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Abstract

:

Sustainability in an organizational environment involves a form of management that allows attaining a balance between the economic, environmental and social dimensions, and can contribute to the sustainable behavior of employees and administrators. Nevertheless, studies that evaluate sustainable behavior of future professionals using a multidimensional approach to create a scale to measure sustainable behavior of students are relatively rare and there is a need for research in this field. Therefore, the objective of this article is to analyze the sustainable behavior of potential professionals, using the multidimensional approach of item response theory (IRT). A set of 13 items evaluated by specialists and tested by graduate students was applied to 492 undergraduate students from a community university in Southern Brazil in the schools of administration, human resources, accounting, law, civil engineering and biology. The results indicate that the students have higher sustainable behavior in the social dimension and lower in the economic dimension, highlighted by participation in voluntary activities. This result can provide important information to companies, given that in their processes for recruiting and selecting new employees, many have included issues related to sustainable practices, not only from an economic perspective, but particularly from environmental and social perspectives.
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1. Introduction


The issue of sustainability has been widely studied due to the environmental effects of human influence on nature, as well as the need to adapt to the market due to pressure from consumers and interested parties [1,2,3]. Companies have been increasingly challenged to see that their results and sense of responsibility transcend economic objectives [4,5,6,7], which heightens the importance of the organizational and institutional levels of analysis.



In this context, changes are increasingly necessary to guarantee the availability of natural resources to future generations, particularly in the role of companies in product development and in the harmonization of the economic, environmental and social spheres in the strategic positions of corporations [4,5,6,8]. Related to these factors, studies conducted in developed countries, such as Germany, Canada, Hungary and the United States have found that companies that are motivated to adopt sustainability practices have better economic and environmental performance, market position, competitive advantage and a commitment to employees and the local community [9].



Although there is extensive literature about the issue, authors such as Aguinis and Glavas highlight the need for studies related to the individual level of analysis, and clarify that this level of analysis has direct reflections on the organizational level when, for example, individuals with sustainable or even pro-environmental behavior occupy strategic positions. That is, there is a recursive relationship between the levels of analysis. Moreover, the challenges of the transition to more sustainable models are enormous because they involve holistic and multidisciplinary approaches [10]. These are presumptions of this study. It is understood that companies reflect not only institutional forces, but individuals whose behavior tends to be transferred to organizational and societal systems, thus influencing other individuals or groups. That is, the changes necessary are based on changes in individual behavior [11].



These “sustainable leaders” are, as mentioned by Ferdig, decision makers and administrators dedicated to a more sustainable society [12]. A sustainable leader is engaged in the creation of transformative changes among other individuals and groups, aiming for an economically, environmentally and socially sustainable future. In this sense, there is a certain agreement about the idea that an organizational culture dedicated to sustainability will only be incorporated by markets when companies have more leaders who are passionate about the idea of transformation. Therefore, individual values are subjacent to the supposition of this work as well as the congruence of these individual values with organizational values [13,14,15], considering the relationship between personal values and their impact on decision making, given that values influence the perception of administrators, which leads to the understanding that individuals with pro-environmental behavior have values that sustain them [16,17].



Considering this discussion, an important factor of individual influence is related to the education of individuals [18], which calls attention to the role of educational institutions in making individuals aware of the importance of supporting more sustainable values. That is, the main actor in the changes needed for a company to become sustainable is the individual, and for this reason, the people involved should be aware of their role in corporate decision-making.



In this context, Laessoe and Mochizuki have described the concern of the United Nations and United Nations Educational, Scientific and Cultural Organization (UNESCO) about climate change and the emphasis these institutions give to the importance of education about sustainable development. They emphasize the role of national governments in the promotion of educational systems and the need to develop new initiatives and competencies related to the green economy [19].



Multiple researchers have also highlighted the role of human capital as a requirement for attaining sustainability [1,20], emphasizing the challenge of organizations to put this into practice, given that the education of citizens and professionals in this field is still at an early stage. That is, it is necessary to invest in the awareness and education of professionals regarding more sustainable behavior, not only within companies, but also in situations of social conviviality.



Thus, based on the findings presented, this article is justified by the need for studies that evaluate the behavior of future professionals (undergraduate students) who will be entering the labor market, to better understand sustainability practices, given that for corporate environments this information can contribute to attaining objectives related to the social, environmental and even economic performance of a company. That is, it is necessary to identify: the attitudes that have been developed and those that need to change to guarantee the sustainability of future generations; what sustainable behaviors are practiced by future professionals; and what companies must do internally or even in the selection and recruitment process in relation to the practice of sustainability; among other important questions such as what universities must do to prepare future professionals who have more sustainable behavior.



Based on the justifications presented and considering that higher education institutions have a strategic role in establishing a change in the sustainable behavior of future professionals, the objective of this article is to analyze the sustainable behavior of potential professionals, using the multidimensional approach of item response theory (IRT).



In the humanities and the social sciences, the evaluation of human behavior in a certain field is usually analyzed with certain constructs, which are not, however, directly observed on a scale of comparative values of their items (issues in a questionnaire) that are properly organized in the interest of a latent trait. In this sense, IRT is a statistical technique that involves a group of mathematical models whose objective is to represent the probability that a respondent will describe a certain response to an item as a function of the parameters of the item and the ability of the respondent, highlighting that the greater the ability of the respondent, the greater the probability of answering the question correctly [21]. Thus, IRT stands out among other statistical techniques because it can construct a scale on which items and respondents can be positioned and compared. In this study, to address a multidimensional characteristic—the sustainable behavior of students—multidimensional models of IRT were used.




2. Sustainability and Human Resources


Sustainability has become increasingly important for research in the area of administration in recent decades due to the rapid depletion of natural resources and concerns about the distribution of wealth and the social responsibility of organizations. Within this perspective, business performance has been evaluated not only in economic terms, but also in terms of its impacts on the environment and stakeholders [1,22]. Given the importance of changes in values and practices related to sustainability, the field of human resources has gained strategic importance among services related to social and environmental performance objectives.



In a paper by Jabbour and Santos, we are reminded that human resource management is the organizational area that presents the greatest potential for incorporating themes such as sustainability and that specific strategies should be developed for this purpose [23]. Additionally, it is important to emphasize that people play a central role in organizations, and that the field of human resources can stimulate the inclusion of sustainability issues among the various relationships a company has with its internal and external stakeholders [24].



The idea that people are not only internal stakeholders but also sources of competitive advantage is not new in business management [10,25]. This aspect, however, is especially important when considering sustainability-oriented human skills, in which values and behaviors become difficult to imitate [26]. This may represent a potential source of competitive advantage, since “mental sustainability” is crucial to the implementation of sustainable strategies not only from an economic standpoint, but especially from environmental and social perspectives.



In a paper by Wright and Boswell, whose analysis has highlighted the importance of research on people management have added two dimensions to the discussion: the macro approach and the micro approach. The macro approach relates to the concerns of the organization as a whole, such as human resources planning, codes of conduct and human resources policies. The micro level focuses on individuals and considers practices such as recruitment, selection, compensation and individual performance assessment [27].



Considering people as the most prominent resource, the literature on human resources and sustainability is still emerging and, according to Dao et al., in an embryonic stage. The field is dedicated to the alignment of human capital, the management of talents, training and development as important functions of human resources in the scope of sustainability issues [28].



Jabbour and Santos [23] also highlight the critical role that human resources has in the development of organizational sustainability, through practices that promote environmental performance, innovation and the efficient management of diversity. The goal is to create systems focused on the range of economic objectives, but also on people and the objectives for the planet [1].



Some studies seek to highlight the importance of the area of human resources in corporate sustainability. This is the case of Wirtenberg et al., who identified seven essential qualities of sustainable companies and mapped specific actions related to the field of human resources to help develop these qualities [28]. Another study by Fenwick and Bierma demonstrated the need for greater engagement of the area of human resources to achieve greater social and environmental responsibility [29].



However, the literature review conducted by Dao et al. showed the lack of a holistic approach that integrates the area of human resources with other organizational resources to develop sustainable capacities [1]. Jabbour and Santos [23] proposed a model in which human resources management is aligned to organizational objectives related to innovation management, the management of cultural diversity and the continual improvement of environmental management. Moreover, all human resource practices are conducted to support organizational sustainability, given that the objectives of innovation management, cultural diversity and environmental management ought not to contradict each other [1].



This study focuses on undergraduate students, who serve as an example of future professionals of companies who have the potential to develop values and sustainable business practices. Considering that recruitment and selection aim to provide companies with people who are aligned with the corporation’s strategic objectives and values, it is assumed that the more compatible the individual profiles are with broader organizational goals, the greater are the chances of success.




3. Item Response Theory (IRT)


In the area of applied social sciences it is common for researchers and professionals to be interested in measuring latent traits—i.e., not directly measurable characteristics. The creation of measurement tools in this context generally counts on the development of questionnaires, surveys and qualitative or quantitative variables through surveys. The most common treatments for variables of this type are structural equation modeling, logistic regression and factorial analysis among others. Nevertheless, these techniques identify factors and relationships but do not create standardized scales that allow positioning items or variables and the responding individuals in a comparable manner. In this sense, Multidimensional Item Response Theory (MIRT) presents itself as a multivariate technique that allows not only evaluating multidimensional structures and verifying their relations, but also creating a scale.



IRT is composed of a set of probabilistic models that relate a latent trait of a respondent (θ), something that cannot directly be measured, with the probability that the respondent will respond to an item with a determined category [18]. The application of IRT requires developing some initial presuppositions such as the determination of the model of the IRT that best fits the data set to be analyzed and the objectives of the investigation. Another important assumption, which also depends on the determination of the model, is the determination of the dimensionality of the latent trait, i.e., the measured value of the latent traits. According to Singh, dimensionality refers to the number of factors needed to explain the variability of the data and form a hypothesis to be verified [30].



IRT, in its uni-dimensional models, is currently being used by companies to measure work attitudes [31,32], personality [33,34], general mental ability [35], performance appraisals [36], professional interests [37] and the opinions of employees [38]. According to a paper by Allen and Wilson, despite developments in the methodological literature, the application of MIRT models in different educational fields has been limited [39]. This is probably because of (1) the problems of complexity in the statistical calculations involved in these models; and (2) the difficulty associated with the interpretation of multidimensional models.



In this context, the application of IRT depends particularly on the choice of the most appropriate model, considering the nature and dimensionality of the data. The definition of the dimensionality depends on the structure of the items as well as the respondents. In general, it can be hierarchical or non-hierarchical, with correlated factors or not. As to the nature of the data, it is most common to work with cumulative items, which can be dichotomous, ordinal or nominal polytomous, among others.



Regarding the IRT models, the so-called hierarchical MIRT models, Gibbons and Hedeker generalized the classical work of Holzinger and Swineford [38] and proposed the full-information bi-factorial (FI bi-factorial) model for dichotomous data [40,41]. This model consists of a general factor and group factors or independent dimensions. The FI bi-factorial model assumes the presence of a general factor that encompasses all the items and two or more groups of factors (or dimensions) corresponding to the specific subgroups [21].



For binary data, the bi-factorial model can be defined as a particularization of the multidimensional compensatory model [42]. In the case of the bi-factorial model, the restriction of loading discrimination parameters is inserted as shown in Equation (1):
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(1)




in which the ability of the respondent j is in the general factor. Where the ability of the respondent j is in the specific factor k, aig represents the parameter of discrimination of item i in the general factor, and aiesk represents the parameter of discrimination of item i in specific factor k. Finally, di represents the scaling of the parameter of difficulty of item i referring to the general dimension and the specific dimension k. In this model, as well as the compensatory multidimensional model, the responses are assumed to be statistically independent.



According to Gibbons et al. [40], the FI bi-factorial model is always relevant when the items share a common characteristic. The presence of subgroups of items typically introduces the relevant associations to a test that cannot be verified with a total allocation of the loads to the general factor [40]. Moreover, according to the Gibbons et al. [40], this separation of factors improves the errors in estimation. Figure 1 contextualizes the FI bi-factorial model within the multidimensional structure.




4. Research Method


To reach the goal proposed in this paper, an exploratory study was carried out of the sustainable behavior of undergraduate students using IRT. The IRT methodology was chosen because it is the only statistical tool that creates a scale and positions items and respondents within it.



The study uses a quantitative approach, with a non-random sample. To implement the approach the study defined: the nature of the polytomous item; the population; and the amount of the latent trait that is being measured as one. It is worth noting that IRT allows identifying items with differential functioning in different groups, equalizing scores of different forms of the same test and interpreting test scores on a single scale [43,44]. In this study, the latent trait is the sustainable behavior of the undergraduate students. The questions were prepared based on the triple bottom line of sustainability (environmental, social and economic aspects) and on research questions prepared by the Akatu Institute [45], a non-governmental non-profit organization that works to raise awareness and mobilize society about conscious consumption. The questionnaire is designed for use in studies with companies in Brazil.



The instrument was divided into two parts. The first concerned information about the respondents, such as their major, time of study, age, personal income, occupation and main form of transportation. The second was related to their conduct in everyday life in relation to economic, environmental and social issues and had 13 items (questions) (see Table 1). The students were asked to choose between four different options (always, frequently, rare or never). This set of items assessed the criteria of validity and reliability of the study, which was measured by the scale, based on the theoretical and practical framework of experts in the field. The questions were designed based on the constructs studied on sustainability, consisting of a code, question description, four options (always, often, rarely and never) and the initial level of difficulty of the question. That is, if more students responded to a particular issue as “always”, it may be considered easier to practice and harder when fewer students responded “always”. The items were validated by experts from the field of sustainability and after completion of a pre-test with 26 students in the undergraduate course in production engineering.



The survey was conducted at a large Brazilian institute of higher education in Santa Catarina state in southern Brazil. It serves over 30,000 students with a staff of more than 1800 professors (64% of whom have master’s or PhD degrees). The sampling was based on a stratification of students of administration, law, production engineering, biology and logistics (the majors with the highest number of students), totaling 492 respondents. It is important to note that the fields of study do not have mandatory classes about sustainability, only optional ones. In the school of production engineering, students have classes focused on environmental and economic management, but not specifically on social issues. But sustainability has been discussed regularly at events, seminars and even in social projects conducted by the university.



The questionnaire was constructed in order to identify the behavior of the respondents in relation to the triple bottom line of sustainability—social, environmental and economic dimensions (Table 2)—and was carried out for each triple bottom line. Additionally, the questionnaire provides information about the respondent profile such as forms of travel, major, time of study, gender, age, family income, occupation and means of transport.




5. Results and Discussion


With the items and respondents in the same unit of measurement, it was possible to analyze their different behavior, as well as placing it on a scale.



5.1. Descriptive Analysis—Respondents’ Information


The instrument was divided into two parts. The first part concerned the respondent information. We identified that 48.1% of respondents were male and 51.9% female. On the issue of occupation, we identified that 85.5% both study and work and 15.5% only study. Regarding their age, it was found that 56.5% are between 18 and 22 years old, 23.5% between 23 and 27 years old and the rest between 28 and 52 years old. The second part of the questionnaire sought to identify the behavior of respondents in relation to sustainable economic, environmental and social issues in their daily habits and was carried out using IRT, which is described below.




5.2. Validation of the Construct


The statistical test assumes as a null hypothesis that there is no difference in the information between the models. That is, to assume two dimensions does not add significant information to the model in comparison to the model with one dimension; and the alternative hypothesis assumes that there is a significant gain from the information. As can be seen in Table 3, the difference between model 1 and model 2 is statistically significant for α = 0.05, accepting the alternative hypothesis that the model that assumes two dimensions has more information than the model with one dimension. This can also be displayed in the criteria information Akaike Information Criterion (AIC) and the Bayesian Schwarz Criterion (BIC), from which it can be seen that that there are positive differences between model 1 and model 2, and between model 2 and model 3. However, in this case, it can be seen from AIC and in the AIC with a correction for finite sample sizes (AICc) that there is a positive difference between models 2 and 3, which does not occur in BIC. Since the analysis has a relatively small sample compared with the number of estimated parameters, it is suggested to use the AICc as the information criterion, since it has greater statistical strength in this case. Therefore, it is noted that when comparing the four-dimensional model with that of two dimensions, the model of three dimensions appears to be more informative than the one of four (negative AICc difference).



Thus, we used the three-factor structure to evaluate the factor loads of each item. The first five eigenvalues were 3.33, 2.02, 1.23, 0.95 and 0.94, respectively. The ratio between the first and the second eigenvalue is 1.65, well below the minimum ratio of 3-to-1 for one-dimensionality to disappear. A statistical analysis of variance (ANOVA) was performed, confirming the existence of three dimensions, and presenting the factorial structure of the 13 items in the three dimensions, as shown in Table 4.



The factorial structure presented in Table 4 was obtained with oblique oblimin rotation, and allows verifying the correlation between the factors, as can be seen in Table 5. Moreover, it can be observed that Factor 2 (social) obtained the highest scores, in particular for items 12 and 13, which indicates greater participation in voluntary and social activities. This result raises an issue highlighted by the human resources area of many companies, namely participation in volunteer activities. Müller [48] draws attention to the growth and visibility that social projects are acquiring in business, suggesting an indication that this was the strategy of choice for a significant proportion of businesses for dealing with difficulties and contradictions arising from the process of organizational legitimation, considering that companies are social and political actors in contemporary society [48].



Meanwhile, Table 3 highlights that Factor 1 (environmental) also needs to be evaluated and even introduced in courses at educational institutions, as described by Laessoe and Mochizuki who affirm that schools need to offer ways to address political, social and ethical implications of climate change [19]. These authors maintain that it is a difficult but important task for education to promote proactive responses to climate change.



Meanwhile, the environmental issues [1,4,6,9,10,11] had better average participation. Questions related to the use of water, energy and automobiles seem to have a greater awareness among students. This aspect is particularly conducive to the discussion in view of the fact that the environmental performance of a company is associated with the quality of its human resources. Likewise, the encouragement of behavior and awareness focused on environmental issues should be the first step in the integration of human resources and environmental management of a company [48].



Table 5 indicates that the correlation between the variables is low, theoretically allowing the bi-factorial structure. The interpretation of the factors shows that Factor 1 groups items related to questions associated with natural resources, Factor 2 groups items associated with social concern and Factor 3 to financial issues. This structure corroborates the results of Dao et al. [1],which define three dimensions related to sustainable performance: (1) environmental performance—planet; (2) economic performance—profitability; and (3) social performance—people. The value of Cronbach’s alpha found for the group of 13 items was 0.701, which makes the group acceptable [1].



Based on these dimensions, Benedetti et al. [43], Dale and Newman [46] and Baumgartner and Korhonen [47] affirm that for sustainable actions to become effective in the organizational environment, it is necessary to understand and identify needs with a focus on balancing the social, environmental and economic conditions, that is, the concept of sustainability has come to focus on development, not only on growth. This involves seeking economic growth that is allied to society’s needs, while preserving the environment [46,47].




5.3. Discussion


Based on the results of the exploratory factorial analysis presented above, we assumed that the most appropriate model for data processing and creation of a scale using IRT is multidimensional. Since the correlations between the three dimensions were low, as can be seen in Table 5, the bi-factorial model can be adjusted. In this manner, the non-hierarchical models were estimated—the compensatory model of two parameters for ordinal data and the bi-factorial hierarchical model also for ordinal data [21,49]. The first assumes that the three dimensions are correlated and compensatory, but the second assumes that there is a general dimension that is correlated with all three dimensions, yet these three dimensions are orthogonal between themselves.



This step was estimated with the aid of the MIRT package of the statistical computing programming language and environment R, with the mirt command and bfactor [50,51]. The two models were compared using ANOVA and the information criteria AIC, AICc and BIC. The results can be seen in Table 6.



Table 6 indicates that the two-factor hierarchical model is better suited to the data than the non-hierarchical compensatory model, because the hypothesis test shows that there is significant difference between the models (p > 0.05) and all the criteria information indicate the superiority of the two-factorial hierarchical model. Therefore, the IRT model used in this paper is the bi-factorial.



The estimated bi-factorial model converged with a total of 456 interactions, and a stopping criterion of 0.00010. Table 7 shows the estimate of the parameters for the 13 items, assuming the confirmatory structure indicated in the factorial analysis.



Table 7 shows that the three most discriminating items in overall size were, in descending order, item 5, item 8 and item 7, which are all in the economic dimension (dimension 3). Within specific dimensions we note that dimension 2, which represents social concern, showed the highest discrimination power, and this is an important issue for human resources in its integration with the dimension of sustainability, in view of the strategic nature of these actions. In this sense, it is observed that, with regard to volunteer actions and participation in civil society organizations, the values presented stand out. The fact that the students had been previously involved in these social projects is an important vector, since this experience has been increasingly valued by organizations when evaluating a curriculum.



This involvement of students in social projects is of particular significance when one considers Steiner and Posch’s argument about the complexity of the practical understanding of the interaction between aspects that integrate the sustainability tripod. Thus, explaining to students how sustainability works is also a complex task [52].



One of the main implications is that traditional educational processes are of very limited use when considering education for sustainable development, in which learning about real cases involving interdisciplinary perspectives is required [15,53]. That is, in addition to the capabilities of analysis and the planning essential for resolving a problem, dealing with the complexity of sustainability requires creativity and social and communication skills specific to accomplishing the change [52,53].



The parameter (di) represents the difficulty a person has in reaching the point of inflection of the curve for category k. In multidimensional models the interpretation of this non-trivial parameter can generate ambiguities [12]. However, by setting the axis of the coordinates assuming θ1 = 0 and θ2 = 0, these parameters may be used to compare the probabilities of obtaining a response in a certain category. Therefore, an increase in this parameter corresponds to a greater requirement of the individual so that a reply is given to that category. That is, an individual with an average attitude level (on the scale represented by the value 0) in item 3 is more likely to lower their score in this case by answering that they turn off the water when washing dishes. In response to item 4, this same individual is most likely to respond with the second category, i.e., they rarely donate food to charity organizations. Therefore, one can say that the results concerning these two items still do not indicate sustainable behaviors, indicating a need for increased attention by companies for training and awareness about these issues.



Concerning universities, Jabbour et al. presented the importance of sustainability being inserted through teaching, research and extension, as well as by the development of practical cases, while simultaneously considering the multidimensional aspects of subjects (teaching) [54]. This has profound implications for Brazilian universities, since encouragement for these practices in course syllabuses is still very low, leading to a lack of compatibility with actions at companies that are already implementing sustainability practices, such as environmental management [54].



Table 7 shows the characteristic surface of item 7. The rotation of the figure indicates the general dimension (θ1), in which it is possible to identify four surfaces, which represent the probability of a response in each category. Since it is an ordinal scale, the first category is presented on the left part of the scale (the negative part). Therefore, individuals in this region of the scale have a greater probability of responding with this category. As the scale increases, it is noted that the probability of responding with this first category diminishes, consequentially increasing the probability of answering with the second category and later the third and fourth category. Since this item presented high parameters of discrimination for both the general dimension and the specific dimension, the graph (Figure 2a) is equal in the two dimensions.



Nevertheless, it is important to note in Figure 2a,b that items 7 and 10 have a smaller percentage of positive responses. That is, when we asked if “they buy products from manufacturers that do not harm the environment” and if “they pay more for products that have a lower impact on the environment,” the answer is seldom or never. As a consequence, it is observed that students tend to have more basic social and environmental behaviors in their daily lives, such as volunteer work, making donations, and garbage recycling. On the other hand, when it comes to economic aspects, such as analyzing and buying based on price and local production, sustainable aspects are not considered in decision-making. In this sense, we observe the predominance of individualist thought and practice, instead of a collective approach.



This item showed high discrimination in the overall size (θ1) and low discrimination in the specific dimension (θ2) causing the surface to present itself more to the overall size, with little discrimination to specific dimension.



From another perspective, Brundiers et al. analyzed the literature related to sustainability in education to determine how much real-world learning opportunities can contribute to building skills that develop sustainability. The authors also describe that for academics to engage in these opportunities, universities must incorporate collaborative projects in their courses, integrating all academic stakeholders in sustainability activities beginning with introductory courses [55]. In other words, from the freshmen year until graduate school, students should take courses that present sustainability practices and experiences.



In this context, an understanding of approaches has been discussed in relation to the analysis of the participation of companies and their practices for sustainable development, but little has been practiced at universities. The theory affirms that sustainable practices must be part of the business strategy of companies, such as best business practices to meet and balance the stakeholders. Furthermore, the theory recognizes that each company is unique, and that its choice of approaches and practices should be based on its particular business and needs, and on an understanding of the needs of the community or citizens who are direct beneficiaries of projects and actions, but these theories have not found resonance in educational institutions.



However, numerous researchers [53,54,55,56] have affirmed that for organizations to respond fully to the environmental, social and economic challenges of today, they will have to undergo significant and transformative changes. Accordingly, university students could represent part of this cultural change if they participate in environmental projects in their classes. Universities can provide important support and encourage initiatives of sustainable practices and the establishment of new standards, and therefore contribute more effectively to sustainable development. Sustainable behavior must be cultivated through learning and reflection, which are consequently translated into action, which can be reinforced by teaching, research and extension.



In this paper, IRT was used to represent the probability that a respondent (the subjects studied) would give a certain response to an item as a function of the parameters of the item and the skill of the respondent, noting that the greater the ability of the respondent, the greater the possibility to reach the correct answer. In this context, the study of the students showed a high level of participation in social practices, average involvement in environmental practices and low results in relation to economic issues. It also showed that the skills of scholars in the environmental and the economic factors need to be reinforced by the universities and, consequently, by the companies in training actions.





6. Conclusions


This article presented a study that allows analyzing sustainable behavior of potential professionals, using the multidimensional approach of IRT. The results of this study show that the social dimension, indicated in the issues “I participate in social organizations in my community” and “I do volunteer work”, followed by the issue “I turn off the water while I brush my teeth” in the environmental dimension, were the questions with the highest results among the students participating in the study. Meanwhile, the questions with lower results were those in the economic dimension, with questions such as “I pay more for products that have lower environmental impact”, “buy products that do not harm the environment” and “buy products developed in the region”. This result is in keeping with that found by authors cited in this article, who describe the growth and visibility that many companies are giving to insertion in social projects and volunteer work in their sustainability practices. Questions related to water, energy and use of a car appear to present greater awareness among the students. That is, although the social dimension was higher, when the factorial structure was analyzed, questions related to the environment (use of water, energy and a car), had good averages. In addition, it is important to highlight that these results can also be related to the fact that the students were in courses that do not have required classes about sustainability, as described in the methodology, except for the course in production engineering, which has classes in the environment in the context of a company.



In relation to the comparison of results with the use of IRT, the strength of the relationship between the responses and the corresponding latent trait can be observed, as well as the steering of actions that should be conducted for one or more items to be met in relation to the latent trait. The results also show that with the increased discrimination of an item there was an increase in the capacity to differentiate individuals with different levels of sustainable attitudes. This constitutes an important question in the field of human resources, particularly in relation to the awareness and training of professionals, not only at the company, but also in social activities, considering culture, principles and beliefs.



MIRT is designed to be a tool capable of describing the generally non-trivial apparatus of abilities or another latent characteristic, such as the sustainable behavior of a person, thus generating a diagnostic tool of various aspects of the phenomenon and is capable of modeling the interaction between the people examined and the items. This approach has been gaining space in the literature as an alternative to traditional techniques of multidimensional approaches to latent traits [52].



For future studies, there is a clear need for new research involving a higher number of students and from courses in different educational fields, as well as at different universities, to determine if there is a differentiation or not among future professionals. To do so, studies using the same line of questions are suggested with larger samples and even applied in different countries, to evaluate the social-cultural issues as factors that influence the results.
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Figure 1. Four possible structures of latent traits [36]. Within the bi-factorial model there is a general factor that explains the correlations between items, but there are also the so-called “group” factors (on the right side of the figure) that attempt to capture the covariance of the items that are independent of the general covariance factor. 
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Figure 2. (a) Characteristic surface of item 7; (b) characteristic surface of item 10. 
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Table 1. Survey items, rated on a response scale of “always”, “frequently”, “rare” or “never”.
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Item

	
Description






	
1

	
I turn off the water while washing the dishes




	
2

	
I make food donations to charity organizations




	
3

	
I buy products made in my region




	
4

	
When I have to travel short distances, I walk




	
5

	
I buy products from manufacturers that do not harm the environment




	
6

	
I use the back of used sheets of paper




	
7

	
I recycle garbage




	
8

	
I pay more for a product that has less environmental impact




	
9

	
I turn off the water while brushing my teeth




	
10

	
I turn out the light when I leave a room that is no longer being used




	
11

	
I turn off electronic equipment when it is not being used




	
12

	
I participate in associations or social organizations in my community




	
13

	
I perform volunteer work
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Table 2. Triple bottom line in the organizational context of sustainability.
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Environmental

Dimension

	
Economic Dimension

	
Social Dimension

	
Reference






	
Protecting and conserving the environment, care for renewable resources, waste management and management of risks and impacts.

	
Economic results, shareholder rights, competitiveness and relationships between customers and suppliers.

	
Labor and human rights, community involvement, transparency and ethical behavior.

	
Dale and Newman [46]




	
Respecting natural limitations, rationalizing non-renewable resources, optimizing the use of resources and maintaining biodiversity.

	
Economic development, food safety, continuous modernization and maximizing the use of resources.

	
Social inclusion, health and safety, political aspects, cultural aspects and quality of life.

	
Baumgartner and Korhonen [47]
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Table 3. Comparison of models of one, two, three and four dimensions.
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Models

	
Difference Chi-Squared

	
AIC

	
AICc

	
BIC




	
χ2

	
Degrees of Liberty

	
p-Value






	
Model 1 × Model 2

	
326.56

	
32

	
<0.01

	
262.56

	
194.86

	
128.21




	
Model 2 × Model 3

	
147.11

	
31

	
<0.01

	
85.11

	
7.62

	
−45.04




	
Model 3 × Model 4

	
86.10

	
30

	
<0.01

	
26.10

	
−97.99

	
−99.86








Note: AIC, Akaike Information Criterion; AICc, AIC with a correction for finite sample sizes; BIC, Bayesian Schwarz Criterion.
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Table 4. Factorial loads of the 13 items, in oblimin rotation.
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Item

	
Description

	
Factor 1

(Environmental)

	
Factor 2

(Social)

	
Factor 3

(Economic)






	
1

	
I turn off the water while washing dishes

	
0.614

	

	




	
2

	
I make food donations to charity organizations

	

	
0.487

	




	
3

	
I buy products made in my region

	

	

	
−0.302




	
4

	
When I have to travel short distances, I walk

	
0.440

	

	




	
5

	
I buy products from manufacturers that do not harm the environment

	

	

	
−0.613




	
6

	
I use the back of used sheets of paper

	
0.400

	

	




	
7

	
I recycle garbage

	

	

	
−0.415




	
8

	
I pay more for a product that has less environmental impact

	

	

	
−0.749




	
9

	
I turn off the water while brushing my teeth

	
0.791

	

	




	
10

	
I turn out the light when I leave a room that is no longer being used

	
0.597

	

	




	
11

	
I turn off electronic equipment when it is not being used

	
0.460

	

	




	
12

	
I participate in associations or social organizations in my community

	

	
0.874

	




	
13

	
I perform volunteer work

	

	
0.802
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Table 5. Correlation matrix between the three factors with oblimin rotation.
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Factor 1

	
Factor 2

	
Factor 3






	
Factor 1

	
1.000

	
0.043

	
−0.337




	
Factor 2

	
0.043

	
1.000

	
−0.328




	
Factor 3

	
−0.337

	
−0.328

	
1.000
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Table 6. Result of the comparison test of the two-factor and compensation models.
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Model

	
AIC

	
AICc

	
BIC

	
χ2

	
df

	
p-Value






	
Hierarchical—bi-factorial

	
13,128.52

	
13,148.67

	
13,401.43

	

	

	




	
Non-hierarchical—compensatory

	
13,140.13

	
13,167.53

	
13,455.01

	
8399

	
10

	
0.590
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Table 7. Result of the characteristic surface of the item.







Table 7. Result of the characteristic surface of the item.







	
Item

	
ag

	
a1

	
a2

	
a3

	
b1

	
b2

	
b3






	
1

	
0.808

	
1.285

	

	

	
−0.054

	
1.050

	
2.317




	
2

	
0.852

	

	
1.071

	

	
−2.022

	
−0.891

	
1.231




	
3

	
0.679

	

	

	
0.392

	
−2.263

	
0.346

	
3.569




	
4

	
0.339

	
0.696

	

	

	
−0.520

	
0.877

	
2.891




	
5

	
1.962

	

	

	
1.268

	
−1.849

	
0.164

	
2.459




	
6

	
0.757

	
0.569

	

	

	
−0.463

	
0.818

	
2.726




	
7

	
1.261

	

	

	
0.641

	
−0.855

	
0.240

	
1.796




	
8

	
1.488

	

	

	
0.049

	
−2.335

	
−0.812

	
1.370




	
9

	
0.639

	
1.954

	

	

	
0.416

	
1.161

	
2.180




	
10

	
0.705

	
1.124

	

	

	
0.609

	
2.163

	
3.816




	
11

	
0.486

	
0.797

	

	

	
−0.235

	
1.142

	
3.016




	
12

	
0.729

	

	
2.844

	

	
−1.663

	
0.970

	
0.164




	
13

	
0.711

	

	
2.132

	

	
−1.676

	
−0.787

	
0.520








Note: ag, coefficient of general discrimination; a1, coefficient of environmental discrimination; a2, coefficient of social discrimination; a3, coefficient of economic discrimination; b1, coefficient of environmental difficulty; b2, coefficient of social difficulty; b3 coefficient of economic difficulty.
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