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1. INTRODUCTION

1.1 Responsible Research and Innovation in Industry

Since the start of initiatives to practically implement Responsible Research 

and Innovation (RRI), mostly related to calls within EU framework pro-

grammes and a few speciic national initiatives (e.g., the UK Engineering 

and Physical Sciences Research Council [EPSRC] framework for RRI), a 

variety of approaches have emerged that can help scientists and engineers 

participate in RRI activities. As examples, we consider the RRI Toolkit1 and 

the PRISMA Toolkit2 with its speciic search engine that allows one to select 

speciic approaches for academic and/or industrial researchers and develop-

ers. These approaches include testimonials, best practices, projects, and tools 

for speciic RRI aspects. The activities range from frameworks to implement 

RRI in speciic technological development trajectories, to relection tools to 

help scientists and engineers think about the socio-ethical context of their 

work, to co-development and co-construction methods that allow for shared, 

multi-stakeholder innovation development. Some approaches remain on a 

theoretical level, but some researchers have carried out speciic ield tests to 

demonstrate the approaches’ functionality in practice. If we consider these 

approaches from the perspective of Stilgoe, Owen, and Macnaghten’s (2013) 
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framework for RRI, such activities seemingly can cover all RRI dimensions: 

anticipation of future effects, relection on socio-ethical and socioeconomic 

context, inclusion of relevant actors/stakeholders in development, and being 

responsive toward societal values, needs, and desires.

We write this chapter from the perspective of the EU Research and Innova-

tion programme “Horizon 2020” (H2020)–funded PRISMA (Piloting RRI in 

Industry: A Roadmap for TranSforMAtive Technologies) project, which runs 

between 2016 and 2019. The PRISMA project aims for integration of RRI in 

eight pilot companies, exploring RRI tools and methods in speciic research 

and innovation (R&I) projects on transformative technologies, including in 

particular biotechnologies, nanotechnologies, the Internet of Things, and 

autonomous vehicles. Activities are complemented by comparison of and 

relection on experiences of RRI with respect to the usual social responsi-

bility practices and policies of these organisations. We intend to provide 

evidence on how the RRI approach can improve the innovation process and 

its outcomes. Based on this experience, we develop a “roadmap” that helps 

industries implement RRI in their innovation processes in order to deal with 

uncertain and sometimes partly unknown risks (anticipate), inform product 

development through dialogue with stakeholders (inclusion and relection), 

and address public and ethical concerns of transformative technologies 

(responsiveness). PRISMA’s ambition is to achieve a broad uptake of this 

roadmap by companies through networking with industry and branch associa-

tions, corporate social responsibility (CSR) and certiication organisations, 

and governments and civil society organisations.

In our quest for relevant methods to support the integration of RRI in 

decision-making processes at company level, we tried to design methods 

that both it with actual ongoing R&D and innovation activities and match 

the vision and objectives of the other functions of the company (e.g., man-

agement, R&D, legal, and CSR). As acknowledged by previous studies 

 (Chatield et al. 2017), these methods are essential for fostering a “culture of 

RRI” in the company.

1.2 Assessing Responsible Research 
and Innovation in Industry

We aim to take this approach one step further. We also wish to ind evidence 

of how RRI can help improve the innovation process and its outcomes, show-

casing the beneits of RRI actions for the company. We found in the literature 

that such evidence is still largely lacking, which begs the question: What is 

the value of RRI from the perspective of industrial innovation? Researchers 

from the social sciences and humanities have proposed that RRI can help 

innovation processes have more socially robust outcomes, and possibly to be 
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more inancially rewarding in a socially responsible way. This may or may 

not be the case, but it still begs the question of what the value of RRI prac-

tices is in the “midstream” (Fisher, Mahajan, and Micham 2006) of industrial 

innovation: on the R&D working loor.

In our project approach, we aim to ind such evidence (or a lack thereof) 

through a mixed approach, combining both a qualitative and a quantitative 

assessment. Regarding the qualitative assessment, we have been conducting 

(and continue to conduct) interviews, ield observations, and dialogue with 

companies in order to support them in inding practical approaches to imple-

menting RRI, and as well to show them that our RRI projects indeed perform 

differently from “other” company projects without speciic attention to RRI. 

This chapter includes a focus on the quantitative approach, the setup of our 

approach, and how we perceive its possible functionality, as well as a pre-

liminary meta-analysis of the results of both the qualitative and quantitative 

approaches. However, before we highlight the way in which we developed 

the tool and envision it to work, we irst wish to share some considerations 

with regard to its development.

We acknowledge that the term “improve” is somewhat problematic from 

the perspective of RRI. (Improvement from the perspective of which actor 

or stakeholder?) From a societal perspective, beneits to the company might 

not always correspond with aspired user and market beneits. From a corpo-

rate perspective, there is one lesson that decades of marketing research have 

taught us—namely that it is impossible to sell a product to everyone: there 

will always be “laggards” who will never buy the innovation developed, 

possibly for inancial and/or other value-based reasons. This probably holds 

true for both the business-to-business context and the business-to-consumer 

context.

Notwithstanding this fact, our PRISMA project considers transformative 

technologies, and its developers (i.e., the companies involved in our project) 

do not always sell their products to consumers directly. Often, they provide 

technology that is useful in a business-to-business context. In this respect, 

we may also wonder what “improvement” on the process level of innovation 

means and what the potential value of it is. When we consider production, 

then there may be an obvious link: for example, more responsibly produced 

(whatever that may mean) products might provide a competitive advantage 

to the company (e.g., increased market share). However, we argue that the 

impact (in either a business-to-business or business-to-consumer context) of 

a product using “responsible innovation processes” could be much broader 

than market beneits. We could of course consider it might be beneicial if 

the production process also included the viewpoints, needs, and values of 

prospective users. This aspect of “user-producer interaction” (see Nahuis, 

Moors, and Smits 2012) has been known within the innovation management 
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community (and possibly beyond) for years and in itself might be considered 

an RRI dimension if we think of this approach as a method to achieve inclu-

sion of the innovators and their subsequent responsiveness based on this 

inclusion. Also, the labour conditions of factory workers, or researchers and 

developers for that matter, might be an issue of concern from the perspective 

of RRI. However, there may be other RRI aspects for which the direct link 

with the (potential) competitive advantage provided to the inal product is 

much less evident. Examples include open source or open access production 

and development, with related issues of data ownership across teams and 

partners, but also gender distribution of the development team and the relex-

ive capacities of the research group and related willingness to act respon-

sively toward societal needs and concerns. Including these aspects explicitly 

may make the innovation process more responsible. Yaghmaei (2015, 2018) 

also shows successive levels of RRI uptake and argues that companies move 

from one RRI stage to another and improve themselves on RRI awareness, 

RRI implementation, and RRI assessment.

Another consideration in relation to industrial innovation revolves around 

the question of how “improvement” and “responsible” are related. From 

an innovation management point of view, improvement can be considered 

incremental or radical. Considering irst incremental innovations, a slightly 

better version of a product or a slightly more sustainable production process 

can of course be more socially or environmentally responsible. But this begs 

the question of how much is enough. When is good, good enough? Not only 

from a technological perspective, but also from a responsibility perspective, 

what level of (inancial) resources should be invested to reach this slightly 

more responsible outcome? Second, from the perspective of radical innova-

tion, history has taught us that radical or disruptive innovations are not neces-

sarily seen as more socially, practically, or even environmentally beneicial. 

The question could be: Do we need this product at all? Is there a (social/

economic) market at all? And, from another perspective: Is there a social 

beneit that justiies the investment—and not just commercial investments but 

possibly also governmental or municipal investments—to facilitate innova-

tion introduction?

Also, on another level, maybe the opposite of innovation—that is, “stagna-

tion”—is more socially responsible from a societal perspective. According 

to de Saille and Medvecky (2016), the concept of responsible stagnation (as 

opposed to responsible innovation) might also be worth further exploration.

In any case, when considering RRI-relevant aspects of innovation practices 

on the actual, ongoing R&D by innovators working on transformative tech-

nologies, we feel we have to start from the perspective of those who actually 

carry out the work on the laboratory working loor (Schuurbiers and Fisher, 

2009). That is where our methodological approach starts.
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2. THE RESPONSIBLE RESEARCH AND 
INNOVATION MONITORING TOOL

Our overall methodology to monitor the value of RRI over the course of the 

PRISMA project consists of six steps that are carried out over the course of 

the project. Currently, we are working on steps ive and six of the process. 

The preliminary results from step 6a are presented in this chapter. Table 9.1 

provides an overview of our methodological steps. Note that though the 

methodology is being applied to all eight pilots of the PRISMA project, 

the data reported in this chapter, unless indicated differently, refer only to the 

speciic case of the two pilots dealing with nanotechnologies.

Step 1—Literature Review

To include both obvious and less obvious RRI dimensions on the product and 

process levels, we irst wanted to ind out which indicators could theoretically 

and practically contribute to making such a process “responsible,” and then 

we assessed the value of scoring/assessing these aspects (from whichever 

perspective). To ind such indicators, we explored literature in the ield of 

both innovation management and responsible innovation.

Within the ield of innovation management, we found literature explicitly 

highlighting quality performance indicators for ongoing R&D processes, from 

a management/organisational perspective, from a practical/working loor per-

spective, and from the perspective of the outcomes of such processes, all from 

different ields of innovation, also including literature reviews (see Maidique 

and Zirger 1984; Cooper and Kleinschmidt 1995; van der Panne, van Beers, 

and Kleinknecht 2003; Tepic, Fortuin, and Omta 2013; Flipse et al. 2013).

Within the ield of RRI, quality performance criteria are much less fre-

quently found in peer-reviewed, academic literature. We therefore resorted 

to reports of EU-funded projects and policy makers (see Ravn, Nielsen, and 

Mejlgaard 2015; Spaapen et al. 2015; Schollten et al. 2016).

From these papers and reports we distilled roughly 250 indicators. We 

reduced this number to a list of ninety-two indicators by removing redundan-

cies and irrelevant indicators (examples can be found in the results section 

below and the complete list in Appendix A). We then reformulated all these 

indicators into statements about R&D processes, which people might agree 

or disagree with to a certain extent, in preparation for the later “scoring” of 

these elements on a seven-point Likert scale. These remaining indicators we 

subsequently clustered collaboratively with the authors and external advisers 

of the project into themes, relating to organisational R&D aspects and spe-

ciic RRI criteria, both on the product and on the process level of innovation 

practice. In preparation for the following workshop with companies, we used 
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Table 9.1 Methodological steps to monitor the value of RRI in companies and R&I 
projects

Step Description Use

 1 Literature review
 1a Review academic literature from 

innovation management
Find R&D-relevant innovation 

performance criteria
 1b (Academic) reports on RRI criteria Find RRI criteria to add to 

innovation performance criteria
 1c Identify, select, and further 

develop RRI performance criteria 
(indicators)

Integrate literature findings to 
compose general indicators list

 2 Workshop with individual companies
 2a Companies categorise relevant 

indicators (yes, maybe, no)
Determine which RRI and 

innovation indicators are relevant
 2b Combining indicators into clusters Determine broader themes (clusters) 

that matter to the companies 
 2c Scoring of relevance of individual 

items 
Determine priorities within clusters 

(materiality analysis)

 3 Tool development and first analysis
 3a Integrate selected indicators (and 

clusters of indicators) in the digital 
tool (online environment) 

Enable companies to enter data in 
a personalised and easy-to-use 
digital tool

 3b Initial academic analysis of 
workshop results

Determine which elements were 
always/never selected, identify 
cluster relations between 
companies

 4 On-field observation and auditing
 4a (Desk) analysis of RRI aspects 

related to the pilot company and 
R&I project (PRISMA partner)

Preliminary identification of RRI 
dimensions relevant for the 
company

 4b Continuous interaction with pilot 
companies (interviews and 
meetings of PRISMA partners)

Reflection on RRI dimensions 
relevant for the company

 5    Apply the RRI monitoring tool in pilot organisations (the eight pilot 
organisations) – (in parallel with step 4)

 5a First measurement of RRI-Key 
Performance Indicator (KPI) on 
selected R&I projects (one project 
for each pilot)

T-0 measurement: starting situation 
for companies

 5b Midterm review(s) T-1-n measurement: finding out 
how projects developed

 5c Final measurement T-n measurement: assess how 
projects developed in the end

(Continued)
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a visual approach based on an “RRI card game” (the 92 indicators printed on 

individual cards, using a business card format).

Step 2—Workshop with Individual Companies

In April 2017 we hosted a workshop for the companies participating in the 

PRISMA project. Two of the eight involved organisations were companies 

active in nanotechnology. The workshop had three parts (see igure 9.1). 

After steps 2b and 2c we collected the results.

Participants provided the input for the subsequent steps. Clustering activi-

ties (the card game) were organised in groups, with at least one company rep-

resentative, assisted by one PRISMA partner and one or two external experts.

In the irst step of this phase (2a), taking roughly forty-ive minutes, rep-

resentatives of each company were asked to distribute our ninety-two indica-

tors into three categories: absolutely relevant to their ongoing R&D work, 

absolutely not relevant, and possibly relevant. In the second step (2b), taking 

roughly thirty minutes, the indicators that were not considered relevant were 

discarded for each company, while the remaining indicators were clustered 

into categories by the company representatives. This clustering was different 

from the clustering we did by ourselves (step 1c), but this guaranteed that the 

elements were clustered into categories that were relevant for the individual 

companies. In the third step (2c), taking roughly ifteen minutes, the company 

representatives were asked to distribute a total of one hundred points over 

their identiied categories, to determine which categories they found to be the 

most important with regard to their inluence on the quality of ongoing R&D 

work. The groups were free to determine their own approach toward the point 

distribution process (e.g., each person in a four-person group got twenty-ive 

points, or twenty rounds of ive points distribution per person, or any other 

approach).

Step Description Use

 6    Meta-analysis (step 6a in parallel with steps 4 and 5)
 6a Assessment of ongoing results 

of monitoring of RRI-KPI 
(quantitative) and on-field 
observation 

Identify way forward, actions, 
drivers, and barriers to 
implementing RRI within the R&I 
project(s)

 6b Comparison within organisations Determine if RRI projects have (dis)
similar development patterns vs. 
“non”-RRI projects

 6c Comparison between organisations Investigate patterns of RRI 
performance development 
between organisations

Table 9.1 (Continued)
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Step 3—Tool Development and First Analysis

The scoring method builds upon an earlier innovation quality monitor-

ing tool called the “success factor based live innovation project scoring 

and evaluation” (sFLIPSE) tool (Flipse et al. 2015) and expands this tool 

with speciic RRI elements. The tool basically asks for indicators to be 

entered and clustered into key performance indicators and gives a score 

that determines the mathematical relative value of each of the clusters in 

relation to each other (step 2c). The tool can also include relative values 

of the individual indicators within a cluster, but for the time being we 

assume that each identiied indicator within one cluster contributes to that 

cluster equally.

With regard to our analysis (step 3b), we aim to determine initial similari-

ties and differences between the participating companies. We therefore took 

our own clustering (step 1c) as a starting point and identiied to what extent 

the participating companies recognised the same individual indicators within 

these clusters. We also looked at which indicators were always or never cho-

sen and which indicators were found to be unclear or wrongly formulated. 

We also compared the clusters that the companies identiied to see if they 

recognised the same clusters of indicators.

Figure 9.1 Workshop for the companies participating in the PRISMA project. Left: 
groups categorising the indicators as relevant, not relevant, and possibly relevant. Top 
right: participants clustering the elements into categories. Bottom right: resulting clusters, 
ready to be scored for their relative importance.
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Step 4—On-Field Observation and Auditing

In their role as “RRI experts and advisers,” PRISMA partners have worked 

with companies to help them understand, relect on, and ind ways forward 

with practical implementation of RRI within their organisations. This activ-

ity has been performed in parallel with the “quantitative” assessment made in 

step 5 to lead to the inal analysis in step 6. The work with indicators has been 

used as a basis for relection with the companies to identify and assess rel-

evant RRI aspects of their activities. In PRISMA this has been a continuous 

process, lasting almost two years. However, for the purpose of the application 

of the RRI monitoring tool in other contexts, different—even less cumber-

some—ways to perform this step can be envisaged.

Step 5—Apply the RRI Monitoring 
Tool in Pilot Organisations

Figures 9.2 and 9.3 indicate how the tool is used in innovation practice at par-

ticipating organisations. Its functionality requires RRI project participants (and 

possibly participants in other R&I projects of the company, within speciic RRI 

efforts) to periodically ill in a questionnaire using a seven-point Likert scale 

to assess the list of identiied indicators (provided in the form of questions/

statements). We envision at least three monitoring points—at the beginning, 

midway, and at the end of a project’s run time—and in PRISMA we are cur-

rently in the process of gathering data. The monitoring should be performed on a 

medium to long-term frame, to follow evolution of the R&I project. In PRISMA 

the three measurements have been done over a period of eighteen months.

Of course, acquiring the assessments themselves is not considered the pri-

mary goal here. We explicitly want our assessments to be “food for thought” 

and to lead to deliberation within the organisation on questions such as why 

certain elements are scored higher/lower than others and why different proj-

ect participants have different ideas about why a certain element is scored 

high/low. The tool is highly interactive, with multiple elements being select-

able and “clickable.” Our aim for the future is to also develop a demonstra-

tion version for use online. At least one of the measurements (generally the 

irst one) is made with an external expert (e.g., PRISMA partner) to provide 

advice and support relection on the questions proposed by the tool.

Step 6a—Meta-Analysis

While the projects’ quantitative assessments are taking place, analyses of 

data and qualitative evaluations with the project teams are also performed. 
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These analyses can also be useful to ind out if projects in which speciic RRI 

efforts were deployed differ in performance or performance development 

from projects without such speciic efforts. The results include relection on 

reasons why RRI performance progressed the way it did, whether RRI efforts 

can support the quality of ongoing R&D work, showing drivers and barriers 

for RRI implementation, and which RRI methodologies it best with company 

needs.

3. RESULTS FROM INDUSTRIAL CASES 
IN THE NANOTECHNOLOGY FIELD

In the remainder of this chapter, we describe our experience in using our 

approach to monitor two of the eight PRISMA pilot studies (i.e., two com-

panies active in the ield of nanotechnology). The aim is to provide a critical 

assessment method for the RRI within these two pilots, in the form of a moni-

toring system that assesses the value and eficiency of RRI in nano innovation 

projects. We take an approach to the challenge of developing knowledge that 

is it for the purpose of promoting RRI and the values of inclusivity, collabo-

ration, and transparency in R&I organisations.

Figure 9.3 Example of dashboard for users, indicating performance development of a 
sample innovation project. The projects are compared for levels of success, based on a 
database of the scores of indicators and clusters from previous projects.
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3.1 Our Cases in the Nanotechnology Context

The uncertainties in evaluating and measuring potential scientiic and societal 

impacts are common aspects of emerging technologies such as nanotechnol-

ogy. The attention generated by the debate on nanotechnologies, together with 

negative experiences of the past (such as the debate on GMOs) and other par-

allel debates on emerging technologies (such as synthetic biology and infor-

mation and communication technologies [ICTs]), have helped to increase the 

interest in new approaches to addressing the governance issues of nanotech-

nologies (Porcari and Mantovani 2015). Over the last few years, stakeholders 

in Europe have acknowledged the importance of a more articulated approach 

to addressing social and ethical impacts of nanotechnology and the need to 

develop tools for anticipatory governance and early public engagement to 

support its development (Fedrigo and Senjen 2010). The debate has now 

moved to a general debate on responsible research and innovation.

The RRI dimension is, in principle, a feature that should guide all research 

and innovation efforts, but in the case of nano-related products and processes 

this approach is even more necessary given the peculiar character of nano-

technologies, which may pose unexpected challenges and situations. The lack 

of knowledge about behaviour and properties of particles and systems on a 

nanoscale makes it more challenging to anticipate unwanted impacts.

Assessing RRI in nanotechnology innovation projects is typically related to so-

called environmental, health, and safety (EHS) issues as well as (in some respects 

potentially overlapping) ethical, legal, and social aspects (ELSA). Regulatory 

uncertainties, health and safety aspects, the issue of stakeholder engagement, the 

need to deal with complex and multidisciplinary aspects, issues concerning risk 

perception of nanotechnologies from stakeholders and the public, and peculiar 

ethical issues (related to speciic applications) are some of the most relevant 

RRI concerns related to nanotechnology and nano-related products. These 

aspects have increased the interest in RRI for companies as they attempt to ind 

approaches to dealing with and addressing EHS and ELSA uncertainties.

3.2 Literature Study (Step 1): Which Elements 
and Clusters Did We Identify?

The following section has three parts: the outcome of our literature study, 

the outcome of our initial workshops with the two nanotechnology compa-

nies, and the irst analysis of the workshop results. In our study we selected 

ninety-two different possible organisational and RRI indicators, related to 

literature in the ield of innovation management and responsible innovation. 

These were further classiied into topics and clusters, and as well indicators 

of aspects of the R&I process and indicators of characteristics of the inal 

product of the R&I processes (note that this classiication does not constitute 
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an evaluation of these items). We take into account all six pillars of RRI 

proposed by the EC under the suggested indicators. Some appear under the 

“process” category (i.e., relating to the process of innovation and produc-

tion), and the rest are under “product” (i.e., relating to the result of innova-

tion processes and the further market introduction). Based on the MoRRI 

project (Metrics and Indicators of RRI) (Ravn, Nielsen, and Mejlgaard 2015) 

and a report on RRI indicators from the EC (2015a), we decided to include 

“environmental sustainability” and “social sustainability” categories as RRI 

indicators. We argue that the indicators (either organisational ones or RRI-

relevant) can potentially be adapted during the course of the PRISMA project 

according to literature and industry stakeholders’ feedback. Table 9.2 shows 

an overview of the number of aspects, and table 9.3 gives an overview of the 

Table 9.2 Overview of total number of indicators

Company Process indicators Product indicators Total

Organisational indicators 22 27 49
RRI indicators 26 17 43

Table 9.3 Identified organisational and RRI indicators (topics and cluster) from litera-
ture study

Organisational (topic/
cluster)

# process items/ 
# product items RRI (topic/cluster)

# process items/ 
# product items

Internal  Diversity and 
Inclusion

 

Technology 5/4 Gender equality 2/1
Sales/marketing 2/3 Engagement 8/2
Planning/

management
4/1 Anticipation and 

reflection
 

Resources 4/1 Legislative landscape 2/1
Collaboration/

communication
2/0 Assessment 3/3

External  Public and ethical 
issues

1/1

Market 0/8 Responsiveness and 
adaptive change

3/0

Customer/end-user 5/9
Openness and 

Transparency

 

  Intellectual property 
and confidentiality

2/1

  Open access 3/2
  Environmental 

sustainability
1/3

  Social sustainability 1/3
Total 22/27 Total 26/17
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individual identiied clusters as well. Appendix A shows our complete over-

view, also including the formulated statements to further study the indicators 

in practice.

3.3 Initial Workshop Results (Step 2): Which Elements 
Are Considered Relevant in Nanotechnology?

In our workshop we irst asked our two companies dealing with nanotech 

to identify, from the stack of ninety-two indicators, which indicators 

they considered “relevant,” “irrelevant,” or “maybe relevant” for their 

organisations. Out of the ninety-two indicators, seventy-eight functioned 

as “relevant” and fourteen functioned as “irrelevant” in one or more 

situations for the two nanotech companies combined. Of the seventy-eight 

“relevant” indicators, thirty-one emerged as “relevant” for all companies, 

while eleven functioned as “maybe relevant” for one of the companies. 

For example, the indicator “This project provides substantial societal ben-

eits, compared to available alternatives (health, safety, solidarity, equity)” 

(in the “RRI Environmental Sustainability” category) was implied to be 

“relevant,” whereas the indicator “Within this project we include input 

of policy-makers in the design and development process” (in the “RRI 

Diversity and Inclusion” category) was implied to be “irrelevant” for both 

companies. In all six observed organisations, a total of eighty-nine “rel-

evant” indicators were identiied, which illustrates that the nanotechnology 

companies are considering a relatively low number of “relevant” indicators 

in their R&I initiatives.

In order to help derive our organisational and RRI indicators for nano-

technology companies, it can be noted that the two nanotech pilots identiied 

relevant indicators within their projects from forty-nine organisational and 

forty-three RRI indicators. Of these, forty-one of the organisational indica-

tors (83 percent) and thirty-seven of the RRI indicators (86 percent) were 

identiied as either “relevant” or “maybe relevant.” However, the two pilots 

showed extensive variation in their selection of “relevant” indicators under 

organisational indicators and RRI counterparts. An overview is presented in 

table 9.4. While Nano Company 1 selected 73 percent of the organisational 

indicators as relevant for its projects, Nano Company 2 selected 35 percent 

of the organisational indicators as relevant. The selection of relevant RRI 

indicators also varied between the two companies.

Although the selection of relevant indicators for each company varied in 

both categories, an average of 60 percent for selection of relevant indicators 

is seen. Given the fact that these variations probably relect differences in the 

stage of implementation of RRI within the two pilots, the result supports our 
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idea on later re-categorising of indicators through an iterative process and 

having a tailor-made solution for each pilot.

We asked the companies to cluster the “relevant” items (table 9.5). The 

comparison of clusters identiied by the two pilots combined demonstrates 

that there are clearly some common clusters among them—namely, market 

and economic, social and environmental, and intellectual property rights 

(IPRs)—although the common clusters’ importance may differ from one 

company to another. We also asked the two pilots to score the relative 

importance of the identiied clusters compared to one another by distribut-

ing one hundred points over their identiied clusters (igure 9.4 and table 

9.5).

Table 9.4 Categorised indicators for the two nanotechnology companies

 Relevant Irrelevant Maybe Relevant %

Nano Company 1 Organisational 36 11 0 73%
RRI 29 14 0 67%

Nano Company 2 Organisational 17 22 7 35%
RRI 27 12 4 63%

Total Organisational  54%
RRI 65%
All 60%

Figure 9.4 Point distribution over clusters of indicators per company. The sum of the 
scores is one hundred for each company. (Note: companies were able to change and 
adapt the name of the clusters, and for this reason there could be different names for 
similar clusters for the two companies.)
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3.4 First analysis of the workshop results (Step 3): To 
what extent do the indicators that we identified ourselves, 
match the nanotechnology companies’ indicators?

We checked how the indicators that companies selected related to our own 

clustering of indicators. Table 9.6 gives an overview. For example, for the 

“Internal—Technology” aspect, Nano Company 1 scored 4/2, indicating that 

of the ive process items, they identiied four as relevant, and of the four 

product items, they considered two to be relevant. In contrast, both compa-

nies acknowledged the value of the customer/end-user (>6/10 items selected). 

Interestingly, both companies acknowledged all “Assessment” product 

items as relevant, whereas Nano Company 2 did not see the necessity of the 

“Assessment” process (one item out of three selected). The aspect of col-

laboration/communication was not selected to be relevant, even though stake-

holder engagement is generally considered to be important on a process level. 

Also, Nano Company 1 selected all gender indicators as relevant, whereas 

Nano Company 2 selected less than 50 percent of them (product and process) 

as relevant. What we learned after steps 2 and 3 is summarised below.

• RRI implementation is related to different aspects and functions within a 

company and along the R&I value chain. Needs and perspectives might 

also change over time, during product development.

• The clustering and selection of indicators with the pilots shows how this 

process is strongly context- and case-dependent.

Table 9.5 Clusters of indicators as identified per company (data also reported in  
figure 9.4)

Nano Company 1
Points out  

of 100 Nano Company 2
Points out  

of 100

Resources and benefits 
(economic)

15 Technical 25

Project management 15 Economic 25
Internal organisation 15 Resources 15
Ethics and values 10 Social desirability and 

acceptance (including health 
and safety)

10

Communication with 
external stakeholders

10 Inclusive (design/process) 10

Market 10 IPR and confidentiality + open 
access/sharing

9

IPR 10 Outreach 3
Policy 5 Gender 3
Impact on society and 

environment
5   

Gender 5   
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• Therefore, it is quite dificult to ind common aspects, or in any case to 

preselect indicators suitable for different companies, even in the case of 

companies active in the same technological ield.

• It is thus mandatory to start the RRI monitoring process with a wide choice 

of indicators and then work with the companies to select them. This process 

should be repeated over time to adapt to the development of the R&I project 

(and other changes in company operations).

Step 4—On-field observation and auditing

We had several interactions with companies to identify suitable industrial 

activities within their R&D departments to test the implementation of RRI; 

Table 9.6 Comparison of our framework (Table 9.6) with the indicators identified by 
the two nanotechnology companies

Organisational indicators

# process items/ 
# product items
(clustering from 
literature study)

Clustering 
from Nano 
Company 1

Clustering 
from Nano 
Company 2

Internal    
Technology 5/4  4/2 2/1
Sales/marketing 2/3 2/3 1/2
Planning/management 4/1 4/1 0/1
Resources 4/1 3/1 1/0
Collaboration/communication 2/0 0/0 0/0

External    
Market 0/8 0/6 0/2
Customer/end-user 5/10 4/6 0/7
TOTAL 22/27 17/19 4/13

RRI indicators    

Diversity and inclusion    
Gender equality 2/1 2/1 1/0
Engagement 8/2 4/2 6/1
Anticipation and reflection    
Legislative landscape 2/1 1/1 2/0
Assessment 3/3 3/3 3/1
Public and ethical issues 1/1 0/0 1/0
Responsiveness and adaptive 

change
3/0 3/0 3/0

Openness and transparency    
Intellectual property and 

confidentiality
2/1 2/0 2/0

Open access 3/2 2/1 1/1
Environmental sustainability 1/3 1/3 1/1
Social sustainability 1/3 0/1 1/2

TOTAL 26/17 18/12 21/6
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we also discussed with them the most relevant EHS and ELSA issues relevant 

to the work of PRISMA. We selected R&I projects related to the application 

of nano-systems for the targeted and controlled release of active ingredients 

for health-care and well-being applications. In particular, these projects are 

about the development of advanced nano-based systems for medical thera-

pies, dermo-cosmetics, and medical devices. The two companies have a lead-

ing role in these projects, but other partners, including research organisations, 

universities, hospitals, and other companies, are also involved. However, all 

measurements performed were carried out only with personnel of the two 

pilot companies.

In both cases, key RRI aspects include: addressing EHS issues of nano-

materials in research and throughout the product life cycle, product quality, 

transparency, and communication about use of nanomaterials toward supply 

chain actors and end-users/consumers. The analysis of RRI aspects, includ-

ing discussion on results of monitoring indicators, led to a relection on the 

reasons for the two companies to engage in RRI, as well as identiication of 

speciic actions that could be pursued to further integrate RRI into the com-

panies. In the next sections we present some preliminary results of our work.

Steps 5 and 6—The way forward, drivers and 
barriers for the adoption of RRI

A preliminary relection on the importance of RRI in our pilots is related 

to the characteristics of the business case of the two R&I projects. One of 

the companies is engaged in a complex and ambitious R&D project, requir-

ing relevant medium- to long-term investments and a clear vision regarding 

positioning of future products with respect to health-care stakeholders. There 

is little chance of success without a broader alignment with the needs and 

perspectives of the inal users, in particular the health-care system, health 

professionals, and patients. The R&D project of the other company is aiming 

to introduce use of nanotechnologies in natural and organic cosmetics prod-

ucts, a market segment that in principle is reluctant to use new technologies. 

Engaging with all actors along the supply chain in the design of the product 

is essential to ensuring the success of the product.

The interaction with PRISMA partners, through the various steps of our 

approach, allowed us to identify speciic RRI actions for integration into the 

product development of the two pilots, the expected results of these actions, 

and thus clear reasons for companies to engage in RRI. Examples of the 

actions identiied with the pilots include:

• integration of speciic risk-management approaches for nanomaterials in 

production phases;

Eisenberger_978178660893.indb   164 2/18/2019   4:37:12 PM



Monitoring the Value of Responsible Research and Innovation 165

• foresight activities to anticipate socioeconomic impacts of future products;

• participatory methods for co-design of products with R&I partners, suppli-

ers, and professional users;

• establishment of an ethical board to supervise R&I activities;

• regular cooperation with authorities and certiication bodies to inform 

about product development; and

• creation of “RRI-oriented” communication strategies to ensure transpar-

ency toward stakeholders on product properties and features.

In the medium to long term, these RRI actions promise to support companies 

in anticipating potential ethical, legal, and social risks, improving product 

performance and aligning it with users’ and society’s needs (societal accept-

ability), and ensuring compliance with existing and future developments in 

norms and standards.

Short-term objectives are also envisaged by these actions, translating into 

immediate beneits at product level. RRI actions should help to introduce 

speciic procedures for safe use of nanomaterials all along the value chain, 

thus increasing the safety and quality of the products. Participatory methods 

could allow the design of speciic ethical protocols to deal with biological 

and predictive health data, the design of new (responsible) models for clinical 

trials suitable for personalised medicine, the anticipation of socioeconomic 

impacts of new products, and adjustment of business models accordingly (a 

business model following an RRI approach, thus ensuring broader and fairer 

access to treatments).

Dialogue activities could also help in addressing normative aspects (e.g., 

expected future regulatory requests in the nanomedicine areas, fulilment of 

certiication requirements for natural and organic cosmetics products), align-

ment with distributors’ requirements for “premium” products, and better 

understanding of consumers’ expectations.

From a strategic point of view, RRI is thus expected to create value for 

R&D and innovation activities, improve corporate image and reputation, and 

thus in the long-term help companies gain a competitive advantage. PRISMA 

activities showed that there are also several barriers to companies engaging 

with RRI, both at strategic and operational levels.

An initial barrier is the understanding of the concept and its potential added 

value for business by the company. This is again closely related to what we 

called the “RRI maturity stage.” On the one hand, it is the awareness and 

attitude of the company about social responsibility and ethics issues; on the 

other hand, companies with relevant social responsibility activities might not 

see the added value of RRI compared to their usual practices in this area.

Another barrier is identifying approaches for RRI that it the speciic 

company case—and related potential beneits—because they might not be 
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evident or straightforward. Interaction between the company and RRI experts 

and in-depth relection on company activities and processes is often needed 

to this end. In all cases, getting the initial interest of a company to cooperate 

and experiment on RRI is a long process, where awareness raising and build-

ing trust between the company and RRI experts is essential. RRI integration 

requires the company to open up (part of) their processes and foster coopera-

tion with different stakeholders at different levels in the company and also 

in different phases of the R&D development. This might be in conlict with 

the usual management procedures of the company and may entail problems 

of conidentiality and IPR.

RRI covers broad aspects of technology development and requires actions 

in the short, medium, and long terms. A strategy needs to be developed and 

aligned with the company business strategy. This implies the agreement and 

commitment of several functions within the company (at least management, 

R&D, and probably also quality and CSR). Most R&D projects involve close 

technical cooperation with other partners along the R&I value chain and 

product supply chain, and some of these partners might lack experience in 

cooperating and taking part in RRI actions—or the willingness to do so.

Speciic skills and experiences with RRI aspects might be lacking within 

the company, and use of external advisers and experts might be required to 

implement RRI. Resources (human and inancial) are needed to implement 

RRI actions, and the more RRI is embedded in existing processes, the more 

this could be resource-demanding.

The experience with the two PRISMA pilots provides some examples of 

the complexity of opportunities and challenges related to the integration of 

RRI aspects in real-life processes at company level. The development of a 

knowledge base of company experiences of RRI, sustained by qualitative 

and quantitative key performance indicators at both strategic and operational 

levels, could be very helpful to show how medium- to long-term beneits 

could outweigh costs and thus promote the broader application of RRI at 

industrial level.

4. CONCLUSION

Nanotechnology innovation projects include a broad and diversiied set of 

sciences, research, application ields, and technologies. There are a few crite-

ria that might help to structure and focus the analysis of RRI impacts in nano-

technology innovation projects and identify whether and how RRI principles 

are related to a technology itself, an application, or to a societal challenge. 

The results show various RRI-relevant elements that play a role for our pilot 

companies. These include, but are not limited to, having an impact on society 
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and the environment; resources and beneits (economic); social desirability 

and acceptance (including health and safety); IPR and conidentiality, as well 

as access to novel applications of nanotechnology innovation projects; sus-

tainability; and gender aspects.

The analytical work performed on indicators, as described in the previ-

ous paragraphs, shows that RRI aspects are deeply connected with a broad 

spectrum of factors related to company operation and strategies. Integration 

of RRI could inluence the way a company sets up its governance structure 

and organises internal procedures, the plans and goals of research and product 

development, communication, dialogue with stakeholders, and the marketing 

strategy at company and product levels. In principle, most of the company 

functions could be involved and inluenced by the implementation of RRI 

principles.

Drivers and barriers for inclusion of RRI, as emerged in the work with 

pilot companies, touch upon a variety of issues. They range from strategic 

factors at company level, which are often dificult to quantify in the short 

term (e.g., improvement in company reputation), to tangible and short-term 

aspects related to speciic issues around product development (e.g., address-

ing speciic certiication requirements related to the use of nanomaterials).

The application of transformative technologies, such as nanotechnologies, 

typically implies a certain degree of uncertainty, from both a technical and 

societal point of view, and thus is the initial driver for companies to look at 

RRI approaches. However, the reasons why a company could decide to apply 

a structural and long-term approach to RRI are much broader and less related 

to the speciic technology concerned. The two pilot cases described in this 

chapter give some hints about the complexity of reasons and factors inluenc-

ing the choice of a company to take an RRI pathway.

An essential aspect of the two pilot companies that facilitated the coopera-

tion with PRISMA was their attitude toward social responsibility. For both of 

them, aspects related to sustainability, precaution, business, and research eth-

ics were already part of their usual business practices. Using the RRI maturity 

levels deined by Yaghmaei (2015, 2018), both companies were valued at an 

“RRI managerial stage.” However, despite different activities (both formal 

and informal) that could be linked to the RRI, the RRI concept itself was new 

for both of them. The main motivation for them to practice with RRI was the 

EHS and ELSA uncertainties related to their R&D projects, in particular the 

use of nanotechnologies.

Within the PRISMA project, one of our aims is to provide evidence of how 

an RRI approach can improve the innovation process and its outcomes. To 

obtain this evidence we used the mixed quantitative and qualitative approach 

we presented in this chapter. We hope that ultimately our scoring system and 

analysis can demonstrate an increase in performance of projects in time. Yet 

Eisenberger_978178660893.indb   167 2/18/2019   4:37:12 PM



Emad Yaghmaei, Andrea Porcari, Elivio Mantovani and Steven M. Flipse168

maybe the RRI projects show a different performance development pattern 

than other projects that can be explained by circumstances that may or may 

not be related to RRI speciically. At present it is too soon to tell. In addition, 

in order to make sense of the scoring patterns, it is still very important to col-

lect data in a qualitative manner, using our proposed scoring of projects at the 

beginning, middle, and end of their run time.

Still, to us personally, the speciic scoring assessments and related patterns 

and developments in time are not the most important things to achieve. We 

hope that the individual assessments can be used within the organisations as 

a starting point for constructive dialogue about RRI installation in practice, 

from within the organisation itself. However, such discussions have to be 

kick-started and moderated by experts. In a broader sense, in these and other 

PRISMA pilots, RRI integration is in all cases guided by expert advice, and 

the extent to which this is inevitable or desirable should be discussed later 

and elsewhere.

In addition, the outcomes that are considered important now could become 

irrelevant in a year or a decade. Therefore, our approach should be repeated 

over time to see if elements that were missed earlier can still be included, or 

if items that are no longer relevant can be excluded. We hope to ind the best 

frequency for carrying out the assessment activities described in this chapter.

In any case, the assessment method makes us ask the following question: 

Are we “measuring” the initiative of the company itself or of ourselves (or 

others)? We acknowledge that, similar to ethnographic methods, we cannot 

measure without inluencing the practice we are studying. Even with this 

assessment method, the question remains of whether and to what extent 

companies can organise RRI by themselves and demonstrate that it works in 

practice. From our current PRISMA experience we have understood that—at 

least nowadays, in the early stages of integration of RRI at company level—

an expert-driven approach is essential to supporting companies in the process. 

The tool developed could be helpful to supporting and accompanying the 

(relection) activity carried out by the company together with the expert on 

RRI dimensions.

Therefore, within our project we can explore the value of our approach to 

implementing RRI in industrial innovation practice, but it might be dificult 

to continue making such assessments when our project ends. Future studies 

could also consider what the value of RRI is without explicitly making it part 

of projects in industry, what options there are for independent RRI assess-

ments and certiications, and possibly what options there are for integrated 

reporting on both RRI and annual statements/reports.
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Appendix A Complete set of identified indicators

 Process Product

Organisational 
Internal
Technology
 The technology required to 

carry out this project is 
totally new to our company

The product type is totally new 
for our company

Our company is 
technologically very capable 
of carrying out this project

This project fulfils all its 
technical objectives/meets the 
specifications (is very high)

Our engineering skills and 
people are more than 
adequate for this project

The performance requirements 
for the project are clear to me

Our production resources/skills 
are more than adequate for 
this project

The nature of the production 
process is totally new to our 
company

Our project is a very high 
technology (high-tech) one

 

Sales/marketing
 Our marketing research skills 

and people are more than 
adequate for selling this 
project to the customer

The type of sales-force or 
distribution system for this 
project is totally new to our 
company

Our sales, advertising, and 
promotion skills are more 
than adequate for this 
project

The probability that this project will 
have a spin-off effect, such as 
development of a new generation 
of products, is very high

 Marketing and communication of 
the outcome of this project will 
emphasise heavily the societal 
benefits (health, sustainability) 
of the project

Sales/marketing
 The probability that this 

project will be completed 
within the original planning 
is very high

We use sufficient risk assessment 
methods concerning relevant 
(legal, organisational, public, 
technical, etc.) aspects

I completely understand the 
potential problems for the 
project

 

Our management skills are 
more than adequate for this 
project

 

This project makes use of 
many outsourced activities 
(consultancies, technical 
skills, etc.)

 

(Continued)
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 Process Product

Resources
 The probability that this 

project will be completed 
within the original budget is 
very high

The probability that this project 
will earn more money for our 
company than it costs is very 
high

Our financial resources are 
more than adequate for this 
project

 

Our sales/distribution 
resources are more than 
adequate for this project

 

We have sufficient resources 
explicitly dedicated to RRI 
activities

 

Collaboration/communication
 I have enough communication 

with my team members to 
do my work efficiently in an 
effective way

 

If I doubt the opinion of a team 
member, I will definitely 
confront him/her about it

 

External
Market
  Our project’s outcome is highly 

innovative and totally new to 
the market

 Our project will be of higher 
quality than competing 
projects (in other companies)

 There are many competitors in 
the market for the outcome of 
the project

 The market for the outcome of 
the project is characterised by 
intense price competition

 The market for the outcome of this 
project is growing very quickly

 This project will contribute to the 
competitive advantage of our 
company

 The competitors we face in the 
market for this project are 
totally new to our company

 The monetary value of the market 
(existing or potential market) 
for this project is large

Appendix A (Continued)

(Continued)
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 Process Product

Customer/end-user
 R&D is core to the business of 

our customer
The (potential) customer for this 

project is totally new for our 
company

We have good insight into the 
interests of the members 
of the project team of our 
customers

Our project outcome will be 
clearly superior to competing 
projects (in other companies) 
in terms of meeting our 
customer’s needs

We are well aware which 
persons play a role in the 
project on our customer’s 
side

Compared to competing projects 
(at other companies), our 
project will offer a number of 
unique features or attributes to 
our customer

The project manager of the 
customer has much to gain 
personally (on a social level) 
from this project (social 
status, promotion, image)

Our project will allow our 
customer to do a job it cannot 
presently do with what is 
available

Within the R&D culture of 
our customer, externally 
executed R&D projects are 
very well appreciated

The probability that this project 
will directly benefit the end-
user, either through increasing 
efficiency or effectiveness, is 
very high

 Potential customers have a great 
need for this type of product

 The customer will definitely use 
the (outcome of the) project

 Our customer’s clients (end-
users) will definitely use the 
(outcome of the) project

 This project will contribute to the 
competitive advantage of our 
customer

 The project is of high strategic 
importance to our customer

Appendix A (Continued)

(Continued)

Eisenberger_978178660893.indb   171 2/18/2019   4:37:13 PM



Emad Yaghmaei, Andrea Porcari, Elivio Mantovani and Steven M. Flipse172

 Process Product

RRI
Diversity and  

Inclusion
Gender equality
 Within the project we have 

equal participation of 
women and men in both 
research and project 
management

The integration of gender 
dimensions is actively 
integrated in research and 
innovation outcomes

We have organisational 
arrangements to 
progressively eliminate 
barriers impeding women’s 
advancement to top 
positions and factors 
inducing women to drop out 
of science

 

Engagement
 Within our project we use 

tools and mechanisms for 
organising dialogue with 
stakeholders on appraisal/
ethical acceptability

The outcome of this project is 
assessed actively using user 
experience tools

Within this project we use 
a systematic approach 
(specified how, when, and 
why) from the beginning to 
include various stakeholder 
viewpoints on a wide set 
of values (technical, social, 
ethical, legal, etc.)

We organise science 
communication/education 
activities aimed at educating 
citizens and generating 
awareness of aspects/issues 
of the innovations we are 
working on

Within this project we 
include input of end-users/
customers in the design and 
development process

 

Within this project we include 
input of possible non-users/
indirect stakeholders in the 
design and development 
process

 

Within this project we include 
input of suppliers (materials 
and/or knowledge) in the 
design and development 
process

 

Appendix A (Continued)
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 Process Product

Within this project we include 
input of funders/investors in 
the design and development 
process

 

Within this project we include 
input of civil society groups/
NGOs in the design and 
development process

 

Within this project we include 
input of policy makers in 
the design and development 
process

 

Anticipation and reflection
Legislative  

landscape
 Current regulation and the 

legislative landscape for this 
type of project presents no 
problems to our project

For the outcome of this project 
to become widely adopted, 
the project requires lobbying 
activities in the domain of 
decision-making and policy 
development

We have an official code 
of conduct/ethical review 
board that safeguards that 
this project can be carried 
out without issues

 

Assessment
 We use ongoing, continuous 

monitoring of ethical aspects 
in this project

We have conducted analysis on 
(or have monitored) the impact 
of the products/services of this 
project

We continuously consult other 
researchers and research 
projects to signal new and 
future technological trends

Societal acceptance is not a 
major risk for this project

Within our project team we 
regularly organise group 
deliberation (employee 
engagement, training, 
discussions, etc.) on societal/
social/public/policy aspects

The outcomes of this project may 
have large macroeconomic 
effects

Public and ethical issues
 We document best practices 

about ethical acceptability 
for this type of project 
during its development

There has, historically, been 
little public resistance against 
the use of the outcome of this 
project

Appendix A (Continued)
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 Process Product

Responsiveness and adaptive change
 Within this project we actively 

and continuously include 
values and normative 
principles (health, 
safety, security, privacy, 
accountability, etc.) in 
research and technological 
design.

 

Within this project we apply 
risk identification and risk 
management strategies to 
adjust the course of the 
project.

 

Within this project we adopt a 
learning approach to adapt 
the research programme 
according to the viewpoints 
and ideas of other 
stakeholders.

 

Openness and transparency
Intellectual property and confidentiality
 Within this project, IP in the 

form of patent applications 
(from our side) or acquiring 
licences (from others) does 
not play a large role

Personal data and privacy issues 
do not play a major role in this 
project once its outcomes are 
used

Confidentiality of methods 
and results is not an issue 
within this research and 
development project

 

Open access
 Our project makes use of virtual 

platforms for data exchange 
for use inside the company 
(e.g., laboratory notebooks, 
meeting minutes, etc.)

This project uses institutional 
mechanisms for promoting the 
results of our R&D activities 
publicly after these activities 
are finished

Our project makes use of 
virtual platforms for data 
exchange (sharing) with 
clients

This project uses institutional 
mechanisms for promoting the 
results of our R&D activities to 
involved stakeholder groups 
after these activities are finished

Research results are actively 
communicated within 
the research network 
(stakeholders) during the 
project

 

Appendix A (Continued)
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 Process Product

Environmental sustainability
 Environmental values are 

actively included in the 
innovation process

This project provides substantial 
environmental benefits to 
society compared to available 
alternatives

 This project leads to improved 
resource use efficiency (water, 
materials, energy, pollution, 
waste)

 This project does not influence 
the ecosystem or environment 
in a harmful way

Social sustainability
 Societal values (privacy, 

safety, health, security, data 
ownership, etc.) are actively 
included in the design 
process of this project

This project provides substantial 
societal benefits compared to 
available alternatives (health, 
safety, solidarity, equity)

 The implementation of the 
outcomes of this project in 
society is not hampered by 
issues of trust

 The implementation of the 
outcomes of this project in 
society is not dependent on 
societal support

Appendix A (Continued)

NOTES

1. See the RRI Toolkit website at https://www.rri-tools.eu/.

2. See the PRISMA website at http://www.rri-prisma.eu/toolkit/.
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