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Abstract
Causal explanations in personality require conceptual clarity about alternative causal conditions that could, even in principle, affect personality. These causal conditions crucially depend on the theoretical model of personality, each model constraining the possibility of planning and performing causal research in different ways. We discuss how some prominent models of personality allow for specific types of causal research and impede others. We then discuss causality from a network perspective, which sees personality as a phenomenon that emerges from a network of behaviors and environments over time. From a methodological perspective, we propose a three-step strategy to investigate causality: (1) Identify a candidate target for manipulation (e.g., using network analysis), (2) identify and test a manipulation (e.g., using laboratory research), (3) deliver the manipulation repeatedly for a congruous amount of time (e.g., using ecological momentary interventions) and evaluate its ability to generate trait change. We discuss how a part of these steps was implemented for trait conscientiousness and present a detailed plan for implementing the remaining steps.
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A Framework for Testing Causality in Personality Research

A special issue about causal explanations in personality research is itself a symptom that causality and personality never went along very well. According to the widely accepted counterfactual conception of causality, causal claims require the identification of precise causal states to which members of the population could be exposed, at least hypothetically. Causal effects can be defined from the comparisons of outcomes resulting from being exposed to these alternative causal states, all else being kept equal (Hedström & Ylikoski, 2010; Morgan & Winship, 2015). By definition, not all outcomes can be observed for each individual and therefore, without a time machine available, even in the best-case scenario causal effects cannot be simply computed (Rubin, 1974). However, different methods can be used to estimate aggregate causal effects indirectly. Among such methods, randomized experiments are consensually considered the gold standard (Antonakis, Bendahan, Jacquart, & Lalive, 2010). Both experimental and nonexperimental methods for estimating causality require conceptual clarity about what are the causal states and what are the outcomes at issue. This seems to be particularly problematic for personality (Freese, 2016). 
We argue that the possibility of making causal inferences involving personality crucially depends on the theoretical model of personality. Personality is a multifaceted concept (e.g., Allport, 1937) and no model of personality is universally accepted (Saucier & Srivastava, 2015). Each model, however, constrains the (even hypothetical) manipulability of alternative causal states. For instance, many researchers in personality consider traits as reflecting “prior and stable characteristics of the individual”, which are not “subject to manipulation” (Revelle, 2007, p. 45). In this view, a close correspondence is assumed between personality structure and the causal processes underlying behavior: Each personality factor corresponds to an underlying biological causal source that similarly affects trait-relevant behaviors, but not other uncorrelated behaviors (McCrae & Sutin, 2018). Within this framework, it is very difficult to specify a hypothetical situation in which an unconscientious individual would become conscientious, let alone planning an experimental manipulation. For this reason, experimental research in personality has been more often devoted to determining how personality traits moderate other kinds of psychological processes, and not to identify the causal determinants of personality traits themselves (e.g., Revelle, 2007; M. D. Robinson, 2007). Experimental research has never been considered very central in personality research: Whereas there are a “Journal of Experimental Social Psychology” and a “Journal of Experimental Child Psychology”, a “Journal of Experimental Personality Psychology” has never existed and probably for some scholars would sound like an oxymoron.
In this manuscript, we first discuss in more details how some prominent theoretical models of personality encouraged or discouraged specific kinds of causally explanatory research. We then discuss causality from the perspective of a network model of personality (Costantini & Perugini, 2016b; Cramer et al., 2012; Mõttus & Allerhand, in press) which, instead of correspondence, assumes weak emergence (Baumert et al., 2017). According to this view, personality arises from a complex web of causal interactions among lower-level elements of the personality system, such as behaviors and environments, over time: Although, in principle, it would be possible to trace the causal events that translate lower-level phenomena into macroscopic properties (e.g., recurrent patterns of thoughts, feelings, and behaviors that constitute a personality trait), this kind of explanation would be irreducibly complex (Bedau, 2008). Causal accounts are inherently complex in this perspective and network models provide an interesting exploratory tool for discovering potential regularities in the complex causal web that can be then used as the basis for experimental studies of personality traits. Building on this model, we outline a general three-step framework for testing causality in personality research. We show how we have already implemented part of these steps for a specific trait, conscientiousness, and present in details how the other steps could be implemented. With the due adaptations, the same framework can be applied to any personality trait.
Models of personality and implications for causal research
The most popular and most important result in personality psychology is that, when data reduction techniques such as factor analysis or principal component analysis are applied to correlation matrices of personality-descriptive adjectives or behaviors[footnoteRef:2], a consistent portion of variance is explained by a very limited number of factors or components. Although the debate about the number and the exact position of such factors is far from settled, at least some characteristics of the personality structure replicate across instruments and across cultures (e.g., Saucier & Srivastava, 2015). For instance, a factor labeled conscientiousness emerges quite consistently and explains variance in adjectives such as “orderly”, “prudent”, “hard-working” (Ashton et al., 2004; Saucier & Srivastava, 2015), and in behavioral items such as “I always try to be accurate in my work, even at the expense of time” (Ashton & Lee, 2009) and “Get chores done right away” (Goldberg, 1999; Goldberg et al., 2006; Jackson et al., 2010). These results indicate that individuals engage in behavioral patterns that are, to some extent, consistent. This is by itself a very important result with crucial implications for understanding and predicting human behavior. For example, conscientiousness predicts several important life outcomes such as health, longevity, academic success, and job success (e.g., Barrick & Mount, 1991; Bogg & Roberts, 2004; Friedman & Kern, 2014; Poropat, 2009). However, moving from correlations to causal explanations requires a theory that specifies the nature of personality traits and the hypothetical conditions that could causally affect them. [2: 	 Following Baumert and colleagues in this manuscript, we adopt the term behavior to mean “Behaviour in a broad sense: everything an organism does. This includes observable actions, covert actions, cognitions, motivations, and emotions in a broad sense” (Baumert et al., 2017).] 

[bookmark: _Hlk507239077]Several researchers in personality adopted a view based on correspondence and realism for the interpretation of latent variables (Borsboom, Mellenbergh, & van Heerden, 2003; McCrae & Sutin, 2018) and considered regularities in the personality structure as evidence of the existence of a certain number of unobservable personality dispositions. Personality traits have been thus defined as “biologically based properties of the individual that affect the rest of the personality system, but are not themselves affected by it” (McCrae & Costa, 2008, p. 278). Each personality factor corresponds to an underlying biological causal source that similarly affects trait-relevant behaviors, but not other uncorrelated behaviors (McCrae & Sutin, 2018). If one assumes correspondence and latent-variable realism, observable behaviors (e.g., John does not work hard) are considered mere indicators of underlying traits (e.g., John’s low level of conscientiousness), without any autonomous causal relevance (i.e., even if one could make John work harder, this would not affect his conscientiousness in any way; Borsboom et al., 2003; McCrae & Sutin, 2018; Mõttus, 2016; Saucier & Srivastava, 2015). Conversely, the most important causal explanations are those connecting observed behavioral clusters to their biological substrates (e.g., DeYoung, 2017b). Hypothetical causal conditions affecting traits would, therefore, be of genetic or biological nature. For example, some personality traits have been shown to change as a consequence of pharmacological intervention with antidepressants (e.g., Tang et al., 2009; see also McCrae & Sutin, 2018 for a discussion of the implications of this kind of evidence in the correspondence vs. emergence debate). 
[bookmark: _Hlk494098880]This view is also incompatible with the idea that personality could change because of experimental manipulations or even of life experiences[footnoteRef:3], unless they are able to affect directly the latent causal “generators”, an idea that has been challenged by a large body of research. This research shows that personality traits can and do change (Roberts, Walton, & Viechtbauer, 2006; Specht, Egloff, & Schmukle, 2011), even in a brief time span and because of experimental manipulations (Roberts, Luo, et al., 2017), and that the resulting changes can be enduring (i.e., they cannot be easily dismissed as transient changes in states). To accommodate for effects of the environment on personality, realist theories introduced the concept of characteristic adaptations (McCrae & Costa, 2008; McCrae & Sutin, 2018), a construct that includes all culturally conditioned phenomena (e.g., values, habits, beliefs, relationship models etc.) and that is considered distinct from basic personality traits, which have purely biological origins[footnoteRef:4]. [3: 	 According to McCrae and Costa “neither life experiences nor culture are supposed to affect traits” (McCrae & Costa, 2008, p. 279; see also McCrae & Sutin, 2018). ]  [4: 	 It is worth noticing that characteristic adaptations are not univocally defined in the literature, but their meaning differs slightly across theories of personality (e.g., DeYoung, 2015, 2017b).] 

More recent realist theories do not exclude environmental influences on traits. For instance, the Cybernetic Big 5 Theory posits that personality traits reflect individual differences in the parameters of a cybernetic system aimed at responding to relevant stimuli that characterized the evolutionary environment (e.g., distractions) to achieve relevant goals for the individual (DeYoung, 2015, 2017a). In this view, conscientiousness reflects individual differences in the cybernetic function of “Protection of non-immediate or abstract goals and strategies from disruption” (DeYoung, 2015, p. 42). Cybernetic parameters, in turn, are caused by the complex interaction of multiple neurobiological parameters, which in turn reflect the interacting effect of genes and environment over time. Therefore, this approach does not assume a simple correspondence between latent causes and traits (DeYoung, 2017a). Since in this view both genetic and environmental forces are thought to causally affect cybernetic parameters and thus traits, the Cybernetic Big 5 Theory is in principle compatible not only with causal states involving different genetic and biological conditions but also with causal states involving different environments. Nonetheless, manipulations of environments have not been particularly central to this framework, which focused more on the exploration of the neural bases of traits (Allen & DeYoung, 2016; Hou et al., 2017).
Causality from a network perspective 
A network is an abstract model of a complex phenomenon that comprises a set of nodes and a set of edges. Nodes represent variables (e.g., personality characteristics such as traits or facets, behaviors, motivations, characteristics of a situation, etc.), whereas edges can represent different types of relationships among them (e.g., different types of probabilistic connections; Costantini et al., 2017; Epskamp, Waldorp, Mõttus, & Borsboom, 2017). Networks have been proposed as a model for understanding several psychological phenomena without relying on correspondence and realism in the interpretation of latent variables (Schmittmann et al., 2013). According to network models, the consistency of factor structures recovered in several broad psychological constructs—such as intelligence, psychopathology, attitudes, and personality traits (Borsboom, 2017; Dalege et al., 2016; Mõttus & Allerhand, in press; van der Maas et al., 2006)—does not necessarily reflect the existence of unobservable latent causal “generators”, but could be the effect of complex causal, homeostatic, and logical relationships among lower-level behavioral variables and environments over time. Therefore, the network approach resonates well with other approaches that do not assume realism and correspondence (e.g., McCabe & Fleeson, 2016; Wood, Gardner, & Harms, 2015). Networks can have several elements in common among individuals, thus giving rise to stable patterns of between-subject differences recovered using factor analysis. However, albeit networks can reach relatively stable equilibria, they can also vary in response to external perturbations, thus resulting in within-individual differences both in terms of activation/deactivation of behavioral nodes and in terms of connections among nodes (Costantini et al., 2017; Cramer et al., 2012; Mõttus & Allerhand, in press). 
According to the network view, the relationship between personality processes and structure, instead of in terms of correspondence, can be seen in terms of weak emergence (Baumert et al., 2017; Costantini & Perugini, 2016a). Weak emergence occurs when the properties of a superordinate level of the system (in this case personality traits) are causally determined by the processes happening at a subordinate level (in this case, a web of interrelated behaviors and environments) over time, but a complete mechanistic explanation of superordinate properties in terms of microscopic events would be complex and irreducible to a simple form (Chalmers, 2006). To clarify what a weakly emergent phenomenon is, let’s consider the example of a traffic jam. Although one could in principle trace the sequence of microscopic causal events that made a traffic jam happen (e.g., in terms of individual drivers’ behaviors, traffic lights, highway conditions etc.), this kind of mechanistic explanation would be too complex to be useful (Bedau, 2008b). Interesting properties of weakly emergent phenomena in relation to the microscopic events that generated them include causal dependence, causal autonomy, and downward causation (Bedau, 2008a). A traffic jam is causally dependent on the sequence of behaviors of each driver because one can imagine alternative causal states in which a traffic jam would not have happened in terms of, for instance, a different sequence of individual drivers’ behaviors. Crucially, the presence of regularities in the causal sequence can reveal useful ways of manipulating the superordinate levels by acting on the subordinate level of the system (e.g., increasing fines for certain violations, regulating traffic lights in a different way, performing highway maintenance, etc.). Causal autonomy means that an emergent phenomenon acquires properties that are somehow independent of the specific sequence of causal events that generated them. Once a traffic jam is there, its ability to make people late does not depend anymore on the specific sequence of behaviors of each driver: People would be late no matter which particular configuration of events caused the traffic jam. Downward causation means that an emergent phenomenon can in turn influence the subordinate level. For instance, a traffic jam can have a strong impact also on the behavior of individual drivers that generated it.
[bookmark: _Hlk507064780][bookmark: _Hlk506825731][bookmark: _Hlk507239155]Seeing personality traits as weakly emergent means that there may not be any simple neural trigger of, say, conscientious behavior. Conscientiousness could be the byproduct of interactions among behaviors (in a broad sense, including neurophysiological events) and situations over time. Crucially, causal dependence entails that it should be possible to manipulate traits by perturbing the elements of their generating networks. Furthermore, downward causation implies that once a trait is constituted, it can, in turn, affect the elements of the network. Suppose that we establish that John’s level of conscientiousness is primarily due to a history of positive reinforcement of his working hard (e.g., Perugini, Costantini, Hughes, & De Houwer, 2016). His subsequent working hard can be influenced by the level of conscientiousness regardless of whether the same level of reinforcement as before is present. Over time, traits can gain also casual autonomy from the network that generated them: Regardless of even radical differences in the complex sequence of events that brought two individuals to have the same level of conscientiousness, it will be equally predictive of relevant future behaviors for both of them.
A network perspective does not entail denying that latent variables can play a role too (Mõttus, 2016). First, one could be interested in improving the measure of a node/variable by including multiple indicators (e.g., Costantini & Perugini, 2016b). Second, one may have good reasons to think that the relationships among a set of nodes are due, at least in part, to the effects of a latent variable that has not or cannot be directly included in the model (Epskamp, Kruis, & Marsman, 2017). Although latent variable modeling can be useful from a methodological point of view, the network approach differs from pure realist views because it does not assume by default a correspondence between statistical factors and unobservable latent casual entities (Baumert et al., 2017). The consistent emergence of personality factors could be, for a large part, the byproduct of the interactions taking place within networks over time (Costantini, Epskamp, et al., 2015; Cramer et al., 2012; Mõttus & Allerhand, in press).
Networks as a methodological tool to explore personality
[bookmark: _Hlk506826074][bookmark: _Hlk506826427][bookmark: _Hlk507239212]Modeling the complex interrelations among trait-relevant variables as a network offers a representation of psychological phenomena that can be helpful  for generating hypotheses about regularities that connect personality traits to their generating processes. Methods have been developed and implemented to estimate probabilistic graphical models (Lauritzen, 1996), in which each edge typically reflects the relationships between two variables controlling for the others (e.g., partial correlation networks, Costantini, Epskamp, et al., 2015) and can be used to model relationships among personality variables at different levels (Bringmann et al., 2013; Costantini et al., 2017; Epskamp & Fried, 2017; Epskamp, Waldorp, et al. 2017). Between-subject networks can be estimated both on cross-sectional and on repeated-measure data. A connection between two nodes, such as “hardworking” and “motivated to get things done” in this kind of networks indicates that individuals who aim at getting more things done than others are also more likely to work harder than others, even after controlling for all other elements of the network. The lack of a connection indicates that the same two nodes are independent given the others. Contemporaneous networks can be estimated only on repeated-measure data: A connection between the same two nodes indicates that individuals who aim at getting more things done than their usual level are also more likely to work harder than usual, even after controlling for all other elements of the network at the time (Costantini et al., 2017) and possibly also at the preceeding measurement occasion (Epskamp, Waldorp, et al., 2017). Repeated-measure data allow estimating also cross-lagged temporal networks: In these networks, arrowheads indicate that a node is predicted by the levels of another node at a previous time-point. A connection going from node “motivated to get things done” to node “hardworking” indicates that individuals who are more motivated to get something done than their usual level are also more likely to work harder than usual at a subsequent time-point, whereas a connection in the opposite direction indicates that individuals who work hard are more likely to be motivated later on (Bringmann et al., 2013; Epskamp, Waldorp, et al., 2017).
[bookmark: _Hlk506827425]Network methods have been also extended to compute and compare associations between nodes in different groups of individuals, such as males and females, individuals from different countries, or participants who received a manipulation or a therapy and controls (Costantini et al., 2017; Costantini & Perugini, 2017; Danaher, Wang, & Witten, 2014; van Borkulo et al., 2017). Furthermore, network methods and latent variables have been recently combined to introduce latent variables within networks and to inspect residual networks after controlling for the effect of latent variables (Epskamp, Rhemtulla, & Borsboom, 2017). Networks other than probabilistic graphical models can also be useful for personality research. For instance, Bagozzi and colleagues defined a network of goals from self-reports of goals to join the army (Bagozzi, Bergami, & Leone, 2003). This different type of networks can give valuable information, as we will show below, particularly if one is interested in affecting the personality system through goals and motives. Once a network is computed, network analysis allows inspecting properties of the organization of the network such as the centrality of the nodes , the predictability of nodes from others, and global properties of the network, such as its topological features (for introductions to these indices, see for instance Costantini, Epskamp, et al., 2015; Haslbeck & Waldorp, 2017; for the possible shortcomings of using graph-theoretic concepts such as centrality in probabilistic graphical models, see Epskamp, 2017).
[bookmark: _Hlk506827190]It is important to notice that, although connections in networks can suggest potential causal paths (Epskamp, Waldorp, et al., 2017), networks computed on observational data—be them cross-sectional or longitudinal—are not equivalent to a test of causality and do not allow by themselves supporting emergence or correspondence[footnoteRef:5]. Causal connections among nodes do lead to edges in the network, therefore networks can be used to reveal potential causal paths among trait-related behaviors and environments. But it would be a mistake to consider this as demonstrating that the trait emerges from those connections: An edge can be there also because of a third unobserved/latent variable affecting both nodes (Epskamp, Waldorp, et al., 2017). Here we argue that, if the network includes nodes that can be observed and perturbed, the experimental methodology can be used to intervene on the network processes through its nodes. If a node cannot be directly manipulated, it is necessary to identify its upstream determinants through further studies and manipulate them instead. The best candidate nodes for manipulation are those that are connected to elements that are considered crucial for the trait of interest. Observing an effect of an experimental manipulation of these nodes on other network elements would support the idea that the network connections emanating from the manipulated node reflect genuine causal connections directed from that node to other nodes. Similarly, observing an effect of the manipulation on future trait levels would support the idea that the trait is causally dependent on elements of the network and not (only) on latent variables that cannot be observed or manipulated. Not observing these effects would support the opposite ideas, that network connections emanating from that node may not reflect causal connections emanating from that node and that trait levels may not be causally dependent on elements of the network. Interestingly, the idea that this type of experimental studies could be decisive to establish whether traits are due to correspondence or emergence is also shared by proponents of realist theories (McCrae & Sutin, 2018). [5: 	 Methods for estimating networks representing causal directions from observational data exist as well (Pearl, 2000), however they rest on assumptions that are often untenable for personality psychology and tend to lead to less reliable conclusions (for a more detailed discussion about using these methods in psychology, see Epskamp, Waldorp, et al., 2017).] 

A three-step strategy for testing causality in personality research
Here, we propose a general framework for testing causality in personality research that combines network analysis and experimental research. The framework includes three main steps, each one requires sub-steps and careful attention to specific details. The three steps are summarized in Table 1.
[bookmark: _Hlk506973213][bookmark: _Hlk506828786][bookmark: _Hlk506973184][bookmark: _Hlk507070170]Step 1. In the initial step, nonexperimental evidence is collected about a potential target for manipulation. By target, we mean a personality-relevant construct that is amenable to and constitutes a good candidate for experimental manipulation. An ideal target is represented by a construct that is expected to have a causal effect on elements of the network that are considered crucial for the trait of interest. One way to identify it is through network analysis. For instance, a network can be computed including as nodes the constructs that, from a theoretical point of view, are considered relevant for a certain personality trait of interest. Network analysis can be used to get important indications on which nodes constitute promising targets for experimental interventions (e.g., nodes that are particularly connected to traits of interest) and on which nodes are not worth manipulating (because they are disconnected from the traits of interest; Epskamp & Fried, 2017). One can choose to inspect one type of network, or several types of networks to get a more fine-grained view on the potential causal paths. For instance, one could consider only between-subject networks to inspect potential between-subject dynamics, or include also contemporaneous and cross-lagged networks to inspect within-subject dynamics (Epskamp, Waldorp, et al., 2017). Furthermore, if one hypothesizes that a certain node could be causally relevant only for a class of individuals (e.g., those who get more easily exposed to certain environmental conditions), one could use techniques for estimating and for comparing networks in different classes of individuals (Costantini et al., 2017; van Borkulo et al., 2017).
Step 2. In the second step, a strategy for manipulating the target identified in the first step is designed. Crucially, since inner states cannot be directly manipulated, the researcher needs to act through environmental conditions that can have an influence on a certain node (Perugini et al., 2016). Therefore, in Step 2 the manipulation is delivered through a laboratory experiment, in order to establish a causal link between that manipulation and the target. The manipulation delivered in Step 2 should not be too long or difficult to perform (see Step 3).
The manipulation will be considered successful if it has a significant effect on the levels of the target node. During Step 2 one may also inspect whether the manipulation produces at least short-term changes in trait-relevant behaviors (i.e., personality states; McCabe & Fleeson, 2016). However, we do not consider it strictly necessary that the manipulation affects also personality states: Short-term and long-term change could be driven by forces that overlap only partially (Revelle & Condon, 2017). What our three-step framework aims at is generating long-term change, which is more likely to be achieved through repeated instances of manipulation. Recent research suggests a nonlinear relationship between the duration of an intervention and amount of personality change. Interventions delivered for less than four weeks produce weak effect sizes, whereas their efficacy reaches a plateau after eight weeks (Roberts, Luo, et al., 2017). Similar indications come also from research on habit formation (Lally, van Jaarsveld, Potts, & Wardle, 2010). Furthermore, although laboratory research offers the possibility to generate standardized situations while controlling for confounds, it may lack ecological validity: It is not easy to tell whether the effects of the manipulations are specific to the laboratory context or could generalize to the multitude of situations that naturally occur in participants’ everyday lives (Heron & Smyth, 2010). 
[bookmark: _Hlk507070898][bookmark: _Hlk506833233][bookmark: _Hlk506833152][bookmark: _Hlk506832932]Step 3. If the experimental manipulation can successfully affect the target in Step 2, in Step 3 it is delivered repeatedly for a relatively long time. For example, a way to achieve this is through ecological momentary interventions (EMI; Heron & Smyth, 2010; Sened, Lazarus, Gleason, Rafaeli, & Fleeson, in press), in which simple manipulations are delivered repeatedly to participants through mobile devices. This type of intervention has proven useful to promote smoking cessation, to promote weight loss, and to improve anxiety disorders (Heron & Smyth, 2010). Step 3 requires long-term assessment of the personality trait of interest after the end of the EMI procedure (e.g., at a monthly frequency for one year after the manipulation is delivered) to ascertain whether the manipulation has a long-term effect on the trait or whether its effect fades in time. It is possible that, for instance, a manipulation can change the network equilibrium for a few weeks or months, but that  the network, which is subject to a series of natural environmental perturbations and multiple functional forces (Wood et al., 2015), tends to its original equilibrium in the long run. 
One could also assess personality using ecological momentary assessment (EMA) during the intervention (Sened et al., in press; Shiffman, Stone, & Hufford, 2008). However, although it could be interesting to monitor trait levels during manipulation, we advise against this idea. Monitoring personality can lead to reactivity effects on behaviors, cognitions, and emotions (French & Sutton, 2010), therefore it can produce changes in trait-relevant behaviors due to the measurement process (EMA) and not to the manipulation (EMI). This kind of reactivity is particularly undesirable: If it affected differently the experimental and the control group, it could hinder the effects of manipulation. Furthermore, even if it affected similarly the experimental and the control groups (therefore being experimentally controlled for), it could diminish the portion of trait variance available for manipulation via EMI, thereby reducing power.
An outline of these steps – the example of conscientiousness
We have recently performed two studies in which we analyzed networks of constructs that could be particularly relevant for the trait conscientiousness. We briefly summarize these results, which constitute the Step 1 of this framework, and extend them through an additional study that constitutes the first part of Step 2. We present an articulated description of how remaining steps might be implemented. 
Step 1. Identification of candidate targets for manipulation
In two previous network studies (Costantini, Richetin, et al., 2015; Costantini & Perugini, 2016b), two main conscientiousness facets, industriousness and impulse-control, showed a consistent connection to self-control, both when self-control was assessed using the self-control measures developed by Tangney and colleagues (Tangney, Baumeister, & Boone, 2004) and when it was assessed by the measures developed by De Boer and colleagues (De Boer, Van Hooft, & Bakker, 2011), which distinguished between proactive and inhibitive aspects of self-control. This connection emerged less often for the third facet, orderliness. Interestingly, follow-up analyses revealed that the positive correlation between industriousness and impulse-control was fully explained by their connection with self-control: In two independent samples, the correlation between industriousness and impulse-control became basically null after partialling out self-control, the correlations between orderliness and these two facets being also substantially reduced (Costantini & Perugini, 2016b). These results may indicate that self-control could be involved in the emergence of a unitary conscientiousness dimension over time, by exerting a similar influence over its main facets. However, observational data do not allow disentangling alternative causal explanations of this observed pattern: For instance, it is possible that conscientiousness facets are the cause of self-control. Alternatively, self-control could be just another indicator of the latent causal “generator” of conscientiousness, which would be responsible for its covariation with conscientiousness facets. These alternative possibilities could be examined via experimental research: If a latent causal “generator” is there, manipulating self-control should not affect conscientiousness facets. Therefore, the first step indicates self-control as a potential candidate target node to manipulate in the second step of our framework.
Step 2. Develop a successful experimental manipulation of the target
Implementing the second step requires the identification of a method for manipulating self-control. Self-control has been widely investigated within the ego-depletion literature (Baumeister, Bratslavsky, Muraven, & Tice, 1998) and several manipulations and training procedures of self-control have been developed (e.g., the handgrip-squeezing task and the nondominant-hand task; e.g., Denson et al., 2016; Job, Friese, & Bernecker, 2015). However, the ego-depletion idea received limited support recently (Hagger & Chatzisarantis, 2016; Hagger, Wood, Stiff, & Chatzisarantis, 2010) and the effect sizes of manipulations could be smaller than previously thought, if not completely null (Beames, Schofield, & Denson, 2017; Friese, Frankenbach, Job, & Loschelder, 2017; Inzlicht & Berkman, 2015; Lee & Kemmelmeier, 2017; Miles et al., 2016). 
Recent literature suggests that self-control reflects a broad array of strategies that allow advancing abstract and distal goals over concrete and proximal motives (Fujita, 2011). In this view, self-control is inextricably connected to the goal system (Duckworth & Gross, 2014; Kruglanski et al., 2002; Shah, Kruglanski, & Friedman, 2003). For instance, only if a stimulus (e.g., a beer) conflicts with a goal (e.g., studying) it becomes a temptation that requires self-control (Milyavskaya, Inzlicht, Hope, & Koestner, 2015). Recent research showed that self-controlled individuals report fewer temptations (Hofmann, Baumeister, Förster, & Vohs, 2012) and less-frequent impulse inhibition (Imhoff, Schmidt, & Gerstenberg, 2014). Similarly, effective self-control seems to be associated with effortless strategies compared to actively resisting temptations, such as situation selection (Duckworth, Gendler, & Gross, 2016; Ent, Baumeister, & Tice, 2015) or the formation of habits (Galla & Duckworth, 2015; Gillebaart & de Ridder, 2015). These results suggest that self-control could reflect a goal-system in which long-term goals are well integrated in the self (Sheldon, 2014; Sheldon & Elliot, 1998), such that a higher value is assigned to goal-consistent choices compared to goal-inconsistent ones (Berkman, Hutcherson, Livingston, Kahn, & Inzlicht, 2017), thus leading to less conflict between competing motives (Fujita, 2011). 
The idea that changing conscientiousness requires intervening directly or indirectly on goals is consistent with previous research (Hennecke, Bleidorn, Denissen, & Wood, 2014; McCabe & Fleeson, 2016; Roberts, Hill, & Davis, 2017). This idea is further supported by the fact that a network analysis of conscientiousness (Costantini & Perugini, 2016b) revealed also a connection between conscientiousness facets and a tendency to focus on future (Zimbardo & Boyd, 1999) and to consider future consequences (Strathman, Gleicher, Boninger, & Edwards, 1994). Self-control, future orientation, and considering future consequences are all essential ingredients for goal pursuit: A goal is by definition relative to a desired future end-point. However, the effects of an intervention involving self-control and goals on trait conscientiousness in the long term have not been tested yet. Efforts to manipulate conscientiousness in the long-term have been limited to single-case studies (Magidson, Roberts, Collado-Rodriguez, & Lejuez, 2014). Self-control manipulations based on the goal-system have been successfully implemented by iteratively asking participants to generate superordinate ends (vs. means) for a given goal (Freitas, Gollwitzer, & Trope, 2004). This manipulation is thought to induce high-level construal (Trope & Liberman, 2010), thus activating abstract superordinate goals and reducing the relevance of current tempting stimulus features (Fujita & Carnevale, 2012; Fujita & Roberts, 2010; Fujita, Trope, Liberman, & Levin-Sagi, 2006). Literature connected to goal pursuit suggests that it may also be important to inform participants that their ability to pursue conscientious goals is not fixed, but that it can improve (Dweck, 2006) and that reflection on obstacles to the pursuit of conscientious goals and on strategies to overcome such obstacles might be beneficial (Duckworth, Grant, Loew, Oettingen, & Gollwitzer, 2011).
Implementing procedures for Step 2 requires identifying a relatively comprehensive set of goals connected to the positive pole of conscientiousness. Previous research already attempted to connect goals to personality dimensions (Lüdtke, Trautwein, & Husemann, 2009; McCabe & Fleeson, 2012, 2016; Reisz, Boudreaux, & Ozer, 2013; Roberts & Robins, 2000). However, these studies focused either on very broad goals (Lüdtke et al., 2009; Reisz et al., 2013; Roberts & Robins, 2000) and general motivational tendencies (McCabe, Van Yperen, Elliot, & Verbraak, 2013; Sorić, Penezić, & Burić, 2017), or on a very specific subset of goals (McCabe & Fleeson, 2016), and did not provide a comprehensive map that shows how these goals are organized (Bagozzi et al., 2003; Kruglanski et al., 2002). To this end, we performed a study to generate a broad array of goals relevant to conscientiousness and its facets. 

Method.
Participants. Forty participants (29 females, M age = 24.2 years, SD = 1.5) took part in the study on a voluntary basis.
Procedure. Participants completed two goal-eliciting procedures. To control for potential order effects, items within each procedure were presented in a random order. The materials were administered online using the software Qualtrics (www.qualtrics.com).
Materials.
First goal-eliciting procedure. Participants were presented a personality-descriptive adjective related to conscientiousness (e.g., “industrious”) and they answered the open-ended question “Why do you or would you behave in an <industrious> way?”. The procedure was repeated for each of 44 adjectives. Forty of them were items of the Adjective Checklist of Conscientiousness (Costantini, Richetin et al., 2015). This scale was designed to cover four conscientiousness facets, with ten items each: industriousness, impulse-control, orderliness, and responsibility. Items that assessed general conscientiousness (e.g., “conscientious”) had been originally dropped during the construction of the scale (Costantini, Richetin et al., 2015). Since we were interested in eliciting goals also for general conscientiousness adjectives, we included four additional items that assessed conscientiousness without being clearly part of a specific facet. These four adjectives were conscientious (coscienzioso), unconscientious (incosciente), scrupulous (scrupoloso), and distracted (distratto). Participants were instructed to avoid generic answers such as “because I am made like this” or “because I like it” and they were told that they could mention the same goal in more than one answer if they wanted to. 
Second goal-eliciting procedure. Participants were reminded of each of the goals that they indicated at the first stage and they were asked why the goal was important to them. For instance, if during the first goal-eliciting procedure a participant answered that he would behave in an industrious way to “graduate”, in the second eliciting procedure he was presented the following question: “In the previous questionnaire, you said that you behave or would behave in an industrious way for this reason: <graduate>. Why is this or could this be important for you?”.
Results and discussion.
Identification of classes of homogeneous goals. Our template elicited 3520 open-ended answers (40 participants by 88 questions). Many of them could not be considered goals (e.g. “I wouldn’t do that”). Several goals were similar and could be considered part of an equivalent class of goals (e.g., “to be accepted in a group”, “to be accepted by others”). Therefore, it was necessary (1) to identify and remove answers that did not refer to goals and (2) to identify classes of homogeneous goals.
Two raters independently judged each sentence as a goal or non-goal. Ratings were performed after removing information about adjectives that elicited the goals and the subject identifiers from the dataset. Before beginning their task, raters agreed that the following types of answer qualified as non-goals: Responses of individuals who did not know how to answer (e.g., “I don’t know”, “it depends”); vague answers or general statements (e.g., “It is essential to me”, “responsibilities shape a person’s character”); descriptions of situations in which the behavior is performed (e.g., “when I am not interested”, “when I am tired”); causes of behavior (e.g., “because it is a good thing to reflect on what we do”); and statements that included as a goal one of the conscientiousness adjectives (e.g., “to be responsible”). Raters reached a good agreement: Of the 3520 goals, 1778 were consensually identified as goals and 1447 as non-goals (percent agreement = 91.6%, Cohen’s K = .83). Disagreements were resolved by discussion between raters. This analysis resulted in the identification of 1973 goals (versus 1547 non-goals). One rater inspected the remaining 1973 goals and identified 26 classes in which the goals could be classified (see Table 2). Two raters independently classified each goal in one of the classes, with the instruction of identifying the best-fitting class for ambiguous goals. Of the 1973 goals, 1623 were consensually classified (percent agreement = 82.3%, Cohen’s K = .81), disagreements were resolved by discussion between raters.
Association between goal classes and conscientiousness: The Relative Conscientiousness Score. In Table 2, we report a contingency table indicating how frequently goals of each of the 26 classes were elicited by adjectives belonging to the positive or the negative poles of conscientiousness. Additionally, we also report how frequently each goal was elicited by the positive and negative poles of four conscientiousness facets. Some goal classes were elicited more often by adjectives of the positive pole of conscientiousness, for instance, class 12 (“Do something well, avoid mistakes”) was elicited only by adjectives of the positive pole of conscientiousness (106 times). Other classes were elicited more by the negative poles of conscientiousness, such as class 23 (“Manifest or vent a negative emotion”), which was elicited only by adjectives of the negative pole (45 times). Other classes were elicited with a similar frequency by adjectives of both poles. For instance, class 18 (“Do not have repentance or remorse, do not miss opportunities”) was elicited 18 times by adjectives of the positive pole and 10 times by those of the negative pole.
[bookmark: _Hlk506983529][bookmark: __Fieldmark__446_136197465][bookmark: _Hlk506984331]We performed a chi-square test for independence in the contingency table defined by the 26 goal classes and the two poles of conscientiousness. P-values were computed using a Monte Carlo procedure with 10,000 replicates, as implemented in the R function chisq.test (R Core Team, 2017). Results revealed an association between goal classes and conscientiousness poles, χ2(25) = 1134, p < .001. To identify goal classes unambiguously associated with high conscientiousness, we inspected standardized residuals. Residuals in a contingency table are computed as the difference between the observed frequency in a cell and the frequency that would be expected in the cell if the two variables (in this case, the goal class and the poles of conscientiousness) were independent. A positive (vs. negative) residual in a cell indicates that the observed frequency is larger (vs. smaller) than expected. Standardized residuals can be computed by dividing residuals by their standard error. Standardized residuals follow a standard normal distribution, therefore absolute values larger than 3 indicate a highly significant lack of fit of the independence hypothesis in that cell (Agresti, 2007). For convenience, the standardized residuals for conscientiousness were named Relative Conscientiousness Score (RCS; see Table 3): An RCS larger than three (vs. an RCS lower than three) indicates that a goal is elicited more often by adjectives related to conscientiousness (vs. unconscientiousness) than it would be expected if goal classes and conscientiousness poles were unrelated. An RCS score lower than three in absolute value indicates that the goal is not significantly associated with conscientious or unconscientious behavior. Class 11 (“Personal Realization”) had the highest score and class 16 (“Avoid or manage things one does not care about”) had the lowest score. Class 18 (“Do not have repentance or remorse, do not miss opportunities”) had an RCS close to zero, meaning that this goal class was similarly associated with conscientious and to unconscientious behavior. This is arguably because participants, when referring to opportunities that they could miss, could think of very different things (e.g., opportunities for school success, for having fun, for job positions, for making friends etc.). Since the focus of our research program is on increasing conscientiousness in individuals, our main interest is in goals associated to the positive pole of the trait: Of the 26 classes, eleven were unambiguously associated with the positive pole of conscientiousness.
Graphical representation of goals. To visualize the associations between conscientiousness facets, goal classes elicited in the first procedure, and goal classes elicited in the second procedure, we defined a network using a similar procedure as Bagozzi and colleagues (2003). This type of network is not a probabilistic graphical model (Lauritzen, 1996), but a convenient visual representation of how frequently adjectives of a certain facet elicited goals of a certain class in the first goal-eliciting procedure and of how frequently goals of a certain class elicited goals of another class in the second goal-eliciting procedure. If a goal of a certain class A was indicated at least once in response to an adjective of a certain facet F (including general conscientiousness) in the first goal-eliciting procedure, we drew an edge from facet F to class A. If a goal of a certain class B was mentioned in response to the second goal-eliciting procedure relative to a goal of class A, we drew an edge from class A to class B. Edges were assigned a value (visualized by their width) representing the frequency with which a goal class was elicited by a facet or by a goal of another class. This resulted in the network visualized in Figure 1. We colored nodes according to RCS: Greener node represent goal classes mainly elicited by the positive pole of conscientiousness and red nodes represent goals classes elicited by the negative pole. A visual inspection of the network allows recognizing a cluster of conscientious goals and a cluster of unconscientious goals, with some goals that were not clearly connected to a specific pole of conscientiousness and to its facets.
[bookmark: _Hlk507070656][bookmark: _Hlk506988946]Since some of the procedures that could be implemented as part of Step 2 require participants to generate superordinate ends for a given goal, it was useful to identify goal classes that were too abstract, for which it would be very difficult to think of superordinate ends. If necessary, these abstract goals classes could be excluded from the experiments. We quantified abstractness following the procedure suggested by Bagozzi and colleagues (Bagozzi et al., 2003). We first computed how frequently goals of each class were elicited as end-states of other goals in the second goal-eliciting procedure. This value quantifies how much a goal class tends to include superordinate goals. Second, we computed how frequently goals of each class elicited other goals in the second goal-eliciting procedure. This value quantifies how much a goal class tends to elicit more superordinate goals. Abstractness was simply computed as the ratio between the first quantity to the sum of the two quantities (Bagozzi et al., 2003). This index, which varies between zero and one, measures how much a goal tends to be subordinate (a means to other higher goals) or superordinate (a goal of other goals). The abstractness of each goal class is reported in Table 3. Of the eleven goal classes associated with conscientiousness according to RCS, only class 20 (“Be satisfied with yourself, have a good self-esteem”) had a very large abstractness score. In Figure 1, a black circle around a node indicate that the corresponding goal is both connected to the positive pole of conscientiousness according to the Relative Conscientiousness Score and not excessively abstract according to the abstractness index. 
[bookmark: _Hlk507070700][bookmark: _Hlk507064205]Having available a set of goals associated specifically with the positive pole of conscientiousness (and disconnected from the negative pole) allows planning the experimental part of the implementation of Step 2. For instance, this may be organized with a manipulation of self-control mirroring the one developed by Freitas and colleagues (Freitas, Gollwitzer, & Trope, 2004; see also Fujita, 2006), which requires to iteratively generate superordinate motives for a goal, but using goals more clearly connected to conscientiousness in Figure 1. One could also plan interventions that are more individualized, by allowing participants to choose, among conscientious goals, those that they feel most relevant to them, or by asking them to map out their own goal structure in relation to conscientiousness and by using these “idiosyncratic” goals as an alternative or as a complement to those identified here. Alternative paradigms to manipulate self-control can also be imagined and implemented. Besides the specific details, the main point is that the second step requires a procedure that can successfully change self-control. Changes in self-control can be detected by administering of state self-report measures and self-control tasks (e.g., Eisenberg et al., 2018). If successful, Step 2 would provide a first validation of the procedure. Additionally, one could examine whether the manipulation also affects state conscientiousness. However, to demonstrate that a manipulation can affect also trait conscientiousness, it is necessary to show that it can produce also a long-lasting change (Roberts, Luo, et al., 2017). This possibility will be examined in Step 3.
Step 3. Deliver the manipulation repeatedly.
The general idea of this step is that, if a one-shot manipulation can influence self-control and self-control is a core feature of conscientiousness, a prolonged manipulation could have a deeper influence on the equilibrium of the conscientiousness system, therefore leading to a change in the trait (see also Wrzus & Roberts, 2017). For this purpose, the manipulation delivered in Step 2 could be administered in the form of an EMI (Heron & Smyth, 2010; Sened et al., in press), for instance by presenting it once a day via smartphone. To avoid the task to be too repetitive, the manipulation could include a different goal each time is delivered, randomly selected among the set of goals associated with conscientiousness. To determine whether trait conscientiousness has been causally affected by the manipulation, it would be necessary to assess participants’ conscientiousness pre- and post-intervention and at subsequent follow-ups (e.g., for one year), but not during the manipulation to avoid reactivity effects (French & Sutton, 2010). This would allow inspecting whether the manipulation causally affected the trait and whether the effects were permanent or faded in time. If successful, our Step 3 could increase conscientiousness in participants. Although conscientiousness is known to be strongly associated with positive outcomes (e.g., Barrick & Mount, 1991; Bogg & Roberts, 2004; Friedman & Kern, 2014; Poropat, 2009), this trait is also known to decrease after positive life events (e.g., marriage, birth of a child, retirement; Specht et al., 2011) and these decreases in conscientiousness could be adaptive for the individual. In sum, although increasing conscientiousness should produce beneficial effects in general, it may not be adaptive for all individuals in all situations. Therefore, access to the studies that we outlined in Steps 2 and 3 should probably be limited only to participants who are willing to increase their trait conscientiousness. Several studies have shown that most individuals would like to change aspects of their personality (Hudson & Roberts, 2014), but that they are often unable to do it by themselves (e.g., individuals who want to increase their conscientiousness in time seem to end up becoming less conscientious one year later; O. C. Robinson, Noftle, Guo, Asadi, & Zhang, 2015). 
Conclusions
[bookmark: _Hlk507060423][bookmark: _Hlk507070776]In this manuscript, we have discussed how different theories of personality constrain the possibility to perform causal research: Not all personality theories are compatible with the idea that there could be alternative causal conditions that could change an individual’s level of a personality trait. We also presented causality from a network perspective and delineated a three-step strategy to test causality in personality. This strategy can constitute a fundamental test to empirically disentangle correspondence and emergence (Baumert et al., 2017). If manipulations to change a certain trait’s levels could be developed in a replicable way, the correspondence assumption could not be considered valid for that trait. Initial evidence in favor of this fascinating possibility came recently from several studies that manipulated personality, without this being their main focus (Roberts, Luo, et al., 2017). However, if attempts to change a trait failed systematically, this could corroborate the idea that traits may reflect the effect of unobservable latent variables (Borsboom, Mellenbergh, & van Heerden, 2004; McCrae & Sutin, 2018). Of course, even though research showed that it is possible to change a personality trait, this would not imply that biological factors do not play a role, or that they cannot be used to reveal interesting properties of traits (e.g., Hou et al., 2017). It is also possible that some traits could be better understood as networks and that others may reflect more the effect of biological (latent) variables (Mõttus & Allerhand, in press), and that their dynamics could be better understood through neuroscientific techniques (Allen & DeYoung, 2016). However, since environmental conditions are usually easier to affect than biological ones, knowledge of which conditions can causally affect traits would offer researchers a fundamental tool for causal explanatory research in personality, therefore we think that the strategy that we have delineated here is a route worth taking.
Once a link is established as causal, there are numerous possibilities to further deepen the relationship between the cause and the trait, several possible “fourth steps” could be explored. One possibility to expand our framework could be inspecting whether the experimental conditions match situations that can be found in natural contexts. If so, one could investigate whether situation selection can in turn account for the fact that participants with certain personality characteristics tend to expose themselves to these situations more often. This could be considered a case of downward causation (Bedau, 2008a), in which the emergent phenomenon, the trait, influences its underlying constituents and generates a self-reinforcing equilibrium between the person and the situation (Cramer et al., 2012).
[bookmark: _Hlk507060623][bookmark: _Hlk507070853][bookmark: _Hlk507060612][bookmark: _Hlk507060977]An additional possibility to expand our framework could be to inspect the effects of the personality manipulation on outcomes that are considered most relevant for the trait. Establishing causal connections between personality traits and their outcomes could be easier if a procedure to manipulate traits is available (Mõttus, 2016). However, one could always object that personality traits are attributes without causal relevance (Freese, 2016), tools for prediction but not for explanation (Hogan & Foster, 2016). Therefore, another possible fourth step to disentangle these possibilities could involve inspecting whether the causal effects of experimental conditions on trait-relevant outcomes are mediated by changes in personality traits, or whether the causal conditions affect outcomes independent of traits (Pearl, 2014). Only in the first case one can conclude that personality traits play a unique causal role.
[bookmark: _Hlk507063519]Yet another interesting possibility would be to inspect the effects of an experimental manipulation on several nodes in the network. If network connections reflect genuine causal interactions directed from the manipulated target node to the other nodes of the network, the effects of the manipulation should propagate through the network consistent with the strength of the connections. If this does not happen for certain nodes and connections, it would support the possibility those connections reflect other types of causal connections (e.g., genuine causal connections, but in the opposite direction of that hypothesized, or the effect of latent variables; Epskamp, Waldorp et al., 2017). These possibilities could be further disambiguated by performing subsequent experimental studies, until a sufficient knowledge of the network is gathered.
After being neglected for a long time, the possibility of causal research in personality is now a matter of discussion (Baumert et al., 2017; McCabe & Fleeson, 2012; Mõttus, 2016; Roberts, Hill, et al., 2017; Wood et al., 2015). The starting blocks for causal research (e.g., network analysis, in-lab experimental designs, and ecological momentary interventions) have been already developed and used in isolation, but their combination into a unified framework could be key for understanding and testing the causal mechanisms underlying personality traits.
The three-step strategy that we have sketched is admittedly complex, each step requiring several studies and large efforts, only to inspect possible causal relationships implied by a limited part of the network, without any a priori guarantee of success: We are only at the beginning of the long journey that we have delineated. Once a correspondence assumption is dropped in favor of a view based on networks and emergence, once prediction is dropped in favor of a deeper analysis of causality from a counterfactual perspective in personality, we are immediately faced with the fact that personality is more complex than we used to believe (e.g., Baumert et al., 2017; Mõttus, 2016). If we want to be serious about providing explanations in personality, we need to tackle complexity. As we have shown, networks offer theoretical and methodological tools that allow examining a complex phenomenon such as a personality trait, in interaction with other phenomena, while still being able to identify regularities in the structure that can provide a useful map to gather further knowledge about it through experiments.
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Tables
Table 1. Summary of the three-step procedure.

	Step
	Rationale
	Possible methodology

	1
	Identify a candidate target for manipulation.
	Network analysis

	2
	Develop a successful experimental manipulation of the target
	Laboratory experiments

	[bookmark: _Hlk506975762]3
	Deliver the manipulation repeatedly for a congruous amount of time and evaluate its ability to generate trait change
	Ecological Momentary Interventions
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Table 2. Eliciting frequencies for 26 goal classes. 
	
	
	Positive pole of conscientiousness
	
	Negative pole of conscientiousness
	
	

	Goal Class
	
	IND5+
	IMC5+
	ORD5+
	RES5+
	C2+
	C22+
	
	IND5-
	IMC5-
	ORD5-
	RES5-
	C2-
	C22-
	
	C44

	1. Demonstrate something to others (e.g., make a good impression, prove to be capable, do not disappoint expectations)
	
	29
	7
	5
	34
	8
	83
	
	3
	11
	1
	10
	3
	28
	
	111

	2. Be trustworthy (e.g., be credible, a person to rely on)
	
	6
	8
	2
	54
	5
	75
	
	0
	0
	1
	1
	0
	2
	
	77

	3. Tighten or maintain ties with other people (e.g., friendship ties, work ties)
	
	2
	5
	2
	29
	1
	39
	
	2
	9
	0
	3
	3
	17
	
	56

	4. Manipulate other people’s behavior (e.g., attract attention, get help)
	
	0
	1
	0
	2
	0
	3
	
	5
	8
	10
	6
	7
	36
	
	39

	5. Do good to someone, avoid hurting
	
	2
	5
	0
	22
	5
	34
	
	0
	1
	0
	1
	0
	2
	
	36

	6. Hurt someone (for a reason or for free)
	
	0
	0
	3
	0
	1
	4
	
	7
	5
	8
	21
	2
	43
	
	47

	7. Hide something from someone
	
	0
	2
	0
	1
	0
	3
	
	5
	2
	23
	8
	4
	42
	
	45

	8. Compliance with standards and rules
	
	2
	15
	1
	5
	2
	25
	
	0
	0
	0
	0
	0
	0
	
	25

	9. Rebel, transgress the rules
	
	0
	0
	0
	0
	0
	0
	
	2
	9
	3
	9
	3
	26
	
	26

	10. Have control (e.g., on objects or situations, organize)
	
	1
	8
	37
	2
	6
	54
	
	2
	0
	2
	0
	0
	4
	
	58

	11. Personal Realization (e.g., establish yourself, achieve goals, succeed)
	
	124
	10
	51
	9
	15
	209
	
	3
	5
	2
	5
	4
	19
	
	228

	12. Do something well, avoid mistakes
	
	8
	27
	49
	6
	16
	106
	
	0
	0
	0
	0
	0
	0
	
	106

	13. Accomplish something, observe a commitment
	
	15
	4
	10
	1
	0
	30
	
	1
	0
	4
	0
	0
	5
	
	35

	14. Do something easily or efficiently
	
	3
	2
	11
	1
	0
	17
	
	2
	0
	6
	0
	0
	8
	
	25

	15. Save time
	
	2
	0
	8
	0
	0
	10
	
	1
	7
	22
	1
	2
	33
	
	43

	16. Avoid or manage things you do not care about (e.g. tasks, people, situations, commitments, responsibilities), do just what you care about
	
	2
	1
	2
	1
	0
	6
	
	62
	2
	27
	45
	15
	151
	
	157

	17. Be safe (avoid trouble, damage, risk, dangers, unexpected events, negative consequences, punishments etc.)
	
	7
	58
	7
	16
	9
	97
	
	2
	6
	1
	2
	2
	13
	
	110

	18. Do not have repentance or remorse, do not miss opportunities
	
	2
	12
	1
	3
	0
	18
	
	2
	8
	0
	0
	0
	10
	
	28

	19. Address an unexpected event
	
	0
	0
	0
	0
	0
	0
	
	0
	7
	1
	0
	0
	8
	
	8

	20. Be satisfied with yourself, have a good self-esteem.
	
	25
	16
	16
	10
	8
	75
	
	4
	2
	3
	2
	1
	12
	
	87

	21. Feel good (e.g., have fun, rest, be calm, be free, avoid stress and fatigue).
	
	3
	9
	14
	8
	5
	39
	
	45
	35
	18
	25
	9
	132
	
	171

	22. Try new sensations (e.g. do new things, feel strong emotions, get out of the routine, test your limits)
	
	3
	0
	0
	0
	0
	3
	
	2
	62
	11
	22
	12
	109
	
	112

	23. Manifest or vent a negative emotion
	
	0
	0
	0
	0
	0
	0
	
	10
	15
	6
	10
	4
	45
	
	45

	24. Regulate or avoid a negative emotion
	
	1
	6
	5
	0
	0
	12
	
	3
	4
	3
	3
	3
	16
	
	28

	25. Think, reflect (e.g., make thoughtful decisions, solve difficult problems, leave nothing to chance, be creative)
	
	10
	28
	3
	6
	2
	49
	
	2
	2
	4
	0
	0
	8
	
	57

	26. Do not think (e.g., about problems, consequences, do not get obsessed)
	
	0
	1
	0
	1
	0
	2
	
	4
	20
	8
	11
	4
	47
	
	49
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[bookmark: _Hlk494208953]Note. IND5+, IMC5+, ORD5+, and RES5+ respectively indicate how frequently a goal was elicited by one of the five adjectives belonging to the positive poles of scales industriousness, impulse-control, orderliness, and responsibility. IND5-, IMC5-, ORD5-, and RES5- indicate the eliciting frequencies the negative poles of the same scales. C2+ and C2- respectively indicate the eliciting frequencies for two additional items of positive conscientiousness (“conscientious” and “scrupulous”) and of negative conscientiousness (“unconscientious” and “distracted”). C22+ and C22- indicate the overall eliciting frequencies for the 22 adjectives of the positive and the negative poles of conscientiousness, respectively. C44 indicates overall eliciting frequency.
Table 3. Relative conscientiousness score (RCS), centrality, and abstractness score of each goal class
	Goal Class
	RCS
	Abstractness

	1
	4.35*
	.42

	2
	7.66*
	.27

	3
	2.25
	.98

	4
	-5.99
	.54

	5
	4.82*
	.61

	6
	-6.47
	.11

	7
	-6.58
	.30

	8
	4.56*
	.00

	9
	-5.67
	.18

	10
	5.94*
	.42

	11
	11.94*
	.42

	12
	9.62*
	.34

	13
	3.70*
	.29

	14
	1.33
	.56

	15
	-4.22
	.44

	16
	-13.46
	.40

	17
	7.24*
	.39

	18
	1.01
	.50

	19
	-3.13
	.00

	20
	6.02*
	.87

	21
	-8.86
	.74

	22
	-11.47
	.54

	23
	-7.49
	.15

	24
	-1.29
	.74

	25
	4.79*
	.43

	26
	-7.25
	.48


Note. A star (*) indicates that a goal class is significantly associated with the positive pole of conscientiousness, according to RCS. Labels for goal classes are listed in Table 1. Details about the computation of RCS and abstractness are provided in the text.
Figure captions
Figure 1. Network of goals connected to conscientiousness and its facets.
IND5+, IMC5+, ORD5+, and RES5+ respectively indicate the positive poles facets industriousness, impulse-control, orderliness, and responsibility, each one including five adjectives. IND5-, IMC5-, ORD5-, RES5- indicate the negative poles of the same facets. C2+ and C2+ respectively indicate two adjectives for the positive pole of conscientiousness and two for the negative pole of conscientiousness, which are not associated with specific facets. Numbers indicate goal classes: (1) Demonstrate something to others; (2) Be trustworthy; (3) Tighten or maintain ties with other people; (4) Manipulate other people’s behavior; (5) Do good to someone, avoid hurting; (6) Hurt someone; (6) Hide something from someone; (8) Compliance with standards and rules; (9) Rebel, transgress the rules; (10) Have control; (11) Personal Realization; (12) Do something well, avoid mistakes; (13)  Accomplish something, observe a commitment; (14) Do something easily or efficiently; (15) Save time; (16) Avoid or manage things you do not care about, do just what you care about; (17) Be safe; (18) Do not have repentance or remorse, do not miss opportunities; (19) Address an unexpected event; (20) Be satisfied with yourself, have a good self-esteem; (21) Feel good; (22) Try new sensations; (23) Manifest or vent a negative emotion; (24) Regulate or avoid a negative emotion; (25) Think, reflect; (26) Do not think. A thick border indicates goal classes that are associated with conscientiousness according to the Relative Conscientiousness Score and that have an acceptable abstractness. Details about the computation of the Relative Conscientiousness Score and the abstractness index are available in the text.
