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ABSTRACT:  The availability of information on technology is a key factor in the 

innovation process. Firms that lack such information thereby face a major barrier to 

innovation. Yet little is known about the types of companies that lack this information. This 

paper examines what characterises firms that lack information on technology and analyses 

how innovative companies can overcome this gap in their knowledge. Empirical analysis 

was conducted with the Panel of Technological Innovation (PITEC), based on the 

information from the Spanish version of the Community Innovation Survey (CIS). The 

analysis leads to three principal conclusions. First, a large number of firms perceive the 

lack of information on technology as a barrier to innovation. Second, there are notable 

sector differences in the way firms perceive this barrier: High-tech firms perceive lower 

levels of this barrier. Third, not all sources of information on technology are equally 

effective at overcoming this barrier. The most useful sources are consultants, commercial 

laboratories and private R&D institutes. 
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1. INTRODUCTION

Numerous analyses in the field of innovation economics have examined the drivers and 

firm characteristics that explain firms’ R&D behaviour and innovation performance 

(Cohen, 2010). Another stream of literature has focused on the obstacles or barriers that 

may prevent or hamper firms’ innovation activities (Mohnen et al., 2008; D’Este et al., 

2012; Blanchard et al., 2012). Broadly speaking, such analyses can be divided into two 

groups. The first group consists of studies that have examined the factors that explain 

the varying importance of firms’ perceptions of barriers to innovation (Baldwin and Lin, 

2002; Galia and Legros, 2004; Iammarino et al., 2009). The second group consists of 

studies that have examined the effect of these barriers on innovation propensity and 

innovation intensity (Canepa and Stoneman, 2008; Savignac, 2008; Mancusi and 

Vezzulli, 2010). Most studies in this second group have focused on the effect of 

financial barriers. These financial barriers are important, but empirical analyses 

(Mohnen et al., 2008; Segarra et al., 2008; Holzl and Janger, 2012; Blanchard et al., 

2012; Pellegrino and Savona, 2013) have shown that other barriers to innovation are 

also important. Yet these barriers have received less attention from scholars. Notably, 

few studies have analysed a lack of technological information as a barrier to innovation. 

The Community Innovation Survey, the preeminent source of data for analysing barriers 

to innovation, covers four groups of barriers: (i) cost factors (i.e. lack of internal funds, 

lack of external funds and excessive innovation costs); (ii) knowledge factors (i.e. lack 

of qualified personnel, lack of information on technology, lack of information on 

markets and difficulty in finding cooperation partners for innovation); (iii) market 

factors (i.e. market dominated by established enterprises and uncertain demand for 

innovative goods and services); and (iv) other factors (i.e. no need for innovation 

because of lack of demand and the existence of prior innovations). Although the CIS 

gathers separate data for each specific barrier, most analyses have considered these 

barriers jointly, grouping them into one of these four categories (Segarra et al., 2013) or 

just one variable (Blanchard et al., 2012). The aforementioned analytical approaches 

highlight the importance of examining each obstacle separately to improve our 

understanding of innovation and provide innovation policy recommendations.  

Accordingly, in this research, the lack of technological information is studied as a 

specific, separate barrier to innovation. Information on available technologies can 
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improve companies’ innovation activity for three reasons. First, it reduces the risk of 

innovation projects. Second, it enables early introduction of innovations. Third, it may 

offer a springboard for the exploitation of new business opportunities. For these 

reasons, access to information on available technologies is a key issue in innovation 

processes and a pillar of technology policies, as exemplified by policies that provide 

firms with access to technology centres. However, we still have a poor grasp of what 

type of firms face this barrier and what characteristics help firms overcome this barrier. 

To the best of our knowledge, the literature fails to explore how the lack of information 

on technology hinders innovation activities. 

This paper has two goals: to examine the characteristics of the firms that lack 

information and to analyse how innovative firms overcome this lack of information. 

Given the scarcity of studies on this topic, this paper contributes to filling the gap on 

how companies can overcome barriers to innovation. We examined general 

characteristics of the firm and characteristics that relate to R&D and innovation 

strategies, including the use of different sources of information. In doing so, we 

determined the characteristics that positively affect a firm’s ability to overcome this 

constraint, which may hamper the firm’s innovation activities. 

Data for the empirical analysis were gathered from the Spanish Technological 

Innovation Panel (PITEC) for the period 2004 to 2011. This database, which is built 

from the Spanish version of the Community Innovation Survey (CIS), provides rich data 

on innovation performance and firm characteristics. 

The rest of the paper proceeds as follows: Section 2 presents a review of the literature 

on business activity, innovation and the lack of information on technology. Section 3 

discusses the features of the dataset and provides descriptive data on this obstacle. 

Section 4 describes the econometric strategy, defines the variables and presents the 

results of the estimates. Section 5 concludes and highlights the principal policy 

implications.  

 

2. BACKGROUND 

2.1. Business activity, innovation and information on technology 
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Access to information on available technologies is relevant to firms for three reasons. 

First, it reduces the risk of innovation projects. It is also a general requirement for any 

firm’s production activity. Accordingly, the lack of information on technology is a 

major barrier to the effective use of resources and capabilities (Fawcett et al., 2008; Van 

Donk, 2008) and the supply chain network (Katunzi, 2011). Second, access to 

technological information sources presents an opportunity to accelerate innovations, 

share costs, improve market access and achieve economies of scale and scope (Ahuja, 

2000; Hagedoorn, 2002; López, 2008). Third, the availability of technological 

information can boost firm performance (Baldwin and Lin, 2002; McEvily and 

Chakravarthy, 2002; Mansury and Love, 2007) and provides a platform for the 

exploitation of new business opportunities. 

The relationship between accessing information on technology and innovating can be 

addressed from two perspectives: (i) by analysing potential complementarities between 

different information sources and (ii) by examining the existence of alternative 

information channels. 

Under the first perspective, internal and external sources of knowledge and information 

are considered to complement one another. Some firms are prone to resisting 

technological information that originated outside the company. These firms suffer from 

the ‘not-invented-here’ syndrome (Katz and Allen, 1982; Laursen and Salter, 2006). In 

reality, however, organising the processes of exploration, maintenance and exploitation 

of knowledge and information occurs both inside and beyond the firm’s borders (Zollo 

and Winter, 2002; Cassiman and Veugelers, 2006). In fact, it could be claimed that the 

role of combining internal and external information and knowledge is essential in the 

innovation process (Lichtenthaler, 2007). Thus, in the innovation process, internal 

activities related to information on technology may be synergistic with access to 

external information from connections with other firms, consultants, agreements with 

universities and research institutes (Arora and Gambardella 1990; Cassiman and 

Veugelers, 2002; Hagedoorn and van Kranenburg, 2003). Firms must effectively 

manage the information they collect from outside their borders to maximise the positive 

effects of this information on innovation performance. External knowledge is more 

effective when firms have the right internal capabilities. Firm should strengthen their 

absorptive capacity (Zahra and George, 2002) because a high absorptive capacity helps 

firms access and exploit knowledge that is generated elsewhere (Negassi, 2004). 
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Under the second perspective, the existence of different channels to access to 

information on technology is considered. Different external sources can affect different 

types of innovation (Inauen and Schenker-Wicki, 2011). Firms that use information 

from universities or research institutes are more likely to have higher R&D intensity 

than companies that use information from suppliers. Information from suppliers is often 

linked to process innovations (Rouvinen, 2002), whereas information from customers, 

universities and research institutes tends to be more relevant to firms that focus on 

product innovation (Suh and Kim, 2012). The effect of other information sources is 

ambiguous. Firms can also obtain information from competitors and open sources 

(conferences, professional meetings, magazines, etc.). This information could replace 

in-house R&D. But such information could also have indirect effects that lead to new 

technological opportunities, enhancing the benefits of performing in-house R&D. 

2.2 Firm characteristics and lack of information  

Innovation is a complex process that often requires different types of knowledge and 

information (Johnson, 2002). Thus, barriers to innovation that relate to the lack of 

information on technology may be highly specific to each firm. We therefore considered 

the following variables, which capture key features of the firm: size, age, business group 

membership, sector and exporter status.  

First, because of their size, SMEs are generally thought to experience greater barriers to 

innovation because they face additional difficulties in accessing the necessary resources 

to innovate (Reinstaller et al., 2010). Barriers linked to financial resources and problems 

associated with costs are often highlighted as barriers to innovation for smaller 

companies (Savignac, 2008; Iammarino et al, 2009; Alessandrini, et al., 2010). In this 

study, we explore the possible relationship between access to technological information 

and size. 

Second, the literature is inconclusive regarding the relationship between age and access 

to information on technology. In a recent study of Spanish manufacturing and service 

firms, Pellegrino (2017) found no significant association between a firm’s age and 

perception of different kinds of knowledge-related barriers that may hamper innovation.  

Third, barriers to information may be internal or external to the firm, but accessing 

knowledge and information sources within the company is likely to be simpler than 
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accessing knowledge outside the firm. Firms that belong to a business group enjoy 

advantages of scale that lone companies of the same size do not. As well as financial 

resources, knowledge and information can be shared among firms that belong to the 

same corporate group (Reinstaller et al., 2010).  

Fourth, along with regulatory barriers, barriers related to access to knowledge are 

relevant in all sectors. Manufacturing firms are most likely to perceive the lack of 

information on technology as a factor that hinders innovation activities (Reinstaller, 

2010). High-tech firms report lower knowledge- and information-related barriers. 

Arguably, high R&D intensity negatively affects the firm’s perception of how important 

a lack of information on technology actually is. In other words, the cumulative nature of 

knowledge seems to be negatively associated with a lack of information on technology. 

Finally, internationalised companies (i.e. exporters) report the existence of greater 

barriers due to a lack of knowledge and technology information. This perception may 

reflect these companies’ awareness of such shortcomings because of broader, more 

international competition (Reinstaller, 2010).  

 

3. DATA AND DESCRIPTIVE STATISTICS 

We took our empirical data from the Spanish Technological Innovation Panel (PITEC) 

for the period 2004 to 2011. This database provides firm-level data. It is compiled 

jointly by the Spanish National Statistics Institute (INE), the Spanish Foundation for 

Science and Technology (FECYT) and the COTEC Foundation. The PITEC collects 

data under the Oslo Manual Guidelines (1997). The database is built using the Spanish 

version of the Community Innovation Survey (CIS). An important feature that 

distinguishes PITEC from most European CIS-type datasets is its longitudinal nature, 

which enables exploitation of the advantages of panel data for econometric analyses. 

The PITEC dataset provides rich data on innovation engagement and performance and 

firm characteristics. For descriptive statistics, see Tables A.2 and A.3 in the appendix. 

Together with the general firm information, PITEC also provides a set of innovation 

variables. PITEC provides self-report assessment of factors that constrain innovation 
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activities or influence the decision to innovate. For the items on barriers to innovation in 

the Spanish version of the CIS, see Table A.4 in the appendix. 

We focused on manufacturing firms. From the initial sample for 2004 to 2011 (100,016 

observations) we discarded all firms in other sectors. Consistent with previous studies 

(D’Este et al., 2012; García-Quevedo et al., 2017; Pellegrino and Savona, 2017), we 

selected a relevant sample by excluding observations that referred to ‘non-innovation 

oriented firms’, defined as firms that did not introduce any type of innovation and did 

not encounter any barriers to innovation during the three-year period considered in the 

survey. We inferred that these firms were not interested in innovation. After excluding 

all firms with missing values for pertinent variables and firms with observations for just 

one year, we obtained a sample consisting of 26,734 observations. 

The descriptive analysis corresponding to the four knowledge-related barriers to 

innovation covered by the PITEC database shows that a high proportion of firms 

consider the lack of information on technology a constraint for their innovation 

activities (Table 1). Although 19.3% had not experienced this obstacle, 31% and 8% 

considered it of medium or high importance, respectively. The lack of information on 

technology was the second most important knowledge-related obstacle, after the lack of 

qualified personnel. 

Insert Table 1 here. 

Firms perceived this obstacle as important throughout the period of analysis. The 

percentage of firms that perceived the lack of information on technology as highly 

important ranged from 6.7% to 8.8%. Similarly, the percentage of firms that considered 

the lack of information on technology as moderately important ranged from 29.0% to 

32.4% (Table 2). 

Despite this consistent perception of the obstacle’s importance, the transition matrix 

(Table 3) shows that a substantial percentage of firms changed their perceptions. More 

than 12% of firms that perceived this obstacle as moderately or highly important 

overcame it, and in the next period, they reported that they did not experience it as a 

barrier. Conversely, nearly 12% of firms that considered that this factor was not a 

constraint for their innovation activities reported it as moderately or highly important in 

the next period. 
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Insert Tables 2 and 3 here. 

 

4. EMPIRICAL ANALYSIS AND RESULTS 

4.1. Econometric method 

The goals of the empirical analyses were to examine the firm-level factors that influence 

the perception of lack of information on technology and to study the factors that help 

firms overcome this barrier. For a detailed description of the variables, see Table A.1 in 

the appendix. 

For the first analysis, we used the same definition of the dependent variable as that used 

in previous studies (Hölzl and Janger, 2014; Pellegrino and Savona, 2017). Using data 

from the survey, we constructed a dummy that took the value 1 when the firm reported 

high or medium importance of the lack of information on technology, and 0 otherwise. 

We used the following model: 

LACK_INFOit = β0 + β1Fit + µi + eit     (1) 

where LACK_INFO is the lack of information on technology (defined above) and F 

refers to characteristics of the firms regarding their perceptions of barriers to 

innovation—in this case, the lack of information on technology. We include size, age, 

whether the firm belongs to a group and the firm’s sector according to technological 

focus. To examine possible nonlinearities, we included quadratic terms for size and age. 

We also considered whether the firm exports and whether the firm has invested in 

innovation activities. Because of the nature of the dependent variable, we used a random 

effects probit model with panel data. In the estimates, we considered time-invariant and 

unobservable specific firm characteristics and time effects to control for cyclical 

change. 

In the second analysis, our main contribution, we focused on the factors that may make 

firms more likely to overcome the lack of information on technology. We analysed 

innovative firms because only firms that have innovated can provide information on 

their R&D and innovation strategies and their information sources. Therefore, the CIS 

survey only provides information on these issues for firms that had introduced product 
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or process innovations or that had innovation activities that were ongoing or were 

abandoned during the reference period.  

To calculate the estimates, we split the period 2004 to 2011 into two sub-periods: 2004 

to 2007 and 2008 to 2011. We were thus able to analyse which factors explained how 

firms that faced barriers in the first period overcame these barriers in the second period. 

Although firms answered the question regarding barriers faced over a three-year period, 

our longitudinal data provided annual values for this variable. We used the year-data 

dummies of the first analysis and calculated the average value of these dummies for 

each of the two four-year periods. This variable ranged from 0 to 1, with five possible 

values: 0, 0.25, 0.5, 0.75 or 1.  

We constructed the dependent variable ‘overcome lack of information’ as a dummy that 

took the value 1 when the average value of the lack of information dummy was between 

0.75 and 1 in the first period (2004–2007) and between 0 and 0.25 in the second period 

(2008–2011). Otherwise, the dummy took the value 0, indicating firms that maintained 

the same perception of the barrier throughout the period and firms that considered that 

the importance of this barrier had increased. To check the robustness of our results, we 

considered an alternative definition of this variable. For values of the dummy equal to 1, 

the definition was the same as the definition that was stated earlier. For values equal to 

0, however, we considered only firms that had not changed their status regarding 

answers to the ‘lack of information’ item in both periods. The model was given by:  

OVERCit = β0 + β1Fit + β2Sit + β3Iit + µi + eit     (2) 

where OVERC is defined above. For the independent variables, we considered three 

groups of factors. As in the first econometric analysis, in the first group of variables 

(firm-specific characteristics), we included size, age, exporter status and business group 

membership. We also included industry dummies to control for sector heterogeneity. 

The second group of variables corresponded to R&D and innovation strategies. First, 

we considered internal R&D activities. We distinguished between applied and basic 

research, which may require different skills and human capital and may have varying 

influences on overcoming the lack of information on technology. Second, we 

considered different ways of accessing external knowledge and technology that can be 

used to overcome the lack of information on technology. We included acquisition of 
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technology embodied in new machinery and equipment, acquisition of R&D services, 

and cooperation with other firms and institutes. We also controlled whether the firm had 

obtained public support to finance R&D activities. Finally, the third group of variables 

corresponded to the sources of information that the firms used for their technological 

activities. We exploited the detailed information that PITEC provides, and we 

distinguished between different sources of information that help firms overcome a lack 

of information on technology. Specifically, we included four market sources (i. 

customers, ii. competitors, iii. suppliers, and iv. consultants, commercial laboratories 

and private R&D institutes) and one institutional source (universities and public 

research institutes). As in the first equation, we used a random effects probit model to 

perform the estimations. We also included time effects to control for cyclical change. 

4.2. Results and discussion 

The estimates regarding the determinants of the perception that the lack of information 

on technology acts as a barrier to innovation show that certain characteristics—age, 

exporter status and innovation status—were not significant. These variables did not 

seem to relate to the perception that the lack of information on technology has a 

negative influence on innovation.  

Insert Table 4 here. 

In contrast, group membership, size and sector mattered. Belonging to a business group 

affected the firm’s perception of the lack of information on technology. According to 

certain scholars (Reinstaller et al., 2010), firms that belong to the same business group 

can cooperate on matters of technological information and knowledge similarly to the 

way they cooperate in other areas such as financial resource issues. Unlike similar-sized 

lone firms, firms within a business group can achieve economies of scale. Our results 

show that firms that belong to a group are more likely not to perceive the lack of 

information on technology as an obstacle to innovate.  

Our analysis also yielded an interesting finding regarding size. It is generally accepted 

that small and medium-sized enterprises face additional hurdles to achieve sufficient 

resources to innovate. The literature (Iammarino et al., 2009; Alessandrini et al., 2010) 

tends to emphasise SMEs’ restrictions in terms of costs and access to financial 

resources. Our estimates included the quadratic term for firm size to examine possible 
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nonlinearities. The results reveal an inverted-U relationship, suggesting that the firm’s 

perception of the lack of information on technology as an obstacle increases with size 

up to a certain point.  

The estimates also reveal significant differences by sector. While firms that belong to a 

low- or a low-medium-technology industry are more likely to perceive the obstacle of a 

lack of information on technology, the opposite is true of firms in high-technology 

sectors. Notably, a lack of information on technology is negatively related to the 

cumulative nature of knowledge. In other words, high investment in R&D reduces the 

perception of the importance of the lack of information on technology. Because of 

differences across sectors, we performed separate estimates for the three principal 

macro sector categories, as per the OECD classification of industries according to their 

technological content. These categories are low- and low-medium-technology, medium- 

and medium-high-technology and high-technology industries. The results for each 

sector were similar to the overall results that were reported earlier. Only slight 

differences emerged in the variable that controlled for group membership. This variable 

was only significant for the medium and medium-high technology industries.  

The results of the estimates regarding factors that help firms overcome the obstacle of a 

lack of information on technology show that some firm-specific characteristics matter. 

While age and exporter status were non-significant, an increase in size helps overcome 

this obstacle. Greater size is helpful until a certain point, as reflected by the negative 

sign of the variable for the quadratic size term. This finding is consistent with the results 

for the perception of the lack of information on technology. 

Insert Table 5 here. 

The principal results correspond to the way the other two groups of variables (i.e. R&D 

and innovation strategies and the use of different information sources) relate to 

overcoming the lack of information on technology.  

With respect to the first group of variables, the estimates show that firms with internal 

R&D that invested in basic as well as applied research had more difficulties to 

overcome a lack of information as a barrier to innovate. Although all companies used 

sources of information on technology, use of this information was more intensive 

among the most innovative companies (Coad et al., 2014). Our findings suggest that 
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firms that devote more resources to research need more information on new 

technological advances and may have trouble overcoming a lack of such information.   

Regarding the variables related to the use of external sources of information for 

innovation activities, the results show that not all types of sources of information play 

the same role in overcoming a lack of information on technology. We analysed three 

sources of technological information: (i) universities and public research centres; (ii) 

customers and suppliers; and (iii) consultants, commercial laboratories and private R&D 

institutes. The results for each of these sources are as follows:  

Firms that considered universities and public research centres important sources of 

information do not overcome the obstacle to innovation posed by the lack of 

information on technology easier than the rest of firms. In relation to this finding, the 

following two points must be considered. First, universities are centres of basic research 

whose results require proof of concept (prototypes, tests, etc.) before the technology can 

be applied. There is also cognitive distance (lack of codified common knowledge) and 

institutional distance (different terms, languages and incentives) between universities 

and companies. Second, companies that are most likely to use universities and public 

research centres as sources of information are highly innovative. As noted in the 

previous estimate, these firms encountered specific problems to overcome the lack of 

information on technology as an obstacle to innovation. 

The estimate also considered firms that sourced information from customers and 

suppliers. According to some studies (Faems, 2005), the connection with value chain 

partners (clients and suppliers) provides a solid basis for the gradual development of 

existing products and services. The results of our investigation showed a positive 

relationship between two market information sources (i.e. customers and suppliers) and 

overcoming the lack of information on technology. Nevertheless, the results of the 

robustness check estimate failed to confirm this finding.   

Finally, firms that sourced information from consultants, commercial laboratories and 

private R&D institutes found it easier to overcome a lack of information on technology. 

Information-related barriers may also refer to the institutional environment where 

business activities are conducted. The presence of technology transfer institutes and the 

availability of a high level of human capital in firms can reduce barriers that relate to 
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knowledge and technological information. For instance, knowledge-intensive business 

services (KIBS) in technology and know-how address the fact that certain firms are 

unable to generate this type of knowledge and information in house (García-Quevedo 

and Mas-Verdú, 2008; Doloreux, and Shearmur, 2013). 

 

5. CONCLUSIONS 

Firms’ innovation potential is conditioned by the availability of different resources: 

financial, human, technological and market information and so forth. To a varying 

degree, all organisations face barriers to obtaining the resources they need to complete 

innovation projects. Most studies of barriers to innovation have focused on financial 

barriers. Studies that have examined knowledge-related barriers have done so in 

aggregate form without distinguishing between these barriers. This study focused on a 

specific barrier: the lack of information on technology. 

Access to information on technology is a key factor in innovation processes and is a key 

consideration when designing technology policy. Despite its importance, our knowledge 

about the type of firms that face this obstacle is scarce. To fill this gap, we performed 

two analyses. First, we analysed the characteristics of firms that lack information. 

Second, we studied the way innovative firms can overcome this obstacle.  

The results yield four conclusions. First, a significant number of firms perceived a lack 

of information on technology (nearly 40% considered it moderately or highly 

important). The perception of this barrier persisted over time. However, the longitudinal 

analysis implies that some firms overcame this barrier during the study period. More 

than 12% of companies that initially perceived the lack of information on technology an 

obstacle of medium or high importance considered it a minor barrier in the following 

period. 

Second, sectors differ significantly regarding firms’ perceptions of barriers. Low-

medium technology industries are particularly constrained, whereas high-tech industries 

face this obstacle to a lesser degree. The cumulative nature of knowledge seems to be 

negatively related to the perception of the lack of information on technology. Firms that 
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operate in sectors with high R&D investment perceive the lack of information on 

technology as less important. 

Third, firms that are more oriented to internal R&D struggle to overcome a lack of 

information. This conclusion implies that R&D-intensive companies require more 

information on technology but also suggests that, if such a barrier exists, it may be more 

difficult to overcome. 

Fourth, firms that use consultants, commercial laboratories and private R&D institutes 

as a source of information for technological innovation activities find it easier to 

overcome a lack of information on technology. This finding does not hold when the 

sources of information are universities and public research centres.  

Based on the conclusions of this research, some policy implications are derived. Firstly, 

public policies aimed at providing information on technology should focus especially on 

certain sectors (low and medium technology industries) which, in line with the results 

obtained, are particularly affected by this barrier. Second, and in order to overcome the 

barriers of information on technology, it would be useful to design actions from the 

supply side and from the demand side. From the supply side, reinforcing and expanding 

the role of private R & D institutes, commercial laboratories, and consultants who have 

proven to be especially effective in this field. From the demand side, facilitating and 

encouraging the access of firms to the technological information supplied by these 

agents through the use of ad hoc instruments (for example through innovation 

vouchers). 
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Table 1. Percentage of firms for which knowledge-related barriers to innovation were ‘not 

experienced’ or of low, medium or high importance 

  Not experienced Low Medium High 

Lack of qualified personnel 19.60 36 33 11.40 

Lack of information on technology 19.30 41.40 31.32 8 

Lack of information on market 20.40 41.90 29.20 8.50 

Difficulties in finding partners for innovation 35.90 30.2 23.50 10.50 
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Table 2. Percentage of firms for which lack of information on technology was ‘not 

experienced’ or of low, medium or high importance 

           2005 2006 2007 2008 2009 2010 2011 Total 

Not experienced 20.97 19.53 19.29 18.44 18.65 19 19.17 19.28 

Low 40.01 39.96 39.7 40.68 41.88 43.77 45.14 41.40 

Medium 31.16 32.31 32.45 32.33 30.68 30.4 28.96 31.32 

High 7.86 8.19 8.56 8.55 8.78 6.83 6.73 8 

Number 3,562 4,469 4,262 4,034 3,849 3,585 2,973 26,734 
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Table 3. Transition probabilities for different perceptions of the obstacle ‘lack of 
information on technology’ 
 

          Status at t 

  

Not experienced Low Medium High 

S
ta

tu
s 

at
 t

 –
 1

 

Not experienced 69.46 18.62 9.57 2.35 

Low 8.62 76.26 12.85 2.27 

Medium 6.27 18.73 69.49 5.5 

High 6.01 11.51 23.53 58.95 

  Total 19.30 41.40 31.32 8 
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Table 4. Determinants of perception of lack of information on technology—random effects 
probit estimations (total sample and macro sector categories) 
 

 (1) (2) (3) (4) 

 Total Low-/low-med-
tech 

Med-high-
tech 

High-tech 

Exporter dummy t-1 -0.018 -0.018 0.004 -0.066 
 (0.045) (0.055) (0.087) (0.176) 
Industrial group t-1 -0.094** 0.033 -0.284*** -0.228 
 (0.045) (0.057) (0.080) (0.174) 
Innovation expenditure 
dummy t-1 

0.058 0.067 0.020 0.307 

 (0.036) (0.042) (0.071) (0.204) 
ln(Age) -0.128 -0.092 -0.121 -0.649 
 (0.195) (0.241) (0.380) (0.743) 
ln(Age) sq. 0.021 0.027 0.005 0.097 
 (0.032) (0.040) (0.062) (0.127) 
ln(Size) t-1 0.477*** 0.374*** 0.576*** 0.572* 
 (0.091) (0.120) (0.165) (0.312) 
ln(Size) sq. t-1 -0.067*** -0.056*** -0.079*** -0.066* 
 (0.010) (0.014) (0.018) (0.035) 
Low-med-tech. 0.125*    
 (0.065)    
Med-high-tech. -0.062    
 (0.063)    
High-tech. -0.367***    
 (0.107)    
Year dummies  Yes Yes Yes Yes 
Sector dummies  No Yes Yes Yes 
Number of observations 26,734 15,862 8,890 1,982 
Log likelihood -13,731.42 -8,298.58 -4,483.83 -910.75 
Sigma 
  

1.502*** 1.482*** 1.503*** 1.594** 
(0.030) (0.038) (0.052) (0.123) 

Rho 0.693*** 0.687*** 0.693*** 0.718** 
LR test for Rho 7,842.892 4,561.016 2,613.168 586.880 
Notes: ***, ** and * indicate significance at 1%, 5% and 10% levels, respectively. All coefficients 
are marginal effects evaluated at the means of the other regressors. Standard errors (in brackets) are 
obtained by the delta method. Dependent variable: Lack of information on technology. Dummy 
(medium and high importance) (see definition in Table A1). 
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Table 5. Overcoming lack of information on technology—random effects probit estimates 
main estimation and robustness check (total sample) 
 

 (1) (2) 

   
Applied research(int.) -0.169* -0.348* 
 (0.098) (0.185) 
Basic research (int.) -0.825* -1.719* 
 (0.471) (0.873) 
Cooperation -0.003 -0.004 
 (0.006) (0.012) 
Exporter dummy -0.008 -0.020 
 (0.009) (0.017) 
External R&D -0.313 -0.432 
 (0.202) (0.385) 
Industrial group -0.008 -0.026** 
 (0.007) (0.013) 
Info (clients) 0.012* 0.001 
 (0.007) (0.013) 
Info (competitors) -0.002 0.011 
 (0.006) (0.012) 
Info (laborat.) 0.019*** 0.035*** 
 (0.006) (0.012) 
Info (suppliers) 0.013** 0.016 
 (0.006) (0.012) 
Info (univers./publ.) -0.011 -0.019 
 (0.007) (0.013) 
ln(Age) -0.033 -0.037 
 (0.028) (0.051) 
ln(Age) sq. 0.005 0.004 
 (0.005) (0.008) 
ln(Size) 0.066*** 0.127*** 
 (0.016) (0.029) 
ln(Size) sq. -0.007*** -0.014*** 
 (0.002) (0.003) 
Subsidy dummy 0.010* 0.022* 
 (0.006) (0.012) 
Technology acquisition -0.060 -0.147 
 (0.117) (0.227) 
Year dummies  Yes Yes 
Sector dummies  Yes Yes 
Number of observations 8,205 4,335 
Log likelihood -2,210.53 -1,764.15 

Notes: ***, ** and * indicate significance at 1%, 5% and 10% levels, respectively. All coefficients 
are marginal effects evaluated at the means of the other regressors. Standard errors (in brackets) are 
obtained by the delta method. Dependent variable: Lack of information on technology (overcome) 
(see definition in Table A1 and Section 4). 
 

22



 

 

Table A1. variables: acronyms and definitions 

 
Variable name Variable description 

Lack of information 
dummy (med/high) 

Dummy = 1 if the firm reports lack of information on technology as 
barrier to innovation of high or medium importance; 0 otherwise 

Lack of information 
(overcome) 

Dummy = 1 if the average value of the variable ‘lack of information on 
technology’ for firm i ranges from 0.75 to 1 for the period 2004 to 2007 
and ranges from 0 to 0.25 for the period 2008 to 2011; 0 otherwise 

Applied research 
(internal) 

Total expenditure on applied internal research divided by turnover 

Basic research (internal) Total firm expenditure on basic internal research divided by turnover 

Cooperation Dummy = 1 if the firm takes part in cooperative innovative activities 

Exporter dummy Dummy = 1 if the firm has traded in an international market over the 
three-year period; 0 otherwise 

External R&D Total expenditures on external R&D divided by turnover 

Industrial group Dummy = 1 if the firm belongs to an industrial group 

Info (clients) Dummy = 1 if the firm reports information for innovation activities from 
clients is of high or medium importance 

Info (competitors) Dummy = 1 if the firm reports information for innovation activities from 
competitors is of high or medium importance  

Info (laboratories) Dummy = 1 if the firm reports information for innovation activities from 
laboratories, consultancies and private research centres is of high or 
medium importance 

Info (suppliers) Dummy = 1 if the firm reports information for innovation activities from 
suppliers is of high or medium importance 

Info (universities/ 
public research 
institutes) 

Dummy = 1 if the firm reports information for innovation activities from 
universities and/or public research centres is of high or medium 
importance  

Innovation expenditure 
dummy  

Dummy = 1 if the firm has invested in at least 1 of the 7 categories of 
innovation activity included in the questionnaire   

ln(Age) Natural logarithm of firm age (years elapsed since firms was founded) 

ln(Age) squared Squared value of natural logarithm of firm’s age (years elapsed since firms 
was founded)  

ln(Size) Natural logarithm of total number of employees in firm 

ln(Size) squared Squared value of natural logarithm of employees in firm 

Subsidy dummy Dummy = 1 if the firm has received public support for innovation; 0 
otherwise 

Technology acquisition  Total expenditure on technological acquisitions (machinery and 
equipment) divided by turnover 
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Table A2. Descriptive statistics (mean, standard deviation, median, minimum and 

maximum) for all firms 

      

 
Mean SD Median Min Max 

Tech. info (medium-high) 0.393 0.488 0 0 1 

Exporter dummy t-1 0.827 0.378 1 0 1 

Industrial group t-1 0.378 0.485 0 0 1 

ln(Age) 3.204 0.630 3.219 0 5.088 

ln(Age) sq. 10.661 3.933 10.36 0 25.883 

ln(Size) t-1 4.162 1.286 4.025 0.6931 9.253 

ln(Size) sq. t-1 18.978 11.604 16.232 0.4805 85.616 

Innovation expenditure dummy t-1 0.865 0.341 1 0 1 

Med-low-tech. 0.273 0.446 0 0 1 

Med-hi-tech. 0.333 0.471 0 0 1 

Hi-tech. 0.074 0.262 0 0 1 
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Table A3. Descriptive statistics (mean, standard deviation, median, minimum and 

maximum) for innovative firms 

 

      

 
Mean SD Median Min Max 

Tech. info (medium-high) 0.393 0.489 0 0 1 

Exporter dummy 0.884 0.320 1 0 1 

Industrial group 0.425 0.494 0 0 1 

ln(Age) 3.200 0.659 3.258 0 4.834 

ln(Age) sq. 10.676 4.076 10.620 0 23.334 

ln(Size) 4.437 1.254 4.344 1.099 9.256 

ln(Size) sq. 21.257 11.964 18.870 1.207 85.670 

Subsidy dummy 0.493 0.500 0 0 1 

Cooperation 0.411 0.492 0 0 1 

Tech. acquisition 0.006 0.029 0 0 0.899 

External R&D 0.007 0.030 0 0 0.936 

Info (clients) 0.647 0.478 1 0 1 

Info (competitors) 0.460 0.498 0 0 1 

Info (laboratories) 0.344 0.475 0 0 1 

Info (suppliers) 0.589 0.492 1 0 1 

Info (univers./publ. res. inst.) 0.308 0.462 0 0 1 

Basic research (int.) 0.002 0.015 0 0 0.503 

Appl. research (int.) 0.015 0.065 0.001 0 2.420 
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Table A4. PITEC questionnaire: barriers to innovation  

                  
During the three-year period, how important were the following factors in constraining your innovation activities or influencing your 
decision to innovate? 
Barrier 
factors    Barrier items   Factors not 

experienced 

  
 Degree of importance  

            Low  Medium High  

  

Cost factors 
Lack of available 
finance within the firm 

             
 

  
  

 
  

  
 

  
 

  
 

        
             

 

Lack of available 
finance from other 
organisations 

             
 

  
  

 
  

  
 

  
 

  
 

        

             
 

Direct innovation costs 
too high 

             
 

  
  

 
  

  
 

  
 

  
 

        
             Knowledge 

factors 
Lack of qualified 
personnel 

             
 

  
  

 
  

  
 

  
 

  
 

        
               Lack of information on 

technology 
                

  
  

 
  

  
 

  
 

  
                           Lack of information on 

markets 
                

  
  

 
  

  
 

  
 

  
                         

 
Difficulties in finding 
partners for innovation 

 
               

  
 

  
  

 
  

 
  

  
          

            Market factors Market dominated by 
established enterprises 

 
               

  
 

  
  

 
  

 
  

    
          

            

 

Uncertain demand for 
innovative goods or 
services 
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