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Questioning the developmental effects of group size

on cognitive abilities
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Abstract

Australian magpies living in larger social groups learned quicker and made fewer errors across four cognitive tasks compared
with birds living in smaller social groups, and this pattern may be driven by a developmental effect associated with the cognitive
demands of living in larger groups. While Smulders (2018, Learning and Behavior, 1-2, doi:10.3758/s13420-018-0335-0)
questioned whether this group size—cognitive performance pattern was driven by motivation rather than cognitive abilities, we
question whether there is truly evidence of a developmental effect and whether the relationship between group size and cognitive
performance can be explained in other ways. We highlight potential alternative explanations for the relationship between group
size and cognitive performance and highlight some of the theoretical issues underlying the developmental effects of group size on

cognitive abilities.
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Ashton, Ridley, Edwards, and Thornton (2018a) aimed to test
how the demands of social living select for enhanced cognition,
known as the social intelligence hypothesis, within a single
species by examining the relationship between social group size
and cognitive abilities in wild Australian magpies (Cracticus
tibicen dorsalis). They found that adults from larger social
groups learned more quickly and made fewer errors across four
cognitive tasks (inhibitory control, associative learning, reversal
learning, and spatial memory) compared with adults from
smaller social groups. The correlations between group size
and cognitive performance are robust: Group size was the best
predictor of performance for each of the four tasks independent-
ly, as well as the first principal component of general cognitive
performance (representing a combined score of all four tasks).
The authors interpret this correlation as evidence that the de-
mands of sociality drive enhanced cognition. Then, in a second
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experiment, Ashton, Ridley, Edwards, et al. (2018a) endeavor
to examine why these cognitive differences exist, specifically,
by testing if these cognitive differences emerge over develop-
mental time. The authors argue that if cognitive differences are
not initially related to group size in young birds, but this rela-
tionship emerges over time, then increased “information pro-
cessing demands” (p. 364) that result from living in a larger
social group (and interacting with more individuals) may drive
cognitive development. To answer this question, the authors
tested the same juvenile magpies at 100 (when the birds reach
nutritional independence), 200, and again at 300 days
postfledge. Ashton, Ridley, Edwards, et al. (2018a) found pos-
itive correlations between general cognitive performance and
group size in 200 and 300 days postfledge magpies that was not
apparent in the same birds at 100 days postfledge. Thus, it was
concluded that group size interacts with development to affect
cognitive performance.

Smulders (2018) suggests that the relationship between so-
cial group size and cognitive performance could be driven by
motivation: Birds living in larger groups may be more food-
motivated than birds in smaller groups, leading to increased
focus and thus “better” performance on the cognitive tasks. In
their response, Ashton, Ridley, and Thornton (2018b) provide
evidence against the role of motivation. For example, birds
that are more food motivated should (1) interact more quickly
with the learning tasks because each provided food rewards,
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and/or (2) spend more time interacting with the learning tasks
in an effort to obtain more food. However, the general cogni-
tive performance of adult magpies was not associated with
either of these measures of motivation. In fact, potential con-
founding factors, such a motivation to feed, highlight just one
of'the difficulties of studying cognitive abilities, particularly in
the wild, and demonstrate the outstanding contribution of
Ashton (2018a; Griffin, Guillette, & Healy, 2015; Morand-
Ferron, Cole, & Quinn, 2016; Rowe & Healy, 2014).

Here, we argue that these developmental data, especially
from birds age 100 days postfledge, are less robust than results
obtained for the adults and call into question the developmen-
tal effect as a mechanism resulting in adults from large social
groups being smarter. We then briefly consider other potential
factors that could contribute to adults in larger social groups
performing better on cognitive tasks than individuals from
smaller social groups. Lastly, we question the underlying the-
ory linking group size, cognitive processes, and cognitive de-
velopment and suggest future directions to examine (1)
whether living in larger groups does indeed result in increased
information processing demands, and (2) whether and how the
source (i.e., asocial vs. social) of to-be-processed information
matters in terms of development of cognitive abilities.

Dearth of data across development
Cognitive tests at 100 days postfledge

A distinct strength of the work by Ashton et al. (2018a) is that
they examined animals’ cognition in their natural social and
ecological environment to better understand cognitive evolu-
tion. These studies represent a tremendous and timely effort to
examine individual variation and development of cognitive
abilities and fitness in wild animals. The nature of this work,
however, raises several concerns. The first is the (over) inter-
pretation of results from juveniles at 100 days postfledge—
namely, there are not enough data to conclude the lack of
relationship between general cognitive performance and so-
cial group size. Of the four cognitive tasks (inhibitory control,
associative learning, reversal learning, and spatial memory),
two of them (associative learning and reversal learning) were
not successfully completed by any of the 100 days postfledge
birds. Moreover, more than half of these birds (12/21) failed to
reach criterion in the inhibitory control task, and six of 20
individuals failed to search above chance in the spatial mem-
ory task. Thus, we are left with limited data from two (inhib-
itory control and spatial memory) of the four cognitive tasks
that were completed by these same individuals at 200 and 300
days postfledge and all adults. Without robust evidence that
general cognition was not correlated with group size at nutri-
tional independence, the conclusion that cognition developed
in response to social pressures is not substantiated.

Cognitive tests at 200 and 300 days postfledge

The positive correlations reported for magpies at 200 (see Fig.
3ain Ashton et al., 2018a; n = 13) and 300 days postfledge (see
Fig. 3b in Ashton et al., 2018a; n = 10) are driven by two birds:
one individual from the smallest social group (of two) and an-
other individual from the largest social group (of 12; as mea-
sured by Cook’s distance and DFBETA; Belsley, Kuh, &
Welsch, 1980; Cook, 1977). Removal of these two individuals
results in nonsignificant negative correlation between social
group size and general cognitive performance, meaning group
size did not significantly relate to general cognitive performance.
Given this dearth of data, we suggest it is difficult to conclude
whether social group size does or does not relate to cognitive
performance in young birds across development, compared with
the robust positive correlations reported for adults (n = 46).

What is driving the relationship
between social group size and cognitive
performance in adults?

Timing of potential developmental effect

Ashton et al. (2018a) propose that important cognitive devel-
opment occurs in a developmental time window after 100 days
postfledge, once birds begin foraging independently. Behaviors
such as song learning (Beecher & Brenowitz, 2005), kin recog-
nition (Gerlach, Hodgins-Davis, Avolio, & Schunter, 2008),
and maternal and sexual imprinting (Bolhuis, 1991) have spe-
cific development windows in some species. Additionally, spa-
tial memory may have developmental windows (Roth &
Krochmal, 2015) or be highly plastic even in maturity depend-
ing on the species (Buchanan, Grindstaff, & Pravosudov,
2013). However, the timing of the development of other cog-
nitive abilities, namely those tested by Ashton et al. (2018a)
requires further study. If the relationship between cognitive per-
formance and group size is not explained by a developmental
effect, this leaves open a few alternative explanations.

Heritability/social learning

In humans, heritability of general cognitive ability can be up-
wards of 60% in adulthood (Croston, Branch, Kozlovsky,
Dukas, & Pravosudov, 2015; Plomin & Deary, 2015), and in
nonhuman animals heritability of performance on different
cognitive tasks ranges from more than 20% in mice (Mus
musculus; Sauce et al., 2018) to more than 50% in chimpan-
zees (Pan troglodytes; Croston et al., 2015). Given that the
mating patterns of this Australian magpie population and the
fathers of the tested juveniles were unknown, and that no
comparison is made between juveniles and their mothers’ task
performance, it seems difficult to exclude the role of
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heritability (genetic or cultural) in explaining the observed
patterns of group size and cognitive performance.

Heritability could be genetic, or mothers may have behavioral
traits that are socially learned or otherwise influence their off-
spring’s cognitive development and performance (Aplin, 2018;
Fleming et al., 2002; Whiten, 2019). It is essential to examine
how much of the variability in observed cognitive performance is
explained by heritability in order to distinguish the potential de-
velopment effects of group size (Croston et al., 2015), which
could be (partially) done in this study population by correlating
the performance of females with their known offspring. If such a
correlation was found, then cognitive performance may be ge-
netically inherited or socially passed on by the mother.

Other potential explanations linked to heritability that were
not tested include that increased cognitive performance leads to
larger groups, that larger groups select for smarter birds, or that
assortative grouping occurs. Ashton et al. (2018a) claim that
larger groups are not the result of “females with increased cog-
nitive performance produc[ing] large numbers of cognitively ad-
ept offspring” (p. 366) because magpie social groups in their
study are highly stable and have high extragroup paternity.
However, high group stability would seemingly support, not
counter, the idea that smart females’ reproductive success drives
group size; if birds do not move among groups, then over time
females that have higher reproductive success would lead to
larger groups, and (assuming heritability) result in the observed
link between group size and cognitive ability. Additionally, if
larger groups do indeed have “higher information processing
challenges,” then it is possible that smarter individuals have bet-
ter comparative survival in such groups than lower performing
individuals. Finally, though the authors have observed no move-
ment between groups during their entire study of this population
(see the Methods section, pp. 1-2), if offspring do eventually
disperse, then do they settle into established groups or form
new groups, and how do they choose the group they settle in?

Ashton et al. (2018a) made good efforts to address and rule
out potential contributions of neophobia, body size, and foraging
ability as alternative explanations for the relationship between
cognition and group size. The next exciting and important step
for this work, and indeed the field, is to explicitly test alternative
hypotheses about the evolutionary and developmental origins of
individual variation in cognition: While these data raise the ex-
citing hypothesis that cognition is driven by developmental pro-
cesses, the authors rightly point out that only experimental ma-
nipulations of group size can support this conclusion.

Theory linking group size and cognitive
development
Lastly, we wish to consider the theoretical backdrop in which

the link between individual differences in cognition and social
group size is framed. While the evidence for a developmental
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effect of group size on cognitive abilities in Ashton et al.
(2018a) is uncertain, the theory explaining this relationship
is equally unclear. The social intelligence (or social brain)
hypothesis was originally proposed as a hypothesis to explain
the evolution of cognitive abilities and brain size among spe-
cies of primates (Dunbar, 1998; Humphrey, 1976; Jolly,
1966). The social intelligence hypothesis specifically suggests
that the cognitive demands of group living and maintaining
social relationships act as selective forces that, over evolution-
ary time, select for faster learning and other cognitive abilities
that also result in associated changes to various brain metrics
(Ashton, Thornton, & Ridley, 2018c; Dunbar, 1998).
However, why the social intelligence hypothesis translates to
the impact of the social environment on individual differences
in cognitive abilities over developmental time is uncertain.
The social intelligence hypothesis posits nothing about the
effects of group living over developmental time, only the ef-
fects of group living over evolutionary time. Ashton,
Thomton, et al. (2018c) recently summarized the social intel-
ligence hypothesis and its extension to individual differences
in cognition, and it is of note that there have been a limited
number of studies experimentally examining the effects of
living in larger groups on cognitive abilities (Croney &
Newberry, 2007; Sewall, 2015). While studies examining so-
cial deprivation (e.g., isolation experiments) seem to consis-
tently find reduced learning abilities in isolated individuals
(Kosten, Kim, & Lee, 2012), how and why natural variation
in social environments impacts individual cognitive abilities
deserves further attention, especially in regard to why social
features might affect (asocial) learning abilities.

Ashton et al. (2018a) point out that the strongest evidence
for the social intelligence hypothesis in studies across species
is that clear differences in social challenges among species
have been correlated with cognitive outcomes. A critical gap
in their present study of intraspecific variation in group size
and cognition is defining how cognitive demands differ with
group size. The proposed mechanism of heightened informa-
tion processing from group living may be important in cogni-
tive development, and relates to many studies that have exam-
ined the effects of “enriched” environments on cognition and
the notion of experience-dependent plasticity in neural devel-
opment and growth (Greenough, Black, & Wallace, 1987,
Mercado, 2011). Still, we are left with many questions regard-
ing the theory underlying social (and asocial) environmental
effects on cognitive abilities: Is information processing a valid
mechanism influencing cognitive abilities? If so, what sort of
information is predicted to affect cognitive abilities, and why?
How would such information processing vary among group
sizes that range from three to 12 individuals? Are there other,
aspects of group living that are more important for cognitive
development, such as number and strength of social connec-
tions? Are such effects expected to be consistent within and
among species? While many questions remain, key among
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them is, Does living in a larger group necessitate increased
information processing?

Further investigation of the impact of the social environment
on cognitive abilities and their underlying mechanisms is need-
ed, along with systematic review of evidence that is already
available. In order to best understand how the social environ-
ment influences cognition—or whether it even does at all—it is
essential that, as mentioned by Ashton et al. (2018a), controlled
experiments built on theory examine social factors and their
effects on cognition and their associated neural mechanisms.
Such experiments must rigorously test and account for other
potential hypotheses, including the effects of motivation as
mentioned by Smulders (2018) and parse out environmental
and heritable factors. We applaud the work of Ashton et al.
(2018a) and urge future emphasis on determining what and
why different environmental features impact cognitive abilities.
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