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ACRONYMS 
 

CIS Community Innovation Survey 

FTE Full-time equivalent 

NSO National Statistical Office 

OM Oslo Manual 

OM2005 Oslo Manual, 2005 (2nd edition) 
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1. Introduction  
 

According to Eurostat data, about half of all enterprises in the EU-28 reported innovation 

activity during 2010-2012, with large differences across countries (from 67% in Germany to 21% 

in Romania), industries and size segments. The innovation effort of companies depends of 

their strategies and management, resources (including access to finance, skilled labour, 

technology and relevant information), the industry and market environment (at national and 

international levels) and the support to innovation offered by public authorities. The 

determinants of innovation have been extensively studied based on firm- and industry-level 

data.  

In order to better define the innovation effort, the type and volume of innovation undertaken 

by companies has received attention in the Oslo Manual (OM), which defines a typology of 

innovative activities and their degree of novelty, establishes what means for a firm to be 

innovative, and proposes standards for measuring the innovation expenditure. The 

innovation profile of a company is further determined by a series of quantitative variables 

measuring the input (expenditure in innovation-related activities and personnel), the output 

(percentage of innovative sales) as well as the process (collaboration pattern, information 

sources, etc.). At the industry, region and country levels, innovation indicators are obtained 

by aggregating individual firm responses.  

This Working Paper intends to contribute to the measurement of the innovation intensity at 

the firm level. It does not discuss the measurement of innovation outcomes nor its linkage 

with inputs (which is the subject of a separate Working Paper).  

The paper presents several alternatives for the measurement of innovation intensity. The 

structure is the following: 

• Section 2 will introduce the concept of innovation intensity, which is in general 

related to the relative effort of a firm allocated to innovation-related activities 

compared with its overall activity. It introduces the notions of input, activity and 

output innovation intensity; 

 

• Section 3 revises the current standards and practice for defining the innovative 
intensity of a company on the basis of qualitative variables, as well as by direct 
measurement at the firm-level based on input and output quantitative variables, 
and analyses their short-comings; 
 

• Sections 4 and 5 present several alternatives for defining and measuring innovation 
intensity with an assessment of their relative merits. The alternatives presented are 
statistically-oriented i.e. to be quantitatively measured either through 
questionnaires, administrative records or similar primary sources, or through the 
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combination of statistical variables at firm- and industry-level. Thus, measurements 
based on perceptions of the respondents (company managers or experts) are not 
considered, since the associated statistical results may lack of the necessary 
reproducibility.  The alternatives to direct measurement at the firm level include the 
measurement at the innovation project level of several “size” variables, the 
comparison of individual firm- with sector-level data and the estimation of intensity 
based on models adjusted at the firm level; 

• Section 6 proposes criteria for an operational definition of innovation intensity and 

discusses its measurement issues, which could be considered for further discussions 

on the introduction of the concept in the Oslo Manual.  

2. The measurement of innovation 

intensity: key concepts and measures 
 

This section focuses on the concept of firm-level innovation intensity, to be followed by more 

detailed sections on the statistical approaches for its measurement.  

 

Innovation intensity vs propensity to innovate 

Innovation intensity is a concept widely discussed in the literature on firm management, 

microeconomics and growth models. There is no consensual definition, but most authors 

distinguish between propensity to innovate i.e. the decision, at the level of the firm, of 

undertaking or not innovative activities, and if yes, the decision on innovation intensity, i.e.  

how many resources (financial, human, technological, organizational, etc.) are allocated to 

such activities, generally compared with the overall firm’s own activity or that of its sector.  

The measurement of those concepts (propensity and intensity) at the firm level is then made 

by obtaining quantitative indicators that reflect, on one side, the probability that a given firm 

undertakes innovation activities (with a certain success) given its characteristics and 

environment (sector structure, government policies, etc.), and the amount  of resources 

devoted.  

This paper discusses measures of the amount of resources for innovation, and not of the 

probability of innovating. Given that the latter is, by definition, not directly measurable by any 

method of data collection, it is estimated by statistical frequencies (i.e. percentage of firms 

undertaking innovations in a certain segment), or modeled via the usual econometric 

equations for response variables in the range (0, 1) (such as logit or probit models) with 

exogenous variables considered as determinants of innovation. Some econometric studies 

combine the estimation of the probability with that of the intensity, via Tobit models, which 

will not be discussed here. See for example Mohnen and Röller (2005), Mairesse and Mohnen 

(2010), Crespi and Zuñiga (2010).  
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We recall that the topic of this paper is the definition of innovation intensity at the firm level 

and not at any aggregate level (industry, size interval, region or country) and therefore it 

does not discuss the definition of indicators obtained by combination (addition, averaging or 

other) of individual firm data. Aggregate indicators do not immediately translate into 

equivalents at the firm level, since they are usually compared with other aggregate indicators 

to become meaningful (for instance, the number of innovating firms or the total innovation 

expenditure are compared with the total number of firms or total turnover). 

 

Input, activity and output innovation intensities 

The concept of intensity thus relates to the amount of resources devoted by the firm. 

However, studies that break down the resources by types have shown that there are 

significant differences in the innovation patterns in terms of how many internal resources a 

firm allocates and how many are used to acquire the necessary technology, training, 

consultancy, etc. from external providers. These aspects of intensity refer to the input 

intensity and the related statistical variables which can be measured at the firm level include:  

• The total expenditures in innovation activities, broken down by type of activity; 

• The human resources allocated to innovation activities (measured as full-time 

equivalent- FTE-, hours worked or other aggregated measure). 

It is the availability of firm-level data which has determined in most empirical studies the use 

of input variables.  According to the Oslo Manual, the total innovation expenditure comprises 

internal and external R&D spending, purchase of machinery and software for innovation 

projects, purchase of other external knowledge such as patens, licenses and similar 

intellectually property rights, prototyping and similar preparations for production and 

market introduction, marketing activities in direct relation with a new product introduction 

as well as cost for training of employees directly linked to innovation projects.  Most 

companies can record these expenditures, corresponding to accounting lines or recorded for 

the purpose of policy-related reporting (e.g. subventions to innovative activities).    

A theoretical model that breaks down input intensity in a number of components is that of 

Más-Verdú et al. (2011) who uses innovation expenditures as a proxy for innovation intensity, 

which is combined with R&D expenditure via an input-output framework to obtain measures 

of the impact of knowledge-based business services (KIBS) into the aggregate innovation 

effort of the Spanish economy.  This approach separates the innovation embodied in an 

industry of that obtained through the domestic purchase and import of intermediate inputs, 

and investment.  Formally, the total innovation intensity of an industry j (defined as inj) is the 

sum of five components: 
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inj = rj + pd
j + pm

j + cd
j + cm

j + cm
j , 

 
where 
 

rj  = (Rj/Xj) is industry j’s own innovation intensity (expenditure on innovation 
activities/output  of  industry j), 
 
pd

j = (Pd
j/Xj)  is  the  innovation  embodied  in  domestic intermediate inputs per unit 

of output of j, 
 
pm

j = (Pm
j/Xj)  is the innovation embodied in imported  intermediate  inputs  per  unit  

of  output  of j, 
 
cd

j = (Cd
j/Xj)   is  the  innovation embodied in domestic investment inputs per unit of 

output of j, and 
 
cm

j = (Cm
j/Xj)   is the innovation embodied in imported investment inputs per unit of 

output of j, 
 
and these, further broken down by industry. 
 

The approach, while applied at the aggregate level of industries, has the potential of 
considering at the firm-level the separate contribution of own efforts, on one side, and  
imports/purchases/investments of technology and know-how on the other. Thus, it 
conceptually provides a frame for considering that innovation [input] intensity relates to the 
behaviour of the firm in terms of own resources to innovate plus acquisition of “embodied” 
innovation (in technology or consultancy services). 

Furthermore, with the same amount of resources a firm could decide to undertake one or 

several innovation projects.  Thus, it is important to qualify the intensity by considering its 

application within the firm. The measurement at the project-level is discussed in section 4 

and could be considered an activity intensity approach. 

Finally, the concept of innovation intensity can be understood as a measure of success of 

innovative activities. For example, the innovative intensity it more frequently associated with 

large IT companies that launch new devices every few years, than to pharmaceutical 

companies that despite enormous efforts in R&D are only able to launch new drugs with a 

relatively low frequency.  In fact, according to Oslo Manual an innovation is defined as the 

[successful] implementation of a new or significantly improved product (goods and services), 

or process, a new marketing method, or a new organizational method in business practices, 

workplace organization or external relations (Eurostat and OECD, 2005).  Statistical measures 

of the firm’s output are therefore also considered for operational definitions of the 

innovation intensity in an approach that could be termed output intensity. These include:  

• Number of innovations introduced; 

• Number of patents registered; 

• Total sales due to new or improved products.  
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Intensity as a ratio 

To avoid size effects, input variables can be considered as relative to total expenditure, total 

investment, total sales or total workforce (number of employed persons).  

Indeed, a frequently used indicator of intensity, especially in studies based on the Community 

Innovation Survey (CIS), is total innovation expenditures / total turnover (sales). This approach 

for measuring the innovation intensity is used by Czarnitzki and Lopes Benito (2011), Falk and 

Falk (2006) and many other.  Considering the similarity with R&D, we may recall the use of 

ratios to define the R&D intensity as R&D expenditures per employee (Ebersberger and Lööf 

(2004, 2005).  Crespi and Zuñiga (2010) use the innovation expenditure per worker as a 

measure of [input] innovation intensity.  

Based on the input of human resources, intensity has also been defined as FTE dedicated to 

innovation / total workforce. 

As regards output intensity, Murphy et al. (2012) use as a proxy for industry innovation 

intensity the number of patents per hour worked. This is however restrictive since many 

innovations, and in particular those in processes, are not protected. 

Indicators mixing input and output intensity, such as product innovation costs/sales of new 

products  have also been proposed to extend this approach.  

Firm-level innovation data can also be compared to average values in the same sector and 

size interval of the company to produce intensity indicators. (see section 3.3).  

 Aggregation of firm-level intensity 

Of course most of the indicators to measure innovation intensity at the firm-level can be 

aggregated to the level of industries, regions and countries. This would imply, for ratio 

indicators, to consider separately the sum of numerators and denominators to obtain a ratio 

which would in fact corresponds to a weighted average of firm-level values.  

It is, as recalled earlier, out of the scope of this paper to discuss the compilation of aggregate 

indicators.  
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3. Current standards and practice in 

the statistical measurement of 

innovation and its intensity 
 
 

The previous section described different approaches to define the concept of innovation 

intensity. The interest to move from conceptual definition to quantitatively measuring 

innovation activities, its determinants and impact, has led to a large corpus of statistical 

methodology, mainly found in the Oslo Manual. Empirical studies are mainly based on 

statistical surveys to companies (generically called innovation surveys1), but other methods 

have been also considered, such as qualitative research (based on interviews to business 

managers or experts), or case studies. These will not be considered here.  

As recalled above, it is important to make the distinction about the propensity to innovate 

and the innovation intensity. Both are studied to better understand the innovation process 

and contribute to the “innovation profiling” of companies (and by aggregation, of industries, 

regions or countries). Beyond the conceptual relations of the two concepts, there is a two-

way statistical interaction to be considered in their joint measurement:  

• On one side, innovation Intensity is generally measured only for firms considered as 

innovators. Thus, questions about the overall innovation activity are used as filters 

before collecting information about resources, activities our outputs of innovation. 

The statistical population relevant for measuring intensity is the subset comprising 

innovators. Thus, there is a statistical censoring in the measurement of intensity. 

Given that the filter is somehow based on the self-assessment of the degree of 

innovativeness of activities carried out, there might also be some selection bias; 

• On the other, the innovation propensity is generally estimated by recording a series 
of dichotomous variables (product, process, organizational and/or marketing 
innovator vs non-innovator) based on the of the innovation output (such as 
successful or implemented innovations), and therefore also logically related to inputs 
and processes – and thus to intensity. Theoretical models that represent a 
dichotomous variable as the resultant of a probabilistic process with quantitative 
explanatory variables are used to relate the propensity to the intensity 
measurements.  

  

                                                           
1 In some cases, innovation is collected through general business surveys as a module. In the European Statistical 
System, the innovation surveys are stand-alone ones, carried in line with harmonized standards and legal 
provisions.  
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Formally, this two-way interaction of the measurement can be expressed as a two-equation 

system: 

• The statistical measurement of intensity can be theoretically derived from the 

equation (“intensity measurement equation”) describing the joint probability 

distribution 𝑓(𝑖𝑛𝑛𝑜𝑣, 𝑖𝑛𝑡) of the innovation propensity (innov) and the intensity (int) 

as 

 

 𝑓(𝑖𝑛𝑛𝑜𝑣, 𝑖𝑛𝑡) = 

= 𝑓(𝑖𝑛𝑡 |𝑖𝑛𝑛𝑜𝑣 = 1) · Pr(𝑖𝑛𝑛𝑜𝑣 = 1) + 𝑓(𝑖𝑛𝑡|𝑖𝑛𝑛𝑜𝑣 = 0) · Pr (𝑖𝑛𝑛𝑜𝑣 = 0) 

where 𝑓(𝑖𝑛𝑡|𝑖𝑛𝑛𝑜𝑣 = 0)  is ignored 2  due to the filtering questions (censoring) in 

innovation surveys, and 𝑓(𝑖𝑛𝑡|𝑖𝑛𝑛𝑜𝑣 = 1) is estimated by the empirical distribution 

of innovation intensity (however it is defined) as observed in the subset of innovators 

(innov = 1); 

• The estimation of the propensity to innovate through a “latent innovation propensity 

function” modeling of the observed innovation behaviour (innovator/non-innovator) 

could be written as an “innovativeness equation”:  

Pr(𝑖𝑛𝑛𝑜𝑣 = 1) =  {
𝑓(𝑥, 𝑖𝑛𝑡)  if  𝑖𝑛𝑡 >  𝜃(𝑥)

0 if 𝑖𝑛𝑡 ≤  𝜃(𝑥)
} 

where 𝑓 is a function of firm’s characteristics 𝑥 and intensity, and 𝜃(𝑥) is a threshold 

above which the intensity applied by the firm results in successful innovations.  

• Jointly, without ignoring 𝑓(𝑖𝑛𝑡|𝑖𝑛𝑛𝑜𝑣 = 0), the equations would result in  

 

𝑓(𝑖𝑛𝑡, 𝑖𝑛𝑛𝑜𝑣) = 

 

=  {
𝑓(𝑖𝑛𝑡|𝑖𝑛𝑛𝑜𝑣 = 1) · 𝑓(𝑥, 𝑖𝑛𝑡) + 𝑓(𝑖𝑛𝑡|𝑖𝑛𝑛𝑜𝑣 = 0) · Pr(𝑖𝑛𝑛𝑜𝑣 = 0) if   𝑖𝑛𝑡 >  𝜃(𝑥)

𝑓(𝑖𝑛𝑡|𝑖𝑛𝑛𝑜𝑣 = 0) · Pr (𝑖𝑛𝑛𝑜𝑣 = 0)   if  𝑖𝑛𝑡 ≤  𝜃(𝑥)
} 

where the threshold function is not directly observable. 

The estimation of “innovativeness equation” suffers from censored statistical observation, 

i.e. the fact that innovation surveys do not consider the measurement of any innovative 

effort carried out by the company after self-declaration as non-innovator. Thus, any effort 

not conducive to successful implementation of a technologically-improved product or 

process, (see Box 1) would not be statistically measured.  

  

                                                           
2 𝑓(𝑖𝑛𝑡𝑒𝑛𝑠|𝑖𝑛𝑛𝑜𝑣 = 0) is “statistically ignored” since no data is collected. However, it is recognized that there is 
some innovation activity: the Eurostat metadata system mentions that  “enterprises that had innovation activities 
during the period under review, regardless of whether the activity resulted in the implementation of an innovation, 
are innovation-active”, thus creating a category for such firms. 
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Box 1: Definition of an innovating firm 
 
The technological product and process (TPP) innovating firm is one that has 
implemented technologically new or significantly improved products or processes or 
combinations of products and processes during the period under review.  
 
Source: par 130, Oslo Manual 2005 

This section reviews the current statistical standards based on the Oslo Manual 2005  

(OM2005) for the possible measurement of innovation intensity. The current practice is 

generally related to the presence or absence of certain activities and the allocation of 

resources at the firm-level, and therefore are part of the so-called “subject approach” to 

innovation measurement (see Box 2). 

Box 2. Subject approach in innovation measurement 

In the measurement of innovation, the subject approach starts from the innovative 
behaviour and activities of the enterprise as a whole. This approach is recommended for 
countries to use when conducting innovation surveys. The subject approach hides the 
particular aspects of innovation activities by aggregating at the firm level, e.g. not being 
able to distinguish innovation projects in different stages of their life cycle within the 
enterprise, or by novelty, let alone the resources used for each activity/project. From the 
operational viewpoint, the subject approach has the advantage of using the same 
statistical unit than other business statistics (and national accounts). Variables related to 
expenditure, investment or employed staff specific for innovation activities can be, in 
principle, be compared to the same variables observed at the whole firm-level.  

Source: par 122-124 and Annex 1 of OM2005 

 

First, section 3.1 reviews the profiling of firms according to their innovation behaviour 
described through firm-level qualitative variables.  The potential for defining the innovation 
intensity on the basis of such qualitative variables is discussed but not developed, limiting the 
scope of this paper to the quantitative measurement.  

Second, section 3.2 reviews the operational (statistical) definitions of innovation intensity 
from an input viewpoint considering innovation expenditure.   

Finally section 3.3 recalls other possible definitions of intensity considering alternative 
quantitative variables.  
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3.1 The definition of innovation intensity based on 

qualitative variables. 
 

The innovative profiling of companies can be studied, under the current standards, by a 
combination of qualitative variables collected through direct measurement (questionnaires). 
Relevant qualitative variables that could be related to some form of intensity include: 

• The type of innovation activities successfully undertaken; 

• The degree of novelty of the innovation; 

• The organisation or mode of implementation of innovation activities. 
 

Type of innovation 

The OM2005 focuses on technological product and process (TPP) innovation, with optional 
guidelines for other forms of innovation such as organisational change.  Types of innovation 
activities (not exhaustive) are given in OM2005 (par. 181-191) as well as other borderline cases 
in par 192-198 and for the implementation of the Community Innovation Survey (CIS), 
concrete types of innovative activities are provided in the survey questionnaire  (see Box 3).  

 

Box 3: Definition of “innovation activities”   
 
Innovation activities are all scientific, technological, organisational, financial and 
commercial steps which actually, or are intended to, lead to the implementation of 
innovations. Some innovation activities are themselves innovative; others are not novel 
activities but are necessary for the implementation of innovations. Innovation activities 
also include R&D that is not directly related to the development of a specific innovation. 
 
During a given period, a firm’s innovation activities may be of three kinds: 
- Successful in having resulted in the implementation of a new innovation (though not 
necessarily commercially successful); 
- Ongoing, work in progress, which has not yet resulted in the implementation of an 
innovation; 
- Abandoned before the implementation of an innovation. 
 
In the CIS2012 questionnaire: “Innovation activities include the acquisition of machinery, 
equipment, buildings, software, and licenses; acquisition of existing knowledge from 
other enterprises or organisations, engineering and development work, design, training, 
and marketing when they are specifically undertaken to develop and/or implement a 
product or process innovation. Also include all types of R&D activities”.  
Source: OM2005 (Chapter 6) 
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The type of activities allows further classifying the companies as those having introduced or  
implemented innovations in their products/services and processes (ProdProc-Inno), those 
innovating in their organisation (Org-Inno) and in marketing (Mkt-Inno) methods (see Box 
4).  

 
 

Box 4: Classification of enterprise according to their innovative activity in the 
Community Innovation Survey. 
 
Product innovative enterprises (Prod-Inno) are those who introduced, during 2010-2012, 
new or significantly improved goods and/or services with respect to their capabilities, 
user friendliness, components or sub-systems. Changes of a solely aesthetic nature and 
the simple resale of new goods and services purchased from other enterprises are not 
considered as innovation. 
 
Process innovative enterprises (Proc-Inno) implemented new or significantly improved 
production process, distribution method or supplying activity during 2010-2012. 
 
Organisational innovative enterprises (Org-Inno) implemented a new organisational 
method in the enterprise’s business practices, workplace organisation or external 
relations. 
 
Marketing innovative enterprises (Mkt-Inno) implemented a new marketing concept or 
strategy that differs significantly from enterprises' existing marketing methods and 
which has not been used before. It requires significant changes in product design or 
packaging, product placement, product promotion or pricing and excludes seasonal, 
regular and other routine changes in marketing methods. 
 
Innovative enterprises had any of the above types of innovation activities during the 
period 2010-2012, including enterprises with on-going and abandoned activities. In other 
words, enterprises that had innovation activities during the period under review, 
regardless of whether the activity resulted in the implementation of an innovation, are 
innovation-active. 
 
During the period, innovation activities can be of three kinds: 
● successful, in having resulted in the implementation of an innovation (although the 
innovation need not have been commercially successful); 
● on-going, with work in progress that has not yet resulted in the implementation of an 
innovation. 
● abandoned before the implementation of an innovation. 
 
Non-innovative enterprises had no innovation activity whatsoever during the reference 
period. These enterprises answered only a limited set of questions of the survey. The 
CIS2012 ad-hoc module on growth targeted enterprises both with and without innovation 
activity. 
 
 
Source: Eurostat metadata system 
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While the dichotomous classification has proved useful at the aggregate level (by comparing 
percentage of innovators at the sector or country level with growth), at the firm level it may 
be an over-simplification of the complex process of innovation. Indeed, at the enterprise level, 
many innovation activities of different nature and resources invested may take place at the 
same time, in different stages of the innovation cycle.  

The classification by type of innovative activity itself does not provide for an assessment of 
how intense were the innovation efforts to successfully launch products or implement 
processes. In addition, studies show that the categorisation is rather fuzzy and innovators 
are with high probability “manifold-“ or “multiple-innovators”, combining technological  
(with or without R&D) and organisational innovation. (Montresor et al., 2014, Hervás et al. , 
2015). 

However, a more detailed – still qualitative - insight based on other qualitative variables 
describing the innovation input or activity can shed additional light about the effort done by 
the company. For instance, the Oslo Manual suggests (par. 37) to divide out firms have only 
“passive” TPP innovation i.e. those which have innovated exclusively by importing 
technology incorporated in new machinery and equipment.  More active innovators, such as 
those having undertaken R&D activities, could signify a stronger effort or higher innovation 
intensity.  

Novelty of innovations 

A second variable that could be related to the innovation intensity is the degree of novelty, 
as a descriptor of the innovation output. In the range of effort to innovate, a “low effort” 
category would consist in those “innovators by imitation”, which launch products new to 
theirs but not to larger markets. In this sense, innovation surveys record for product 
innovations the degree of novelty with respect to the firm’s market, to the country, to 
Europe and to the world.  Of course, answering this question requires in theory perfect 
knowledge of the market- which is rarely the case given the rapid diffusion of technologies 
and evolution of consumer demand, especially in emerging industries. The definition of what 
constitutes the firm’s market is in fact subjective in a context of globalised and especially 
online trade.  

A higher level of effort consists in the introduction of incremental innovations. However, the 
current form of the CIS questionnaires does not allow differentiating between innovation 
based on imitation from products (or services) existing in markets not easily accessible to the 
firm’s customers, from incremental innovation as a substantial improvement of products or 
services already existing on the market, and from absolute innovations, which would 
correspond to even higher levels of effort. 

Implementation modes for innovation activities 

A third set of variables related to the effort made by the company in the innovation activity 
includes those “innovation implementation modes” such as collaboration (with other 
enterprises or institutions) or methods for innovation protection. Mairesse and Mohnen 
(2010) recall that innovators often appear to adopt a number of strategies simultaneously: 
they perform R&D, purchase technologies, innovate in products, innovate in processes, 
patent, collaborate, and so on. 
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Combining qualitative variables to represent innovation intensity 

It can be discussed how far the combination of the qualitative variables describing the type 
of innovation activities, the degree of novelty of the innovative products or processes, and 
the implementation modes, can provide for an indicator of innovation intensity.  

De Jong (2000) uses qualitative variables related to the input, process and output of 
innovation to a latent factor expressed as innovation intensity through a LISREL model, 
obtaining a selection of those variables more representative for such factor (see section 5). 
Licht and Moch (1997) relate several input indicators to the qualitative description of the 
innovation output. Barlet et al. (2000) provide econometric evidence on the significant 
impact of the qualitative type of innovation on sales and exports, controlling by industry and 
size, except for process innovation. Souitaris (2002) proposes a list of qualitative variables as 
possible determinants of a so-called “innovation rate” of a company, classifying them into  

• Contextual variables: firm’s profile (years of operation, growth rate of size, sales, 
profits and exports), competitive environment (perception of rate of changing 
demand and intensity of competition); 

• External communication variables: communication with stakeholders, 
networking and acquisition of external information, cooperation with external 
organisations; 

• Strategic variables: existence and consistency of an innovation budget, business 
strategy, management of attitudes (towards risks and new technologies), CEO’s 
profile; 

• Organisational competencies: intensity of R&D and quality control, market 
competencies, education and education of personnel, training of personnel, 
internal processes for innovation. 

Modelling the relationship between qualitative and quantitative variables is usually more 
complex than just using quantitative ones. Exploratory machine-learning techniques 
investigating the explanatory power of the many qualitative variables collected in innovation 
surveys, with respect to the distribution of quantitative intensity variables could shed light 
on the possibility of defining levels of intensity based on the combination of qualitative 
variables3.   

 

3.2 The statistical measurement of innovation intensity 

based on innovation expenditure  
 

The above described qualitative classification of innovation behaviour does not provide for 
measurement of the amount of resources allocated by companies into the different 
innovative activities, and therefore cannot distinguish the relative contribution to the total 
innovation effort by industries or size segments. It can neither allow for comparison of the 

                                                           
3 The application of algorithm-based modes of statistical inference (such as tree-based methods), which do not 
require the formulation of any model of the relationship between the explanatory and the endogenous variables, 
could be particularly useful in the context of the complex relationships between the variables considered, possibly 

encompassing non-linear effects and interactions, correlations between predictors and time lags. The exploration 
of this possibility is out of scope of this paper.  
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firm-level effort for innovation with other enterprise activities (consumption of raw 
materials, energy and other inputs, generation and remuneration of labour, sales and 
exports, etc.).  

The Oslo Manual proposes indeed measuring a number of quantitative variables that allow 
for estimating the volume of resources devoted to and the output of innovation. The 
combination of quantitative and qualitative innovation-related information at the firm- and 
industry-level provides a higher statistical detail. Complemented with usual business 
statistics on resources, intermediate consumption, investments, sales, etc., it allows for 
establishing meaningful analysis of the determinants and role of innovation in business 
performance and economic growth.  

This section revises one of the most usual indicators of innovation intensity, based on the 
innovation expenditure (also expressed as expenditure in innovation activities) at the firm-
level. Other possibilities are discussed in later sections.  

Direct measurement of innovation expenditure and its components 

The innovation expenditure is directly measured at the firm level in absolute terms by the sum 
of firm’s expenditure in acquisition of machinery, equipment, software, other external 
knowledge, in-house and external R&D, and other innovation activities (including design, 
training, marketing and other relevant activities). Thus, at the aggregate level, the innovative 
effort has been traditionally measured by the proportion (and number) of innovative firms in 
a given industry or country (therefore based on a qualitative/dichotomic variable), as well as 
by the total expenditure in innovation activities, broken down by relevant business sub-
populations (sector, size) (OM2005 par. 36).  The notion of direct measurement refers to the 
possibility of collecting the value of innovation expenditure form the respondent firm, 
without any need for modelling or any other statistical elaboration, since companies usually 
keep accounting records of their investments and purchases of goods and services. Yet 
allocating expenditures to innovation needs that the firm is able to recognise the link 
between the expenditure and any of the innovative activities proposed in the respondent 
manual, survey instructions or by the interviewer, thus reinforcing the need for cognitive 
testing of data collection instruments about the interpretation by respondents of the 
concepts of innovation surveys.  

Direct measurement is usually carried out on the subsample of firms declaring having 
implemented innovations. Mairesse and Mohnen (2010) highlight the problematic issues of 
measuring quantitative variables such as expenditures (or output in innovation) only on 
innovative firms. The statistical issues of censoring and selectivity appear in the current 
practice. Only innovating firms as defined by the initial, qualitative screening questions, have 
to answer further questions on quantitative variables. Formally, the measurement of  
𝑓(𝑖𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 |𝑖𝑛𝑛𝑜𝑣 = 0)  is excluded by the design of innovation surveys. 

As the authors mention, in a number of cases, the value for other censored variable can safely 
be put equal to zero, such as the share of sales due to new products. The censoring should be 
corrected for, to avoid potential selection biases. This can be done using sample selection 
models comprising a regression for the censored variable together with a selection equation 
(such as the tobit model described in section 5.1). In the absence of additional information 
about non-innovative firms obtained by merging the innovation survey data with other firm 
data, there is no possibility to discriminate between innovators and non-innovators and to 
correct adequately for potential selectivity biases. 
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Innovation intensity as a ratio based on innovation expenditure 

Innovation intensity is usually expressed as a ratio between innovation expenditure and 
some reference variable that describes the volume of activity of the company. This includes  

• Turnover (sales), as the most usual way of defining the innovation intensity; 

• Total value of inputs (consumption); 

• Total number of employees (FTE) (to obtain innovation expenditure per employee). 

Defining the innovation intensity as the ratio of innovation expenditure to turnover has 
played an important role since the very first availability of data. With the first CIS data, e 
Evangelista et al. (1997) already used this ratio to analyse differences across industries, size 
classes, countries and also intra-sectorial concentration of innovation expenditure, observing 
its uneven distribution (and therefore suggesting a log transformation for the application of 
standard statistical methods requiring at least some distributional symmetry, such as 
ANOVA).  

The consideration of the reference period for the variables to be used to calculate the ratio 
raises statistical issues. Indeed, to take into account the time delays between innovation 
expenditure and its impact on processes and products, a reference period of the three last 
years has been proposed in innovation surveys  (see Box 5).  However, the reference period 
for collecting variables on turnover (sales) and employment is annual, which has implications 
in the definition of intensity as a ratio of innovation expenditure to turnover or expressed 
per employee needs the determination of the relevant reference periods for numerator and 
denominator.  

 

Box 5. Reference period for CIS variables 
 
A particular feature of the Community Innovation Survey (CIS) is that it uses different 
reference periods (except CIS 2): 
 
- most indicators are based on a three-year reference period, for example, the indicator 
showing whether an enterprise introduced an innovation covers a period of three years; 
 
- a minority of indicators are based on one year. It's the case of the turnover and 
employment indicators, which are usually requested for the first and last years of the 3-
year reference period. Innovation expenditure is also based only on the last year of this 
3-year period. 
 
CIS Light: 
Countries were free to choose between two reference periods of 3 years: 2000-2002 or 
2001-2003. Latvia, Slovakia and Norway had data for the period 2001-2003, while most 
other countries had data for the first period, 2000-2002, with the exception of 
Luxembourg, Lithuania, Malta and Hungary, which used a 2-year reference period (2002-
2003), Slovenia, which used a 2-year reference period (2001-2002), and Portugal, which 
reported results for only a single reference year (2003). 
CIS2 
All data referred to the calendar year 1996. 
CIS 3 
The standard reference period for the indicators with a 3-year period was from 1998 to 
2000.  
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Exceptions to the reference year in CIS3: 
Poland generally had a reference period of 1998-2000 for the industrial sector and 1997-
1999 for the services sector. The Czech Republic, Hungary, Latvia, Lithuania, Slovakia and 
Norway had a reference period of 1999-2001. Romania had a reference period of 2000-
2002. Slovenia had a two-year reference period of 2001-2002, while Bulgaria had a 
reference period of 2001-2003. Spain used an earlier version of the CIS3 core 
questionnaire. Moreover, there are some exceptions: the data on turnover refer to 2001; 
the data on expenditure are for 2000 for the industry sector and for 1999 for the services 
sector; the data on non-patent protection methods refer to 1996; and the data on non-
technological innovation  refer to 2001. 
CIS4 
The standard reference period for the indicators with a 3-year period was from 2002 to 
2004. Indicators such as innovation expenditures were based on the reference year 2004. 
The turnover and employment figures were reported for the calendar year 2002 and for 
the calendar year 2004. All countries collected the data in accordance with these 
reference periods, with just the Czech Republic having a reference period of 2003-2005. 
CIS2006 
The standard reference period for the indicators with a 3-year period was from 2004 to 
2006. Indicators such as innovation expenditures were based on the reference year 2006, 
while the turnover and employment figures were reported for the calendar year 2004 
and for the calendar year 2006. 
CIS 2008 
Similar to the previous surveys, three reference periods were used in the questionnaire: 
the reference period for most questions was 2006 to 2008, i.e. the three-year period from 
the beginning of 2006 to the end of 2008. The indicators on innovation expenditures 
were based on the calendar year 2008. Additionally, the turnover and employment of 
enterprises were requested for two years: 2006 and 2008. 
All countries collected the data in accordance with these reference periods. 
CIS 2010 
Most CIS 2010 questions covered the reference period 2008 to 2010, i.e. the 3-year period 
from the beginning of 2008 to the end of 2010. As regards the indicators on innovation 
expenditures for product and process innovations, the reference period was only one 
year, 2010. Spain also used just 2010 as the reference period to collect the number of 
enterprises engaged in innovation activities. The other countries used the 3-year period 
for these indicators. Moreover, a limited number of basic economic indicators such as 
turnover and employment were requested for 2008 and for 2010. 
 
Source: Eurostat metadata 
(http://ec.europa.eu/eurostat/cache/metadata/en/inn_cis2_esms.htm) 
  

Thus, before considering any ratio of variables, their reference period should be clarified. 
Souitaris (2002) proposes a mix of reference periods (three and one year), considering as 
variables measuring the innovation input or effort towards innovation, on one side, the 
expenditure for innovation in the past 3 years over current (i.e. for the last year) sales 
(including R&D expenditure, acquisition of technology and know-how, tooling up, industrial 
engineering, industrial design, product start-up, training related to innovation activities and 
marketing of new products), and on the other side, the number of patents acquired in the 
past 3 years.  

http://ec.europa.eu/eurostat/cache/metadata/en/inn_cis2_esms.htm
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3.3 Other practices in direct measurement of intensity-

related quantitative variables 
 
 

Alternatively to the use of innovation expenditure as denominator and turnover as numerator 
for an input-based indicator of innovation intensity, other quantitative variables have been 
used in innovation studies, which will be mentioned here.  

 

Considering separately the components of innovation expenditure 

Instead of considering all innovation expenditures, NESTA (2009) considers separately the 
expenditures for different categories of innovation activities as measures of intensity, 
reflecting the company’s commitment to innovation. Based on the Innovation Value Chain 
(IVC) model, which separates the innovation process into (1) Access to Knowledge (2) 
Building innovations (3) Commercialising innovations, NESTA separates components such as 
R&D expenditure, investments (expenditure) in design, expenditure in process development 
and branding & marketing expenditure. With each one of these input variables, by 
comparison with sales, intensity indicators are derived and used to map industries.  

Interestingly, the NESTA report defines an indicator of “diversity of innovation activity” 
which gives higher scores to those companies engaging (spending) in different types of 
activities rather than focusing in one component.  

 

Innovation expenditure and intangible assets 

Some of the components of innovation expenditure are clearly intangible.  OM2005 (par 55, 
119) recommends including in its measurement the current expenditure in TPP which is part 
of the intangible investment, the later comprising also other items such as training or 
marketing, not necessarily related to innovation.  

Intangible investments have been shown to be a key value creator for companies, 
contributing to companies’ productivity. It is recognised that they have a role in innovation 
projects and in day-to-day business performance, being knowledge-intensive resources that 
have been proven in many studies to be the main input of a company’s “knowledge 
production function” and to contribute to its propensity to innovate (Montresor, Perani and 
Vezzani, 2014).   

The link between investment in intangibles and innovation has been recently studied by 
Montresor et al. (2014), showing that the intensity of investment in intangibles (with respect 
to turnover) is highest in Mkt- and Org-innovators than for ProdProc-innovators.  The 
research thus suggests possible mapping between different kinds of innovators and different 
kinds of intangibles. The amount and breakdown of investment by type of intangibles could 
eventually provide insights on the innovative intensity of a firm. On one side, some types are 
easier to incorporate (training, branding/marketing, acquisition of software), while other 
require overcoming entry barriers in terms of internal organisation and level of investment 
(e.g. establishing a R&D department)  (Angotti and Perani, 2015).  
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Indeed, the Innobarometer 20134  asked through a business survey about expenditure in 
internal (or developed) and external (acquired) resources for some categories of intangibles: 
(i) training; (ii) software development, excluding research and development and web design; 
(iii) research and development; (iv) design of products and services, excluding research and 
development; (v) company reputation and branding; (vi) organisation or business process 
improvements. According to the analysis of the Innobarometer, the possibility of 
“separating”, within the company organisation, activities related to software, R&D and 
design, from those of a more cross-cutting nature (branding, training, organisation) showed 
that companies that declared innovative behaviour scored most for investment in the 
“separable” activities. As a conclusion of such study, it emerged that investments in 
“organisationally separable” intangibles such as R&D and software are more present in 
ProdProc-innovators while “non-separable” ones are pivotal for Org- and Mkt-innovators.  

Thus, investments in “separable” intangibles such as R&D, software and design can be a proxy 
for innovation intensity. Further investigating the statistical relationship between intensity 
and type of intangible investment by typologies of innovators –and even non-innovators-  can 
shed light on the potential of using this quantitative variable to define innovative intensity. 

 

Innovation intensity based on human resources for innovation 

The amount and skills of human resources have been proved to be determinant of success 
and failure of innovation activities. OM2005 considers that investing in human resources is 
an organisational skill of enterprises (par. 61). Labour costs related to innovation activities 
are to be considered as part of innovation expenditure (OM2005, par 296).   

Similarly to the use of indicators such as R&D expenditure per employee, innovation indicators 
considering the input of human resources can reflect the innovation intensity. The type of 
innovation activity is highly correlated to the human resources input: activities such as 
acquisition of technology (most common in developing economies, see …) require less (and 
less qualified staff) than implementing in-house R&D, for instance Duarte (2012) for 
Argentina).  

Thus, input-based indicators such as the following can be calculated from the collected data: 

• Total innovation expenditure per employee (FTE): Bloch (2008) uses the (log) 
innovation expenditure per employee as a dependent variable for a model including 
several quantitative and qualitative variables; 

• Number of employees (FTE) dedicated to innovation / total workforce; 

• Labour cost (as part of innovation expenditure) in relation to total labour costs. 

The recording of number of employees in FTE dedicated to innovation activities and their 
labour costs requires however to keep working time records. This is not a generalised 
practice (especially in non-technological companies which do not organise innovation on a 
project basis, see section 4) and can therefore present measurement problems. Innovation 
intensity based on innovation output 

Innovation surveys collect the percentage of sales due to innovative products, thus providing 
for an output-based innovation intensity indicator at the firm level. While this indicator shows 

                                                           
4 European Commission, Directorate-General for Enterprise and Industry. “Investing in Intangibles: Economic 
Assets and Innovation Drivers for Growth” (No.369). 
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the success of innovation, it does not provide any information on why and how the success 
was achieved. Not being broken down by novelty to the market, it is not possible either to 
distinguish the market and the product effects, thus biasing the indicator especially in less 
developed markets where imitation products may represent a novelty (Arundel, 2007). 

There is also a time lag between the innovative activity and the launching and 
commercialisation of the innovative product, which is not reflected in the value of the output 
indicator.  

 Innovation intensity defined by comparison of a firm with its sector 

The seminal paper of Evangelista et al. (1997) already detected that innovation intensity 
(defined as innovation expenditure over turnover) was strongly determined by industry and 
size class, with similarities of patterns across European countries. Econometric models of the 
innovation expenditure at the firm level often use dummies to control for sector and size (for 
also Sanguinetti (2005), Raymond et al. (2009) and many others). Mairesse and Mohnen 
(2001) compare the percentage of innovative sales of a firm with that of its sector and size 
interval, to define a level of “innovativeness” (see section 5).  

This practice can be considered equivalent, in terms of estimation, to comparing the firm-
level values with average values at the sector and/or size interval level, in order to define the 
firm’s innovation intensity. 

Similar practice for deriving firm-level results exists in some National Statistical Offices, which 
provide – as a compensation and incentive for respondents to business surveys – 
comparisons of their productivity levels (e.g. turnover per employee) with those obtained 
for the corresponding sector and size. Rankings (in terms of percentiles) are also obtained 
from the distribution of individual values, to provide with richer information to the 
respondent.  

 

This type of intensity measurement might also provide insight on the distribution of the 
innovation effort, distinguishing sectors were most of the innovation expenditure is 
concentrated in a few leading companies with those in which the innovation is spread.  

This suggests that any definition – or analysis -  of innovation intensity should consider the 
industry and size class of the company. The increasing harmonization of industrial 
classifications and size intervals allows for cross-country comparability.   

 
 
 

4. Measurement of intensity at the 

project level  
 

The measurement of any innovation effort at the firm level is a statistical simplification of the 
complex process of innovation within a company, characterised by a mix of activities, 
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implemented in different time frames, with different requirements in terms of internal and 
external resources, and different success probabilities and results. Indeed, aggregating 
expenditures or any other input or output variable at the firm level does not allow for 
identifying either the internal allocation of resources to the innovation portfolio, nor for 
evaluating the contribution of such allocation to the firm’s performance, and thus, firm-level 
statistics shed little light on optimal innovation strategies for companies. 

The organisation of innovation within the firm 

Internally, companies undertake innovation activities in different degrees of formalisation 
and flexibilisation (Mattes, 2014). The way a company starts, launches and implements 
innovative activities depends very much on its strategy, resources, experience and 
environment. The activities can be undertaken as part of the functional or routine work of 
the company’s staff, or be “packaged” as projects. Low-formalised or highly flexible 
organisational innovation provides autonomy to firm units or staff, entails informal feedback 
loops before innovations are adopted, and counts on highly tacit organisational knowledge. 
Innovation activities in traditional sectors and in the informal economy are rather un-
formalised and flexible.  

Highly formalised, less flexible approaches – more frequent in high-tech, competitive sectors 
- entail the application of internal rules, binging standards, institutionalised and often 
requiring written documentation.  In general, innovators mix both approaches in what the 
author calls “ambidexterity” and concludes that “while ambidexterity has usually been 
described at a corporate level, the empirical insights show that the tension is instead resolved 
to a large extent at a smaller scale, i.e. for individual projects […]”.  

Increasing projectification of innovation activities… 

The literature about innovation management recognises an increasing “projectification” of 
the work as enterprises and specialists organise their work in projects rather than on on-
going functional basis. Traditional industries that once organised their activities in a 
functional way are evolving towards project-based forms of organisation. Likewise, 
emerging industries (ICT, biotechnology) are increasingly adopting project-based forms 
(Filippov and Mooi). Tools for project management have been developed from the 
management of R&D.  

A study (European Commission, 2004) showed that 82% of innovators (including business, 
academic centres, government) use project management techniques. This suggests that 
collecting the information about projects in innovative companies should be possible, since 
project management techniques require recording resources and results. Innovation 
Management Techniques (IMT) have been classified as 1. Knowledge management 
techniques 2. Market intelligence techniques 3. Cooperative and networking techniques 4. 
Human resources management techniques 5. Interface management techniques 6. Creativity 
development techniques 7. Process improvement techniques 8. Innovation project 
management techniques 9. Design management techniques 10. Business creation 
techniques.  

… but innovation outside projects occurs  

The definition of projects as non-routine activity, crossed by the innovative character, gives 
a two-way classification as in the table below. The shaded cells are of interest to measure 
innovation intensity. 

Table 1. Classification of activities with a company 
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 Innovative activity Non-innovative activity 

Functional Innovation outside projects Routine activities 

Projects Innovative projects  Non-innovative projects 

 

While there are experiences in the measurement at the project level (see below), there is also 
evidence that in smaller firms and in low technology sectors, the innovation activity is less 
formalised than in large ones, or in creative or technology-intensive sectors. Many innovative 
ideas are generated by company staff on a regular basis outside the frame of a project. In fact, 
according to the IMPROVE study, 56.3% have no formal innovation project development 
process. If only “formalised projects” are measured, there is a risk that activities previous to 
their launching (such as informal research, brainstorming, networking, etc.) constituting the 
“fuzzy front-end” before project commitment are ignored. In the diagrammatic 
representation of project life shown below (Marcelino-Sádaba et al., 2015), the shared area 
would be ignored in the project-level measurement approach, even if there is a non-zero cost 
and staffing level devoted to pre-project innovative activities.  

 

Figure 1. Innovation project life cycle 

 

Source: Marcelino-Sádaba et al., 2015 

There is risk that the project-based innovation intensity measurement induces a statistical 
bias: the fact itself of organising the innovation activity in projects would eventually indicate 
higher innovation intensity.  Bundling innovation activities within a firm in projects is indeed 
already a sign of certain “maturity” with respect to innovation.  Allocating resources (internal 
and external) to the implementation of such projects signals that the firm undertakes the 
innovation activities within a strategy and probably can report on such activities with more 
detail.  Specific innovation project management-related variables may describe the intensity 
with which the firm undertakes such projects. 
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Conversely, companies that “turn innovation into routine” (and do not package it as 
projects) have a greater success in innovation (IMPROVE, 2001)5.  

 

Defining and delimitating innovation projects for measurement purposes 

The measurement at the innovation project level requires a basic definition of this before it 
is established as a statistical unit on which data are collected through surveys: “taken into 
consideration the growing relevance of innovation projects, a clearer and explicit wording 
should be used in CIS questionnaire for determining whether innovation is organised and carried 
out in projects or functionally” (Filippov and Mooi). 

Definitions of what is an innovation project exist. They combine the definition of a project 
with that of innovative activities. Several definitions of what is a project are recalled in Box 
6. 

 

Box 6: Definitions of a project in international standards 

Both ISO and DIN standards propose definitions of projects, not necessarily aimed at the 
compilation of project data: ISO (9000:2015) defines a project as a unique process, 
consisting of a set of coordinated and controlled activities with start and finish dates, 
undertaken to achieve an objective conforming to specific requirements, including the 
constraints of time, cost and resources. 
 
An innovation project is a project with regard to innovation and is characterized by the 
following features:  
- An individual project can form part of a larger project structure and generally has a 
defined start and finish date. 
- In some projects the objectives and scope are updated and the product or service 
characteristics defined progressively as the project proceeds. 
- The output of a project can be one or several units of product or service. 
- The project’s organization is normally temporary and established for the lifetime of the 
project. 
- The complexity of the interactions among project activities is not necessarily related to 
the project size. 

DIN 69901 (1987) characterises a project by the specificity of target, time, financial, 
human and other limitations, differentiating it from other projects and project-specific 
organization.  

The Project Management Institute (PMI, 2008) defines a project is as “a temporary 
endeavour to create a unique product, service or result that, when applied to innovation, 
brings a differential value to the company compared with what was available at the start 
of the project”. 

 
As for an innovation project, the Oxford Handbook of Innovation Management (2014) 
analyses the intersection of project management and innovation literature. It explores the 
particular attributes of an innovation activity to be considered as a project, mainly due to 

                                                           
5 http://www.innovationmanagement.se/2011/09/19/highly-innovative-low-tech-companies.  

http://www.innovationmanagement.se/2011/09/19/highly-innovative-low-tech-companies
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uncertainty (of timing, of results, of technologies), market novelty and complexity. Adaptive 
project management, allowing for correction of deviations and reaction to emerging issues, 
is deemed to be the new paradigm for understanding the relation between project 
management and innovation. Measurement issues related to an ever-changing project 
management are to be expected.  

The Frascati Manual for collecting and reporting data on research and experimental 
development is the international standard for measuring R&D and therefore is closely linked 
to the Oslo Manual, of which it is a precedent. It defines what are R&D activities and projects, 
as organised bundles of activities (see Box 7).  

 

Box 7: Definition of R&D activity and project: 

An “R&D activity” is the sum of actions deliberately undertaken by R&D performers in 

order to generate new knowledge. In most cases, R&D activities can be grouped to form 

“R&D projects”. Each R&D project consists of a set of R&D activities, is organised and 

managed for a specific purpose, and has its own objectives and expected outcomes, 

even at the lowest level of formal activity. The concept of an R&D project, while useful 

for understanding how R&D is done, is not likely to be applied in the same way in all the 

sectors used in this manual. 

 

The Frascati Manual proposes a list of questions to identify R&D projects. This includes:  

• Identifying the objectives of the project and checking that they correspond fo the 
creation of “new knowledge”; 

• Identifying precisely what is new about the project, and what is the creative approach 
regarding new applications of existing knowledge or new uses of available 
techniques or technologies; 

• Identifying the methods to carry out the project, assessing their scientific basis; 

• Assessing the applicability of the findings or results of the project, in particular their 
transferability and reproducibility; 

• Identifying the type of staff assigned to the project, which should include research 
personnel; 

• Classifying the institution carrying out the project, and assessing against the previous 
criteria if it is really a R&D project. 

 

Source: Frascati Manual 2015 

 

 
There are a number of criteria for delimiting a R&D project provided in the Frascati Manual: 

 
- Specific purpose or objectives: it has to aim at developing new concepts or ideas, 

and excludes routine changes to products and processes; 
- Identifiable outcomes expected if the project is successful; 
- Management: planning and budgeting of R&D projects allow conceptually 

distinguishing them from routine activities. This includes setting concrete timing 
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and logical precedence of project activities (planning) and allocation of resources 
(staff, budget, technologies) to the different project phases. Project 
management also requires recording the activities and resources used in a 
systematic manner (and therefore, providing for quantifiable monitoring and 
evaluation, and from this, the production of project-level indicators); 
 

The approach used by the Frascati Manual to define R&D projects can eventually be followed 
to define what is an innovation project for the purposes of statistical measurement .  In a 
similar way, innovation projects could be delimitated at the company level by assessing a 
number of criteria. Table 2 proposes a set of questions that the respondent could use to 
identify different innovation project to report about. 
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Table 2. Possible criteria for delimitating innovation projects 

Question Comment Main issues 

What are the objectives of 
the innovation project? 

The classification of socio-economic objectives proposed by the Oslo 
Manual can be used to classify those aimed by an innovation project.  

Conventional projects tend to have clearly defined goals and targets. On the 
opposite, innovation projects might not necessarily have this detail. Innovation 
is often elusive and cannot be described before it is actually achieved. Many 
innovation projects relate to intangible assets and the commercial success of an 
innovation project can be highly uncertain. In fact, innovation is often a result of 
trial-and-error. 

What is the time frame of 

the innovation project? 

A project is limited in time. Routine activities are not limited and 

therefore will easily be identified as non-projects.  

The duration of an innovation process may not be known in advance due to the 

inherent uncertainty. Innovation is a creative process, with uncertainty, thus, 

innovation projects differ of usual projects in that their duration or results may 

not be fully pre-defined. Innovation is non-linear and the linear timing of other 

projects may not apply 

What methods are being 
used to carry out the 
innovation project?  

 

The classification of innovation activities proposed by the Oslo 
Manual can be used to classify those included in a project by the firm. 
The link between activities has to be clearly perceived by the 
manager.  

There is degree of subjectivity in the perception of link between activities. A 
project encompassing a great diversity of activities can be probably considered 
as several smaller projects.  

What types of staff are 
working on the innovation 
project?  

 

A range of skills can be needed to carry out an innovation project, 
including internal and external ones. However, at least one project 
manager is involved.  
A project is generally owned by one department in the company, or 
by one project manager. Separate project managers indicate different 
projects. 

Staff may be allocated on a part-time basis. Quantitatively reporting on allocated 
labour may increase enormously the response burden and of course requires 
such monitoring system to be in place.  

What other resources are 
allocated to the 
innovation project? 

In addition to staff, an innovation project may require financial 
resources or intangible assets. The existence of a separate planning is 
already an indicator of project definition.  

The identification of resources allocated to a project may not be possible if there 
is no link to accounting or project management system.  

Which external 

stakeholders are involved 

in the innovation project? 

Besides internal resources, innovation project may be carried out in 
collaboration with external stakeholders (consultants, researchers, 
etc.).  External collaborators usually intervene in concrete steps of the 
project.  

Projects with external stakeholders use to have separate budgets and therefore 
may be easier to identify.  

Source: elaboration by the authors.
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Surveying at the project level therefore requires (1) agreeing on a definition of innovation 
project that can encompass a diversity of product/process/organisation and marketing 
innovation projects, (2) testing its understanding by respondents through cognitive testing 
techniques (3) developing specific statistical questionnaires for reporting project-level 
variables.   

 
A practical example of definition of an innovation project is that used by the ZEW survey (see 
Box 8). 
 

Box 8. ZEW definition of project for the purpose of the Mannheim Innovation Panel survey 
 
The methodological notes to the ZEW survey state: 
  
“ Innovation activities in firms are typically organised as projects. An innovation project is a 
dedicated activity based on a plan that defines the objectives, the approach to achieve these 
objectives, and the resources and time needed.  
 
Innovation projects may refer to an entire product or process innovation, starting from 
generating the idea up to market introduction. However, some firms may split innovations 
into several projects, each representing a certain stage in the development and 
implementation of an innovation. For instance, the research needed to solve a certain 
technical problem may be defined as a separate project which feeds into successive 
development and design activities. For this reason, there may be firms with completed 
innovation projects that did not introduce any product or process innovation in the same 
period of time. In addition, firms may complete innovation projects in terms of finding a 
technological solution to a certain innovative idea but refrain from using this finding to 
introduce a new product or process because of unfavourable market conditions or a lack in 
funds. On the other hand, firms may introduce some product or process innovations without 
related innovation projects, for example if innovations are rather incremental and are 
introduced as part of routine activities in production or marketing. “ 
 

 
 

Measurement of innovation at the project level.  

There is, therefore, a potential for deriving innovation indicators from the measurement at 
the project-level.  The Oslo Manual introduces indeed the possibility of measurement at the 
level of innovative activity/project.  

Collecting information at the level of projects requires that these are previously defined (by 
the studied company or by the researcher) and is subject to the limitations above mentioned 
about the coverage of non-formalised innovation activities.  

The purpose of studies based on measurements at the project level include looking for 
determinants of success or failure of innovative projects. According to Souitaris (in Shavnina, 
2003) these studies are mainly based on samples of new technological projects and their 
objective is to correlate the success rate of the projects to a number of predefined possible 
determinants.  

Innovation surveys considering the measurement at the project level exist. The Centre for 
European Economic Research (ZEW) in cooperation with the Institute for Applied Social 
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Sciences (Germany) runs two complementary innovation surveys (forming the Mannheim 
Innovation Panel) which include the measurement at the project level. The first covers 
industrial firms and the second a great part of the service sector: retail, wholesale, transport, 
real estate and renting, financial intermediation, computer services and telecommunications, 
technical services.   
 
The survey methodology and definitions of innovation indicators are strongly related to the 
recommendations on innovation surveys set out in the Oslo Manual, thereby yielding 
internationally comparable data on the innovation activities of German firms and providing 
the data for the CIS. In addition to CIS-like questionnaire items, the ZEW survey also collects, 
starting from 2009, information at the project level, defined as a “framework for content, 
time and resources for innovation activity” (see Box 9 above). The survey biennially collects 
the number of undertaken innovation projects, their budget, the status and the duration. 
Ratios about project success can be obtained.  

 
 

The survey in 2015 included the following question: 
 

• Please enter the number of innovation projects (incl. R&D projects), which were carried out 
in their company in the years 2012 to 2014: 
 

 

▪ carried out 

▪ fully completed  

▪ prematurely finished or canceled   

▪ ongoing innovation projects at the end of 2014 

▪ started 

▪ will be restarted. 

 

Innovation projects are exclusively linked to product and process innovation activities of the 
companies, not to organizational or marketing innovations. 

 
Project-related innovation expenditures refer to expenditures for on-going, completed and 
canceled innovation projects. They comprise current expenses (personnel and operating 
expenses incl. externally purchased services), investment expenditure in tangible and 
intangible assets together.  Thus, indicators of intensity such as the following could 
eventually be produced (see Box 10):  
 

• total expenditure in innovation projects (as share of total expenditure or turnover), 
broken down by success status of the project 

• total staff allocated to innovation projects (as share of total staff) broken down by 
success status of the project. 
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Box 10: Number, size and other characteristics of innovation projects in German firms 
 
In three-year period 2007 to 2009 German companies (with more than 5 employees) 
undertook a total of almost 750,000 different innovation projects. This number includes 
multiple counts of investment projects that have been carried out jointly by two or more 
companies in Germany, included. The ZEW survey showed that the number of innovation 
projects in German companies as well as their size is directly related to the company’s 
size, in each of the different project status (undertaken, on-going, prematurely cancelled 
and closed). The number of projects spans between 3 and 30 (with an outlier value of 126 
for companies of more than 1000 employees). 
In terms of size, innovation projects in SMEs have a value under 350 thousand euro.  
Project duration is also related to company’s size: smaller companies have more short-
lived projects in proportion, while two-thirds of larger companies undertake projects 
between 7 months and 2 years, thus covered in the usual 3-year reference period of the 
innovation surveys. 58% of the 2007-2009 innovation projects were completed in the 
period under consideration, 11% were terminated prematurely and 31% were ongoing at 
the end of 2009.  
 
On average, in 2007-2009 each innovation active enterprises had 5.6 different innovation 
projects. However, 71% of innovation active enterprises had still an average of 2.7 on-
going projects, which shows an important carry-over of projects across 3-year periods.  
 
Source: ZEW. 

 
 

Here an innovation project need not necessarily be identical to a product or process 
innovation.   

 
For a more complex product and process, innovations can in fact be divided into several 
individual projects. The ZEW methodological notes correctly state that “For all these reasons, 
the number of innovation projects will not relate to the actual number of innovations (i.e. new 
products and new processes) and should not be confused with it.” 
 
Therefore, the collection of data on the number of projects does not address the 
measurement of intensity, but of organization of innovation within the firm and can hardly be 
compared across firms.  

 
In addition, measuring at the project level has implications on data collection: the statistical 
burden to companies would be not negligible:  with the introduction of a new statistical unit 
(innovation project), firms would have to go back into their financial records to report 
accurate figures for earlier years, and that may prove difficult (par 287). It also assumes that 
companies have information at the project level, which is rarely the case as mentioned above. 
The response burden, especially if an object approach is taken (OM2005 par 388): firms 
would be unable to report at the project level without keeping records of all their 
innovations, and accordingly, it is not recommended.  
 

A first alternative to collecting information on all innovation projects in a firm – considering 
that such projects are well defined – is that of collecting it for the “most significant” one (OM 
par 389). 
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Experiences focusing on the “most significant innovation” also exist. Quantification of 
intensity could be done by evaluating the “size” of the main innovation. However, there are 
conceptual and statistical issues related to this measurement:  

• The “most significant innovation” for a company within a given sector and 
country, may not have the same status in another company, sector or country. 
Think of the introduction of robots in the industrial sector and the same in the 
healthcare one: while the former is now frequent in several sectors (e.g. 
automotive industry), the later can perfectly be considered as a disruptive one, 
especially in less industrialised countries; 

• There is an intrinsic uncertainty about the significance of an innovation in the 
long-term and its impact on the firm’s performance, the market or the industry. 
Thus, how “significant” could easily be understood as how much input the 
project required; 

• There is no (standard) statistical method to extrapolate the measurement of a 
“most significant” unit to a population, since methods of inference are generally 
based on representativeness of the sample. Thus, any measurement at the 
project level for the “most significant” one would not provide results for all other 
projects, thus biasing the inference; 

- One firm having a “most significant innovation” and many no-so-significant-but-
potentially-important innovations would not report on the latter. Innovative 
firms typically perform more than one innovation project at the same time, and 
these projects may involve rather different resources and may span various 
periods. When collecting data on the main project(s) only, a far greater amount 
of total innovation expenditure will be missed for large firms than for small ones, 
since the former usually have more innovation projects. This will also have an 
impact at the industry level depending on sector concentration (par 282 of 
OM2005); 

The collection of data at the project level for one considered by the respondent as “most 
significant” does not represent, thus, a major improvement in the innovation intensity 
measurement.  

 

In addition to the statistical issues, it is also recognised that there is not always a close link 
between an innovation project and the innovation which is introduced to the market: an 
implemented innovation may be the result of various projects, and a single innovation project 
may be the basis for many innovations (par 284). 

By exclusion, innovation activities implemented outside projects would not be measured. An 
indicator of the form total expenditure [staff allocated] to innovation projects as share of total 
innovation expenditure would rather reflect the project-based management of innovation 
activities at the firm level.  
 
In conclusion, there is a potential in measuring intensity by deriving statistical measures from 
project-level data. This requires an operational definition of what is an innovation project, 
well-defined for respondents of surveys and at the same time reflecting the needs of 
information users. It also requires criteria to delimitate each innovation project within the 
organizational activity of the firm. Finally, it requires the selection of relevant attributes of a 
project to be measured (qualitative and quantitatively) so that they can be aggregated at the 
company level, and then to sector or geographical level.  
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5. Model-based indirect measurement 

of intensity  
 
 

Model-based estimation is not new to official statistics, especially during the internal data 
processing phases. The adjustment of estimates using regression (and other) models linking 
observed and auxiliary variables is common in the production of business statistics, for 
instance, to link survey data and fiscal records to improve estimates. The model-based 
estimates are usually aggregated at the industry or country level by statistical offices. Model-
based methods are also used in the imputation of missing data.  

Models are also used to explain economic concepts which do not easily correspond to 
observable (or directly measureable) variables. The case of productivity estimated through 
growth accounting models is well-known. In a similar way, models have been used especially 
in the applied research literature for the estimation of intensities. A good example is the 
measurement of the impact of intensity of ICT usage on firm performance by modeling the 
relationship between sets of ICT-related variables and output indicators at the firm level, as 
in the ESSLait project6, which made use of micro-data files by NSOs. 

This section presents two model-based econometric methods for measuring (different 
definitions of) the innovation intensity which can be calculated at the firm level, and 
aggregated across sectors (by addition). Both models are applied to estimate, at the firm 
level, the value of a non-observable (or latent) factor that explains, in one case, the 
innovation outputs (innovative sales) and in the other, the inputs, activities and outputs.  

 
 

  

                                                           
6 See https://ec.europa.eu/eurostat/cros/content/impact-analysis_en.  

https://ec.europa.eu/eurostat/cros/content/impact-analysis_en
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5.1. Estimating propensity of innovation and 

“innovativeness” through a tobit model 
 

Mairesse and Mohnen (2001) propose a model for an “innovativeness” factor defined at the 

level of enterprise, based on an econometric adjustment of innovative sales after controlling 

for structural variables (sector, size, country). With the terminology of section 2, this would 

be an output-based indicator of innovation intensity. 

The innovativeness is defined as the difference between the observed percentage of innovative 

sales and the estimated one for a given country, industry and size. The innovativeness factor 

would complement other measurable input data such as R&D and other current and capital 

expenditure on innovation, as well as innovative behavior (R&D activity, continuity of R&D, 

collaboration and acquisition of technology).  

The econometric model may present a selection bias if only innovation input data is collected 

for firms self-declaring as innovators. The proposed model (generalized tobit) includes 

therefore two equations similarly to the one proposed in section 3: one for the propensity to 

innovate and another for the percentage of innovative sales, termed by the authors as 

“intensity of innovation”. The equation for the intensity of innovation includes as predictors, 

in addition to structural effects (industry, size, country) some “environmental variables” (the 

proximity to basic research, the co-operation in innovation) and R&D effects (the qualitative 

characteristics of R&D activity and the R&D intensity, as expenditure compared to turnover), 

but sets as zero the innovation intensity of non-innovating firms, and therefore does not fully 

overcome the dichotomous classification.  

Model-based definition of an innovative intensity indicator has the advantage of not 

requiring, in general, additional “ex-ante” response burden to respondents, as it can be 

calculated by the statistical agency receiving micro-data. However, the cross-country “ex-

post” harmonization of such indicator would require confirming the validity of the model in 

different country samples. 

5.2 Experiences in defining a synthetic indicator of 

innovation intensity 
 

The discussion on the definition of innovative intensity is due to the fact that it is a latent 
concept and therefore not directly measurable. Van der Valk (1998b) mentions that one must 
tackle the problem of measuring innovative intensity before one can investigate how to 
improve it. In the research by this author, a number of additional indicators about the firm 
activities proved to be of interest for the measurement of the innovation intensity, such as 
the presence of company training programmes, information gathering activities (on other 
companies).  
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de Jong (2000), using data from small companies in The Netherlands,  proposes a list of 17 
dichotomous variables related to the input, the process and the output to obtain an 
“innovation intensity scale”  using structural linear models (LISREL7).   

 

 
 
 

Aggregate variables for input, process and output intensity are obtained by simple sum of 
dichotomous variables, obtaining 3 scale variables. A variation of the LISREL model, better 
suited to scale variables, is then computed, providing a latent factor positively correlated 
with the scale variables which is interpreted as an innovation intensity factor and which could 
eventually computed for each company in the sample. 

5.3. Potential and limitations of model-based intensity 

indicators 
 

Model-based estimation require additional computational burden for analysts and skills for 

the manipulation, estimation and interpretation of the models. National statistical offices 

(NSOs) do not have, in general, the required expertise in sufficient amount8.  Analytical skills 

can be found in research and higher education centres, with which cooperation is 

advantageous provided that access to micro-data is granted. 

The systems for innovation data collection, usually based on samples (usually stratified 

random ones) requires, in addition, to adapt the estimation methods (and the corresponding 

software) to the survey design. Ensuring the international comparability of model-based data 

therefore requires higher harmonisation of the processes of data collection and treatment.  

However cumbersome it may be for NSOs, the use of model-based estimations to replace 

direct observation, has the advantage of decreasing response burden. For decision-making 

purposes, the use of well-calibrated models has the advantage of the possibility of using 

them for policy evaluation (e.g. ex-ante impact evaluations) with the construction of 

scenarios. In general, well-designed models can provide additional explanatory meaning to 

the collected data.  

                                                           
7 Jöreskog, K., and D. Sörbom (1996a), LISREL8: user’s reference guide, Scientific Software International: 

Chicago. 
8 Eurostat has launched, within the European Statistical Training Programme, several courses on econometric 
models and advanced statistical inference aiming at creating such capacity. 
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 7. Conclusions  
 

This paper has reviewed the current practice on measuring the innovation intensity, together 
with some alternatives.  Its findings may be considered for a revision of the OM.  

 

On the definition and measurement of intensity at the firm level 

The fundamental role of the OM in setting standards for innovation measurement makes it 
the optimal instrument for establishing a definition of innovation intensity. It could 
eventually propose meaningful breakdowns of quantitative variables, and relevant 
categories of qualitative variables, which correspond to higher or lower levels of innovation 
intensity.  

Based on the findings of this paper, innovation intensity at the firm level may be defined 
operationally by: 

 

• a selection of activities that show stronger (and sustained) commitment of a firm 
to innovation. These may be of an organisational nature and describe how 
innovation is carried out in the enterprise (or why not), including whether the 
innovation activities are organised as identifiable projects; 
 

• a relative (to its own resources) allocation of resources to a series of activities 
(largely corresponding to those selected above) higher than the average values 
in the firm’s industry or size class. Taking into account the values both of the 
company and of its sector would allow for separately considering different 
natural, industrial, cultural contexts. 

 

A revised OM could therefore consider certain groupings of innovation activities based on 
their relationship with intensity to facilitate the production of new statistics. At the 
questionnaire level, the identification of variables relevant for defining the innovation 
intensity may possibly require additional breakdowns of some quantitative variables 
(expenditure, employees). These should be carefully selected to avoid increasing the 
response burden.  

The lack of a standardised definition of innovation intensity would not only make difficult 
comparisons (between research results or official statistics), but confuse the discourse on 
innovation policy-making. It is important to clarify the distinction between the propensity to 
innovate (why innovating) and the innovation intensity (how and how much). 

Filtering out companies that self-declare not being innovative may result in a biased estimate 
of resources allocated to innovation. The time lag between activities and results, the random 
factors influencing the success of innovation and the different maturity of markets may be 
hiding existent efforts which indeed correspond to innovation activity.  
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On the measurement of intensity at the innovation project level 

There is a potential in measuring innovation intensity by deriving statistical measures from 
projects, and the experience of the ZEW survey shows the feasibility of data collection.  In 
order to make it operational and ensure a high level of comparability, the OM could consider 
establishing a definition of innovation projects or at least of criteria to identify them and 
collect basic information.   
 
Data should be collected, as a start, on whether the innovation activities are organized or not 
as projects within the enterprise.  For companies running innovation projects, information 
about resources (size) and status of implementation can be collected. For companies not 
organizing their innovation activities as projects, qualitative information about how 
innovation is organized may provide further.   
 
 

On statistical modeling of innovation based on micro-data 

Statistical modeling of innovation data can shed light on the interrelation of the measured 
variables, providing knowledge on correlations, causality relations, functional form of effects 
and other inferential elements. However, the complexity of the innovation process (with 
interactions, non-linearities, emergent properties, unknown time lags, etc.) suggests the 
difficulty of proposing models more adequate to real life than the stylized, relatively simple 
models of research papers. Algorithm-based inference –which does not pretend to provide 
explanatory but only predictive models – could be used as a first approach to explore survey 
data.   

Access to survey micro-data, especially when harmonized across countries, is fundamental 
for this type of analysis. Linking innovation survey data with those of other business surveys, 
as well as administrative records (accounts and balance sheets, tax records, patents, exports 
and imports, foreign investment, public subventions, social security and other labour 
registers, etc.) may provide valuable information to understand innovation behavior.  

Skills have to be developed, either internally in NSOs, or through collaboration with the 
research community. It can also help reducing the response burden, further identifying the 
most relevant variables and those that could eventually be dropped from data collection, 
having a poor explanatory power.  

A revised version of the OM could consider advanced modeling issues to serve as illustrations 
and training material for both users and producers of official innovation statistics.  
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