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Abstract: The purpose of this study was to analyze the effect of environmental training on the
relationship between environmental strategic planning and personnel controls in radical environmental
innovation. To collect the data, we designed a questionnaire for companies in the Brazil Stock Exchange
(B3-Brazil, Bolsa, and Balcão). Data from 150 companies were analyzed using structural equation
modeling and fuzzy-set qualitative comparative analysis (FsQCA). The results show that environmental
strategic planning and personnel controls affect radical environmental innovation. The findings also
show that environmental training impacts the relationship between environmental strategic planning
and personnel controls in radical environmental innovation. The asymmetric approach reinforces
this evidence and suggests that environmental training is a central element that leads to high radical
environmental innovation. The study contributes to the literature by showing that environmental
training assists in the management of radical environmental innovation by aligning individual and
organizational objectives.

Keywords: radical environmental innovation; environmental strategic planning; personnel controls;
environmental training

1. Introduction

Environmental pollution causes destruction to the natural environment and damage to the
economy. Thus, improving performance and preserving the environment have become important
concerns for firms [1]. Radical environmental innovation (REI) makes it possible to correct more
serious environmental problems while simultaneously improving the productivity of companies and
is an efficient strategy for achieving good environmental and economic performance [2]. REI serves
to improve environmental performance and requires heterogeneous knowledge and high levels of
technology and organizational resources [1]. Moreover, REI is designed to improve products/processes/
services by reducing the consumption of natural resources, the emissions of greenhouse gases and/or
environmental impacts [3].

Previous studies have shown that REI requires disruptive forces and advanced methods [1].
The literature reveals that the strategy favors decision making about environmental innovation [4],
while management controls enable the effectiveness of innovative environmental objectives [5,6].
There is evidence of a positive relationship between strategic planning and personnel controls with
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environmental innovation [5,7]. Thus, companies with an alignment of management commitment,
strategic planning and proactive management actions can improve their environmental performance [8].
In addition, employee training with a specific focus on the environment makes it possible for employees
to understand, monitor and coordinate the achievement of pre-established environmental goals [3,9].
It is known that radically innovative products/processes/services presuppose profound cultural changes;
consequently, personnel controls and environmental training are important tools that allow for the
alignment of individual and organizational values [5,7].

The literature shows that strategic planning and personnel controls lead companies to develop
environmental innovation. In addition to environmental training, it is possible to align individual and
institutional objectives. However, little is known about the training effects on the relationship between
environmental strategic planning and personnel controls in REI. Therefore, there exists an opportunity
to see how the joint integration of these elements enables the execution of REI within companies. We
understand that this relationship enhances REI, as this type of innovation requires highly trained
personnel and a high level of organizational resources [3,10,11]. This presupposes the incorporation of
comprehensive information on environmental innovation in strategy [3] and personnel controls [8]
aimed at providing alignment between the individual and institutional objectives of REI. To explore
the existing gap in REI, the present study aims to analyze the effect of environmental training on the
relationship between environmental strategic planning and personnel controls in radical environmental
innovation. For this study, data from 150 companies listed in the Brazil Stock Exchange (B3) were
analyzed using structural equation modeling and fuzzy-set qualitative comparative analysis (FsQCA).

Our study contributes to the existing literature by analyzing the interactions among strategic
planning, personnel controls and environmental training in REI. This study generates new insights into
the factors that influence the performance of REI in large companies, showing that there are multiple
factors, such as environmental strategic planning, personnel controls and environmental training, that
contribute to improving REI. Thus, the study advances the extant knowledge by analyzing the interaction
between strategic planning and personnel control, with a focus on environmental issues. Through the
FsQCA approach, we show that environmental training is a central element for organizations that seek
constant innovation in ecologically sustainable products and services. In practice, the study contributes
to the work of managers by showing that the use of strategic environmental planning and personnel
controls is associated with REI for products and work practices. This study demonstrates the relevance
of environmental training for aligning individual and institutional objectives. In addition to revealing
that REI requires greater resource effort and greater knowledge, the results obtained apply to the
long term.

The study is structured as follows. Section 2 discusses the background and hypothesis formulation.
Section 3 outlines the materials and methods employed in the study. Sections 4 and 5 present the
analysis and discussion, respectively. Section 6 presents the conclusions.

2. Background and Hypothesis Development

2.1. Environmental Strategic Planning, Personnel Controls and Radical Environmental Innovation

Environmental innovation (AI) refers to improvements in the products, processes and services that
lead companies to achieve increased environmental performance—for example, material and energy
savings, pollution control and prevention, waste management, recycling and ecological design [3].
AI can be incremental, radical and ambidextrous. Incremental innovation is characterized by small
improvements that use existing technologies and target existing markets [12]. Radical innovation refers
to fundamental or revolutionary changes in existing products, services or processes that use advanced
environmental technology [13]. Ambidextrous innovation, conversely, occurs when incremental and
radical innovation coexist in the company and demands broader organizational resources, operational
and strategic controls, and holistic and dynamic management capacity; these results apply in both the
short term and the long term. Therefore, dynamic tension must be considered by managers so that the
company can achieve its operational and strategic objectives for environmental innovation [14,15].
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We argue that studies on REI should be expanded, as this type of environmental innovation
leads to greater organizational changes [16]. This innovation involves the use of a high level of
resources [3,10,11], the development of innovative technologies or the reconfiguration of services and
production systems [12], as well as heterogeneous knowledge [1].

Studies show that the alignment between strategy [3], controls and knowledge [8] assists
companies in making profound organizational changes that make it possible to achieve REI and
superior performance. This is because the proactive environmental strategies (e.g., strategic planning)
considered in the REI process improve the environmental and financial results [8] and generate
added value for products and markets [4]. For example, feedback and measurement systems can
protect innovation by attracting attention, stimulating actions toward specific projects and generating
responsibility in the use of the resources invested in projects [17]. Therefore, it is understood that
environmental strategic planning is a factor that influences corporate environmental responsiveness
because it is a proactive strategy with dynamic capability and is dependent on specific and identifiable
processes [8]. Companies that have successfully aligned their management commitment, strategic
planning and proactivity report better environmental and financial results [8]. In view of this evidence,
the following research hypothesis emerges:

Hypothesis 1 (H1): Environmental strategic planning positively affects radical environmental innovation.

In addition to the implementation of environmental strategic planning, the adoption of formal
compliance policies and procedures is necessary to ensure appropriate employee behaviors [5].
To manage this system, companies can use personnel controls with appropriate employee selection,
training and development approaches aimed at directing employee behaviors [5,18]. In this case,
personnel controls can assist in the selection of employees who have adapted to the REI process.
Personnel controls can be aimed at supporting REI by hiring committed employees with specific
knowledge [10,11].

It is expected that the personnel controls related to the selection, training and development of
employees may be strongly associated with REI. This is because the intensification of these controls
can produce congruence and synergy for companies’ radical innovations. Since REI requires highly
qualified personnel to develop innovative technologies or reconfigure production service systems [12],
we hope that companies that emphasize the use of personnel controls will have a greater number of
adapted employees to implement these innovations. Studies show that personnel controls that include
processes to involve, influence, motivate and inspire employees can positively affect commitment [19]
and consequently innovation [20]. With this evidence in mind, we propose that the adoption of
personnel controls positively affects REI. Thus, the second research hypothesis emerges:

Hypothesis 2 (H2): Personnel controls positively affect radical environmental innovation.

2.2. Environmental Training

REI demands specific knowledge; therefore, environmental training creates new knowledge
and skills that stimulate the absorptive capacity for innovation [21]. Thus, environmental training
becomes a critical tool that allows employees to adopt new perspectives, skills and attitudes [3]. As a
consequence, it allows them to understand, monitor and coordinate the achievement of pre-established
environmental goals [9] and environmental strategies [3]. The literature also reveals that environmental
training allows for the alignment of personnel controls (recruitment, selection and hiring) with REI.
This alignment is because the training and development of employees can be an important factor in
achieving congruence between individual and organizational values [5]. These values can be decisive
for personnel controls and companies’ strategies that promote radical environmental innovation.
As a result, environmental training is related to personnel controls, strategic environmental planning
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and REI, as it allows for the alignment of employee and company values and strategies to promote
innovation. Based on this line of reasoning, the following research hypotheses are indicated:

Hypothesis 3a (H3a): Environmental training positively affects the relationship between strategic planning
and radical environmental innovation;

Hypothesis 3b (H3b): Environmental training positively affects the relationship between personnel controls
and radical environmental innovation.

2.3. Radical Environmental Innovation and Economic Performance

The relationship between REIs can be positive, negative or uncertain [22–26]; specifically, it can
have negative effects depending on the context [27–29], which can be explained by the fact that REI
is a highly expensive process with high degrees of uncertainty [30,31] and risk [31]. Due to its high
cost and risk [30,31], it is considered that REI’s return is generally long term [32,33]. We argue in this
study that the effect of REI on short-term economic performance is negative, and the fourth research
hypothesis emerges:

Hypothesis 4 (H4): Radical environmental innovation negatively affects economic performance.

Our underlying conceptual research model and its associated hypotheses are summarized in
Figure 1.
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Figure 1. Theoretical research model.

3. Materials and Methods

3.1. Sample and Data Collection

The research population consists of 423 publicly traded companies listed in the stock exchange
(B3-Brazil, Bolsa, and Balcão). As the research aims to understand how large companies adopt
environmental strategic planning and personnel controls to achieve REI, it was necessary to interview
senior managers who were directly involved with these issues (e.g., CEOs, CFOs, controllers or other
Top management team-TMT). The selection of large companies leads to the greater probability that
duly formalized management systems are present [34].

A questionnaire based on the literature was designed for the data collection. The questions related to
environmental strategic planning were based on the study by [8] and further tested by [4]. The personnel
control items were captured from the study of [5] and from the environmental training in the research
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of [9] and [3]. The REI items were based on studies by [14,15,35,36] and economic performance studies
by [4,37]. Additional questions were asked to capture demographic variables, gender, age, tenure and
size [9]. Before the data collection, pretests were conducted with four academics with experience in the
field. The comments received were related to the verification of the understanding of the items, extent
and response time.

The questionnaire data collection was carried out by a company specialized in marketing and
academic research from April to May 2020. For the data collection, the contractor followed the
recommendations of [38]. First, an initial contact was made with the senior executives of the companies
via telephone. In this stage, the manager’s participation in the research was requested. Those who
agreed to participate received a letter of introduction and a link to access the questionnaire. A second
request was made five days later, and a third request was made 10 days after the first contact.
Overall, 150 valid questionnaires were obtained, representing a response rate of approximately 35.5%.
This response rate is representative and comparable to the response rates indicated in the literature
e.g., [9,15,24]. The data regarding economic performance were collected from the Economatica database
(https://economatica.com). Through this database, it was possible to obtain consolidated economic and
financial data from companies registered with B3. The companies’ economic data were collected from
the financial reports for the period from April to June 2020.

3.2. Measurement of Key Variables

3.2.1. Environmental Strategic Planning

This construct evaluated how much managers agreed with statements that captured the use of
planning for environmental strategy. It was composed of three questions and was based on the work
of [4,8] and aimed at identifying whether (i) environmental issues were explicitly considered within
the company’s strategic planning process, (ii) environmental issues were addressed in the company’s
mission statement or the statement of business principles and (iii) the top management team makes
proactive forward-thinking decisions when environmental issues are considered within the strategic
planning process. A seven-point Likert scale was applied (1 = strongly disagree to 7 = strongly agree).

3.2.2. Personnel Controls

This construct captured managers’ perceptions of the use of personnel controls. It was composed of
five questions and was based on the study by [5] that evaluated the extent of use of personnel controls,
considering (i) the selection criteria according to the values and norms of the organization, (ii) efforts to
better establish a more suitable recruitment process, (iii) emphasis on hiring the most suitable candidates,
(iv) training and employee development activities, and (v) opportunities to expand their employees’
range of skills. A seven-point Likert scale was applied (1 = strongly disagree to 7 = strongly agree).

3.2.3. Environmental Training

This construct aimed to assess managers’ perceptions of environmental training. It was composed
of five questions and was based on the study by [9] that aimed to assess the degree of accomplishment
of (i) the environmental training of employees in a continuous and systematic way, (ii) the periodic
training of employees (persons not linked to the company but who can contribute in some way),
(iii) continuous environmental training with suppliers, (iv) environmental training with the local
community in a systematic and continuous manner (with events and instructional materials such as
booklets and web conferences), and (v) periodic activities to raise awareness of environmental issues.
A seven-point Likert scale was applied (1 = strongly disagree to 7 = strongly agree).

3.2.4. Radical Environmental Innovation

This construct aimed to assess the perception of managers in relation to the capacity of companies
to radically innovate on environmental issues. It was composed of four questions and was adapted to

https://economatica.com
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the study by [15,39] and identified whether the organization (i) systematically innovates work practices
to generate environmental benefits, (ii) has launched new products/services during the last three years
to generate environmental benefits, (iii) uses services from companies specialized in environmental
innovation (e.g., consultancy companies), and (iv) has a partnership with suppliers, customers or
competitors to develop environmental innovation. A seven-point Likert scale was applied (1 = strongly
disagree to 7 = strongly agree).

3.2.5. Economic Performance

This construct is composed of the consolidated financial data from April to June of 2020 of the
companies investigated. Based on the literature, the Return on assets (ROA), Return on equity (ROE)
and Return on investment (ROI) were considered proxies for economic performance, e.g., [4,37].

3.2.6. Control Variables

It is expected that the characteristics of managers influence their organizations’ ability to innovate
as well as their organizations’ economic performance. Based on the literature, we considered gender,
age, tenure and size as control variables [9,15].

3.3. Data Analysis

For an analysis of the data, we used structural equation modeling (SEM) based on partial least squares.
The SEM approach follows the steps of validating the measurement model using the PLS algorithm
technique and applying the structural model using bootstrapping and blindfolding techniques [40].
This choice of technique is justified because it is widely used in studies in management [15,41] and
environmental accounting [4]. In addition, the technique is adequate to meet the research objectives and
evaluate the study’s hypotheses. This approach does not require normal data, so it is a nonparametric
technique [40].

To understand the behavior of radical environmental innovation antecedents, we carried out a
complementary analysis based on an asymmetric approach [42]. In this step, the FsQCA technique
(fuzzy-set qualitative comparative analysis) was used, as it allows us to identify possible solutions that
lead to high-level outcomes [43]. For the execution of the FsQCA, it is first necessary to calibrate the
variables [43]. For the calibration process, the 10th percentile was considered non-membership, the
50th percentile was the crossover point, and the 90th percentile was full membership, as recommended
by [44]. The second stage involved the identification of necessary and sufficient conditions through the
truth table [43]. This combined approach of PLS and FsQCA has been recurrent in the literature [42,45]
and helps us better understand the findings [42].

4. Results

4.1. Measurement Model

In the measurement model, the reliability and validity of the constructs were evaluated [40].
The constructs show composite reliability (CR) greater than 0.70, so they are considered reliable.
For validity, the constructs present a stroke greater than 0.50, thus meeting the convergent validity
criterion. Items that present factorial loads below the 0.60 threshold are excluded (ESP1, PC1 and PC2)
because they impair validity and reliability [40]. In this way, the criteria of the measurement stage are
met. The results of the measurement model are described in Table 1.

In addition to constructs that meet the reliability and convergent validity criteria, as seen in
Table 1, it is also necessary to consider discriminant validity. We evaluated this using the criteria of
Fornell and Larcker and the heterotrait–monotrait (HTMT) ratio, as recommended by [40]. Table 2
presents the results of the discriminant validity evaluation.
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Table 1. Construct indicator and measurement model of the variables.

Constructs Item Theoretical Range Loading CR * AVE **

Environmental strategic
planning

ESP2 1–7 0.950
0.841 0.729ESP3 1–7 0.745

Personnel controls
PC2 1–7 0.769 0.837 0.631
PC3 1–7 0.851
PC4 1–7 0.761

ENVT1 1–7 0.699 0.912 0.677

Environmental training
ENVT2 1–7 0.810
ENVT3 1–7 0.894
ENVT4 1–7 0.875
ENVT5 1–7 0.821

Radical environmental
innovation

RENVIN1 1–7 0.765 0.847 0.582
RENVIN2 1–7 0.751
RENVIN3 1–7 0.698
RENVIN4 1–7 0.830

Economic performance
ROA 0.936 0.900 0.751
ROE 0.745
ROI 0.907

* CR = composite reliability ** AVE = average variance extracted.

Table 2. Construct correlations and square root of the average variance extracted and the heterotrait–
monotrait ratio.

1 2 3 4 5 6 7 8 9

1. Age - 0.045 0.148 0.332 0.081 0.105 0.027 0.071 0.446

2. Economic performance 0.020 0.867 0.097 0.106 0.080 0.150 0.071 0.083 0.055

3. Environmental training −0.139 0.083 0.823 0.080 0.283 0.810 0.094 0.190 0.130

4. Gender −0.332 0.098 0.066 - 0.046 0.082 0.046 0.141 0.101

5. Personnel controls 0.055 −0.008 0.224 0.032 0.795 0.291 0.147 0.067 0.116

6. Radical environmental innovation −0.041 0.121 0.685 −0.067 0.212 0.763 0.068 0.339 0.076

7. Size −0.027 0.064 0.026 −0.046 −0.125 0.058 - 0.173 0.014

8. Environmental strategic planning −0.067 −0.068 0.050 −0.131 −0.028 0.274 0.129 0.854 0.222

9. Tenure 0.446 −0.007 0.119 −0.101 0.100 −0.004 −0.014 −0.154 -

The diagonal of the correlation matrix reports the square root of the AVE. The other side reports the heterotrait–
monotrait ratios.

As seen in Table 2, the Fornell and Larcker criteria were met, showing that the constructs are
distinct from one another. In the same way, the HTMT ratio was below 0.85, thus complying with
discriminant validity. In addition, the possible biases that the sample could be subjected to were
tested. The first was the nonresponse bias, in which the first 10 respondents and last 10 respondents
were compared [46]. The t-tests demonstrated no significant mean differences, with the exception of
the environmental training variable. Similar results have been observed in related research [47,48].
The second test was for common method bias, in which the first factor of the explained total variance
(0.35) was less than 0.5 [9]. Thus, the model is free from these biases.

4.2. Structural Model

This step allows us to test the hypotheses in our model using a path diagram. We use nonparametric
bootstrapping techniques that consider 5000 subsamples with corrected and accelerated bias. Thus,
the results in Table 3 show the hypothesized relationships and other non-hypothesized associations
(control variables).
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Table 3. PLS structural model results.

Independent Variables
Dependent Variables

Radical Environmental Innovation Economic Performance

β (t-Stat.) β (t-Stat.)

Environmental strategic planning 0.229
(3.495) *** -

Personnel controls 0.145
(2.049) ** -

Environmental training 0.655
(10.088) *** -

Environmental strategic planning * Environmental training 0.145
(1.772) ** -

Personnel controls * Environmental training 0.213
(3.162) *** -

Radical environmental innovation - 0.130
(0.945)

Gender (male or female) −0.070
(1.174)

0.134
(1.708) **

Manager age (years) 0.092
(1.440) *

0.084
(1.312) *

Tenure (years) −0.112
(1.665) **

−0.029
(0.360)

Size (nº. of employees) 0.014
(0.373)

0.064
(1. 388) *

R2 0.595 0.035
Max. VIF 1.490 1.253

Standardized coefficients are presented. *** denote 1% significance level; ** and * denote 5% and 10% significance
levels (one-tailed when the coefficient sign is predicted, two-tailed otherwise), respectively. (-) = untested paths are
represented by blank cells.

The first hypothesis predicts that environmental strategic planning positively affects REI. The result
shows a positive and significant path coefficient (β = 0.229; p < 0.01), providing support for H1. The
second hypothesis predicts that personnel controls positively affect REI. The path coefficient provided
evidence to support this hypothesis (β = 0.145; p < 0.05).

We also tested the moderation effect of environmental training on the relationship between
environmental strategic planning and REI. The results show a positive and significant path coefficient
(β= 0.145; p < 0.05), providing support for H3a. For H3b, we tested the moderation effect of environmental
training on the relationship between personnel controls and REI. The result demonstrates a positive
and significant path coefficient (β= 0.213; p < 0.01), supporting H3b. The interaction analysis is best
illustrated in Figure 2.
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Figure 2. Effect of the interaction between environmental strategic planning (ESP) and environmental
training (ENVT), and the interaction effect of personnel controls (PC) and environmental training.
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It is possible to see that in high environmental training scenarios, the effect of environmental
strategic planning on REI increases. Similarly, the more training increases, the stronger the influence of
personnel controls on REI is.

For H4, we suggested that REI negatively affected economic performance. The results do not
support the expectation that a high level of REI negatively influences economic performance (β = 0.130;
p > 0.10). Interestingly, the path coefficient was positive but not significant, suggesting that short-term
REI does not result in significant economic performance. On the one hand, the control variables gender
and size positively affected economic performance, and manager age also positively affected economic
performance and REI. On the other hand, the manager’s experience seems to be negatively associated
with REI.

4.3. Fuzzy-Set Qualitative Comparative Analysis

As an additional analysis, we tested how the antecedents of REI behave via an asymmetric
approach, as suggested by [42]. For this analysis, we adopted the FsQCA technique to identify the
solutions that provide high REI. We consider a consistency threshold of 0.80 and observe sufficient
combinations, as shown in Table 4.

Table 4. Combinations leading to high radical environmental innovation (REI).

Solutions Personnel
Controls

Environmental
Strategic
Planning

Environmental
Training

Unique
Coverage

Raw
Coverage Consistency

1 • • 0.13 0.55 0.90
2 • • 0.11 0.53 0.92

Solution coverage 0.66

Solution consistency 0.89

•: Item taken into consideration.

The results indicate two possible intermediate solutions. The first solution suggests that the
combination of personnel controls and environmental training predicts high REI. This solution is shared
by 55% of respondents and has a consistency above the 0.80 threshold [43]. The second solution suggests
the combination of environmental strategic planning and environmental training in the forecasting of
high REI. This solution is shared by 53% of respondents and has a consistency of 0.92. In general, the
solution consistency was above 0.80, which suggests the consistency of the identified combinations.

5. Discussion

The empirical evidence from this research reveals that REI is carried out using systematic
innovation with continuous work practices and advanced technologies to launch new products and
services that generate environmental benefits [2,3]. This corroborates the findings of [49] in verifying
that in developing REI, companies are influenced by determining factors such as the government,
markets and the integration of resources. This is because they use the services of companies specialized
in environmental innovation and establish partnerships with their stakeholders (suppliers, customers
or competitors).

The results also reveal that strategic environmental planning by companies is strongly related to
REI [8]. Especially when environmental issues are explicitly considered in the company’s strategic
planning process, the top management team makes proactive and forward looking decisions. It is also
possible that companies that use personnel control mechanisms in the selection, hiring and development
of employees that end up supporting REI. These results show that similarly to innovation [20], personnel
controls can be important in REI.

Environmental training positively influenced the relationship between strategic planning and
personnel controls in REI. Previous studies have shown that training is important, as REI requires
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a high capacity to achieve the pre-established environmental goals [9]. Specifically, the surveyed
companies revealed that the training is carried out continuously and systematically for employees,
periodically for employees, continuously with suppliers, and continued with the local community.
This empirical evidence is consistent with previous findings in revealing the importance of personnel
controls and environmental training in the alignment of individual and institutional objectives [5,9].

The findings emphasize that periodically conducting awareness-raising activities for environmental
issues is crucial for companies that excel in environmental issues when they are creating new radically
innovative products and services. Thus, under a scenario of a high degree of environmental training,
both environmental strategic planning and personnel controls have a strong influence on REI. Therefore,
it is important that organizations consider these variables in a combined manner.

From the results of the complementary FsQCA analysis, two solutions were found to be equally
sufficient in predicting high REI. The findings of the combination of environmental strategic planning
and environmental training notes that the great concern of organizations in preserving the environment,
demonstrated through mission statements and business principles [4,8], increases REI. This is mainly
because, through environmental training, stakeholders are constantly aware of adhering to ecologically
sustainable actions. Similarly, the combination of personnel controls and REI reveals that organizations,
in addition to excelling in the careful selection of employees, offer constant training [18,19] to motivate
managers to adhere to the organization’s values, share the same interests that are inherent in ecological
issues, and consequently reach high levels of REI. Hence, the integration of environmental strategic
planning, personnel controls and environmental training plays a pivotal role within organizations that
seek to innovate their products and services without neglecting environmental issues.

Organizations that invest in REI can have their economic performance reduced. The resources
implemented to improve processes imply high risks and uncertainties, which in the short term, do
not necessarily reflect an improvement in organizational performance. However, greater cooperation
between actors in the value chain can mitigate these adverse effects in ways that together can develop
sustainable technologies that allow for the adherence to innovation and the minimization of costs.

The concern with environmental issues implies process improvements that demand high investments,
which in the long term can offer several benefits. For example, they can lead to competitive advantage
since demand for ecologically sustainable products is increasing [50–52]. Hence, organizations concerned
with sustainability can take advantage of the environmental innovation process. This is because these
investments aimed at improving products, services, training and development can put the organization
in a leadership position in the long term.

6. Conclusions

The purpose of this study is to analyze the effect of environmental training on the relationship
between environmental strategic planning and personnel controls in radical environmental innovation
for large companies. Data from 150 companies in the Brazil Stock Exchange (B3) were analyzed using
structural equation modeling and FsQCA.

The results show that environmental strategic planning and personnel controls affect REI. Thus,
inserting environmental issues into strategic planning helps achieve REI. Similarly, the results show
that the process of selecting and contracting personnel directed at REI is fundamental for achieving
environmental objectives. Environmental training impacts the relationship between environmental
strategic planning and personnel controls in REI. Environmental training increases the impact of
environmental strategic planning and personnel controls in REI, promoting individual and institutional
alignment regarding sustainability.

This study has several theoretical and practical implications for companies. First, it is understood
that there is are interactions among strategic planning, personnel controls and training in REI. It reveals
the concern of preserving the environment that is formally presented in the company’s strategy,
increasing REI mainly through environmental training, as employees are constantly aware of ecologically
sustainable actions. Similarly, the combination of personnel controls and REI reveals that organizations
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excel in the careful selection of employees, constant training and alignment of interests for ecological
issues. Therefore, the interactions among environmental strategic planning, personnel controls and
environmental training plays an important role for organizations in reaching REI in their products and
services. It is also worth highlighting the relevance of environmental training since it aligns individual
and organizational objectives and helps in achieving goals. Therefore, managers need to make greater
efforts in terms of resources and knowledge through training to achieve REI, and these results apply in
the long term.

Despite the robust results, this study is not without possible limitations. The results of the analysis
represent the managers’ perceptions regarding environmental strategic planning, personnel controls,
environmental training and REI and thus may contain some response bias. The financial data of the
companies used in the study were from a pandemic period (COVID-19); therefore, the results must
consider the possible effects caused by this event. Despite these limitations, the results of the study are an
important addition to the knowledge about the management of REI. For future research, we recommend
studies that consider other controls, such as results, action and culture, in addition to budgeting, the
planning process and mission statement, which may affect and provide broader empirical evidence
about REI. Additionally, future studies should consider artificial neural networks to complement SEM
analysis and verify which input is the most important in the model to predict the outcome.
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