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Exploring Skills and Competencies of
Innovation: the Case for a Qualitative
Methodology

Monica Martinez-Gémez?, Manuel Mari-Benlloch?, and Juan A. Marin-Garcia®

Abstract— This paper highlights a qualitative methodology to
detect the most relevant behaviours and skills to be included in
assessment innovation competency of higher education students.
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 considered one of the most
competitive advantage in determining the success or failure of a
company in the global market. We used the INCODE-ICB-v6
questionnaire as the measurement instrument of innovation which
measures the innovation construct with a series of 25 items, grouped
into three categories: individual, teamwork and network. The items
on our version of the questionnaire INCODE-ICB-v6 are in a
different order with respect to the original questionnaire. We applied
a qualitative explorative analysis via a distance-based affinity
diagram, where the students can group the proposed items of the
questionnaire. Our affinity diagramming process consists of two
stages. First, the interviewed group the items in the category they
think is best. Then, we represent items in a perceptual map using a
non-metric multidimensional scaling (MDS). MDS analyses were
carried out with two databases, one for four categories model and
second for up to ten categories model. The results of
multidimensional scaling confirm the structure of these three
components in both models, for four and up to ten categories.

Keywords—Innovation competency, Multivariate analysis, non-
metric multidimensional scaling, INCODE questionnaire.

I. INTRODUCTION

URING the last few years developing students Skills by
incorporating better academic education processes to
allow them a greatest success in labour market has become

a main aim of the European Higher Education Area (EHEA).
Currently, one of the prerequisites required by companies is
that professionals improve their qualifications m transversal
skills. Transversal skills are the disciplines and capabilities
that can be used for all professions. In this context, innovation
appears as a source of competitive advantage in the business
world. Innovation capability is the most important determinant
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of firm performance [1]. Innovation is important both at the
personal and at the organizational level. Innovation represents
the strategic process for competitiveness. Thus, people's
training to develop the competence of innovation is a must for
all companies which want to be competitive.

In the business word innovation is similar as receive
widespread attention [2], however, 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 new ideas, focus on research, team work, forward-
looking approach, among others and which have been
discussed in different papers [3], [4], [5]. [6].

There is a lot of bibliography written about innovation
skills. [7] is a summer of 44 papers collected from different
reviews. They found 12 innovations models that present a
different degree of specified development and validation.
Therefore, there is not one exclusive classification to group the
different capabilities or characteristics that make up innovation
[4], [7], [8], [9] and there is much debate on the instrument
used in order to identify and validate the acquisition of
innovation skills, which means a lack of knowledge on the
efficiency of teaching and learning methods.

A model specifically centred on innovation competencies
will be followed in this project [11], [12], [6], [13] 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), which stem from the
conception of innovation as a construct (Figure 1) that is based
on three dimensions: individual, interpersonal and networking
aspects, following the model proposed by Penttila and
Kairisto-Mertanene [12], [6].

With regard to the certification of the components of
innovation competence, no qualitative method has been
regulated to acquire and assess the skills and capacities
involved. Prior studies have validated the measuring toot, the
ICB, but with quantitative analysis. The lack of a formal
quantitative system of identification and validation the tool to
measure innovation competence can probably apply to other
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generic competences that are included in current new degree
programs. For this reason, the main objective of this paper is
to advocate that qualitative research toots can replace and
merge with quantitative ones in order to simplify the task of
gathering and processing information, according with [14].

0:0:Q@=

Fig. 1. Model of innovation competence construction based on
Penttild and Kairisto-Mertanene (2011; 2012)

A. Purpose and Contributions of Present Study

Our aim is to apply an affinity diagram to detect the most
relevant behaviours and skills that assessment innovation
competency of higher education students.

Affinity diagramming is a powerful method for encouraging
and capturing lateral thinking in a group environment [15].
Affinity-diagram activities also help teams to group and link
their collective thoughts into a clear and understandable
structure [16]. Affinity diagram is usually conducted using
pens, sticky notes and whiteboard. However, in recent years
many studies have been conducted to development and build
solutions to improve the effectiveness group brainstorming or
affinity diagrams using electronic system [17], [18], [19], [16],
[20].

Although qualitative research has been critiqued too often
by lacking in scholarly rigor, nowadays many researches
contradict it [21], [22]. We have been unable to locate any
studies that have validated INCOME questionnaire with a
multidimensional qualitative technique. So, there is a lack of
empirical studies that have addressed if affinity diagram can be
applied to validate the IBC and so to verify if acquire
innovation competence by students of higher education is
related to experiment with new teaching alternatives associated
with active methodologies.

This study is structured as follows. First, we present the
research methodology. Second, the results obtained. Finally,
this paper concludes with the main reflection of findings
achieved in  our analysis, their limitations and
recommendations for further research.

I1.METHODS

A. Participants

Data can be collected by the researches m different ways.
Rankings, ratings, BARS and BOS and paired comparisons
[23]. In this paper we will focus on the second method because
the construction of the ICB presupposes that rates who apply
this instrument to assess innovation competence are able to
secure consistent and accurate results [23].

The total sample was constituted by 918 students of a
Massive Online Open Courses (MOOC) from a Spanish public
university, who will complete one version of the questionnaire
(INCODE-ICB-v6) classifring the 25 items related to
innovation competencies. The items on this version of the
questionnaire INCODE-ICB-v6 are in a different order with
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respect to the original questionnaire, where they are ordered in
blocks: individual, interpersonal and network. Thus, a random
organization of the items m the questionnaire prevents the bias
of a certain cluster.

The respondents were then divided in two groups. The first
group, made up of 458 students, was required to freely classilr
the 25 items of the questionnaire into four categories, which
had to be labelled by them. The second group was constituted
by 460 respondents, which were required to classify the same
25 items, but in this case they had to do it freely in a maximum
of 10 categories, which they also had to label.

Thus, in principle, there are not any categories in which to
classify the items and the respondents are completely free to
express their criteria of association and similarity among the
items on the questionnaire related to their perception about the
concept of innovation.

B. Instrument

We selected the INCODE-ICB-v6 questionnaire [23], [4],
which measures the innovation construct with a series of 25
questions, grouped into three categories (Individual,
Interpersonal — teamwork — and Networking). Responses were
given a score of between 1 and 5 (1= major improvement
needed; 5= excellent).

Due to limitations of space, we are unable to list the items of
the INCOD-ICB-v6 questionnaire in this paper, but requests
can be made via email for a copy of the questionnaire in either
Spanish or English.

C.Methodology

Affinity diagramming is a technique used to externalize,
make sense of, and organize large amounts of unstructured and
dissimilar qualitative data.

In this study we develop qualitative explorative analysis as
an optional tool to quantitative techniques for validating
questionnaires via a distance-based affinity analysis, where
individuals can group the proposed items of the questionnaire
into the categories they think transversal innovation
competence is better described. Our affinity diagramming
process consists of two stages. First, the respondents group the
items in the category they think is best. Then, we represent
items in a perceptual map using non-metric multidimensional
scaling analysis (MDA).

We used non-metric multidimensional scaling analysis as a
multidimensional analysis to obtain the perceptual map.

The procedure allows the respondents to gain a perceived
image related to a set of objects and interpret the dimensions
of this space in attributes or dimensions interesting for the
researcher, based on comparisons among objects. The aim is to
understand the respondents' perceptions on the attributes of the
study objects and plot the results on a perceptual map,
transforming the similarity assessment among objects
perceived by the respondents in distances between objects,
being the researcher's art and science to interpret the
dimensions of said perceptual map and assign it the relevant
attributes [24].

In our case, the objects match up with items in the
questionnaire and the purpose is to identify the respondents'’
judgment on the concept of innovation by searching the
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perceived attributes in the dimensions of the perceptual map
obtained by correspondence analysis. In order to do this, the
similarity comparisons among the items on the questionnaire
carried out by the respondents shall be transformed in
distances among said items which will be represented in the
perceptual map.

In order to analyse the internal structure of the data
collected from the questionnaire, we have used the Nonmetric
Multidimensional Scaling (PROXSCAL). The procedure for
this technique is the optimal position determination among
objects. From a desired initial dimensionality, configurations
are obtained by calculating the distances among objects and
comparing the relationships observed against the relationships
estimated with an adjustment for measurement. The
configurations are a distribution of the set of objects (dots) on
the coordinate axes which make up the dimensions and which
can be represented on a "perceptual map” [24]. Once the
configuration is found, the distances among objects (dij) in the
configuration are compared with the distance measurements
(eij) of similarity judgements. These two distances are then
composed using an adjustment for measurement, called stress
measurement. The directions in which a higher adjustment can
be obtained in order to reach a configuration with a
satisfactory stress measurement and with the lowest possible
dimensionality are set out below.

Kruskal's stress is a measure proposed to determine the
adjustment of a model:

RESULTS

Kruskal's Stress = sqr [(dij - eij)2 / (dij - dm)2]
where,

dm = the average distance on the map (3.dij/n)
dij= distance obtained from the similarity data
eij= original distances provided by the respondents.

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, nor do they present a problem for
the data collected as a whole.

The non-metric multidimensional scaling was carried out
with two databases, one for four categories model and second
for up to ten categories model.

In order to determine the similarity among items perceived
by the respondents, the frequencies with which each item was
classified into a category together with other item were
calculated, that is to say, the number of times the respondents
placed those two items into the same category. The absolute
frequencies of similarity among items for each one of the
groups are shown in figures 2 and 3.
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Cl C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25
C1 0 60 59 28 22 29 28 34 53 113 46 45 29 22 98 42 39 20 69 134 91 50 50 22|
C2 0 37 14 70 15 19 51 99 63 64 79 38 24 54 123 20 74 21 73 58 66 54 76 31
C3 0 94 28 8 8 81 31 53 66 40 51 65 84 41 79 52 72 30 63 95 92 56 54
C4 0 30 151 141 83 17 28 32 30 60 113 45 23 141 31 118 17 26 35 51 27 90
C5 0 43 47 54 81 42 44 67 52 33 20 8 34 53 32 62 22 21 32 42 79
c6 0129 76 24 28 31 43 65 109 41 26 130 32 104 24 22 39 51 25 94
c7 0 89 19 30 29 28 60 109 53 23 135 28 116 25 31 38 59 20 94
c8 0 57 39 53 44 54 79 59 57 87 60 8 42 43 53 73 66 77
C9 0 68 65 90 41 33 47 95 27 68 27 95 45 46 33 57 38
C10 0 52 72 29 24 80 55 39 55 23 79 111 74 48 53 26
C11 0 98 46 32 60 59 34 90 29 64 54 87 80 76 35
C12 0 49 37 54 78 30 75 29 75 46 67 48 60 37|
C13 0 71 41 46 66 54 68 47 30 38 40 52 70
C14 0 54 21 105 36 156 32 26 32 57 35 82
C15 0 51 51 48 47 50 101 78 66 46 43
C16 0 27 8 23 82 43 58 40 76 44
c17 0 23 118 31 27 34 51 24 92
C18 0 36 64 41 65 62 71 40
C19 0 34 28 32 60 30 81
C20 0 71 57 43 59 35
C21 0 100 72 55 31
Cc22 0 112 94 30|
C23 0 93 50
c24 0 48
c25 0)

Fig 2. Association frequencies between items for the group of four

categories.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14
0 3 3 12 12 19 7 1 2 9% 21 15 1
0 17 16 53

0o 7 17

18
46
0 24 92 87
C5 0 20 25
C6 0 78
C7 0

13
64

C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25

55 19 8 30 12 43 1 57 28 13|
78
12

19

11
60

Fig 3. Association frequencies between items for the group of ten

categories.

A. Multidimensional scaling: four

categories models

In table 1, we can see that stress and measurements for
adjustment indicate the efficiency with which the distances of
the solution get closer to the original distances.

TABLE |
MEASURES OF STRESS AND ADJUSTMENT FOR THE MODEL 4 CATEGORIES

Normalized raw stress ,01947
Stress- ,13955%
Stress-11 ,318312
S-Stress ,03720°
Told dispersion (D.A.F.) ,98053
Tucker consistency coefficient ,99022

Note: PROXSCAL minimizes normalized stress raw.
a.Optimal scaling factor = 1,020
b.Optimal scaling factor = ,996

In the four categories model, each of the stress statistics
measure the mismatch of the data, so stress values are close to
0 (Normalized raw stress 0.01947). On the other side, the
explained dispersion and Tucker's consistency coefficient
measure the adjustment of the model and, in our case, these
measurements for adjustment get closer to value 1 (Tucker
consistency coefficient 0,99022). All of this means we are
before an excellent solution.

The perceptual map obtained for the first group of
respondents of four categories is shown below in figure 4.
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Fig 4. Bidimensional representation of the multiple
correspondence analysis for four categories

The chart on figure 4 shows the two first dimensions related
to the 25 items of the questionnaire. The items have been
coloured according to the three components supposed for
innovation (individual, interpersonal and network). As we can
observe in the map, the items corresponding to the individual
component, in blue, are clearly grouped, except item 23. The
items of the interpersonal component, in green, present a very
compact grouping made up of items (4, 6, 7, 17) with a clear
approach to items 14 and 19 which belong to the networking
component. On the other hand, item 8 is isolated from the rest
of items, in the centre of the common space and items 3 and 15
seem to be approaching to other items of the individual
component (22 and 23). Meanwhile, the items of the
networking component 13, 25 and 5 are to be found in the left
top space creating a dispersed association indeed far from the
rest of items.

B. Multidimensional model ten

categories

In table 2, we can see stress values and measurements for
adjustment, which indicate the efficiency with which the
distances of the solution get closer to the original distances. In
the up to ten categories model, each of the stress statistics
measure the mismatch of the data, so stress values are close to
0 (Normalized raw stress 0.03222). The explained dispersion
and Tucker's consistency coefficient measure the adjustment of
the model and get closer to value 1 (Tucker consistency
coefficient 0.98376). All of this means we are before an
excellent solution.

The map on figure 5 shows the two first dimensions related
to the 25 items of the questionnaire. As in the case of four
categories, items have been coloured according to the three
components supposed for innovation. As we can observe in the
map, the items corresponding to the individual component, in
blue, are clearly grouped, except item 23. The items of the
interpersonal component, in green, present two groupings,
except item 8 which is isolated. On one hand, the grouping (7,
4, 6, 17) shows a clear approach to items 14 and 19 which
belong to the networking component. On the other hand, a

scaling: with up to
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second grouping (3, 15, 22) which is associated to item 23 of
the individual component. Finally, the items of the networking
component 13, 25 and 5 are to be found in the top space
creating a dispersed association indeed far from the rest of
items in other components (individual and interpersonal).

TABLE Il
MEASURES OF STRESS AND ADJUSTMENT FOR THE MODEL UP T0 10
CATEGORIES
Normalized raw stress ,03222
Stress-1 ,179492
Stress-11 429542
S-Stress ,06183°
Told dispersion (D.A.F.) ,96778
Tucker consistency coefficient ,98376

Note: PROXSCAL minimizes normalized stress raw.
a.Optimal scaling factor = 1,033
b.Optimal scaling factor = ,992

Object points
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o

c16
05 2

00 ¢ .C24

Dimension 2

05 c3
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o e

Dimension 1
Blue:Individual; Green:Interpersanal; Red:Networking

Fig 5. Bidimensional Representation of the Multiple
Correspondence Analysis For Up 10 Categories

IV. CONCLUSION

The purpose of our study is to evaluate if affinity diagram
can be used to validate questionnaires as an alternative to the
quantitative techniques. The research extends the work
proposed in [25] lo validate innovation competence in higher
education student's with quantitative analysis, presenting
additional qualitative evidence in support of the instrument's
relevance in actual settings. The paper, thus makes a
significant contribution because the qualitative analysis to
validate questionnaires could be used in surveys in many areas,
such as management, business and not only in higher
education. Results shows the qualitative validation of
INCODE questionnaire to assessment the innovation
competency of university students.

The internal consistency of theorist components of
innovation is high in both models, for four and up to ten
categories. Besides, the instrument has been validated as
reflective and formative measurement model with quantitative
techniques, empirical results of multidimensional scale
confirms the structure of these three components (individual,
interpersonal and networking), although some unsettled items
were detected, in particular items C3, C8, C15 y C23 because
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they are away from their theorist related items.

But in any case, the internal measurement of the innovation
competency is maintained. These findings are useful for
researchers since they add the first sample in which the
validation of a competency is developed with qualitative
techniques and results are according with other qualitative
techniques, like Structural Model Equation (SEM) or Partial
Least Squared (PLS).

Results over the technical characteristics of the instrument,
suggest real application for the improvement of measurement
innovative competency.

Through this study we have contributed lo emerging
literature of innovation competences. We have introduced a
complementary  qualitative analysis to validate the
measurement tool, the IBC. Additionally, we have studied the
influence of different categories models.

There were of course, limitations lo 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.
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