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Abstract
Purpose – The aftermath of the recent financial crisis has shown that the ability to innovate is a vital
management skill and that the methodologies used to evaluate innovation capability within small- and
medium-sized enterprises (SMEs) should be as holistic and integrative as possible. The purpose of this
paper is to address this issue through the combined use of cognitive mapping and the analytic hierarchy
process (AHP).
Design/methodology/approach – Cognitive mapping and multiple criteria decision analysis have proved
over the years to be effective in handling a wide range of complex decision problems. Following a
socio-technical approach, a non-parametric method of evaluating SME innovation capability – based on the
results of group meetings with a panel of information technology entrepreneurs and SME chief executive
officers – was created, tested and validated.
Findings – The methodological processes adopted in this study provide promising results for decision
makers seeking to identify the most innovative SMEs. Furthermore, the sensitivity analyses carried out also
supported the findings.
Research limitations/implications – This study confirms the usefulness of integrating cognitive
mapping and the AHP to facilitate evaluations of SME innovation capability. However, due to the
process-oriented nature of the research, extrapolations without proper adjustments are not recommended.
Practical implications – The panel members who participated in this study consider the proposal
extremely versatile and see great potential for further applications in the measurement of SME
innovation capability.
Originality/value – The combined use of cognitive mapping and the AHP offers a holistic and
well-informed perspective on the issue in question. The authors know of no prior work reporting this
approach in the same research context.
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1. Introduction
Small- and medium-sized enterprises (SMEs) have long been recognized as a driving force of
economic development (Drucker, 1985; Oliveira et al., 2017). Europe, for instance, has over
21 million SMEs employing 88.8 million people and generating a total of 3.666 billion euros
in added value within the European economy (cf. European Commission, 2015). Given the
current economic scenario, SMEs are expected to be prepared to respond to the changes
imposed by the market, through either their ability to differentiate themselves
from competitors or their capability to be innovative and, thereby, survive. Indeed, as
Bullinger et al. (2007, p. 17) point out, “SMEs need to innovate in order to survive and create
competitive advantages.”

The need for SMEs to innovate has resulted from – and/or led to – changes at
different levels. First, globalization has exposed SMEs to greater competitiveness,
generating a larger number of new competitors. Second, SMEs can no longer focus only
on niche markets. Third, technological advances have resulted in rapid progress in
information, knowledge and innovation, making SMEs more competitive and more
capable of eliminating obsolete products. Last, consumer demand is now focused on
higher quality products and services ( for further discussion, see Bullinger et al., 2007;
Saunila, 2016; Oliveira et al., 2017). Given these developments, two interrelated questions
need to be answered:

RQ1. How can SME innovation capability be measured?

RQ2. What qualitative and quantitative metrics can be used?

In light of the changing economic environment, the methodologies used to evaluate
innovation capability within SMEs should be as integrative and close to reality as
possible. Therefore, the present study sought to address this issue through the combined
use of cognitive mapping and multiple criteria decision analysis (MCDA). According to
Zopounidis et al. (2015, p. 339), “a wide range of techniques and approaches can be useful
[…]. Among such disciplines […] MCDA has appealing distinctive features that are well
suited for decision making.” More specifically, we focused on developing a non-
parametric method of evaluating SME innovation capability based on a constructivist
stance and the results of group meetings with a panel of information technology (IT)
entrepreneurs and SME chief executive officers (CEOs). This method used cognitive
mapping to identify the evaluation criteria and the analytic hierarchy process (AHP) to
calculate the respective trade-offs.

Cognitive mapping can bring together multiple decision makers and deal with conflicts
of interest and uncertainty, which allows complex problems to be structured more clearly
(Ackermann and Eden, 2001; Eden, 2004). In addition, this method helps reduce the
number of omitted criteria and identifies the cause-and-effect relationships between
variables (Eden and Ackermann, 2004; Damart, 2010; Canas et al., 2015). The AHP was
created by Saaty (1980), and it is now probably the most widely known MCDA method.
Both approaches have been extensively applied to real-life decision problems,
helping generate greater clarity with regard to problem definition and resolution
(see Zavadskas et al., 2014). However, we know of no prior work reporting these two
methods’ integrated use to evaluate SME innovation capability.

The next section presents an overview of the literature on SME innovation capability
evaluation, after which the methodological background of the techniques applied is provided.
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Section 4 presents the results, highlighting the managerial implications of the proposed
framework. The last section highlights the study’s contributions and limitations, as well as
discussing the grounds for further research.

2. Related literature
Lawson and Samson (2001) define innovation capability as a theoretical concept referring
to the actions that could be taken to improve the performance of SMEs. The development
and analysis of performance indicators that facilitate evaluations of SMEs’ innovation
capability have become increasingly important over the past few years, motivating
the search for new approaches and more sophisticated assessment mechanisms
(Saunila, 2016). Table I shows some of the studies conducted so far, highlighting their
respective contributions and limitations.

Notwithstanding the progress made in this field, Pawlak (1982) and Hong et al. (2015)
underline the challenges inherent to measuring innovation capability, since this feature
cannot be characterized only by either objective indicators that are quantitatively

Author Method Contribution Limitations

Pawlak
(1982)

Rough set theory
(RST)

Allows for the development of RST-
based methods for evaluating
innovative technology capability

The use of this method restricts the
application of unilateral tests

He (1989) Principal component
analysis (PCA); fuzzy
cognitive clustering

Provides new insights into the field
of fuzzy cognition, which allows for
the development of new methods of
multivariate statistical analysis in
innovation capability evaluations

The method presents some
ambiguity in the explanation of the
main components and variables

Bullinger
et al.
(2007)

Three-stage
Fraunhofer approach

Enables SMEs to control and
improve innovation capability
continuously, independent of
external experts

The study used a poor source of
information
The research left out variables, such
as governments’ influence, that may
be relevant in the model
The method produces difficulties in
weighting the evaluation criteria

Zhao and
Zeng
(2011)

AHP Provides an AHP-based index
system to evaluate innovation
capability

The system includes difficulties in
defining the evaluation criteria
The method lacks transparency with
regard to the use of the variables in
the network of correlations

Zhang
(2011)

Evaluation of
entropy deviation

Proposes the idea of entropy
deviation to avoid the deficiencies of
combinatorial evaluation in
innovation capability assessment

The results of the evaluation are
strongly influenced by the way
information is collected

Hong
et al.
(2015)

Fuzzy Borda Proposes one of the first approaches
to relate fuzzy Borda methods to
innovation capability evaluation
Combines quantitative and
qualitative variables

The validation process of the
performance indicators needs
improvement

Yang
et al.
(2015)

Uncertain linguistic
variables

Develops a method of innovation
capability evaluation based on
uncertain linguistic variables

The method still needs to be
improved at the level of the
combination of numerical and
linguistic variables

Yin et al.
(2016)

Multivariate
statistical
combination;
forecasting method

Allows for the minimization of
errors both in the sum of square
errors and mean square error

It may not be possible to generalize
the results to other industries
The criteria weighting is exclusively
based on mathematical calculations

Table I.
Innovation capability
assessment methods
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measurable or subjective indicators (i.e. decision makers’ perceptions). In practice, some of
the studies included in Table I (e.g. Bullinger et al., 2007; Zhang, 2011) reveal that potentially
important variables for innovation capability evaluation are omitted or excluded, affecting
the explanatory power of the evaluation systems created. Another challenge identified in
previous research is assigning weights to the identified variables and calculating trade-offs
between them – issues that also seem to have been overlooked in some of the contributions
presented in Table I (e.g. Bullinger et al., 2007). Given these limitations, the current study
integrates cognitive mapping and the AHP, aiming, thereby, to overcome some of the
shortcomings of previous studies ( for further discussion, see Santos et al., 2008; Howick and
Ackermann, 2011; Zhao and Zeng, 2011).

Although no perfect methodology yet exists and the choice of method depends on the
decision context (cf. Weber and Borcherding, 1993; Ferreira et al., 2012), cognitive mapping
can provide the basis for a comprehensive definition of the variables to be included in an
evaluation framework. In addition, MCDA techniques can help determine the weights
allocated to each of these variables. According to Mingers and Rosenhead (2004) and
Howick and Ackermann (2011), combining different approaches and methodologies to
address real-world decision problems can produce significant benefits because these
decision situations are inevitably multidimensional. Thus, different methodologies are
often more effective at different stages of the decision-making process. Furthermore, as
Oliveira et al. (2017) argue, the application of different techniques allows previous research
contributions to be considered and new developments to be generated. The next section
presents the methodological procedures followed in this study with regard to the combined
used of cognitive mapping and the AHP.

3. Methodological background
The methodological procedures followed in this study are presented in Figure 1.

Soft Approaches for
Problem Structuring

Tree of Fundamental
Points of View

Creation of Descriptors

Construction of Local
Performance Scales

Trade-offs Calculation

Identification of Impact
Profiles

Results Analysis

Elaboration of
Recommendations Recommendations

Phase

Evaluation
Phase

Structuring
Phase

E
la

bo
ra

tio
n 

of
 R

ec
om

m
en

da
tio

ns

Source: Ensslin et al. (2000, adap.)

Figure 1.
Structure of
methodological
processes
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Because the present study’s approach falls within the scope of MCDA ( for a discussion of
theoretical details, see Belton and Stewart, 2002), the methodological procedures followed
were split into three phases. The first was the structuring phase, during which the factors
underlying the decision problem were specified. In this case, the aim was to identify the
factors that influence SME innovation capability by applying cognitive mapping
techniques. The second was the evaluation phase, in which the AHP was used to
obtain value functions and calculate trade-offs between criteria. The last was the
recommendations phase, in which recommendations for future research were formulated
based on the results obtained.

3.1 Cognitive mapping
This study assumes a constructivist epistemological stance. Porcaro (2010) states that
constructivism is grounded on the baseline conviction that knowledge must be built by the
learner, rather than shaped by the ideas of the person conveying the information.

One of the most well-known techniques that can be used to capture and clarify people’s
ideas and perceptions, and thus promote collaborative problem solving, is cognitive mapping
(Ferretti, 2016). According to Ferreira, Jalali and Ferreira (2016, p. 4955), cognitive maps “are
recognized in the decision-making arena as well-established and interactive visual tools, which
allow for the structuring and clarification of complex decision situations.” In functional terms,
the process of cognitive mapping results in a “network of nodes and arrows, where the
direction of the arrow implies believed causality” (Eden, 2004, p. 673). In Figure 2, the dots
represent concepts and the arrows stand for the cause-and-effect relationships between them.

Eden (2004, p. 618) notes that cognitive mapping, as a methodological tool, needs to
encompass the following procedures: “eliciting the different views and belief sets as
individual cognitive maps, drawing together this expert opinion in the form of a composite
map and, using the composite map in a work-shop setting to explore the policy arena and
the possible policy options.” This sequence of mapping procedures allows decision makers,
first, to deal with both qualitative and quantitative factors, reducing the number of omitted
criteria in the framework, increasing transparency and providing a fuller understanding of
the decision problem at hand (Ferreira, Marques, Bento, Ferreira and Jalali, 2015).

“Negative
Goals”

“Negative
Goals”

Likely Central
Statement

“Goals”“Heads”

“Tails”

Source: Eden (2004, p. 676)

Figure 2.
Functional logic

of a cognitive map
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Second, decision makers can structure complex decision problems. Last, decision makers
can provide support for the development and implementation of strategic directions.
Notably, cognitive maps also allow subjectivity to be incorporated into the decision-making
process, as well as identifying cause-and-effect relationships between concepts. Although
not exempt from limitations (see Eden, 2004; Ferreira and Jalali, 2015), this structuring tool
can, therefore, be of great use in assessing SME innovation capability.

3.2 Principles of the AHP
The AHP was developed in the 1970s by Thomas L. Saaty, and it is grounded on “a theory
of relative measurement based on paired comparisons used to derive normalized absolute
scales of numbers whose elements are then used as priorities” (Saaty, 2007, p. 860).
According to Belton and Stewart (2002), this method belongs to the MCDA family, and the
AHP is characterized by its simplicity, ease of use and ability to analyze elements of
quantitative and qualitative nature, whether tangible or intangible.

Researchers have widely reported in the literature on MCDA that, when using the AHP,
problems are decomposed into a hierarchical structure (cf. Belton and Stewart, 2002;
Bhushan and Rai, 2004; Saaty and Vargas, 2012; Martins et al., 2015). This is done in such
way that the relationships between objectives, criteria (CTR), sub-criteria and alternatives
can be established based on the information provided by the decision makers involved
(see Figure 3). In this regard, Saaty and Vargas (2006, p. 2) note that, “to model a problem,
one needs a hierarchic or a network structure to represent that problem, as well as pairwise
comparisons to establish relations within the structure.” These analyses are based on a
measurement scale known as “Saaty’s fundamental scale,” which varies between 1 and 9.
Table II shows the definitions of the scale, where “1” reflects a variable’s lack of importance
in relation to others and “9” reflects extreme importance.

The answers provided by the decision makers involved regarding the pairwise
comparisons are then synthesized into square matrices, as shown in the following matrix
form. In these matrices, the number in row i and column j provides the relative importance of
criterion Ci over criterion Cj:

A ¼

1 a12 . . . a1j
a21 1 . . . a2j
^ ^ & ^

ai1 ai2 . . . aij

2
66664

3
77775: (1)

:

GOAL

Criterion 1

Alternative 1

Sub-criterion 11

Sub-criterion 1L

..

.
Sub-criterion 21

Sub-criterion 2M

..

.
Sub-criterion P1

Sub-criterion PN

..

.

Alternative 2 Alternative 3 ... Alternative Q

Criterion 2 ... Criterion P

Source: Bhushan and Rai (2004, p. 16)

Figure 3.
Conceptual
structure of AHP
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The next step consists in estimating the weights w for each criterion in the different
hierarchical levels and in relation to the alternatives considered. This is done by solving the
eigenvector in the following equation:

Wi ¼
Yn
i¼1

aij

 !1=n

: (2)

Next, the results obtained must be standardized, as shown in the following equation, in
which T is the normalized eigenvector:

Τ ¼ W 1=
X

Wi . . . Wn=
X

Wi

��� ���: (3)

The normalized eigenvector identifies a hierarchy of priorities in order to obtain the relevant
criteria. However, to assess whether the data are logically related, the solution should be
tested for consistency. Saaty (2008) proposes the following sequence of steps to test the
consistency of the solution obtained:

• Estimate the eigenvalue (λmax) in accordance with the following equation, in which w
is obtained by summing the columns of the matrix of comparisons:

lmax ¼ T:w; (4)

Intensity Definition Explanation

1 Equal importance Two activities contribute equally to the objective
2 Weak or slight
3 Moderate importance Experience and judgment slightly favor one

activity over another
4 Moderate plus
5 Strong importance Experience and judgment strongly favor one

activity over another
6 Strong plus
7 Very strong or demonstrated importance An activity is favored very strongly over another;

its dominance is demonstrated in practice
8 Very, very strong
9 Extreme importance The evidence favoring one activity over

another adds up to the highest possible level
of confirmation

1.1-1.9 When activities are very closely related, a
decimal point is added to 1 to reflect their
differences adequately

A better alternative way to assign the smaller
decimals is to compare two closely related
activities with other strongly contrasting ones,
slightly favoring the larger differences over the
smaller ones when using 1-9 values

Reciprocals of
above non-zero
numbers

If activity i has one of the above non-zero
numbers assigned to it when compared to
activity j, then j has the reciprocal value
when compared with i

This represents a logical assumption

Measurement
based on
ratio scales

Sometimes, it is desirable to use these numbers
in physical applications. Alternatively, the
researcher often estimates the ratios of these
magnitudes by using his or her judgment

Source: Saaty (2008, p. 11)

Table II.
Saaty’s fundamental

scale of absolute
numbers
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• Compute the consistency index (CI) using the following equation, in which n stands
for the order of the matrix:

CI ¼ lmax�n
n�1

; (5)

• Calculate the consistency ratio (CR) using the following equation, in which RI is a
random consistency index (see Saaty, 1994) and depends on the order of the
respective matrix:

CR ¼ CI=RI : (6)

Details on the mathematical foundations of the AHP are widely found in the literature on
MCDA (e.g. Saaty, 1980, 1994; Bhushan and Rai, 2004; Xu and Zhang, 2009; Martins et al.,
2015; Ferreira and Santos, 2016). However, the literature only considers CR acceptable if its
value is below 0.10. Otherwise, the matrix of comparisons has to be revised. The process
ends with an overall evaluation of each alternative and its respective ranking, allowing the
contribution of each criterion to be expressed through the AHP hierarchical structure.

4. Implementation
The combined application of cognitive mapping and the AHP in the present study closely
followed the sequence of procedures previously presented in Figure 1. On the premise that
“the consultant [facilitator] will relate personally to a small number (say, three to ten
persons)” (Eden and Ackermann, 2001, p. 22), our expert panel was composed of five
participants from different industries. The participants also represent different sources of
expertise regarding the evaluation of SME innovation capability (i.e. IT entrepreneurs and
SME CEOs). While the number of participants was not large, it fell within the recommended
guidelines for this type of study, and other studies applying cognitive mapping and/or the
AHP have also addressed decision problems with expert panels of five individuals
(e.g. Ferreira et al., 2014; Jalali et al., 2016). In addition, the present study is process-oriented,
in which “there is less emphasis on outputs per se and more focus on process” (Bell and
Morse, 2013, p. 962). With the proper adjustments, the procedures followed can be replicated
in other contexts and/or with other participants. Two facilitators were also present in the
group meetings (i.e. two of the authors of this paper), as these researchers were responsible
for steering the negotiation process and registering the results. Three group meetings, with
an average duration of four hours each, were held. The first and second pertained to the
aforementioned structuring phase of this study.

4.1 Structuring phase
The first group meeting began with an initial methodological briefing to avoid
misunderstandings between the decision makers and facilitators, followed by the
presentation of a “trigger question” (i.e. “Based on your values and professional
experience, what are the factors and/or characteristics of an SME that most influence its
innovation capability?”). Although the trigger question was quite broad, it worked well as
the starting point for the discussion, allowing the decision makers to share their perceptions
and personal experiences.

We then applied the “post-it technique” (Ackermann and Eden, 2001), which involves
writing on post-its the determinants that are relevant to evaluating SME innovation
capability, according to panel members. In practice, each note is supposed to contain only a
single criterion and, whenever the cause-and-effect relationship is negative, a minus sign (–)
is added to the sticker. Ferreira, Jalali, Ferreira, Stankevičienė and Marques (2015, p. 478)
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suggest the following procedure: “the post-its are then organized by clusters, known as
areas of concern, and there is additional debate about the significance of each concept. The
clusters are then carefully analyzed, one by one, and their post-its repositioned following a
means-end-based structure.” Based on the outcomes of this exercise, the Decision Explorer
software (www.banxia.com) allowed for the construction of a collective cognitive map,
which was then presented to the group for further discussion and validation. Figure 4 shows
the final version of the map.

Because Figure 4 shows the agreed upon understanding of a particular panel of decision
makers, it could not be regarded as a final result but, instead, as a learning tool for problem
clarification. The direct involvement of the panel members and the amount of information
discussed, as well as the iterative nature of the process, allowed ideas and thoughts on the
evaluation of SME innovation capability to be shared and cause-and-effect relationships
between variables to be explored ( for further discussion on the advantages of cognitive
mapping, see Ackermann and Eden, 2001; Eden, 2004; Ferreira, 2016; Ferreira, Spahr and
Sunderman, 2016). Given the participants’ contributions, and following the methodological
guidelines proposed by Keeney (1992), five major lines of thought were identified. From
these, a value tree was constructed and collectively validated by the group (see Figure 5).

Based on the group’s interpretation of the value tree (or tree of CTRs), CTR01 –
infrastructures – concerns the tangible and intangible infrastructures of SMEs (e.g.
equipment, machinery and IT systems). CTR02 – external factors – underlines the influence
of market factors (e.g. suppliers, competitors and environmental and political agents).
CTR03 – organizational aspects – highlights the internal organizational and entrepreneurial
characteristics of SMEs, such as the ability to create customer needs, influence the market
and transfer knowledge. CTR04 – employees – addresses issues related to human resources
(e.g. teamwork, working conditions and salaries). Finally, CTR05 – manager/CEO –
addresses issues related to the skills and abilities of leaders, such as type of leadership,
entrepreneurial skills and ability to motivate others.

In the second group meeting, the panel members were asked to construct carefully a
descriptor (i.e. a set of ordered impact levels) for each CTR, using an adapted version of
Fiedler’s (1965) scale. In order to facilitate cognitive comparisons, “good” and “neutral”
reference levels were also defined in each descriptor. Figure 6 shows an example of a
descriptor and its levels of partial performance.

As shown in Figure 6, L1 represents the best possible partial performance level, while L6
stands for a very poor partial performance level. These levels of impact resulted from the
sum of values assigned to each sub-criterion. This technical procedure was repeated for the
four remaining CTRs. Once all descriptors had been constructed, we were able to proceed to
the evaluation phase.

4.2 Evaluation phase
The evaluation phase was carried out in the third and final group meeting, during which the
AHP was applied. The first part of the session started with the panel members ordering the
CTRs based on their overall level of importance. This was done using a matrix, filled in by
assigning “1” whenever a criterion was generally preferable to another; and “0” otherwise.
During this exercise, preferential independence tests were conducted to guarantee mutual
preferential independence among the CTRs, which is considered a pre-requisite for the
calculation of trade-offs (cf. Belton and Stewart, 2002). The ranking obtained is provided
in Table III.

Based on Saaty’s fundamental scale (see Table II), the next step of the process
constructed a matrix of pairwise comparisons in order to calculate the weights or
replacement rates between CTRs (i.e. the trade-offs of the model). As shown in Table IV,
semantic confirmations were performed to guarantee the consistency of the value
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judgments, namely, the differences in importance between CTRs should increase from left to
right and decrease from the top to the bottom of the matrix.

Figure 7 displays the trade-offs obtained using the Super Decisions software (www.
superdecisions.com/). These were presented to the panel members for further discussion and
validation. The index of inconsistency is 0.03773 (i.e. below 0.10).

As can be seen in Figure 7, the results include a consensual assignment of the lowest
weight (i.e. 3.484 percent) to CTR02 and the greatest weight (i.e. 35.993 percent) to CTR04,
highlighting how innovation processes need to be expanded through human resources.
Having validated the trade-offs, the next step was to define a local scale for each descriptor,

Evaluation of SME Innovation Capability

Infrastructures

External Factors

Organizational Aspects

Employees

Manager/CEO

Figure 5.
Value tree

Descriptor CTR04 Levels

Good

Neutral

L1

L3

L5

L6

Description

Index COL ∈ (50-56)

Index COL ∈ (41-49)

Index COL ∈ (31-40)

Index COL ∈ (21-30)

Index COL ∈ (14-20)

Index COL ∈ (7-13)

Extremely Unfriendly Working Environment Excellent Working Environment

High Quality Communication

Suitable and Fair Wages

Highly Multidisciplinary Teams

High Presence of Ethical and Moral Values in the Center of Work Teams

High Levels of Creativity

Wide Receivability of an Error as an Opportunity to Improve

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

Lack of Communication

Non-Payment of Wages

Lack of Multidisciplinary Teams

Total Absence of Ethical and Moral Values

Incapacity to Create and Develop New Ideas

Total Incapacity of Accepting Errors

Figure 6.
Descriptor and levels
of local performance

for CTR04

CTR04 CTR03 CTR05 CTR01 CTR02

CTR04 – 1 2 6 8 Positive

CTR03 – – 1 5 7 Positive

CTR05 – – – 4 6 Positive

CTR01 – – – – 4 Positive

CTR02 – – – – – Positive

Table IV.
Semantic validations
and value judgments

consistency

CTR01 CTR02 CTR03 CTR04 CTR05 TOTAL RANKING

CTR01 – 1 0 0 0 1 4
CTR02 0 – 0 0 0 0 5
CTR03 1 1 – 0 1 3 2
CTR04 1 1 1 – 1 4 1
CTR05 1 1 0 0 – 2 3

Table III.
Matrix of overall

preferences

Assessing the
innovation
capability
of SMEs

D
ow

nl
oa

de
d 

by
 U

N
IV

E
R

SI
T

Y
 O

F 
N

E
W

 E
N

G
L

A
N

D
 (

A
U

S)
 A

t 0
3:

19
 0

5 
M

ar
ch

 2
01

8 
(P

T
)

www.superdecisions.com/
www.superdecisions.com/


which required the group to make pairwise comparisons between the levels of each
descriptor and to project value judgments based on Saaty’s scale. This technical procedure
was essentially similar to the one used to calculate the trade-offs between CTRs. Figure 8
shows an example of the scale of local performance obtained for CTR04. The same
procedure was followed for the remaining descriptors, all of which revealed inconsistency
indices below 0.10 ( for technical details, see Martins et al., 2015).

Having validated the trade-offs between CTRs and obtained local scales of performance for
all descriptors, we proceeded to the practical application of the evaluation system created.

4.3 Application of the evaluation system created and recommendations
To assess the consistency of the proposed system of SME innovation capability evaluation,
we applied it to a set of 20 SMEs that operate in the Lisbon metropolitan area, in Portugal,
and that the participants know. Once the SMEs’ partial performances had been assessed,
we applied the additive model presented in Equation (7), in which V(a) stands for the overall
score of an SME a, wi is the weight of criterion i, and vi is the partial performance of the
alternative analyzed in criterion i:

V að Þ ¼
Xn
i¼1

wivi að Þ; with
Xn
i¼1

wi ¼ 1 and 0owio1 with i ¼ 1; . . .; n: (7)

Figure 7.
Judgments matrix
and trade-offs
between CTRs

Figure 8.
Judgments and value
scale for CTR04
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The application of a simple additive model allowed us to calculate an overall score for
each SME. Table V shows the impact levels and overall performances of these SMEs,
hereafter called “Alphas.”

Sensitivity analyses were then conducted to assess the impact of possible changes on the
trade-offs, as well as possible changes in the Alphas’ relative positions. Table VI provides an
example of the sensitivity analysis conducted for CTR04, which was considered the most
important criterion by the panel members. The results confirm the stability of the proposed
evaluation mechanism in the presence of changes in the weighting of CTR04. As the weight
of this criterion increases, there are progressively fewer changes in the Alphas’ relative
positions (cf. ranking numbers in brackets in Table VI). This exercise was repeated for all
the CTRs, which confirmed the robustness of this evaluation system.

The value functions and trade-offs obtained resulted in an overall SME innovation
capability index for each Alpha. As shown in Table VII, the SME with highest potential in
terms of innovation capability is Alpha 11, with an overall score of 0.39671. Alpha 19 is
considered the worst performer, with an overall score of 0.08824.

The assessment mechanism proposed and tested on 20 SMEs (i.e. the Alphas) was thus
based on the values and professional experience of a group of experts in SME innovation
capability evaluation. Although the sensitivity analyses carried out supported the great
satisfaction with the mechanism expressed by the panel members, our framework is,
nonetheless, idiosyncratic in nature, meaning that extrapolations without proper adjustments
are not recommended. However, the results (i.e. processes followed and ranking obtained)
were thoroughly discussed and fully validated by the expert panel, providing a credible,
integrative, transparent and well-informed perspective on the decision problem in question.

In addition, by looking at each Alpha’s performance profile separately (see Table V), the
proposed framework makes the lowest performance levels easily identifiable and, thus,
well-focused suggestions for improvement can be formulated. This benefit was considered
of extreme importance by the participants involved, one of whom stated that our framework
“is more complete than the current approaches to innovation capability evaluation.”

Overall CTR01 CTR02 CTR03 CTR04 CTR05

Alpha 01 0.33284 0.12898 0.26958 0.25469 0.41479 0.37971
Alpha 02 0.22404 0.12898 0.26958 0.25469 0.25469 0.16329
Alpha 03 0.23411 0.26150 0.26958 0.25469 0.25469 0.16329
Alpha 04 0.18253 0.06338 0.26958 0.25469 0.15323 0.16329
Alpha 05 0.25114 0.26150 0.06381 0.25469 0.25469 0.26559
Alpha 06 0.30780 0.06338 0.46852 0.25469 0.41479 0.26559
Alpha 07 0.13422 0.06338 0.26958 0.08964 0.15323 0.16329
Alpha 08 0.22694 0.26150 0.06381 0.25469 0.25469 0.16329
Alpha 09 0.13169 0.26150 0.06381 0.05404 0.15323 0.16329
Alpha 10 0.17484 0.12898 0.06381 0.15323 0.15323 0.26559
Alpha 11 0.39671 0.26150 0.46852 0.41479 0.41479 0.37971
Alpha 12 0.32286 0.26150 0.46852 0.25469 0.41479 0.26559
Alpha 13 0.32068 0.06338 0.06381 0.25469 0.41479 0.37971
Alpha 14 0.19434 0.12898 0.26958 0.15323 0.25469 0.16329
Alpha 15 0.22694 0.26150 0.06381 0.25469 0.25469 0.16329
Alpha 16 0.18849 0.26150 0.26958 0.15323 0.25469 0.09595
Alpha 17 0.13204 0.12898 0.06381 0.08964 0.15323 0.16329
Alpha 18 0.11112 0.06338 0.06381 0.08964 0.15323 0.09595
Alpha 19 0.08824 0.06338 0.06381 0.08964 0.08964 0.09595
Alpha 20 0.17124 0.12898 0.06381 0.15323 0.25469 0.09595
Weights 0.07603 0.03484 0.29273 0.35993 0.23647

Table V.
Impact levels and

overall performance
for Alphas
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5. Conclusion
Given the current global economic climate and the importance of SMEs for national
economies, this study sought to develop a multiple criteria framework for the assessment of
innovation capability within SMEs. We addressed the first research question posed (i.e. RQ1)
through the combined use of cognitive mapping and the AHP. This methodological approach
was selected because cognitive maps can identify evaluation criteria and the cause-and-effect
relationships between them, while the AHP can calculate the trade-offs between these criteria.
By following the methodological processes described in this paper, we were also able to
answer the second research question (i.e. RQ2).

The proposed approach proved a useful way to evaluate SME innovation capability
because the resulting collective cognitive map meant that the problem in question was

Weight Alpha
01

Alpha
02

Alpha
03

Alpha
04

Alpha
05

Alpha
06

Alpha
07

Alpha
08

Alpha
09

Alpha
10

0.450010 0.076933 0.051377 0.053360 0.042821 0.058995 0.070270 0.031062 0.052563 0.030694 0.042209
(2) (10) (7) (12) (6) (5) (17) (8) (18) (13)

0.500000 0.077187 0.051275 0.053135 0.042019 0.058419 0.070938 0.030991 0.052387 0.030646 0.041445
(2) (10) (7) (12) (6) (5) (17) (8) (18) (13)

0.549990 0.077625 0.051098 0.052745 0.040629 0.057422 0.072095 0.030869 0.052083 0.030563 0.040121
(2) (10) (7) (12) (6) (5) (17) (8) (18) (14)

0.599980 0.078050 0.050928 0.052367 0.039285 0.056457 0.073214 0.030750 0.051789 0.030483 0.038841
(2) (10) (7) (14) (6) (5) (17) (8) (18) (15)

0.649970 0.078461 0.050762 0.052002 0.037984 0.055523 0.074297 0.030636 0.051504 0.030406 0.037601
(2) (10) (7) (14) (6) (5) (17) (8) (18) (15)

0.699960 0.078859 0.050602 0.051648 0.036724 0.054619 0.075346 0.030525 0.051228 0.030330 0.036401
(2) (10) (7) (14) (6) (5) (17) (8) (18) (15)

0.749950 0.079244 0.050447 0.051305 0.035503 0.053742 0.076363 0.030417 0.050961 0.030258 0.035238
(2) (10) (7) (14) (6) (5) (17) (8) (18) (15)

0.799940 0.079618 0.050297 0.050973 0.034319 0.052893 0.077348 0.030313 0.050702 0.030187 0.034111
(2) (10) (7) (14) (6) (5) (17) (8) (18) (15)

0.849930 0.079980 0.050152 0.050651 0.033172 0.052069 0.078303 0.030211 0.050450 0.030119 0.033018
(2) (10) (7) (14) (6) (5) (17) (8) (18) (15)

0.899920 0.080332 0.050010 0.050338 0.032058 0.051270 0.079230 0.030113 0.050206 0.030052 0.031957
(2) (10) (7) (14) (6) (5) (17) (8) (18) (15)

0.949910 0.080674 0.049873 0.050035 0.030977 0.050494 0.080130 0.030018 0.049970 0.029988 0.030927
(2) (10) (7) (14) (6) (5) (17) (8) (18) (15)

Weight Alpha
11

Alpha
12

Alpha
13

Alpha
14

Alpha
15

Alpha
16

Alpha
17

Alpha
18

Alpha
19

Alpha
20

0.450010 0.091816 0.073236 0.075154 0.044148 0.052563 0.035866 0.031247 0.026031 0.021284 0.038370
(1) (4) (3) (11) (9) (15) (16) (19) (20) (14)

0.500000 0.091144 0.073719 0.075518 0.044496 0.052387 0.036729 0.031165 0.026274 0.021049 0.039077
(1) (4) (3) (11) (9) (15) (16) (19) (20) (14)

0.549990 0.089979 0.074556 0.076149 0.045099 0.052083 0.038224 0.031022 0.026693 0.020642 0.040302
(1) (4) (3) (11) (9) (15) (16) (19) (20) (13)

0.599980 0.088852 0.075366 0.076759 0.045681 0.051789 0.039670 0.030884 0.027099 0.020248 0.041488
(1) (4) (3) (11) (9) (13) (16) (19) (20) (12)

0.649970 0.087761 0.076150 0.077349 0.046245 0.051504 0.041070 0.030751 0.027492 0.019867 0.042635
(1) (4) (3) (11) (9) (13) (16) (19) (20) (12)

0.699960 0.086705 0.076910 0.077921 0.046792 0.051228 0.042425 0.030622 0.027872 0.019497 0.043746
(1) (4) (3) (11) (9) (13) (16) (19) (20) (12)

0.749950 0.085681 0.077645 0.078475 0.047321 0.050961 0.043739 0.030497 0.028241 0.019140 0.044822
(1) (4) (3) (11) (9) (13) (16) (19) (20) (12)

0.799940 0.084689 0.078358 0.079012 0.047834 0.050702 0.045012 0.030375 0.028598 0.018793 0.045865
(1) (4) (3) (11) (9) (13) (16) (19) (20) (12)

0.849930 0.083727 0.079050 0.079533 0.048332 0.050450 0.046247 0.030258 0.028945 0.018457 0.046877
(1) (4) (3) (11) (9) (13) (16) (19) (20) (12)

0.899920 0.082794 0.079721 0.080038 0.048815 0.050206 0.047445 0.030144 0.029281 0.018130 0.047859
(1) (4) (3) (11) (9) (13) (16) (19) (20) (12)

0.949910 0.081887 0.080372 0.080528 0.049283 0.049970 0.048608 0.030033 0.029608 0.017814 0.048812
(1) (4) (3) (11) (9) (13) (16) (19) (20) (12)

Table VI.
Sensitivity analysis
for CTR04
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structured clearly and the number of omitted criteria reduced. The AHP, in turn, allowed key
evaluation criteria to be ordered and weighted. The results included a consensual assignment
of the greatest weight (i.e. 35.993 percent) to CTR04 – employees – underlining that innovation
processes need to be expanded based on human resources. This is an important point to be
taken into consideration. Namely, the economic pressures that companies currently face lead
to SME leadership’s higher expectations of employees (cf. Mittal and Dhar, 2015).

Although it could be argued that the proposed framework only reflects the perspective of a
small group of decision makers, it should be noted that this study is process oriented (see Bell
and Morse, 2013; Ferreira, 2016). In addition, the processes followed are flexible enough to
accommodate new variables and different weights, allowing the impact of these changes on the
overall performance of SMEs to be immediately assessed. Thus, the resulting framework is not
only more comprehensive and integrative than many of the evaluation practices currently in
use but also better tailored to SMEs, which is often not the case in previous research.

Due to the idiosyncratic nature of the present study’s framework, future research could
conduct a panel study with a different set of participants and/or in a different country to
determine the robustness, reliability and generalizability of the results. Further studies
could also use other MCDA methods and carry out comparative analyses ( for examples of
these methods, see Zavadskas and Turskis, 2011; Dehe and Bamford, 2015). Any
improvements or updates of the proposed approach would be a welcome refinement of the
process of evaluating the innovation capability of SMEs.
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