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Abstract: This article investigates the importance of individual characteristics, including a proxy for testosterone 
levels (using the biological marker 2D:4D ratio as proxy), to explain students’ pro-environmental behavior. 
We employ machine learning modeling from artificial neural networks. We elaborate an environmental score 
based on 13 questions related to the environmental impact generated by the individuals. We analyzed which 
profile variables are most important to explain pro-environmental behavior. The results are in line with the 
literature, which proves the importance of the 2D:4D ratio as a predictor of pro-environmental behavior 
(testosterone levels), gender, and age. These results suggest evidence for elaborating public policies to 
preserve and reduce environmental degradation based on individuals’ characteristics and biological markers.
Keyword: ANN; digit ratio; pro-environmental behavior; consumption behavior.
Resumo: Este artigo investiga a importância das características individuais, incluindo uma proxy para 
os níveis de testosterona (usando a relação do marcador biológico 2D:4D como proxy), para explicar o 
comportamento pró-ambiental dos alunos. Empregamos modelagem de aprendizado de máquina a partir 
de redes neurais artificiais. Elaboramos uma pontuação ambiental baseada em 13 questões relacionadas ao 
impacto ambiental gerado pelos indivíduos. Analisamos quais variáveis   de perfil são mais importantes para 
explicar o comportamento pró-ambiental. Os resultados estão de acordo com a literatura, que comprova 
a importância da relação 2D:4D como preditor de comportamento pró-ambiental (níveis de testosterona), 
sexo e idade. Esses resultados sugerem evidências para a elaboração de políticas públicas de preservação e 
redução da degradação ambiental com base nas características dos indivíduos e nos marcadores biológicos.
Palavras-chave: ANN; razão de dígitos; comportamento pró-ambiental; comportamento de consumo.
Resumen: Este artículo investiga la importancia de las características individuales, incluido un indicador de 
los niveles de testosterona (utilizando el indicador biológico 2D:4D como indicador proxy), para explicar el 
comportamiento proambiental de los estudiantes. Empleamos modelos de aprendizaje automático a partir de 
redes neuronales artificiales. Elaboramos un puntaje ambiental basado en 13 preguntas relacionadas con el 
impacto ambiental generado por los individuos. Analizamos qué variables del perfil son más importantes para 
explicar comportamiento proambiental. Los resultados están en línea con la literatura, lo que demuestra la 
importancia de la relación 2D:4D como predictor del comportamiento proambiental (niveles de testosterona), 
género y edad. Estos resultados sugieren evidencia para la elaboración de políticas públicas para preservar 
y reducir la degradación ambiental basadas en las características individuales y los marcadores biológicos.
Palabras clave: ANN; ratio de dígitos; comportamiento proambiental; comportamiento de consumo.

1 INTRODUCTION

In recent years, concern about sustainability and environmental preservation has gained 
prominence in various sectors of society. Education, as a fundamental pillar for the formation of 
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conscious citizens, plays a crucial role in promoting pro-environmental attitudes and behaviors. 
In this context, the university environment emerges as a privileged space for the development 
of sustainable practices among young people and adults. This article aims to investigate the 
importance of individual characteristics, including a proxy for testosterone levels (using the 
2D:4D ratio as a biological marker), to explain the pro-environmental behavior of undergraduate 
students in the state of Mato Grosso do Sul.

Understanding the determinants of pro-environmental behavior among university students 
is essential, as they represent a significant portion of the young population and have the potential 
to influence positive changes in society. Furthermore, universities, as centers for the production 
and dissemination of knowledge, can play a central role in training leaders and professionals 
committed to sustainability.

Our article aims to provide empirical evidence on the strength of the association between 
digit ratio and pro-environmental behavior. Empirical evidence supporting such an association 
would provide additional support in the literature with a biological basis for preferences and 
attitudes. Since individuals’ behavior is a relevant variable to the theme of environmental 
sustainability, we analyzed a homogeneous group of 544 volunteers based on 13 variables on a 
Likert scale that make up the pro-environmental score.

This experiment aimed to measure individual characteristics and the influence of 
testosterone exposure (2D:4D ratio) concerning pro-environment behavior. The research included 
undergraduate students, and the sample consisted of 544 volunteers, 266 men, and 278 women. 
We used analysis based on Machine Learning modeling to present the estimated layers. We also 
analyzed the algorithms of Garson and Olden to investigate the importance of variables in the 
pro-environmental score.

To achieve this goal, we employ machine learning modeling using artificial neural networks 
(ANN). This innovative approach allowed the analysis of complex data and the identification of 
patterns that can explain the relationship between individual characteristics and pro-environmental 
behaviors. Through this methodology, we seek to offer a more in-depth understanding of the 
biological and psychological factors that influence the ecological attitudes of university students.

To achieve the objectives, this article was divided into this introduction, the next section 
that addresses the literature and main concepts, the methodology that defines the experimental 
design, the analysis of results and conclusions.

2 CONCEPTUAL DEVELOPMENT 

Experiments with individuals who relate environmental sustainability and human behavior 
are still scarce in the literature. Van Bellen (2004) conducted a study with professionals linked 
to the topic and identified the Ecological Footprint Method (EFM) as the most cited among a 
set of possibilities.

The ecological footprint measures the environmental impact of consumption, measuring 
the use of the planet’s natural resources to meet humanity’s consumption demand Scarpa and 
Soares (2012). The calculation considers the area’s measure, in global hectares that includes land 
and water, necessary to meet the consumption presented by man; the greenhouse gas emissions 
resulting from this; and air, water, and soil pollutants. The ecological footprint is not unanimous 
among those who work and debate sustainable development, identifying weak points that need 
improvement. 
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For Fiala (2008) there are many problems as a measure of sustainability, with the direct use 
of other measures being better than the footprint. Jóhannesson, Davidhsdottir and Heinonen  
(2018), in turn, in a more recent study, points out that there are distortions in footprint studies in 
economies of less than a million people, which is a problem for it to be considered as a universal 
metric. Yusliza et al. (2020) examined the role of environmental commitment, environmental 
awareness, green lifestyle, and green self-efficacy influence pro-environmental behavior using 
partial least squares (PLS) technique.

The results revealed that environmental commitment, environmental consciousness, green 
lifestyle, and green self-efficacy positively influenced pro-environmental behavior. Kollmuss 
and Agyeman (2002) State that the question of what shapes the pro-environmental behavior 
is so complex that it can not be viewed through a single structure or analysis diagram should 
incorporate new variables and the consumption and new biases. 

The ecological footprint and work of Yusliza et al. (2020) and Kollmuss and Agyeman 
(2002) does not assess cognitive and biological biases. The Hand (2020) survey proposed an 
environmental index measured through a list of 11 activities, adapted from the survey conducted 
by the UK Government’s Department for Environment, Food and Rural Affairs (DEFRA). The list 
contains nine items of pro-environmental behavior and two behaviors that waste resources. 

We propose 13 variables that measure consumption behaviors and attitudes for and against 
the environment to create an environmental score and measure the effects on these indicators.

2.1 Pro-Environmental Behavior and the 2D Ratio 4D

The behavior of individuals is one of the determinants of the planet’s environmental 
sustainability. The way people relate, how they interact with each other and how they seek to achieve 
their goals reflects their personalities. It impacts other human beings and their respective quality 
of life; on the greater or lesser efficiency in the use of existing resources, and on the environment 
in which they operate, with a greater or lesser impact in terms of environmental degradation.

The sustainable practices of individuals and societies are highlighted by World Commission 
on Environment and Development (WCED, 1987), and Hák et al. (2018), Todorov (2012) and 
Furtado (2018). These authors consider the responses that the subjects present to the interactions 
they establish with the environment in which they are inserted and imply minimal negative 
impacts as sustainable behavior.

The choices of individuals, according to the Expected Utility Theory (TUE), are not based only 
on rationality but also on behavioral biases Tversky and Kahneman (1991). Biases are a systematic 
tendency not to adopt a theoretically predominant form of rationality, distorting or limiting the 
ability to make rational decisions Sternberg (2010). Individuals know the probabilities of possible 
results to happen and calculate those that favor Tversky and Kahneman (1991). While rationality 
probably induces sustainable consumption, biases can lead to unsustainable consumption behavior, 
in which results tend to be more favorable individually, to the detriment of the collective.

Research in behavioral economics inserted the effects of testosterone exposure in the 
analysis using the biological marker ratio 2D:4D. They are applied in studies from the most diverse 
areas of knowledge, whose purposes are to establish relations of influence of exposure to the 
hormone on their study objects.

Manning et al. (1998), demonstrated the existence of a relationship between the ratio of 
the length of the index (2D) and ring (4D) fingers and the individual’s exposure to the hormone 
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testosterone during the period in which he remained in the uterus. Da Silva et al. (2020) and 
Rinella et al. (2019) present results of the importance of the 2D:4D ratio in risk behaviors by 
individuals in different situations. Constantino et al. (2018) present a broad description of 
studies developed using the 2D:4D ratio and demonstrate the feasibility of using the marker and 
established relationships and growing relevance and use in scientific research.

High prenatal exposure to testosterone, as indicated by a low proportion of the length 
of the second to fourth finger (2D:4D), is related to a more aggressive/hostile behavior of low 
2D:4D, especially in challenging situations. How much people are prone to having green behavior 
is determined by sociability and personality trait, that is, their profile.

Behavioral biases can be analyzed by gender, according to Hand (2020) research on gender 
and environmental concern reveals that women tend to have higher levels of environmental 
concern than men Davidson and Freudenburg (1996); Xiao and Hong (2018); Hunter, Hatch and 
Johnson (2004). Although several possible hypotheses have suggested explaining this difference, 
only one, the risk issues, has received consistent support Davis and Holt (1993b)3 and Friedl, 
Neyse and Schmidt (2018).

We investigate a non-linear relationship between pro-environmental behavior, individuals’ 
characteristics, and the 2D:4D ratio. As suggested by Hand (2020), we evaluated whether gender 
is essential in environmentally correct behavior based on a supervised neural network model.

3 MATERIALS AND METHODS

3.1 Experimental procedure and sample

The survey was conducted during the years 2018-2019. The sample consisted of 544 
volunteers, 266 men, and 278 women, students of the first, second, third, and fourth year of the 
undergraduate courses in the face-to-face modality. The volunteers were not evenly distributed 
in the analyzed rooms due to the very diversity of factors that influence students’ enrollment 
and permanence during the courses.

We took some measures to avoid impacts of variables that could disturb the development 
of the experiment. Our control measures follow Davis and Holt (1993a), with the instruments’ 
application during regular school hours. Therefore, close to their routine. We also ask participants 
to turn off any electronic device, such as cell phones, that could provide any external noise that 
could compromise the responses. We delivered instructions to each participant at the beginning, 
which were also read aloud.

Upon reading the instructions, the respondents signed Terms of Informed Consent (TCE), 
having the freedom to choose not to continue their participation if they disagreed. The study was 
approved by the Research Ethics Committee (CEP) of Universidade Católica Dom Bosco (UCDB), 
protocol number CAAE 66113617.8.0000.5162.

We collect data related to pro-environmental behavior using a questionnaire, which included 
thirteen questions and covers four dimensions: (i) transportation; (ii) water and electricity; (iii) 
attitude; and (iv) trend. We also collect data for the participant’s profile, with the variables year 
in course, course, race, sex, age, and professional experience. To collect the hands’ image, the 
camera of a smartphone model iPhone 6 Apple® was used, with a resolution of 3264 x 2448 pixels.

3 See also Grou and Tabak (2008) and Tabak and Fazio (2010).
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We use the images obtained from the left and right hands to measure the index (2D) and 
ring (4D) fingers of the respondents, with the indicators being divided by that of the ring fingers, 
thus obtaining the 2D:4D ratio. We use the Automatic 2.2 software to measure finger length and 
calculating ratios based on the images obtained.

3.2 Variables for the composition of the pro-environmental score

Table 1 presents the 13 variables that make up the dependent variable, and they were 
collected from the questionnaire developed, and their answers have a Likert scale.

Table 1 – Pro-environmental behavior variables
Variables Format Answer Scale

Type of Transportation You Use 1-5 Car to bicycle
Use of Bicycle 1-5 Never - Always
Bath Time (+ 15 minutes) 1-5 Always - Never
Car wash frequency 1-5 Always - Never
Air Conditioning Use 1-5 Always - Never
Web Payments 1-5 Never - Always
Garbage collection 1-5 Never - Always
Concern for the environment 1-5 Never - Always
Electric car (without ipva) 1-5 Disagree - Agree
Exit Paris Agreement 1-5 Agree - Disagree
Your level of pro-environmental behavior 1-5 None - Committed
Access to information 1-5 Never - Always
Family Orientation 1-5 Never - Always

Source: Elaborated by the authors.

Responses to pro-environmental behavior items have been recorded so that a higher 
number indicates that the activity described is performed more frequently. The original coding for 
hostile items to the environment has been maintained, so a high value indicates never performing 
this activity. We obtain a score for each respondent by adding their responses and dividing by 
the number of responses given. This provides an index of environmental behavior. The higher 
the value, the greater the involvement with pro-environmental behavior. 

We describe the data used to assess the effects or explain the pro-environmental score 
in Table 2.

3.3 Data

We present the descriptive statistics of the data in Table 2. The dependent variable is each 
individual’s environmental score according to their answers to the 13 questions listed in the 
questionnaire. The independent variables result from the 2D:4D ratio for both hands, age, and 
age squared to assess nonlinearity, length of experience in the labor market, gender, and civil 
status at the survey time.
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Table 2 – Descriptive statistics
Variables Mean Std Deviation Minimum Maximum

Dependent variable
Environmental score 3.1525 0.0144 1 5
Independent variables
Left hand digit ratio 0.9741 0.0018 0.81 1.13
Right hand digit ratio 0.9525 0.0017 0.82 1.10
Age 21.48 0.1743 17 50
Age2 478.05 9.5630 289 2500
Experience 2.4577 0.1617 0 34
Gender 0.4889 0.0214 0 1
Civil status 0.0827 0.0131 0 1

Source: Elaborated by the authors.

From the organization of the data, we elaborate the estimation of the model from artificial 
neural networks using the nnet, Venables and Ripley (2002) package, from the programming 
language R.

3.4 Modeling of Artificial Neural Networks (ANN)

We use Neural Network modeling to estimate the importance of variables. Weights in a 
neural network are similar to parameter coefficients in a regression model and help describe 
relationships between variables. Besides, estimating weights is advantageous because it makes 
neural networks very flexible to model non-linear functions with multiple interactions.

To estimate the Machine Learning model based on Neural Networks, we use the example 
of a neuron in Equation 1, where the inputs (x1, …, xi) are the explanatory variables in Table 2, 
the model calculates its corresponding weights (w1, …, wi), estimates a bias denoted by (b) and 
the activation function f estimates the output (environmental score) applying to the weighted 
sum of the inputs. The f(z) activation function, where z is Equation 1:

which results in (output layer), that is, an output neuron, where the final decision is made by 
the machine and returns the environmental output - score. 

To analyze each variable’s importance, we use the algorithm described in Garson (1991), 
which identifies the relative importance of the explanatory variables for a single response of 
variables in a supervised neural network, deconstructing the weights of the model.

Identifying all weighted connections between the nodes of interest might help assess an 
explanatory variable’s relative relevance (or strength of relationship). We identify all weights 
that connect the specific input node that passes through the response variable’s hidden layer. 
We repeat this for all other explanatory variables until we obtain a list of all weights specific to 
each input variable.

The steps to obtain the relative importance are:
1. The absolute value of the connection weight between an intermediate i neuron and an 

output neuron is increased by the absolute value of the connection weight between the same 
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neuron concealed and an input neuron for each intermediate i neuron. This calculation must be 
done for all j–nth neurons in the input layer. Then the product is obtained by:

2.  is divided by the total of all Pij for each input neuron to yield  (for each hidden 
neuron):

3. The values  are added to obtain  (for each input neuron):

4. We divide  by the sum of , and obtain the relative importance :

The Garson algorithm uses absolute values of the weights of the connections for calculating 
the variable’s contribution, not allowing an analysis of the direction of the changes that occurred 
in the output variable when there is a change in the input variables Garson (1991).

For the analysis of Olden, Joy and Death (2004), the algorithm evaluates the analysis of the 
connection weights of hidden inputs and raw hidden outputs in the neural network, different 
from the Garson approach, and for the author provides another methodology to quantify with 
precision the importance of the variable.

The architecture of a neural network model demonstrates how two or more inputs are 
transformed into an output. The transformation is given in the form of a learning algorithm. 

The algorithm follows the same steps as Garson but transforms equation (2) in a matrix 
form into:

The Garson (1991) and Olden (2004) algorithm are techniques widely used to interpret 
the importance of input neurons in artificial neural networks. They provide methods for 
decomposing the weights of a neural network, making it easier to understand how each input 
variable contributes to the output. These methods provide a systematic way to interpret neural 
networks, making them more transparent and allowing a deeper understanding of the individual 
contributions of input variables.

For more details, see Zhang et al. (2018). The two approaches for Neural Network present a 
single value that is obtained for each explanatory variable which specifies the model’s connection 
with the response variable. Machado (2018) used ANN for the recognition of behavioral patterns, 
which for the author is one of the essences of human behavior, and for that they collected 
information over time and transformed evident patterns into knowledge. The study revealed 
that with the evolution of information technology, able to collect much more information than 
we can understand naturally.
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4 RESULTS

The results of the experiment provide a comparison between which variables are essential 
to predict pro-environmental behaviors. The first step was the Machine Learning modeling from 
the Artificial Neural Networks (ANN) model with seven explanatory variables and one response 
variable, and the estimated model presents the ANN in Figure 1.

Figure 1 – Result of the Artificial Neural Network Model

Source: Elaborated by the authors.

The model presents the explanatory variables, the hidden layers, the B coefficients, and 
the estimated environmental score. From this appropriate model to calculate the importance 
of the variables, we used two methodologies to quantify the variables’ contributions in artificial 
neural networks.

The first algorithm we analyze is Garson’s, which makes a ranking of the most critical 
variables. The results are in Figure 2.

Figure 2 – Result of the Garson Analysis

Source: Elaborated by the authors.
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The 2D:4D ratio of the left hand is the best-ranked variable followed by age squared. 
The others remain very similar, and experience is the least important variable to explain pro-
environmental behavior. We find that the 2D:4D biological marker helps explain pro-environmental 
behavior. The less testosterone an individual, has, the more he cares about the environment. This 
result seems tobe in line with other studies in other areas that find that testosterone is related 
to greater risk-taking, for example. 

This result is essential to show that individual characteristics influence environmental 
decisions, and even older age can improve pro-environmental behavior. As volunteers have little 
experience because they have little time in the job market, this variable was of low importance 
within the group. We find that age and age squared are significant to explain pro-environment 
behavior and are positively correlated. This suggests that policies aimed at protecting the 
environment through investments in environmental education, for example, could focus on 
younger people.

The second algorithm we analyze is due to Olden, which starts from the same logic as 
Garson. However, it makes the construction of the model weights more flexible (Linnerud et al., 
2019).

Figure 3 – Result of the Olden Analysis

Source: Elaborated by the authors.

The 2D:4D ratio of the left hand and age squared remain the most important, along with 
gender and right hand. However, experience, civil status, and age were of negative importance. 
This result would be similar to having a negative coefficient in a regression, which suggests that 
age would have a negative effect on pro-environmental behavior. However, the effect of variable 
age squared is essential and positively influences this behavior, suggesting that older respondents 
are pro-environmental.

Both approaches showed similar results in the set of variables. Testosterone has an 
important role in the environmental behavioral context, age is fundamental, and gender also 
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matters when evaluating pro-environment decisions. The latter result is following Hand (2020) 
and Xiao and Hong (2018) about the importance of gender in behavioral studies using 2D:4D ratio. 
The results also corroborate with the use of the 2D:4D ratio in behavioral studies as advocates 
Manning et al. (1998) da Silva et al. (2020) Rinella et al. (2019) among others.

Using both approaches, we find that gender explains pro-environmental behavior, with 
men being more pro-environmental in our sample. This result suggests that public policies 
developed in order to reach specific groups may be more effective. For example, developing 
different campaigns involving different aspects in order to increase environmental awareness.

In our questionnaire, we explicitly ask if the person is interested in helping the environment. 
Most respondents answer yes (something expected). However, when answering the other 
questions, we find that they make a series of decisions that harm the environment and do not 
behave more consciously. Our results suggest that some individual characteristics are relevant 
to explain this more selfish behavior that is less concerned with environmental issues.

Several cognitive biases can explain these results. Some respondents may be prey to the 
status quo bias in which they have difficulty changing their present behavior (Linnerud et al., 
2019). Others may have hyperbolic discount rates and a great deal of concern for immediate 
pleasure and little concern for the future (present value bias)4. Others may incorrectly believe 
that their peers do not have pro-environmental behavior - they understand that the social norm 
would not worry about the environment (Bergquist, Nilsson and Schultz, 2019).

These cognitive biases can be countered with specific public policies that seek to remove 
these biases (or mitigate). For example, there is a need for campaigns explaining that there 
are people in that community who take pro-environmental actions that positively affect the 
environment.

5 CONCLUSIONS

This study sought to investigate the importance of individual characteristics, including a 
proxy for testosterone levels (using the 2D:4D ratio as a biological marker), to explain the pro-
environmental behavior of undergraduate students. Through the application of machine learning 
models, specifically artificial neural networks, it was possible to analyze complex data and identify 
relevant patterns that relate biological factors and ecological behaviors.

The results obtained indicate that individual characteristics play a significant role in shaping 
university students' pro-environmental attitudes and behaviors. In particular, the 2D:4D ratio, used 
as a proxy for testosterone levels, proved to be a relevant indicator, suggesting a link between 
biological factors and the predisposition to ecological actions.

The Artificial Neural Networks model collaborates with the discussion in the literature of 
non-linear predictive models for behaviors. Our results follow the literature, which shows the 
importance of the 2D:4D ratio as a predictor of pro-environmental behavior. It also corroborates 
with the studies that also present gender as relevant for analyzing behavior.

The use of behavioral insights could be useful to raise environmental awareness. For 
example, respondents may suffer from availability bias. Thus, if examples of the effects of human 
behavior on creating environmental problems are not available in their minds, they tend to ignore 
these effects. More research can be done by conducting experiments to test which campaigns 

4 See Wu et al. (2016) for a discussion on how present bias value is correlated to irrational behavior.
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could be most effective in making economic agents more pro-environment. Our results suggest 
that several characteristics – including biologic – are relevant and should be considered when 
designing public policies in this regard.

Our results show that young people do not yet have concerns about the environment 
and adopt harmful behaviors to the environment. Therefore, it is essential to implement public 
policies that raise environmental awareness. The focus on the younger audience seems to be 
crucial to increase the effectiveness of these policies.

Finally, this study paves the way for future research that can further explore the relationship 
between biological, psychological and behavioral factors in the context of sustainability. Continuing 
this line of investigation can provide an even deeper understanding and contribute to the 
construction of a more sustainable future.

REFERENCES

BERGQUIST, M.; NILSSON, A.; SCHULTZ, W. P. A meta-analysis of fieldexperiments using social norms to 
promote pro-environmental behaviors. Global Environmental Change, [s.l.], v. 59, 101941, 2019. Doi:  
https://doi.org/10.1016/j.gloenvcha.2019.101941

CONSTANTINO, M.; GARCIA, R.; MENDES, D.; SANTOS, F.; SILVA, E. Economia comportamental: delineamento 
de um experimento com o marcador biológico 2D: 4D. Revista Psicologia e Saúde, [s.l.], v. 10, n.1, p. 31–45, 
2018. Doi: https://www.redalyc.org/journal/6098/609863939003/609863939003.pdf

DA SILVA, E. B.; SILVA, T. C.; CONSTANTINO, M.; AMANCIO, D. R.; TABAK, B. M. Overconfidence and the 
2D:4D ratio. Journal of Behavioral and Experimental Finance, [s.l.], v. 25, n. 100278, 2020. Doi: https://
doi.org/10.1016/j.jbef.2020.100278

DAVIDSON, D. J.; FREUDENBURG, W. R. Gender and environmental risk concerns: a review and analysis 
of available research. Environment and Behavior, [s.l.], v. 28, n. 3, 302–39, 1996. Doi: https://doi.
org/10.1177/00139165962830

DAVIS, D.; HOLT, C. Experimental economics: methods, problems and promise. Estudios Económicos, 
Mexico, v. 8, n. 2, p. 179–212, 1993a. Doi: https://www.jstor.org/stable/40311331

DAVIS, D. D.; HOLT, C. A. Experimental economics. Princeton: Princeton University Press, 1993b.

FIALA, N. Measuring sustainability: why the ecological footprint is bad economics and bad environmental 
science. Ecological Economics, [s.l.], v. 67, n. 4, p. 519–25, 2008. Doi: https://doi.org/10.1016/j.
ecolecon.2008.07.023

FRIEDL, A.; NEYSE, L.; SCHMIDT, U. Payment scheme changes and effort adjustment: the role of 2D:4D 
digit ratio. Journal of Behavioral and Experimental Economics, [s.l.], v. 72, p. 86–94, 2018. Doi: https://
doi.org/10.1016/j.socec.2017.11.007

FURTADO, R. N. Do comportamento à cognição: transformações epistêmicas no pensamento behaviorista 
do século XX. Revista Contemplação, [s.l.], n. 17, [s.p.], 2018. Doi: https://revista.fajopa.com/index.php/
contemplacao/article/view/179

GARSON, G. D. Interpreting neural-network connection weights. AI Expert, [s.l.], v. 6, n. 1, p. 46–51, 1991.

GROU, B.; TABAK, B. M. Ambiguity aversion and illusion of control: experimental evidence in an 
emerging market. Journal of Behavioral Finance, [s.l.], v. 9, n. 1, p. 22–9, 2008. Doi: https://doi.
org/10.1080/15427560801897162



Michel CONSTANTINO; Benjamin Miranda TABAK; Ricardo Alexandre Martins GARCIA

INTERAÇÕES, Campo Grande, MS, v. 25, n. 4, e2544590, out./dez. 2024

12 12 de 14

HAND, C. Biology and being green: the effect of prenatal testosterone exposure on pro-environmental 
consumption behavior. Journal of Business Research, [s.l.], v. 120, n. 1, p. 619–26, 2020. Doi: https://doi.
org/10.1016/j.jbusres.2019.02.034

HUNTER, L. M.; HATCH, A.; JOHNSON, A. Cross-national gender variation in environmental behaviors. Social 
Science Quarterly, [s.l.], v. 85, n. 3, p. 677–94, 2004. Doi: https://doi.org/10.1111/j.0038-4941.2004.00239.x

HÁK, T.; JANOUŠKOVÁ, S.; MOLDAN, B.; DAHL, A. Closing the sustainability gap: 30 years after “our 
common future”, society lacks meaningful stories and relevant indicators to make the right decisions and 
build public support. Ecological Indicators, [s.l.], v. 87, p. 193–5, 2018. Doi: https://doi.org/10.1016/j.
ecolind.2017.12.017

JÓHANNESSON, S.; DAVIDHSDOTTIR, B.; HEINONEN, J. Standard ecological footprint method for small, 
highly specialized economies. Ecological Economics, [s.l.], v. 146, p. 370–80, 2018. Doi: https://doi.
org/10.1016/j.ecolecon.2017.11.034

KOLLMUSS, A.; AGYEMAN, J. Mind the gap: why do people act environmentally and what are the barriers 
to pro-environmental behavior? Environmental Education Research, [s.l.], v. 8, n. 3, p. 239–60, 2002. 
Doi: https://doi.org/10.1080/13504620220145401

LINNERUD, K.; TONEY, P.; SIMONSEN, M., HOLDEN, E. Does change in ownership affect community attitudes 
toward renewable energy projects? Evidence of a status quo bias. Energy Policy, [s.l.], v. 131, p. 1–8, 2019. 
Doi: https://doi.org/10.1016/j.enpol.2019.04.039

MACHADO, L. C. C. Towards interpretable unbiased behavioral pattern recognition. Resolving the role of 
prenatal sex steroids in the development of digit ratio. Proceedings of the National Academy of Sciences, 
Porto, v. 1, n. 108, p. 16143–98, 2018.

MANNING, J. T.; SCUTT, D.; WILSON, J.; LEWIS-JONES, D. I. The ratio of 2nd to 4th digit length: a 
predictor of sperm numbers and concentrations of testosterone, luteinizing hormone and oestrogen. 
Human Reproduction, Oxford, England, v. 13, n. 11, p. 3000–4, 1998. Doi: https://doi.org/10.1093/
humrep/13.11.3000

OLDEN, J. D.; JOY, M. K.; DEATH, R. G. An accurate comparison of methods for quantifying variable 
importance in artificial neural networks using simulated data. Ecological Modelling, [s.l.], v. 178, n. 3/4, 
p. 389–397, 2004. Doi: https://doi.org/10.1016/j.ecolmodel.2004.03.013

RINELLA, S.; BUSCEMI, A.; MASSIMINO, S.; PERCIAVALLE, V.; TORTORICI, M. M.; TOMASELLI, D. G.; 
PERCIAVALLE, V.; DI CORRADO, D.; COCO, M. Risktaking behavior, the second-to-fourth digit ratio and 
psychological features in a sample of cavers. PeerJ, [s.l.], v. 7, n. e8029, 2019. Doi: https://peerj.com/
articles/8029/

SCARPA, F; SOARES, A. P. Pegada ecológica: qual é a sua. Instituto Nacional de Pesquisas Espaciais [INPE], 
São José dos Campos, SP, v. 1, n. 1, p. 16–250, 2012.

STERNBERG, R. J. Wics: a new model for cognitive education. Journal of Cognitive Education and Psychology, 
[s.l.], v. 9, n. 1, p. 36–47, 2010.

TABAK, B. M.; FAZIO, D. M. Ambiguity aversion and illusion of control in an emerging market: are 
individuals subject to behavioral biases? Cheltenham, UK: Edward Elgar Publishing, 2010. Doi: https://
doi.org/10.4337/9781849809108.00030

TODOROV, J. C. Sobre uma definição de comportamento. Perspectivas em análise do comportamento, 
[s.l.], v. 3, n. 1, 32–37, 2012. Doi: https://doi.org/10.18761/perspectivas.v3i1.79



INTERAÇÕES, Campo Grande, MS, v. 25, n. 4, e2544590, out./dez. 2024

13Pro-environmental behavior and its determinants: evidence for Mato Grosso do Sul 13 de 14

TVERSKY, A., KAHNEMAN, D. Loss aversion in riskless choice: a reference dependent model. The Quarterly 
Journal of Economics, [s.l.], v. 106, n. 4, p. 1039–61, 1991. Doi: https://doi.org/10.2307/2937956

VAN BELLEN, H. M. Indicadores de sustentabilidade: um levantamento dos principais sistemas de 
avaliação. Cadernos eBAPe. Br, [s.l.], v. 2, n. 1, p. 1–14, 2004. Doi: https://doi.org/10.1590/S1679-
39512004000100002

VENABLES, W. N.; RIPLEY, B. D. Modern Applied Statistics with S. 4. ed. New York: Springer, 2002. ISBN 
0-387-95457-0

WORLD COMMISSION ON ENVIRONMENT AND DEVELOPMENT [WCED]. Our common future. Environmental 
conservation, [s.l.], v. 14, n. 4, p. 291–4, 1987. 

WU, T.; SHANG, Z.; TIAN, X.; WANG, S. How hyperbolic discounting preference affects chinese consumers’ 
consumption choice between conventional and electric vehicles. Energy Policy, [s.l.], v. 97, p. 400–13, 
2016. Doi: https://doi.org/10.1016/j.enpol.2016.07.004

XIAO, C.; HONG, D. Gender differences in environmental behaviors among the chinese public: model of 
mediation and moderation. Environment and Behavior, [s.l.], v. 50, n. 9, p. 975–96, 2018. Doi: https://
doi.org/10.1177/0013916517723126

YUSLIZA, M. Y.; AMIRUDIN, A.; RAHADI, R. A.; NIK SARAH ATHIRAH, N. A.; RAMAYAH, T.; MUHAMMAD, Z.; 
DAL MAS, F.; MASSARO, M.; SAPUTRA, J.; MOKHLIS, S. An investigation of pro-environmental behavior 
and sustainable development in Malaysia. Sustainability, [s.l.], v. 12, n. 17, p. 70–83, 2020.  https://doi.
org/10.3390/su12177083

ZHANG, Z.; BECK, M.W.; WINKLER, D. A.; HUANG, B.; SIBANDA, W.; GOYAL, H.; Opening the black box 
of neural networks: methods for interpreting neural network models in clinical applications. Annals of 
Translational Medicine, [s.l.], v. 6, n. 11, [s.p.], 2018. Doi: https://doi.org/10.21037/atm.2018.05.32

About the authors:

Michel Constantino: PhD in Economics in Catholic University of Brasilia. Professor and 
researcher in the area of   Economics and Statistics of the Postgraduate Program in Local 
Development at the Dom Bosco Catholic University (UCDB). E-mail: michel@ucdb.br, ORCID: 
https://orcid.org/0000-0003-2570-0209

Benjamin Miranda Tabak: PhD in Economics in University of Brasilia. CNPq Researcher 1A. 
Professor and Coordinator of the Master Program in Public Policy and Government of Getulio Vargas 
Foundation (FGV/EPPG), and the Phd Program in Economics  (FGV/EPPG), Brasília.  The author 
thanks the CNPq and Capes Foundation for financial support. E-mail: benjamin.tabak@fgv.br, 
ORCID: https://orcid.org/0000-0002-7935-3188

Ricardo Alexandre Martins Garcia: PhD in Environmental Sciences in Dom Bosco Catholic 
University. Professor of the Administration course at the Dom Bosco Catholic University (UCDB). 
E-mail: ricardogarcia@ucdb.br, ORCID: https://orcid.org/0000-0003-2060-2458


