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1 | INTRODUCTION: WHY R&D

PERFORMANCE MATTERS

Alexander Brem??

Research on R&D performance measures applied in firms is still scarce. Based on
the established “R&D laboratory as a system” thinking, systematically derive and
identify R&D department level key performance measures. Through a mixed-
method approach, grounded in (1) literature and (2) text analysis, 154 R&D perfor-
mance measures were developed. Amongst those, an (3) online expert survey, as
well as (4) three independent focus group workshops with >40 industry experts
from more than ten industries identified and validated ten key R&D performance
measures. All industry experts involved are members of an innovation network,
additionally accounting for innovation network effects. In contrast to earlier
research, some of the measures like degree of anticipation of internal customer needs
were perceived both by the survey respondents and the focus groups as key mea-
sures, indicating that behavioral measures should not be excluded per se. However,
the importance of external validity of R&D performance or indicators to measure
performance in relation to activities outside the R&D department were not con-
firmed. Hence, we partly confirm the relevance of the original “R&D Lab” measures,
contributing a more granular level, thereby drawing implications for future research

and practice.

KEYWORDS
innovation management, KPI, performance indicators, performance measurement, R&D

management, R&D performance, innovation measures

heart of firms' innovation outputs, at least in high-tech environments.
A common challenge in this context is to measure the almost
unmeasurable, namely the performance (Chiesa & Frattini, 2007;

Resource allocation in firms is a key managerial task. Dynamic capabil-
ities were identified to play an important role in performing such tasks
(Teece, Pisano, & Shuen, 1997). Therefore, firms need to persistently
adopt internal and external capabilities. How firms handle these capa-
bilities influences, among others, the success of their innovation activ-
ities, which is usually quantified by performance measures
(Teece, 2007). Central to performance in innovation management are

research and development (R&D) departments, as these are at the

Tkotz, Munck, & Wald, 2018). Reluctance of the staff to cooperate,
mostly because they fear permanent monitoring and self-justification,
often impedes these efforts (Brown & Svenson, 1998). Despite these
obstacles, financially viable firms seem to be more successful in mas-
tering the challenge of measuring R&D performance (Cooper &
Kleinschmidt, 1995; Griffin, 1997).

In addition to this internal challenge, collaboration is a way to

increase firms' efficiency (Lee, Kim, & Choi, 2019). External partners
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can help to source knowledge and thus spur innovation in times of
open innovation (Bican, Guderian, & Ringbeck, 2017,
Chesbrough, 2003; Enkel, Gassmann, & Chesbrough, 2009),
coopetition (Sellitto & Luchese, 2018), and evaluation (Hienerth &
Riar, 2015). The exchange of knowledge and ideas is also fostered by
innovation networks, which continue to grow in number and impor-
tance and constitute a form of open innovation (Kale & Singh, 2009).
Performance measures would be necessary here, even though they
are not easy to implement (e.g. Brown & Svenson, 1998; Henttonen,
Ojanen, & Puumalainen, 2016).

Surprisingly, research on applicable R&D performance measures
is still scarce, even though there is a high demand from the industry
(Birchall, Chanaron, Tovstiga, & Hillenbrand, 2011; Dziallas &
Blind, 2019; Larsen & Lindquist, 2016). Most prior research applies
only a limited number of measures to assess the effect of innovation
on R&D performance, depending on the focal point of the respective
study, like the number or quality of patents (in terms of citation
counts), cost and resource allocation, or external cooperation
(e.g. Beers & Zand, 2014; Detzen, Verbeeten, Gamm, & Moller, 2018;
Khanna, Guler, & Nerkar, 2016). Innovation measures, which are diffi-
cult to originate or to practically link to R&D activities, like return on
investment or time-to-market, are commonly used metrics (Englund &
2015; & Ritala, 2018;
Lindquist, 2016). Research distinguishing between innovation perfor-

Ludvigsen, Kristiansen Larsen &
mance and R&D performance measures is scant and often focuses on
an abstract concept or introduces only a limited number of measures
(e.g. Brown & Svenson, 1998; Dziallas & Blind, 2019; Skec, Cash, &
§torga, 2017; Werner & Souder, 1997).

To assess how the performance of R&D activities can be mea-
sured, our analysis of performance measures focuses on the level of
R&D activities within the R&D department only (unlike, for example,
the Frascati Manual or the Oslo Manual), which includes the inputs,
the processing system, and outputs (Brown & Svenson, 1998). The
analysis of these performance measures is based on the concept of
the “R&D laboratory as a system” by Brown and Svenson (1998),
whose findings are challenged by our results.

This induces our research question of analyzing R&D perfor-
mance measures that are used in firms, as well as their applicability to
other firms. We contribute the following: Through a mixed-method,
grounded in prior literature of innovation and R&D measurement and
evaluation systems and text analysis, 154 R&D performance measures
are developed and further condensed to 81 performance measures.
These measures form a unique base to stimulate future research in
performance measures and innovation network performance effects.

Additionally, through a descriptive online expert survey, as well as
three independent focus group workshops with more than 40 industry
experts from more than ten industries, we contribute a selection of
the most relevant key measures. The industry experts identified and
validated ten key R&D performance measures individually and at
innovation network level. All industry experts involved are members
of an innovation network, additionally accounting for innovation net-
work effects. The obtained results confirm the general relevance of

the original “R&D laboratory as a system” measures (Brown &

Svenson, 1998). However, they also indicate that a more nuanced and
granular assessment and framing of performance measures might be
required.

Based on the established “R&D laboratory as a system” thinking
(Brown & Svenson, 1998), this paper systematically develops and
derives R&D department level key performance measures through a
mixed-method approach. Ten key R&D performance measures were
identified and validated. Thereby, the relevance of the original “R&D
Lab” measures were party confirmed, drawing both implications for

future research and practice.

2 | THEORETICAL BACKGROUND: WHAT
DO WE KNOW ABOUT R&D PERFORMANCE
MEASUREMENT?

Even though some literature on performance measurement can be
found, there are only a few studies that focus on innovation perfor-
mance measurement in connection with R&D management. In order
to derive key measures of R&D performance from prior literature, we
apply the definition of R&D by Wheelwright and Clark (1992, p. 75):
“Research and development is the creation of the know-how and
know-why of new materials and technologies that eventually translate
into commercial development”. We furthermore rely on the
established definition of performance, performance measurement,
and performance measure by Neely, Mills, Platts, Gregory, and
Richards (1996) (see, e.g., in Henttonen et al., 2016). Neely et al. (1996,
p. 424) define performance as “the efficiency and effectiveness of
action”, performance measurement as “the process of quantifying the
efficiency and effectiveness of action”, and a performance measure as
“a metric used to quantify the efficiency and/or effectiveness of
action”.

Brown and Svenson (1998) designed a system for R&D measure-
ment, the so-called “R&D laboratory as a system” (see Figure 1), which
was identified to be a key concept that structures the link between
R&D and performance measurement. The R&D laboratory gives
researchers the opportunity to differentiate between various stages
that are referred to as systems. They propose to look at R&D evalua-
tion and measurement through the lenses of the R&D Lab as a system
to understand success and failure of R&D measurements.

This R&D laboratory thinking spans five individual systems,
namely (1) inputs, (2) the R&D Lab, (3) outputs, (4) the receiving sys-
tem, and (5) outcomes. Following Brown and Svenson (1998,

pp. 105-106), these stages are briefly described in the following:

e Inputs: “Inputs are the raw materials or stimuli a system receives
and processes.”

e R&D Lab: “The Process System is the R&D Lab itself, which turns
the inputs into outputs by writing proposals, conducting research,
testing hypotheses, reporting results, and so on.”

e Outputs: “Typical outputs include patents, new products, new pro-
cesses, [awards, presentations, (scientific)] publications, or simply

facts, principles, or knowledge that were unknown before.” The
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FIGURE 1

amount of these outputs is proposed as a measure of R&D
performance.

e Receiving system: The various consumers of the R&D outputs are
comprised, covering recipients like operations, marketing, and
others.

e Qutcomes: “Outcomes are the accomplishments that have value
for the organization. They are produced when the receiving system
accomplishes something with the outputs”. Measures include sales

volume, customer feedback, market share, or capital avoidance.

Brown and Svenson (1998) criticize that firms rely too much
on internal process measurements and overly focus on behavior,
which encourages the measurement of questionable outputs like
the number of research proposals or published papers. They differ-
entiate between measures of activity (i.e. what people do at work)
versus measurement of accomplishments (i.e. what people achieve
at work). Firms should focus on the latter to enhance the quality
of the evaluation process, since behavior or activities are hard to
measure (Brown & Svenson, 1998). If measurement focuses on
activities, people care more about how they behave at work than
what they achieve (Brown & Svenson, 1998). Moreover, these
measures are too complicated or subjective to reliably evaluate
R&D performance. To overcome these obstacles to measurement,
Brown and Svenson (1998) present six characteristics of a success-

ful measurement system:

e “Focus on external vs. internal measurement”,

e “Focus on measuring outcomes and outputs, not behavior”,
e “Measure only valuable accomplishments/outputs”,

o “Make the measurement system simple”,

o “Make the measurement system objective”,

o “Separate R&D evaluation”.

R&D laboratory as a system. Source: Brown and Svenson (1998, p. 106)

To apply the “R&D laboratory as a system” to various industries
and incorporate additional theoretical streams, we further integrate
findings from related R&D performance measurement literature, like
R&D organizational literature that is mainly focused on measuring
(Coccia, 2001; Henttonen
et al, 2016; Kerssens-van Drongelen & Bilderbeek, 1999). For this

purpose, we included classifications from the production system

innovation activities within firms

of the research bodies and balanced scorecard for an R&D depart-
ment (Bremser & Barsky, 2004; Kerssens-van Drongelen &
Bilderbeek, 1999; Kerssens-van Drongelen & Cooke, 1997).

In this vein, the focus of the current paper lies on project per-
formance measures and not on organizational performance mea-
sures (Wang, Lin, & Huang, 2010), since innovation performance
within the R&D department is measured at the R&D department
level. Contrary to the definition of performance management pro-
vided by Kerssens-van Drongelen and Bilderbeek (1999) as “the
acquisition and analysis of information about the actual attainment
of firm objectives and plans, and about factors that may influence
this attainment”, we focus on the R&D Lab in terms of inputs and
outputs. Since R&D should be considered separately (Brown &
Svenson, 1998), the performance of the R&D department differs
from the innovation outcomes as the total sales or the number of
new product introductions to the market (as, e.g., in Lakiza &
Deschamps, 2018). This follows our understanding of R&D as
defined by Wheelwright and Clark (1992) who thought of R&D
activities as creative activities before eventual commercial develop-
ment, which is product marketing in its essence.

Asserting that some firms do not measure R&D performance at
all, Kerssens-van Drongelen and Bilderbeek (1999) trace this reluc-
tance to factors such as the degree to which R&D is connected to
other departments like marketing or manufacturing. This makes it

even more necessary to view the R&D Lab as a system, to ensure an
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individual consideration of the different stages like inputs and outputs
(Brown & Svenson, 1998).

Nevertheless, Kerssens-van Drongelen and Bilderbeek (1999)
detected that around 80 percent of firms measure R&D performance.
According to them, measures should also be adaptable to the respec-
tive type of research: (1) basic research, (2) applied research, and
(3) development (Kerssens-van Drongelen & Bilderbeek, 1999). This
follows Brown and Svenson (1998), who separate product develop-
ment from research and technology management. Furthermore,
Kerssens-van Drongelen and Bilderbeek (1999) compared measures
versus measurement methods like benchmarking or organizational
auditing in order to identify highly and robustly effective measure-
ment procedures, especially in view of the customer. This adds an
external element of performance evaluation to the R&D Lab discus-
sion that has already been recognized before (see Brown &
Svenson, 1998). However, the particular importance of external valid-
ity is further stressed and extended by complementing it with the
external network and development measures of R&D performance
measurement. Contrary to Brown and Svenson (1998), Kerssens-van
Drongelen and Bilderbeek (1999) do not find the measurement of
ideas to be of particular interest for evaluating R&D performance.
These findings also hold true for measurements related to creativity.

Intangible assets, as main drivers of firm success (Conley, Bican, &
Ernst, 2013), motivated Baglieri, Chiesa, Grando, and Manzini (2001)
to carry out research on how to evaluate these assets. Performance
measurement of technological assets is used as a starting point in this
process. For example, outcomes of R&D activities might differ vastly
from the R&D activities themselves, since the outcomes entail both
the efforts within the R&D department as well as work from other
departments, and often materialize only years after the underlying
R&D project's completion (Baglieri et al., 2001). Traditionally, firms
have been relying on input instead of output variables for measuring
R&D performance on the individual level, which calls into question
the assumptions made above. Building on Wheelwright and
Clark (1992), Baglieri et al. (2001) define two phases of R&D activities:
generative and transitionary, i.e. technological progress or knowledge
transfer as outputs. This also covers the capacity to informally transfer
knowledge, which is deemed important for scientific activities and is
hence often underestimated (Azzone & Maccarrone, 1997;
Coccia, 2001).

These measurement difficulties are also labeled as uncertainties,
which are associated with risk in R&D success (Baglieri et al., 2001;
Wang et al., 2010). To handle these, an R&D risk-framework is applied
in the pharmaceutical context that does not differentiate between
outputs and outcomes. Several R&D performance measures at the
R&D department level are proposed, like the employee retention rate,
strategic skills coverage ratio, i.e. employees having the right strategic skill
set to meet organizational needs, or percentage of collaborative projects
with third parties, which also does not distinguish between the differ-
ent stages of the R&D process (Wang et al., 2010). In this way, Wang
et al. (2010) propose to measure performance in the dimensions of
predictability, staff performance, data quality, lead time, and on-time

schedule.

Following the description by Kerssens-van Drongelen and
Bilderbeek (1999), p. 38): “[Plurpose of the measurement and objec-
tives formulated for the subject of management’, Henttonen
et al. (2016) identified the importance of performance measurements,
thereby confirming differences in the role of evaluators (as e.-
g. Blindenbach-Driessen, van Dalen, & van den Ende, 2010). However,
as in previous studies (e.g. Lazzarotti, Manzini, & Mari, 2011),
Henttonen et al. (2016) did not account for the difference between
outputs and outcomes, as proposed by Brown and Svenson (1998).

Within this section, a short motivation into performance mea-
sures and topics which are related to measurement, encouraging a cul-
ture of measuring R&D performance in firms, has been presented. As
becomes visible, performance measurement is dispersed over multiple
fields. Therefore, prior research has focused on various aspects,
frameworks, and interpretations of performance measures in different
contexts. Deriving a set of concrete measures of R&D performance
and assessing this set of measures to identify the key measures in
evaluating R&D performance has not yet been a dominant focus of
scholarly attention (Hienerth & Riar, 2015). Too many measures have
been introduced with only little testing, which calls for more research
to better understand measurement factors (Birchall et al., 2011). This
induces our research question of analyzing R&D performance mea-
sures that are used in firms, as well as their applicability to other firms.
Based on the R&D Lab framework and prior works from the above
presented authors, a set of measures has been derived and composed
that will be evaluated in the following sections.

3 | METHOD AND DATA

To assess the role of R&D performance measures and to answer our
research question, a mixed-methods approach has been applied
(Johnson & Onwuegbuzie, 2004). This approach is anchored in our
research question, i.e. how the performance of R&D activities can be
measured (Johnson & Onwuegbuzie, 2004). In doing so, R&D perfor-
mance measures that are used in firms are analyzed, as well as their
applicability to other firms. Key performance measures most relevant
to firms were identified. Mixed-methods have the advantage of reduc-
ing bias stemming from one method alone, so that through different
types of data collection and data analysis, a richer and contextual
understanding of the subject being researched can be reached
(Denzin, 1978; Gray, 2018; Hanson, Creswell, Clark, Petska, &
Creswell, 2005; Johnson & Onwuegbuzie, 2004). In doing so, the
insights revealed by the mixed-method approach add more value than
insights that could have been revealed through a single method alone
(McKim, 2017; Schoonenboom & Johnson, 2017). Therefore, both
quantitative and qualitative elements guided the selection of key per-
formance measures (see Figure 2).

3.1 | Literature review and analysis

The literature review enabled identification and a critical assess-

ment of the relevant spectrum of prior research on performance
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FIGURE 2 Overview of methodological steps and linked measure
development

measurement, contrary to a systematic literature review (Branley,
Seale, & Zacharias, 2018; Hart, 2018). Systematic literature
reviews, both past and recently conducted, do not specifically
focus or target R&D performance measures only (e.g. Dziallas &
Blind, 2019; Werner & Souder, 1997). This lies also within the
nature of systematic literature reviews, which aim to cover every-
thing within their scope limitation (Gray, 2018). Often, systematic
literature reviews are limited to certain journals and fields, hence
neglecting adjacent publications or other types of publications like
Dziallas &
Blind, 2019; Werner & Souder, 1997). Since performance measures,

books or conference contributions (as, e.g., in

R&D, and innovation intersect various research streams like innova-
tion management, accounting, or controlling, systematic literature
reviews, with their narrow focus and clearly defined exclusion
criteria, would not satisfy the research aim of identifying the
broadest set of R&D measures from prior literature (e.g. Jesson,
Matheson, & Lacey, 2011). Consequently, literature was queried on
databases like Scopus and Google Scholar, employing a wide range
of various search terms related to innovation, R&D, performance,
and measurement, to identify the relevant literature for the mea-
sure identification, based on the concept of the “R&D laboratory
as a system” by Brown and Svenson (1998).

A deep textual analysis revealed that measures from different
papers overlapped in parts or were not applicable to this paper's R&D
Lab focus. We analyzed each of the measures independently con-
cerning their content, reach, and positioning within the R&D Lab
(Brown & Svenson, 1998). This enabled us to condense the 154 mea-
sures identified from the literature review to 81 unique measures,
centering around inputs, R&D Lab, and outputs. Triangulation was
ensured through two independent assessments by both authors. In
case of deviation, consensus was reached through discussion.
Thereby, unclear or equivocal measures were edited to enhance the

understanding of the measures' meaning.

3.2 | Participants of the descriptive survey and
focus group workshops

The participants of both the descriptive survey and the focus
groups are members of an innovation network, which goes beyond
industry borders. Our findings profit from the specialty of the net-
works' organizational composition and its governing structure:
Organized in the form of a German non-profit-organization called
“Verein” (association), members are loosely connected (e.g. in the
form of loose networking events and working groups). This creates
a form of safe environment that is beneficial for research purposes,
for example when group
(Freeman, 2006).

Within this association, there are also several working groups.

conducting  focus workshops

One of these groups is concerned with innovation performance
measurements, as this seems to be a challenging task in many dif-
ferent firms. This working group forms the basis of our samples,
both for the descriptive survey and the first and second working
groups, whereby focus group data could be collected from various
independent institutions that are active in different industries
(as the composition of participants differed between the individual

working groups).

3.3 | Descriptive survey
To surface facts and to test and assess the relevance of the identi-

fied measures, we applied a descriptive survey method
(Gray, 2018). Contrary to the analytical survey, descriptive surveys
are designed to measure certain characteristics, hence answer the
“what” instead of the “why” (Gray, 2018). Data from an anonymous
expert survey that included ten firms from different industries
were collected via an online questionnaire. All respondents were
experienced R&D or innovation managers. The descriptive survey
was conducted anonymously to ensure respondents' confidentiality
and openness. In this empirical setup, the respondents were asked
to answer the following questions with yes or no for each of the

81 measures:

e Do you know this measure (question 1),
e |s this measure useful for your firm (question 2), and

e |s this measure applied in your firm (question 3).

Based on the overall selection of participants' answers to the
above questions, a prioritization list of 41 measures was derived.
These measures had been deemed as either useful (i.e. participants

) 2 or

answered yes to applied
(i.e. participants answered “yes” to question 3). These results con-

question practically
stituted the foundation for the identification of key performance
measures. Additionally, as there might be differences between par-
ticipants' answers in anonymous surveys to actual behavior in the

real world (Black, 1993), the results from the descriptive survey
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were further analyzed and challenged through three consecutive

focus group workshops.

3.4 | Focus group workshops

Focus groups are appropriate for this purpose and to further develop
the afore-derived measures: They are advantageous in shedding light
on the different views of participants, independent of the respective
topic (Gray, 2018; Stewart & Shamdasani, 2015). Furthermore, they
provide opportunities for clarification of responses and in assessing
and valuing opinions and positions (Freeman, 2006; Seal, Bogart, &
Ehrhardt, 1998; Stewart & Shamdasani, 2015). As our research pur-
pose is to analyze R&D performance measures that are used in firms,
as well as their applicability to other firms, and to identify key perfor-
mance measures most relevant to firms, focus group workshops were
applied threefold, whereby each distinct workshop extends the find-
ings of the previous workshop (see Figure 3).

In designing, organizing, and executing the focus group work-
shops, we followed the approach outlined by Stewart and
Shamdasani (2015): Problem identification, sampling frame/recruiting,
moderator, facilities, interview questions, group execution, data
recording, and data analysis. The focus group workshops were con-
ducted between November 2017 and October 2018 to use the
knowledge of industry experts on R&D performance measures. For
this purpose, participants of the focus groups came from different
firms and industries. All participants are experienced R&D or innova-
tion managers, with firm tenures of up to 25 years. Hence, an across-
industry view on these measures could be gathered. Participants were
introduced to the methodology of our analysis, the distinction
between inputs, R&D Lab, and output stages, as well as the descrip-
tive survey results.

Participants in the first focus group workshop were asked to fur-
ther condense the list of 41 measures and to choose their top ten and
flop ten measures. Participants were to do so without knowing which
stage each measure belonged to in order to avoid early-stage selec-
tion bias. The assessment of the top ten and flop ten was conducted
in three randomly assigned groups with the following group character-
istics: Group 1 consisted of four managers, who are active in technol-

ogy and innovation and predominantly work in academic or consulting

environments. Group 2 had nearly the same setup, with all four mem-
bers active in innovation management roles in the automotive or
related industries. Group 3 was rather heterogeneous, with five group
members from innovation management and controlling, who are
employed in industries like mechanical engineering, automotive, insur-
ance, and mechatronics.

The participants were given the instruction to choose the ten
measures, which they would refer to as key R&D performance mea-
sures. This enabled structured sampling to ensure the generalizability
of the results. However, it still remains an exploratory analysis, since
the sample size is limited. However, the small sample size also allowed
for a more detailed analysis of the participants' evaluation and under-
standing of measures. This contributed additional value, e.g. in the
form of insights on why measures are not understood or used.

Contrary to the first focus group workshop, the setting was
modified for the second focus group workshop by combining ele-
ments from both the descriptive survey and the first focus-group
workshop: During the preparation, the 41 measures were handed
out upfront to all participants. These instructions included addi-
tional explanations for each measure, also covering the related
stage each measure was attributed to. In this way, the results of
this focus group could be further scrutinized and compared to the
first focus group workshop, revealing insights into measure adop-
tion and understanding. Participants were asked the same three
questions and, in addition, to rank the performance measures
according to their importance and thus identifying an additional set
of key performance measures.

The third focus group varied in composition and scope: To extend
the reach beyond the respective network's working group member
firms, a third, final focus group workshop was organized. This work-
shop with 20 participants was expanded to the innovation network
level to validate and discuss the previously identified key R&D perfor-
mance measures with participants different from before (i.e. in focus
groups 1 and 2). Like in the descriptive survey, participants were
asked the three questions for each of the key R&D performance mea-
sures, to find out if they had prior experience in working with innova-
tion measures. In this way, the research scope could be further
extended from the innovation network's working groups level to the
full innovation network, enhancing innovation at the innovation net-

work level.

Step 1:

First identification
of key performance

measures

Step 2:

Reassessment of
key performance
measures

Step 3:

Reconciliation of
key performance
measures

Industries:
Mechanical, engineering,
automotive, insurance,

FIGURE 3 Overview of focus group
workshops

Focus Group 1: n=13

consulting, and mechatronics.

Focus Group 2: n=15 Focus Group 3: n=20

Industries:

Appliances, engineering,
energy, heating, construction,
and workwear.

Industries:

Safety, manufacturing,
engineering, automotive,
defense, and consulting.
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4 | RESULTS

4.1 | Literature review and descriptive survey
The literature review revealed a fragmented and diverse field on per-
formance measures, spanning multiple research areas and levels of
analysis. For example, Birchall et al. (2011) split their analysis of per-
formance measures as to their scope and nature, with five measure-
ment scales and findings on 27 indicators of performance: (1) future
focus, (2) market impact, (3) capabilities and image, (4) process, and
(5) sustainability and overall effectiveness. In contrast, Chiesa, Frattini,
Lazzarotti, and Manzini (2007) and Lazzarotti et al. (2011) propose to
measure R&D performance with a formal model by applying quantita-
tive indicators from five perspectives of performance: the (1) financial
perspective, (2) customer perspective, (3) innovation and learning per-
spective, (4) internal business perspective, (5) alliances and networks
perspective. By basing their measurements on soft systems, they aim
“to analyze the measurability of performance in R&D processes of a
company as the system under measurement” (Lazzarotti et al., 2011).

Various analyses also use a diverse set of methods: Henttonen
et al. (2016), for example, measured project success by querying
169 respondents of the same firm on performance measures for vari-
ous projects and project types. Amongst their five highest selected
measures, the level of innovativeness, effort and commitment to
objectives, time to market, customer satisfaction, and degree of
multifunctional cooperation, at least two can be characterized as out-
comes (i.e. time to market and customer satisfaction), impeding a deri-
vation of R&D performance measures only. Focusing on R&D
effectiveness and efficiency, Chiesa and Masella (1996) propose to
distinguish between measures that can be applied before or after pro-
ject exploitation, hence completion. Measures comprise technical suc-
cess and measures of efficiency of the R&D department.
Coccia (2001) extends this thinking to the research laboratories' eval-
uation methodology to obtain a scoring for financial, scientific, and
technological aspects through simple indices. Often, proposed indica-
tors are applied to one case only and do not distinguish between out-
puts and outcomes, as suggested by Brown and Svenson (1998). As
shown through the above examples (see a summary of the most rele-
vant papers identified in Table 1), different measurement perspectives
are proposed, for example with a focus on design, like education and
competency development or learning capability (Skec et al., 2017).

Eventually, the literature review revealed 154 measures that were
identified and collected from the reviewed papers (see Appendix).
These were further condensed to 81 measures. The descriptive sur-
vey indicated that 55 measures (68 percent) of these previously con-
densed 81 measures were known, 40 measures (49 percent) were
deemed useful, and 24 measures (30 percent) were applied within the
participating firms. The sample of 41 measures identified through the
descriptive survey consisted of 11 input, four R&D Lab, and 26 output
measures. The results of the descriptive survey are summarized in
Table 2.

Compared to the ratio of measures between input, R&D Lab, and

output stage between the condensed literature review analysis results

and the descriptive survey, the ratio of R&D Lab classified measures
further decreased (from 18 to 10 percent) in favor of output classified
measures (from 55 to 63 percent). The ratio of input measures stayed
consistent at 27 percent. Table 3 presents an overview of the ratio of

the three stages.

4.2 | Focus group workshop 1

The 41 measures identified through the descriptive survey were
assessed in a focus group setting (see results in Table 2). The
assessment of the three groups (range of score: zero to three) rev-
ealed the following key and flop measures. To focus on a few,
selected measures only, each group had to limit their selection to
10 out of 41 measures. The groups selected the measures as
shown in Table 4.

The following three measures were not selected:

e Number of designs produced (Outputs)
e Number of ideas or findings employed (Outputs)

e People involved, i.e. number of hours worked (Inputs)

The key selected measures (i.e. key performance measures), the
flop selected measures, and measures that were treated equivocally
(considered to be both flop and key measures) are presented in
Table 5.

4.3 | Focus group workshop 2
To validate these findings and further analyze the importance of the
performance weighting, the six key selected measures of the second
focus group workshop resulted in two measures overlapping with the
results from focus group workshop 1. Table 6 summarizes the key
selected measures of both focus group workshops.

Focus group 2 also assessed the 41 measures with the questions
if the measures were known, useful, and applied within their firm,
mirroring the original descriptive survey approach to pre-select rele-

vant performance measures.

44 | Focus group workshop 3

With focus group workshop 3, we aimed to analyze the previously
selected key measures in terms of their innovation network level
validity. During this third focus group workshop, the most important
measures of both previous focus groups were jointly presented as a
selection of the ten key performance measures. Answers confirmed
the identified key measure selection, since all but one key measure
were known to the focus group participants, except for degree of
anticipation of internal customer needs. The key measures were fur-
thermore deemed to be useful, with the exception of hours spent on

projects vs. total hours R&D.
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(Continued)

TABLE 1

Main contribution

Volume Issue Year Pages

Journal

Authors

Title

Klaus Moller

KPlIs for radical innovation projects

34-41

2018

4

39

Journal of Business Strategy

Jimmi N. Kristiansen

Measuring radical innovation project

Paavo Ritala

success: typical metrics don't work

Multi-criteria framework for firms' R&D

147-155

2018

2

66

Evaluation and Program Planning

Negin Salimi
Jafar Rezaei

Evaluating firms' R&D performance using

BICAN ano BREM

performance evaluation

best worst method

Process over product indicators

3-29

2019

2/3

80/81

Technovation

Marisa Dziallas

Knut Blind

Innovation indicators throughout the

innovation process: An extensive

literature analysis

5 | DISCUSSION AND IMPLICATIONS

With this research, we aimed to explore R&D performance measures
used within firms, and to elevate these to key R&D performance mea-
sures, which are also suitable for quantifying performance outside
firms' boundaries, i.e. in innovation networks. Furthermore, we
reassessed the original R&D laboratory measures by Brown and
Svenson (1998) in the light of our findings. Brown and
Svenson's (1998) original R&D Lab included 17 measures in their core
model (Figure 1), and 20 additional variables throughout the paper.
Table 7 aims to align the measures from this paper with the selected
key performance measures, and summarize them in three perfor-
mance measurement categories that are in line with the Brown and
Svenson (1998) paper.

As can be seen, none of the identified key performance measures
were directly included in the core R&D Lab framework (see Brown &
Svenson, 1998). Some, like % of budget spent internally on applied
research, could be reconciled under the broader terms of Researching,
Developing, or Funds invested within the original core framework. Our
results are also not influenced by project success or R&D effort out-
comes, since we did neither distinguish between successful or failed
projects, nor mix output effects with outcome effects, focusing only
on the R&D department. The mixed-method approach includes three
distinct steps: (1) derivation of R&D performance measures from prior
literature and textual analysis, and (2) assessment and analysis through
a descriptive expert survey. The results from the descriptive expert
survey were further discussed in three distinct focus group setups
with industry experts and members of an innovation network. Hence,
these results are useful for individual firms, but also for innovation
networks.

In line with the observations of Kerssens-van Drongelen and
Bilderbeek (1999), who noticed that around 80 percent of firms mea-
sure R&D performance in some way, our descriptive expert survey
revealed that around 68 percent of the 81 proposed measures were
known by our respondents, whereas only 40 percent were deemed
useful and 30 percent applied in practice. These results must be scru-
tinized with regards to the discussions within our focus groups. Most
participants claimed to struggle with finding any R&D measures within
their firms or were wondering how R&D could be measured at all. This
is surprising both in the light of our results and prior literature
(e.g. Griffin, 1997; Kerssens-van Drongelen & Bilderbeek, 1999), but
might be due to the fact that people who are active in R&D are not
aware of performance activities actually being measured.

The evaluation of ideas does not seem to be especially important
when assessing related measures. Even though the number of ideas is
an important input factor and the number of ideas or findings employed
scored high on all dimension and was deemed as useful in the expert
descriptive survey, this measure was not selected at all within the
focus groups, in line with the related measure of percentage of project
evaluation ideas applied in new projects (only known by survey respon-
dents and therefore not included in the focus group sample). This con-
tradicts a core measure of Brown and Svenson (1998) and confirms

the findings of Kerssens-van Drongelen and Bilderbeek (1999) who
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(Continued)

TABLE 2

Selected

Useful  Applied

Known

Level

Selected Measure

Useful  Applied

Known

Level

Measure

Outputs

Cost methods like reproduction cost,

YES

YES

YES

Inputs

Employee retention rate

updated cost, or cost of loss

Competitive value of technology Outputs

YES

Outputs

Staff learning metrics like number of

innovations and research data

teaching courses held

R&D

Combine data with internal conditions

YES

Qutcome

Ratio of net present cash flow to

Lab
R&D

development cost

Combine data with external developments

YES

R&D Lab

Ratio between researching and

Lab

development activities

YES

Outputs

Project efficiency in terms of number of

duplications

stated that the evaluation of ideas is ancillary. However, the factor of
ideas might be reflected in the more granular key measure of innova-
tion level and degree of creativity.

Besides the measure hours spent on project vs. total hours R&D, no
people (as in the original R&D Lab) or human resource focused mea-
sure was selected as a key performance measure. The employee reten-
tion rate was the sole measurement in the descriptive survey sample
that was applied in firms though not deemed useful, which reinforces
the notion that human resource factors might be deemed of lower
importance in R&D performance measurement. Other measures like
the percentage of people having a pertinent degree or employees' strate-
gic skills coverage ratio were overwhelmingly unknown. This contra-
dicts prior research (e.g. Perkmann, Neely, & Walsh, 2011; Wang
et al., 2010) and is further reflected in the focus groups' assessment,
with people involved not being selected at all and the measure
employee retention rate being the only measure that was discarded by
all three groups (focus group workshop 1) in unison. It seems as if
human resource centric measures might be suitable in theory, but lack
acceptance in practice which might be due to cases of staff reluctance
to cooperate in measuring R&D performance, caused by fear of, for
example, constant surveillance and monitoring (Brown &
Svenson, 1998). This resembles discussions within the focus groups
concerning operators or evaluators of the performance measures who
leave the participants at odds with potential solutions.

As discussed earlier, the focus groups revealed a common under-
standing that no suitable measures seem to exist, at least when
engaging in discussions before analyzing the descriptive survey
results. However, when the survey results were discussed amongst
the focus group participants, 68 percent of all measures were known,
more than half of these applied and almost half deemed as useful.
Furthermore, of the descriptive survey's original selection of 41 mea-
sures, only three were not once selected by focus group 1 as a key
or flop measure, displaying the diverse views on a wide spread of
potentially applicable measures as assessed by the groups (e.g. 23 of
41 measures were identified as the ten key measures by the groups).
This is also confirmed with the results of the other focus groups, with
70 percent of all selected key measures being identified as known by
focus group 3.

The importance of technology transfer has mainly been assumed
in prior literature, with little validation, and is not present as a core
measure in the original R&D Lab model (Brown & Svenson, 1998;
Coccia, 2001). However, the transfer rate of new knowledge and tech-
nology into product development was assessed as known and useful in
the descriptive survey and was identified as one of only two key R&D
performance measures that were selected by both focus groups, con-
trary to number of technology transfer plans, which did not pass the
descriptive survey stage (not assessed as applied or useful). This might
have been the case, because the term “transfer plans” was too vague
as a suitable measure or the content of this measure was already being
reflected in the measure transfer rate of new knowledge and technology
into product development. Interestingly, it is also one of two key mea-
sures that are both known and deemed useful by focus group 3, but

not applied within the respective firms. This could also reflect the fact,
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TABLE 3  Stage ratio per data sampling step
Step Literature Textual analysis Survey Focus Group 1 Focus Group 2 Focus Group 3
Inputs 22 14% 22 27% 11 27% 5 22% 1 17% 3 50%
R&D Lab 14 9% 14 17% 4 10% 3 13% 1 17% 1 17%
Outputs 74 48% 45 56% 26 63% 15 65% 4 66% 2 33%
Outcomes 44 29%
N 154 81 41 23 6 6

as one participant stated, that “[w]e prioritized as to what we deemed
useful” (Participant of focus group workshop 2, July 19, 2018).

While the number of identified input measures constantly mat-
ched around 30 percent of the measures identified in the textual anal-
ysis and the descriptive survey, this number dropped after the first
focus group assessment to almost the same low levels as after the lit-
erature analysis (around 15 percent). This is in line with findings con-
cerning the measure ideas, as discussed above (Kerssens-van
Drongelen & Bilderbeek, 1999). However, when considering the key
measure selection of focus group 2, the input measures almost match
the outputs within the final ten key measures (40 percent
vs. 50 percent of all key performance measures). It seems as if provid-
ing participants with information on the stage of measures and addi-
tional explanations per measure, enhances their understanding of the
joint relevance of both input and output measures. Possibly, the tradi-
tional role of inputs is not overstated in practical application, which

contradicts the assumptions by Baglieri et al. (2001).

6 | THEORETICAL IMPLICATIONS:
EXTENSION OF THE R&D LAB MODEL

Our findings impact both research and practice of R&D performance
measurement. Research has so far only focused on narrowly defined
sets of measures, often without distinguishing between the different
measurement dimensions. In addition, prior insights on R&D perfor-
mance measures centered around outcome measures, which are diffi-
cult to apply in quantifying the innovation performance at the R&D
department level. Research on deriving R&D key performance mea-
sures from an extensive set of R&D performance measures, is still
scarce. Researchers thus profit from new insights into firms' applica-
tion of R&D performance measures, a reassessment of previously
identified frameworks like the R&D Lab by Brown and Svenson (1998),
and the interplay with innovation network dynamics. Thereby, this
paper contributes to the R&D organization literature, as well as inno-
vation management and management accounting literature. As it
becomes visible in the reassessment of the measures included both in
the core R&D Lab model and introduced throughout the paper by
Brown and Svenson (1998), previously described measures often lack
detail and granularity, which complicates both their understanding
and applicability (as, e.g., in Dziallas & Blind, 2019; Werner &
Souder, 1997). Researchers can build on these findings and further

assess and develop viable performance measures.

Furthermore, our findings indicate that a clear-cut classification
of measures, e.g. to their relevant stage, proves challenging. Discus-
sions in the focus group workshops revealed that measures could be
applied both at the input or the output stage, even potentially span-
ning all stages of the R&D Lab. Taking this into account, the distinc-
tion between inputs and outputs could serve as a measurement of
R&D lab activity instead. Reflecting on the “R&D laboratory as a sys-
tem” thinking by Brown and Svenson (1998), as depicted in Figure 1,
the role of inputs and outputs might make readjustment necessary.
Instead of embracing input and output measures as separate dimen-
sions, they might coalesce into the R&D lab dimension to enable the
measuring of effects within the R&D lab dimension at any given point
in time, depending on, for example, R&D project progress. Accounting
for this at a more granular level would also enhance practical rele-
vance and applicability. Figure 4 provides a view on how the respec-
tive R&D related parts of the original “R&D laboratory as a system”
(Brown & Svenson, 1998) could be developed further in a tree-like
structure (Menezes, Sellitto, Librelato, Borchardt, & Pereira, 2016;
Sellitto, 2018) to reflect a less stringent categorization, including also
the ten key performance measures identified.

In addition, similar to the perceived relevance of typical input mea-
sures, the supposed importance of typical output measures as listed by
Brown and Svenson (1998) seemed to fade. Measures like the number
of papers or books, awards won, or research proposals written, were
identified through our expert descriptive survey as known, but neither
rated as useful, nor applied within firms. Only measures related to
completed projects, like received patents, designs produced, or prod-
ucts designed, were deemed to be useful and applied in our descriptive
survey sample (e.g. technology leadership in terms of number of patents
developed, project progress and projects completed, number of products
designed, number of designs produced). Thus it can be concluded that
measuring softer (i.e. less financially focused) outputs like scientific
publications seems to be less important than hard facts like projects
completed, as can also be seen in the selected key measures (as in
Kerssens-van Drongelen & Bilderbeek, 1999; Chiesa & Masella, 1996).

Measures related to technical progress were included in various
forms, stressing the importance of the current subject, just like in prior
literature (Chiesa & Masella, 1996). Three of five measures included in
the sample that entailed 81 performance measures, were positively
assessed in the descriptive survey. However, the focus group ranked
the ratio of technical progress to costs (useful in the survey assessment)
and the ratio of technical progress to time (fully selected in the survey)

as low, with only one group considering these measures to be
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TABLE 4  Focus group measure selection results

KEY FLOP
Measure Level Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
% of budget spent externally on applied research Inputs (e}
% of budget spent internally on applied research Inputs X
% of budget spent internally on basic research Inputs X
Amount of facilities like laboratories, libraries, and Inputs X (0] (0]
equipment employed
Annual spending for market investigations aimed at Inputs (0]
generating technological innovation
Degree of flexibility of resources employed Inputs (0]
Employee retention rate Inputs (0] (0] (e}
Hours spent on projects vs. total hours R&D Inputs X
Innovation level and degree of creativity Inputs X X (0]
Number of funds invested Inputs (0]
Evaluation of scope of patent applications R&D Lab (e}
Product development cycle time R&D Lab X
Project progress and projects completed R&D Lab X X
Quality of project management R&D Lab
% of projects abandoned after a certain degree of Outputs X
completion
% of projects in which customers are operatively involved OQutputs (0]
(training, testing, or problem solving)
% of projects technically successful Outputs X
Average cost of each completed project Outputs (0]
Cost efficiency, i.e. keeping within budget Outputs X
Degree of anticipation of internal customer needs Outputs X X
Degree of project attractiveness Outputs (0]
Design performance, i.e. as to manufacturing cost, Outputs X (0]
manufacturability, or testability
Number of new projects initiated Outputs X
Number of parts produced Qutputs (0] (0]
Number of products designed Outputs X
Number of redesigns and average time of redesigns Outputs (0] (0]
Number of other legal protection methods besides patents OQutputs (0] (0] (0]
Percent of new technology content in new products Outputs X X (0]
Planning accuracy, i.e. % of agreed milestones and/or Outputs
objectives met
Project feasibility with milestones/gates OQutputs (0]
Quality, i.e. number of times reworked Outputs X (@]
Rate of re-use of standard designs, i.e. as proven technology Outputs X (0] (e}
Sum of planned or revised project durations Outputs X O
Technology leadership in terms of number of patents Outputs (0]
developed
The ratio of cost to time and to time per technical progress Outputs (0]
unit
The ratio of technical progress to costs Outputs X
The ratio of technical progress to time Outputs
Transfer rate of new knowledge and technology into Qutputs X X

product development
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TABLE 5 Summary of key and flop selected measures
Measure Level KEY_Score  Flop_Score
Top selected
Project progress and R&D 3 0
projects completed Lab

% of projects abandoned OQutputs 2 0
after a certain degree of
completion

Degree of anticipation of Qutputs 2 0
internal customer needs

Transfer rate of new Outputs 2 0
knowledge and
technology into product
development

Percent of new technology Outputs 2 1
content in new products

Innovation level and degree Input 2 1
of creativity

Flop selected

Employee retention rate Inputs

Number of other legal Outputs
protection methods
besides patents

Number of parts produced OQutputs

Number of redesigns and Outputs
average time of redesigns

Rate of re-use of standard Outputs 1 2
designs, i.e. as proven
technology

Amount of facilities like Input 1 2
laboratories, libraries, and
equipment employed

Thereof equivocal

Amount of facilities like Inputs 1 2
laboratories, libraries, and
equipment employed

Innovation level and degree Inputs 2 1
of creativity

Design performance, i.e. as Outputs 1 1
to manufacturing cost,
manufacturability, or
testability

Percent of new technology Qutputs 2 1
content in new products

Quality, i.e. number of times  Outputs 1 1
reworked

Rate of re-use of standard OQutputs 1 2
designs, i.e. as proven
technology

Sum of planned or revised Qutputs 1 1

project durations

important. On the flop-ranked side, this is mirrored by the ratio of cost
to time and to time per technical progress unit (month, year, etc.) (useful
in the survey assessment). Only the reassessment through focus

group 2 identified a related measure (hours spent on projects vs. total

TABLE 6 Summary of key and flop selected measures

Top selected measures Level Focus group

% of budget spent internally on applied Inputs FG2
research

% of budget spent internally on basic Inputs FG2
research

Hours spent on projects vs. total hours Inputs FG2
R&D

Innovation level and degree of creativity Inputs FG1

Transfer rate of new knowledge and Outputs FG1 + FG2

technology into product development

% of projects abandoned after a certain Outputs FG1

degree of completion

Degree of anticipation of internal Outputs FG1

customer needs

Percent of new technology content in Outputs FG1

new products

Planning accuracy, i.e. % of agreed Outputs FG2

milestones and/or objectives met

Project progress and projects completed R&D Lab  FG1 + FG2

hours R&D) as a key measure. This might give an indication of the fre-
guency and timing of measure assessment: When should measures be
assessed? Does an annual assessment trump a monthly assessment or
even a dynamic one (Salimi & Rezaei, 2018)?

As with ideas, measures related to indicators like staff performance,
data quality, or lead time (Wang et al., 2010), were not identified in our
analyses. Ideas might be subsumed in the measure innovation level and
degree of creativity, but a clear focus on measurements covering predict-
ability and on-time schedule, as also proposed by Wang et al. (2010), is
visible in the following key-selected measures: project progress and pro-
jects completed and percentage of projects abandoned after a certain
degree of completion. It seems as if (1) quantity and (2) costs are per-
ceived as more important than (3) quality, in some form ranking these
three dimensions (e.g. by Brown & Svenson, 1998; Coccia, 2001) of
measure evaluation. This is also reflected within the measures that were
equivocally rated by the first focus group as both key and flop, like inno-
vation level and degree of creativity, design performance, percent of new
technology content in new products, and quality, i.e. number of times
reworked. This confirms the findings from the analysis of typical output
measures as proposed by Brown and Svenson (1998) with result-driven
measures, e.g. project completion, trumping softer measures like scien-
tific output and quality of scientific output.

In contrast to Brown and Svenson (1998), some of the measures
like the degree of anticipation of internal customer needs were per-
ceived both by the descriptive survey respondents and the focus
groups as a key measure, indicating that behavioral measures should
not be excluded per se. As with behavior, the characteristic of “focus
on external vs. internal measurement” (Brown & Svenson, 1998) have
been addressed in prior literature, especially when it comes to innova-
tion network effects. Researchers stressed the importance of external
validity of R&D performance or indicators to measure performance in

relation to activities outside the R&D department. The results of our
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TABLE 7

Original R&D Lab measures (core

Reconciliation of R&D Lab measures to key performance measures

measures bold) Level Focus group attribution
Researching R&D Lab % of budget spent internally on applied research
o . .
Developing R&D Lab % of budget spent internally on basic research
Funds invested Input
People/Number of hours worked Input Hours spent on projects vs. total hours R&D
Ideas Input Innovation level and degree of creativity
Results R&D Lab % of projects abandoned after a certain degree of completion
Milestones met Outputs Planning accuracy, i.e. % of agreed milestones and/or objectives met
Specific requests Input Degree of anticipation of internal customer needs
Project progress/Projects completed Outputs Project progress and projects completed
Transfer rate of new knowledge and Outputs Transfer rate of new knowledge and technology into product development
technology into product development
Percent of new technology content in new Outputs Percent of new technology content in new products
products
FIGURE 4 R&D laboratory
R&D Performance
system extension Top Term
R&D Lab
Constructs
Inputs Outputs
* % of budget spent *  Project progress and *  Transfer rate of new
internally on applied projects completed knowledge and
research technology into
* % of budget spent product development
internally on basic % of projects
research abandoned after a
¢  Hours spent  on certain  degree  of
projects  vs. total completion
hours R&D *  Degree of
* Innovation level and anticipativeness to Key Measures
degree of creativity internal customer
needs
e Percent of  new
technology content in
new products
e Planning  accuracy,
ie. % of agreed
milestones and/or
objectives met

descriptive survey show that respondents did not deem any of the
measures that have been identified in prior literature (as in Kerssens-
van Drongelen & Bilderbeek, 1999; Chiesa & Masella, 1996; Wang
et al., 2010; Lazzarotti et al., 2011) as useful or did not find them to
be applied in their firms. Only three of these ten measures were
known, namely percentage of collaborative projects with third parties
(Wang et al., 2010), number of alliances dedicated to technological inno-
vation (Lazzarotti et al., 2011), and externally built network (Kerssens-
van Drongelen & Bilderbeek, 1999). This is surprising given the fact
that most respondents' firms are mid-sized firms with an international
business perspective engaging in various inbound and outbound R&D
activities (as defined by Gassmann & Enkel, 2004). A possible explana-
tion might be that people active in the R&D department are overly

focused on measures within their immediate work environment or
might not be aware of the importance of measuring these external
effects for department-centric performance. However, all industry
experts participating in the expert survey and focus groups were
members of an innovation network, hence were actively engaging in
the exchange and profiting from network effects. Given this special
innovation network relation, the lack of selection of network effect
measures is even more surprising. Possibly, members of an innovation
network perceive the significance of exchange and measurement at
network level differently from exchange in actual R&D projects at the
individual firm level. Nevertheless, the key identified measure degree
of anticipation of internal customer needs might indicate that not all

external measurements have a lower importance, but that at least



2 | WILEY

BICAN ano BREM

internal firm needs, i.e. external to the R&D department, might play a
major role in assessing R&D performance or collaboration efficiency
(Lee et al., 2019).

The findings of our study also contribute to the discussion on
characteristics of successful measurement systems (Brown &
Svenson, 1998; Chiesa et al., 2007). Depending on the objectives of
measurement, characteristics of the respective system employ differ-
ent design choices that can also lead to organizational benefits like
resource allocation optimization (Bourne, Franco-Santos, Micheli, &
Pavlov, 2018; Chiesa et al., 2007). In addition, these can contribute to
employees feeling more connected to firm goals and performance
measurement necessities (Englund & Ludvigsen, 2015).

The final selection of key performance measures indicates that
input and output measures outnumber R&D Lab measures, supporting
that “measur[ing] only valuable accomplishments/outputs” seems to
be of key importance (Brown & Svenson, 1998). This is also in line
with the characteristic of “focus[ing] on measuring outcomes and out-
puts, not behavior”, as outputs play a dominant role amongst the per-
formance measures. We cannot conclude on the outcome
characteristics, as our research focus was specified on measuring R&D
performance only at the R&D department level, as depicted in steps
1-3 of the R&D Lab (Figure 1). Contrary to Brown and Svenson (1998),
we refrained from including outcomes as a measure, as outcomes can
only be assessed retrospectively and cannot serve as (forward-looking)
R&D performance indicators. This theoretical foundation guiding our
approach was subject to all focus group workshops and has been

reflected and confirmed in our findings.

7 | MANAGERIAL IMPLICATIONS

Managers can assess their current status and improve their existing
R&D performance measures to better connect business and innova-
tion activities for an enhanced performance of the individual firm and
the innovation network. The approach outlined in this paper can serve
as a framework for arriving at meaningful R&D performance measures
(seeTable 8).

In a first step, managers should assess the status-quo, answering
questions like which measures are currently being used. Building on
this, measures which are not used should be identified to form a com-
bined longlist of potential measures, as demonstrated through our
review of prior literature. Next, these measures should be triangulated
and scrutinized according to parameters like practical applicability and
measurement focus, eventually resulting in a list of key- and flop-
ranked measures. As mentioned by one participant, “during this pro-
cess it is less relevant if 10, 20, or 30 measures are identified [...] since
it gives us the potential to further discuss their usefulness”
(Participant of focus group workshop 2, July 19, 2018). The identified
measures could then be implemented and assessed over a predefined
period of time under constant monitoring and refinement. By doing
so, other uses of these measures than performance measurement
alone, like suitability of implemented measures as controlling instru-

ments, could improve the effectiveness and efficiency of the R&D

TABLE 8 Managerial framework for R&D performance measures

For practice Steps in this paper

Step 1 Assess the status-quo Literature review
Appendix

Step 2 Identify unused measures

Step 3 Form combined longlist of
potential measures

Step 4 Triangulated and scrutinized Textual analysis
measures Table 2

Step 5 Identify key- and flop-ranked Survey, focus
measures group 1

Tables 4 and 5

Step 6 Use as potential for further Focus group 2
discussion

Step 7 Derivation of key performance Focus group 3
measure Table 6

Step 8 Implemented measures

Step 9 Assess measures/constant
monitoring

Step 10  Measure refinement

Step 11  Measure extension

performance measures' evaluation process. This paper provides man-
agers with a comprehensive list of measures (at various selection
stages) that can be used as a starting point in evaluating innovation
measures internally or in innovation network settings.

Our findings further indicate that managers should be aware of
department-specific idiosyncrasies: Being overly focused on R&D
department-centric performance measures that relate to the direct
work environment, might cause less obvious measures to be over-
looked, like measuring external or network effects, or measures
related to human resource indicators. Resource constraints might fur-
ther enhance the problem of evaluator-fit, i.e. which employees are
best suited to measure R&D performance and draw inferences on
measurement results.

Moreover, R&D performance measures might not only impact the
individual firm. Our research approach and findings show how innova-
tion networks can foster the identification and development of inno-
vation performance measures (Agostini, Filippini, & Nosella, 2015).
Network members enhanced the network performance by contribut-
ing proprietary, firm-specific knowledge to the network. These accu-
mulated knowledge inputs contributed to creating proprietary
network performance measures within the innovation network itself,
as visible throughout our focus groups. The knowledge of these mea-
sures then transfers back to the network member firms, influencing
and reinforcing performance measure initiatives. With this kind of
innovation network, knowledge exchange flows in both directions,
eventually creating performance measures on the individual as well as
at the innovation network level.

In the case of the ratio of input and output measures among the
key selected measures, an active exchange and information provision,
as fostered through innovation networks, enhances the understanding

of measures. This can lead to differing, more nuanced results (focus
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group 1 selected almost no inputs measures, whereas, after inclusion
of the results of focus group 2, 40 percent of key performance mea-

sures could be attributed to the input stage).

8 | LIMITATIONS AND FURTHER
RESEARCH

Our methodological approach aimed to identify key performance
measures. We primarily focused on a structured derivation of R&D
performance measures from prior literature. Through a mixed-
methods approach spanning textual analysis, triangulation, descriptive
survey, and three focus group assessments, we summarized relevant
key R&D performance measures. Even though our sample and basis
of analysis consisted of more than 40 industry experts in the focus
groups alone, this basis needs to be broadened with more data, poten-
tially enabling further quantitative validation.

Even though the firms who participated were from a large variety
of different industries and of sizes, additional (specific) industries
could be included to further enhance the generalizability of our
results. Another limitation is the time aspect. Although the informa-
tion was collected at various points in time, a longitudinal study would
allow for differing insights. In addition, all participating firms are
located in Germany. This might limit the generalizability of our find-
ings since the attitude and approach toward measures might be
influenced by the culture of German firms. Future researchers should
include a broader international background, thereby focusing on dif-
ferent cultural backgrounds.

Despite a potential indication of the focus groups that the time of
assessment might not play an important role in R&D performance
measurement, participants of the focus groups noticed that some mea-
sures might be more suitable at certain points in time (as also indicated
by, e.g., Chiesa et al., 2007). Measures at the input stage are obviously
more suitable to measure the R&D performance at the beginning of an
R&D project. It is proposed that a dynamic measurement might be
most suited, mirroring prior research that recommends some form of
index to measure R&D performance (Birchall et al., 2011; Brown &
Svenson, 1998). Future research could assess our findings as to
whether they form a suitable basis for a dynamic measurement pro-
cess throughout the full R&D project cycle, i.e. spanning all stages
from inputs, over R&D Lab and outputs, while dynamically adjusting to
the specific requirements at and throughout each stage. The proposed
hybrid nature of some input measures, i.e. qualifying both as input and
output measures alike, could be of importance in these considerations.
Potential effects of these measures should be included in elaborations
on dynamic measures in further research.

This reflects on questions of practicability of the identified mea-
sures. As one innovation manager noticed: “This is the tricky part: |
always wonder how someone, as innovation manager in R&D, can
access these controlling-based figures?” (Participant of focus group
workshop 1, December 8, 2017). Reinforcing this notion, our findings
revealed a trend towards outputs and project-related measures.

Future research should analyze these trends in the light of applicable

perspectives of performance, as proposed by Wang et al. (2010) and
Lazzarotti et al. (2011). This might shed light on how to apply these
measures in practice, how the R&D department might include and
access these measures, and which evaluators are best suited to col-

lect, analyze, and decide on the measures' effects.
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APPENDIX

Measures identified from literature

Measure

% of budget spent externally on
applied research

% of budget spent externally on
basic research

% of budget spent internally on
applied research

% of budget spent internally on
basic research

% of evaluation ideas applied in
new projects

% of products succeeding in the
market

% of project evaluation ideas
applied in new projects

% of projects abandoned after a
certain degree of completion

% of projects technically
successful

% of sales and profits from new

products introduced in the last

three (five) years

% of sales and profits from
products with significant

enhancements in the last three

(five) years

% of sales by new product(s)

Accuracy of pricing and revenue
planning

Agreed milestones/objectives met

Alignment to business strategy

Annual spending for market
investigations aimed at
generating technological
innovation

Anticipativeness to external
customer needs

Anticipativeness to internal
customer needs

Approval ratio of new (drug)

Source

Kerssens-van Drongelen &
Bilderbeek (1999)

Kerssens-van Drongelen &
Bilderbeek (1999)

Kerssens-van Drongelen &
Bilderbeek (1999); Chiesa &
Frattini (2007)

Kerssens-van Drongelen &
Bilderbeek (1999); Chiesa &
Frattini (2007)

Wang et al. (2010); Chiesa
et al. (2009)

Kerssens-van Drongelen &
Bilderbeek (1999); Chiesa &
Frattini (2007)

Kerssens-van Drongelen &
Bilderbeek (1999)

Chiesa & Masella (1996)

Chiesa & Masella (1996)

Chiesa & Masella (1996); Werner &

Souder (1997)

Chiesa & Masella (1996)

Kerssens-van Drongelen &
Bilderbeek (1999)

Wang et al. (2010)

Kerssens-van Drongelen &
Bilderbeek (1999); Baglieri
et al. (2001)

Baglieri et al. (2001)

Lazzarotti et al. (2011)

Werner & Souder (1997);
Kerssens-van Drongelen &
Bilderbeek (1999)

Kerssens-van Drongelen &
Bilderbeek (1999)

Wang et al. (2010)

Measure
Designs produced

Developing

Discounted cash flows

(Drug-related) adverse events
and efficacy

Efficiency/keeping within
budget

Employee retention rate

Equipment

Expected or realized IRR/ROI

Expected royalties

Facilities/Laboratories

Facts

Flexibility of resources

Funds invested

High design for
manufacturability

Hours spent on projects/total
hours R&D

Human capital indicators

Ideas

In-process quality control
tool

Incremental profitability

Source
Brown & Svenson (1998)

Brown & Svenson (1998)

Baglieri et al. (2001)

Wang et al. (2010)

Kerssens-van Drongelen &
Bilderbeek (1999); Chiesa
et al. (2007)

Bremser & Barsky (2004); Wang
et al. (2010)

Brown & Svenson (1998);
Coccia (2001)

Kerssens-van Drongelen &
Bilderbeek (1999); Chiesa
et al. (2009)

Baglieri et al. (2001)

Brown & Svenson (1998);
Coccia (2001)

Brown & Svenson (1998)

Baglieri et al. (2001)

Brown & Svenson (1998)

Kerssens-van Drongelen &
Bilderbeek (1999)

Kerssens-van Drongelen &
Bilderbeek (1999); Chiesa
et al. (2009)

Perkmann et al. (2011)

Brown & Svenson (1998);
Kerssens-van Drongelen &
Bilderbeek (1999); Chiesa
et al. (2009)

Brown & Svenson (1998); Larsen &
Lindquist (2016)

Baglieri et al. (2001)
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Measure

Average cost of each completed
project

Average development cost per
new products

Average development cycle time

Awards won

Behavior, i.e. a process or
activity/professional esteem

Capacity for self-financing

Combine data with external
developments

Combine data with internal
conditions

Committee work

Competitive value of technology
innovations and research data

Cost of loss

Creativity/innovation level

Credit

Current percentage of sales of
new products

Current time to market/reference
time to market

Customer lifetime value

Customer satisfaction (functional
product performance, product
range, product variety, quality,
etc.)

Customer satisfaction with new
products

Deadlines

Dependence on centralized
funding

Source
Lazzarotti et al. (2011)

Wang et al. (2010)

Wang et al. (2010)

Brown & Svenson (1998)

Brown & Svenson (1998);
Kerssens-van Drongelen &
Bilderbeek (1999)

Coccia (2001)

Kerssens-van Drongelen &
Bilderbeek (1999)

Kerssens-van Drongelen &
Bilderbeek (1999)

Brown & Svenson (1998)

Brown & Svenson (1998)

Baglieri et al. (2001)

Kerssens-van Drongelen &
Bilderbeek (1999); Lakiza &
Deschamps (2018)

Coccia (2001)
Wang et al. (2010)

Kerssens-van Drongelen &
Bilderbeek (1999)

Wang et al. (2010); Lakiza &
Deschamps (2018)

Chiesa & Masella (1996)

Wang et al. (2010)

Brown & Svenson (1998); Chiesa &
Masella (1996)

Coccia (2001)

Measure

Industry income
Information
Interaction

intensity/Relevant research

Joint objective setting/High
quality research

Knowledge

Learning organization
Leverage factor/Funding
Libraries

Life cycle cost

Long-term focus
Long-term visibility

Market share gained due to

R&D

Market share of new product

Milestones met
National insurance coverage
Net income from sales of

technology

Net present cash flow to
development cost

Net present value

Network building

Source
Perkmann et al. (2011)

Brown & Svenson (1998); Brown &
Svenson (1998)

Perkmann et al. (2011)

Perkmann et al. (2011)

Brown & Svenson (1998);
Kerssens-van Drongelen &
Bilderbeek (1999); Chiesa
et al. (2009)

Kerssens-van Drongelen &
Bilderbeek (1999)

Perkmann et al. (2011)

Coccia (2001)

Baglieri et al. (2001); Chiesa
et al. (2007)

Kerssens-van Drongelen &
Bilderbeek (1999)

Baglieri et al. (2001)

Kerssens-van Drongelen &
Bilderbeek (1999)

Wang et al. (2010)

Brown & Svenson (1998); Chiesa &
Masella (1996)

Wang et al. (2010)

Brown & Svenson (1998)

Brown & Svenson (1998)

Baglieri et al. (2001)

Kerssens-van Drongelen &
Bilderbeek (1999)

Perkmann et al. (2011) R&D productivity, which influences Chiesa & Masella (1996)

cash outflows occurring before t*

New projects

No. of innovations—Impact on ongoing Perkmann et al. (2011) Chiesa & Masella (1996)

R&D programs

R&D projects which led to new or
enhanced product or process
innovations, licenses, patents

No. of solution concepts Perkmann et al. (2011) R&D revenue/R&D expenditure Wang et al. (2010)

Kerssens-van
Drongelen &
Bilderbeek (1999)

Baglieri et al. (2001)

Rate of re-use of standard
designs/proven technology

No. of times reworked Kerssens-van Drongelen &

Bilderbeek (1999)

Number of alliances dedicated to Lazzarotti et al. (2011)

technological innovation

Real options

(Continues)
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Number of employees dedicated to
external relationships in R&D

Number of parts produced
Number of personnel in training

Number of redesigns and average time
of redesigns; design performance
(manufacturing cost,
manufacturability, testability)

Number of reports/Documentation

Number of teaching courses held
Number of technology transfer plans

Outside data, i.e. other department
than R&D

Patents/Legal protection

People/Number of hours worked

Percent of net income from products
developed in the last five years

Percent of new technology content in
new products

Percent of products developed in the
last five years

Percentage of collaborative projects
with third parties

Percentage of people having a
pertinent degree (with respect to all
the people devoted to technological
innovation)

Percentage of projects in which
customers are operatively involved
(training, test, problem solving)

Personalized product treatment
Planning accuracy

Presentations made

Principles

Processes

Product development cycle time

Product life cycle

Lazzarotti et al. (2011); Chiesa
et al. (2009)

Brown & Svenson (1998)
Coccia (2001); Wang et al. (2010)
Chiesa & Masella (1996)

Brown & Svenson (1998); Baglieri
et al. (2001); Lazzarotti et al. (2011)

Coccia (2001)
Brown & Svenson (1998)
Brown & Svenson (1998)

Brown & Svenson (1998);
Coccia (2001); Kerssens-van
Drongelen & Bilderbeek (1999);
Serrano-Bedia et al. (2018)

Brown & Svenson (1998);
Coccia (2001); Wang et al. (2010)

Brown & Svenson (1998)

Brown & Svenson (1998)

Brown & Svenson (1998)

Wang et al. (2010); Kerssens-van
Drongelen & Bilderbeek (1999)

Lazzarotti et al. (2011)

Lazzarotti et al. (2011)

Wang et al. (2010)

Kerssens-van Drongelen &
Bilderbeek (1999)

Brown & Svenson (1998)

Brown & Svenson (1998)

Brown & Svenson (1998);
Serrano-Bedia et al. (2018)

Brown & Svenson (1998); Chiesa &
Frattini (2007)

Brown & Svenson (1998); Chiesa
et al. (2009)

Reproduction cost

Researching
Results

Sales derived from innovation
projects

Sales from new products

Scope of applications
Short-term capability

Specific requests

Speed

Speed to market

Staff learning metrics

Strategic skills coverage ratio

Sum of revised project

durations/Sum of planned
durations

Technological excellence

Technology leadership

Technology/design re-use

Testing

The degree of integration with the
manufacturing function, which

influences costs after t*

The degree of integration with the

marketing function

The number of duplications

The number of project parts jointly
carried out with other projects

The ratio of cost to technical

progress that measures the cost

per unit of technical progress

The ratio of cost to time and to time

per technical progress unit

Baglieri et al. (2001)

Brown & Svenson (1998)
Brown & Svenson (1998)

Lazzarotti et al. (2011);
Lakiza &
Deschamps (2018)

Bremser &
Barsky (2004); Wang
et al. (2010); Larsen &
Lindquist (2016)

Baglieri et al. (2001)
Baglieri et al. (2001)
Brown & Svenson (1998)

Kerssens-van
Drongelen &
Bilderbeek (1999)

Kerssens-van
Drongelen &
Bilderbeek (1999)

Bremser &
Barsky (2004);
Perkmann et al. (2011)

Wang et al. (2010)

Kerssens-van
Drongelen &
Bilderbeek (1999);
Chiesa et al. (2009)

Baglieri et al. (2001);
Baglieri et al. (2001)

Kerssens-van
Drongelen &
Bilderbeek (1999)

Kerssens-van
Drongelen &
Bilderbeek (1999)

Brown & Svenson (1998)
Chiesa & Masella (1996)

Chiesa & Masella (1996)

Chiesa & Masella (1996)
Chiesa & Masella (1996)

Chiesa & Masella (1996)

Chiesa & Masella (1996)
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Products

Products designed

Profit due to R&D

Project attractiveness

Project feasibility with
milestones/gates

Project progress/Projects completed

Publications/Number of publications

(books and paper)

Quality of new (drug)

Quality of project management

R&D annual spending
R&D hit rate

Brown & Svenson (1998);
Kerssens-van Drongelen &
Bilderbeek (1999); Serrano-Bedia
etal. (2018)

Brown & Svenson (1998)

Kerssens-van Drongelen &
Bilderbeek (1999)

Kerssens-van Drongelen &
Bilderbeek (1999)

Kerssens-van Drongelen &
Bilderbeek (1999)

Brown & Svenson (1998);
Kerssens-van Drongelen &
Bilderbeek (1999); Chiesa &
Masella (1996)

Brown & Svenson (1998);
Coccia (2001); Baglieri et al. (2001)

Chiesa et al. (2007); Wang
et al. (2010)

Baglieri et al. (2001); Chiesa
et al. (2007); Larsen &
Lindquist (2016)

Lazzarotti et al. (2011)

Kerssens-van Drongelen &
Bilderbeek (1999)

The ratio of technical progress to
costs

The ratio of technical progress to
time, i.e. the technical progress
per time unit (month, year, etc.)

The ratio of technical progress to
time
The ratio of time to technical

progress, i.e. the time employed to
improve technical progress unit

Time dedicated to the analysis of
reasons for failure of previous
projects

Time to market

Time to market—Production costs
savings

Time to market: Average concept to
launch time, time for each phase
(concept, design, initial
production, launch)

Transfer rate of new knowledge and
technology into product
development

Updated cost

Chiesa & Masella (1996);
Werner &
Souder (1997)

Chiesa & Masella (1996)

Chiesa & Masella (1996)

Chiesa & Masella (1996)

Lazzarotti et al. (2011)

Bremser &
Barsky (2004);
Lazzarotti et al. (2011);
Lakiza &
Deschamps (2018)

Baglieri et al. (2001);
Chiesa &
Frattini (2007)

Chiesa & Masella (1996)

Brown &
Svenson (1998);
Coccia (2001)

Baglieri et al. (2001)
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