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Abstract.

The innovation capacity of organizations, particularly in the competitive Brazilian wine
industry, plays a pivotal role in their performance and competitiveness. This study aimed to
identify and validate metrics for assessing the innovation capacity of Brazilian wineries through
a two-stage research process. Initially, a systematic literature review was conducted using
Scopus and Web of Science databases. This phase was followed by a quantitative analysis
om forest methods
. Out of 88

potential indicators spanning eight dimensions, 50 were confirmed as val through the

involving 44 Brazilian winery managers, utilizing the Fuzzy Delphi and ra

to validate and prioritize the dimensions and indicators of innovation capa

Fuzzy Delphi method, as their defuzzified values exceeded the predet;

Research and development, product and service inno sustainability and

environmental initiatives emerged as the most critical dimen y representing

over half of the innovation capacity in the wineries. Additional sighifi Ibeit less dominant,

consumer engagement, and process efficiency, h I significance of operational
effectiveness. While not as prominently, f€mploy and training, strategic
collaboration, and market adaptation diviersifigation were identified as essential for

%eglc metrics to enhance the competitiveness

1. INTRODUCTION

sustained innovation. This re:

and sustainability of Brazilian

Keywords: innovatio

ce nnovation has evolved to encompass elements from all stages of the
knowledge pr@duction chain, promoted as an essential tool for addressing national challenges.
This perspective on innovation, bolstered by policies that extend beyond economic viewpoints,
emphasizes its significance [1]. Innovation capacity (IC) has risen to prominence for its role in
decision-making and strategy implementation, markedly influencing organizational
performance [2]. Research conducted by Kamal et al. [3] suggests that IC is vital for harnessing
the relationship between radical innovation and performance, highlighting the critical role of

IC in facilitating radical innovation. Furthermore, IC is instrumental in sustainable growth as it
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enables the integration of various organizational components and their linkage to outcomes in
product, process, market, and organizational innovations [4—6].

At the organizational level, IC is shaped by strategy, leadership, structure, systems, and
culture [7]. It signifies an organization’s capability to develop new or enhanced products and
knowledge [8]. Thus, evaluating IC is crucial, given the uncertain and complex nature of
innovation processes, which necessitates accurate measurement methods to ensure alignment

with innovation goals [9]. Studies have developed methods to evaluate IC in industrial clusters,

exemplifies this need, as it faces unique barriers rela adaptation, resource

sustainability, and regional market dynamics th addressed by existing I1C
frameworks [15].
As of 2023, Brazil ranks as the 15th largest wine p r globally, with the southernmost

state of Rio Grande do Sul accounting for approXi y 62.41% of the country's production.

mmance the vitiviniculture sector, supported by

ceehproduction techniques [18,19]. While the southern

nwhile, the northeastern region, characterized by its unique terroir and
produce high-quality wines under tropical conditions, offers opportunities for
expanding Brazil’s wine diversity and competitiveness in niche markets [22]. These
developments underscore the increasing diversification of Brazil's wine production landscape,
contributing to its growing prominence on the global stage. The industry faces challenges
related to climate change, sustainability, and domestic and international competition [23].
This study explores how to evaluate the innovation capacity of Brazilian wineries to
identify and validate metrics for IC assessment, uncover the best practices, challenges, and

innovations within the sector [24]. Few studies have focused on IC in the winery context,
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highlighting the significance of this research [25]. This study is also socially relevant as it
supports family farming-based companies, creates employment, and enhances rural product
value, contributing to the economic and social resilience of wine-producing areas [26-28].
Furthermore, it enriches the literature on innovation management by offering empirical and

theoretical insights into winery innovation dynamics [14,29].

2. THEORETICAL FOUNDATION

2.1. The wine industry and innovation capacity

sustainability, with the global wine market’s revenue projecte
billion dollars by 2024 [21,31]. In Brazil, the wine indus
southern region, representing about 73% of the nation
951,000 tons of grapes in 2021 [17]. Innovati
stemming from collaborations with stakeholdessa|3

t that

Innovation is a multidimensional con een explored through various

theoretical frameworks. For instance, SeRumpet [32] defines innovation as conducting
activities in a novel way, whil&Gareia alantone (2002) [33] emphasize that innovation is
also about the social context that enables its

commercialization. Simidarly, Crossan and Apaydim (2010) [34] argue that innovation

encompasses how a is delivered, marketed, and produced. These perspectives provide

and Etzkowi emerges as a key theoretical framework. This model highlights the
interactions bgtveen universities, industries, and governments as central drivers of innovation.
It posits that innovation does not result solely from linear processes within a single organization
but instead emerges from dynamic, collaborative networks that integrate knowledge creation,
technological advancements, and political support.

In the context of wineries, the Triple Helix Model is particularly relevant, as partnerships
with research institutions foster technological advancements in viticulture and oenology,
thereby enhancing innovation capacity and competitive advantage. Innovation capacity, a

critical factor for improving organizational performance [37], is influenced not only by
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technological progress but also by the ability to adapt to market demands and customer
expectations. Engaging in innovative practices and collaborating with complementary entities
strengthen wineries' value propositions by addressing technological, environmental, and market
challenges [38,39].

Furthermore, the ability to innovate relies on an organization's internal competencies and
its capacity to overcome inherent limitations. This includes the development of new products
or services, as well as fostering customer readiness to adopt these innovations [40]. The Triple

Helix Model also underscores the importance of government policies

establishing an
environment conducive to innovation, which is crucial for the growth, sustai and global

competitiveness of wineries. By applying this model to assess innovation p holistic

emphasizing the strategic significance of cross-sector collabor

Karagiannis and Metaxas [41] noted the importanee vernment support and
collaboration between wineries and research institutions, 3 entives, research and
development funding, and training programs. Me performance in the wine
industry is challenging due to its unique atisiu i tem, result in expensive data
collection and analysis [24]. Neverthelessyiaddress ese challenges is essential, as
innovation significantly impacts marketing, su
[42-44]. Itis key to fulfilling ¢

and ensuring wineries’ develop

ity, and product and service offerings
ndsachieving competitiveness and sustainability,
rvival, as positive innovation capacity positively
influences business
Indi

2.2. Dimensions a Innovation Capacity

ati@m. in thelwine industry can be effectively assessed through a structured approach
that inclu S dimensions and their corresponding indicators. These dimensions
encompass aspects of innovation, such as Research and Development, Strategic
Collaboration, Employee Training and Engagement, Process Efficiency, Product and Service
Innovation, Sustainability and Environmental Initiatives and Customer Feedback and
Relationship. Each of these dimensions is essential for measuring innovation capacity and
reflects the unique challenges and opportunities within the wine industry. This framework of
dimensions and indicators provides a comprehensive approach to assessing innovation capacity

tailored to the wine industry.
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3. MATERIAL AND METHODS

This section outlines the methods and criteria employed to analyze the innovation capacity
dimensions of Brazilian wineries. The qualitative and quantitative study is based on a
systematic literature review and a scale assessing the importance of various dimensions and
indicators according to winery specialists [48-50]. The data collection and analysis were

conducted in two stages, as depicted in Figure 1.

! 1
| i
|
Identification of Indicat d i
! Literature Review  [—— entes u.)n ? n icators an [ Expert Opinion i
; Dimensions !
| |
! |
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! i
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i Phase 2 !
I I
I I
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: ‘ i
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| Model Using the Data Phase 2
| g Random Forest
i Importance
!
i v v i
|
i Rank Indicators Within Each Rank Dimensions Based on Indicator i
i Dimension Importance i
i i
I ]
| |
i |
i Validate the Results ‘ 0
I 1
-
Figure ed ework based on Fuzzy Delphi and Random Forest Importance.

The initigh’stage commenced with a systematic literature review utilizing the Scopus and
Web of Science databases, employing the search strings: ((“Innovation capacity” OR
“Innovation capability”’) AND (“SME*” OR “‘small* business*” OR “medium company*” OR
“small and medium enterprise*” OR “medium business*” OR “small company*”)).This review
yielded 3,222 articles, from which 193 were chosen based on their classification in the Q1 and

Q2 quartiles, denoting the top 50% of most cited articles from high-impact journals according
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to the Scimago rankings. Subsequently, 67 articles focusing on small and medium enterprises
were selected for further analysis.

This process identified key dimensions and innovation capacity indicators pertinent to
wineries, establishing a solid theoretical foundation. Analysis of these articles revealed 88
indicators across nine dimensions: research and development (R&D) with 16 indicators,
strategic collaborations (SC) with 6 indicators, employee training and engagement (ETE) with
8 indicators, process efficiency (PE) with 16 indicators, product/service innovation (P/SI) with

16 indicators, sustainability and environmental initiatives (SEI) with 9Nimdicators, market

adaptation and diversification (MAD) with 6 indicators, and custo dback and
relationship (CFR) with 11 indicators.

participant anonymity to protect privacy. The study adHe j andards, providing a
consent form outlining the research objectives an ature of participation. An
ethical approval certificate was obtained fro s Committee (CAAE no.

53139921.0.0000.5346).

3.1 Validation of Indicators Delphi Method

As previously idate the indicators within their respective dimensions,

responses from 44 e ere utilized, employing the Fuzzy Delphi method for analysis. The
Fuzzy Delphi methed is iguie derived from the traditional Delphi method, first developed
by Dalkey &
systematic ack'piocess from experts [52].

The hi

in contexts

er (1968) [51], which has been used to gather information through a

Ique is a methodology used to achieve consensus among experts, applied
re specialized knowledge and collective opinion are relevant for decision-
making [53]. It should be noted that since its creation, the method's intent is to help establish a
consensus among different opinions—in this case, those of winery experts—to define the most
accurate decision within a group (dimensions) as decision-makers [54,55].

Ishikawa et al. (1993) [56] proposed the Fuzzy Delphi method to address the uncertainty
present in data collection based on human opinion, utilizing Max and Min values. This method
resulted in improvements regarding the number of iterations required by the traditional Delphi

method, as well as savings in time and costs. Since its development, the method has been used
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to define and validate innovation capacity indicators through expert feedback, identifying and

prioritizing the most relevant indicators for measuring innovation in different organizational
contexts [57].

To apply the Fuzzy Delphi method, specific calculations are required, involving the

manipulation of data obtained through the systematic collection of information from experts.

These calculations are inherent to the process of aggregating opinions and modeling the

uncertainty associated with the subjective evaluations of the experts [58]. Based on the research
of Singh & Sarkar (2020) [59] and Mabrouk (2021) [60], the Fuzzy Delphi od includes the
following phases:

1. Development of indicators: Initially, 88 indicators were identified ierature,
subdivided into 9 dimensions.

2. Data collection and expert judgments: The experts, ch y wilery managers,
were tasked with evaluating the importance of the imeli elatedto their respective
dimensions. Each respondent used the linguistiC'§€a esentedin Table 1.

Table 1. Linguistic terms and corresponding tgi 2z ers for the five-point Likert
scale

Corresponding Triangular Fuzzy Numbers

Linguistic Variable alue
Extremely unimportant (0.1,0.1,0.3)
Unimportant 2 (0.1,0.3,0.5)

Indifferent (0.3,0.5,0.7)
Important 4 (0.5,0.7,0.9)
5 (0.7,0.9,0.9)

Extremely Important
% Source: Singh & Sarkar (2020)
c tin experts' judgments, the linguistic variables are converted into triangular
rs

(aij,bij,ci;) fori=1,2,..,n&j = 1,2,3,...m, where: @, represents

f the i-th indicador do j-th expert, n indicates the number of indicators, and

mmm denotes the number of experts.

The Fuzzy weights of the barriers (a ;) are described as follows:

1

aj= <aj = {ay}; by = (7 by)™ ¢ = max{cij}>- 1)
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Next, defuzzification is performed using the center of gravity method proposed by Hsu et
al. (2010) [61].

aj+bj+cj

Di= 3

Jj=1,23.., n 2
To determine the cutoff point, the threshold was established by comparing the weight of

the indicator with the threshold @, where the weight of @ is calculated by averaging the weights

of all the indicators @,. This procedure follows the methodology adopted iy, Bouzon et al.

(2016) [62], where the inclusion and exclusion principles are as follows: if af= a'the indicator

jisincluded, and ifa, < a the indicator j is excluded.
It is important to note that @, and a are combined Fuzzy forg,it is necessary

n

to transform them into crisp values to make comparisons (equatio
[(uij=Lij)+(mij=Lij)]

X = J 13 J ]+lij

The method presented is appropriate a, ag It allows for the validation of indicators

©)

thgdat
to compose the model and assess the iRRovation ity of Brazilian wineries. This method

of innovation, which used the technique to

It is worth notin
by the authors. T

re is in the Appendix (supplementary material). Following the

validation, the sec (Tabela 4), applying the Random Forest Importance (RFI)

techpique e impaftance weights for the dimensions and indicators.

3.2 Rankin Dimensions Using the Random Forest Importance (RFI) Technique

To create the ranking of dimensions based on the indicators validated by the Fuzzy Delphi
method, a Machine Learning algorithm was developed in Python, specifically using the
Random Forest Importance (RFI) technique [66]. This technique aims to provide accurate and
reliable predictions while robustly calculating the importance of the dimensions. The use of the
RFI technique to calculate the degree of importance of dimensions has proven extremely

effective in various research areas and practical applications [67-69]. The technique is valued
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for its ability to provide an interpretable degree of importance for dimensions, which is highly
relevant for data-driven analysis and decision-making.

Based on the research of Li (2021) [70] and Mizumoto (2023) [71], the RFI technique
follows these procedures: To construct the decision tree, bootstrapping (sampling with
replacement) is required, where each tree is trained on a random subset of the training data;
node splitting is then applied, where the best split point for each node is selected to minimize

impurities [Gini impurity (Equation 4) and impurity reduction (Equation 5)].

Gini(t) = 1— XL, p} 4
where:
t: decision tree node containing a subset of winery experts;

D: total number of dimensions;

pi: proportion of indicators belonging to dimension i in n

Al = I(tparent) —pI(ty) — pri(tr) < l (5)

meaning:

Aly: Impurity reduction at node t;

I(t): Impurity of nod
tparent: Parent node
tL: Left child nade

tr: split;
pL: Propecti i ors going to the left child node t.;
pr: Propor cators going to the right child node tr.

The importance of the indicators is calculated by the average impurity reduction, while

the importance by dimension is given by the sum of the indicator importance:

Import(Ind); = Nl — Y e (ZteTj Al *Pt)i (6)

tree
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Import(Dim)y. = Yjepim, Import(Ind);; (7)

where:
Niree: the number of decisions trees;
Tj: sets of nodes in tree j;

pt: proportion of samples that pass-through node t.

Both the importance of the indicators (Equation 8) and the importance @i the dimensions

(Equation 9) will be evaluated in relation to the total, that is, the relative im

Import(lnd)j

0f —
Import(Ind) ;% > importtnd)y ° (8)

Import(Dim)y,

; 0fy =
Import(Dim),,% Y Import(Dim)y ' ¥

where j is the indicator, k is the number of m@ dlgsmn and n is the number

of dimensions.

To ensure the reliability a of the Random Forest Model in evaluating

rocess was implemented using 5-fold cross-

validation. This met the literature [72], mitigates overfitting and assesses

performance by diwi@lin dataset into k folds, iteratively training on k—1 folds, and testing

on the remainigg o Id, i, the accuracy was computed as follows:

redictions in Fold;

Accur (10)

Predictions in Fold; ’

The mean accuracy and standard deviation were calculated to assess the overall predictive
performance of the model.

k .
Yi=1 Accuracy; and (11)

Mean Accuracy = - ;

11
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Standard Deviation = \/

k
Zizy

(Accuracy;—Mean Accuracy)?

where k represents the number of folds.

k-1

(11)

For a detailed explanation of the data analysis methods, including specific formulas, steps,

and their application in this study, please refer to the supplementary material provided in the

Appendix. This material encompasses Python algorithms used for impl

Delphi and Random Forest Importance methods, as well as additional resul

analyses.

4.1 Identification of Dimensions and Innovation Capacit

Table 2, summarizes the dimensions and i

Table 2. Dimensions and Key Indicato

4. RESULTS

In

ic

nting the Fuzzy

d sensitivity

) supporting literature:

tiop’Capacity in the Wine Industry

Dimension

Key Indicators

Supporting Authors

Research and

Development

or improved

ucts

Number of R&D
projects, partnerships,
R&D budget %

Engelmann (2024) [73];
Doloreux & Lord-Tarte
(2013) [74]; Alonso &
Bressan (2014) [75]

Ability to form
partnerships that enhance
innovation and

competitiveness

Number of partnerships,
partnership satisfaction

Alonso & Bressan
(2016) [75]; Corvello et
al. (2023) [76]; Presenza
etal. (2017) [77]

Employee Training and

Engagement

Organizational structure
and culture that foster
employee participation

and motivation

Training hours,
promotion rates, job

satisfaction

Deci & Ryan (2000)
[78]; Rampa & Agogué
(2021) [79]; Sanchez-
Garcia et al. (2023) [80]

Process Efficiency

Focuses on optimizing

processes to reduce

Production cycle time,
waste rate, energy

efficiency

Alonso & Bressan
(2014) [75]; Awogbemi
etal. (2022) [81];
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353

waste and improve

resource utilization

Product and Service

Innovation

Creation of new products
or enhancement of

existing offerings

Number of new products,
revenue from new

products

Batistella et al. (2023)
[82]; Castro et al. (2024)
[83]

Sustainability and
Environmental Initiatives

Adoption of eco-friendly
practices to reduce

environmental impact

Renewable energy use,
emissions reduction,
sustainable practices

investment

Alonso & Bressan
(2014) [75]; Kelley et al.
(2022) [84]; Montalvo-
Fal

etal. (2023) [85]

Market Adaptation and

Diversification

Expansion into new
markets and adaptation
to changing consumer

demands.

Number of new markets,
revenue diversity, wine

tourism

Customer Feedback and

Relationship

Importance of engaging
with customers to inform

innovation and foster

loyalty

Customer satisfa

(2023) [86];

The detailed presentation of the valida

theoretical and a practical foundation feimsu

validation and prioritization o

Forest methods.

Sio

ese ele

nts thro

quen

nalysis. This analysis focuses on the

e use of the Fuzzy Delphi and Random

experts contributed to the validation and prioritization of
outlined in Table 3.

te and relative frequencies of sociodemographic variables (n = 44).

riables Categories n %
State Rio Grande do Sul (RS) 20 454
Santa Catarina (SC) 8 18.2
Parana (PR) 8 18.2
Sergipe (SE) 8 18.2
Level of education Graduate education 3 6.8
Higher education 36 81.8
High school education 5 114

13
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Age range (years) 18-35 12 27.3

36-55 28 63.6
> 55 4 9.1
Time in the role (years) <5 24 54.5
6-10 11 25.0
>10 9 20.5

4.3. Validation and ranking of the dimensions and indicators using the Fuzzy Delphi method

and Random Forest Importance

of 38 indicators from various dimensions due to experts’ evalu

4 from ETE, 5 from PE, 5 from P/SI, 6 from SEI, 3 from MA

50 indicators were retained for further analysis in Stage
Details on the elimination of indicators using

the supplementary material. The validated 4

dimensions they belong to, with importa

importance method. The results are depi€ted in

Table 4. Relative importance jons and indicators using the Random Forest

Importance Method (° -Validati@n Process).

) ) ) Degree of importance (%) Accuracy
Dimension dicator
Dimension Indicator Mean SD
Research and Deve 22.63 0.97 0.174
rate of R&D projects, 41.51

d by the number of

successfully completed projects

relative to the total number of projects

initiated

02 - Number of R&D projects 12.33
executed internally

10 - Number of tests and experiments 12.33
conducted to validate new ideas or

prototypes




Degree of importance (%) Accuracy

Dimension Indicator
Dimension Indicator Mean SD
06 - Monetary value allocated to 10.91
internal R&D activities during the
year
16 - Number of low-cost innovations 8.48
implemented (frugal innovations)
07 - Number of funding programs or 6.36
grants obtained for R&D projects
05 - Number of new products 4.55
launched
08 - Percentage of the R&D budget in 3.53
relation to the company’s total budget
Sustainability and Environmental Initiatives 15.52 0. 0.177

01 - Total energy consumption from

7
e renewable sources
‘ 04 - Percentage of total waste 3
Q) generated that is recycled or reused
" 03 - Total water consumption per uni
.35

of product produced

Product and Service Innovation 0.69 0,175

38,27
15.50
10.81
10.65
eveloping new products 7.28
evelopment time from 5.37
‘ conception to launch

15 - Number of products or services 4.21

that meet new consumer needs

02 - Number of significantly improved 3.90

products or services

16 - Environmental impact of new 2.67

products or services (sustainability)

15



Degree of importance (%) Accuracy

Dimension Indicator
Dimension Indicator Mean SD
13 - Customer feedback on 1.33
innovations (satisfaction and
acceptance)
Customer Feedback and Relationship 14.61 0.86 0.240
06 - Percentage of complaints resolved 58.44
during the first interaction with the
customer
10 - Total number of customer 12.48

interactions on social media platforms,

including comments, likes, and shares

07 - Measure reflecting the likelihood 10.6
of customers recommending the

winery to others

05 - Total number of complaints 5
received within a specific period

11 - Average time the company takes

to respond to customer requests,

measured in hours or days

04 - Percentage of custom 0 3.92
continue doing the
Qmers 3.61
Process Efficiency 13.75 0.54 0.145
omer complaints 18.45
duct quality
- Nu of defects or reworks per 15.17
bat
ercentage of production orders 14.54
completed without incidents
02 - Production cost per unit 12.75
06 - Raw material waste rate 11.80
- \";‘g.w@‘--'-'-'-'-'-‘-ﬁ:;; 03 - Rate of production capacity 7.11
utilization
10 - Employee satisfaction index with 5.73
operational processes
12 - On-time delivery rate 5.44

01 - Average production cycle time 4.64




Degree of importance (%) Accuracy

Dimension Indicator
Dimension Indicator Mean SD
08 - Response time to failures or 3.33
breakdowns
09 - Maintenance cost as a percentage 1.04
of production cost
Employee Training and Engagement 12.26 0.48 0.108
07 - Percentage of employees 40.36
participating in engagement activities
organized by the company
08 - Frequency and results of 27.53

performance evaluations that include
feedback from peers and supervisors

03 - Percentage of employees who

remain with the company for a

specified period

06 - Frequency of unexcused absences 2

from work
Strategic Collaborations 8 0.39 0.145
06 - Measure of the geograph‘l 46.25
lo

reach of partnerships, inc

national, an rnational\partners
- 33.49
20.26
Marke i j ifi 1.60 0.39 0.194
43.07
ets or consumer segments

reached

05 - Amount invested in research 30.07

activities to better understand

consumer needs and preferences

03 - Total number of different product 26.86
types or product lines offered by the

winery

370

17
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Analysis of Table 4, as depicted in Figure 2, reveals that the R&D dimension holds the
highest significance (22.63%), followed by SEI (15.52%). Conversely, the dimensions deemed
least important by experts are SC (4.28%) and MAD (1.60%). The overall mean accuracy of
the model is 0.66, with a standard deviation (sd) of 0.173, indicating moderate predictive
performance with reasonable consistency across folds in the cross-validation process. A
comparative analysis of accuracy between Rio Grande do Sul and other Brazilian states (SC,
PR, and SE) was conducted. The mean accuracy for RS was 0.67 (sd = 0.154), compared to
0.64 (sd = 0.172) for the other states.

A t-test revealed no significant differences (p > 0.05), indicating that

groups have

across different regional contexts. It is important to recogni
indicators across different dimensions. For example, Indica &D dimension and
Indicator 1 from the Product and Service Innovation di Ss aspects related to
the development of new products or services.

Nonetheless, these overlaps were retaine e dations from the systematic

literature review, ensuring that the dimensiois and in rs comprehensively captured the

multifaceted nature of innovation capac e indicators were confirmed during the
nce within the framework. It is also worth
noting that within the R&D di is Indicator ranked in position 7 (8.48 degree of
importance), while i d Service Innovation dimension, it ranked in position 2
(15.09 degree of im

interpreta apping indicators to better understand their relative importance within
different dimemsions and their contribution to the overall framework.

These nuances emphasize the need for a meticulous analysis of the data and findings.
Figure 2 illustrates the performance evaluation of the dimensions in assessing innovation

capacity, providing a visual representation of their respective roles within the framework.
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Research and Development

Sustainability and Environmental Initiatives

Product and Service Innovation

Customer Feedback and Relationship 14.61
Process Efficiency 13.75

Employee Training and Engagement 12.26
Strategic Collaborafions 428

Market Adaptation and Diversification 1.60

Figure 2. Ranking of the dimensions according to their degree of importan

5. DISCUSSION

The discussion of the results underscores the significa nsion in evaluating

the innovation capacity of Brazilian wineries. Fur is identified as the most
critical factor, accounting for 22.63% of the overal D enhances innovation by
developing new products, grape varieties, an aking techniques. Indicators of

R&D capacity include the number of rations with research institutions, and

entral to

budget allocations, which are provipg
e sector [73-75,90,91].

Sustainability and environme itiatives represent 15.35% of the innovation capacity,

oduct quality and production efficiency,

practices, such as able energy and reducing emissions, appeal to environmentally
conscious co by enhancing their market image and consumer loyalty. The
in influencing purchasing decisions has already been reported in
the liter i | a key factor in innovation [75,88,92].
of new technotogies and procedures to enhance wine quality and production processes, meeting
consumer demands and maintaining market differentiation [83,85,93]. As for CFR and PE, they
collectively contribute 28.36% to the innovation capacity; CFR constituting 14.61%, highlights
the role of strong customer relationships and feedback in guiding innovation and building brand
loyalty, with digital tools and wine tourism as strategies for improving customer interactions

[88,89,94,95]. PE, constituting 13.75% of the innovation capacity, focuses on operational
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efficiency through waste reduction and energy efficiency, contributing to sustainability and cost
reduction [75,80,96,97].

While EEF, SC, and MAD are considered less critical, with a combined importance of
18.14%, they are essential for sustaining innovation. Hence, EEF boosts employee productivity
and creativity [79,98,99], SC enables partnerships that provide new knowledge and markets,
and MAD allows for the diversification of offerings and reduces market dependence, ensuring

resilience [76,100]. Overall, this study highlights the interconnectedness of these dimensions

in driving the innovation capacity of Brazilian wineries, providing a compreRgnsive framework

for assessing and improving their competitive position in the market.

optimize viticulture processes by analyzing soil conditions,

automating harvest schedules, thereby increasing efficiencyga ainability. For example,

improving yield quality. Additionally, Al-powere il enable wineries to adapt
their product offerings based on consumer pr ingykig data to refine strategies
and expand market reach.

Beyond operational improvementsjthese te ies also promote innovation in product

development and customer engage instahce, machine learning algorithms can analyze

global wine trends to identify aps, inspiring the creation of unique blends that meet
emerging consumer . Virtdal and augmented reality technologies can enhance wine
tourism experiences active vineyard tours or immersive narratives about the
winemaking proc g these technologies, wineries not only increase their

competitive ed ut also Strengthen their ability to innovate in a rapidly evolving industry

Potential Biases in the Methodology, and Future Directions

This study validates metrics for assessing the innovation capacity of Brazilian wineries,
emphasizing their relevance for competitiveness and sustainability. Using the Fuzzy Delphi and
Random Forest methods, 8 dimensions and 50 key indicators were prioritized, with R&D,
Sustainability, and Product and Service Innovation identified as the most influential. Secondary
dimensions, such as Customer Feedback and Process Efficiency, also play significant roles in

enhancing operations and fostering customer-centric innovation.
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While comprehensive, the study acknowledges certain limitations. First, the regional focus
on Rio Grande do Sul may limit the direct applicability of the findings to other regions with
differing characteristics. Second, challenges arose during data collection, particularly with
managers whose primary focus lies on operational management, potentially constraining the
depth of responses. Additionally, despite the robustness of the methodology, potential biases
exist, notably the reliance on expert judgments, which may introduce variations influenced by
individual experiences and perceptions.

Nevertheless, the findings present a versatile framework that can bejadapted to other

agricultural and beverage industries, particularly in emerging markets 4 ace similar

sustainability and competitiveness challenges. Aligned with global trends,

insights to advance innovation strategies across diverse conte

Future research should aim to address these limitation
other regions and incorporating a broader range of stake
innovation dynamics in the wine sector. Employin /eanethods, such as Fuzzy AHP,
CRITIC, Shannon Entropy, or Fuzzy DEMAT,
importance weights and establishing relationships amo mensions and indicators, thereby

providing deeper insights into critical ifAovatio

Furthermore, advanced iques, such as Principal Component Analysis

(PCA) or Factor Analysis, coul led to validate the proposed dimensions and group

indicators. However:

generalization and ility of the results to other sectors. Expanding research in this

direction would contri ificantly to the evolving discourse on innovation capacity and

its role in organizational campetitiveness and sustainability.

6. FINAL CONSIDERATIONS

The research aimed to identify and validate metrics for assessing the innovation capacity
of Brazilian wineries. It developed a comprehensive framework that includes multiple
dimensions vital for the competitiveness and sustainability of the sector. Key dimensions
identified were R&D, sustainability and environmental initiatives, and product and service
innovation. These dimensions play a crucial role in enhancing product quality and operational

efficiency.
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Investment in R&D enables wineries to innovate in viticulture and winemaking, leading to
new grape varieties, wine types, and more efficient production processes. Consequently, this
supports product diversification and differentiation, establishing a unique market identity and
boosting competitiveness. Sustainability initiatives, such as using renewable energy and
recycling, appeal to environmentally conscious consumers, allowing wineries to enhance their
public image and attract eco-friendly customers. Incorporating product and service innovation

with sustainable practices helps wineries stay competitive and contribute to environmental

protection.

Furthermore, our findings also highlight the significance of intermediate ansions, such
as customer feedback and relationships and process efficiency, in driving -centric
innovation and maintaining operational efficiency. These dimensi tinuous

improvement through customer insights, which are essential
evolving consumer preferences, and ensuring cost-efficien ' rocesses. Although
receiving less emphasis, dimensions such as employet
collaborations, and market adaptation and diversi
robust innovation ecosystem. Neglecting thes omise wineries’ resilience
and adaptability to dynamic market conditio

The methodologies employed in this stud ically the Fuzzy Delphi and Random
Forest Importance technique e significant relevance in assessing innovation
capacity. By combining expert ith machine learning-based prioritization, these
methods provide a ptable framework for identifying and evaluating key

innovation indicator ik flexibility’enables application across sectors and regions, offering

organizati titiveness and sustainability. Moreover, these techniques validate
dimensions indicators tailored to the wine industry, establishing a solid foundation for
future research. Managers can leverage these insights to refine innovation strategies and
enhance competitive performance, while policymakers can utilize the findings to inform
innovation policies and foster sustainable development across industries.

Future research should incorporate longitudinal analyses to evaluate the long-term
sustainability of innovations. Additionally, exploring the role of emerging technologies, such
as artificial intelligence and the Internet of Things (IoT), in driving innovation within the wine

sector is recommended. While this study focuses on Rio Grande do Sul, future investigations
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should extend to other Brazilian states and emerging viticulture regions worldwide to achieve
a more comprehensive understanding of innovation challenges and opportunities in the global

wine industry.
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SUPPLEMENTARY MATERIAL (APPENDIX)

Table 1. Selection of Innovation Capacity Indicators Using the Fuzzy Delphi Technique.

Dimension Values
Indicator Fuzzy Weight Defuzzification  Decision
1 - Research and Development
Decision Value 0.593
i)gCL"SﬁﬂeT;Ebsg’éemp'oyeeS dedicated (0.10, 0.60, 0.90) 0.534 Excludes
2 - Number of R&D projects executed internally (0.30, 0,74, 0,90) 0.648 Includes
3 - Percentage of R&D activities conducted
through external sources in relation to total R&D (0,10, 0,56, 0,90) 0.5 Excludes
activities
4- Numbgr of R_&D projects con_ducted in (0,10, 0,56, 0,90) 0. wcludes
collaboration with other companies A
5 - Number of new products launched (0,30, 0,56, 0,90) 0.634 Includes
6 - Monetary value allocated to financing internal
R&D activities during the year (020 D8, R0 e ez
7 - Number of funding programs or grants
obtained for R&D projects (0,30, 0,56, 0,90) 0.647 Includes
8 - Percentage that the R&D budget represents in
relation to the company’s total budget (0,50, U, ) b e lts
9 - Number of prototypes developed for market
testing N5 0 0.546 Excludes
10 - Number of _tests and experiments conducted (0,30, 0,56, 0,90) 0.639 Includes
to validate new ideas or prototypes
11 - Number of market studies conducted to (OMO,QO) 0.572 Excludes
guide R&D activities
12 - Monthly frequency of systematic
brainstorming sessions or idea generation .10, 0,56, 0,90) 0.523 Excludes
techniques
13 - Number of analyses con de
the technological and competit t (0,10, 0,56, 0,90) 0.558 Excludes
14 - R&D project success rate, measured by the
number of successfully completed projects in (0,30, 0,56, 0,90) 0.640 Includes
relation to the total number of projects initiated
15 - Number : tentS'@k.intellectual property (0,10, 0,56, 0,90) 0.558 Excludes
registrations applied for
119 NIl o7 @ e Gest Mmoo (0,30, 0,56, 0,90) 0.626 Includes
implemented (frugal innovations)
2 - Strategic Collaborations
Decision Value 0.610
1 mmnﬁm partnerships the winery (0.10, 0.75, 0.90) 0.583 Excludes
maintairns with other companies, research
instituti@ns, distributors, or local producers
2 - Indicators of innovations or process/product (0.30, 0.75, 0.90) 0.651 Includes
improvements introduced in the winery
3 - Level of satisfaction of the winery with each (0.10, 0.74, 0.90) 0.580 Excludes
of its strategic partners, usually through surveys
or direct feedback
4 - Average duration in months that strategic (0.10, 0.67, 0.90) 0.556 Excludes
partnerships are maintained
5 - Analysis of revenue growth directly (0.30, 0.69, 0.90) 0.632 Includes
attributable to established partnerships
6 - Measure of the geographical reach of (0.30, 0.77, 0.90) 0.656 Includes

partnerships, including local, national, and
international partners

3 - Employee Training and Engagement



Decision Value

0.560

based on market acceptance

1 - Number of employees participating in training  (0.10, 0.62, 0.90) 0.539 Excludes
programs relative to the total number of
employees
2 - Results of employee satisfaction surveys (0.10, 0.58, 0.90) 0.528 Excludes
conducted periodically
3 - Percentage of employees who remain with the  (0.10, 0.68, 0.90) 0.560 Includes
company for a specified period
4 - Annual average hours of training per (0.10, 0.59, 0.90) 0.531 Excludes
employee
5 - Proportion of employees who received a (0.10, 0.46, 0.90) 0.485 Excludes
promotion in the last year
6 - Frequency of unexcused absences from work (0.30, 0.73, 0.90) 0.642 Includes
7 - Percentage of employees participating in (0.30, 0.70, 0.90) 0.635 Includes
engagement activities organized by the company
8 - Frequency and results of performance (0.10, 0.68, 0.90) 0.560 Includes
evaluations that include feedback from peers and
supervisors

5 - Process Efficiency

Decision Value 0.640

1 - Average production cycle time (0.3,0.73, 0.90) 0.645 Includes
2 - Production cost per unit (0.3,0.81, 0.90) 0.670 Includes
3 - Rate of production capacity utilization (0.3,0.77,0.90) 0.657 Includes
4 - Number of defects or reworks per batch (0.3,0.75, 0.90) 0.650 Includes
5 - Energy efficiency in production (0.1, 0%8,0.90) W 0.578 Excludes
6 - Raw material waste rate (0.3,0.78,0.90 0.661 Includes
7 - Percentage of automated processes ¥(0.1,0%5, 0 0.551 Excludes
8 - Response time to failures or breakdowns (0.3,0.74, 0.90) 0.648 Includes
9 - Maintenance cost as a percentage of (0.3,0.77, 0.90) 0.657 Includes
production cost
10 - Employee satisfaction index with operational (0.3, 0.72, 0.90) 0.640 Includes
processes
11 - Number of process imwv (0.3, 0.70, 0.90) 0.632 Excludes
implemented per year
12 - On-time delivery rate (0.5, 0.83, 0.90) 0.742 Includes
13 - Number of customer complaints related to (0.5, 0.82, 0.90) 0.739 Includes
product quality
14 - Percentage of production orders completed (0.3, 0.76, 0.90) 0.653 Includes
without incidents
15 - Average time for production line changeover (0.1, 0.66, 0.90) 0.553 Excludes
or equipment adjustment
16 - Efficiency in the use of water and other (0.1,0.71, 0.90) 0.571 Excludes
critical inputs

6 - Product/Service Innovation

Decision Value 0.633

1 - Number of new services launched (0.30, 0.73, 0.90) 0.645 Includes
2 - Number of significantly improved products or  (0.30, 0.75, 0.90) 0.651 Includes
services
3 - Revenue generated from new products or (0.30, 0.77, 0.90) 0.657 Includes
services
4 - Percentage of revenue from products or (0.10, 0.70, 0.90) 0.568 Excludes
services launched in the last 3 years
5 - Number of disruptive innovations introduced (0.30, 0.67, 0.90) 0.624 Excludes
to the market
6 - Number of patents or intellectual property (0.10, 0.64, 0.90) 0.548 Excludes
registrations obtained
7 - Cost of developing new products or services (0.30, 0.75, 0.90) 0.650 Includes
8 - Development time from conception to launch (0.30, 0.71, 0.90) 0.636 Includes
9 - Success rate of new products or services (0.30, 0.77, 0.90) 0.656 Includes
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10 - Number of strategic partnerships focused on (0.30, 0.69, 0.90) 0.628 Excludes
product/service innovation
11 - Total investment in research and (0.30, 0.72, 0.90) 0.641 Includes
development activities
12 - Number of ongoing innovation projects (0.30, 0.71, 0.90) 0.636 Includes
13 - Customer feedback on innovations (0.30, 0.79, 0.90) 0.664 Includes
(satisfaction and acceptance)
14 - Adoption rate of emerging technologies in (0.10, 0.64, 0.90) 0.546 Excludes
production processes
15 - Number of products or services that meet (0.50, 0.78, 0.90) 0.728 Includes
new consumer needs
16 - Environmental impact of new products or (0.30, 0.74, 0.90) 0.648 Includes
services (sustainability)

7 - Sustainability and Environmental Initiatives

Decision Value 0.567

1 - Total energy consumption from renewable (0.10, 0.72, 0.90) 0.572 Includes

sources
2 - Amount of greenhouse gas (GHG) emissions
reduction compared to previous periods

(0.10, 0.68, 0.90)

AT

3 - Total water consumption per unit of product (0.30, 0.76, 0.90) 0.653 Includes
produced
4 - Percentage of total waste generated that is (0.10, 0.74, 0.90) 0.578 Includes
recycled or reused
5 - Total number of ecological or sustainability (0.10 W6 547 Excludes
certifications acquired, such as 1SO 14001, LEED
certification (Leadership in Energy and
Environmental Design), etc.
6 - Value invested in technologies or practices 0.561 Excludes
that promote sustainability
7 - Total initiatives conducted in partnershi 0.542 Excludes
environmental NGOs or other entities
environmental conservatio
8 - Life cycle assessment ofnéws, product§ito (0.10, 0.68, 0.90) 0.559 Excludes
determine their environmente )
9 - Number of training hours pre (0.10, 0.59, 0.90) 0.530 Excludes
employees on sustainable practit

8 - Market Adaptation and Diversification

Decision Value 0.640
1 - Number of new geographic markets or (0.30, 0.75, 0.90) 0.648 Includes
consumer segments reached
2 - Propogtio venuercoming from (0.30, 0.70, 0.90) 0.633 Excludes
recently ched produgts or new markets
3 - Total number of different product types or (0.30, 0.76, 0.90) 0.652 Includes
product lines offered by the winery
veWtween identifying a new (0.30, 0.70, 0.90) 0.634 Excludes

markgt tren introducing a corresponding
produ service
5 - Amount invested in research activities to (0.30, 0.72, 0.90) 0.641 Includes
better understand consumer needs and
preferences
6 - Proportion of revenue from sales outside the (0.30, 0.69, 0.90) 0.630 Excludes
domestic market

9 - Customer Feedback and Relationship

Decision Value 0.656

1 - Average customer satisfaction score received (0.30, 0.76, 0.90) 0.654 Excludes
through regular surveys
2 - Percentage of customer feedback responded to  (0.30, 0.77, 0.90) 0.655 Excludes
within a specified timeframe
3 - Monthly number of customer interactions per (0.30, 0.76, 0.90) 0.652 Excludes

period
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4 - Percentage of customers who continue doing
business with the winery year after year

5 - Total number of complaints received within a
specific period

6 - Percentage of complaints resolved during the
first interaction with the customer

7 - Measure reflecting the likelihood of
customers recommending the winery to others

8 - Count of loyalty programs offered and the
number of active customers in those programs

9 - Percentage of potential customers (leads) that
become buyers

10 - Total number of customer interactions on
social media platforms, including comments,
likes, and shares

11 - Average time the company takes to respond
to customer requests, measured in hours or days

(0.50, 0.83, 0.90)
(0.30, 0.77, 0.90)
(0.30, 0.79, 0.90)
(0.50, 0.86, 0.90)
(0.10, 0.69, 0.90)
(0.30, 0.7, 0.90)

(0.10, 0.68, 0.90)

(0.30, 0.7, 0.90)

0.744

0.658

0.664

0.753

0.562

0.658

0.560

0.658

Includes

Includes

Includes

Includes

Excludes

Includes

Includes

Includes
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Glossary of Technical Terms Used in Data Analysis

Fuzzy Delphi Method

A refinement of the traditional Delphi method that incorporates fuzzy logic to handle
uncertainties in expert opinions. It is widely used for achieving consensus on complex issues
by analyzing linguistic variables through triangular fuzzy numbers.

Triangular Fuzzy Numbers
A mathematical representation of uncertainty in the Fuzzy Delphi method, defined by three
points: lower limit, most probable value, and upper limit.

Random Forest Importance (RFI)
A machine learning technique that uses multiple decision trees to rank featuge gnsions or
indicators) based on their importance in predicting outcomes, calculate
as impurity reduction.

Bootstrapping
A statistical technique used in the Random Forest metho
replacement to train multiple decision trees, enhancing r

repeated sampling with
racy.

Gini Impurity
A metric used in decision trees to measure the im
well the node splits the data into distinct clas

of a node, indicating how

Defuzzification
The process of converting f
decision-making or ranking p

numhgers into alues to make them interpretable for

Importance Weights
Quantitative measur
in explaining or predi

igned to
outcomes

ensions or indicators based on their relative significance
erived from the Random Forest model.

Cross-Validation

A statistical m evaluating a model’s performance by partitioning the data into multiple
subsets (f 0 trained on k-1 subsets and tested on the remaining subset, rotating
this p folds. The results are averaged to estimate the model's generalizability
and stabi



611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

REFERENCES

D. Meissner, W. Polt, and N. S. Vonortas, “Towards a broad understanding of innovation
and its importance for innovation policy,” Journal of Technology Transfer, vol. 42, no. 3,
pp. 1184-1211, 2017, doi: 10.1007/s10961-016-9485-4.

A. E. Akgiin, M. Cemberci, and S. Kircovali, “The relationship between extreme
contexts, organizational change capacity, and firm product and process innovation,”
Management Decision, vol. 61, no. 7, pp. 2140-2172, 2023, doi: 10.3208/MD-06-2022-
0856.

Engineering and Technology Management, vol.
10.1016/j.jengtecman.2022.101726.

M. Z. Arshad, D. Arshad, H. Lamsali, A. S. I. Alsht
A. Shakoor, and L. F. Chuah, “Strategic r

huaibi, G. Albashar,
t for sustainability: The
impact of innovation capability andgmte italjpon SME’s performance.
Moderating role of external environmefit,” Journ eaner Production, vol. 417, 2023,
doi: 10.1016/j.jclepro.2023.1378
S. Yesil, and L. F. Doga i e gelationship between social capital, innovation

capability and innovatio ion, vol. 21, no. 4, pp. 506-532, 2019, doi:

S. Silva, M. K. Seibel, and M. N. Cortimiglia, “A new framework of
firm=lgvel
Mana nt Journal, vol. 41, no. 2, pp. 236-250, 2023, doi: 10.1016/j.emj.2022.02.002.

vation capability: A propensity—ability perspective,” European

Y. Zheng, J. Liu, and G. George, “The dynamic impact of innovative capability and inter-
firm network on firm valuation: A longitudinal study of biotechnology start-ups,” Journal
of Business Venturing, vol. 25, no. 6, pp. 593-609, 2010, doi:
10.1016/j.jbusvent.2009.02.001.

V. Boly, L. Morel, and M. Camargo, “Evaluating innovative processes in french firms:
Methodological proposition for firm innovation capacity evaluation,” Research Policy,

vol. 43, no. 3, pp. 608-622, 2014, doi: 10.1016/j.respol.2013.09.005.

29



645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

C. F. Gohr, M. S. A. Tavares, and S. N. Morioka, “Evaluating the innovation capability
of cluster-based firms: a graph-theoretic approach,” Journal of Business & Industrial
Marketing, vol. 37, no. 7, pp. 1402-1421, 2022, doi: 10.38191/iirr-jorr.24.012.

B. M. Castela, F. A. Ferreira, J. J. Ferreira, and C. S. Marques, “Assessing the innovation
capability of small-and medium-sized enterprises using a non-parametric and integrative
approach,” Management Decision, vol. 56, no. 6, pp. 1365-1383, 2018, doi: 10.1108/MD-
02-2017-0156.

B. Lianto, “Identifying key assessment factors for a company’s in
based on intellectual capital: an application of the Fuzzy Delphi Meth stainability,
vol. 15, no. 7, pp. 6001, 2023, doi: 10.3390/su15076001.

H. M. J. C. B. Heenkenda, F. Xu, K. M. M. C. B. Kulathunga, a

“The role of innovation capability in enhancing sustai ity MEg) An emerging

economy perspective,” Sustainability, vol. 14, 10832, 2022, doi:
10.3390/su141710832.

A. Amatucci, V. Ventura, and D. Frisio, d efficiency of national
innovation systems: lessons from the wi onomics and Policy, vol.
D. Meissner, W. Polt, and N. S. ds a broad understanding of innovation
urnal of Technology Transfer, vol. 42, no. 3,
pp. 1184-1211, 2017, doi: 961-016-9485-4.

V. A. Castro, . D. Lourengdo, J. D. M. E. Giraldi, and J. H. C. Oliveira,

region, Brazil,” Cuadernos de Desarrollo Rural, vol. 17, 2020, doi:
averiana.cdrl7.citg.

L. M. R. de Mello, and C. A. E. Machado, “Vitivinicultura brasileira: panorama 2021,
EMBRAPA Uva e Vinho,” 2022. Available in:
https://ainfo.cnptia.embrapa.br/digital/bitstream/doc/1149674/1/Com-Tec-226.pdf.

T. Panizzon, G. Bircke Salton, V. E. Schneider and M. Poletto, “Identifying Hotspots and
Most Relevant Flows for Red and White Wine Production in Brazil through Life Cycle
Assessment: A Case Study,” Resources, vol. 13, no. 7, pp. 88, 2024, doi:
10.3390/resources13070088.



679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

K. A. Ferreira, M. L. Toledo, and L. F. Rodrigues, “Postponement practices in the
Brazilian Southeast wine sector,” The International Journal of Logistics Management,
vol. 32, no. 1, pp. 6-23, 2020, doi: 10.1108/1JLM-10-2019-0292.

C. R. Gualberto, L. F. Rodrigues, and K. A. Ferreira, “Evaluation of postponement
strategy in the production of table wine in Brazil: a discrete event simulation approach,”
International Journal of Wine Business Research, vol. 33, no. 4, pp. 545-560, 2021, doi:
10.1108/1JWBR-08-2020-0042.

H. L. Lucena Filho, and C. H. B. Leite, “The WIETA Code of Cond

5t: Proposal for a

Complementary Regulatory Model for Labor Relations in Braziliag bviniculture,

M. Wagner, P. Stanbury, T. Dietrich, J. Doring, J. Ewert, C. @s , und, M.
Friedel, C. Kamnann, M. Kock, T. Owtram, H. R. Schuliz; K. W@ss-Fels and J. Hanf,
“Developing a sustainability vision for the global wineg ”” Sustainability, vol. 15,
no. 13, pp. 10487, 2023, doi: 10.3390/su1513104
E. Pomarici, A. Corsi, S. Mazzarino, and R. S “ n wine sector: Evolution,
structure, competitiveness and future ch. an endu leader,” Italian Economic
Journal, vol. 7, no. 2, pp. 259-295, 202 40797-021-00144-5.

A. Dogru, and J. Peyrefitte, “Inl

novation in wine industry via meta-

5, no. 1, pp. 44-76, 2022, doi:

stigati
analysis,” Wine Bus
10.26813/001c.31627.
L. Bitsch, B.

countries: the enian wine industry,” Wine Econ Policy, vol. 11, no.

, 0. 3, pp.376-390, 2022, doi: 10.1108/CR-04-2021-0063.

K. R. Catis, and S. L. Slocum, “Rural winery resiliency and sustainability through the
COVID-19 pandemic,” Sustainability, vol. 13, no. 18, p. 10483, 2021, doi:
10.3390/su131810483.

C. P. Klinger, E. Silveira-Martins, G. J. D. Castro, and C. R. Rossetto, “Strategic
positioning, differentiation and performance of Brazilian wineries,” International Journal
of Wine Business Research, vol. 32, no. 2, pp. 219-246, 2020, doi: 10.1108/IJWBR-11-
2018-0068.

31



712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Statista, “Wine—Worldwide,” 2024. Available n:
https://www.statista.com/outlook/cmo/alcoholic-drinks/wine/worldwide.

M. M. Amaral, L. C. Silva Flores, and S. J. Gadotti dos Anjos, “Analysing Coopetition
in the Wine Business Ecosystem: A Literature Review,” Value Proposition to Tourism
Coopetition: Cases and Tools, pp. 155-170, 2024, doi: 10.1108/978-1-83797-827-
420241011.

J. A. Schumpeter, “The creative response in economic history,” The journal of economic
history, vol. 7, no. 2, pp. 149-159, 1947, doi: 10.1017/S0022050700054279.

R. Garcia, and R. Calantone, “A critical look at technological innovzﬁio‘n %ology and

innovativeness terminology: a literature review,” Journal of Product Innovation
- N §e

Management: An international publication of the product devel‘op%nt & management
A a

association, vol. 19, no. 2, pp. 110-132, 2002, doi: 10.1111/1540-5885.1920110.
va WBLC.T'Tw

M. M. Crossan, and M. Apaydin, “A multi-dimensional framework of organizational
innovation: A systematic review of the literature,” Jo‘urnal ({ management studies, vol.

47, no. 6, pp. 1154-1191. 2010, doi: 10.1111/&ﬁ67’-6486.2009.00880.X.

W
H. W. Chesbrough, “Open innovation: The new imperative for creating and profiting
w AN A 4
from technology”, Harvard Business School, 2003.
L. Leydesdorff, and H. Etzkowitz Emergwa triple helix of university—industry—

government relations,”
10.1093/spp/23.5.279.

an blic/Rolicy, vol. 23, no. 5, pp. 279-286, 1996, doi:

-Séez, J. Martinez-Falcé, and E. Sanchez-Garcia, “Does

green intellec ital affe
ish Food Journal, vol. 25, no. 4, pp. 1469-1487, 2023, doi:

green innovation performance? Evidence from the

Spanish wingind

I. 43, no. 1, pp. 39-58, 2017, doi: 10.1177/0149206316678451.
B. Walraye, M. Talmar, K. S. Podoynitsyna, A. G. L. Romme, and G. P. J. Verbong, “A
multi-level perspective on innovation ecosystems for path-breaking innovation,”
Technological Forecasting and Social Change, vol. 136, pp. 103-113, 2018, doi:
10.1016/j.techfore.2017.04.011.

A.Menna, and P. R. Walsh, “Assessing environments of commercialization of innovation

for SMEs in the global wine industry: A market dynamics approach,” Wine Economics

and Policy, vol. 8, no. 2, pp.191-202, 2019, doi: 10.14601/web-8211.



745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776

[41] D. Karagiannis, and T. Metaxas, “Sustainable wine tourism development: Case studies
from the Greek region of Peloponnese,” Sustainability, vol. 12, no. 12, p. 5223, 2020,
doi: 10.3390/su12125223.

[42] M. Ingrassia, L. Altamore, S. Bacarella, P. Columba, and S. Chironi, “The wine
influencers: Exploring a new communication model of open innovation for wine
producers—A netnographic, factor and AGIL analysis,” Journal of Open Innovation:
Technology, Market, and Complexity, vol. 6, no. 4, pp. 165, 2020, doi:

10.3390/joitmc6040165.
[43] A. Rabadan, and R. Bernabéu, “An approach to eco-innovation in wi uction from
a consumer’s perspective,” Journal of Cleaner Production, vol. 310, 2021,

doi: 10.1016/j.jclepro.2021.127479.
[44] 1. A. Sorcaru, M. C. Muntean, L. D. Manea, and R. Nis renedbs’ perceptions
of innovation, wine tourism experience, and sustainafke evelopment: the
case of Romanian wineries,” International Entrep
vol. 20, no. 2, pp. 901-934, 2024, doi: 10.10

[45] E. Pomarici, and R. Vecchio, “Mille

anagement Journal,

[46] i . Spina, M. Hamam, M. D’Amico, and F.

Implementing @k ilient Strategies in Viticulture,” Australian Journal of Grape
and Wine Res . 0. 1, p. 8118128, 2024, doi: 10.1155/2024/8118128.

[47] R. Sancho- . rrez-Broncano, F. Hernandez-Perlines, and |. Pefia-Garcia,

tudy of absorptive capacity and innovation capacity and their

s performance,” Frontiers Psychology, vol. 12, pp. 751997, 2021, doi:
10. 021.751997.

[48] G. A.
Research Journal, vol. 9, no. 2, pp. 27-40, 2009, doi: 10.3316/QRJ0902027.

[49] B. F. Crabtree, and W. L. Miller. “Doing Qualitative Research,” SAGE Publications,
19909.

[50] J. W. Creswell, and V. L, “Plano Clark, Designing and Conducting Mixed Methods
Research,” SAGE Publications, 2017.

wen, “Document analysis as a qualitative research method,” Qualitative

33



777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

N. Dalkey, and O. Helmer, “An experimental application of the Delphi method to the use
of experts,” Management Science, vol. 9, no. 3, pp. 458-467, 1963, doi:
10.1287/mnsc.9.3.458.

H. Guo, X. Wang, L. Wang, and D. Chen, “Delphi method for estimating membership
function of uncertain set,” Journal of Uncertainty Analysis and Applications, vol. 4, no.
1, p. 3, 2016, doi: 10.1186/s40467-016-0044-1.

V. W. Mitchell, “The Delphi technique: An exposition and application,” Technology
Analysis & Strategic Management, vol. 3, no. 4, 3
10.1080/09537329108524065.

Agromedicine, vol. 25, no. 2, pp. 166-172, 2020, doi: 10.
Y. K. Al-Rikabi, and G. A. Montazer, “Designing ange ing readiness assessment
model for Iraqi universities employing Fuzz d,” Education and
Information Technologies, vol. 29, no. 2, pp. doi: 10.1007/s10639-023-
11889-0.
A. Ishikawa, M. Amagasa, T. Shiga, G.

mizawa, atsuta, and H. Mieno, “The max-

min Delphi method and Fuzzy i ia fuzzy integration,” Fuzzy Sets and

a circular econ atic literature review,” Sustainability, vol. 12, no. 19, p.

7912, 2020, dai

d P. Sarkar, “A framework based on Fuzzy Delphi and DEMATEL for
product development: A case of Indian automotive industry,” Journal of
Cleaner Production, vol. 246, p. 118991, 2020, doi: 10.1016/j.jclepro.2019.118991.

N. Mabrouk, “Green supplier selection using fuzzy Delphi method for developing
sustainable supply chain,” Decision Science Letters, vol. 10, no. 1, pp. 63-70, 2021, doi:
10.5267/j.dsl.2020.10.003.

Y. -L. Hsu, C. -H. Lee, and V. B. Kreng, “The application of Fuzzy Delphi Method and
Fuzzy AHP in lubricant regenerative technology selection,” Expert Systems with

Applications, vol. 37, pp. 419e425, 2010, doi: 10.1016/j.eswa.2009.05.068.



811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842

[62] M. Bouzon, K. Govindan, and C. M. T. Rodriguez, “Reducing the extraction of minerals:
Reverse logistics in the machinery manufacturing industry sector,” Journal Cleaner
Production, vol. 112, pp. 3720-3733, 2016, doi: 10.1016/j.resourpol.2015.02.001.

[63] Y. C.Kuo, and P. H. Chen, “Constructing performance appraisal indicators for mobility
of the service industries using Fuzzy Delphi Method,” Expert Systems with Applications,
vol. 35, no. 4, pp. 1930-1939, 2008, doi: 10.1016/j.eswa.2007.08.068.

[64] Z.Ma, C. Shao, S. Ma, and Z. Ye, “Constructing road safety performance indicators using
fuzzy Delphi method and grey Delphi method,” Expert Systems witl
38, no. 3, pp. 1509-1514, 2011., doi: 10.1016/j.eswa.2010.07.062.

[65] M. L. Tseng, S. X. Li, C. W. R. Lin, and A. S. Chiu, “Validating gr¢ o social

A pplications, vol.

sustainability indicators in China using the fuzzy Delphi meth
and Production Engineering, vol. 40, no. p.
10.1080/21681015.2022.2070934.

[66] L. Breiman, “Random Forests,” Machine Learning % o. I, pp. 5-32, 2001, doi:
10.1023/A:1010933404324.

[67] X. Gao, J. Wen, and C. Zhang, “An i \4 ndom forest algorithm for predicting
employee turnover,” Mathematical ProBlems in eering, vol. 2019, pp. 1-12, 2019,
doi: 10.1155/2019/4140707.

[68] A. Mizumoto, “Calcula

relative Anportance of multiple regression predictor
variables using dominance an sand random forests,” Language Learning, vol. 73, no.
1, pp. 161-196,
[69] L. Yin, B. Li,

[70] i n of coal prices based on random forest and lasso regression,”

ore Journal of Engineering, vol. 7, pp. 67-73, 2021, doi:

JE.202109_7(9).0011.

[71] A. Mizumoto, “Calculating the relative importance of multiple regression predictor
variables using dominance analysis and random forests,” Language Learning, vol. 23, no.
1, pp. 161-196, 2023, doi: 10.1111/lang.12518.

[72] B. F. Huang, and P. C. Boutros, “The parameter sensitivity of random forests,” BMC
bioinformatics, vol. 17, pp. 1-13, 2016, doi: https://doi.org/10.1186/s12859-016-1228-x.

35



843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874

[73] A. Engelmann, “A performative perspective on sensing, seizing, and transforming in
small-and medium-sized enterprises,” Entrepreneurship Regional Development, vol. 36,
no. 5-6, pp. 632-658, 2024, doi: 10.1080/08985626.2023.2262430.

[74] D. Doloreux and E. Lord-Tarte, “The organisation of innovation in the wine industry:
open innovation, external sources of knowledge and proximity,” European Journal of
Innovation  Management, vol. 16, no. 2, pp. 171-189, 2013, doi:
10.1108/14601061311324520.

[75] A. D. Alonso and A. Bressan, “Innovation in the context of smal ily businesses

involved in a ‘niche’ market,” International Journal of Business Envir , vol. 6, no.
2, pp. 127-145, 2014, doi: 10.1504/1JBE.2014.060235.

[76] V. Corvello, A. Cimino, and A. M. Felicetti, “Building start-u
A dynamic capability framework for collaboration w
Innovation: Technology, Market, and Complexity,
10.1016/j.joitmc.2023.100104.

[77] A. Presenza, T. Abbate, M. Meleddu, M., and F. Cesaroni, “Small-and medium-scale

| &h W
Italian winemaking companies facing the open innovation challenge,” International Small
w

- & A 4
Business Journal, vol. 35, no. 3, pp. 327-348, 2017, doi: 10.1177/0266242616664798.
[78] E. L. Deci, and R. M. Ryan, “T VNhy” of Goal Pursuits: Human Needs

and the Self-Determinat i ychological Inquiry, vol. 11, no. 4, pp. 227-

[79] R. Rampa, an < eveloping radical innovation capabilities: Exploring the

effects of traini creativity and innovation,” Creativity and Innovation
[80] E. Sé i artinez-Falco, A. Alcon-Vila, and B. Marco-Lajara, “Developing

115 dor: 10.3390/foods12061157.

[81] O. Awogbemi, D. V. V. Kallon, and K. A. Bello, “Resource recycling with the aim of
achiev% zero-waste manufacturing,” Sustainability, vol. 14, no. 8, pp. 4503, 2022, doi:
10.3390/su14084503.

[82] C. Battistella, G. Ferraro, and E. Pessot, “Technology transfer services impacts on open
innovation capabilities of SMEs,” Technological Forecasting and Social Change, vol.

196, pp. 122875, 2023, doi: 10.1016/j.techfore.2023.122875.



875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

M. Castro, J. Baptista, C. Matos, A. Valente, and A. Briga-Sa, “Energy efficiency in
winemaking industry: Challenges and opportunities,” Science of the Total Environment,
2024, doi: 10.1016/j.scitotenv.2024.172383.

K. Kelley, M. Todd, H. Hopfer, and M. Centinari, “Identifying wine consumers interested
in environmentally sustainable production practices,” International Journal of Wine
Business Research, vol. 34, no. 1, pp. 86-111, 2022, doi: 10.1108/IJWBR-01-2021-0003.
J. V. Montalvo-Falcon, E. Sanchez-Garcia, B. Marco-Lajara, and J. Martinez-Falcd,

v

“Sustainability research in the wine industry: A bibliometric approac

13, no. 3, pp. 871, 2023, doi: 10.3390/agronomy13030871.

gronomy, vol.

A. D. Alonso, A. Bressan, O. V. T. Kim, S. K. Kok, and E. Atay, “Int%atin% tradition
A,
and innovation within a wine tourism and hospitality experience,” International Journal

a . A &
of Tourism Research, vol. 25, no. 1, pp. 169-182, 2023, doi: 10.1002/jtr.2561.

A o N A 4
P. Masset, and J. P. Weisskopf, “From risk to reward: the strategic advantages of
¥y - WL
diversifying grape varietals,” International Journal of Contemporary Hospitality

Management, 2024, doi: 10.1108/1JCHM-06-2023-0801.
P. Mastroberardino, G. Calabrese, F. C eWtra “Social commerce in the
wine sector: an exploratory research st of the n market,” Sustainability, vol. 14,

S. JMehrabi, C. Giagnocavo, and J. Bijman,

“Heterogeneity of inter-orge | collaborations in agrifood chain sustainability-
ultural Systems, vol. 212, p. 103774, 2023, doi:

2, doi: 10.36253/wep-127309.
J. Martingez-Falc6, B. Marco-Lajara, P. Zaragoza-Sdez, and E. Sanchez-Garcia, “The
effect of organizational ambidexterity on sustainable performance: a structural equation
analysis applied to the Spanish wine industry,” Agribusiness, 2023. doi:
10.1002/agr.21846.

N. D. Chauvin and E. C. Villanueva, “The anatomy of exporting wineries of Argentina,”

International Journal of Wine Business Research, vol. 36, no. 3, pp. 329-350, 2024, doi:
10.1108/1JWBR-08-2023-0049.

37



908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933

[93]

[94]

[95]

[96]

[97]

[98]

[99]

C. Battistella, G. Ferraro, and E. Pessot, “Technology transfer services impacts on open
innovation capabilities of SMEs,” Technological Forecasting and Social Change, vol.
196, pp. 122875, 2023, doi: 10.1016/j.techfore.2023.122875.

M. P. Prodan, A. C. Tankovi¢, and N. Ritossa, “Image, Satisfaction, and Continued Usage
Intention in Wine Tourism through Digital Content Marketing,” Wine Economics and
Policy, 2024, doi: 10.36253/wep-15447.

A. Dias, B. Sousa, A. Madeira, V. Santos, and P. Ramos, “Determinants of brand love in

2019, doi: 10.1016/j.wep.2019.08.001.
C. Bopp, R. Jara-Rojas, A. Engler, and M. Araya-Alma eyards management
strategies and climate-related conditions aff miciperformance? A case study
of Chilean wine grape growers,” Wine
2022, doi: 10.36253/wep-12739.
E. Barbierato, 1. Bernetti, and I.

cellar door visit? A



