























Conductual Mutual reinforcement contingencies in rats

Table 2. Sensitivity, bias, and goodness of fit (+?) for fits of Equation 1 shows in Figure 2. These data were obtained
from all sessions and from the last five sessions (*) of each experimental condition. Parameters are shown for each
rat’s data, and the bottom rows show arithmetic means across rats according to the housing conditions and sex.

Responses Time
Rats s b 7 $ b 7

Housed together (2) * * * * * *

R2 1.13 1.12 -0.44 -0.54 0.97 0.99 0.92 0.83 0.03 -0.05 0.62 0.66

R3 0.86 0.98 -1.51 -1.10 0.61 0.80 0.37 0.28 -0.05 -0.21 0.40 0.39

R4 0.95 1.14 -1.16 -0.54 0.75 1.00 0.46 0.42 -0.87 -0.65 0.09 0.09

R7 0.98 1.13 -1.03 -0.54 0.79 1.00 0.39 0.38 -1.03 -1.16 0.11 0.09

R5 1.09 1.08 -0.64 -0.07 0.99 0.99 0.24 0.35 -0.15 -0.17 0.61 0.75

R10 1.08 1.10 -0.68 -0.65 0.99 0.99 0.49 0.34 0.16 0.06 0.50 0.54

Arithmetic M 1.02 1.09 -0.91 -0.57 0.85 0.96 0.48 0.43 -0.32 -0.36 0.39 0.42
Housed individually (9)

R13 1.15 1.15 -0.44 -0.43 0.98 0.98 0.61 0.72 0.33 0.55 0.54 0.76

R16 0.86 0.91 -1.53 -1.37 0.64 0.67 0.63 0.71 -0.13 -0.10 0.44 0.56

R11 0.88 1.13 -1.42 -1.20 0.38 0.11 0.71 1.02 -0.45 -0.09 0.37 0.95

R12 1.00 0.83 -0.67 -0.75 0.81 0.81 0.46 0.69 0.14 0.51 0.34 0.59

R14 0.91 1.07 -1.21 -0.70 0.72 0.98 0.38 0.85 0.43 0.66 0.27 0.38

R15 1.09 1.09 -0.57 -0.63 0.98 0.98 0.24 0.29 0.24 0.28 0.52 0.62

Arithmetic M 0.98 1.03 -0.97 -0.85 0.75 0.75 0.51 0.71 0.09 0.30 0.42 0.64
Housed together (&)

R2 1.10 1.11 -0.52 -0.47 0.84 0.97 0.47 0.66 -0.28 -0.16 0.39 0.53

R5 0.83 0.95 -1.56 -1.26 0.48 0.64 0.78 0.81 -0.09 -0.02 0.55 0.64

R4 1.00 1.08 -1.00 -0.71 0.84 099 0.80 0.61 -0.29 -0.71 0.36 0.24

R6 1.02 1.16 -0.89 -0.45 0.81 1.00 0.76 0.94 -0.21 -0.05 0.42 0.55

R1 0.67 0.68 -1.90 -1.79 0.49 0.49 0.65 0.82 0.07 0.09 0.52 0.04

R3 1.15 1.13 -0.38 -0.41 0.98 0.98 0.76 0.74 0.24 0.31 0.44 0.68

Arithmetic M 0.96 1.02 -1.04 -0.85 074 085 0.70 0.76 -0.09 -0.09 0.45 0.55
Housed individually (%)

R9 0.85 0.91 -1.46 -1.28 0.55 0.59 0.34 0.35 -0.44 -0.39 0.19 0.21

R10 0.94 0.87 -1.13 -1.35 0.60 0.54 0.74 1.01 -0.25 -0.05 0.42 0.62

R7 1.06 1.17 -0.75 -0.35 0.87 0.97 0.73 0.49 -0.27 -0.67 0.27 0.27

RS 0.97 0.90 -1.13 -1.37 0.76 0.64 0.93 0.92 -0.18 -0.15 0.47 0.56

R11 1.06 1.02 -0.78 -0.93 0.85 0.77 0.42 0.55 -0.11 -0.11 0.40 0.28

R12 1.02 0.99 -0.92 -0.93 0.77 0.70 0.50 0.51 -0.11 -0.24 0.38 0.38

Arithmetic M 0.98 0.98 -1.03 -1.03 074  0.70 0.61 0.64 -0.23 -0.27 0.35 0.39

Aéﬂ;;‘?;gtjsw 0.99 1.03 -0.99 -0.83 0.77 0.82 0.57 0.04 -0.14 -0.11 0.40 0.50

These results indicate that the time ratios were not proportional to the reinforcer ratios (mean
value of s = 0.57 for all subjects and 0.64 for the last five sessions) unlike responses, time allocations
analysis did not show a particular bias for one of the alternatives. Although & values among subjects vary,
the mean bias values were close to zero (see Table 2). It is possible that the little range of variation

between time ratios and reinforcer ratios explains the poverty of the fit 72 = 0.40 and 0.50. The general
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results pattern shows that all subjects, across all experimental conditions, spent more time in the mutual
alternative but their successful responses displayed a smaller proportion than the matching law predicts.
Subjects showed a strong preference for the individual option and it was more pronounced for responses
than for times. This difference between response ratios and time ratios may be due to the lower
probability of success at the mutual option, the intra-pair coordination of activities is costly it requires
longer visits and a greater number of attempts (failures) to obtaining the reinforcer.

Figure 3 presents the mean of responses per minute for each alternative; and relative responses,
time allocations, and reinforcer ratios pooled for all subjects (first column) and for housing conditions and
sex (second to the fifth column). Pooled data of subjects (first row) show that the response rate per
minute to the individual option was M = 2.29, varied little across experimental conditions (M = 2.42, 2.27
and 2.18) and it was higher in males (M = 2.64) than in females (M = 1.84). It is important to clarify that
the reinforcement contingency on this option remained constant during all the experimental conditions. In
contrast, the response rate for all subjects to the mutual option across conditions was M = 0.13 responses
per minute and varied depending on the changes in reinforcement ratios associated with this option (M =
0.09, 0.17 and 0.13, conditions 4:4 — 4:0 — 1:4, respectively). A very interesting finding is the discrepancy
in responses per minute between alternatives, the mean ratio across subjects and conditions was 18:1 —i.e.,
for each successful response in the mutual option, the subjects made an average of 18 successful
responses in the individual option. The maximum value for this discrepancy was 79 to 1 when the
reinforcer ratio associated with the mutual option was 4:4; and the minimum ratio was 8:1when the
reinforcer ratio was 4:0. Even though the reinforcers ratio programmed always favored the mutual option
(4:4, 4:0, 1:4) over the individual option (1 pellet), the difficulty [probability] associated with meeting the
criteria for intra-pair coordination of activities to accomplish a successful journey, decreases the value of

the mutual option.

The relative rates of responses, times and reinforcers allow observing the interaction between
reinforcers amount and the difficulty to obtain them, over the subjects' preference for alternatives of
mutual or individual reinforcement (see rows 3, 4 and 5, Figure 3). In a general way, all subjects showed a
preference for the individual option and this preference was greater for responses than for times. These
results are consistent with the individual analyses presented in Figure 2 and provide additional details of
subjects' performance across the experimental conditions (column 1, rows 3, 4 and 5). For example, when
the mean reinforcers ratio associated with the mutual option was 4 pellets for each individual in the pair
[condition 4:4, mean ratio = (4 + 4) / 2] the response, time and reinforcer relative rates were lower (M =
0.05, 0.21, 0.13, respectively) compared with the relative distributions for the other two conditions (4:0, M
=0.12, 0.25, 0.22; and 1:4, M = 0.07, 0.27, 0.22, R, T and r, respectively).
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Figure 3. Mean of responses per minute for each alternative; and relative responses, time allocations, and reinforcer ratios pooled for all subjects (first column) and for housing conditions and
sex (second to the fifth column). The bars show the standard error of the mean. The sessions were organized by experimental condition and were separated by dashed vertical lines according to
the sequence A — B — C, corresponding to the three reinforcement ratios on the mutual option [4:4 — 4:0 — 1:4].
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In sum, the proportions of responses and times allocated to the mutual option, for all subjects,
were quite low in the first 5 sessions (i.e., at the beginning of condition 4:4) with subsequent increase in
the sessions' second third and little changes towatds the end of the condition. The other two experimental
conditions showed less variable choice pattern within conditions, but more variability across subjects. This
pattern of behavior change (responses and times) depending on the reinforcers obtained is also observed
in pooled data by housing conditions and sex (columns 2 to 5, Figure 3). The variability across subjects
was greater when the mean reinforcer ratios obtained, for each individual of the pair, for each successful
response in the mutual option was 2 pellets (i.e., the subject of the pair who rolled the ball from one end
to the other of the mutual gutter received 4 pellets and the other received nothing). Finally, the housing
and sex conditions did not have a great impact on preference, the only exception was the consistent
preference for the individual option observed in male rats housed individually.

Discussion

The overall pattern of results obtained suggests the following: first, the choice of the mutual
option did not seem to be controlled only for the reinforcer ratios; the difficulty -probability- to meet the
coordination criterion seems to discounts its value. Although the reinforcers mean ratio for each
successful response always favored the mutual option, all subjects showed a preference for the individual
option in all experimental conditions (see Figure 3). Second, the discrepancy between the successful
response and time ratios observed in Figure 2 suggests that the intra-pair coordination of activities was
costly, subjects required longer visits and a greater number of attempts to obtaining the reinforcer. Third,
the continuous nature of the target response- rolling the ball from end to end of a gutter- allowed to
compare the pattern of activities associated with individual and social responses. The coordination task is
a useful tool to identify the subjects' preference for alternatives that are under the control of mutual
reinforcement contingencies in a choice context that provides individual sources of reinforcement -i.e.,
independent of the behavior of the other subject. Finally, our results indicate that housing conditions and
sex are neither necessary nor sufficient condition for rats’ sensitivity to mutual and individual
reinforcement contingencies. However, the discrepancy between males and females in response rates to
the individual option, and the consistent preferences (responses/times) for the individual option observed

in males housed individually, desetve to be empirically evaluated.

This experimental protocol represented a development and refinement of the coordination task
proposed by Segura, Clavijo, and Bouzas (2019). It allows to captute the subjects' behavioral adjustment
to environments in which distribution of reinforcers -for each individual of the pair- and the coordination
criterion for access to reinforcers, varied in their levels of dependence and equality. At one end of the
continuum, access to reinforcers was independent of the behavior of the other subject (individual choice).
At the other end of the continuum, the access to a richer source of food depended entirely on the partner
behavior (condition 1:4) or depended solely on individual behavior (condition 4:0). At an intermediate
point, the reinforcers were equally distributed and depended on the coordinated actions of both subjects
(condition 4:4).

Confronting organisms to choose between response options which vary in levels of
dependence/equity between responses/reinforcers, as was done in this study, constitutes an important
methodological advance in the understanding of the variables that control social behavior. As Hake and
Vukelich (1972) point out, the best indications of behavioral control by the mutual reinforcement are: (a)
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that the behavior of each subject is under the control of the behavior of the other subject (ie.,

coordination of intra-pair activities), and (b) that the procedure increases the numerical correspondence

between the responses and/or the reinforcers of both individuals (correspondence that was evaluated

from the analyses following the matching law). These two types of control would be indicative of the

social and reciprocal nature of the cooperative behavior.

All cooperation research can be placed into two major categories: performance procedures and
choice procedures. The former measures cooperative behavior itself; the second, the selection of a
solution (Hake & Vukelich, 1972; Segura et al.,, 2019). The experimental protocol presented integrates
both procedures into one task, allowing to: (a) evaluate the selection of a strategy based on the reinforcers
associated with the individual and mutual alternatives, and (b) identify the pattern of behavior associated
with both solutions. To advance in the understanding of social behavior -cooperation, competition,
altruism- it is necessary to develop choice experimental protocols that, like our task, allow to capture the
structure that defines each social environment, -i.e., behavioral control by mutual contingency relations,
evaluating the behavioral adjustment to different dependence, independence, and interdependence levels
between the behavior and the symmetry/equality levels in the reinforcers ratio obtained by each individual
in each social episode. However, we still need to know the effect of the interaction between reinforcer
amount and probability on an organism's choice behavior in social contingencies. In the mutual options,
the reinforcer obtained depends on the coordination of intra-par activities, its value would be a function
of both the amount and the probability to its receipt and their interaction. We need to quantify the cost of
coordinating.

This view, that the study of social and individual behaviors as a continuum, in which individuals
choose between an alternative with different levels of dependence/interdependence of
responses/reinforcers intra-pair; and an individual option, which is independent of the behavior of the
other subject, eliminates the technical and conceptual obstacles from the past that led the study of social
behavior from two different perspectives: some focusing on strategy selection and the consequences
associated with it (Baker & Rachlin, 2002; Gardner, Corbin, Beltramo, & Nickell, 1984; Wood, Kim, & Li,
2016); and others focusing on execution, on the behavioral signals when coordinating (Drea & Carter,
2009; Lopuch & Popik, 2011; Tan & Hackenberg, 2016).

The results from this study support the idea of quantitative rather than qualitative differences in
social behavior —i.e., differences in degree throughout a continuum. To advance in the understanding of
social and non-social behaviors we need to identify the variables of which these behaviors are a function,
the variables that control the preference for mutual/individual reinforcement alternatives in a choice

context.
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