertake activity that creates jobs and revenue. Beneficiaries may also 
include graduates, employees, trained scientists and the general public.  
 
Societal impacts 
 
Impacts where the beneficiaries may include individuals, groups of individuals, organisations or 
communities whose quality of life, knowledge, behaviours, creative practices or other activity have 
been influenced positively.  
 
International engagement impacts 
 
Impacts where the beneficiaries include Irish based research scientists who are striving to improve 
their international reputation and international scientists who wish to relocate their research groups 
to Ireland. Irish businesses and Irish headquarters of MNCs may also benefit from increased 
international engagement.  
 
Policy & public service impacts 
 
Impacts where the beneficiaries may include government, non-governmental organisations 
(NGOs), charities and public sector organisations and society, either as a whole or groups of 
individuals in society. Impact can occur top-down through policy changes and bottom up, through 
changing behaviours at the delivery level.  
 
Health and wellbeing impacts 
 
Impacts where the beneficiaries may include individuals (including groups of individuals) whose 
health outcomes have been improved or whose quality of life has been enhanced (or potential harm 
mitigated) through the application of enhanced healthcare for individuals or public health activities.  
 
Environmental impacts 
 
Impacts where the key beneficiaries are the natural and built environment with its ecosystem 
services, together with societies, individuals or groups of individuals who benefit as a result.  
 
Professional services impacts 
 
Impacts where beneficiaries may include organisations or individuals involved in the development 
of and delivery of professional service.  
 
Human capacity impacts 
 
Impacts where beneficiaries cover the entire population, primary school students studying STEM 
subjects, the general workforce including science teachers, health professionals, policy makers, 
business leaders in SMEs and MNCs and the general public 
 

Source: SFI (2019b) 
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Appendix C 
Search terms used in systematic literature review 

 
Concepts and related search terms 

Concept Search terms 
Medical 
Device 

(Biomedic* OR Medic*) AND (device OR tech*) 

PI Scientist OR researcher OR clincian OR investigator OR 
leader 

Impact Research w/3 impact or research w/3 benefit OR tech transfer 
OR translation* 

Non-
scientific 
impact 

Socio* OR social* OR societal OR economic OR cultural OR 
“quality of life” 

 
 

Search string query used in search 
( TITLE-ABS-KEY ( biomedic*  OR  medic* )  AND  TITLE-ABS-
KEY ( device  OR  tech* )  AND  TITLE-ABS-
KEY ( scientist  OR  clinician  OR  investigator  OR  researcher  OR  leader )  AND  TITL
E-ABS-KEY ( ( research  W/3  impact )  OR  ( research  W/3  benefit )  OR  "technology 
transfer"  OR  translation* )  AND  TITLE-ABS-
KEY ( socio*  OR  social*  OR  societal  OR  economic  OR  cultural  OR  "quality of 
life" )  AND  PUBYEAR  >  1996 )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  
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Appendix D 

 
Systematic literature review – List of included journal articles 

 

Esmail, R., Hanson, H., Holroyd-Leduc, J., Niven, D. J. & Clement, F. (2018) ‘Knowledge 
translation and health technology reassessment: identifying synergy’, BMC health services 
research, 18 (1), pp. 674. 

Medina-Molotla ,N., Thorsteinsdóttir ,H., Frixione ,E. & Kuri-Harcuch, W. (2017) ‘Some 
factors limiting transfer of biotechnology research for health care at Cinvestav: A Mexican scientific 
center’, Technology in Society, 48, pp. 1-10. 

Stewart, S.R., Barone, P.W., Bellisario, A., Cooney, C.L., Sharp, P.A., Sinskey, A.J., 
Natesan, S. & Springs, S.L. (2016) ‘Leveraging industry‐academia collaborations in adaptive 
biomedical innovation’, Clinical Pharmacology & Therapeutics, 100 (6), pp. 647-653. 

Holmes, C., McDonald, F., Jones, M., & Graham, J. (2016) ‘Knowledge translation: Moving 
proteomics science to innovation in society’, Omics: a journal of integrative biology, 20 (6), pp. 352-
361. 

Baglieri, D., & Lorenzoni, G. (2014) ‘Closing the distance between academia and market: 
experimentation and user entrepreneurial processes’, The Journal of Technology Transfer, 39 (1), pp. 
52-74. 

 Lee, V. S. (2013) ‘MRI: From science to society’, Journal of Magnetic Resonance Imaging, 
37, pp. 753-760. 

Grainger, D.W., van der Mei, H.C., Jutte, P.C., van den Dungen, J.J., Schultz, M.J., van der 
Laan, B.F., Zaat, S.A. & Busscher, H.J. (2013) ‘Critical factors in the translation of improved 
antimicrobial strategies for medical implants and devices’, Biomaterials, 34 (37), pp. 9237-9243. 

 McMahon D.S., Singer P.A., Daar A.S., & Thorsteinsdóttir H. (2010) ‘Regenerative 
medicine in Brazil: small but innovative’, Regenerative medicine, 5, pp. 863-876. 

Sayres, L.C., Allyse, M. & Cho, M.K. (2012) ‘Integrating stakeholder perspectives into the 
translation of cell-free fetal DNA testing for aneuploidy’, Genome medicine, 4, pp. 49. 

Grainger, D.W., van der Mei, H.C., Jutte, P.C., van den Dungen, J.J., Schultz, M.J., van der 
Laan, B.F., Zaat, S.A. & Busscher, H.J. (2013) ‘Critical factors in the translation of improved 
antimicrobial strategies for medical implants and devices’, Biomaterials, 34 (37), pp. 9237-9243. 

Wainwright, S.P., Williams, C., Michael, M., Farsides, B. & Cribb, A. (2006) ‘From bench to 
bedside? Biomedical scientists’ expectations of stem cell science as a future therapy for diabetes’, 
Social science & medicine, 63 (8), pp. 2052-2064. 
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Appendix E 
Schedule of semi-structured interview 

 
Key questions and additional optional prompts  
 
Introduction: 

– Purpose of the research project, for whom, what will be done with the research 
 
Approval to record: 

– Do you mind if we record this interview? 
 
Exemplar introduction to first question:  

– I’ve looked over your publication record and your biography on the university 
website, so I’ve an overview of your career, but we’d like to look more at your 
personal perspective on being a PI in the field of medical device research, focusing on 
your experiences leading public research projects. We would like to explore how you 
understand the impact of your research and approach your projects in relation to 
impact. 

 
1. What was your personal motivation to become and remain a PI on public research 

projects? 
– Why did you take the PI role on the project you are working on now? 
– What was your position before taking on the PI role? 
– Why did you choose your most recent project? 
– What motivates you to choose a particular project over another? 

 
2. What are the biggest challenges you face as a PI in medical device research? 

– What was the steepest learning curve/biggest hurdle in becoming a PI on a research 
project? 

– What training would have been beneficial to you starting out as a PI? 
– What do you wish you had received training on when starting out as a PI? 
– What pressures do you face most often in the PI role? 

 
3. How do you understand the impact of your publicly funded research projects? 

– What impact do you want your research project to have?  
– Who will benefit from your research? 
– How impactful have your projects been to date? 
– What types of impact fit best with your research?  
– What are the easiest/most difficult categories of impact to address? 
– What was the most impactful project you have been the PI on? 

 
4. What roles, activities and approaches do you undertake to create impactful research? 

– What actions/efforts do you take to ensure your research is impactful? 
– How does impact happen and what can you do as a PI? 
– How do you decide on an ‘unmet clinical need’ for a project? 
– What is the biggest challenge to impact, from your point of view as the PI? 
– If you think of an impactful project you were involved in, what actions did you take 

towards this impact? 
 
5. Is there anything you thought I would ask or wish you were asked in relation to impact? 
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Thank you. 
If you have any further questions, or you would like to reflect and adjust your opinion on any 
of the above (after viewing the interview transcript), or to add any further comments, please 
feel free to contact me. 
 
END OF INTERVIEW 
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APPENDIX F 
 

Participant information sheet and consent form 
 
 
Project title: PI Impact Orientation in Medical Device Public Research 
Participant information sheet 
 
Introduction 
 
The aim of this study is to illuminate how different types of PIs involved in medical device research 
understand impact and address the various issues involved in demonstrating different types of impact, 
highlighting the types of interactions and collaborations PIs have with relevant stakeholders to the 
research project. Debates around research translation and impact, impact measurement and assessment, 
particularly in relation to non-scientific impacts, and categorisation of impact are commonplace in 
recent academic literature. There has been an increased focus on ‘demonstrating impact’ in recent 
national research impact evaluation frameworks, including SFI in Ireland and the REF in the UK, and 
with this has come increased pressure on PIs to incorporate ‘impact’ into their project funding proposals.  
We have chosen to focus on PIs as the lens through which to investigate research impact as PIs leading 
and delivering large-scale research programmes have a significant influence over the conduct of and 
advancement of science.  PI research is an emerging field and to date no research has looked at PIs 
involved in medical device research and their impact orientation. 
 
Invitation to take part in the study 
This study looks to add to very limited bank of knowledge on PIs, and in particular PIs involved in 
medical device research, and for this reason, you are being invited to take part in a research study. 
Before you decide, it is important for you to understand why the research is being done and what it will 
involve. This Participant Information Sheet will tell you about the purpose, risks and benefits of this 
research study. If you agree to take part, you will be asked to sign a Consent Form. If there is anything 
that you are not clear about, we will be happy to explain it to you. Please take as much time as you need 
to read it. You should only consent to participate in this research study when you feel that you 
understand what is being asked of you, and you have had enough time to think about your decision.  
 
Purpose of the study 
The purpose of this study is to better understand the impact orientation of PIs, that is the awareness, 
attitudes and approaches of medical device PIs in relation to the generation and prioritisation of research 
impact – basically, what types of impact does a PI want their research to have, where do they want to 
create impact, for whom, and how do they go about doing it. To better understand what is involved we 
want to interview the full population of CÚRAM PIs to gain insight into their experiences and opinions 
on creating and demonstrating impact from research, and how the interactions that they have with 
relevant stakeholders 
 
Taking part – what it involves 
 
The semi-structured interview should take between 30 and 45 minutes, and can be conducted at your 
convenience, where and when suits you best. I am happy to come to your office or wherever is most 
convenient for you. These interviews will be used to identify common themes and differences amongst 
different types of PIs, at different stages in their career and different points in the translation process 
from basic sciences to clinical studies, and will inform the design of a questionnaire to be distributed 
later in this project to PIs internationally as well as informing the overall direction of this study to be 
completed and published on by Autumn 2019. Questions in the interview are based around the following 
areas: 

• General understanding and opinions of research impact 
• Design and development of research projects 
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• Experiences as a PI in general, and the challenges involved 
• Interactions with research stakeholders 

 
It is up to you to decide whether or not to take part in this study. If you do decide to take part you will 
be given this information sheet to keep and be asked to sign a consent form. If you decide to take part 
you are still free to withdraw at any time and without giving a reason. A decision to withdraw at any 
time, or a decision not to take part, will not affect your rights in any way.  
 
If you have any concerns about this study and wish to contact someone independent and in confidence, 
you may contact the Chairperson of the NUI Galway Research Ethics Committee, c/o Office of the Vice 
President for Research, NUI Galway, ethics@nuigalway.ie.  
 
Confidentiality 
Interviews will be transcribed with all identifying details removed to ensure your identity will remain 
confidential, with a study number being assigned to each participant, following best practice guidelines. 
All information that is collected about you during the course of the research will be kept strictly 
confidential and will not be shared with anyone else. The information collected in this research study 
will be stored in a way that protects your identity. The recording of the interview will be transcribed for 
analysis. We will store the original recordings securely for five years after which they will be destroyed. 
Results from the study will be reported as group data and will not identify you in any way.  
 
Summary 
If you choose to participate in this study, you will be given a copy of this participant information sheet 
and the consent form to keep for your records. You are free to refuse to take part in this study without 
any disadvantage or withdraw from this study at any point. If you would like any further information 
on the study before agreeing to participate, please feel free to contact any of the people involved in the 
research to seek further clarification and information: 
 

• Brendan Dolan, Doctoral Candidate, BA, hDip, PDE, School of Political Science and 
Sociology, NUI Galway 

Email: b.dolan8@nuigalway.ie 
• Prof Caroline McGregor, School of Political Science and Sociology, NUI Galway 

Email: caroline.mcgregor@nuigalway.ie 
  
 
Thank you for taking part in this study. 
 
 
Date: 7th June 2017  Version 1 
 
 
 
Project title: PI Impact Orientation in Medical Device Public Research 

 
Consent to take part in research 

 
• I _______________________ voluntarily agree to participate in this research study. 

 
• I understand that even if I agree to participate now, I can withdraw at any time or 

refuse to answer any question without any consequences of any kind.  
 

• I understand that I can withdraw permission to use data from my interview within two 
weeks after the interview, in which case the material will be deleted  
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• I have had the purpose and nature of the study explained to me in writing and I have 

had the opportunity to ask questions about the study.  
 

• I agree to my interview being audio-recorded 
 

• I understand that all information I provide for this study will be treated confidentially 
and my identity will remain anonymous.  

 
• I understand that signed consent forms and original audio recordings will be retained 

in the possession of Caroline McGregor until the exam board confirms the results of 
this dissertation    

 
• I understand that a transcript of my interview in which all identifying information has 

been removed will be retained until five years after confirmation of results of this 
dissertation 

 
• I understand that under freedom of information legalisation I am entitled to access the 

information I have provided at any time while it is in storage as specified above.  
 

• I understand that I am free to contact any of the people involved in the research to 
seek further clarification and information.  
• Brendan Dolan, Doctoral Candidate, BA, hDip, PDE, School of Political Science 

and Sociology, NUI Galway 
Email: b.dolan8@nuigalway.ie 

• Prof Caroline McGregor, School of Political Science and Sociology, NUI Galway 
Email: caroline.mcgregor@nuigalway.ie 

 
 
 
____________________________________    __________________________________ 
Signature of participant    Date 
 
Signature of researcher 
 
I believe the participant is giving informed consent to participate in this study 
 
____________________________________    ___________________________________ 
Signature of researcher    Date 
 
 
 
 
 

 
 


