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Abstract  
This paper highlights a methodology to detect the most relevant behaviours and skills to be included in 
assessment innovation competence of higher education students. The innovation competency can be 
considered as a cluster of different capacities and skills. Innovation is a complex process that 
comprises several competencies, such as, perception of opportunities, ideas generation and 
evaluation, action plans, cooperation and risk. It is one of the most competitive advantage in 
determining the success or failure of a company in the global market. 

The Innovation Competencies Development (INCODE) Barometer is a scoring tool develop in the 
INCODE project to assess innovation competence. The main purpose of INCODE Project was design  

The development of IBC Barometer started with the definition of the skills or competencies to be 
included and the indicators to measure each skill, following by the creation of the assessment rubric. 
The initial proposal presented by UPV follow the structure proposed by Pennttilä and Kairisto-
Mertanene (2012): individual, teamwork and networking competencies, and 25 items to measure 
them. After exploratory factor analysis UPV refined proposal include this five innovation dimensions: 
creativity, initiative and leadership, forward thinking, communication and team work [11]. 

The purpose of our study is to evaluate the underlying factor structure of the INCODE Baromerv6. 
Although different qualitative and quantitative analysis have been developing to validate the 
instrument, all of them have only tested the validity and reliability of a second-order model. 
Nevertheless, none of them have develop the logic sequence of analysis for developing and validating 
measurement scales. It is required first, test the measurement model (first order) or even evaluated 
whether the innovation competence has got one dimension or several, and what the conceptual 
definition of innovation competence will be.  

To check the psychometric properties and the dimensions of the model underlying the INCODE 
Barometer-v6, we began trying their reliability and validity. Then, to analyse the underlying pattern of 
the questionnaire, an exploratory and confirmatory factorial analysis was develop to verify different 
hypothesis or models. The total sample was constituted by 1546 students of a Massive Online Open 
Courses (MOOC) from a Spanish public university, who will complete on-line version of the 
questionnaire (INCODE-ICB-v6) in the academic year 2014-2015. 

Results shown that the psychometric properties and the dimensions IBC Barometer-v6 are 
acceptable. This work provides a contribution to researches in the fields of innovation as it fills the gap 
in literature by providing a valid and reliable instrument for measuring the degree of innovation of 
students. Furthermore, we provide an explicit specification of the measurement model at the design 
stage of the questionnaire, a stage frequently overlooked in articles published on validating 
measurement instruments. 

Keywords: Innovation competency, Multivariate analysis, INCODE questionnaire, Validation, Higher 
Education, Structural Equation Model. 

1 INTRODUCCTION  
Innovation is one of the more popular concepts in business management and appears as a source of 
competitive advantage in the business world. Innovation capability is the most important determinant 
of firm performance [13]. It is not easy to define innovation, since it implies the acquisition of different 
capabilities and capacities among which the following are noteworthy: creativity (generation of ideas, 
critical thinking, synthesis (reorganization ability), creative problem-solving (using new ideas to solve 
problems as a leader or entrepreneur), problem identification (clarify the real nature and the cause of 
the problems, search continuous improvement, collect information), independent thinking, be open to 
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new ideas, focus on research, team work, forward-looking approach, among others and which have 
been discussed in different papers ([4], [6], [7], [17]). It is an intangible component that is difficult for 
competitors to replicate.  

Although there are alternative classifications to group the different skills together, we have used a 
model that specifically focuses on innovation competency ([4], [15], [17]) and which has been 
reproduced in one of the more widely used instrument during the last few years to measure that 
competence: the Innovation Competencies Barometer (INCODE-ICv6 Barometer) (IBC). According 
this model, the skills that comprise innovation competency can be broken down into three dimensions: 
individual, teamwork and net-working. The term of innovation has been widely study in the 
management word.  

IBC was develop in the INCODE Project (Innovation Competencies Development) between the years 
2011-2013. It was an European Project inside of an European strategy to face new challenges to 
European Universities future. The main objective of the project is to create an instrument that will 
measure outcomes when using innovation pedagogy [17]. INCODE included four European partner 
universities: Turku University of Applied Sciences (TUAS) from Finland, Universitat Politècnica de 
València (UPV) from Spain, University of Applied Sciences Hamburg (HAWH) from Germany and 
Karel de Grote-Hogeschool Antwerpen (KdG) from Belgium.  

The development work of INCODE’s barometer started with the definition of innovation competencies, 
followed by the creation of the assessment rubric and grid as the base of the ICB. The alpha version 
of the ICB was tested in all partner countries and the data analyzed. IBC Barometer has been 
validated in a previous works ([6], [7], [8], [9], [17]) but none of them none have a confirmatory factor 
analysis to test dimension’s validity and the reliability of the model.  

Following INCODE Project, FINCODA Project (Framework for Innovation Competencies Development 
and Assessment), began on 2015 with another proposed competence model come from INCODE 
Barometer, in order to provide companies and organizations a relevant tool measure innovation 
competence behaviour among their employees.  

The FINCODA Model of Innovation Competence presented (Figure 1) is based on three dimensions or 
constructs: Creativity, Critical Thinking and Innovation Management, which is a cluster of dimensions 
that includes the sub-dimensions of Initiative, Teamwork and Networking. This prototype is the result 
of the process of initial refinement of the barometer developed for the INCODE ([10], [16]) with a total 
of 18 items and five dimensions related to innovation behaviour.   

 
Figure 1. FINCODA Model of Innovation Competence 

2 METHODOLOGY 
Our aim is to verify the underlying dimensions of IBCv6 Barometer. As we mentioned in the previous 
section, the IBC Barometer focuses on model innovation competency ([9], [18], [22]) that can be 
broken down into three dimensions: individual, teamwork and net-working. But might be the 

10162



dimensionality of ICBv6 are the five dimensions proposed by the FINCODA model. We also compere 
our results with other research’s that uses different statistical analysis to measure the INCODE IBCv6 
Barometer dimensionality [12]. 

2.1 Instrument and sample 
To measure the constructs of innovation, we use the questionnaire INCODE-ICB-v6 that comprises 25 
items related to innovation competencies.  The personal dimension is measured with 12 items, the 
interpersonal dimension with eight items and the networking dimension with five items. Responses are 
coded between 1 and 5 (1= I need to improve a lot; 5= Excellent). The list items of the INCOD-ICB-v6 
questionnaire is showed in table 1.  

Table 1.  . Items of INCODE-ICB-v6 

Cod Skill 
ICB01 I make proposals appropriate to the demands of the task 
ICB02 I offer ideas that are original in content 
ICB03 I offer new ways to materialize the ideas 
ICB04 I critically evaluate the fundaments of contents and actions 
ICB05 I identify relationships among different components of the task 
ICB06 I approach the task from different perspectives 
ICB07 I use resources ingeniously 
ICB08 I foresee how events will develop 
ICB09 I show enthusiasm 
ICB10 I am tenacious 
ICB11 I take intelligent risks 
ICB12 I orient the task towards the target 
ICB13 I transmit ideas effectively 
ICB14 I listen to teammates 
ICB15 I use dialogue to establish constructive group relationships 
ICB16 I collaborate actively 
ICB17 I contribute to group functioning 
ICB18 I take initiatives 
ICB19 I move others to act 
ICB20 I confront problems constructively in order to reach a consensus 
ICB21 I apply ethical values 
ICB22 I add social impact to tasks 
ICB23 I can work in cooperation in multidisciplinary/multicultural contexts 
ICB24 I speak foreign languages 
ICB25 I make working relationships with actors engaged in local, regional or international 

endeavours 

The total sample was constituted by 1546 students of a Massive Online Open Courses (MOOC) from 
a Spanish public university, who will complete one version of the questionnaire (INCODE-ICB-v6) in 
the academic year 2014-2015. 
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2.2 Method 
In order to analyze convergent validity and the reliability of the scales of two models we used the 
Cronbach alpha and the compound reliability (greater than 0.7). It also was checked the loads of items 
and goodness of fit of the confirmatory model, and the extracted variance (greater than 0.5). 

Confirmatory factor analysis with maximum likelihood, using structural equations model (EQS 6.1 
software), was employed to assess how well the data fit the model, checking different good of fit 
indexes [3]. 

3 RESULTS 
Practically all the individuals responded to all 25 items on the questionnaire, so any missing values are 
not due to the characteristics of an item. The correlations of the items are, significant and positive 
higher than 0,4 in all cases except IBC24-ICB17 and ICB24-ICB32. Results of reliability and 
convergent obtain are appropriated for both models, with values of α-Cronbach (CA), Compound 
Realiability (CR) and Extracted Variance (AVE) are higher than 0,8, 07 and 0,6 respectively, the 
recommended value. 

We also checked discriminant validity according Fornell-Lacker criterium (AVEi> Squared correlation).  

The internal consistency of theorics components of innovation is high in both models. The value of the 
different good of fit indexes are good in both cases. 

4 CONCLUSIONS 
The research extends the work proposed by Marin-Garcia et. (2013) and Watts et al (2013) where the 
instrument has been validated with traditional statistics analysis. Results over the technical 
characteristics of the instrument, suggest real application for the improvement of measurement innove 
competency. 

The internal consistency of theorics components of innovation is high both models. Through this study, 
we have contributed to emerging literature of innovation competences. This paper presents a 
contribution for researchers on the topics of innovation, business administration or human resource 
management, as it fulfils the need for a valid, reliable instrument for measuring the degree of 
innovation of higher education students. For university teaching professionals, the contribution is 
twofold because it offers a simple instrument that is valid to assess a set of transversal competencies 
customary in Spanish universities degree programmes. Finally, research on comparisons between 
statistical techniques is valuable to researchers to have guidance about which statistical technique 
could be more useful and valuable for their research. 

There were of course, limitations to this study. As stated previously, we used a student sample with a 
specific questionnaire and the generalization to other questionnaire, or population, should be proved 
with specific data. Nonetheless, taking into account the initial stage in the development and validation 
of measurement scales of innovation competency, this paper can be considered to offer several 
contributions to the academic community. 
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