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Signposts of Innovation:
A Review of Innovation Metrics

Janet Hao, Bart van Ark, Ataman Ozyildirim’

This paper reviews existing innovation metrics at the company-level and country-level, and proposes a
system of signposts of innovation to help executives with a guiding framework and data resources for
evaluating and planning innovation strategies and activities. The scope of the review is intentionally very
broad, ranging from academic papers, policy papers, reports by consulting firms, reports by innovative
firms, and magazine articles to capture a holistic view of the complexity of innovation activities that
today’s businesses undertake. We also incorporate input from The Conference Board members’
perspectives identifying some of the most important metrics they currently use or need in the future and
identifying signposts around which these metrics are organized. The proposed framework is comprised of
six major signposts of innovation (technology, digitization, environmental & social sustainability,
customer experience and branding, internal innovation networks, external innovation ecosystems),
captures major areas of innovation activities throughout the life-cycle of innovation, and reflects the
complexity of new generations of innovation models.

Key Findings

e The innovation process is complex and constantly evolving. The common view of innovation has evolved for
five generations over the past seven decades or so from mainly a scientific activity of research and
development to a complex system of interactions among various participants both inside and outside of a firm,
sometimes with the assistance of advanced IT systems. And, they continue to evolve in the 21* century with
the advent of internet enabled technologies and big data and predictive analytics.

e At the country level, major measurement frameworks have evolved with the five generations of innovation
processes from the 1950s to the present. Major measurement frameworks are the Oslo Framework and the
National Innovation Systems. The macro frameworks treat the innovation processes in companies as a black
box.

e The major challenges of country-level measures are to provide timely innovation measures, to capture the new
forms of innovation, to present the complexity of the innovation activities, and to measure the whole
innovation process including inputs, throughputs and outputs.

e At the company level, major measurement frameworks are the Diamond Model, the idea management model,
the Innovation Funnel Model, the Ten Types of Innovations Model, and the model of Dulkeith and Schepurek
(2012), to name a few.

e The major challenges of company-level measures are to measure the whole life cycle of innovation, to have a
sufficient list of metrics to formally measure innovation, and to keep an overreliance of innovation metrics
from impeding the innovation process.

e This paper proposes a measurement framework of six innovation signposts (technology, digital transformation,
environmental & social sustainability, customer experience & branding, internal innovation networks, external
innovation ecosystems). This framework creates a flexible data structure, positions metrics along the value
delivery chain, treats business innovation as part of the business environment, and measures the whole
innovation process including inputs, throughputs and outputs.

! ©The Conference Board, Inc. Corresponding author: janet.hao@tch.org We would like to thank Laura Greenberg for collecting
innovation metrics, and thank Elizabeth Crofoot, Thomas Singer, and the Senior Fellows of this project for comments on previous drafts. We
are grateful to our member companies for participating in the events and interviews that yielded insightful inputs to this project. Our Senior
Fellows are Anne Greer, Rita Shor, John Metselaar, Jim Gregory, Erin Grossi, and Carol Corrado.
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Figure 1: The Conference Board Signposts of Innovation
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Motivation

In the current economy characterized by disruptive innovations, changing customer needs, and a slowing trend of
global growth and trade, it is crucial for a company to keep up with the emerging trends and stay on top of factors
enhancing its own innovation capacity. Strong innovations drive productivity and therefore make their companies
more agile and resilient against shocks, disruptions and the uncertainties that come with it (van Ark, 2016).

Despite the importance of innovation, managing and promoting it in a company is not easy. Most innovation
activities count as current expenses and therefore weigh on a company’s bottom line in the current year, whereas
the payoff is often over multiple years. There is often potential for internal resistance among organizational teams
and business units who may find that innovations threaten the status quo. Innovative activities often compete for
resources against routine work, making it critical that executives working on innovations at all levels in a company
communicate with the top management about the resources (or lack of), barriers, progress, portfolios and returns of
innovations.” Such internal communication about measures of innovation can benefit hugely from more
comprehensive measures of innovations—measures that are also specific enough to provide guidance for setting a
company’s future direction for innovation and decisions about allocation of its resources.

This report serves as a background white paper for The Conference Board project on innovation metrics, Signposts
of Innovation — Towards a Flexible and Comprehensive Innovation Measurement System.? In the remainder of this
paper, we review existing metrics, and organize company-level and country-level metrics into our system of
innovation signposts that will provide a guiding framework and data resources that companies can use when
evaluating and planning their innovation strategy. The scope of our review ranges from academic papers, policy
papers, reports by consulting firms, and magazine articles, with the aim to provide a comprehensive view from
academic researchers, policy makers, consulting firms, as well as companies that carry out innovations themselves.
In this process, we also benefited from input from TCB members in identifying the signposts of innovation and
determining some of the most important metrics they currently use or need in the future (see Appendix A: Table 1).
Our review culminates in the six major signposts which are the prime categories of innovation activity (technology,
digitization, environmental & social sustainability, customer experience and branding, internal innovation networks,
external innovation ecosystems).

The structure of the paper is as follows. Part | describes the changing paradigms of innovation from the 1950s to
the present. Part 1l reviews the existing theoretical frameworks of measuring innovations at the country and
company level and discusses our view of a measurement framework. Part 111 reviews existing indexes and other
measures of innovations at the country, industry and company level. Part VI proposes our own measurement
framework and signposts. Part V concludes.

Part I: Changing paradigms of innovation

Organizations and companies, depending on their culture, may have different definitions of innovation. There are
many definitions of innovation (Dance, 2008), but for the purpose of this study we adapt a relatively simple but
broad definition from an earlier study at The Conference Board.

Innovation is broadly defined as an activity or set of activities that results in the creation and use of a new or
significantly improved product or service; production or operating process; way of attracting customers by
enhancing their experience; and organization practice, work design, human capital competency, or use of
resources, that creates value.

(Source: Based on Designing Global Businesses for Innovation and Growth, The Conference Board, 2014)

The way companies approach innovation is complex and has changed over time. (Rothwell, 1994) has described
this constantly evolving view of innovation by identifying five generations of innovation models (Figure 2). The
changes in approaches to innovation are driven by an increasingly competitive environment, new capabilities (such
as digitization) and changing customer needs. Thus, the common view of innovation has evolved over the past
seven decades or so from research and development that is mainly a scientific activity to a complex system of

> Does your Chief Innovation Officer Feel Like This? https:/execrank.com/board-of-directors-articles/does-your-chief-innovation-officer-feel-like-this/
3 hitps.//www.conference-board.org/future-of-innovation/
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interactions between various participants both inside and outside the firm, sometimes with the assistance of
advanced IT systems (Rothwell, 1994). Most companies use a mix of elements from several generations in their
innovation activities—their choices determined by their internal capabilities and the demands of their industries
and customers. For example, some companies still use the “gate” system to track innovation and the gate system
corresponds to the linear innovation models (1st and 2nd generations), because only linear models will allow
innovation activities to flow linearly from one gate to the next gate. Nevertheless, delineating the five generations
of innovation models, as suggested by (Rothwell, 1994), helps put different types of activities and paradigms in
historical context:

» The first-generation of innovation practice - the linear Technology Push Model- arose in the 1950s. The
model is motivated by new technology, and the process flows linearly from basic research, to design and
engineering, manufacturing, and marketing and sales. In this model, new technology is the major driver of
innovation and the market is the recipient of the benefits of the new technology.

» The second-generation is the linear Market Pull Model which emerged in the mid-1960s, as customer taste
began to proliferate and customer needs became more diversified. Innovation is more strongly led by
market needs, followed by development, manufacturing and sales.

» The third generation is the Interactive Pull Model which emerged in the mid-1970s. It is a combination of
the first and the second generation models where new technology and market interact with each other. The
innovation model is no longer linear and includes feedback loops among the company, market needs and
new technology.

» The fourth generation, the Integrated (Chained) Model, emerged around 1980. Unlike the earlier
generations which look at innovation as a sequenced process or a combination of two sequenced processes,
the fourth generation model presents the innovation process as a parallel process that integrates the
different business functions and external resources, in order to shorten the time span of each innovation.

» The fifth-generation model is the Integrated, Flexible and Connected Model which emerged the 1990s. It
combined the fourth generation model with new IT technology which helps enable new forms of
innovation such as crowd sourcing, and allows the participation of various players such as suppliers and
customers along the value delivery chain. It is a more collaborative style of innovation process.

«  The innovation models continue to evolve after the 5™ generation. Examples of new models are internet-
platform business and big data/predictive analytics.

Different generations will require different resources and participants, and thus different measurement systems.
The 4th and 5th generations are likely to involve different participants along the value delivery chain and those
participants may include customers, suppliers, peer companies, universities, and the general public (for crowd
sourcing), and thus need multi-dimensional measurement frameworks. As we dive deeper into measurement
frameworks, it is useful to tie the frameworks with the different generations of innovations and realize that many
metrics in use are not complicated enough to capture the 4th and 5th generation of innovation models.



Figure 2: The Evolution of Innovation Models
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Part II: A review of innovation models used in measurement of innovation
activity

As the thinking on innovation models evolved from the 1% to the 5" generation, it led to different measurement
approaches.

2.1 Country level

Over decades, several scholars and organizations have developed measurement models of innovation at the country
level, so that governments can create informed innovation policies and cultivate a friendly environment to promote
economic growth and development. Those types of measurements focus on the economic, market and institutional
environment with regard to innovation, instead of the detailed processes of innovation management within
companies. The business process of innovation is mostly treated as a black box at this level.

At the macro level, measurement models have evolved with the 5 generations of innovation processes from the
1950s to the present (Milbergs and Vonortas, 2004). Macro measurement models in the 1950s and 1960s focused
on inputs such as R&D spending, science & technology personnel, and education attainment, and in the 1970s and
1980s began to include intermediate inputs of innovation such as “patents, publications, products and quality



change,” both to measure the linear Technology Push Model (1st generation). During the 1990s, the country level
metrics led to the development of innovation indexes and ranks and benchmarks countries on their innovation
capability, covering innovation processes of the 1st to the 4th generations.

In the 2000s, measurement efforts have begun to treat innovation as a complex system rather than a strictly linear
process. Though still in nascence, it measures “knowledge, intangibles, networks, demand, clusters, management
techniques, risk/return and system dynamics” (Milbergs and Vonortas, 2004), which are components of the 5th
generation of innovation processes. Moreover, a beginning was made with combining metrics at the country level
with those at the company level. An important transition away from perceiving innovation as a linear process was
the literature on National Innovation System (NIS), developed by scholars such as Freeman (1987), Lundvall
(1992), Nelson (1993) and later implemented by the OECD (1997), mapping the knowledge flows in a country.

The Oslo Framework

The most influential innovation measurement frameworks are the Frascati Manual of the OECD which has
provided guidelines of measuring R&D in countries since the 1960s and the Oslo Manual of the OECD that guides
the innovation surveys in over 80 countries since the 1990s (OECD, 2015). The Oslo Manual proposes a
measurement framework that includes the firm as part of an innovation system (Figure 3). The firm carries out four
types of innovations—product, process, marketing and organizational structures. The innovation system that
impacts the firm includes demand, other firms, education and public research system, innovation policies, and
infrastructure and institutions. Under that framework, the Community Innovation Survey of the EU measures 7
types of innovation activities for product and process innovations:

» Intramural (in-house) R&D

» Acquisition of R&D

» Acquisition of other external knowledge

» Acquisition of machinery, equipment and other capital goods
»  Other preparations for product and process innovations

» Market preparations for product innovations, and

« Training

About 80 countries have now adopted the Oslo framework and carry out innovation surveys along those lines
(Hollanders, 2008).

National Innovation System (NIS)

The NIS approach stresses the knowledge flows among people, companies and institutions in the innovation
process (OECD, 1997). Under this framework, OECD suggests that countries measure four types of knowledge
flows:

» Flows among companies

» Flows among companies, universities and public research institutions

+ Diffusion to companies, including diffusion through machines and equipment, and
» Mobility of technical personnel within and between the private and public sectors

The OECD has also suggested possible ways such as firm surveys and cluster analysis to collect data on and
analyze the NIS. Possibly because the NIS is complex, there is no integrated cross-country dataset based on this
framework available as yet, but the OECD issues reports on the NIS’ of some individual countries. However, the
OECD approach to NIS is still biased toward technology and R&D while successful innovations require broader
skills.



Figure 3: Framework for Innovation Measurement According to the Oslo Manual
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2.2 Company level

Measurement of innovation within companies is not widely shared in the research field, and there is therefore little
guidance towards framing the “black box” of the innovation processes. Depending on how a researcher/practitioner
understands the innovation process, he or she may suggest different models. In this section we discuss various
models that could underlie innovation measurement at the company level, making a distinction between linear
models and more complex models with feedback loops. We also distinguish between models with multiple
simultaneous innovation processes and those that focus on a single dimension of innovation, such as the flow of
ideas.

Finding a consistent measurement framework applicable to a wide range of companies still has a long way to go.
There is no present-day assessment of how widely accepted and how applicable a company-level models of
innovation are, and ideas about innovation measurement are highly variable. This project aims to provide more
structure to this debate in order to develop a flexible system of innovation metrics which should guide companies
in developing their own system of innovation metrics.

The Diamond Model

The Diamond Model by Tidd et al (2005) follows the 4th and 5th generations of innovation processes, assessing
the resources and the potential of innovation initiatives. It measures five dimensions of a company—strategy,
process, organization, linkages and learning (Figure 4), which can be applied to companies with simple linear
innovation processes as well as companies with complex open innovation processes:



The strategy dimension includes the strategic planning process, the priority of innovation strategy, and the
implementation of the strategy;

The process dimension includes internal process management, the process of new product development,
and integration of customers’ needs into the process;

The organization dimension measures the communication of innovative ideas;

The linkage dimension measures the relationship with suppliers, customers, universities and so on;

The learning dimension measures employee training, learning through linkages, learning from success
and failures and communications about those learnings.

Figure 4: Measurement Framework—the Diamond Model
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Idea Management Model

Other company-level innovation models are primarily focused on innovation as a process that can be viewed as the
management of ideas. Hansen and Birkinshaw (2007) suggest a simple 3-phase framework of idea management to
measure innovations (Figure 5). The three phases are idea generation, conversion and diffusion:

Idea generation includes ideas created within a unit, created from collaboration across units, or created
from outside of the firm.

Idea conversion includes selection and development.

Idea diffusion is the dissemination across the organization.

The authors recommend some key questions and key performance indicators for each item under the three phases.
The three-phase framework may develop into a more complex innovation funnel model.



Figure 5: Measurement Framework—Three-Phase 1dea Management
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Innovation Funnel Model

Morris (2008) proposes a measurement framework of Innovation Funnel along which companies develop
innovation ideas/projects, eliminate less-promising ideas/projects along the process, and bring the rest of
ideas/projects into successful innovations (Figure 6). He lists the timeline of 9 stages of innovation. The 9 stages
are strategic thinking, portfolio management and metrics, research, ideation, insight, targeting, innovation
development, market development and sales. He recommends lists of qualitative and quantitative metrics that can
be used to measure each of the innovation stage.

Linear models are easier to implement than complex flow and feedback models, but we need to judge them on their
merits. Linear models view innovation as a sequential process, and allow companies to manage innovation using a
gate system, where a gate keeper decides if an innovation project can move to the next phase or be terminated. The
gate system tightly controls the development of an innovation project and it is relatively safe for innovation
beginners, but it takes a long time for an innovation project to move from one gate to another. It is suitable for
incremental innovations, but not radical innovations. It cannot sufficiently manage the complex and dynamic
processes of the 4th and 5th generations.

The Model of “Ten Types of Innovations”

In contrast to linear models, Keeley et. al. (2013) argues that ten types of innovations are likely to happen
simultaneously along the value delivery system. This may be a more realistic depiction of how innovations tend to
occur in a complex innovation ecosystem of today’s business. Further, they argue that innovations regarded as
exceptional (e.g. iPhone, iPod, Uber, Amazon) are based on multiple types of innovations, instead of relying on
just one or two features. This makes today’s innovations less vulnerable to competition. Ten types of innovations
are classified under three segments of the value delivery system (Figure 7):

e “Configuration” segment: innovations on (1) profit model, (2) network, (3) structure, and (4)
process;

e “Offering” segment: innovations on (5) product performance and (6) product system;

o “Experience” segment: innovations on (7) service, (8) channel, (9) brand, and (10) customer
engagement.

Indeed, in several industries, for example the IT industry, competition is not just about product innovation but
about the competition of innovation ecosystems which taps into various types of innovations simultaneously. The
Model of Ten Types of Innovation is consistent with our approach of identifying signposts of innovation as major
dimensions or categories of innovation activity. A single innovation type or signpost cannot sufficiently span the
rich and complex set of activities that characterize innovations.
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Figure 6: Measurement Framework—the Innovation Funnel
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Figure 7: The Ten Types of Innovations
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The Model of Dulkeith and Schepurek (2012)

The Model of Ten Types of Innovations and the Diamond Model are complementary to the idea management
models, discussed above. Dulkeith and Schepurek (2012) suggests a framework that combines idea management
with innovation strategy and possibly different types of innovations classified into inputs, innovation process,
outputs, all measured with a system of key performance indicators (Figure 8). They provide a list of key
performance indicators (KPI) for each dimension, and evaluates the effectiveness of each KPI. For example, in
idea management, the KPI of “number of high-quality ideas generated within a unit” is evaluated as “very

11



beneficial”, while “average time from idea submission to feedback” is evaluated as “difficult because of feedback
responsibility issues”. Because the Dulkeith and Schepurek (2012) model captures the complexity of innovation
activities and the layers of innovation strategy and idea management, we adopt and adapt their model to describe

innovation within a company, and combine it with the macro-level Oslo framework which is focused on the
external business environment (Figure 9).

Figure 8: Measurement Framework at the Firm Level
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Figure 9: Our framework combines the Oslo framework with the Dulkeith and Schepurek (2012)
framework
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2.3 Industry level

Innovation metrics at industry-level are in practice either a breakdown of country-level indexes, or a summary of
company-level measures. The goals of industry indexes are to identify heterogeneity across industries at the macro

level, or among companies to rank them and build industry benchmarks, or to present industry trends. We will dive
into existing industry indexes in the following section.
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Part III: A review of existing measures of innovation

There is a gap between frameworks or models of innovation and the practice of measuring innovations because of a
lack of data, especially at the company level. In this section we review the major indexes of innovations at the
country level, and summarize some of the attempts of measuring innovations at the company level and at the
industry level. We do not claim this to be an exhaustive review of all existing metrics. Instead we aim to identify
the most common practices of innovation measurement.

3.1 Country-level indexes

3.1.1 Five country (or regional) indexes of innovations

There are various innovation-related indexes at the country level or at the regional level. We review five major
indexes for their structures and variables. The 5 indexes are ( see Text Box 1):

» The Global Innovation Index, (GII) provided by the World Intellectual Property Organization of the United
Nations

» The European Innovation Scoreboard, (EIS) provided by the European Commission

» The Global Creativity Index, (GCI) provided by Martin Prosperity Institute

» The Global Entrepreneurship Index, (GEI) provided by the Global Entrepreneurship and Development
Institute, and

« The Portfolio Innovation Index (PII) on US states and counties provided by Indiana University's Kelley
School of Business supported by the U.S. Development Administration.

The five composite indexes use different variables to measure innovation. The GlI uses 79 variables (Global
Innovation Index, 2015), the GEI uses 31 variables, the EIS uses 30 variables (European Innovation Index, 2009),
the GCI uses six variables, and the Pl uses 15 variables. The first four indexes are at the country level, and the last
index is at the regional level of the United States.

They are quite representative of how innovation-related indexes are constructed at the macro level. All five indexes
are composite indexes of sets of macro variables measuring the enablers (e.g. human resources), firm activities (e.g.
R&D spending) and outputs (e.g. sales of new products). Under the category of enablers, there are groups of
variables measuring human capital, institutions, infrastructure, market, and business sophistications. Under the
category of firm activities, there are groups of variables measuring firm investments, linkages & entrepreneurship,
patents, trademarks and designs. Under the category of outputs, there are variables measuring product and process
innovations, creative goods and services, employment growth, GDP growth, and so on.

3.1.2 An assessment of country-level indexes

Policy makers tend to focus on input measures, while companies emphasize output measures. Boston Consulting
Group (2006) found out that business executives ranked time to market, sales from new product and return on
investment of innovation as the top three measures of innovation. In contrast, macro indexes use many input
metrics partly because input data are easier to find than output data.

Country level macroeconomic innovation indexes have a number of shortcomings regarding their use by policy
makers:

1) They cannot sufficiently capture the rapidly changing innovation models at the company level (Hollanders
and van Cruysen, 2008). In the 1950s and 1960s, the major types of innovations were R&D based, and in the 1980s
the model of user innovation became important where consumers/users shaped new innovations, and then came the
model of open innovations where companies need to rely heavily on external sources of knowledge. The current
macro-level measurement frameworks are still biased toward the R&D-based innovation models typically in the
manufacturing sector, and those frameworks insufficiently measure the marketing and organizational innovations
and the combinations of different types of innovations along the value delivery chain.

2) A simple ranking of countries based on their innovation capabilities does not sufficiently capture the
complexity of innovation activities. A composite index summarizes the innovation performance of a country. It

13



makes a complex situation easier to understand, potentially motivates policy makers to improve on a country’s
ranking, and could provide a direction for action in policy making. At the same time, a composite index may be too
simplistic in describing the heterogeneous process of innovation and may mislead policy makers in their judgement
of innovation performance, and for dimensions where data is hard to collect, the composite index ignores those
dimensions and that may lead to biased policies (Saisana, 2004 and Nardo et al, 2005).

3) Macro indexes focus on input metrics rather than output metrics due to the availability and maturity of
data. For example, even if theoretically EIS should put equal emphasis on input and output metrics, input metrics
are overrepresented in the current EIS. Further the EIS does not have throughput metrics to track the innovation
process.

4) Macro indexes of innovation are often not timely. The release of country-level measures is usually delayed
for several years due to data availability. That makes the measures less useful for governments to make timely
policies.

5) Country-specific measures fail to capture the interaction between and among countries. Some countries
tend to be sources of innovation, while other countries contribute to other aspects of innovation or are lesser
contributors.

Despite their shortcomings, macro-level indicators of innovation could still provide useful guidance to business
from the perspective of competitive advantages especially with regard to the comparative strengths of innovation
systems (external innovation ecosystems), one of the selected signposts of innovation for this project. Moreover,
the problems with macro indexes could shed light on possible problems at the company level if companies rely too
heavily on one segment of the innovation process (i.e. outputs) or suffer from data unavailability. Finally, country
of origin could be an indicator that a company is advantaged if it is based in a country that is strong with
innovations.

Box 1: Five country (or regional) indexes of innovations

The Global Innovation Index (GI1) is co-published by Cornell University, INSEAD, and the World
Intellectual Property Organization. The GlI index has two sub-indexes—the Innovation Input Sub-Index
and the Innovation Output Sub-index. The Input Sub-Index covers institutions, human capital and
research, infrastructure, market sophistication, and business sophistication. The Output Sub-Index covers
creative outputs and knowledge and technology outputs. The Gl index is a simple average of the Input
and Output Sub-Indexes with each sub-index constructed as a simple average of its component variables.
The GlI uses data from over 30 sources and does not carry out surveys of its own. Since the first version
of Gll in 2008, there have been 8 years of this annual index, but it cannot be treated as a continuous time
series (Global Innovation Index, 2015).

The European Innovation Scoreboard (EIS) is constructed by the European Commission under the EU
Lisbon Strategy. It was first published in 2001. It aims to compare the innovation performance of 27 EU
member countries. The scoreboard provides the Summary Innovation Index (a composite index) that
gives an overview of innovation performance at the country level. Under that index, there are three
building blocks—Enablers, Firm Activities, and Outputs. Enablers include human resources and finance
and support; Firm Activities include firm investments, linkages & entrepreneurship, and throughputs;
Outputs include innovators and economic effects. The EIS uses 30 variables from various data sources,
and does not carry out surveys of its own (European Innovation Scoreboard, 2009).
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Box 1 (Continued)

The Global Creativity Index (GCI) is constructed by Martin Prosperity Institute. The GCI 2015 is the
earliest version we can find, so it is possible that the GCI was first released in 2015. The GCI measures
creativity of 139 countries based on 3 pillars—technology, talent and tolerance. Technology includes
R&D spending and the number of patents; talent includes employment in creative occupations;
educational attainment; and tolerance includes that toward minorities and gays and lesbians. The index
is a composite index of the ranking of its sub-indexes. GCI uses data on 6 variables from public sources
and does not carry out surveys of its own.

The Global Entrepreneurship Index (GEI) was constructed by the Global Entrepreneurship and
Development Institute. The GEI aims to measure the entrepreneurship process in 130 countries. The
index is based on three pillars—entrepreneurial attitudes, abilities, and aspirations. It uses both
individual data and macro data (or institutional data) in order to combine the micro- and macro- aspects
of entrepreneurship. GEI uses 16 institutional variables from various data sources and 15 individual
variables from the GEM survey (GEI has its own survey). GEI is a composite index with the method of
penalizing bottlenecks of entrepreneurship. GEI reports are available since 2014 (we cannot find reports
before 2014).

Those indexes use data from various public sources. Major data sources on education, employment and
patents are official statistics provided by Eurostat or UNESCO Institute for Statistics; sources on
Information and Communication Technology (ICT) are ITU World Telecommunication/ICT Indicators
Database of the International Telecommunication Union and the Executive Opinion Survey of the
World Economic Forum; sources on institutions, infrastructure and market sophistication are Eurostat,
World Development Indicators of the World Bank, and the Executive Opinion Survey of the World
Economic Forum; sources on firm activities are the Community Innovation Survey provided by
Eurostat, and the Executive Opinion Survey of the World Economic Forum.

The Portfolio Innovation Index (PI1) is constructed by Indiana University's Kelley School of Business
supported by the U.S. Development Administration. The index aims to help regional practitioners
identify the strength and weakness of the innovation performance of US states and counties. The PII
has 4 pillars—human capital, economic dynamics, productivity and employment, and economic well-
being. The PII index is a weighted average of the 4 pillars. Human capital includes education,
population growth, occupation mix of the “Creative Class”, and high-tech employment; economic
dynamics include R&D investment, venture capital investment, broadband density, churn of firms, and
business size; productivity and employment include high-tech employment, job growth, patents and
GDP; economic well-being includes net migration and compensation. It is not for a particular year, and
rather some of its components are calculated using variables of several years depending on the data
availability for the average, or sum, etc. Major data sources of PII are Moody’s, US Census, and the
Bureau of Economic Analysis of the U.S (The Portfolio Innovation Index, 2006).

GllI, and EIS and PIl somewhat agree with each other about what are inputs to innovations, while they differ
in the concepts of outputs, and EIS is the only index that identifies throughputs. GIlI measures inputs
with the sub-indexes of institutions, human capital and research, infrastructure, market sophistication
and business sophistication; EIS measures inputs with human resources, finance and support, firm
investments, and linkages & entrepreneurship; P1l measures inputs with human capital and economic
dynamics. As to outputs, PII identifies GDP, employment and compensation and patents as outputs (the
first three are the usual policy goals of the local governments), while the EIS identifies innovations,
revenues from innovations and high-tech industries, and high-tech employment as the outputs. The GlI
identifies a wide list of variables as outputs including for example both GDP and patents.
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3.2 Company-level measures
3.2.1 Existing measures

The Community Innovation Surveys

Official statistical agencies in about 80 countries administer innovation surveys to companies mainly following the
design of the Community Innovation Surveys (CIS) and the framework of the Oslo Manual (Lépez-Bassols, 2011).
In addition to the EU countries, examples of other countries that carry out innovation surveys are Japan, Australia,
China, Russia, Brazil, and Mexico (L6pez-Bassols, 2011). CIS surveys collect data mostly on product and process
innovations on four major aspects—innovation expenditure, sources of information, effects of innovation, and
factors hampering innovations (OECD, 2006). The variables of CIS include share of sales from new products and
services by different levels of innovativeness (new to the firm or new to the market), spending on R&D, spending
on machines, equipment and software, spending on other external knowledge, importance of different types of
information sources, degree of different innovation effects, and degrees of factors hampering innovations. As to
marketing and organizational innovations, CIS only identifies whether a company carries out those innovations
without collecting further data on expenditure.

Surveys by consulting firms

In addition to official statistical agencies, consulting firms collect data on innovation activities. Consulting firms
often do not release the list of variables, the data, or the design of the surveys in each year, so we do not know if
the surveys are of a time series or of different themes each year. Moreover, innovation surveys have often not been
carried out for multiple years, so there is not a continuous history needed for longitudinal analysis. The examples
of those surveys are McKinsey Global Surveys on Innovations, Global surveys of Boston Consulting Group, and
Technology Innovation Survey of KPMG (See Text Box 2).

Consulting and research firms sometimes also provide rankings of companies. An example is the list of Most
Innovative Companies provided by Fast Company.* Those rankings are good efforts in general but less useful for
our purposes, because the list of companies in the top, say, 50 changes every year and are not time series of
companies.” More importantly, rankings are backward looking and do not provide direct link to what a company
needs to do to innovate.

Various organizations collect detailed time-series data on a single aspect of innovation. For example, for employee
engagement, Glassdoor provides reviews of employees of a large number of companies on their employers about
culture & values, work/life balance, senior management, compensation & benefits and career opportunities. For
brand equity, CoreBrand (now Tenet Partners) collects data on familiarity of a corporate brand, overall reputation,
and the power of corporate brands of US companies. For customer satisfaction, the American Customer
Satisfaction Index provides data on customer satisfaction for household products and services of 43 industries in
the U.S.. For innovation culture, Dobni and Nelson (2012)surveyed Fortune 1000 companies on their innovation
culture, including Innovation Intent (Context), Innovation Infrastructure (Resources), Innovation Influence
(Knowledge Management), and Innovation Implementation (Execution).

Internal company surveys

In addition to consulting and research firms, companies collect data on different aspects of innovations internally,
but information from different aspects are often not integrated to provide a holistic view. Examples are employee
engagement surveys carried out periodically in US companies, and the percent of sales from new product and
services estimated by the accounting department of a company.

4 https://www.fastcompany.com/most-innovative-companies?utm_source=newnavbar&utm _medium=web&utm _campaign=mic
5 httos.//lwww.fastcompany.com/most-innovative-companies ?utm_source=newnavbar&utm medium=web&utm_campaign=mic
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Box 2: Three Examples of Company Measures

Global surveys of McKinsey: McKinsey issues reports on company innovations each year using data
from its global surveys. Because McKinsey does not provide a list of survey variables, we do not
know the structure and consistency of the surveys over the years. Their reports on innovations seem
to cover a different theme each year. In a 2008 survey, McKinsey collects data on innovation
priority in business strategy, types of innovations being measured, output measures of innovations,
usefulness of innovation measures, and factors determining the allocation of innovation money,
while in a 2010 survey, McKinsey collects data on the effectiveness of innovation tactics,
innovation priorities, and idea management and commercialization (McKinsey, 2010).

Global surveys of Boston Consulting Group (BCG): BCG carries out an annual survey starting 2008
on innovations across countries, industries and business functions. For example, in 2010, BCG
collects data on innovation priority among business strategy, innovation spending, the rate of return,
drivers of innovation in the top management, innovation metrics, and innovation hurdles. BCG does
not provide the list of variables in its surveys in each year.

Technology Innovation Survey of KPMG: This global survey collects data on barriers to
commercialize digital innovation, business functions driving innovations, business functions
identifying and nurturing innovations, innovation metrics, innovation incentives, factors enabling
innovations within a company, and topics related to specific types of digital innovations (KPMG,
2013).

3.2.2 Caveats on using company-level measures

1) Overall, companies do not have a wide range of innovation measures readily available. McKinsey carries
out a global survey in 2008 on innovation metrics used by companies (McKinsey, 2008). The survey shows a lack
of measurement—out of the 1075 respondents, 51 percent of them indicate that their organizations pursue business
model innovations, but only 28 percent of them say that their organizations formally assess the innovation. The
patterns are similar for process innovation (61 percent vs. 37 percent), service innovation (65 percent vs. 37
percent), and production innovation (71 percent vs. 54 percent).

2) Companies do not measure the entire life cycle of innovation. Companies are more likely to use measures of
innovation outputs than inputs (McKinsey, 2008). A shortcoming of output measures is that they are usually lagged
and cannot provide timely information on on-going innovation projects. As such they could be useful for
evaluation or assessment of existing efforts but they are silent on future activity without further analysis (especially
because in the world of innovation past performance is no guarantee of future success). Cordero (1990) reviews
innovation measures in firms and finds that firms measure resources (for example, R&D spending) and outputs (for
example, market share of new products), but tend to ignore the intermediates in the innovation process (Cordero,
1990).

3) Measuring innovation in a too strict manner can in fact impede the process of innovation, especially if the
focus is on output measures. Morris (2008) warns that if we define innovation as discovering the unknown, and if
we try to pin down unknowns too fast, we are likely to “measure the wrong things at the wrong time,” and that
hurts learning, discovery and risk-taking of the innovation process. Morris (2008) uses rate of return (ROI) as an
example to warn readers about the danger of innovation measurement impeding the innovation process. For
example, ROl works better for short-term innovations and tends to exclude long-term innovations and
breakthroughs. “Premature use of ROI to measure innovation thus endangers the very thing you want to measure,
and makes less likely to achieve the end goal of the process,...” A researcher likely does not know the potential
market value of his or her innovation. And if he or she is asked to be responsible for the future ROI, he/her may
abandon the innovation for the sake of his or her performance review. The VP of Global Innovation of McCain
Food, Sue Jefferson, says that companies must “remove any metrics that are affecting the innovation process
detrimentally. The KPIs which a company chooses are inherently linked to the way it defines progress, and its
culture.” Jefferson (2015) correctly points out that choosing the right set of metrics is the key in developing
innovation metrics for a specific company.
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3.3 Industry level measures

Even though we are not listing theoretical frameworks for the industry-level metrics, we would like to emphasize
the importance of industry-level measurement, mostly because they are pragmatic when industries differ vastly in
the types and forms of innovations. For example, while manufacturing companies usually are able to measure sales
from new products, business service companies find it hard to break down sales from new and existing products
(Adams et. al., 2008). As a result of industry difference, Adams et. al. (2008) examine innovation metrics for 12
UK sectors and end up listing different sets of innovation metrics for different sectors.

Industry-level indexes are either a breakdown of country-level indexes or an aggregation of company-level indexes.
Industry innovation metrics derived from the macro-level metrics enable economists to compare innovation
activities across industries, using the same set of metrics for different industries such as the pharmaceutical

industry and the banking industry. In contrast, the industry metrics derived from company-level metrics emphasize
the industry heterogeneity and propose different metrics for different industries, and sometimes covers only a

single industry, so the metrics are pragmatic enough for executives to derive operational business strategies, but are
not ideal for cross-industry comparison.

Some examples of industry-level indexes are the Service Sector Innovation Index, the NESTA Innovation Index,
the Productive Innovation Index of the Pharmaceutical Industry, and the Elastic Innovation Index of the Financial
Services (See Text Box 3).

Box 3: Four Industry Level Innovation Indexes

Service Sector Innovation Index. When an industry index is derived from a national index, its component
variables are the same across industries and allow comparability across industries and countries. An
example is the Service Sector Innovation Index. It uses data from Community Innovation Survey and
covers nine themes for 17 countries:

«  Human resources

* Innovation demand

»  Public support for innovation

» Inputs to product and process innovation

» Outputs of product and process innovation inputs
» Inputs of non-technological innovation

»  Outputs of non-technological innovation

»  Outputs of commercialization

» Outputs of intellectual property

The producers of the index acknowledge that the data cannot cover “new business models/concepts,” “new
customer/delivery interfaces,” and “new service-product offerings.” (Hollanders, 2008)

This Service Sector Innovation Index allows researchers to compare innovation activities across
manufacturing and service sectors, and across countries (the manufacturing index is calculated using the
data of the Community Innovation Survey, too). A result of the index is the ranking of 17 countries on
their input and output intensity of innovations by sectors. In addition, a finding is that countries weak with
innovation in general may do well in service sector innovation, possibly because the innovation in
manufacturing sector relies more on knowledge and knowhow, while the innovation in the service sector
relies more on catching up of best practices. There is only one year of the index available, and that
version uses data from Community Innovation Survey 4 which covers innovation activities of firms
between 2002 and 2004.
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Box 3 (Continued)

NESTA Innovation Index. The National Endowment for Science Technology and the Arts (NESTA) has
carried out research on innovation measurement at the industry level. In our review of industry-level
innovation indexes, NESTA’s research is the only research and index that bridges the macro and
company perspectives. As a preparation for building the index, NESTA sponsors a research paper that
reviews the existing firm-level metrics in twelve UK industries, and the researchers propose different sets
of metrics for different industries.

NESTA carries out a survey of 1,500 companies across 9 sectors, and develops an Innovation Index for each
sector. The NESTA Innovation Index preserves both the comparability of performance across sectors
(typical of macro-level indexes) and the sector heterogeneity that allows executives to draw business
strategies (typical of company-level indexes). The NESTA survey examines innovations in some fields
in more detail than the Community Innovation Survey does, because the NESTA survey asks companies
about innovation activities by three stages (accessing knowledge, building innovation, and
commercializing innovation), and asks sector-specific questions, while the CIS do not differentiate
activities by its stage in innovation process and it uses the same survey questions for all sectors.

The main result of the NESTA Innovation Index is to present the relative innovation performance of each
industry by the three innovation stages, and also by the variance of firm performance within a certain
sector. A below-average performance of a sector signals a potential opportunity to catch up with other
industries, and a high variance of performance of firms within a certain industries indicates opportunities
for firms to learn from each other. For example, the NESTA Innovation Index implies that the energy
sector is strong in creating innovations, but is not as effective at commercializing them, and firms within
that sector can learn a lot from each other on accessing knowledge and commercializing innovation.

Productive Innovation Index of the Pharmaceutical Industry. IDEA Pharma has been releasing an annual
index from 2011 to 2016. The index is actually a simple ranking of the top 30 pharma companies that
assesses how effective the top 30 pharma companies in commercializing new products. Component
variables for this index are global sales/market capitalization, regulatory efficiency (speed to market, end-
of-phase | to launch, and regulatory success ratio), attrition rate in phase Ill, value proposition, sales
versus ostensibly similar molecule, gearing, sales and marketing spend versus turnover, ratio of new
product ideas versus ‘me-toos’, percentage of company sales generated by products launched in the last
three to five years, analyst ranking, changes in R&D strategy, research collaborations, company
restructuring, and innovative commercialization or sales strategies. IDEA Pharma does not carry out its
own surveys and uses publicly available data for this index.

Elastic Innovation Index of the Financial Services. Innotribe produces the Elastic Innovation Index of
2015 to evaluate financial service firms’ ability and readiness for innovations in operating models with a
focus on digital related operating processes. The report finds that while a few firms are able to innovate
effectively, many firms lag behind. By assessing innovation inputs (or capabilities), as opposed to
innovation outputs (new products or new services), the Elastic Innovation Index measures capability and
readiness to change rather than measuring what has been achieved in the business execution process.

The index uses data from 60 financial service firms on five themes—content of communication, technology
platform, leadership related to innovations, strategy, and externalization. Then the researchers rank firms
by each theme. They find that the top five qualities of becoming a capable innovative firm are thinking as
a platform business, having or planning open APIs, having executives with founder experience, engaging
in open-source activities, and making use of externalized skills and labor sources. The rest of the results
are the rankings of the 60 companies by different themes.
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Part IV: The Conference Board framework for measuring innovation
activities

When diverse activities are put under the same umbrella of innovation, how would a company measure and
manage those activities in a systematic way with a panoramic view? Our framework of six signposts, which we
developed on the basis of the review of existing innovation metrics in this paper, as well as input from a number of
innovation leaders at The Conference Board member companies (Appendix: Table 1), is designed to help
innovation executives track different aspects and activities of innovation. It captures six key dimensions (signposts)
of innovation resources at different stages of innovation, incorporates the complexity of the 4th and 5th generations
of innovation processes such as the system of open innovations, and can be used by companies internally to
measure all five generations of innovation processes.

The six signposts are

» Technology,
»