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Abstract:
							                           
Research on social animal behavior is growing within social neuroscience. Basic research on behavioral processes in animals has always been the forte of behavior analysis, but the collaboration and crossover between the fields are minimal. This is illustrated with the well-established rodent social-release paradigm, which features two conflicting explanations: empathic motivations from social neuroscience, and social reinforcement from a behaviorist point of view. A three-term contingency analysis identifies areas within the studies of social release where more research is needed, and which is neutral regarding explanatory causes. This analysis allows for the integration of data from both the empathy and the social reinforcement point of view. This neutrality opens the way for collaborations and invites joint efforts to study and increase understanding of different variables in the rodent social-release paradigm.
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Resumen:
						                           
La investigación sobre conducta social animal está creciendo dentro de la neurociencia social. La investigación básica sobre procesos conductuales en animales ha sido siempre el fuerte del análisis de la conducta, pero la colaboración y traslape entre ambos campos es mínima. Esto puede ilustrarse con el bien establecido paradigma de liberación social, que involucra dos explicaciones en conflicto: motivaciones empáticas desde de la neurociencia social y reforzamiento social desde un punto de vista conductual. Un análisis basado en la contingencia de tres términos identifica áreas dentro de los estudios de liberación social donde hace falta más investigación y que es neutral respecto a las causas en las explicaciones. Este análisis permite la integración de datos desde los puntos de vista de la empatía y el reforzamiento social. Esta neutralidad abre el camino para colaboraciones e invita esfuerzos conjuntos para estudiar y aumentar la comprensión de las variables involucradas en el paradigma de liberación social.
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Introduction


Social behavior arises because one organism is useful to another as part of its environment. A first step, therefore, is an analysis of the social environment and any special features it may possess (Skinner, 1953, p. 298). The topic of this article is how the behavior-analytic three-term contingency could systematize studies and findings of animal models of social behavior. Additionally, the three-term contingency analysis reveals important areas for future research.

Modelling social behavior in animals is a topic of growing interest, especially in social neuroscience, the subfield of neuroscience focusing on the neural correlates of social behavior (Cacioppo & Berntson, 1992; Matusall, Kaufmann, & Christen, 2011). As a field of research, social neuroscience is marked by a multilevel integrative analysis of social, behavioral and cognitive data, but it does not seek to replace either behavior or social science (Decety & Cacioppo, 2010). This subfield of neuroscience traditionally has worked mainly with humans, but investigators acknowledge that data from animal studies should validate findings from humans (Decety & Christen, 2014), and that they are necessary when using the more invasive techniques that are needed to better understand topics such as empathy (Keysers & Gazzola, 2016). Not all social behavior can be modeled in animals (i.e., behavior reliant on language, or with human-specific features). However, several classes of behavior relevant to the field of social neuroscience (e.g., empathy, pro-sociality) show degrees of evolutionary conservation (de Waal, 2012; Decety, Bartal, Uzefovsky, & Knafo-Noam, 2016; Decety, Norman, Berntson, & Cacioppo, 2012; Pérez-Manrique & Gomila, 2018), inviting investigation in nonhuman animals. While prosocial is defined as “actions that are intended to benefit another” in both the most relevant experimental paper on social release (Bartal, Decety, & Mason, 2011, p. 1427) and in recent conceptual work (Jensen, 2016), empathy is more broadly used. As many as eight different phenomena have been identified as empathy in social-neuroscience, but a conceptual discussion of the term is beyond the scope of this review. Readers are advised to see Cuff, Brown, Taylor, & Howat (2016) or Pérez-Manrique & Gomila (2018) for further discussion. The most relevant use of empathy is in the first social-release paper, which used empathic concern described as “an other-oriented emotional response elicited by and congruent with the perceived welfare of an individual in distress” (Bartal et al., 2011, p. 1427).

Within social neuroscience, behavioral animal studies are the point of origin, and once the behavior is adequately understood, the social neuroscientist moves on to investigating neural correlates of the behavior. For instance, mutual reward preference in rats was demonstrated (Hernandez-Lallement, van Wingerden, Marx, Srejic, & Kalenscher, 2014) before neural correlates were investigated (Hernandez-Lallement, van Wingerden, Schäble, & Kalenscher, 2016). However, the step from behavior to neural correlates can be problematic.

Whereas a molecular level of understanding of both behavior and influencing factors is necessary to avoid causal mistakes in neuroscience (Krakauer, Ghazanfar, Gomez-Marin, MacIver, & Poeppel, 2017), behavior is often a neglected part of modern neuroscience that has focused more on technological than conceptual advancement (Le Moal & Swendsen, 2015). This present review elucidates that problem with a selected literature review of a specific animal model using the behavior analytic three-term contingency. This approach continues the implementation of behavior analysis into neuroscience and vice versa. Such implementation is important to properly understand behavior (Moore, 2002; Skinner, 1974), and some even argue that both fields are subfields of biology with a logical fitness (Donahoe, 1996, 2002, 2017). That is not to say it is unproblematic. As Schaal (2005) stated, some of the concerns about neuroscience are with studies that retain mentalistic explanations, disregard the learning history of the organism being studied, and how the past necessarily has shaped the brain. However, the current critical review uses the three-term contingency to systematize selected studies and findings with a recent animal model, and thus will avoid mentalism that otherwise could prove problematic.

The exemplar animal model that is the subject of this review is one suggested for prosocial behavior: the rodent social-release paradigm (Bartal et al., 2011); however, the approach should prove useful with any behavioral animal model. Prosociality, with its related topic of empathy, has not been studied much within behavior analysis (however, for a presentation see Schlinger, 1995), but is important and relevant within social neuroscience (Batson, 2009; Decety & Lamm, 2006). Using rats instead of humans to investigate social behavior allows a broader range of neuroscientific tools, and even if the animal subjects cannot self-report, rats do exhibit specific responses to social situations with conspecifics. Two examples are social facilitation (i.e., the mere presence of conspecific influences responses; Weiss, Segev, & Eilam, 2014) and emotional contagion (i.e., an emotional, behavioral reaction that occurs on perceiving the emotion of others, as when witnessing conspecifics in pain; Carrillo et al., 2015). Additionally, rats communicate positive and negative affect via ultrasonic vocalizations (USVs) (Kim, Kim, Covey, & Kim, 2010; Willadsen, Seffer, Schwarting, & Wöhr, 2014), reviewed by Brudzynski (2013). They also use odor-based communications (Debiec & Sullivan, 2014).

In addition to investigating important topics within social neuroscience, the social- release paradigm was chosen as it has been subjected to critical replication from a behavioral perspective (Hachiga et al., 2018; Hiura, Tan, & Hackenberg, 2018; Schwartz, Silberberg, Casey, Kearns, & Slotnick, 2017; Silberberg et al., 2013), which offered an alternative explanation of social release based on social reinforcement. The present review offers a framework for integrating all previous research, regardless of causal explanations (empathy vs social reinforcement). This review makes a similar claim to that of earlier researchers that to understand the brain it is necessary to understand behavior (Catania, 2000; Krakauer et al., 2017; Le Moal & Swendsen, 2015). Before presenting and discussing the three-term contingency analysis, however, it is necessary to describe the social-release paradigm in detail.





Animal Models of Social Behavior: The Social-Release Paradigm


The social-release paradigm features a pair of cage mates, where one rat is trapped inside a clear plastic tube (Bartal et al., 2011) known as a restrainer. Being thus trapped causes both behavioral and physiological stress-like effects in rats (Ely et al., 1997; Paré & Glavin, 1986). The restrainer can be opened from the outside either by manual interaction with the door (e.g., tipping it open with the head and/ or forelimbs) or by leaning on a counterweight extending from the top of the door. One rat is trapped in the restrainer, and the trial begins once the second rat is put into the experimental space. The dependent variable is latency to door opening. The free rat is removed if door opening does not occur within a predetermined time. In the original experiment, 60 min max time was allowed before removing the rat if it did not open the restrainer door (Bartal et al., 2011), but our research with a different habituation and training design indicates that a much lower (<10 min) max time can be used (Blystad, Andersen, & Johansen, 2019). A latency analysis showed that (1) after first opening the door the latency goes down and remains short throughout the remainder of the trials, (2) latency goes down and remains short even if the released cage mate cannot physically interact with the free rat after being released (Bartal et al., 2011). The main interpretation of the latency results has been empathic concern; perceiving the trapped cage mate motivated prosocial door opening. A role of social stimuli is indicated by the result showing that the number of rats that opened increased when the restrainer contained a cage mate when compared to an empty restrainer. Independent variables in this procedure are different manipulations of the experimental environment such as social learning history (Bartal et al., 2014), drugs (Tomek, Stegmann, & Olive, 2018) or stress (Sato, Tan, Tate, & Okada, 2015).

In a second variant of the social-release paradigm, the experimental arrangement described above was slightly modified. Sato et al. (2015) trapped and soaked one cage mate in a water-filled area and separated the soaked cage mate from a free rat with a transparent plastic wall. The wall contained a door that could only be opened from the free rat’s side. The side of the trapped rat contained water, from which the trapped rat would try to escape. Again, the free rat could approach the door to open and release the trapped rat, thus creating a similar design to that of Bartal et al. (2011). Sato et al.’s results were consistent with Bartal et al. (2011) in that the free rat opened the door, releasing the soaked cage mate. Claims of rodent empathy by Sato et al. (2015) and Bartal et al. (2011), however, have not gone uncontested. In a commentary on Bartal et al. (2011), Vasconcelos, Hollis, Nowbahari, & Kacelnik (2012) suggested that prosocial behavior could be described without including elements of empathy; namely without any sharing of emotions. This was the case for explaining similar helping behavior in ants. In that study, ants released a tied down ant from the same colony (Nowbahari, Scohier, Durand, & Hollis, 2009). Furthermore, in a replication of Bartal et al. (2011), Silberberg et al. (2013) suggested that social contact and time-dependent degradation of neophobia, a fear of new objects, could explain the observed release of the cage mate. Similarly, in a replication of Sato et al. (2015), Schwartz et al. (2017) found that the helping behavior also could be explained by the reinforcing property of proximity to water in addition to the effects of social reinforcement.

This criticism has spurred another approach to the social-release paradigm spearheaded by behaviorists. Focusing on social contact and social reinforcement, Hiura et al. (2018) used the social-release paradigm to investigate social reinforcement. They set out to do an “… analysis of social contact as a reinforcer, measured in multiple ways, relative to food reinforcers, and as a function of price and motivational variables” (p. 5). To this, they added that empathy-based explanations would be made superfluous if the behavior could be explained in terms of social reinforcement (Hiura et al., 2018). Thus, Hiura et al. echoed Silberberg et al.’s (2013) assertion that social contact after the trapped conspecific was released was a necessity for such releasing to occur.





Empathic concern vs. social reinforcement


Terminology and design have differed greatly between social-release experiments rooted in behaviorism (Hiura et al., 2018) or social neuroscience (Bartal et al., 2011; Sato et al., 2015; Tomek et al., 2018). Although reviews of rodent models of empathy exist (e.g., Sivaselvachandran, Acland, Abdallah, & Martin, 2016), no attempts have been made to integrate and review both social reinforcement and empathy-based studies of rodent social release. Research from either field contributes little to the other. The criticism of the empathy explanation might be addressed briefly before being discarded (Tomek et al., 2018) or not even mentioned at all (Shan, Bartal, & Mason, 2016). Thus, the three-term contingency will be used to analyze and systematize selected data from the social-release paradigm. With the three-term contingency, these two main approaches to the problem can be included in a manner that remains neutral regarding causality, but which elucidates what has been investigated and what is lacking.





A Three-Term Contingency Systematization


The traditional three-term contingency consists of behavior antecedents (stimulus, A), behavior (the response occasioned by a stimulus, B) and consequences (reinforcement, C) (Skinner, 1953). However, research on the social-release model also focuses on previous conditions of the organism itself. To add this level of analysis, an organism (O) is included in Table 1, which summarizes the social-release research. From a neuroscience perspective, the O is where future neural manipulations will occur (such as in Hernandez-Lallement et al., 2016); however, for the behavior analyst the O could perhaps be removed in that antecedents encompass the organism’s learning history (i.e., neural manipulations or neuroactive drugs).

The O term also encompasses the motivating operations (MO) concept. In fact, the MO began as an expansion of the three-term contingency, originating within Skinner’s radical behaviorism (Nosik & Carr, 2015). The MO concept has been expanded considerably in recent years. According to Laraway, Snycerski, Olson, Becker, & Poling (2014. pp. 3) MOs “…(a) influence the capacity of operant consequences (reinforcers and punishers) to alter the strength of future behavior (the value altering effect) and (b) change the current strength of behaviors related to the consequences affected by the MO (the behavior altering effect).” As an aside, there is also the related concept of setting events, which too is used to describe variables outside of the three-term contingency. However, although setting events could be relevant as a more complex version of the MO or establishing operations (EO) (Danforth, 2013), setting events are not functionally defined (Nosik & Carr, 2015). Lack of a functional definition can serve to confuse, and for that reason, the MO concept serves a better purpose in the present analysis. This is not to say that others will not find a purpose for setting events in research on social animal models. It is simply beyond the scope of the current paper.


Table 1 organizes data from experiments using the social release paradigm into a three-term contingency, with the added O to specify organism level manipulations.




Table 1




Three-term contingency analysis applied to social-release paradigm research
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Table 1 shows that the focus of previous investigations using the social-release paradigm has been on the consequences of opening, with additional investigations into effects of organism-based manipulations (i.e., social learning history, anxiolytics and opioids). Only Bartal et al. (2011) have investigated specific antecedent stimuli, and in that case only in terms of the role of stress-induced 23kHz ultrasonic vocalizations. However, considering that no control experiments were performed in either their experiment or in subsequent replications, it is uncertain whether 23kHz USVs have a central role or not. In other words, little is currently known about discriminative stimuli for opening behavior in the social-release paradigm, which is necessary for investigating the relevant parts of the central nervous system. This bridge between social behavior and neural activity is not only the concern of social neuroscience (Cacioppo & Berntson, 1992; Matusall et al., 2011) but also the behaviorist seeking to more fully understand behavior-environment relations (Moore, 2002; Skinner, 1974). Without knowing which stimuli serve as SDs for social release, moving on to neural investigations is troublesome, as the behavioral observations lack necessary detail (Krakauer et al., 2017) ;“If we fail to understand the behavior, we will probably also fail to understand how the brain serves it” (Catania, 2000)











The following sections explore how to increase knowledge about antecedent stimuli missing from Table 1, which is where special features of the social environment relevant to the organism will be found (Skinner, 1953). Based on these explorations, suggestions are made on how to improve measurements via technical equipment and design. Following this, other terms in the three-term contingency are given the same treatment. Necessary, or relevant, parts of each of these terms will be suggested for both empathy and social reinforcement explanation of social release. For the sake of clarity, antecedent social stimuli are divided into three categories; auditory, visual and olfactory.





Antecedents to Social Release: USV


Although separated by the restrainer, rats still can communicate via different categories of USVs. These USVs are especially interesting for social neuroscience as they seem to have different points of origin within the rat brain depending on whether they are emitted in appetitive or aversive situations (Sadananda, Wöhr, & Schwarting, 2008). This makes them prime targets for neural manipulation. These USVs have been investigated in one experiment. Those in the category of 23kHz were recorded in the original experiment (Bartal et al., 2011). These 23kHz USVs are expressed in stressful and aversive situations (Brudzynski, 2013), and primarily occur when rats have conspecifics nearby (Kim et al., 2010). Although Bartal et al. (2011) claimed that they did not record enough USVs to influence opening behavior (i.e., that the rats acted to stop these sounds), a control experiment was not performed (e.g., playing back the recorded sound to measure increase or decrease in latency to prosocial action). Furthermore, USV recording was not included in any of the replications (Bartal et al., 2014; Bartal et al., 2016; Silberberg et al., 2013; Tomek et al., 2018). The aversive 23kHz vocalization is one of many sonic and ultrasonic modes of vocal communication in rats. Another category of USVs is in the range of 50kHz, and these sounds are associated with different social behavior than those in the 23kHz range (Seffer, Rippberger, Schwarting, & Wöhr, 2015; Willadsen et al., 2014). These occur primarily in positive situations (Brudzynski, 2013). Although it would be speculative to assign one category of USV importance over the other in social-release paradigms, the existence of multiple categories should not be subjected to negligence as the degree to which they are involved in the measured behavior remains unknown. Control experiments with animals’ incapable of making USVs are one way to control for the influence of these social stimuli (e.g., via surgical devocalization, or optogenetic interventions to turn the brain areas responsible for vocalization on and off). Another way would be to undertake playback experiments. Playing back USVs could either begin or stop after prosocial action to assess whether USVs act as positive reinforcers (prosocial action produces appetitive USVs and thereby becomes more probable) or negative reinforcers (prosocial action terminates aversive USVs and thereby becomes more probable) for prosocial behavior. Optimally, these playback experiments allow for measuring USVs in the previously mentioned categories, as these categories may have different roles in the social-release paradigm.





Antecedents to Social Release: Odorants


Odors as social stimuli are common in rats and serve many different social functions such as searching for a mate (Ferkin, 2018), discriminating between conspecifics (Carr, Yee, Gable, & Marasco, 1976), and communicating fear (Debiec & Sullivan, 2014). The behavior that brings rats in contact with odorants, sniffing, functions to communicate the rat’s role in the social hierarchy (Wesson, 2013). Additionally, albeit in mice, odor alone recently was reported to induce hypersensitivity to pain (Smith, Hostetler, Heinricher, & Ryabinin, 2016).

Although it is technically challenging to experimentally control and measure, the significance of odorants for prosocial behavior invites investigation. For example, the experimental arrangement could involve giving the conspecific time in the restrainer and then removing it before testing the free rat for opening behavior. The restrainer would then be empty but retain odorants from the previously trapped rat. Another approach would be to block the sense of smell entirely via surgical interventions, similar to what recently was shown in mice to impact health and obesity (Riera et al., 2017). No investigation of the possible role of odor has been undertaken in the social-release paradigm. For that reason, whether odor is an antecedent or a consequence and can influence social release, remains an empirical question.





Antecedents to Social Release: Visible Behavior


While USVs and odorants are stimuli that require advanced technical equipment to manipulate, measure, and analyze, visible behavior is more readily accessible for experimental manipulation and recording. It is also the only social stimulus that has been experimentally shown to affect prosocial behavior: displayed behavior in one rat is known to influence behavior in the experiments on prosocial reward sharing (Marquez, Rennie, Costa, & Moita, 2015). That observed behavior influences actions in the observer rat is described in the research literature: emotional contagion in rats (Atsak et al., 2011; Carrillo et al., 2015), social fear learning (reviewed in Debiec & Olsson, 2017) and other behavior learned via observation (Galef, 1982). This leads to the conclusion that the displayed behavior, perhaps especially of the recipient of prosocial action, should be monitored closely.





Antecedents to Social Release Summarized


It is currently not known which social stimuli have the most significant influence on prosocial or empathy-like behavior. Possibly, it is not one single stimulus but a combination of them that controls or influences prosocial behavior. The reviewed literature on USVs, odorants and visible behavior shows the potential importance of these stimuli for social and possibly also prosocial behavior. Thus, these stimuli should be investigated in future experiments and added to Table 1 to make a more comprehensive understanding of the controlling variables of social release. These improvements are necessary because of the proclaimed goal in social neuroscience of understanding neural correlates of social behavior (Cacioppo & Berntson, 1992; Matusall et al., 2011).

In order for an empathy explanation of the behavior to hold in the social-release paradigm, the relevant antecedents will be those that communicate negative emotions (i.e. distress) from the trapped rat. A theoretical experiment could make use of trapped rats that are unable to communicate via one or two modalities (i.e. USVs, odors). If no known emotional communication is relevant for social release, then that would severely discredit the interpretation of empathic concern made by Bartal et al. (2011). In fact, an empathic concern account with the three terms would need an SD such as aversive USV or visible behavioral distress, without which social release does not occur. If the trapped rat does not emit any stimuli that would indicate aversiveness towards entrapment, then releasing it could hardly be described as either prosocial or empathic. Such a description is not found in any research that appeals to an empathy account of social release (Bartal et al., 2011, 2014, 2016; Sato et al., 2015; Tomek et al., 2018).

Social reinforcement, however, does not require the discriminative stimulus for social release to be indications of aversiveness towards entrapment from the trapped rat; the consequence (i.e. social interaction) is what matters. Nonetheless, the existence of social reinforcement in rats (demonstrated in Hachiga et al., 2018, Schwartz et al., 2017 and Silberberg et al., 2013), does not exclude empathic distress. However, the empathy account currently remains the least causally proven one.





Behavioral Recordings in Studies of Social Release in Rats



Table 1 does not list considerable variation in behavioral recordings of the responses in the social-release paradigm. Although different experiments used slightly different response requirements from opening by tipping over a door (Bartal et al., 2011; Sato et al., 2015) to door opening upon activation of a sensor bar (Silberberg et al., 2013), these different topographies have not themselves been investigated. Some behavior will be more similar to existing behavior in the animal’s repertoire (tipping open a door by using claws or head versus activating a sensor bar). Although the function of the response is the same–opening the restrainer – the difference in topography could affect latency and other measures of behavior. The importance of requirements is illustrated by Blystad et al. (2019). Even if the rats had lever pressed for door opening before testing with food inside the restrainer, they manually interacted with the door to open it and access the food (Blystad et al., 2019). The reinforced response was subjected to topographical drift in which the function remains the same, but the response topography changes (Breland & Breland, 1961). When the food was replaced with a cage mate, the animals persisted in the manual interaction topography instead of lever pressing (Blystad et al., 2019). Summarizing, no comparisons are made thus far, and so any effect of different topographies is unknown.

A related issue is that the baseline response latency needs to be established before testing for social release. Establishing the baseline, and even the existence of a response topography within the behavioral repertoire, often is found in the procedure section where descriptions of magazine training or habituation are made. Following response shaping or training, the animal demonstrates the operant response (examples can be found in Hiura et al., 2018; Tan & Hackenberg, 2015; and Vandbakk, Olaff, & Holth, 2018). Although door opening was shown to be in the behavioral repertoire in the soaked-rat model before testing prosocial action (Sato et al., 2015), this was not the case in Bartal et al. (2011). The latter found that the rats opened to release a cage mate after several days (±7), even if the rats had not been subject to any prior conditioning. Door opening was not trained in the follow-up experiments of Bartal and colleagues either (Bartal et al., 2014; Bartal et al., 2016). In one instance, the finding that rats open to release a trapped cage mate is referred to as natural behavior (Bartal et al., 2016, abstract). Whether or not laboratory experiments have much ecological validity has been debated (e.g., Schmuckler, 2001), and as such the term natural behavior is perhaps not fitting. Using a lay term like natural behavior also bears the risk of falling into the language trap, because the description of natural behavior is an unempirical language construction (Harzem,1986). In other words; the term “natural” is merely an artifact of language, it does not exist in a measurable or objective manner. A consequence of using “natural” can be that other descriptors are smuggled along with it, such as normal, or robust, as no word from ordinary languages has a singular meaning (Harzem, 1986). Additionally, such operationism of lay words run the risk of introducing claims not warranted by the data or observations themselves (Harzem, 1984). Category mistakes may also occur, where natural behavior is caused by other reasons than behavior that is not natural when it belongs to the same logical category (Ryle & Tanney, 2009). For instance, opening the restrainer with a directly reinforced behavior (Blystad et al., 2019), may not belong to a different category than naturalopening after repeated exposure to the restrainer with a trapped cage mate (Bartal et al., 2011). A consequence is the category mistake where natural behavior becomes evidence for a phylogenetic empathy, while directly reinforced behavior is caused by the organisms learning history. Additionally, the natural description can be used to justify not measuring environmental variables, which lowers experimental control and predictability. Furthermore, the term “natural” holds little explanatory power (Hempel & Oppenheim, 1948). Describing behavior as “natural” does not contribute to understanding why the observed behavior happens. The term “natural” lacks the focus of the pragmatic selectionism inherent in behavior analysis, as pragmatic selectionism guides the researchers in answering “how things comes to be”-questions (Moxley, 2003). Pragmatic selectionism then circumvents the need to describe the occurring behavior as natural; accounts of experiments will be technical and observable descriptions of the environment (i.e., social stimuli) and the behavior.





Consequences


The experiment by Hiura et al. (2018) on the effects of social reinforcement is one of the most thorough with respect to design and terminology. One useful detail in their design is the use of schedules of reinforcement (Hiura et al., 2018). Different schedules of reinforcement generate different response rates and patterns (Ferster & Skinner, 1957). The study of social behavior by using schedules of reinforcement allows for investigating the strength of the social reinforcement by comparing one kind of reinforcement with another in the same schedule (Hiura et al., 2018) such as alcohol and narcotics (Caine & Koob, 1994; Spoelder et al., 2015). Table 1 illustrates that differences in the consequence of opening has been investigated, but aside from Hiura et al. (2018) the choices have been binary (i.e., another rat or an empty restrainer). Implementing different schedules of reinforcement could provide more information regarding the reinforcing value of the consequence. No social-release experiment with an empathy explanation has investigated reinforcement strength of the claimed empathic response. The closest is perhaps an experiment in Bartal et al. (2011) in which the rats could open the door to a restrainer with a cage mate or open a second door to access chocolate chips. More than half of the female rats opened the restrainer with the cage mate first, and chocolate chips second (Bartal et al., 2011). However, binary choices combined with a latency measure are poorly suited for measuring reinforcement strength. A social-release experiment to investigate reinforcement strength properly would require a response rate measure; single responses (such as those in Bartal et al., 2011, 2014, 2016; Sato et al., 2015) are less than optimal. Topographies could be restricted so that only multiple lever presses will open the restrainer door (i.e. using an intermittent reinforcement schedule). The rate of the door opening could be compared between changes in restrainer content (i.e. cage mate, empty or food). This resonates with Hiura et al. (2018), who showed that food had a stronger reinforcement value than social contact, but that the reinforcement strength of social contact increased with social deprivation. Additionally, latency to open for food in food deprived rats is also lower than for a cage mate (Blystad et al., 2019). If social release is governed by reinforcement in the same way as behavior in general is controlled by other reinforcers (e.g. food, water), then it follows that patterns of social release responses during different schedules of reinforcement (e.g. continuous, intermittent) should be lawful as well and follow the same regularity as observed for food or water reinforcers. Finding the same regularity support the interpretation that social release is controlled and maintained by social consequences (e.g. social contact). However, if the same regularity is not found, then two options present themselves. Either the reinforcer in the social-release paradigm is incorrectly identified, or the behavior is not controlled by reinforcers in the same manner as with traditional reinforcers such as food or water. Regardless of outcome, this would be a valuable contribution to the research field.





Summary of the Three Terms and Strategies for Further Experiments


The social reinforcement and empathy approaches both attempt to explain observations in the social-release paradigm. A three-term contingency analysis systematizes requirements for these two approaches. Antecedents in the social reinforcement approach do not have to be social, but the consequences do. Additionally, prior social deprivation is expected to increase social reinforcement preference. Indeed, this has been shown by Hiura et al. (2018). In that experiment, involving rats pressing levers for social reinforcement, there was a higher production of social reinforcement during social deprivation. Social reinforcement, however, does not exclude an empathy interpretation since the social interactions are not incompatible with prosocial behavior.

An empathy account of social release predicts that the SD is a stimulus that communicate distress of the trapped rat (e.g. stressful USVs, visually observable behavior, odors). Visual and auditory stimuli of distress affect rat behavior (Brudzynski & Chiu, 1995; Carrillo et al., 2015), but whether these stimuli function as SDs for social release remains unclear. That the trapped rat emits stressful 23kHz USVs has been shown (Bartal et al., 2011), but it has not been shown that this specific stimulus is necessary for social release. On a related note, there has been no attempt to record positive USVs. An empathy account of social release further predicts that positive USVs should not serve as SDs for opening since they are not expressing distress, but appetitive situations (Brudzynski, 2013).

The consequence must be fewer distressing stimuli (i.e., the previously trapped rat stops expressing 23kHz USVs or showing visible behavior/emitting odors indicating stress, after it has been released). In other words, empathy in social release is negative reinforcement, where the reinforcer is removal of distress. A stronger account of empathy would have additional requirements regarding how the free rat perceives the trapped rat, which is a part of the empathic concern definition used in Bartal et al. (2011). This is closer to the cognitive variant of empathy that uses the theory of mind (ToM) concept of visualizing the point of view of others (Baron-Cohen, Leslie, & Frith, 1985). However, ToM is not investigated, or measured in any way, during research on social release. In other words, the cognitive aspects of empathy in social release should probably be discarded, but the version of empathy similar to negative reinforcement can be preserved.

One prediction of an empathy interpretation, without cognitive aspects, is less distress stimuli post release. This could easily be tested with an experiment in which release causes more distress stimuli than entrapment (e.g., the release activates electrical grids which shocks the trapped rat). Under such circumstances, being trapped might be “preferable”, and empathic concern could not explain opening. No such experiment has been conducted. From a social reinforcement approach, while it would seem likely that the free rat would continue to release the trapped rat for social interactions, this may not be so because of shock effects on the released rat (i.e. freezing or in other ways displaying discomfort). In other words, social interaction with a rat that has just been shocked may not be positive reinforcement, and failure to open seem possible.





Conclusions


A framework for systematizing and integrating previous research on social release, regardless of causal explanations (empathy vs social reinforcement), has been presented. Social reinforcement is relevant for social release (Hachiga et al., 2018; Hiura et al., 2018; Silberberg et al., 2013), but this relevance does not exclude a possible effect of empathy. An empathy account would predict that the SD for social release are stimuli indicating distress in the trapped rat and that this distress ends upon release. Thus, an empathy account, without cognitive constructs, for opening behavior in the social-release procedure is negative reinforcement. However, when prior research was analyzed within a three-term contingency framework, it was suggested that little is known regarding antecedent stimuli, social or otherwise. A full survey of relevant antecedent stimuli (i.e. stimuli related to distress) seems to be needed. This systematization with a three-term contingency also could be used on other animal models, perhaps especially those subjected to different theoretical and experimental approaches. In brief, the presented three-term contingency approach allows for behavior- analytical contributions to the field of social neuroscience to improve both existing and new animal models.
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