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Abstract: The purpose of this study is to identify how open innovation variables influence the
competitive capability of manufacturing small and medium enterprises (SMEs) in a regional territory
in Southern Brazil. The research method is a survey of 67 SMEs in Southern Brazil that provided data
for an ordinary least squares (OLS) regression model encompassing seven innovation variables and
five competitiveness constructs. The results indicate that most innovation initiatives have a low impact
on creating a competitive edge in the surveyed companies. The most remarkable positive impacts
are (i) technology trends influencing the shop floor productivity, (ii) flexibility influencing internal
aspects, and (iii) customer satisfaction and innovative ideas and customized supplies influencing
the market orientation. The study also reports that innovation processes are not safe from failures.
Some ill-defined innovation initiatives may jeopardize the competitive edge.

Keywords: open innovation; competitiveness; SMEs; emerging country; regression analysis;
innovation management

1. Introduction

Challenges introduced by global competition force small and medium enterprises (SMEs) to grow
and lead innovation initiatives [1]. SMEs must often rely on technology-based capabilities [2] conveyed
and supported by larger companies geographically collocated in regional clusters [3]. According
to [4], the newer an enterprise is, the more it will have to globalize the business, which requires timely
information flows [5] to scour the market and to find profitable opportunities [6]. Market-share,
profitability, product, service, intellectual capital [7], technology [8], and sustainability [9,10],
among others, are critical factors that shape the competition capability of SMEs. SMEs have
socioeconomic relevance worldwide and must be prepared to survive and respond to the market’s
challenges, sometimes translated solely into the differentiation and innovation capacities [11].

Innovation is a cutting-edge objective for companies interested in expanding their business [12].
Innovation can involve different types of change, and it depends on the organization’s resources,
capabilities, strategies, and requirements. It can also be carried out concerning products, services,
operations, processes, and people [13]. Therefore, it is important to explore different innovating ways,
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studying the impact that innovation can generate on growth and competitiveness [14]. Thus, during the
exploitation of different forms of innovation, the open innovation process appears, and it adapts
according to companies’ needs being implemented through managers” demands [15]. Innovation is
recognized for creating value and sustaining a competitive advantage [13], and for that, organizations
must explore their different ways of innovating and follow the impact generated on growth [14].
SMEs’ open innovation has received attention mainly for Product Development Processes (PDP),
neglecting the fact that SMEs can also seek innovation in processes or, simultaneously, in products
and processes [16]. A critical part of the open innovation process involves managing the knowledge
required to achieve strategic goals, such as new product development [17], innovative service offerings,
and pioneering new revenue and differentiation [18]. Due to risk and uncertainty [19], it is usually
impossible to predict the achievements of innovation initiatives [20]. Therefore, it is important to rely
on diversity in exploring possibilities [14] and the inherent complexity of innovation processes [21].
A challenge for SMEs is identifying how innovation will help them increase their competitiveness [22].
Through micro and macro-dynamics with a quadruple helix, it is possible to understand and control
the complexity of open innovation [23,24]. Still, it is not easy to predict its competitive results [20],
which can generate positive impacts, risks, and uncertainty [19].

Competitiveness can be defined as acquiring a favorable, profitable, and sustainable market
position, establishing difficulties for new competitors’ entry, and efficiently searching for new
markets [25]. Due to globalization, the concept of competitiveness has become more comprehensive,
involving territorial competition and systems that create conditions for economic and social
development [26], which forces companies to be in constant development [27]. In addition to
companies’ presence in the market, competitiveness determines profitability and the ability to adapt
production to demand, reducing vulnerability to competition and resisting erosion by substitute
products [28,29]. In competitive markets, SMEs are under pressure to grow and innovate, which is
why developing their technological and informational capabilities can be a success factor [2].

To increase the productivity and competitiveness of SMEs, innovation has proved to be a necessary
path, where some uncertainties as to the challenge of knowing how innovation can help companies
remain [8,30]. As SMEs are close to the customer, their flexibility and reactivity to the market can cause
disadvantages such as lower productivity, higher costs, and lower competitive performance in the
long run, compared to large companies [31,32]. SMEs must be flexible in their operations, continually
developing them compared to large companies, to maintain their competitiveness [33,34]. SMEs
strategic determinants can be based on cost leadership, which is only implemented after survival or
based on differentiation and focus, triggered by innovation strategies [35].

Some focus on a single, isolated innovation achievement [36—44], which partially hides the
overall effect of innovation performance [45,46]. For instance, ref. [47] identifying the influence of
multiple marketing criteria on the export performance of SMEs, ref. [48] identifying how individual
characteristics of policymakers influence SMEs’ performance, ref. [49] identifying how networking
capability and experiential learning influence SMEs’ performance in global markets and [50] examining
the impact of products, processes, and innovations on finance and operations in SMEs. Other recent
research has sought the consequences of open innovation in competitiveness in different areas, such as
healthcare [38], agrifood sector [43], human resources [51], business [44], product development [52],
and tourism companies [39]. According to [41], companies’ competitive environment requires strategic
innovation, regardless of the industry [45,46].

The aforementioned studies handle innovation in a limited scope. Some related studies were
identified in the literature, but they carry empiric or qualitative results or are too specific, being difficult
to reproduce in other domains. Thus, understanding which innovation variables have connections with
SMEs’ competitive variables, managers can predict the results before the implementation. Two questions
then arise: (i) Can the impacts of innovation activities on competitiveness be predicted before implementation?
and (ii) Can the innovation activities be controlled and managed based on quantitative analysis? To answer
these questions, we used a systematic literature review approach to find concepts and perspectives
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related to innovation and competitive variables and tested these hypotheses through an ordinary least
squares (OLS) regression analysis. The rest of the article is organized in review, material and methods,
results, discussion, and conclusion.

SMEs and Innovation in Emerging Countries

SMEs seek innovation mainly to meet specific customer demands, i.e., they usually innovate
to react to a market opportunity [53]. For example, ref. [54] report innovation initiatives related to
new or improved products according to market needs, introducing new components or technology.
Usually, SMEs perform worse than large companies in competitive criteria such as flexibility, labor
productivity, cost, and delivery [31,32]. To overcome such liabilities, SMEs should handle differentiation
and innovation processes [11], relying on intrinsic skills usually found in SMEs, such as quality and
responsivity [33,34]. Alternatively, when SMEs need to face competition based on cost leadership,
strategic drivers must be triggered by innovation strategies [35]. In short, to face global competition,
SMEs should combine intrinsic strengths, such as quality and responsivity, with strategic drivers
triggered by innovation [55]. Finally, the adoption of environmental practices [56] and promotional
strategies and new customer relationships [55,56] may help SMEs build a positive corporate image and
enlarge market share.

The Organization for Economic Cooperation and Development [57] classifies innovation
into product, service, process, management, and marketing innovations and [58-61] state that
innovation comprises new products, services, methods, processes, raw materials, markets, marketing,
and organizational structures. According to [61], different innovation types influence companies’ overall
performance, generating risk and uncertainty that may hinder SMEs’ decision-making processes [62,63].

Regarding developing markets, during the 1980s and the 1990s, many countries established
mostly domestic business relationships, which provided SMEs with stable, predictable business
environments [64]. From 2000 on, many emergent countries decided to open their markets and play
a role in the international business arena, which forced SMEs to adopt strategies consistent with
global markets [65-67]. One of these strategies is networking [68]. According to [64], SMEs depend
on larger companies to penetrate foreign markets. For example, large wineries [69] and furniture
companies [3] used to hire collocated SMEs’ specific expertise when celebrating international sales
contracts or technological agreements. Such kinds of relationships enhance the competitiveness of
anchor tenants and SMEs in both domestic and global markets [70].

This article focuses more on SMEs located in emergent markets, particularly in Brazil. The authors
of [71] argue that SMEs located in low-income economies have different insertion patterns in local and
global value chains than those located in high-income markets. SMEs in emergent markets are strongly
influenced by politics and tax incentives at the regional and national levels [72-74]. When governments
provide little or no support, SMEs hardly invest or lead innovative initiatives [75].

SME:s are challenged by on-going globalization processes in Brazil, focusing mainly on low-cost
products and services destined to other emerging countries [76], and usually associated with larger
companies. Currently, Brazilian SMEs are widely diversified and actively take part in the global
business arena [72], accounting for 99% of the number of companies, 52% of jobs, and 50% of gross
domestic product (GDP) [77]. For comparison, in the United States, SMEs represent 99.7% of the
industry [1]. To overcome such fragilities, ref. [78] argue that SMEs should cooperate by sharing
specific resources and expertise, besides associating with larger companies to penetrate markets
otherwise unattainable.

Synthesizing, SMEs are important to emergent countries, as they can generate incomes and
job positions [79], even if subjected to some managerial inefficiencies [71]. The main challenges are
cost reduction and quality improvement, even if SMEs usually retain specific skilled resources and
particularly relevant expertise, many times related to the owner’s ability [80]. A challenge that remains
in SMEs’ management is how to support decision-making processes that require the evaluation of
innovation initiatives. One key issue is related to access to innovation’s influence on the company’s
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overall performance [81]. In this sense, ref. [82] conclude that the major problem SMEs face in
innovation implementation is the lack of control in the generation of benefits, resulting in permanent
loss of opportunity.

2. Materials and Methods

The methodological path of the entire study comprises:

e Identification of innovation and competitiveness variables based on recent studies;

e  Survey with 316 manufacturing SMEs;

e Variable reduction for regression analysis and principal component analysis aggregates
competitiveness indicators.

These steps will be explained in the following sections.

2.1. Variables Identification

The subject of this research has a multidisciplinary characteristic, and for this reason, before the
survey, an investigation was carried out in the Scopus and Web of Science databases [83]. The selection
of variables before a survey is very important for more assertive decision making [84]. This investigation
was based on studies focused on innovation that show results that influence some competitive variables.
The keywords “Innovation” and “Competitiveness” were searched for in title, abstract, and keywords,
in papers published in journals limited to the period from 2010 to the present. As a result, 2748 articles
were obtained, and 44 articles with more than 100 citations were analyzed to see if they had adherence to
this research. Based on these articles, we arrived at the most recurrent innovation and competitiveness
variables presented in Tables 1 and 2.

Table 1. Innovation variables.

Variable Definition and Theoretical Support Mnemonic
Identification of How the company uses customers’ requirements and
market requirements complaints to support product and service development [57] [MARKET_NEEDS]
Updating with new How the company manages new trends and
trends and technologies  technologies [17] [TRENDS_TECH]
Partnerships How the company interacts with agencies, other SMEs, [PART _COOP]
and cooperation and anchor tenants to implement innovation [85-87] -
Innovative ideas How the company uses innovative ideas [88-90] [INNOV_IDEAS]
Innovation practices How the company implements innovative practices [91] [INNOV_PRACT]
Adaptability How the company reacts to innovative
and flexibility implementation [46,92] [ADAPT_FLEX]
Collaboration with How the company collaborates with partners in innovation

customers and suppliers  initiatives [93] [CUST_SUPPL]

Table 2 presents the competitiveness variables selected.
After identifying the variables, the survey questionnaire was prepared, which comprises seven
questions on innovation and eighteen on competitive performance.

2.2. SMEs Survey

A survey was conducted with 316 manufacturing SMEs located at the Rio Pardo River Valley,
in Southern Brazil, between January and March 2020. A questionnaire was sent by e-mail to these
316 SMEs to capture the level of importance that each company gives to each innovation and
competitiveness variable, considering a Likert scale from 1 to 5 [98]. The official regional agency
of local development provided the companies’ list in the region and their electronic addresses.
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The agency supported the survey with a motivation letter. According to [99], the salience, that is,
the survey’s association with a respondent’s specific interest, may increase the return rate. Five out
of the 72 responses were excluded due to the Chemostat® software’s inconsistencies, whose main
objective is to identify outliers in multivariate samples. Therefore, 67 companies comprised the final
sample, which represents 21.20% of the population. In their study, ref. [99] states that, in e-mail surveys,
by the time of the study, the average return rate was 24%. It was more than 30% in 1995 when the
World Wide Web became fully available to commercial traffic. Furthermore, ref. [100] report that the
average return rate decreased over time. Therefore, it is not possible to neglect a 21.2% return rate.

Table 3 presents the industry sector and the respondents’ profile.

Table 2. Competitiveness variables.

Variable

Definition and Theoretical Support

Mnemonic

Customer satisfaction

Number of customers’ complaints divided by the
number of orders [1]

[CUST_SATISF]

Strategic pricing

Current price divided by the average product price in the
regional market [1]

[STRAT_PRIC]

Active customers

Number of active customers divided by the total number
of customers [1]

[ACT_CUST]

Customers’ loyalty

Number of customers that repeated orders by the total
number of customers [1]

[LOY_CUST]

Profits” reinvestment

Reinvested profit amount divided by the total profit [1]

[PROF_REINV]

Raw material cost

Raw material cost divided by total revenue [94]

[RAW_COST]

Personal protective equipment
(PPE) usage

Number of employees using PPE divided by the number
of job positions that require PPE [95]

[PPE_USAGE]

Control of the enterprise’s
working capital

Expected working capital divided by the current
working capital [96]

[WORK_CAP]

Attraction of new customers

Number of new customers divided by the total number

[ATTRAC_CUST]

of customers [1]

Number of certified items divided by the total number of

Quality control finished items [96,97]

[QUAL_CONTR]

Number of returned items in the warranty period

Warranty control divided by the total number of delivered items [1]

[WARR_CONTR]

Number of available hours for production divided by the

total number of hours [1] [MACH_AVAIL]

Machine availability

Production capability Amount produced divided by production capacity [94] [PROD_CAP]

Number of orders delivered on time divided by the total

Orders reliability number of orders [1]

[ORDER_RELIAB]

Number of customers who registered at least one

t laint . .
Customer complaints complaint by the total number of active customers [1]

[CUST_COMPL]

Expected sales result divided by the current sales

Sales result results [1]

[SALES_RES]

Number of items produced per capita divided by the

Labor productivity average number of items produced per capita in the local [LABOR_PRODUCT]
market [1]
Absenteeism Number of absent hours divided by the total number of [LABOR_ABSENT]

worked hours [1]

According to [101], having multiple respondents is less important than having the right respondent,
who is one who knows the phenomenon under investigation well, has experience in the field, and is
capable and is willing to provide the requested information. Furthermore, according to [101],
the researchers involved have a responsibility to present evidence that their data was obtained from
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valid key informants. Thus, the survey was carried out only with SMEs from the food and beverage,
metal, furniture, textiles, machinery, and equipment sectors because the most representative sectors
in the region of the emerging country studied, where 87% of the respondents were composed by
owners or managers, were considered valid key informants. Other correlated studies can validate this
survey. In their study, ref. [1] present a competitiveness scale, outlining the variables that influence
competitiveness in SMEs in Southern Brazil, using survey data from 72 industrial SME managers.
In the study of [96], responses were collected through a survey with 34 slaughterhouse companies
of Southern Brazil and 9 specialists in the health and safety area to establish a prioritization ranking
of occupational health and safety key performance indicators affecting business competitiveness.
In another study [102], a survey was conducted with 67 people from tobacco production, suppliers
of inputs, government, unions, and tobacco companies to analyze the sustainability reports from
multinational tobacco companies in Southern Brazil. Finally, the survey of this research can be classified
as being of type one, where the independent and dependent variables are the perceptions of a single
manager [103]. According to [104,105], the acceptability of a type one survey when studying SMEs
states that there is usually a single decision-maker in these companies. Based on the manager’s answers,
it was possible, using principal component analysis (PCA), to complete variables reduction.

Table 3. Industry sector and respondents’ profile.

Industry % Respondent %
Food and beverage 25% Owner 57%
Metal products 22% Manager 16%
Furniture 15% Director 7%
Pharmaceutical and chemical 10% Supervisor 7%
Machinery and equipment 10% Assistant 7%
Footwear 7% Responsible/in charge 3%
Textile 5% External consultant 3%
Plastic 3%
Electronics 3%
Wooden products 3%

2.3. Variables Reduction for Regression Analysis

A principal component analysis (PCA) can help identify structures and reduce the number of
variables by removing those that do not combine with others [106]. As the set of competitiveness
variables was high, we applied PCA and tested multicollinearity using the variance inflation factor
(VIF) [107]. SPSS® 22 performed all the tests. Such a strategy was used previously in similar studies
by [108,109]. PCA requires (i) verifying the sample adequacy by the Kaiser-Mayer-Olkin (KMO,
that must be greater than 0.600), the Barlett’s test of sphericity (p-value must be lower than 0.05), and the
measure of sampling adequacy (MSA), and (ii) rotating the sample to find the best balance among
factors [107]. The KMO was 0.642, Barlett’s test had a p-value < 0.001, and the MSA test indicated that
almost 70% of the variables had values higher than 0.50, as required by [107].

The varimax orthogonal rotation [107] with five factors provided the most balanced factor loading
for the PCA. We followed an iterative process, taking into account the eigenvalues, which should be
higher than 1.0, and the percentage of explained variance, which should be greater than 60% of the
total variance [107]. Table 4 shows the entire set of PCA results (varimax, converged in nine iterations).

Analyzing Table 4, the competitiveness variables [CUST_SATISF], [PROF_REINV],
and [LABOR_ABSENT] were excluded as the loading factors are less than 0.5 (weak-loading) or
load in more than one factor (difference less than 0.2, cross-loading). A new test without the three
variables showed low load factors for [IWORK_CAP], [WARR_CONTR], and [ORDER_RELIAB],
which were also excluded. Table 5 shows the final result of the PCA. No further exclusion was required
as all commonalities remain higher than 0.500. Table 5 shows the model without the variables excluded.
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Table 4. Rotated factor-loading matrix for competitiveness model.

Factor Loadings

Compe.titiveness Factor 1: Factor 2: Factor 3: Factor 4: Factor 5:
Variables Product Productivity on Internal Customer Market Communalities
Performance the Shop Floor Aspects Satisfaction  Orientation
[ACT_CUST] 0.803 0.004 0.158 0.083 0.166 0.032
[LOY_CUST] 0.705 0.133 —0.144 0.323 0.124 0.013
[QUAL_CONTR] 0.692 0.090 0.161 -0.067 —-0.143 0.275
[MACH_AVAIL] 0.106 0.804 -0.141 0.181 0.002 —-0.050
[PROD_CAP] —-0.065 0.763 0.158 0.066 0.210 0.178
[LABOR_PRODUCT] 0.385 0.644 0.244 —-0.050 0.089 0.009
[RAW_COST] 0.070 0.053 0.873 -0.101 —-0.054 -0.128
[PPE_USAGE] 0.163 0.066 0.665 0.430 0.197 0.010
[WORK_CAP] 0.159 0.090 0.481 0.651 0.049 —-0.149
[WARR_CONTR] —-0.012 0.151 -0.014 0.741 -0.005 0.101
[CUST_COMPL] 0.271 0.069 —-0.054 0.477 0.531 0.124
[STRAT_PRIC] 0.009 0.075 0.097 -0.003 0.809 0.102
[SALES_RES] -0.225 0.369 0.403 0.217 -0.134 0.538
[ATTRAC_CUST] 0.337 -0.016 —-0.186 0.338 -0.092 0.653
[ORDER_RELIAB] 0.138 0.033 -0.131 -0.179 0.236 0.630
[CUST_SATISF] * 0.481 0.105 0.366 —-0.143 0.464 0.146
[PROF_REINV] * 0.175 -0.237 0.388 0.341 0.117 0.393
[LABOR_ABSENT] * 0.033 0.479 -0.117 0.111 0.555 -0.192
Eigenvalue 3.473 1.710 1.509 1.228 1.128
% of variance 26.71% 39.86% 51.47% 60.91% 69.59%

explained (cumulative)

Note: * excluded variables.

Table 5. Model without the excluded variables.

Factor Loadings

Compe'htlveness Factor 1: Factor 2: Factor 3: Factor 4: Factor 5:
Variables Product Productivity on Internal Customer Market Communalities
Performance the Shop Floor Aspects Satisfaction  Orientation
[ACT_CUST] 0.803 0.002 0.202 0.241 -0.029 0.744
[LOY_CUST] 0.674 0.205 —-0.206 0.334 0.024 0.651
[QUAL_CONTR] 0.765 0.078 0.152 -0.163 0.097 0.651
[MACH_AVAIL] 0.098 0.865 —0.146 0.039 -0.027 0.781
[PROD_CAP] —-0.063 0.803 0.130 0.205 0.138 0.727
[LABOR_PRODUCT] 0.357 0.599 0.270 0.043 0.102 0.571
[RAW_COST] 0.071 0.053 0.892 -0.114 -0.076 0.823
[PPE_USAGE] 0.172 0.059 0.676 0.413 0.238 0.717
[STRAT_PRIC] -0.001 0.168 0.116 0.704 -0.200 0.577
[CUST_COMPL] 0.207 0.056 —-0.082 0.753 0.280 0.698
[ATTRAC_CUST] 0.432 -0.083 —-0.291 0.075 0.712 0.791
[SALES_RES] -0.167 0.278 0.300 -0.019 0.810 0.852
Eigenvalue 3.103 1.707 1.461 1.211 1.100

% of variance

. . 25.861% 40.082% 52.257% 62.352% 71.518%
explained (cumulative)

Thurstone’s method supported by SPSS 18 software produced the factorial scores for the
five constructs: (i) product performance—[ACT_CUST], [LOY_CUST], and [QUAL_CONTR]
related to customer and product monitoring and control; (ii) productivity—[MACH_AVAIL],
[PROD_CAP], and [LABOR_PRODUCT] related to the production on the shop floor; (iii) internal
aspects—[RAW_COST] and [PPE_USAGE] related to aspects which directly affect the employees
and their work; (iv) customer satisfaction—[STRAT_PRIC] and [CUST_COMPL] related to
indicators that measure the customer satisfaction and strategies to satisfy them; and (v) market
orientation—[ATTRAC_CUST] and [SALES_RES] related to metrics that analyze the market state
and how to achieve new customers. This last factor meets two issues present in the study of [109]
about Brazil’s innovation: market orientation and technology acquisition. Two sets arise—competitive
constructs (1 to 5) and innovation variables (6 to 12)—Table 6 shows descriptive statistics analysis and
correlations among them.
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Table 6. Correlation matrix and descriptive analysis.
Mean S.D. Skew-Ness Kurto-Sis 1 2 3 4 5 6 7 8 9 10 11 12

1 Product 3881  0.653 —0.362 —0.337 -

performance
2 _ Produdtivityon 5915 063 0169 -0366 0268 -

Competitive shop floor

3 Constructs  Internal aspects 4239 0714 -0.773 0.196 0.22 021 -
4 Customer 3903 0.629 —0.327 0.295 0.309*  0277* 0.19 -

satisfaction
5 Market orientation 4321  0.601 -0.992 1.173 0.22 0.20 0.11 0.14 -
6 [MARKET_NEEDS] 4.254  0.636 —0.268 0615  0.281* 0.03 0.20 0271*  0.359 * -
7 [TRENDS_TECH]  3.657  0.946 0.084 -1.019 020  0431*  0.10 020  0450** 0.348** -
8 . ) [PART_COOP] 3672 0.877 —0.824 1.277 0248*  0267*  0.260* 017  0404* 0315* 0.373* -

—_— nnovation

9 Variables [INNOV_IDEAS]  3.806  0.973 -0.409 -0.770  0368* 021 0.286 * 0.18  0536* 0.399*  0437*  0.492* -
10 [INNOV_PRACT] 3.821 0952 —0.280 —0.895  0404* 023 0242*  0287* 0367* 0426* 0435* 0.545*  0.665* -
11 [ADAPT_FLEX] 3.806  0.839 —0.408 —-0.250  0.298*  0301* 0331* 0337* 0321* 021 0.335*  0.283* 0.399*  0.487** -
12 [CUST_SUPPL] 3612 1.044 —0.472 -0.316 0.12 0.247 * 0.02 0.06  0431* 022 0.262* 0.17 0.24 0.19 0.293 * -

Note: **p <0.01; *p < 0.05.
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3. Results

We used ordinary least square (OLS) regression in SPSS 20% software to understand innovative
procedures’ influence on competitiveness constructs. OLS regression should be used only if
some standard requirements are achieved, such as normality, linearity, and homoscedasticity [107].
The skewness and kurtosis values reported in Table 6 suggest that the variables can be assumed as
normally distributed since they are between the threshold of +2.58, represented in z-distribution as
o =0.01 [107]. We also analyzed collinearity by plotting the partial regressions for the independent
variables, while homoscedasticity was visually examined in plots of standardized residuals against
predicted value. The dataset meets these requirements. To verify multicollinearity, we calculate the
variance inflation factor (VIF). As all VIF < 3.0 (below the threshold VIF = 10.0), multicollinearity is not
a concern in the regression model [107]. We performed five independent regression models, one for
each of the competitiveness constructs. Table 7 shows the results.

Table 7. Results of the regression analysis.

Competitiveness Constructs

Innovation
Variables (i) Product (ii) Productivity on (iii) Internal (iv) Customer (v) Market
Performance the Shop Floor Aspects Satisfaction Orientation
[TRENDS_TECH] -0.035 0.376 *** —0.109 0.040 0.181
[ADAPT_FLEX] 0.128 0.151 0.307 ** 0.283 ** 0.049
[INNOV_IDEAS] 0.148 -0.040 0.173 -0.097 0.360 **
[CUST_SUPPL] -0.013 0.131 -0.114 -0.082 0.264 **
[PART_COOP] 0.003 0.139 0.162 0.014 0.150
[INNOV_PRACT] 0.207 0.005 —-0.091 0.118 -0.149
[MARKET_NEEDS] 0.121 -0.192 0.117 0.200 0.101
F-value 2.139* 3.026 ** 1.854 * 1.749 ** 6.760 ***
R? 0.202 0.264 0.180 0.172 0.445
Adjusted R? 0.108 0.177 0.083 0.074 0.379

Notes: n = 67 enterprises.; * p < 0.1; ** p < 0.05; ** p < 0.01.

Models (i) and (iii) were significant at p < 0.1, Models (ii) and (iv) were significant at p < 0.05,
and Model (v) was significant at p < 0.01. As the regressions explain the relationships between the
variables and do not aim to perform a prediction model, low R-squares, and adjusted R-squares are
less relevant [110].

The results allow the conclusion that Model (i), Product performance, does not show significant
positive or negative effects of the innovative variables. Model (ii), Productivity on the shop floor,
presents only one significant, positive effect (3 = 0.376, p = 0.006)—monitoring of new trends and
technologies [TRENDS_TECH]. Model (iii), Internal aspects, presents only one significant, positive
effect (3 = 0.307, p = 0.033)—production adaptability and flexibility [ADAPT_FLEX]. Model (iv),
Customer satisfaction, has only one significant, positive effect (3 = 0.283, p = 0.049)—production
adaptability and flexibility [ADAPT_FLEX]. Finally, Model (v), Market orientation, has two significant,
positive effects—estimulate the employees’ ideas [[INNOV_IDEAS] ( = 0.360, p = 0.011) and manage
the supply chain [CUST_SUPPL] (3 = 0.264, p = 0.014). Therefore, all the models are significant and
present at least one positive effect.

4. Discussion

Seven variables related to innovation processes ([MARKET_NEEDS], [TRENDS_TECH],
[PART_COOP], [INNOV_IDEAS], [INNOV_PRACT], [ADAPT_FLEX], [CUST_SUPPL]) were analyzed.
Several studies retrieved in Table 2 defend multiple approaches to innovation and report positive results
of applications. Further studies also present positive results from the innovation process in human
resources management [14], in solving recurring customer problems [111], in improving manufacturing
process and service [112], in technology policy development [113], and environmental policies and
1SO14001 implementation [114]. The authors of [115], based on [116,117], argue that the innovation
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process should be treated by holistic approaches, not a new product or process development. According
to [118], it is important to implement innovation processes to measure shop floor performance indicators
to ensure a competitive advantage. Moreover, ref. [119] emphasize that measurement allows fostering
useful new ideas. Thus, ref. [113] concludes that incorporating different innovation variables increases
the companies’ competitiveness, which is a positive impact. Table 8 compares the reports of the studies
of Table 1 with the findings of this study.

Table 8. Comparison with other studies.

Correlated Studies This Study
Author Innovation Variable . .

Positive Impacts Negative Positive Impacts Negative
Impacts Impacts

[57] [MARKET_NEEDS] Competitive advantage - No significant results -

[17] [TRENDS_TECH] Company performance - Productivity -

[85] [PART_COOP] Prod}lct and. - No significant results -

process innovation
[88] [INNOV_IDEAS] _ Improve - Market orientation -
organizational performance
[113] [INNOV_PRACT] Company competitiveness - No significant results -
Internal aspects
[112] [ADAPT_FLEX] Company performance - Customer satisfaction -
[111] [CUST/SUPPLIERS] Company performance - Market orientation -

This study reports that some innovation variables have no significant impact on most
competitiveness variables. A possible cause is that, in the sample, immediate requirements rather than
business opportunities drive most entrepreneurial efforts, i.e., business decisions are mostly reactive.

Additionally, the literature says [57] that new product developments can provide a competitive
edge to companies since new or improved products do not face immediate competition. Our study
pointed out that introducing new products may not bring any positive impact even if free from
competition. A presumable cause may be that customers may hardly see value in something they do
not demand. Therefore, the lack of market demand may be the main obstacle to innovation in general.
In their study, the authors of [17] show that marketing actions may be important for companies to help
buyers understand and appreciate offers based on technological innovation. The sampled companies
simply react to market needs by improving the manufacturing process. For [85], cooperative networks
can generate positive impacts, mostly regarding new market opportunities. Due to the observed
reactive managerial culture, this is not true in the sampled companies. To [88], the brainstorming
practices may generate positive impacts if abstract ideas are considered in the early-stage, not yet
fine-tuned, which differs from the practice in the sampled companies that recognize only marketing
effects. In their research, the authors of [113] conclude that encouraging constant innovation variables
within organizations is a competitive differential, which was not possible to prove in our study. In their
study [112], the authors documented that an organization’s adaptability and flexibility can positively
reflect the company’s performance. This study shows that this performance improvement can be both
internal and external for consumer satisfaction. Finally, ref. [111] conclude that the organizational
culture of innovation support improves inter-departmental coordination by unveiling innovation
opportunities. Therefore, the company may perceive positive impacts on shop floor productivity and
customer satisfaction.

According to [119], the culture of the dynamics of open innovation is cyclical and follows a
quadruple helix, composed of actors from industry, government, society, and university. The results
presented in Table 8 show exactly open innovation variables that are directly related to one or more
agents of the micro and macro dynamics of the quadruple helix. Table 9 below shows how each
innovation variable relates to the quadruple helix.
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Table 9. Relationship of open innovation variables with quadruple helices.

Open Innovation Variables Quadruple Helix
[MARKET_NEEDS] Society
[TRENDS_TECH] Industry, Government, and Society
[PART_COOP] Industry and Government
[INNOV_IDEAS] Industry and University
[INNOV_PRACT] Industry and University
[ADAPT_FLEX] Industry and University
[CUST/SUPPLIERS] University

Table 9 shows that the open innovation variables studied in this paper have a relationship with
the quadruple helix. This shows the great importance of companies to approach the university,
to help develop new ideas, new technologies, and adapt to new realities. It also shows that society
and government have important roles as new trends, new needs, or new legal requirements and
requirements emerge from them. Finally, the industry itself can be more collaborative to accelerate the
development of new technologies.

Finally, comparing our results with the literature, it is possible to observe that innovation may or
may not generate positive impacts. Therefore, ill-defined innovation processes may cause losses or
unexpected undesired results. This can occur because most related studies present empirical results
and are not based on qualitative data, which does not allow for statistical analysis. Thus, the results
are based on each author’s specific knowledge and are not subject to statistical proof. Empirical
conclusions can generate unexpected results, and which can lead to unexpected expenses or costs.
Our results suggest that any innovation action can be previously studied, and the results can be
predicted, avoiding negative impacts.

5. Conclusions

7

This paper’s main contribution was that open innovation variables influence SMEs
competitiveness, and there is no viability to implement innovation in the industry without a study or
without analyzing the impacts on competitiveness. Our models indicated the innovation activities
that have the greatest influence on the constructs of competitiveness. It can also be highlighted that
an innovation variable may influence more than one competitiveness construct, which differs from
other studies. Theoretically, this paper’s results can serve as a basis for other studies since it shows
empirical evidence of innovation’s impacts on SMEs’ competitiveness. This study can be replicated in
other sectors of the industry, as well as in other countries.

Therefore, it is necessary to analyze the context in which each SME is inserted since there is no
way to implement innovation in the industry without a study or without analyzing the impacts on
competitiveness. Our models have indicated that competitiveness variables mostly influenced by
the innovation activities are the internal aspects and market orientation, and the less influenced is
customer/product monitoring. It can also be highlighted that an innovation variable may influence
more than one competitiveness construct, which differs from other studies.

This answers the question (i) raised in the introduction: Can the impacts of innovation activities
on competitiveness be predicted before implementation? It is evident that all the innovation processes
presented in this paper positively impact some competitiveness construct but, in some cases, bring no
relevant impacts. This shows that it is possible to anticipate the effects of implementing some kind of
innovation before starting to practice. With this, all impacts can be evaluated in advance so that only
positive impacts can be sought and attempts to neutralize or at least prepare for negative impacts in
another area. Additionally, the question (ii) Can the innovation activities be controlled and managed based
on quantitative analysis? SMEs can use these results in the elaboration of new strategies that aim at
increasing their performance since it presents evidence that indicates which variables of innovation
could be utilized to achieve some competitiveness index.
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On the other hand, it shows that before implementing some innovation procedure, it is necessary
to conduct an evaluation to avoid or minimize negative impacts as well as jeopardizing expected
positive results. The results can also help minimize costs since it shows that it is possible to predict the
impact of the results and whether it will deliver good results for SMEs. Finally, policymakers should
not consider innovation procedures as absolutely safe from shortages. The results state that some
procedures could even generate competitive withdrawal.

This study has limitations. It was carried out only with SMEs from the food and beverage, metal,
furniture, textiles, machinery, and equipment sectors in an emerging country, but the study can be
extended to other sectors and to other countries to compare results. However, this may not be reflective
of all SMEs because we indicate how innovation is seen and how it should be addressed, and this can
serve as a basis for studies to be conducted in other emerging countries, showing the importance of
studying the impacts of any innovation activity before implementing the changes. Studies can also be
conducted with large companies to compare whether micro and small businesses can be compared to
large firms. This study can help SME managers to improve their decision-making processes concerning
innovation and competitiveness. Furthermore, this paper was limited to the perceptions of importance
given by SMEs’ managers to innovative procedures. Further studies should consider the managers’
frequency of each of the innovative procedures to capture each SMEs’ real scenario and help them to
reach the correct innovation management.
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