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Curiosity about the numerical abilities of non-human animals
has been a topic in experimental psychology for about as long as
such a science has existed. Some of the earliest comparative work
looked at how well animals could use number as a cue in making different kinds of judgments. Early results were mixed, and
in some cases were incredibly controversial (e.g., the case of the
horse Clever Hans). After the “fall” of behaviorism and the “rise”
of cognitive psychology, the question of numerical competence
became one of the dominant research areas in the new field of
comparative cognition. The present series of papers in this special
topic represents the newest additions to that research area. This
special topic also serves as an anniversary of sorts, as it comes
25 years after one of the most influential papers on the subject
of numerical competence in animals (Davis and Perusse, 1988).
Comparing the major themes of that paper to the topics in this
special issue serves to highlight where we came from, and where
we might be going with future research.
Davis and Perusse (1988) and the commentaries that were
involved in that paper presented a number of critical issues in
the area of numerical cognition research at that time. One of
the largest was whether the use of the term “counting” was
appropriate for much of what was being studied with nonhuman animals, and they cautioned against applying that term
to methodologies that did not require the principles that underlie counting in humans (e.g., Gelman and Gallistel, 1978). This
problem seems to be largely resolved, as most researchers in
the area today recognize that animals are not counting, even
in their most sophisticated demonstrations. Davis and Perusse
(1988) attempted to standardize terminology. Some of the terms
they offered have come to be re-defined (e.g., “sense of number”) whereas others have come to be re-named (e.g., changing
relative numerousness judgments to relative quantity judgments
where it is clear that number is not the only stimulus dimension that an animal could use to perform a task). Subitizing
remains an interesting phenomenon, sometimes evident in animal research but other times not evident (see Murofushi, 1997).
Davis and Perusse (1988) also called for the use of transfer
tests, and better controls in experimental work, and although
those concerns still remain (e.g., Beran, 2012), in general the
field has risen to that challenge. Perhaps the biggest change has
been the shift from questioning whether number is used by animals only as a “last resort” (e.g., Davis and Memmott, 1982)
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to the now general consensus that number is a relevant stimulus cue to which animals are sensitive in a number of contexts
(e.g., Cantlon and Brannon, 2007; Agrillo et al., 2011). As the
papers in this special topic demonstrate, animals can and do use
quantitative and numerical information in a variety of contexts,
and in some cases may even be fairly described as numerate,
although with certain caveats such as being far more “fuzzy” in
how they represent numerosities than are humans above 5 or 6
years of age.
This special topic encompasses 16 novel studies, including
mammals (e.g., Beran et al., 2012; Panteleeva et al., 2013), birds
(Armstrong et al., 2012), fish (Gómez-Laplaza and Gerlai, 2012),
and invertebrates (Pahl et al., 2013). We learned that numerical information is a potential relevant cue also in species that
have been poorly investigated compared to primates (e.g., dolphins: Yaman et al., 2012, beetles: Carazo et al., 2012). Some
non-numerical visual cues, however, may play a key role too:
for instance, overall quantity of movement within the shoals is
a necessary condition for large (but not for small) shoals discrimination in angelfish, with interesting implications for the
theoretical debate about how non-human animals process small
and large quantities (Gómez-Laplaza and Gerlai, 2012). Also the
lack of a ratio effect reported in wolves in the range 1–4 is potentially in line with the idea of different ways to process small and
large quantities (Utrata et al., 2012). In contrast, data against the
existence of a subitizing-like process have been described in primates (Jones and Brannon, 2012; Barnard et al., 2013) and canids
(Baker et al., 2012), highlighting that we are still far from solving the question raised by Davis and Perusse regarding whether
animals subitize (see also Cutini and Bonato, 2012). Interspecific
studies comparing different species (fish: Agrillo et al., 2012;
canids: Baker et al., 2012) are also reported in the special topic:
in both of these studies similarities among the species are greater
than differences, suggesting the existence of similar numerical
systems among vertebrates.
The special topic also includes theoretical and research studies on human infants. In particular, attention has been focused
on number-space interaction (de Hevia et al., 2012), the relation between numerical and non-numerical cues (Uller et al.,
2013) and the development of ordinal abilities (Anderson and
Cordes, 2013). It has been suggested that human and nonhuman animals share the same non-symbolic numerical systems
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(Feigenson et al., 2004). If so, we believe that an interdisciplinary approach including cognitive (non-verbal numerical
judgments in adults), developmental (newborns and infants)
and comparative psychology will represent the very frontier of

numerical cognition studies, enabling us to understand both the
evolutionary foundations of our numerical abilities and the exact
mechanisms underlying quantity discrimination in the absence of
language.

REFERENCES

3:466. doi: 10.3389/fpsyg.2012.
00466
Feigenson, L., Dehaene, S., and
Spelke, E. S. (2004). Core systems
of number. Trends Cogn. Sci. 8,
307–314.
Gelman, R., and Gallistel, C. R. (1978).
The Child’s Understanding of
Number. Cambridge, MA: Harvard
University Press.
Gómez-Laplaza, L. M., and Gerlai,
R. (2012). Activity counts: the
effect of swimming activity
on quantity discrimination in
fish. Front. Psychol. 3:484. doi:
10.3389/fpsyg.2012.00484
Jones, S. M., and Brannon, E. M.
(2012).
Prosimian
primates
show
ratio
dependence
in
spontaneous quantity discriminations. Front. Psychol. 3:550. doi:
10.3389/fpsyg.2012.00550
Murofushi, K. (1997). Numerical
matching behavior by a chimpanzee
(Pan troglodytes): subitizing and
analogue magnitude estimation.
Jpn. Psychol. Res. 39, 140–153.
Pahl, M., Si, A., and Zhang, S. (2013).
Numerical cognition in bees and
other insects. Front. Psychol. 4:162.
doi: 10.3389/fpsyg.2013.00162
Panteleeva, S., Reznikova, Z., and
Vygonyailova, O. (2013). Quantity
judgments in the context of
risk/reward decision making in
striped field mice: first “count”,
then hunt. Front. Psychol. 4:53. doi:
10.3389/fpsyg.2013.00053
Uller, C., Urquhart, C., Lewis,
J., and Berntsen, M. (2013).

Agrillo, C., Miletto Petrazzini, M. E.,
Tagliapietra, C., and Bisazza, A.
(2012). Inter-specific differences in
numerical abilities among teleost
fish. Front. Psychol. 3:483. doi:
10.3389/fpsyg.2012.00483
Agrillo, C., Piffer, L., and Bisazza,
A. (2011). Number versus continuous quantity in numerosity
judgments by fish. Cognition 119,
281–287.
Anderson, U. S., and Cordes, S. (2013).
1 < 2 and 2 < 3: non-linguistic
appreciations
of
numerical
order. Front. Psychol. 4:5. doi:
10.3389/fpsyg.2013.00005
Armstrong, N., Garland, A., and Burns,
K. C. (2012). Memory for multiple cache locations and prey quantities in a food-hoarding songbird. Front. Psychol. 3:584. doi:
10.3389/fpsyg.2012.00584
Baker, J. M., Morath, J., Rodzon,
K. S., and Jordan, K. E. (2012).
A shared system of representation
governing quantity discrimination
in canids. Front. Psychol. 3:387. doi:
10.3389/fpsyg.2012.00387
Barnard, A. M., Hughes, K. D.,
Gerhardt, R. R., DiVincenti, L. Jr.,
Bovee, J. M., and Cantlon, J. F.
(2013). Inherently analog quantity
representations in olive baboons
(Papio anubis). Front. Psychol.
4:253. doi: 10.3389/fpsyg.2013.
00253
Beran, M. J. (2012). Did you ever
hear the one about the horse
that could count? Front. Psychol.

3:357. doi: 10.3389/fpsyg.2012.
00357
Beran, M. J., Perdue, B. M., Parrish,
A. E., and Evans, T. A. (2012).
Do social conditions affect
capuchin monkeys’ (Cebus apella)
choices in a quantity judgment
task? Front. Psychol. 3:492. doi:
10.3389/fpsyg.2012.00492
Cantlon, J. F., and Brannon, E. M.
(2007). How much does number matter to a monkey (Macaca
mulatta)? J. Exp. Psychol. Anim.
Behav. Process. 33, 32–41.
Carazo, P., Fernández-Perea, R., and
Font, E. (2012). Quantity estimation based on numerical cues
in the mealworm beetle (Tenebrio
molitor). Front. Psychol. 3:502. doi:
10.3389/fpsyg.2012.00502
Cutini, S., and Bonato, M. (2012).
Subitizing and visual short-term
memory in human and non-human
species: a common shared system? Front. Psychol. 3:469. doi:
10.3389/fpsyg.2012.00469
Davis, H., and Memmott, J. (1982).
Counting behavior in animals: a
critical evaluation. Psychol. Bull. 92,
547–571.
Davis, H., and Perusse, R. (1988).
Numerical competence in animals:
definitional issues, current evidence, and a new research agenda.
Behav. Brain Sci. 11, 561–579.
de Hevia, M. D., Girelli, L., and
Macchi Cassia, V. (2012). Minds
without language represent number through space: origins of the
mental number line. Front. Psychol.

Frontiers in Psychology | Comparative Psychology

Ten-month-old infants’ reaching
choices for “more”: the relationship
between inter-stimulus distance and
number. Front. Psychol. 4:84. doi:
10.3389/fpsyg.2013.00084
Utrata, E., Virányi, Z., and Range,
F. (2012). Quantity discrimination in wolves (Canis lupus).
Front.
Psychol.
3:505.
doi:
10.3389/fpsyg.2012.00505
Yaman, S., Kilian, A., von Fersen,
L., and Güntürkün, O. (2012).
Evidence for a numerosity category that is based on abstract
qualities of “few” vs. “many” in
the bottlenose dolphin (Tursiops
truncatus). Front. Psychol. 3:473.
doi: 10.3389/fpsyg.2012.00473

Received: 04 May 2013; accepted: 07 May
2013; published online: 23 May 2013.
Citation: Agrillo C and Beran MJ (2013)
Number without language: comparative
psychology and the evolution of numerical cognition. Front. Psychol. 4:295. doi:
10.3389/fpsyg.2013.00295
This article was submitted to Frontiers
in Comparative Psychology, a specialty of
Frontiers in Psychology.
Copyright © 2013 Agrillo and Beran.
This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which
permits use, distribution and reproduction in other forums, provided
the original authors and source are
credited and subject to any copyright
notices concerning any third-party
graphics etc.

May 2013 | Volume 4 | Article 295 | 2

