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Abstract
Addressing sustainable development challenges requires fundamental shifts in the individual capacity to anticipate and embed the long-term and collective consequences of decisions and actions. This paper contributes to the identification of effective learning processes aimed at influencing the development of sustainability-related dispositions. To do so, we test the relative effectiveness of meditative training, compared to passive and active controls, on the development of sustainability- related decision outcomes and associated neuro-psychological dispositions. A randomized controlled trial (RCT) with 80 graduate business students finds evidence of the efficacy of a 4-week, 16-hour, (sahaja yoga) meditation training in enhancing sustainable decision-making and related psychological dispositions (self-transcendence, cooperativeness) and reducing Machiavellianism (willingness to manipulate others against their self-interest). The data also show neuro-plastic adaptation of grey matter density in the right inferior frontal gyrus, connected to attentional and emotional self- regulation, as well as conflict resolution in decision-making, including inter-temporal trade-offs.
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Main

It is generally accepted that sustainability-related mitigation and adaptation policies require fundamental behavioral changes on the part of all of the actors of a socio-economic system: policy- makers, managers in public and private organizations, as well as individual citizens1. Prior work, in particular by psychologists and behavioral economists2,3, has contributed to our understanding of this type of behavioral change by elucidating factors that might induce more responsible, ecologically sustainable, behavior.
Interventions tested so far include different forms of information feedback, knowledge context framing, and role modeling behavior by other constituencies4–6, as well as the assessment of the impact of economic and non-economic reward systems7,8 on various dimensions of sustainable behavior. However, these forms of effective behavioral “nudging”9 might not be sufficient to heighten individual sensitivity towards environmental outcomes, and thus the spontaneous emergence of sustainable behavior without continuous informational stimuli and rewards. Moreover, despite the dominant role of the business enterprise in today’s socio-economic systems, there is a paucity of literature specifically examining the potential effectiveness of alternative forms of learning interventions on the development of individual dispositions towards sustainability on the part of business decision-makers2.
The main purpose of this paper is to open a novel line of inquiry related to the identification of effective learning processes aimed at influencing the development of sustainability-related dispositions and the emergence of spontaneous behavioral outcomes coherent with the requirements of the environmental crisis. We focus on the business context, since such class of decisions and decision-makers might require particular attention for at least two reasons. First, the private business sector has a dominant impact on both the emergence of, and possible solutions to, global sustainability issues.  Second, business decision-makers might possess idiosyncratic characteristics, different in


both theoretically and empirically meaningful ways from those related to individual citizens or public policy-makers.
Concerning the typology of learning interventions, prior research shows that standard learning approaches, such as those normally employed in higher education institutions, might be largely ineffective10 for the learning objectives of interest. The challenge, in fact, is to identify and test the relative effectiveness of different learning approaches in developing neuro-psychological dispositions to decide and act in a sustainable way in complex and uncertain business contexts. More generally, standard knowledge-sharing processes might be ineffective as a learning strategy in the context of sustainable behavior since individuals might respond reflexively (rather than reflectively) when they face this type of decision5. It is, therefore, particularly crucial to test the relative effectiveness of alternative learning processes in facilitating the emergence of environmental sensitivities. In turn, the development of such dispositions would generate spontaneous decisional and behavioral outcomes in line with societal expectations on business conduct.
The core proposition that we intend to test is that meditation training might be an effective learning process related to the sustainability of decision-making in the context of business organizations. This might be plausible, despite the obvious fact that meditative practice has not yet been developed for that specific purpose. In fact, this type of practice has been developed by most human cultures across history for purposes that range from philosophical inquiry to psychophysical well-being and spiritual quests. Recently, they have also been widely investigated for their potential effects on psychosomatic illnesses, as well as the enhancement of well-being in medical and psychological contexts11. From these perspectives, meditation has been characterized as a complex mental process producing changes in different dimensions of cognition, sensory perception, and affect12. Specifically, the literature shows overall efficacy in strengthening affect regulation and attention control11. Recent evidence13 on the neuro-structural differences between long-term meditators and novices shows significantly larger grey matter volume across the whole brain, and in particular in right prefrontal cortical


structures involved in self-control and interoceptive attention. Further recent evidence demonstrates that these neuroplasticity effects can be produced with learning processes that take place during a relatively short amount of time14.
These findings are relevant for the purpose of the development of sustainability orientation in individuals, since they combine (a) the capacity to resist the impulse to access short-term rewards (self-control) at the expense of longer-term benefits, with (b) the propensity to transcend the physical boundaries of our conception of “self”, e.g., including members of a community (self-transcendence). This practice might also be important to attenuate decision-making biases, such as judgmental discounting15,16, self-serving system justification17,18, as well as self-excluding interpretation of causes19 and solutions20,21 to environmental sustainability problems. Altogether, research in medicine and neuropsychology points to the plausibility of the efficacy of meditative practice not only in influencing the outcomes of decision processes towards higher levels of sustainability, but also in the development of the neuro-psychological antecedents to such decisions.
To test the empirical validity of these ideas, we adopt a three-step analytical approach. First, the direct impact of meditative practice on the sustainability of business decisions (assessed through a widely adopted computer simulation in business courses) is tested in a randomized controlled trial (RCT) design. Second, we test the relative effect of meditation training on potential neuro-psychological antecedents to sustainable behavior. In particular, we focus on specific personal dispositions, such as cooperativeness22,23 and self-transcendence24,25, which have been found in prior studies to be correlated with sustainable behavioral outcomes. Furthermore, ethics research highlights the negative influence of Machiavellianism, defined as the “strategy of social conduct that involves manipulating others for personal gains, often against the others’ self-interest”26, on collective interest27 and, particularly, on pro-environmental sensitivity28 and behavior29. We, therefore, test the effectiveness of meditative practice on the reduction of Machiavellianism. We also test the hypothesis that meditative practice might be effective in lengthening the time horizon in business decisions, which is


of critical relevance given the frequent occurrence of inter-temporal trade-offs in business contexts15,30. Finally, we aim to test the potential impact of neurostructural change in an area of the brain, the right inferior frontal gyrus (rIFG), which has been reported to be related to inhibition and attentional control31, including resistance to the appeal of short-term rewards32. As such, this area appears to be particularly critical for the development of sustainable decision-making. In addition, the same area appears to be liable to plastic changes in connection with meditative practice14.
As a third analytical step, this study aims to assess the correlation between changes in both neuro- structural and psychological dispositions on the sustainability of business decisions, as well as possible correlational relationships among neurostructural modifications and variations in psychological dispositions occurring in the complete sample.
Study design

To test the efficacy of meditation training in developing sustainability-related decision outcomes and their antecedents, an RCT was designed by a cross-disciplinary team of management and cognitive neuroscience scholars. 80 graduate business students were recruited as participants in a project described as a research effort to study the development of sustainability skills and mindsets. Participants had to be compatible with magnetic resonance (MR), have no previous experience with meditation, have no history of psychiatric or neurological disease, and have no prior or current use of substances or psychoactive medications. Participants gave their written informed consent to the experimental procedure with the approval of the Ethics Committee.
A pre-training phase consisted of the measurement of behavioral, psychological, and neurostructural traits. Decision-making was assessed through a computer-based business simulation33 where participants assumed the role of owners of fishing boats, and had to decide how much to fish, where to fish, and what to do with accumulated earnings (e.g., invest in purchasing additional ships). Sustainable decision-making was evaluated by a software program through a formula (unknown to the participants) measuring the distance between the quantity fished and the optimal amount to allow


for resource regeneration to the initial stock (see the Methods section for additional information). Psychological dispositions were measured with standardized questionnaires, relating to character and personality traits34,35.  Neurostructural dimensions were assessed via MRI and anatomical imaging for voxel-based-morphometry (VBM). For each subject grey-matter density was extracted from the right inferior frontal gyrus (rIFG), a region of interest which showed longitudinal structural changes in subjects who underwent the meditative training (see Dodich et al., 2018 for results and method). Participants were randomly allocated to one of three groups: a meditation training, an active control (cognitive exercises), and a passive control (a waiting list) group. Participants in the meditation and active control groups were informed that the research aims to explore the effectiveness of two different approaches to the development of sustainability mindsets.  Meditation training consisted of 4 weekly group sessions of Sahaja Yoga (SY) for 4 weeks. Overall duration and schedule of the course were based on previous evidence on the behavioral effects of short-term SY meditation training36–38. Participants received guided meditation instructions by an instructor with over 25 years of teaching experience, and joined group activities designed to promote the state of mental silence, known also as thoughtless awareness. Each training session lasted 1 hour and was organized in 10- 15 minutes of a mini-lecture, which introduced a new subject, followed by 45-50 minutes of meditation practice experience, which included various workshop techniques. No other commitments or home practice were required.
The active control group was asked to go through a similarly timed cognitive training schedule consisting of 4 sessions per week, each lasting approximately 1 hour. The sessions were designed to stimulate working memory, i.e., the number memory and keep-track task39, and attention and inhibition control exercises, i.e., visual search task40 and Stroop task.41 Previous studies demonstrated that working memory and attention control systems are related to the abilities of individuals to make innovative decisions42 and switching learning strategies between exploration and exploitation43,44. Yet,  no  evidence  exists  that  they  might  produce  positive  effects  in  cognitive  dispositions  to


sustainable decision-making. Hence, for the purpose of this study, they are considered to be a credible, active, control intervention.
Of the 80 initial participants, 5 who were randomly allocated to the meditation group asked to be assigned to the waiting list group, due to unexpected workload. Thus, the pre-intervention measurements were collected with 21 participants in the meditation group, 27 in the active control group, and 32 in the passive control group. The neurostructural assessment through MRI was conducted on a sub-sample of 49 participants, including 12 participants in the meditation group, 18 in the active control group, and 19 in the passive control group. The average age of the participants was 21.89 years, and 40% were women. At the baseline, groups showed no significant differences in the characteristics of age and gender, psychological and ethical dispositions, or sustainable decision- making. The passive control group presented higher overall levels of neurostructural density at the baseline in the neural area of interest (right inferior frontal gyrus) (see Table 1 for the mean tests at baseline). The fact that there is no significant difference between the meditation training and the active control groups, however, provides additional confidence in the interpretation of the results of the experiment.
Results
Repeated measures ANOVA and Bonferroni corrected post-hoc pairwise comparison are used to assess the effects of meditation training on the behavioral, psychological, and neurostructural dimensions relevant to the environmental sustainability of decision-making.
Results show a significant group by time interaction for the sustainability of business decisions (F(2,77) = 8.686, p = 0.000). Post-hoc analysis reveals increasing scores from baseline to post- intervention assessment for the meditation group participants (mean difference = 0,361; p = 0,032). In contrast, decreasing scores are found for both active (mean difference = -0,226; p = 0,003) and passive (mean difference = -0,226; p = 0,003) control groups. Moreover, between-subjects comparison of post-intervention values shows the beneficial effect of meditation training on the


sustainability of business decisions vis-à-vis both active (mean difference = 0.516, p = 0.034) and passive (mean difference = 0.448, p = 0.067) control groups. The quantity of fishing decided during the business simulation reduced only in the meditation group, and to a level significantly closer to the regeneration capacity of the fish stock. Participants in both the active and passive control groups actually increased the quantity of fishing in the second (post-intervention) assessment of the decisional outcomes.
To understand the potential explanations for these results, we tested the effect of meditation training on potential antecedents of sustainable decisions. A significant group by time interaction is found for intertemporal choices (F(2,76) = 3.050, p = 0.053). The post-hoc analysis reveals that participants in the intervention (meditation) group increased the time horizon adopted in the intertemporal choice task after the intervention (mean difference = 3,381, p = 0,001). Similarly, the efficacy of meditation training in enhancing longer-term preferences in individuals is also supported by between-group comparison showing increasing values for meditators compared to active control (mean difference = 0.217, p = 0.032) and passive control group participants (mean difference = 0.228, p = 0.016).
Regarding character and temperament qualities (TCI34 scale), data show significant group by time interactions for cooperativeness (F(2,76) = 9,096, p = 0.000) and self-transcendence ((F(2,76) = 6.616, p = 0.002). Meditators registered increasing scores in their disposition to cooperate from baseline to the second assessment (mean difference = 0,381, p = 0,001). No significant difference was found in post-intervention scores between meditation and both passive (mean difference = 0.229, p = 0.380) and active control (mean difference = 0.178, p = 0.641) groups. In addition, meditation group participants significantly increased the level of self-transcendence in the post-training compared to baseline assessment (mean difference = 6,476, p = 0,000), as well as vis-à-vis the passive control (mean difference = 6.21, p = 0.021) and active control groups (mean difference = 5.12, p = 0.095).


With respect to ethical dispositions, we find a significant group by time interaction for Machiavellianism (F(2,77) = 12,169, p = 0,000). Meditation practice diminished the propensity to act in instrumental and manipulative ways, captured by Machiavellianism, from first to second assessment (mean difference = -10.000, p = 0.000). In contrast, increasing values of Machiavellianism are found for participants belonging to the active (cognitive training) control group (mean difference
= 2.074, p = 0.060), constituting evidence of a strong effect of this set of exercises in promoting Machiavellianism and utilitarian behavior. In addition, between-groups analysis reveals decreasing values of Machiavellianism in meditation training participants compared to both active (mean difference = 12.090, p = 0.001) and passive control groups (mean difference = 8.029, p = 0.042).
The analysis of grey-matter density extracted from the rIFG confirm a significant group by time interaction (F (2,46) = 8.747, p = 0.001) and increasing values from baseline to post-intervention assessment for participants in the meditation training group (mean difference = 0,010; p = 0,007). We also find decreasing neural density in the passive control group (mean difference = -0,009; p = 0,000) and, less significantly, in the active control group (mean difference = -0,007; p = 0,091). No significant evidence is found between groups for post-intervention values. This result can be explained in light of the significant differences at the baseline among groups. In particular, the passive control group exhibits higher grey matter density compared to both meditation (mean difference = 0.022; p = 0.045) and active control groups (mean difference = 0.018; p = 0.097). As displayed in Figure 1, participants in the control and meditation groups reach similar values at the post- intervention assessment, while respectively decreasing and increasing grey matter density from the baseline. For this reason, to gauge whether meditation training was effective in increasing brain density in the rIFG, we calculate differences among pre- and post-intervention scores and compare them among the different groups (i.e., mediation training, active control, and passive control). This analysis shows increasing values for the meditation group vis-à-vis both active control (mean difference = 0.018, t = 5.490, p = 0.000) and passive control (mean difference = 0.015, t = 2.939, p = 0.007) groups.


We replicate the analysis with pre-post differences for all of the variables of our study (see Table 2). Participants of the meditation group display increasing values vis-à-vis both active and passive control groups with respect to the sustainability of business decisions and personal dispositions of cooperativeness and self-transcendence, while decreasing values of Machiavellianism. Differently, data show increasing weights given to long-term horizons in the intertemporal choice tests for meditation participants vis-à-vis the active control group, but not compared to the passive control group.
To determine if these psychological and neurostructural factors are indeed possible antecedents of sustainable decision-making, we ran bivariate correlational analyses for the entire sample using pre- post difference scores. The data reveal a positive correlation between variation in the sustainability of business decisions and longer-term preferences in intertemporal choice (t = 0.30, p=0.001), as well as a negative correlation with the degree of Machiavellianism (t = -0.217 p = 0.047). Moreover, a marginally significant correlation is identified between the sustainability of decisions and variations in grey matter density of the right inferior frontal gyrus (t = 0.24, p= 0.097). Furthermore, modifications of GM density in rIFG is negatively correlated with values of Machiavellianism (t = -
0.317 p=0.0264). No significant correlation was found with cooperativeness and self-transcendence.

In addition, since there were minor gender differences across groups, we also replicated the analyses reported above with gender as a covariate in the ANOVAs, and the results are robust to such specification.
Discussion

The aim of this study was to contribute to our understanding of whether and how sustainability mindsets can be developed in individuals, and specifically in business managers. The importance of the private sector in co-determining the causes of, and potential solutions to, the environmental crisis is acknowledged beyond any reasonable doubt. The challenge of developing sustainability-related sensitivities in business managers’ mindsets is an equally well-known challenge for the realization of
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sustainable socio-economic systems. In particular, we still know relatively little about the effectiveness of alternative learning interventions in the development of such sensitivities.
The results of the study described above demonstrate that the development of sustainability mindsets in graduate business students is possible, and can be effective despite a relatively short (albeit somewhat intense) 4-week learning intervention. Meditation practice appears to be particularly effective to this end, over and above its known positive influence on stress-management and general well-being in the workplace11,45,46. This is particularly interesting if one considers that the original purpose for which meditative practice has been developed over the centuries and across civilizations is significantly different from the development of sustainability-related mindsets in individuals. However, there are certainly dimensions in common between the global challenges connected to environmental sustainability and the neuro-psychological correlates of meditative experience. For instance, neuroscience and cognitive psychology literature reports on the role of the brain region that we identified as a correlate of the sustainability of business decisions (the right inferior frontal gyrus) in the individual capacity to control emotional and attentional processes47, as well as conflict resolution in decision-making48. In addition, recent experiments link meditative practice with an increase in gray matter density in this area, in line with our findings13,14 . We find that such structural changes are also connected with more sustainable decision-making, as well as with lower levels of Machiavellianism (willingness to manipulate others against the others’ self-interest) in individual decision-making processes.
This set of results has clear implications for business practice. The way that business organizations develop managerial and leadership skills might be significantly improved by the integration of meditative practice in internal human resources management (HRM) processes. Even more importantly, there might be a logic for experimentation in the use of such practices during the day- to-day course of the business activity, especially in the context of particularly complex decision trade- offs or in the presence of potential (or real) conflict situations among individuals, within groups and
11



across organizations. The capacity of meditative practice to strengthen individual ability to think in a less manipulative way, more cooperatively, more long-term and for the greater good of the organization and its eco-system, might indeed benefit the quality of decisions made and actions taken in business organizations. At the same time, stakeholders of these organizations, such as investors, clients, employees, business partners and local communities, might consider suggesting that such learning practices should be included in internal HRM systems.
These results also offer particularly relevant implications for the design of learning processes in higher education institutions, such as business schools and universities, as well as in high schools. They point to the idea that sustainability cannot be simply the object of knowledge-sharing, and not even of awareness-building initiatives, if the objective is to nurture the development of individual beliefs in line with societal priorities related to the social and environmental sustainability of eco- systems. As Shrivastava49 points out, developing a sustainability mindset requires engaging the learner’s emotional being, involving and facilitating the development of a broader consciousness of self. Experimentation with meditative practices, as well as potentially other forms of deep introspective learning, appears to be critical to this effect. More specifically, in the context of executive education, business schools have the opportunity to lead the innovation and experimentation necessary to develop corporate sustainability programs that build on the nurturing of aligned managerial mindsets. The data that we analyzed indicate that such programs might be particularly effective in influencing the evolution of business practice if they integrate meditative experience as a core element of the developmental process (rather than as experiences dedicated to well-being and reflection).
From a public policy perspective, the results of our analysis might offer suggestions and empirically- grounded support for several forms of governmental interventions. In the most direct case of the set of policies related to public interventions to realize the objectives of the 2030 Agenda, this study suggests that a core element of such interventions should involve learning programs related to the


development of sustainability mindsets in private, and potentially public, decision-makers. Moreover, such learning interventions might be particularly effective if they include meditative practice.
Beyond the policy dimensions directly related to the global sustainability agenda, this study implies that industrial policy interventions might also benefit from executive-level learning programs, especially if integrated with meditative practice. Such interventions typically aim to solve complex crises either at the organizational, industry, or even local ecosystem level. The inclusion of executive education programs might be conducive of benefits beyond the enhanced sustainability of business decisions, and include a stronger managerial capacity to cooperate, prioritize long-term implications of decisions, as well as reason in less manipulative and more collective ways.
The results of this study also call for a dedicated effort from policy-makers responsible for the support of research efforts to dedicate attention (and funding) to the identification and assessment of the relative effectiveness of learning processes facilitative of more sustainable mindsets in individuals. Although such research aspirations might be shared with any private and public institution interested in a rapid and effective transition towards more sustainable models of societal development, governments and international institutions are explicitly and publicly committed to the realization of the UN Agenda. The successful identification of the most effective tools and approaches to influence and nurture sustainable mindsets is likely to constitute a cornerstone in global efforts to guarantee a sustainable future for humanity.
As a final note, one might argue that the results emerging from our analyses might signal the importance of embedding meditative experience not only in learning and development programs dedicated to business managers and employees in the private sector, but also to those dedicated to training public officials and policy-makers. The neuroplasticity and psychological change effects identified above, in fact, might also be useful in efforts to improve public decision-making, for instance, in enhancing the centrality of sustainability in public budget allocation processes, and in the capacity to identify and pursue the most appropriate interventions to deliver on the national targets


specified in the 2030 Agenda. Furthermore, given the central role of behavioral change in individual citizens’ daily decisions and routines, it would be particularly critical to validate the potential effectiveness of innovative learning approaches, such as the development of meditative practices, to support the development of sustainability-sensitive mindsets in individual citizens and communities.

Methods


Below, we describe the measurements of the dependent variable in our study (sustainability of decision-making), as well as the measurement of the psychological and neurological factors that might explain the effectiveness of the meditative intervention.
Sustainable decision-making measure

To assess the sustainability of decisions, participants took part in a computer-based business simulation, FISH 4.0. The simulation, freely available upon request from the authors33, has been developed for the purpose of studying natural resource management in a competitive business setting. It creates a micro-world environment focused on fishing and related economic activities (e.g., investment in and selling of ships, market pricing of fish, etc.), assigning players the role of fishers and the task to harvest a resource that can regenerate at unknown rates for profit-making purposes. The interdependence of competitive and environmental dynamics confronts players with tensions associated with temporal trade-offs, as well as inter-subjective utility functions in which their own individual pay-off depends on collective behavior. The typical behavioral pattern, over the simulated fishing seasons, consists of high initial levels of profit-taking, followed by a rapid decline (market boom and bust) due to the progressive exhaustion of fish stock and the related loss of value of the fishing equipment.
FISH 4.0 automatically collects, aggregates, and stores information about each fisher’s harvesting strategy, including time spent fishing, number of casts, fish caught, and costs and profits for each fisher. At the start of the first season, an instructor sets the rules for buying, selling and ordering new


ships, the number of available oceans, operating costs, fish prices, and parameters governing fish regeneration. With the same endowment of initial assets, i.e., cash and ships, participants can decide how much and where to fish considering differences in fish-density and operating costs associated with deep sea and coastal areas. At the end of each season, profit is the result of fish sales, eventual ship acquisitions and sales, and interest earnings when a minimum bank-account threshold is met.
Sustainable decision-making is assessed through an individual efficiency (IE) measure, reflecting the proportion of fish taken from the common pool, related to the fish stock capacity to regenerate50. The value of 1 represents the optimum choice by an individual to return to the original quantity of resources on the basis of remaining availability at the start of the season. A value of 0 is an unsustainable amount of fishing given by the “even” share of total fish available divided by the number of fishers. Scores below 0 show even higher levels of greed by individual fishers and unsustainability for the whole system.
Intertemporal choice measure

The intertemporal choice task included 80 pairs of stimuli with a symmetric pattern of gains and losses, in order to perform a direct comparison between gain- and loss-associated temporal discounting51. In each trial, subjects had to choose between a smaller amount of money paid/gained immediately and a larger amount paid/gained at a later time. In the gain condition, subjects were instructed to choose between two monetary rewards (smaller/sooner and larger/later) available at different times (today, half a month from now, and one month from now) and at different intervals (either half a month or one month after the earlier time). The amounts of monetary reward in the earlier choices ranged from 5€ to 40€, while the percent difference in amounts between the two rewards was selected from a set (i.e., 5%, 10%, 15%, 25%, 35%, 50%, 75%, 100%). In the loss condition, all trials were the same as those in the gain condition, except for a “−” sign before the monetary amounts, indicating the loss of money. Stimuli were randomly ordered. In order to obtain an indirect measure of a ‘sustainable intertemporal choice’ (i.e., smaller/sooner loss and larger/later


gain), we further compute index k, representing the percentage of choices reflecting this decisional profile in pairs of symmetric loss/gain stimuli.
Psychological measures

We collected psychological measures connected to different facets of sustainability. Measures were selected from the Temperament and Character Inventory (TCI)34. We included cooperativeness, a scale formed by the extent of empathy, sociability, helpfulness and principles-driven behavior (rather than pure self-advantage) during social interactions, and self-transcendence indicating dispositions towards high collective identification and idealism (rather than practical orientation), and towards low self-consciousness and rational materialism. Cooperativeness is, almost by definition, a logical requirement to address complex sustainability issues both at the organizational and the systemic levels. Self-transcendence can be connected to the individual disposition to expand the notion of the self towards a more collective, system-embedded identity.
Finally, the concept of Machiavellianism, defined as “a strategy of social conduct that involves manipulating others for personal gain, often against the others’ self-interest”26 is measured through the Mach IV scale35.
Neurostructural measures: structural MRI data acquisition and VBM processing

The longitudinal study design entailed two time-points for each group, in which we collected anatomical images for voxel-based-morphometry (VBM) analyses of grey-matter density. We used a 3 Tesla Philips Achieva scanner (Philips Medical Systems, Best, NL), equipped with an 8-channel
sense head coil (sense reduction factor=2), to collect anatomical T1‐weighted images (150 slices,
TR=600 ms, TE=20 ms, slice thickness=1 mm, in-plane resolution=1 mm × 1 mm). Participants were

positioned comfortably on the scanner bed and fitted with soft earplugs; foam pads were used to minimize head movement. Data pre-processing is descripted in previous work (Dodich et al., 2018)


The results from Dodich et al., 2018 showed a significant change in the pre-post structural value of grey matter in the right inferior frontal gyrus (rIFG) in subjects undergoing the meditative training. Values of Grey matter density were extracted for each participant of this study using Marsbar toolbox52.
Statistical analysis

To assess the effects of meditation on the sustainability of business decisions and on their psychological and neuro-structural antecedents, repeated measures ANOVA and Bonferroni corrected post-hoc pairwise comparison were performed. In addition, mean comparison tests among pre- and post-intervention scores were calculated for all measures among the three, randomly assigned, groups. Finally, bivariate correlations, i.e., Pearson’s r, were performed to examine potential links between decisional outcomes and psychological and neuro-structural antecedents.


Limitations

This study, being one of the first to tackle the development and empirical testing of the effectiveness of specific personal development practices on the emergence of sustainable decision-making, as well as its psychological and neurological antecedents, also possesses important limitations that should be considered in future expansions and improvements. First, the results need to be validated not only with larger samples, but also with more mature and experienced subjects. This is important since (a) neuroplasticity decreases with age and it might therefore be harder to find similarly strong effects in an older population, and (b) the stock of work experience might influence, in potentially positive or negative ways, individual capacity to adapt thinking, feeling, and decision-making during the course of the learning intervention. In addition, the work environment in which experience is accumulated might affect the transferability of what is learnt in the laboratory to daily practice. These results might also be culture-dependent since the acceptance of meditation practices might vary across cultural contexts (although Italian culture is not particularly open or predisposed to yoga meditation practice).


Another line of work might be developed to test the relative efficacy of different forms of interventions related to personal development. Even within the context of meditative practices, a broad spectrum of variance exists in the experiential processes and potential effectiveness of different forms and traditions of meditation, which have rarely been subjected to scientific comparative analysis. We are not aware of any comparative analysis on the effects of alternative forms of meditative practice, let alone broader developmental approaches, to the problem of facilitating the emergence of sustainability mindsets. We therefore caution the reader to avoid generalizations of the results reported above to other meditative or personal development practices. Comparative studies of alternative forms of meditation for the development of sustainability mindsets will therefore be particularly useful to test not only the effectiveness of each of them, but more importantly the boundaries to their effectiveness on different dimensions of human neuropsychology related to sustainable behavior53. More generally, recent evidence54,55 suggests that meditation techniques might be only one of many methods potentially capable of generating effects similar to those that we have observed on the development of sustainability mindsets. Beyond comparative evidence, future scholars might also want to investigate the potential joint effects of different learning approaches, including the more standard classroom-based knowledge-sharing and awareness-building processes, as well as more innovative forms of experiential learning in organizations, such as volunteering and project-based experiencing and reflection processes56.
The other major limitation of this study consists in the fact that the laboratory experiment design brings, together with its many strengths in the capacity to control for confounding factors, the well- known weaknesses related to distance from real conditions. To understand the extent to which our results are transferable, and hence can be utilized to design better developmental programs in organizations, would require to engage organizations in the design and deployment of field experiments related to the effectiveness of different learning approaches to the problem of developing a sustainability mindset in managers and employees, as well as in representatives of their stakeholders57.


Data availability

The data that support the findings of this study are available from the corresponding author upon reasonable request.
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Table 1. Characteristics of the research sample at baseline (mean and standard deviation).



	
	Mean
	Sd

	Age
	21.891
	1.482

	Gender
	0.400
	0.493

	Individual efficiency
	0.136
	0.551

	Cooperativeness
	28.750
	4.713

	Self-transcendence
	21.325
	7.693

	Machiavellianism
	92.938
	11.666

	Intertemporal choice
	0.385
	0.268

	GM rIFG
	0.471
	0.032




Table 2. Mean Comparison Tests of Baseline Values Between Groups.


Meditation-cognitive	Meditation-control	Cognitive-control

	
	M diff
	t
	p
	M diff
	t
	p
	M diff
	t
	p

	
Age
	
-0.639
	
-1.446
	
0662
	
0.303
	
-0.709
	
0.482
	
0.345
	
0.956
	
0.343

	Gender
	-0.269
	-
	0.082
	-0.058
	-
	0.768
	0.211
	-
	0.122

	Decisions
Individual efficiency
	
-0.070
	
-0.421
	
0.676
	
-0.106
	
-0.435
	
0.665
	
-0.026
	
-0.185
	
0.854

	Antecedents
	
	
	
	
	
	
	
	
	

	Cooperativeness
	-1.180
	-0.873
	0.387
	-2.070
	-1.586
	0.119
	-0.872
	-0.708
	0.482

	Self-transcendence
	0.392
	0.179
	0.859
	0.762
	0.335
	0.736
	-0.024
	-0.012
	0.991

	Machiavellianism
	-0.831
	-0.247
	0.806
	-0.571
	-0.168
	0.870
	0.259
	0.860
	0.932

	Intertemporal choice
	0.101
	1.323
	0.163
	-0.082
	1.071
	0.290
	0.077
	1.615
	0.113

	GM rIFG
	-0.004
	-0.296
	0.759
	-0.022
	-2.182
	0.045
	0.018
	-1.727
	0.097


Notes: Gender displays Fisher’s exact values. Two-tailed significance tests. 95% confidence intervals.


Table 3. Mean Comparison Tests of Pre-Post Differences Between Groups.



Meditation-cognitive	Meditation-control	Cognitive-control

	
	M diff
	t
	p
	M diff
	t
	p
	M diff
	t
	p

	Decisions
Individual efficiency
	
0.588
	
3.436
	
0.002
	
0.555
	
3.252
	
0.002
	
-0.033
	
-0.275
	
0.784

	Antecedents
	
	
	
	
	
	
	
	
	

	Cooperativeness
	3.266
	3.347
	0.002
	3.850
	3.885
	0.000
	0.584
	0.696
	0.490

	Self-transcendence
	4.976
	3.045
	0.004
	5.445
	3.068
	0.003
	0.469
	0.348
	0.729

	Machiavellianism
	-12.301
	-4.631
	0.000
	-7.946
	-3.004
	0.004
	4.355
	2.387
	0.020

	Intertemporal choice
	0.1431
	2.411
	0.020
	-0.575
	-0.995
	0.324
	0.557
	1.541
	0.130

	GM rIFG
	0.015
	2.939
	0.007
	0.018
	5.490
	0.000
	0.004
	0.752
	0.449


Notes: Two-tailed significance tests. 95% confidence intervals.


Figure 1. The Impact of Meditative Practice on the Sustainability of Business Decisions and Neuro- Psychological Dispositions vis-à-vis Cognitive Training and Passive Control

[image: ]

Estimated marginal means. Group 1 = active control; group 2 = passive control; group 3 = meditation training.
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