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Abstract: The literature has started to analyze the role of the capabilities approach on the 
adoption of pro-environmental behaviors. However, there is still a lack of studies on energy 
conservation behaviors. Therefore, the present research analyzes whether human capabilities 
are related to the adoption of energy conservation behaviors. To achieve this objective, a cluster 
analysis was performed using artificial neural networks (ANN), a machine learning technique, in 
conjunction with statistical analysis. The clusters were further checked using the k-means 
method. The study included data from 642 individuals with complete higher education who 
responded to a questionnaire. Three clusters were generated from the application of the ANN, 
and the behaviors of turning off the lights, optimization of the use of washing machines, and 
purchase of energy-efficient products showed significant differences between the groups. The 
cluster with higher levels of human capabilities showed higher levels of energy-saving behaviors, 
suggesting that the more capabilities an individual has, the more energy-saving behaviors they 
adopt. The results contribute to the literature on the relevance of the capabilities approach in the 
adoption of pro-environmental behaviors, in addition to being one of the first studies to employ 
the clusterization technique through ANN in analyses of pro-environmental behaviors. 

Keywords: Energy conservation behavior; Human capabilities; Artificial neural networks; Cluster 
analysis; Pro-environmental behavior. 

Resumo: A literatura passou a analisar o papel da abordagem das capacidades na adoção de 
comportamentos pró-ambientais. No entanto, ainda há escassez de estudos sobre 
comportamentos de conservação de energia. Portanto, a presente pesquisa tem como objetivo 
analisar se as capacidades humanas estão relacionadas à adoção de comportamentos de 
conservação de energia. Para atingir esse objetivo, foi realizada uma análise de cluster utilizando 
redes neurais artificiais (ANN), uma técnica de aprendizado de máquina, em conjunto com 
análise estatística. Os clusters foram posteriormente verificados com o método k-means. O 
estudo incluiu dados de uma amostra de 642 indivíduos com ensino superior completo que 
responderam a um questionário online. Três clusters foram gerados a partir da aplicação da 
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ANN, e os comportamentos de desligar as luzes, otimizar o uso de máquinas de lavar e comprar 
produtos energeticamente eficientes apresentaram diferenças significativas entre os grupos. O 
cluster com maiores níveis de capacidades humanas apresentou maiores níveis de adoção de 
comportamentos de economia de energia, sugerindo que quanto mais capacidades um indivíduo 
possui, mais comportamentos de economia de energia ele adota. Os resultados contribuem para 
a literatura inicial sobre a relevância da abordagem de capacidades na adoção de 
comportamentos pró-ambientais, além de ser um dos primeiros estudos a empregar a técnica de 
clusterização por ANN em análises de comportamentos pró-ambientais. 

Palavras-chave: Comportamento de conservação de energia; Capacidades humanas; Redes 
neurais artificiais; Análise de cluster; Comportamento pró-ambiental. 

1. Introduction 

Climate change and the pollution of natural environments are among the main 
environmental issues that affect Earth (UNEP, 2023), which will directly impact 
individuals' quality of life (Sen, 2013). These issues are mainly rooted in human activity 
of production and consumption (García-Herrero et al., 2019; Lamb et al., 2021). Thus, 
it is not only expected that companies will adopt mitigation actions (Jabbour & Santos, 
2009), but also that individuals would engage in more pro-environmental behaviors 
(PEB) (Clayton et al., 2015), which are the behaviors that impact the environment the 
least as possible or that improves the environmental quality (Steg & Vlek, 2009). 

The necessity to adopt more PEB has led to increased discussions in different 
contexts, such as educational institutions and mass media (Brandalise et al., 2009). 
Several aspects have long been regarded as important influences on the adoption of 
PEB, such as psychological features (Steg, 2016) and sociodemographic 
characteristics (Blankenberg & Alhusen, 2019). Considering that the adoption of PEB 
is also influenced by individuals abilities and opportunities (Poortinga et al., 2004), an 
approach focused on these aspects might be well suitable (Lima et al., 2023); thus, the 
present research relied on the capability approach to analyze individuals opportunities 
in life (Sen, 2010). 

Human capabilities are a relatively new perspective for analysing PEB 
(Comim et al., 2007), and it is based on the capability approach developed by the Nobel 
Laureate Amartya Sen (Sen, 2010). According to the capability approach, development 
(i.e., human development) should be seen as the increase in individuals' opportunities 
in life, in order for them to be, do, and have whatever they value (Sen, 2010). Thus, it 
is relevant to analyze if individuals would choose an environmental option in a scenario 
with increased capabilities (Lima et al., 2023). Understanding human capabilities in 
relation to other predictors of PEB is particularly interesting because increasing 
individuals’ capabilities is a desirable achievement from the human development 
perspective (Anand & Sen, 2000). Thus, a better understanding of the relationship 
between human capabilities and the adoption of PEB can lead to the development of 
better strategies to increase the number of PEB. 

PEB can be analyzed through segmentation strategies, which offer a way to identify 
behavioral patterns among individuals besides highlighting possible differences among 
them (Frades & Matthiesen, 2009; Lee & Haley, 2022). Among the techniques 
employed for clusterization, k-means is one of the most commonly used due to its 
simplicity, robustness, computational efficiency, and scalability (Azevedo & Anzanello, 
2015; Elgaaied, 2012; Lee & Haley, 2022). However, new approaches for clusterization 
have been employed in the academic literature, such as artificial neural networks (ANN) 
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(e.g., Furlan et al., 2025), but with few applications in the sustainable consumption 
context (Zhang et al., 2021), which can offer new perspectives to the field by converting 
high-dimensional data into a 2D map (Paini et al., 2016). 

The main aim of the present research is to analyze whether human capabilities are 
related to the adoption of energy conservation behavior. In order to achieve such a 
goal, we relied on the ANN to develop clusters with data collected from 642 individuals. 
Moreover, we included a k-means clusterization as a complementary analysis to 
support the robustness of the ANN application. The next part of the paper presents the 
theoretical background about PEB and human capabilities. Next, the data collected and 
analysis employed are presented in the method section, followed by the results and 
discussions of the findings. 

2. Theoretical background 

2.1 Pro-environmental and energy conservation behavior 

PEB can be categorized into four broad groups of behaviors: i) environmental 
activism, ii) non-activism in the public sphere, iii) private sphere, and iv) other types 
of PEB (Stern, 2000). Within each category, PEB could exist related to a specific 
context, such as the one related to energy and its environmental impacts. For 
example, environmental activism can be related to the participation in manifestations 
against or in favor of specific types of energy, such as nuclear (De Groot & Steg, 
2010); non-activism in the public sphere could be related to the support for one type 
of energy against another (De Groot et al., 2013); while PEB in the private sphere 
might be investments and choices that individuals do in their own houses to optimize 
domestic energy efficiency (Fornara et al., 2016) as well as the behaviors that 
individuals engage in order to save energy, such as turn off the lights when leaving 
a room (Van der Werff & Steg, 2015). The focus of the present research is private 
sphere behavior, as it is a behavior more common to adopt than the previous one, 
being a suitable starting point for analysis about human capabilities and energy 
conservation behavior. 

Different types of PEB require different degrees of cognitive, physical, and 
financial efforts to be performed (Kneebone et al., 2020). For example, installing 
solar panels in a residence is much more expensive, time-consuming, and complex 
than turning off the lights when leaving a room. The literature mainly relies on 
concepts such as perceived behavior control to consider the abilities that 
individuals perceive in order to perform a PEB (Ajzen, 1991), however, perceived 
behavior control may not necessarily reflect individuals actual control to perform 
PEB (Klöckner, 2013) as it is usually measured in a context specific manner 
(Bockarjova & Steg, 2014), lacking information about the general possibilities that 
individuals have in their life as a whole (Lima et al., 2023). Other studies relied on 
sociodemographic features as proxies for individuals’ capabilities (Blankenberg & 
Alhusen, 2019), but the literature presents diffuse results considering demographic 
factors as predictors of PEB (Sargisson et al., 2020). Thus, incorporating specific 
measures for the individual's possibilities and capabilities in life might be relevant 
for the field (Lima et al., 2023). Thus, the present research relied on the concept of 
the capability approach (Sen, 2010). 
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2.2 Human capabilities and pro-environmental behavior 

The capability approach is the main theoretical concept of the Human Development 
Index (HDI) and commonly employed in development studies (e.g. Ferraz et al., 2018; 
Lima et al., 2022), as it defends that the development of a region should be seen in 
expanding individuals opportunities in life (i.e. Human Development) (Sen, 2010). The 
capability approach has two main concepts: capabilities and functionings. Capabilities 
are the opportunities that individuals have to be, do, and have in their lives, that is, the 
freedoms that individuals have. Functionings are what individuals actually are, do, and 
have (Sen, 201). For example, one individual might opt for a fan rather than an air-
conditioning because they are concerned about the higher environmental impact of the 
air conditioning or because they do not have enough resources to pay for an air-
conditioning or its energy consumption, it is the same functioning but a completely 
different set of capabilities; justifying the necessity of both concepts. 

Due to its perspective related to the opportunities that individuals have to be, do, 
and have whatever they value, the capability approach started being used in conceptual 
analysis about PEB (Comim et al., 2007) and later on empirical investigations about 
the relationship between capabilities and PEB (Lessmann & Masson, 2015). 
Considering that the findings are still dispersed and seem to depend on the type of PEB 
being analyzed (Lima et al., 2023), new conceptualizations and approaches might be 
useful to understand the role of capabilities in PEB. However, the first step is to 
establish what dimensions of capabilities will be considered in the analyses. 

Capabilities are a multidimensional concept, that is, different dimensions in an 
individual's life should be considered in order to properly measure their level of freedom 
(Sen, 2010). Moreover, excelling in one dimension (e.g., education) does not 
compensate for a significant deprivation in another (e.g., health). However, the 
literature does not present a consensus about which dimensions to follow (e.g., De 
Rosa, 2018; Simon et al., 2013). Martha Nussbaum (2000) proposed one of the most 
comprehensive list of dimensions, composed of ten dimensions of capabilities: Life, 
Bodily health; Bodily integrity; Senses, imagination, and thought; Emotions; Practical 
reason; Affiliation; Other species; Play; and control over one’s environment. The 
comprehensiveness of the list of capabilities, along with the fact that there is a 
questionnaire developed and validated (Anand et al., 2009) based on Nussbaum’s 
(2000) capabilities, justifies the selection of this perspective for this research. 

3. Method 

3.1 Sampling and participants 

Data was collected using an online questionnaire developed on Google Forms. A 
convenience sampling targeting Brazilians living in Brazil, who are 18 years old or older 
and who have successfully completed a tertiary degree, was employed. The first two 
authors distributed the questionnaire in several online environments (e.g., university 
system, LinkedIn, Instagram, WhatsApp). Respondents were asked to share the 
questionnaire with their social network (i.e., Snowball sampling, Johnson, 2014). Data 
was collected during June and September 2022, and the research project was 
approved by the Ethical Committee of the Faculty of Sciences, São Paulo State 
University, Brazil, under the referee code: 57949622.8.0000.5398. 
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A total of 766 individuals answered the questionnaire. After removing the 
respondents who did not correctly answer the attention questions (e.g., “Please, select 
number 5”), from non-brazilians, brazilians living abroad, individuals that have not 
completed higher education, and individuals who do not have washing machines 
(necessary condition for answering one of the behavioral questions), the final sample 
used in this study was of 642 individuals. The mean age was 38.55 years (SD = 11.53), 
with 377 (58.72%) women, 260 (40.50%) men, four (0.62%) who did not identify 
themselves as woman or man, and one (0.16%) who preferred not to answer. 

The sample used in this study cannot be considered representative of the Brazilian 
population. However, this is not considered a problem for the present research as the 
research objectives were not to make generalizations for the whole population, but to 
analyze the internal relationships between the variables of interest (i.e., human 
capabilities and energy conservation behavior) (De Groot et al., 2021), which is 
common practice in the PEB literature (e.g., De Groot et al., 2021; Lima et al., 2023). 
Vermeir & Verbeke (2008), for example, analyzed the intention to buy sustainable food 
among a population of young, well-educated individuals; Jacobs et al. (2018), in a study 
with only women about sustainable clothing, purposively included a sample majority 
composed of middle-aged and well-educated women; and Brandalise et al. (2009) 
focused on undergraduate students to analyze PEB related to the life cycle thinking 
concept. Thus, considering that it is suggested that higher levels of education are 
related to a higher frequency of PEB (Blankenberg & Alhusen, 2019), relying on a 
sample of individuals who completed higher education is adequate for focusing on the 
variables of interest (i.e., human capabilities) 

3.2 Questionnaire and measures 

The questionnaire began by presenting the research and the ethical statements. 
The first questions were about human capabilities, followed by questions about 
reported energy conservation behaviors. The final part was composed of socio-
demographic questions. Then, respondents were debriefed and thanked for their 
voluntary participation. The questionnaire also had questions about values, beliefs, 
personal norms, and other types of PEB that were used solely for other research 
purposes. 

Human capabilities were measured with the Oxford Capabilities Questionnaire-
Mental Health (OxCap-MH), which is a reduced scale developed by Simon et al. (2013) 
based on the questionnaire developed by Anand et al. (2009). The OxCap-MH is based 
on the capabilities work developed by Martha Nussbaum (2000). The present research 
employed the Brazilian-Portuguese adoption of the OxCap-MH developed by Luiz 
(2022). The questionnaire has 16 questions about different aspects of human 
capabilities (e.g., “In the past 4 weeks, how often have you been able to enjoy your 
recreational activities?“ and “I am free to decide for myself how to live my life“, Table 
S1). All questions ranged from 1 (“Never/Totally unsuitable/Totally unsafe/Totally 
unlikely/Totally disagree”) to 7 (“Always/Totally suitable/Totally safe/Totally 
likely/Totally agree”). 

Energy conservation behaviors were measured with six questions adapted from 
Markle (2013) and Kaiser & Wilson (2004): “How often do you turn off the lights when 
leaving a room?”, “How often do you switch off standby modes of appliances or 
electronic devices?”, “How often do you cut down on heating or air conditioning to 
limit energy use?”, “How often do you turn off the TV when leaving a room?”, “How 
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often do you wait until you have a full load to use the washing machine or 
dishwasher?”, and “How often do you buy energy-efficient household devices?” 
(Table S2). All questions ranged from 1 (Never) to 7 (Always). Previous research has 
shown that different types of energy conservation behavior are differently affected by 
distinct variables (Poortinga et al., 2004); thus, considering the goal of this research 
to analyze the effect of human capabilities on the adoption of energy conservation 
behavior, these behaviors were considered separately to assess if capabilities would 
affect them differently. 

3.3 Analysis 

Two clustering techniques were applied to group the individuals in the sample: 
artificial neural networks (ANN) and k-means. Using both methods aims to test the 
possibility of grouping the individuals in the sample by their levels of human capacity 
and, consequently, evaluate possible differences between these groups in energy 
conservation behavior. The joint use of these unsupervised learning techniques 
makes it possible to test the sensitivity of the results to the method, ensuring greater 
robustness in the conclusions. While the ANN employed in this research can capture 
nonlinear relationships in the data (Kohonen, 2013), k-means assumes that the 
clusters are spherical and well separated (Jain, 2010). 

ANN is a machine learning approach suitable for a different set of applications, such 
as forecasting (Coelho et al., 2008) and clusterization (Furlan et al., 2025). Among the 
types of ANN, the Self-Organizing Map (SOM) typology was applied, as its 
characteristics are more suitable for dealing with complex discrimination and 
classification problems (Kohonen, 2013). SOM creates clusters through sample 
similarity in a process considered as unsupervised learning, and for this, it is not 
necessary to use statistics in clustering (Melin et al., 2020). Unlike the k-means 
technique, which has an a priori cluster definition, in SOM, the sample is classified 
among the different neurons, and then the number of clusters is defined following this 
process (Höfer & Madlener, 2020). 

The first procedure for applying SOM is to define the number of neurons in the 
network, which is defined by the equation 5√𝑛𝑛 (Paini et al., 2016), where n is the 
sample size used. Thus, the SOM network was configured with 12 x 12 (144 neurons) 
in a hexagonal format. The number of iterations of the algorithm (or epochs) was 
defined as 50 times the number of neurons, using Euclidean distance and a learning 
rate of 0.10 for the calculations. Thus, it is possible to replicate the technique in other 
studies, as Casali et al. (2022) suggested. The following indices were used to 
evaluate the network and choose the number of groups: Mean Quantization Error, 
Topological Error, and Davies-Bouldin Index (Clark et al., 2020; Vlaović et al., 2023). 
The meanings of the index values will be explained in the next section. The network 
was executed in the R software with the support of the “kohonen” package (Wehrens 
& Kruisselbrink, 2018). 

Next, the k-means technique was applied. This technique is based on minimizing 
intra-cluster distances, calculated as the sum of the squares of the Euclidean distances 
between the items and their centroids (Backhaus et al., 2021). The clustering algorithm 
begins with selecting random centroids, followed by calculating the distances and 
assigning each point to the closest centroid (Wu, 2012). Then, the cluster centroids are 
recalculated, and the process is repeated until the distance variation between the points 
and their centroids is minimal. This research used the “kmeans” function of the stats 
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package in the R language to operationalize the Hartigan & Wong (1979) k-means 
algorithm. The exact number defined by the SOM was adopted as the cluster number 
for comparison purposes. For more stable results, 25 initial random assignments of the 
centroids were adopted. 

Finally, the non-parametric Kruskal-Wallis test was applied to verify whether or not 
there were differences between the groups formed by the artificial neural networks. 
Since the results did not follow a normal distribution, the non-parametric test was 
chosen. When any difference was observed between the groups, a post hoc Dunn test 
was applied to perform pairwise comparisons—that is, comparisons between every 
possible pair of clusters— to identify which specific groups differed significantly. The 
tests were performed using SPSS v.29 software. 

4. Results 

The Mean Quantization Error index was 21.879, indicating that the distance 
between the data and the winning neuron from the network reduced through the 
epochs, adjusting the data. The Topological Error was 3.862, indicating that the 
neurons from the neural map correspond adequately to the spatial organization of 
the input data. The number of clusters was defined with the Davies-Bouldin index, 
in which the lower the value of the index, the better the cluster to be employed 
(Table 1). Thus, three clusters were developed through the neural network 
clusterization. It is important to mention that there is no reference value for these 
indices; the closer to zero, the better. 

Table 1. Definition of the number of clusters by the Davies-Bouldin test. 

Number of Clusters 2 3 4 5 
Davies-Bouldin Index 16,482 16,397 17,515 19,128 

 

Cluster 1 was composed of 168 individuals, Cluster 2 of 31, and Cluster 3 of 443. 
Cluster 3 presents the higher age mean, 39.56, while cluster 1, the lower, 36.15. Cluster 
1 presents the higher percentage of women in the sample, and cluster 3 the higher 
percentage of men (Table 2). 

Table 2. Clusters’ descriptive statistics. 

Cluster Mean age Women (%) Men (%) Other (%) 
1 36.15 104 (62.90%) 64 (38.10%) 0 
2 38.58 18 (58.06%) 12 (38.71%) 1 (3.22%) 
3 39.56 255 (57.56%) 184 (41.53%) 4 (0.90%) 

 

Figure 1 presents a representation of the neural map, showing the number of 
individuals per neuron and indicating the cluster to which each set of neurons 
corresponds. 
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Figure 1. Neural map. 

Cluster 3 presents a higher mean and median for all capabilities, Cluster 2 presents 
14 of the lower mean and median (Table 3). Thus, Cluster 3 is composed of individuals 
with higher levels of capabilities, while Cluster 2 presents the lower levels of 
capabilities, and Cluster 1 corresponds to an intermediate level between them. 

Table 3. Mean and median of human capabilities per cluster by ANN. 

Capability Cluster 1 Cluster 2 Cluster 3 
Mean Median Mean Median Mean Median 

1 5.73 6 3.94 4 5.85 6 
2 4.01 4 2.74 2 4.88 5 
3 4.49 5 3.58 3 5.16 6 
4 3.63 4 2.45 2 4.66 5 
5 5.30 6 4.90 5 6.07 6 
6 3.97 4 4.23 5 5.30 6 
7 5.29 6 4.74 6 5.72 6 
8 4.54 5 3.61 3 4.85 6 
9 3.20 3 3.26 3 4.04 4 
10 3.39 3 3.23 3 5.04 5 
11 3.83 3 3.55 4 5.62 6 
12 5.93 6 4.90 5 6.55 7 
13 5.89 6 3.48 3 6.65 7 
14 4.95 5 3.61 4 6.26 7 
15 4.39 5 4.00 4 6.15 6 
16 3.83 4 2.61 2 5.43 6 

 
After developing the clusters, we employed analysis with the Kruskal-Wallis test to 

identify if there were differences regarding the adoption of energy conservation 
behavior between the clusters (Table 4). From the six behaviors being analyzed in the 
present study, two of them presented significant differences for p-values lower than 5% 
for at least two groups: “How often do you wait until you have a full load to use the 
washing machine or dishwasher?” and “How often do you buy energy-efficient 
household devices?”. By considering a more flexible p-value, of 10% (Dahiru, 2008), 
which can be acceptable for exploratory research (i.e., human capabilities, Lima et al., 
2023), the energy conservation behavior of “How often do you turn off the lights when 
leaving a room?” also presents differences in at least two clusters. 
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Table 4. Differences between clusters. 

Energy conservation behavior ρ-value Result 
How often do you turn off the lights when leaving a room? 0.064 At least two clusters 

present differences 
How often do you switch off standby modes of appliances or 
electronic devices? 0.799 

There are no 
differences between 

clusters 
How often do you cut down on heating or air conditioning to 
limit energy use? 0.637 

There are no 
differences between 

clusters 

How often do you turn off the TV when leaving a room? 0.393 
There are no 

differences between 
clusters 

How often do you wait until you have a full load to use the 
washing machine or dishwasher? 0.011 At least two clusters 

present differences 
How often do you buy energy-efficient household devices? 0.029 At least two clusters 

present differences 

 

After confirming the behavioral differences between the clusters, the Dunn test was 
applied in order to identify which clusters were different from the others (Table 5). In 
the case of the optimization in the use of the washing machine/dishwasher, Cluster 3 
presented a significant difference from Cluster 2, without differences regarding Cluster 
1. Regarding the purchase of energy-efficient appliances, Cluster 3 differs from Cluster 
2, if considered a more flexible p-value (i.e., 10%), Cluster 3 is also statistically different 
from Cluster 1, with no existing differences between Clusters 1 and 2. Considering the 
behavior of turning off the lights, Cluster 3 is different from Cluster 2. In these cases, 
Cluster 3, which presents higher levels of human capabilities, also presented higher 
levels of energy conservation behavior than the other Clusters, suggesting that higher 
levels of capabilities can be related to higher levels of energy conservation behavior. 

Table 5. Dunn test. 

Energy 
conservation 

behavior 

Comparison 
between 
clusters 

Test 
statistics 

Standard 
Error 

Pattern 
Test 

Statistics 
ρ-value Adjusted ρ-

value 
Turning off the lights 

when leaving a 
room 

2 - 1 54.097 32.059 1.687 0.092 0.275 
2 - 3 -68.471 30.469 -2.247 0.025 0.074 
1 - 3 -14.374 14.860 -0.967 0.333 1.000 

Optimizing the 
washing 

machine/dishwasher 
use 

1 - 2 -40.936 34.239 -1.196 0.232 0.696 
1 - 3 -47.577 15.871 -2.998 0.003 0.008 
2 - 3 -6.642 32.542 -0.204 0.838 1.000 

Purchasing energy-
efficient products 

2 - 1 43.564 34.005 1.281 0.200 0.600 
2 - 3 -79.289 32.344 -2.451 0.014 0.043 
1 - 3 -35.725 15.812 -2.259 0.024 0.072 

ρ-values were adjusted with Bonferroni tests. 

To robustly test the results obtained by the ANN, we calculated the mean and 
median using the analog method presented in Table 3 for the three clusters obtained 
through the k-means method. The results are summarized in Table 6. 
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Table 6. Mean and median of human capabilities per cluster obtained by k-means. 

Capability Cluster 1 Cluster 2 Cluster 3 
Mean Median Mean Median Mean Median 

1 5.20 6 5.65 6 6.12 6 
2 3.67 3 4.70 5 5.05 5 
3 4.11 4 4.77 5 5.53 6 
4 3.24 3 4.59 5 4.79 5 
5 5.16 6 5.92 6 6.18 7 
6 4.12 4 4.63 5 5.60 6 
7 5.23 6 4.66 5 6.36 7 
8 4.39 5 2.79 3 6.17 6 
9 2.88 3 4.50 5 3.93 4 
10 3.41 3 4.88 5 5.03 5 
11 3.67 3 5.51 6 5.69 6 
12 5.91 6 6.45 7 6.49 7 
13 5.55 6 6.52 7 6.65 7 
14 4.60 5 6.12 6 6.37 7 
15 4.19 4 6.12 6 6.18 7 
16 3.36 3 5.37 6 5.57 6 

 
As with the results obtained by neural networks, the analysis using k-means 

identifies a cluster of respondents with high capability levels (Cluster 3), a cluster with 
low capability levels (Cluster 1), and an intermediate cluster (Cluster 2). Notably, the 
intermediate cluster shows lower results for capabilities 7 and 8 but higher results for 
capability 9. This result for capability 9 is the opposite of what was found using ANN, 
where the intermediate cluster exhibited lower levels of this capability. It is concluded 
that, although there were differences between the techniques, the results were not 
significantly sensitive to the clustering method. 

5. Discussions 

The present paper examined the relationship between human capabilities and 
energy conservation behavior, in order to check if higher levels of capabilities would be 
related to higher levels of PEB adoption. To analyze the relationship, we relied on 
cluster analysis with the ANN and k-means techniques. The clusterization developed 
three distinct clusters: Cluster 3 with higher levels of capabilities, Cluster 2 with lower 
levels of capabilities, and Cluster 1 with intermediate levels of capabilities. The clusters 
presented differences in three conservation behaviors: Turning off the lights when 
leaving a room, Optimizing the washing machine/dishwasher use, and Purchasing 
energy-efficient products; in all cases, the cluster with higher levels of capabilities 
presented higher levels of energy conservation behavior. 

The results found in the research corroborate the assumption that higher levels of 
capabilities would be related to higher adoption of PEB (Comim et al., 2007; Lessmann 
& Masson, 2015). More specifically, the fact that only three of the six energy 
conservation behaviors presented differences among the clusters is aligned with 
previous findings that the relationships between human capabilities and PEB depend 
on the type of PEB being analyzed (Lima et al., 2023). 

Products with environmental attributes can receive higher behavior intention than 
their counterpart without the environmental attribute (Santos et al., 2018). However, 
their actual acquisition depends on overcoming several barriers (Joshi et al., 2019), 
such as financial resources and knowledge about the product. Thus, the findings 
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suggest that higher capabilities can support overcoming such barriers and facilitating 
the actual acquisition of these kinds of products. On the other hand, the reasons why 
the behaviors of turning off the lights when leaving a room and optimizing the washing 
machine/dishwasher were positively related to higher levels of human capabilities are 
not so intuitive. Future studies, especially with qualitative features, could support a 
better understanding of these relationships. 

It is important to highlight that these results do not mean that individuals with higher 
levels of human capabilities have less impact on the environment than those with low 
levels of capabilities. Higher levels of capabilities might be related to behaviors such 
as travelling more frequently and possessing more material goods, which would impact 
the environment more than avoiding such behaviors. Therefore, the results suggest 
that individuals with higher levels of human capabilities might seek a more 
environmentally friendly option when adopting a behavior. For example, suppose one 
decides to buy an electrical good. In that case, the results indicate that it is more likely 
that individuals with higher levels of human capabilities would choose a more 
environmentally friendly option than individuals with lower levels of human capabilities. 

The present research contributes to the emergent topic of human capabilities and 
PEB, more specifically, the findings suggest that, for some energy conservation 
behaviors, higher levels of capabilities are associated with higher levels of reported 
behavior. Considering that increasing individuals' capabilities (i.e., opportunities in life) 
is a desired goal from the human development perspective, understanding possible 
relationships between higher levels of human capabilities and conservation behavior is 
important to stimulate sustainability. A second theoretical contribution of the research 
is the application of the ANN to develop clusters for customer segmentation, offering a 
2D representation of the cluster when compared to other segmentation methods, such 
as k-means. 

The research has some limitations. The first limitation relates to the research 
sample: individuals who had complete tertiary education. It is possible to assume that 
this sample presents higher capabilities than the rest of the population, as higher levels 
of education are related to more opportunities in life (e.g., work opportunities). Thus, 
although it is not safe to generalize the results to the whole population, it still embraces 
a relevant percentage of the Brazilian adult population (18.4% according to the last 
census, IBGE, 2022). Moreover, by relying on samples composed of individuals with 
tertiary education, the study sample can be considered relatively homogenous in terms 
of education, controlling for this factor and suggesting that capabilities indeed influence 
the adoption of specific PEB. 

A second limitation relates to the measurement of conservation behavior. By relying 
only on questions about reported behavior, it is possible that not all participants 
interpret the scale the same; also, individuals might overestimate their conservation 
behavior, especially considering the social desirability bias of the topic. In order to avoid 
these issues, we select questions that have already been employed in previous 
research. However, it would be important that future studies apply different 
measurement approaches, such as actual household energy consumption. 

6. Conclusions 

The present research analyzed the relationship between human capabilities and 
energy conservation behavior through cluster analysis developed with ANN. The 
findings indicate that, for some energy conservation behaviors, higher levels of human 



Human capabilities and energy… 

12/17 Gest. prod., 32, e3725, 2025 

capabilities are related to more energy conservation behavior. The findings are in 
accordance with previous research that indicates the existence of relationships 
between human capabilities and specific types of PEB, more specifically, Turning off 
the lights when leaving a room, Optimizing the washing machine/dishwasher use, and 
Purchasing energy-efficient products. Finally, the present research also indicates that 
ANN is a suitable tool for developing clusters based on consumer segmentation. 

In order to further develop the field of human capabilities and PEB, future studies 
should consider other types of PEB, such as environmental activism and non-activism 
in the public sphere. It would also be interesting to include a more diverse population 
in the analysis, especially considering individuals with different levels of education and 
income, and with different cultural backgrounds. Finally, future studies would also 
benefit by employing different methods of data collection and analysis, such as 
qualitative interviews and actual PEB measurement rather than reported or behavior 
intention. 
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