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Abstract

Purpose: The level of innovation is essential for a company’s or country’s competitive advantage and
the ways to measure innovation are manifold. The review aims to give an overview over the continuously
growing body on approaches to measure innovation.

Design/methodology: A new definition of innovation measuring is proposed. Based on this definition
a structured approach for researching the literature was applied. A selection of 30 advances is discussed
and a 4-level-of-analysis-framework is applied to review the broad research on measuring innovation on
individual, work team, company and country level.

Findings: The narrative review shows that specific measuring frameworks exists for each level of
analysis. Output oriented indicators can be found on all levels, they ate complemented by potential
enablers on country level, process indicators on company and project level and behavioural indicators on
individual level. Approaches specifically focussing on work teams could not be found.

Research limitations/implications: Further research is needed on specific advances on measuring
innovation on work-team level.

Practical implications: By discussing key characteristics of the reviewed studies, the analysis will help
decision makers to choose a fitting approach and support researchers by identifying open fields of
research. It is recommended to tesearch on advances to measure innovation on work team level to close
the existing gap.

Originality /value: While influences on innovation ate extensively discussed a comprehensive overview
over the approaches to identify the effects of modifying these influences is missing, This paper intends
to closes this gap.

Keywords: Innovation measuring, Innovation controlling, Literature review, Innovation management
Jel Codes: O31, 032, M10

1. Introduction

It is broadly accepted in today’s literature that ‘it [concept of innovation] is considered one of the essential
ingredients of competitive advantage given that it is an intangible component that is difficult for competitors to
replicate.’(Marin-Garcia, Perez-Pefialver, Vidal-Carreras & Maheut, 2012, p. 920). Thus, this topic is on the one
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hand in the focus of nowadays research and on the other hand many companies invest (significantly) to improve
their innovation performance in the next couple of years.

While companies are investing it is generally of high relevance to accompany these investments with frameworks
which are able to measure the investment’s success. To just name a few, some companies use an adapted form of
the balance score card — the innovation balance scorecard — to measure innovation (Fischer, Méller, & Schultze,
2015, p. 6406), others are measuring the return on R&D (Vahs & Brem, 2015, p. 646). Alternatively, Bloomberg is
offering the "Bloomberg innovation index" to measure innovation (Coy, 2015, p. 1) while other authors use the
so called “Innovation Capacity Indicator” (Lopez-Claros & Mata, 2012, p. 1).

The topic of measuring and controlling innovation is broadly discussed within the literature and by various
organisations responsible for creating general innovation indexes or measuring a company’s innovation. There
has been a significant rise in the number of published articles on innovation, innovation measuring and
innovation controlling since 2001 (for details please refer to Figure 1).
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Figure 1. Growth in published papers in the field of innovation. Note: The literature re-search was
undertaken in the Web of Science using innovation and innovation controlling as keywords in the subject
fields business, management and business finance)

However, it is unclear whether it is exhaustive or whether there are still areas requiring further research. To
facilitate the analysis and improve clarity it is recommendable to cluster the manifold approaches in groups. In a
similar context Anderson et al. used a framework of 4 levels to evaluate innovation and creativity in
organizations: the individual, the work team, organizational, and multi-level approaches (Anderson, Potocnik &
Zhou, 2014, 1302f). Within this study it is evaluated whether this idea can be transferred on innovation
measuring to cluster the identified approaches:

*  The assessment of particular skills which are supposed to lead to innovativeness on an individual level
are highly relevant e.g. for universities to adapt their curriculum or HR in the hiring process. Employee
level innovation metrics also help on deciding about rewards and recognition (Goffin & Mitchell, 2010,
p. 302). This level of analysis should therefore be taken into account within the present review.
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e It is also highly relevant for companies to be able to judge on the innovation performance of a single
work team or project team. Knowing the “as is” status of a team’s innovation performances enables
managers to on the one hand decide which teams need specific measures to in-crease their
innovativeness and on the other hand to control the success of an implemented measure, in case the
level of innovation has increased.

* Today, most innovations are based not on a single persons or teams but on the effort of the whole
company or at least teams working across business units (Fischer et al., 2015, p. 642). To represent this
situation, approaches to measure innovation are also required on organizational level. Even though there
is an overlapping area with regards to the work team level in which exact definitions are difficult to
apply, within this review advances to evaluate multi-project teams and business units consisting of more
than one work or project team respectively will be evaluated within this category.

* However, ‘Every country wants to foster a culture of innovation’ (Coy, 2015, p. 1). To do so, one must
know which countries succeed in this task to learn from their success. Because it is necessary to be able
to evaluate the innovation level of a country or region, relevant advances exist which cannot not be
categorized to one of the other levels. Thus, this level of measuring should be added to the framework
used by Anderson et al.

* Anderson et al. are evaluating studies on creativity and innovation and were also including multi-level
research into their review (Anderson et al., 2014) Within the context of this paper taking multilevel
analysis’ of innovation into account will not be reasonable. Even though work teams and projects might
also be defined as small subordinated units of organizations, the individual, the organizational and the
country level differ too much from each other. So, a specific category for measuring innovation based on
multilevel analysis is not required.

To sum up, on the one hand Anderson et al. already proved that this framework is working, On the other hand, it
allows a plausible grouping in a mutual exclusive but collectively exhaustive structure of advances measuring
innovation while only minor adjustments are required. This framework will therefore be used within this study.
By reviewing representative academic approaches and business tools clustered in the four levels individual, work
team, company and country (see Figure 2), this study pursues two objectives: assessing open fields of today’s
research and supporting decision makers to identify the tool fitting to their specific need.

T* Countrv.region level

+* Company/ business unit level
++ Work team / project team level
[ 4> Individual level

Figure 2. Levels of Analysis for approaches to measure
innovation

Thus, firstly a definition of measuring innovation will be given and the structured approach to identify
approaches described in academic literature and offered as business services will be specified. Secondly, this
review will give an overview over 30 approaches to measure innovation which are grouped into the four levels
described above. Then, it will be discussed whether the existing approaches describe the topic exhaustively or
there is a need for further research.

2. Methodology

The study aims to present a comprehensive overview over existing and relevant methods of innovation
measuring not only described in academic literature but also offered as tools to customers. A proven review
strategy based on stages was applied (Pittaway, Robertson, Munir, Denyer & Neely, 2004, 139f; Rousseau,
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Manning & Denyer, 2008) to identify the relevant approaches. The following steps were taken by the author
(Spender, Corvello, Grimaldi & Rippa, 2017, p. 5):

1) Based on a preliminary review of the literature on the topic of innovation, the author identified a set
of key words by using the mindmapping technique. Exemplary key words were “innovation”,
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“measuring”, “assessment” and “controlling”.

1) Search strings were used to find the relevant contributions, e.g. the string [innovat* AND measure*
OR control* OR assess*| was used at the beginning;

iii) This string was used for an initial search in Google Scholar to determine additional key words. For
example, additional words such as “performance”, “capability”, “R&D”, “indicator” and “index” were
found to be relevant and added to the analysis.

iv) As a base a search using the string [“measur* innovat*” OR “control* innovat*’] was undertaken in
three search engines: Elsevier’s Scopus (576 contributions), Web of Science (372) and EconBiz (240).

v) Due to the highest number of resulting contributions, Scopus was selected to apply the strings
identified in step ii) and iii). These strings were continuously refined up to the most complex. 321
contributions were gained using the final string [(TITLE-ABS-KEY (“measur*innovate*” OR
“control*innovat*” OR “measure* R&D” OR “innovation index” OR “measure* innovat*
performance”)) AND (performance) AND (LIMIT-TO (SUBJAREA, “BUSI”) OR LIMIT-TO
(SUBJAREA, “ENGI”) OR LIMIT-TO (SUBJAREA, “ECON”))]. The author is glad to provide the
full list to anyone interested

vi) Inclusion and exclusion criteria were defined to further refine the results (see Table 1). The reasoning
was to include all methods and tools included which describe a way to measure innovation independent
from the measured object (e.g single product, individual or country). Due to the fact that organizations
or specialized companies offer to evaluate innovativeness, this aspect was included as well in the list of
criteria as long as the measuring method could be obtained.

Inclusion Critetia

Criteria

Reason for inclusion

Theoretical papers

Provide the working assumptions used in this study and the study on
existing tools

Qualitative and quantitative
empirical studies

To include all empirical evidence

Study books / lecture
documents

To describe tools for measuring innovation relevant for students and
practitioners in a concise manner

Tools offered by companies
or organizations

To describe tools and prove their applicability in reality for measuring
innovation. These were only included if the methodology of the
approach was described.

Exclusion criteria

Criteria

Reason for exclusion

Studies on activities /
methods to increase
innovation

Activities / methods to improve innovation performance ot
capabilities are different from measuring it.

Influencing factors on
innovativeness

The study shows an overview over the existing tools / methods for
measuring innovation and does not intend to develop an own
approach based on existing influencing factors.

Table 1. Inclusion and exclusion criteria

vil) These criteria were used to assess the contributions gained from Scopus in two steps: to begin with,
the titles and keywords of the articles were evaluated based on the inclusion and exclusion criteria,
secondly, the abstracts of supposedly relevant articles were analyzed accordingly. However, the vast
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majority of literature is addressing the need for being innovative and activities or methods to increase
the level of innovation and were excluded. So finally, 24 approaches fulfilled the focus of this review.

viii) To include tools and methods offered by companies or organisations even though they might not
have been referenced by Scopus, the author also used the search string from step iv) in Google to ensure
the completeness of the search results. While applying the inclusion and exclusion criteria on the 69
results and their linked references, 6 additional approaches from the business sector and country indices
were identified.

ix) Finally, the reference sections of the total of 30 approaches was evaluated according to these criteria
to assess the search strategy and search for additional approaches. However, additional advances could
not be identified.

x) Each approach was assigned to one of the levels described above and evaluated based on the aspects
measuring technique and indicators used. During this process themes common to the approaches were
identified.

3. Review of approaches

A data as well as descriptive analysis of the identified approaches was conducted.

3.1. Data analysis

Generally speaking, descriptions of approaches can be found in three different sources: study books or lecture
documents, journal articles and as service offered. Naturally, some advances are described in more than one
source. To examine the typology of identified approaches and trace the major sources the content analysis
method was adopted (Leonidou, Katsikeas & Coudounaris, 2010, p. 80); (Furrer, Thomas & Goussevskaia, 2008,
p. 5) with regard to the aspects characteristics of approach description and the approaches’ measuring technique.
The author also considered conducting an analysis of key words. Due to the high percentage of tools described
in study books or being offered by companies or organizations — sources which lack specific key words regarding
the approach — a meaningful result could not be expected and the idea was dismissed.

The advances were desctibed in three ways: cither generally / theoretically (how one should do it) or the
applicability was proved in a study / experiment or by showing the results of their regular application. While 12
out of the total of 30 advances (40%) were described in a general manner, 8 (27%) approaches were applied by
the authors.

Total (n=30)
General description 40%
Application 27%
Study 33%

Table 2. Characteristics of approach description

It is particularly noticeable that all advances with a focus on measuring a country’s innovation are actually applied
by the authors, presenting a ranking of the world’s most innovative countries. While this shows that these tools
are working, of course it does not prove the validity of the results or the meaningfulness of the chosen criteria.

Different techniques are used to measure the approaches indicators’ (Table 3): quantitative, semi-quantitative
and/or qualitative. Semi-quantitative techniques are basically qualitative judgements that are converted to
numbers. They differ from quantitative technique in that no attempt is made to use a sophisticated formula to
complete the data. For example, the R&D return framework results in 1 single value by multiplying indicators
such as e.g. R&D productivity with R&D yield (Vahs & Brem, 2015, p. 648), the Innovation Balanced Scorecard
reports single values without resulting in 1 single value (Fischer et al., 2015, p. 646). Qualitative techniques are
intuitive judgements (Pappas & Remer, 1985, p. 15).
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Quantitative Semi- qua{ltlt.atlve Semi-quantitative Quantl.tatl've & Qualitative
& quantitative qualitative

Employee 1 1 3 0 0
Team / project 0 2 0 1 1
Company /. 6 0 9 0 0
business unit

Country 6 0 0 0 0
Total (n=30) 13 3 12 1 1
Total in % 43% 10% 40% 3% 3%

Table 3. Measuring technique

It can be stated that nearly all approaches try to quantify the level of innovation, 13 out of the total of 30
advances are even using a quantitative technique to facilitate comparisons, e.g. of countries by showing one

resulting score.

With regard to the descriptive analysis the evaluated advances show a great variety in methodology and objective
while measuring innovation. The identified approaches for measuring innovation were reviewed clustered in the

4 levels focussing on country level, company level, work team / project team level or the level of the individual
(please refer to Table 4).

Overview over discussed approaches

Name / Author Level of | Measuring | Indicators used Remarks / short desctiption
analysis | technique(s)
Input-Process- Company | Semi- Exemplary selection (Mdller, The quantified elements can be
Output-Outcome quantitative | Menninger & Robers, 2011): displayed for example in form of a
Model (IPOO) - Input: spider web chart.
quantitative: personal cost, number | Méller et al,, 2011 are
of ideas, training cost per employee | characterising these indicators as
semi-quantitative: work experience of | ,,qualitative” Due to the fact that a
employees, quality of ideas quantitative visualization by using
- Processing System: a spiderweb diagramme is used,
quantitative: hours worked per they have to be categorized as
project, number of results achieved in | semi-quantitative
time This measuring approach is also
semi-quantitative: product / service | supported by other German
quality, progress authors, e.g. (Fischer et al., 2015;
* Output: Vahs & Brem, 2015)
quantitative: number of patents,
number of new products, average
cost per patent
semi-quantitative: synergy effects,
fundamental research results
* Outcome:
quantitative: increase in sales / profit,
cost reductions
semi-quantitative: product
improvements, customer satisfaction
Innovation Company | Semi- Exemplary selection of indicators of | Approach describes
Balanced Scorecard quantitative | the balanced score card with focus on | implementation of a balanced
increasing innovation success(Fischer | score card with particular focus on
etal., 2015): innovation success
* Sales with new products in relation
to required investments
- Time to market
- Market shate gained by R&D
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Overview over discussed approaches

Name / Author

Level of
analysis

Measuring
technique(s)

Indicators used

Remarks / short description

Innovation Audit
Scorecard

Company

Semi-
quantitative

‘Innovation audits look at not only
performance (an output measure) but
also how this performance was
achieved (a process measure)’ (Goffin
& Mitchell, 2010, p. 317)

Indicators are defined for various
aspects, e.g. market,
projectmanagement, product,
innovation culture, know-how etc.

(Warschat, 2005)

The InnoAudit-Scorecard is an
instrument to classify companies
and to identify company-specific
improvement potential. (Warschat,
2005, p. 13)

Goffin & Mitchell

Company

Semi-
quantitative

The indicators of this approach equal
the quantitative indicators of the
IPOO model. The output and
outcome indicators of the IPOO are
put together in Goffin's aspect output
(Goffin & Mitchell, 2010, p. 316)

Improve

Company

Semi-
quantitative

Indicators are clustered in the 5
dimensions innovation strategy,
innovation organisation & culture,
innovation life cycle processes,
enabling factors and innovation
results. Exemplary indicators are e.g;
time to market / profit, feedback
loops, idea management, capacity for
innovation, etc. (Innovety, 2014, p. 5)

Measuring the company's overall
innovation management
performance with the Improve
tool is based on A.T. Kearney's
"House of Innovation".
(Innovety, 2014, p. 5)

De Jong et al

Company

Semi-
quantitative

The model includes 50 determinants
which are group into the 9 categories
people characteristics, strategy,
culture, structure, availability of
means, network activities, company
characteristics, innovation
infrastructure and market
characteristics. (Jong, Kemp & Snel,
2001, p. 9-10)

The model describes the
determinants for innovative

ability. (Jong et al., 2001, p. 9)

Community
Innovation Surveys
(e.g. CIS Finland,
ZEW Germany

Company

Semi-
quantitative

Exemplary indicators are (Rammer,
Crass, Doherr & et al, 2010):
Number of product / process
innovations, innovation activities
conducted in last 3 years, number of
new products, surveys with regards to
innovation barriers, etc.

The data is used to measure
innovation output as a
complement to more traditional
measures such as patents.
(Leiponen & Helfat, 20006, p. 9)

Michie & Sheehan,
2003

Company

Quantitative

Firms were asked: ‘during the past
three years, how many product
innovations has the company
introduced?’ and ‘during the past
three years, how many process
innovations has the company
introduced?’. (Michie & Sheehan,
2003, p. 129)

“Bean counting”

Business
unit

Quantitative

Exemplary indicators are: patents,
technical publications, awards from
peer groups, etc. (Pappas & Remer,
1985)

The objective is to quantitatively
measure the productivity of the
R&D personnel (Pappas

& Remer, 1985, p. 18)
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Overview over discussed approaches

Name / Author Level of | Measuring | Indicators used Remarks / short desctiption
analysis | technique(s)
R&D Return Business | Quantitative | Indicators for the R&D Return A total value of the efficiency of
Framework unit Framework are (Vahs & Brem, 2015, |the R&D department is calculated
p. 648): in this approach
- R&D Productivity: Potential
productivity and technology
development efficiency
- R&D Yield: potential yield and
operating efficiency
INNO Business | Qualitative | The INNO instrument has 21 items | The INNO is focusing on the
unit clustered in four factors: (1) activating | innovation climate in companies
leadership, (2) continuous and allows a standardized and
questioning, (3) consequential economic measurement of
implementation, and (4) professional | conditions facilitating innovation
documentation. (Kauffeld, Jonas, in organizations (Kauffeld et al.,
Grote, Frey & Frieling, 2004, p. 155) | 2004, p. 1506)
Team Climate Business | Semi- The Team Climate Indicator The TCI is ‘a measure of group
Indicator unit quantitative | measures 38 questions for example | climate in organizations, and for
with regards to (Anderson & West, | team building and organization
1998, p. 246) team objectives, development interventions.’
friendliness of team members, chance | (Anderson & West, 1998, p. 255)
to put forward new ideas, appraisal of
weaknesses, work evaluation, ways to
tackle a problem, etc.
Outcome Business | Quantitative | “The outcomes we focus on are log | Burgess
indicators for job | unit job entry productivity as the quantity
center measure and the quality of service to
job seekers (denoted JSQ), the quality
of service to firms (denoted EMQ)
and the business delivery target
(denoted BDT) as the three quality
measures’. (Burgess, Propper, Ratto
& Tominey, 2012)
Fuchs Business | Quantitative | number of implemented
unit improvement ideas (Fuchs, 2014,
p. 40)
Tidd & Bessant Business | Semi- Exemplary selection of indicators
unit quantitative | (Tidd & Bessant, 2014, p. 289):

- Input: e.g. percentage of sales
committed to R&D, investments in
Training, recruitment of skilled staff
- Process: e.g. number of new ideas,
failure rates, number of overruns on
development time / cost budgets,
measures of continuous
improvement (suggestions/employee,
number of problem solving teams,
cumulative savings, etc.)

* Output: specific (e.g patents,
scientific papers, new products),
process elements (e.g. customer
satisfaction, improvements in quality),
comparable (e.g. market share, quality
performance, cost of product) and
strategic success (e.g. revenue growth,
improved quality, higher value added)
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Overview over discussed approaches

Name / Author

Level of
analysis

Measuring
technique(s)

Indicators used

Remarks / short description

Integrated
evaluation method

Project

Qualitative

Indicators to assess the technology
and market of an innovation, e.g. by
value for customers, technological
advance compared to existing
products, competitor analysis, R&D
lead, existence of required know-how;,
etc.

Technological aspects and market
chances of an innovative product
are evaluated by expert interviews
and workshops(Vahs & Brem,
2015, 3406ff)

Operative
innovation
Controlling

Project

Semi-
quantitative
& qualitative

Approach is strongly focused on the
project oriented control of
innovation activities in the
dimensions development costs,
product quality and development
time(Fischer et al., 2015, p. 643)

Return on
Investment

Project

Quantitative

Standard return on investment
calculation for innovation projects
(Hauschildt &Salomo, 2007)

Fuchs

Project

Quantitative
& semi-
quantitative

Depending on availability innovative
performance should be measured by
not less than length of development
time, costs of development,
evaluation of innovativeness
compared to the market average,
turnover / profit achieved. (Fuchs,
2014, p. 31)

Based on the results from the
single projects the innovation of
the company is analyzed. (Fuchs,
2014, p. 31)

Goffin & Mitchell,
2010

Employee

Quantitative
& semi-
quantitative

Use of a combination of output-
related and behavioral focused
indicatofs:

* Output-orientated: scientific
publications, patents, ideas generated,
cost savings, project goals, process /
service innovation

- Behavioral focused: innovation
performance rating, teamwork,
competencies gained. (Goffin

& Mitchell, 2010, p. 302)

Using employee level innovation
metrics helps on deciding about
rewards and recognition. (Goffin
& Mitchell, 2010, p. 303)

Innovation
Competence
Barometer

Employee

Semi-
quantitative

Formative online self-assessment tool
for students and professionals and
tool for supporting structured
behavioral interviewing to select
innovators (supervisory rating).

The self-assessment consists of 34
items clustered in categories
creativity, critical thinking, initiative,
teamwork and networking (Butter &
van Beest, 2017, p. 33)

EU-founded project finished in
2017

Scott & Bruce

Employee

Semi-
quantitative

The 6 items of the scale for
individual innovative behavior in the
workplace are (Scott & Bruce, 1994),
eg:

- Searches out new technologies,
processes, techniques and/or product
ideas

- Generates creative ideas

- Promotes and champions ideas to
others

Base for extended scales, e.g.
Jansen (see below) or 13 items
scale by Zhou & George (Zhou &
George, 2001)
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Overview over discussed approaches

Name / Author Level of | Measuring | Indicators used Remarks / short desctiption
analysis | technique(s)
Janssen Employee | Semi- 9 item scale for innovative work Scale to assess individual
quantitative | behavior (Janssen, 2001), e.g.: innovative behavior in the
- Searching out new working workplace, three items refer to
methods, techniques, or instruments | each innovation stage. Scale is
- Generating original solutions for supposed to be completed by self-
problems reports and supervisory rating.
- Acquitting approval for innovative
ideas
- Making important organizational
members enthusiastic for innovative
ideas
- Introducing innovative ideas into
the work environment in a systematic
way
Zhou & Shelley Employee | Quantitative | Exemplary objective measures are Objective measures for employees’
(Zhou & Shalley, 2003, p. 174): creativity may be useful for R&D
Number of patents, patent departments but not in all settings.
disclosures, research papers, ideas For example, number of patents
submitted to employee suggestion may not be relevant in nursing,
programs (Zhou & Shalley, 2003, p. 174)
Global Innovation | Country | Quantitative | The GII relies on two sub-indices— | [The GII] helps policy makers and
Index (GII) the Innovation Input Sub-Index and | business leaders move beyond
the Innovation Output Sub-Index— | one-dimensional innovation
each built around pillars. Four metrics towards a more holistic
measures are calculated: the two analysis of innovation drivers and
named above and the overall GII outcomes.” (Cornell University et
score and the innovation efficiency | al., 2014, p. 6)
ratio. Thus, there is a strong focus on
variables which are not applicable to
measure the output of a single team.
(Cornell University, INSEAD, &
WIPO, 2014, p. 73)
Bloomberg Country | Quantitative | Used metrics (equally weighted):
Indicator - Input: R&D, manufacturing, hi-tech
companies, education, research
personnel
* Output: patents
(Coy, 2015, p. 7)
Economist Index | Country | Quantitative | “The business rankings model ‘The business rankings model

examines ten separate criteria or
categories, covering the political
environment, the macroeconomic
environment, market opportunities,
policy towards free enterprise and
competition, policy towards foreign
investment, foreign trade and
exchange controls, taxes, financing,
the labour market and infrastructure.
Each category contains a number of
indicators that are assessed by the
Economist Intelligence Unit for the
last five years and the next five years.’
(The Economist, 2014, p. 9)

measures the quality or
attractiveness of the business
environment in the 82 countries
covered by The Economist
Intelligence Unit’s Country
Forecast reports. It is designed to
reflect the main criteria used by
companies to formulate their
global business strategies.” (The
Economist, 2014, p. 9)
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Overview over discussed approaches

Name / Author Level of | Measuring | Indicators used Remarks / short desctiption
analysis | technique(s)
Innovation Country | Quantitative | The ICI is built upon five pillars ‘[The Innovation Capacity Index
Capacity Index composed of 61 variables. The pillars |is| a tool for assessing the extent to
are institutional environment, human | which nations have succeeded in
capital, regulatory & legal framework, | developing a climate that will
R&D and adoption and use of nourish the potential for
information and communication innovation.” (Lopez-Claros
technologies. (Lopez-Claros & Mata, | & Mata, 2012, p. 1)
2012, p. 17)
National Country | Quantitative |The innovation capacity index is “This capacity is not simply the
Innovative measured by: realized level of innovation but
Capacity - the proportion of scientists and also reflects the fundamental
engineers subindex conditions, investments, and policy
* the innovation policy subindex choices that create the
(effectiveness of intellectual property | environment for innovation in a
protection, ability of a country to particular location or nation.’
retain its scientists, availability of (Stern et al., 2000, p. 5)
R&D tax credits for private sector)
- the cluster innovation environment
subindex (pressure to innovate from
domestic buyers, presence of
suppliers of specialized research and
training, prevalence and depth of
clusters)
- the linkages subindex (overall
quality of scientific research
institutions& availability of venture
capital for innovative but risky
projects)
The data is taken from the Global
Competition Review (GCR).(Stern,
Porter & Furman, 2000, p. 4)
European Country | Quantitative |The 2017 EIS measurement “The annual European Innovation
Innovation framework is built on 10 dimensions | Scoreboard (EIS) provides a
Scoreboard with a total of 27 indicators comparative assessment of the

structured in 4 groups:

- Framework conditions (8 indicators)
- Investments (5 indicators)

- Innovation activities (9 indicators)

- Impacts (5 indicators)

(Hollanders & Es-Sadki, 2017,

pp. 8-10)

research and innovation
performance of the EU Member
States and the relative strengths
and weaknesses of their research
and innovation systems. It helps
Member States assess areas in
which they need to concentrate
their efforts in order to boost their
innovation performance.’
(Hollanders & Es-Sadki, 2017,

p.8)

Table 4. Overview over discussed approaches

Definition of measuring technique: Semi-quantitative techniques are basically qualitative judgements that atre

converted to numbers. They differ from quantitative technique in that no attempt is made to use a sophisticated

formula to complete the data. Qualitative techniques are intuitive judgements (Pappas & Remer, 1985, p. 15)

3.2. Approaches focussing on country level

Several approaches are focussing on country level. They all have in common that they intend to support policy

makers and business leaders to decide on their investment or innovation strategies (The Economist, 2014),
Cornell University, INSEAD, & WIPO, 2017). Some of them, such as the Innovation Capacity Index (Lopez-
Claros & Mata, 2012) are using the same focus and methodology year for year. Others change their focus, e.g. the
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Global Innovation Index was focussing on the human factor of innovation in the report 2014 (Cornell
University, INSEAD & WIPO, 2014), in the report 2016 the theme ‘innovation is feeding the world” was covered
(Cornell University, INSEAD & WIPO, 2017) or the European Innovation Scorecard changed the framework
significantly for its 2017 report (Hollanders & Es-Sadki, 2017, p. 8). Depending on the theme the focus of the
analysis and of the stated comments is changing even though the measured variables stayed nearly the same.
While changing the focus allows to react to actual topics, sticking to the same method increases the comparability
of results.

Looking at the indicators the indices are based on one can recognise two different types:
1. Approaches covering a broad range of relevant input and output factors of innovation
2. Approaches using only key indicators

Approaches of the first type developed significantly in recent years. Early approaches do not cover a broad range
of aspects — such as the National Innovative Capacity using 27 indicators with a strong focus on education,
R&D and the use of innovative goods (Stern et al., 2000, p. 4). Recently published indices are based on far more
indicators and attempt to show a broad picture of aspects describing an innovative country. The actual Global
Innovation Index for example is based on a total of 81 indicators (Cornell University, INSEAD, & WIPO, 2017),
the Index on Innovation Capacity 61 (Lopez-Claros & Mata, 2012) and The Economist indicator on 91 criteria.
(The Economist, 2014, p. 9). Even though the concrete indicators of this kind of approach are not identical, the
reasoning beyond the selected aspects is similar. Generally speaking the following criteria are evaluated:

*  Stability and quality of the public institutions with regard to fostering business
* Existence and development of human capital
* Easiness of doing business within the existing regulatory & legal framework

*  Good and ecologically friendly infrastructure in particular with regard to information & communication
technology

¢ R&D infrastructure
*  Outputs of innovation activities

Due to a lack of data availability in some countries, all approaches struggle to base their innovation index
exclusively on hard data. Thus, they also use composite indicators or survey results to find the appropriate trade-
off of quality of the variables and achieving a good country coverage (Cornell University, INSEAD & WIPO,
2017, 48f).

The 2nd type of approaches is particulatly represented by the Bloomberg Innovation Index. Even though it
takes similar criteria into account it is using only 6 indicators: R&D expenditure as percentage of GDP,
manufacturing, Hi-tech companies, education, research personnel and patents (patents then split in 2 groups —
filed and granted).(Coy, 2015, p. 8). These concepts facilitate the data collection significantly.

To conclude, recent frameworks on country level either use a wide variety of indicators while attempting to
provide a concise picture of the situation or reduce the evaluation on core outputs of innovation, enablers such
as the regulatory framework or innovation infrastructure are omitted.

3.3. Approaches focussing on company or business unit level

The variety of approaches to measure innovation on company or business unit level is high (see also Table 4).
Generally speaking they can be clustered into the following groups based on their focus:

1. Being linked to the innovation process
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2. Indicators clustered into dimensions
3. Other approaches, e.g. with regard to innovation climate or ability

Models of the first group use the idea of measuring input — process — output of an innovation (Goffin &
Mitchell, 2010; Tidd & Bessant, 2014, p. 289). Some authors, in particular German ones, propose to separate
output (short term effect) from outcome (long term result) (Méller et al., 2011, p. 30-32) or even differentiate
between output, receiving system (marketing and sales efforts) and outcome (Vahs & Brem, 2015, p. 644). The
Input-Process-Output-Outcome model (IPOO) for example uses particular indicators for each step of the
company’s innovation process, e.g. training cost per employee with regard to input stage or number of new
products with regard to output stage (Fischer et al., 2015, p. 646). Despite the structural difference of the
indicators used are quite similar, e.g. the indicator “number of patents received” is proposed by Pappas and
Remer (1985), Tidd and Bessant (2014), the IPOO approach and Goftin and Mitchell (2010) or the indicator
“implemented improvement ideas by Tidd and Bessant (2014) and Fuchs (2014).

However, including outcome criteria into the approach (such as market share gained by innovations, etc.)implies
two consequences:

* A serious delay in being able to obtain valid measuring results. It may take years before an innovation is
implemented and positive effects can be identified.

* Unless a product innovation is evaluated it will be difficult to separate the effects of the innovation
clearly from the other factors which might have led to the measured increase in market share.

Next to these holistic approaches one can also find ones focussing on specific aspects of the process. To be able
to specifically value the efficiency of the R&D efforts only, the R&D Return framework was created (Vahs &
Brem, 2015, p. 648). In this approach the R&D productivity is valued by the potential productivity and the
technology development efficiency and compared to the R&D yield, consisting of the potential yield and
operating efficiency. In addition, a rigid algorithm combining all indicators is used to calculate the R&D return
value. This framework might be transferable to other business units as well, however its indicators particularly fit
to R&D.

The frameworks described above obviously demand a sophisticated measuring or auditing system to collect and
rate the required data. To simplify the data collection the bean counting approach attempts to just quantitatively
measute the innovative output of an R&D department (Pappas & Remer, 1985, p. 18). This is done by collecting
indicators such as patents, technical publications, rewards, etc. or simply by counting ideas (Fuchs, 2014, p. 40).
Of course, this approach might be transferred on other business units or the whole company as well.

Within the second group one can find approaches based on the balanced score card, e.g. the Innovation
Balanced Score Card (Fischer et al., 2015, p. 646). The four aspects of the normal balanced score card (Financial,
customert, internal business processes, learning & growth, (Kaplan & Norton, 1992, p. 72)) are evaluated based
on the company's vision and — in this case — innovation strategy with a strong focus on in-creasing innovation
success, e.g. time to market, market share gained by R&D (Ziélavskjv, 2016, p. 56). An-other advance evaluating
dimensions are innovation audits. Innovation audits do not only look at performance (an output measure) but
also how this performance was achieved (a process measure). This is done by evaluating dimensions such as
strategy, market, product, technology etc. (Goffin & Mitchell, 2010, p. 317). Exemplary indicators for the aspect
market are change in market share, number of customer surveys, number of innovations based on customer
ideas, etc. (Warschat, 2005, p. 17) or the 5 dimensions of A.T. Kearney’s "House of Innovation" tool "Improve"
(Innovety, 2014, p. 5).

The group of other approaches is manifold. They usually have a specific focus such as “INNO” assess-ing the
innovation climate (Kauffeld et al., 2004, p. 156) or the Team Climate Indicator (Anderson & West, 1998) or
describing general determinants for innovation ability (Jong et al., 2001) (for details please refer to Table 4).
Some of the criteria used are overlapping with the other approaches others are specifically adopted to the
advance’s specific objective (e.g. job rotation or exporting activities Jong et al., 2001).
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Even though the proposed indicators can be clustered in different groups based on their focus, they are quite
often alike. For example, the indicator “number of patents” is used by process orientated approaches as well as
dimensional or purely output orientated ones.

To sum up, one can find a great variety of frameworks to measure innovation within companies or business
units. They differ greatly with regard to their complexity and need for data, thus the required effort to collect and
analyze the data. While selecting the right approach for a specific situation a differentiating criterion should be
the availability of resources required to collect and analyze the data.

3.4. Approaches focussing on work/project team level

Fischer and Hauschildt describe an approach for operative innovation controlling, focussing on projects (Fischer
et al., 2015, p. 643). Similarly to the Integrated Evaluation Method, indicators of a typical project controlling,
such as milestone or budget controlling are proposed (Maier, Streicher, Jonas & Frey, 2007; Vahs & Brem, 2015).
Other advances measure innovative performance of projects by length of development time, costs of
development etc. compared to market average or turnover (Fuchs, 2014, p. 31) or the return of investment of
innovation projects (Hauschildt & Salomo, 2007, p. 262). These indicators are particularly working well with
innovative product development projects. In addition, it is also stated that the only way to assess innovation
activities is to evaluate the progress of these innovation projects (Littkemann & Derful3, 2011, p. 588). However,
this argumentation neglects the fact that innovation within companies is not always linked to projects, but the
whole company including not only project but also all organizational work teams should strive for being
innovative (Fischer et al., 2015, p. 642). Thus, in addition to measuring the success of innovation projects,
advances focussing on teams are required. However, within this review no specific approach with regard to
measuring innovation of single organizational work teams could be identified. This contrasts the fact, that a high
variety of advances on company level exists.

To sum up, approaches measuring innovation projects are closely linked to typical project controlling. Even
though some of the indicators of approaches measuring innovation of companies might be transferrable, no
specific framework with regard to single work teams could be identified.

3.5. Approaches focussing on individual level

By reviewing approaches with focus on the individual level one can cluster them based on the method obtaining
the information and the indicators used.

Common methods for rating innovation on individual level are either self-assessment, expert assessment, a
combination of both or acquiring archival objective data such as patents or scientific publications. Jansen (2000)
for example used a self-rating approach to evaluate the innovativeness of employees. However, in the recent
years there has been a continuous increase in the use of third party ratings or the combination of self-assessment
and third-party rating. Alge, Ballinger, Tangirala and Oakley (2006) for example, used a peer review approach for
a study on innovative performance. The combination of both is also proposed, for example combining a self-
assessment survey with an expert panel of professors and innovation specialist (Choi & Chang, 2009, p. 248) or a
supervisory rating (Yuan & Woodman, 2010, p. 330). The EU funded FINCODA project created the
Innovation Competence Barometer to support experts to rate the innovation capabilities of persons but also
offers a parallel self-assessment (Butter & van Beest, 2017, p. 2).

Generally speaking, all frameworks use either output-related or behavioural focused indicators. Different
schemes are used to describe the latter. They are either oriented on dimensions — such as creativity, critical
thinking, initiative, teamwork or networking (Butter & van Beest, 2017; Zhou & George, 2001) — or, on the 3
stages of innovation (idea generation, promotion and implementation) (Janssen, 2001, p. 1043) Within both
schemes the evaluated characteristics (for details please refer to Table 4) are mostly based on the 6 items of
individual innovative behaviour by Scott and Bruce (1994, p. 599). These are extended and refined in the recent
years (e.g. 9 items by Janssen (2001, p. 1043) or 13 items (Zhou & George, 2001, p. 687)). They state that their
approach is focused on measuring creativity and not innovation. However, by evaluating the items, e.g.
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“Develops adequate plans and schedules for the implementation of new ideas”, one can assume that they intend
to also cover all aspects of innovation and not only the creative steps.

The recently finished Fincoda project uses a differentiated approach with 29 questions asked during the
assessment which lead to a rating of 34 items clustered in 5 dimensions within the developed barometer (Butter
& van Beest, 2017, p. 33).

By transferring objective indicators also used on company level to rate individuals one tries to make the
evaluation independent from personal bias. Typical indicators are number of patents, patent disclosures, ideas
submitted to employee suggestion program (Zhou & Shalley, 2003, p. 174). However, it can be assumed that it
will be difficult to rate every employee by using these indicators due to the fact that even innovative persons
might not participate on a suggestion programme and only very few have the chance to file a patent at all. As
Zhou and Shalley formulate it, ‘aumber of patents might not be relevant in nursing’ (Zhou & Shalley, 2003, p.
174). To avoid this situation the combination of behavioural and output oriented measuring is also used (Goffin
& Mitchell, 2010, p. 302).

To conclude, a wide variety of frameworks exists to evaluate innovation on individual level. Even though they
can be differentiated based on the method the information is obtained, all behavioural focused approaches are
using similar items to measure innovation ability. They distinct themselves by the number of items used. Output-
related measures are rarely used for the individual level of analysis. In addition, it can be stated that it is difficult
to get a valid rating by using them exclusively.

3.6. Summary

The above narrative review suggests, first, that a wide variety of different approaches using different indicators
exists today. Most of them attempt to improve their validity of results by continuously increasing the number of
indicators measured. In particular, frameworks on country and individual level ask for detailed data. It can be
assumed that the collection of this information might require a lot of effort. On company level the number of
advances with many indicators is large as well, however, very specific approaches based on few performance
indicators exists. Second, the indicators used ate in some cases transferrable between the levels of analysis, e.g.
number of patents is used on country level (in relation to population Coy, 2015), on company level (as absolute
number (Pappas & Remer, 1985, p. 18)) and — in case output indicators are used — on project team (Tidd &
Bessant, 2014, p. 289) and individual level (Goffin & Mitchell, 2010, p. 302) as well.

On the contrary, no framework specifically applicable to measure innovation on the organisational work team
level could be found. Comparable advances focus on teams for innovation projects, thus measuring mainly the
process of implementing the innovation. Even though, some aspects of this project controlling might be
transferrable on the situation of organisational work teams, it still cannot replace an advance for measuring the
innovation performance of a work team, in particular if this is not working in projects. The output factor
without relation to innovation projects (e.g improvements in team spirit or process enhancements) is not
covered sufficiently by these advances.

4. Discussion

Are there open fields for further research with regard to measuring innovation and are fitting tools offered to
decision makers?

First, there are still open areas for research. The country, company and individual levels are covered by various
approaches. Refining these or developing new ones by additional research might be a potential field for further
research. However, of higher interest would be to compare each level’s approaches with focus on the different
results they provide. For example, Bloomberg identified 2014 South Korea, Germany and Sweden as top 3
countries (Coy, 2015, p. 7), the Global Innovation Index claims Switzerland, Sweden and UK to be the top 3
(Cornell University, INSEAD & WIPO, 2014, p. 25) and The Economist Singapure, Switzerland and Hongkong
(The Economist, 2014, p. 2). To analyse whether and why they come up with different results and which
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approach comes the closest to reality would be an interesting field of research. In addition, the latest approaches
are characterised by increased complexity. The concept of the Net Promotor Score (Reichheld, 2003, p. 47)
proved due to its immens popularity (Artz, 2017, p. 33) that simple but meaningful indicators have a high
acceptance in practice. Thus, research should also focus on simplifying innovation measuring to facilitate the use
and foster dissemination of the concepts.

Only few approaches specifically designed for measuring innovation exist on project team / organizational work
team level. Applying common project management tools such as budget controlling, milestone planning or an
ROI calculation on innovation projects seems absolutely feasible and sufficient. These tools have been created
for all kinds of projects and will therefore support innovation projects as well (Hauschildt & Salomo, 2007).
However, it can be stated that the gap of frameworks on organizational work team level needs further research.
Innovation will be without doubt the major factor of competitive advantage for companies (Marin-Garcia,
Aznar-Mas & Ladrén de Guevara, 2011, p. 25). Thus, the number of companies conducting activities to improve
their innovation performance is high and will be rising in the next couple of years. Activities to foster innovation
proposed for the team level are manifold, such as team workshops, coffee corners or whiteboard for ideas
(Kahlfuss, 2013, p.255f). On the other hand, it is important in the global competition to use resources effectively.
Decision makers have to focus on investments with a positive outcome. ‘As Marco lansiti of Harvard Business
School has pointed out, ,after all, what a company gets for the money it spends on R&D is what ultimately
matters’” (Goffin & Mitchell, 2010, p. 42). Obviously, without adequate approaches to measure innovation
output on team level this is not possible. Even though it is suggested to use output-oriented company level
indicators for the team level as well (Tidd & Bessant, 2014, p. 289), it can be assumed that indicators such as
number of patents or publications will work appropriately for R&D teams, but are inappropriate for other kinds
of teams, in particular operative-orientated ones. To sum up, it can be recommended to intensify research on
measuring innovation on work team level.

Second, do the existing advances fit to practitioner’s needs? On country level, most of the approaches are
currently applied and provide relevant information for decision makers. Evaluating the two different types,
approaches using a high number of indicators inhibit the risk of pretending to be unbiased, particularly, if the
required data is not or only partly available. On the other hand, by using only key indicators there is the risk of
oversimplification. While this is a topic for additional research, the author recommends to base decisions on
valid and existing data, even if not so many indicators are taken into account.

On company level, decision makers have to decide whether innovation is measured from a process view or by
evaluating dimensions. For companies with an implemented balanced score card it should be the most practical
procedure to extend the existing system by integrating the indicators required to cover the aspect innovation.
Else, the advances reflecting the innovation process might support decision makers better due to the fact that,
even the indicators are quite similar, it should be easier to identify areas of improvement if you follow the
process. However, it cannot be recommended to also take outcome indicators into account because indicators
should be objective and minimize the effort of data gathering and provide an objective picture of the situation
(Gleich & Schimank, 2015, p. 57). It can be stated that outcome indicators are not really objective. While it is
working with product innovations or inventions (and in might also be required by law, if the company is obliged
to participate the employee on the financial success (e.g. “Arbeitnehmererfindungsgesetz in Germany), a
company’s increase in market share or similar indicators are influenced by far more factors than just the
innovation, for example political decisions or social developments. Therefore, it is very doubtful whether
outcome indicators reflect an objective picture of the situation.

The existing advances to measure the success of innovation projects are very close or identical to applied project
controlling. Because these tools, like cost-benefit-analysis, milestone controlling, etc., are commonly used, it can
be assumed that they fulfil practitioners’ needs. As stated above, there is a lack of approaches measuring
innovation on organisational work team level, especially the ones not working in R&D. In case of a need for
measuring it in the short term it can be recommended to practitioners to transfer simple to use approaches from
company level to the specific situation, e.g the bean counting approach meaning to count the number of ideas
created and implemented (Fuchs, 2014, p. 40)
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Various tools and services to measure an individual’s innovation capacity are described in the literature or offered
as services. While output oriented approaches do not mirror the situation of today’s team work business practice
adequately, from a practitioner’s perspective the Fincoda approach can be seen as sticking out. It combines a self-
assessment with an expert rating on a behavioural level and is available for use (Butter & van Beest, 2017, p. 2).

5. Limitations

This paper has a number of limitations. First, the study was conducted by a single author which always inhibits a
risk of bias in the selection of search strings, the coding process and the classification scheme. Second, following
the systematic review approach (Pittaway et al., 2004, 139f) the approaches selected in this paper are based on
well-cited articles or recent articles from mainstream management journals. They might by subject to biases such
as paradigms in concept or methodology resulting in omitting approaches described in less well-known journals
or those offered as business services. Third, the approaches on measuring innovation are so widespread and the
literature so manifold and growing, that the same Scopus search today gives additional results and this review of
30 approaches is limited and does not represent the entite literature and methods available on innovation
measuring today. However, by focussing on well-cited articles, university textbooks and well-known business
methods mostly based on an academic background, and by using a systematic approach combined by a final
check using Google to minimize the risk of authot’s bias, this study intends to be a good representation of
existing approaches.

6. Conclusion

While other authors are focussing on identifying factors influencing the innovation level (e.g. Anderson et al.,
2014), the objective of conducting this review was to present a comprehensive overview over advances and tools
to answer the question whether the vast and still growing literature on innovation covered all aspects of
measuring and whether there is a fit to practitioners needs. The amount of existing contributions led to the
application of a four-level framework to support clustering and evaluating the approaches. It can be stated that
the range and variety of approaches described in this review allow to measure innovation on neatly all levels of
analysis. In general, the use of these approaches can be recommended to practitioners after tailoring to their
specific situation. However, 1 notable shortcoming could be identified: a specific framework to evaluate
innovation on the work team level, especially with regard to non-R&D teams, is missing. Addressing this
limitation would be a leap forward to evaluate the effectiveness of activities to foster innovation of work teams
from a researches perspective and very helpful for practitioners. ‘Every innovation catries the risk of operational
failure, either due to economical or due to emotional reasons. Thus the person initiating the innovation ought to
prove that the idea will have benefit for the company’ (Hamel, 2014, p. 188).
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