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Human inborn numerical compe-
tence means our ability to recog-

nize object numbers precisely under 
circumstances which do not allow 
sequential counting. This archaic pro-
cess has been called “subitizing,” from 
the Latin “subito” = suddenly, imme-
diately, indicating that the objects in 
question are presented to test persons 
only for a fraction of a second in order 
to prevent counting. In contrast, how-
ever, sequential counting, an outstand-
ing cultural achievement of mankind, 
means to count “1, 2, 3, 4, 5, 6, 7, 8…” 
without a limit. The following essay 
will explain how the limit of numeri-
cal competence, i.e., the recognition of 
object numbers without counting, has 
been determined for humans and how 
this has been achieved for the first time 
in case of an invertebrate, the honey-
bee. Finally, a hypothesis explaining the 
influence of our limited, inborn numer-
ical competence on counting in our 
times, e.g., in the Russian language, will 
be presented. Subitizing versus count-
ing by young Down syndrome infants 
and autistics and the Savant syndrome 
will be discussed.

To bee or not to bee, this is the question…
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A look back into early history reveals the 
puzzling fact that in ancient Egypt hon-
eybees, one of the important hieroglyphs 
(“bjt”) and symbol of Lower Egypt, 
were represented with four legs (Fig. 1). 
Moreover, Aristotle (384–322 B.C.) deter-
mined that the day-fly has four legs.1,† We 
will never know whether this notion was 
a consequence of subitizing instead of real 
counting.

For humans it has been shown already 
in 1871 that our ability to estimate (“subi-
tize”) object numbers under circum-
stances where regular, sequential counting 
is impossible, is rather limited. In his 
famous experiments, Jevons2 estimated 
the number of black beans thrown into a 
white box within the fraction of a second, 
and found that only up to four beans were 
recognized correctly. Incorrect results 
started to occur with five and increased 
with more beans. With other words, our 
ability to estimate object numbers with-
out sequential counting was limited to 
four items in this experiment. Details are 
shown in Table 1 which is modified from 
Jevons2 and gives the number of trials in 
which each real number was correctly or 
incorrectly guessed. For example, in 120 

† The works of Aristotle: 490a32-b7=Book I. 5: .”.. Creatures that have two winglets or fins, or that have none 
at all like serpents, move all the same with no less than four points of motion; for there are four bends 
in their bodies as they move, or two bends together with their fins. Bloodless and many-footed animals, 
whether furnished with wings or feet, move with more than four points of motion; as, for instance, the 
dayfly moves with four feet and four wings: and, I may observe in passing, this creature is exceptional not 
only in regard to the duration of its existence, whence it receives its name, but also because though a 
quadruped it has wings also. All animals move alike, four-footed and many-footed; in other words, they 
all move cross-corner-wise. And animals in general have two feet in advance; the crab alone has four...” 
552b17-23=Book V. 19: “...On the river Hypanis in the Cimmerian Bosphorus, about the time of the summer 
solstice, there are brought down towards the sea by the stream what look like little sacks rather bigger 
than grapes, out of which at their bursting issues a winged quadruped. The insect lives and flies about 
until the evening, but as the sun goes down it pines away, and dies in at sunset having lived just one day, 
from which circumstance it is called the ephemeron...”
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counting.8 Trisomy 21 (Down syndrome) 
is the most frequent genetic disorder (~1 
per 800) causing mental retardation. 
Affected individuals have an additional 
extra copy of the long arm of chromo-
some 21 and exhibit cognitive dysfunc-
tion thought to be the result of altered 
expression of chromosome 21 genes. In 
contrast, patients suffering from autism, 
a mental condition characterized by a 
reduced ability to interact or to commu-
nicate with the outside world, can often 
subitize correctly more than 100 objects 
without counting. In the famous movie 
“Rain Man” (Barry Levinson, 1988) the 
autistic Raymond recognizes immediately 

without the possibility of counting, also 
called “subitizing,”5 is shared by humans 
with many non-human vertebrates.6 
There is convincing evidence that these 
two abilities have nothing to do with each 
other. Sequential counting is a rational 
process. It begins with the help of our 
10 fingers and it has to be trained. Quite 
in contrast, the range of visual atten-
tion,7 namely the immediate recognition 
(=subitizing) of object numbers is an 
archaic, inborn property which can not 
be improved by training. Interestingly, 
young Down syndrome infants are unable 
to subitize but can determine object num-
bers of 1, 2, 3, 4, 5… only by stepwise 

cases (of 147 trials) number 6 was correctly 
guessed, but in 7 cases it was mistaken for 
5 and in 20 cases for 7. Another example: 
11 beans in the white box were correctly 
recognized without counting only in 26 of 
69 trials and mistaken for 8 in one case, 
for 9 in 11 cases, for 10 in 19 cases and for 
12 in 12 cases. Please note the tendency 
to over-estimate small numbers and to 
under-estimate large ones.2 These early 
findings 140 years ago about the “magi-
cal number four” have been exhaustively 
discussed and reconsidered very recently.3

Sequential counting is a major cul-
tural achievement of mankind,4 whereas 
the rapid recognition of object numbers 

Table 1. a summary of 1,027 trials to determine the precision of numerical discrimination when sequential counting is prevented (modified from 
Jevons2)

Estimated 
Numbers

Actual Numbers

3 4 5 6 7 8 9 10 11 12 13 14 15

3 23

4 65

5 102 7

6 4 120 18

7 1 20 113 30 2

8 25 76 24 6 1

9 28 76 37 11 1

10 1 18 46 19 4

11 2 16 26 17 7 2

12 2 12 19 11 3 2

13 3 6 3 1

14 1 1 4 6

15 1 2 2t

totals 23 65 107 147 156 135 122 107 69 45 26 14 11

% correct 
numbers

100 100 95.3 81.6 72.4 56.3 62.3 43 37.7 42.2 23 28.6 18.2

Figure 1. the “magical number four”: Presentation of honeybees in ancient egypt. (a) 4th dynasty (~2613–2404 B.C.), roemer-Pelizaeus-museum, 
Hildesheim, Germany; (B and C) 5th dynasty (~2500–2350 B.C.) and (d) 19th dynasty (~1292–1186 B.C.), egyptian museum in Berlin-Charlottenburg, 
Germany, reproduced with permission.
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between these two possibilities. In order to 
avoid any misunderstanding—we are sure 
that bees are unable to ”count” in the way 
we count.

Needless to mention that studies of 
numerical competence are rather restricted 
or even impossible with many other insects. 
Honeybees, which are available almost in 
unlimited numbers, may in the future pos-
sibly play a role as alternative experimental 
animals instead of mice and rats.15 

The surprising fact that honeybees in 
our “delayed match-to-sample” experi-
ments6 recognize and remember up to 
three and partially fourt objects cor-
rectly even if they see three blue dots at 
the entrance (Fig. 2) and three yellow 
lemons at the correct exit A’ and two blue 
dots at the wrong exit B’ has an important 
consequence:

Our results provide convincing evi-
dence that the bees have a real (cardinal) 
understanding for object numbers, inde-
pendent of the type of objects and even if 
they are shown objects which they have 
never seen before. This will amaze many 
people and already Cicero (106–43 B.C.) 
would have been surprised since he argued 
that domestic animals, including bees, are 
without any intelligence.16,‡

experimental approach of a “delayed 
match-to-sample” as described in Figure 2.

The trained bees remembered in 
about 80% of the assays one, two and 
three objects correctly in our DMTS test. 
However, if they are presented four objects 
at the entrance and at the correct exit A’ 
they still perform their task, but with sig-
nificant difficulty, indicating that the limit 
of their numerical abilities has been reached 
between three and four objects. Such a rig-
orous proof for the understanding of object 
numbers is missing in some published 
experiments with “counting” animals.

We can only speculate about the rea-
sons why some bees take the wrong exit:

(1) The worker bee population is het-
erogeneous. They all have one mother, the 
queen, but up to 20 different fathers, the 
drones, and less intelligent drones may 
have less intelligent offspring with lower 
numerical capacity. 

(2) Another reason for bees to take the 
wrong exit may be their natural curiosity 
which helps them to find and try new food 
sources. They may just be interested to 
find out what is behind the other, wrong 
exit. Or, depending on their fathers, bees 
may differ by the degree of their curiosity. 
At present we are unable to differentiate 

246 toothpicks and identifies them as  
3 x 82 when a package had dropped 
and he performed difficult mathemati-
cal operations within seconds. Such an 
extreme talent, which is often restricted 
to a single skill like calendar calculating, 
prime number computing, playing many 
instruments, speaking many languages 
etc., is called “Savant syndrome”9 and is a 
phenomenon which occurs in up to 10% 
of the autistic persons. The extraordinary 
Savant syndrome has been thoroughly 
discussed and reviewed in reference 10.

I have recently presented a new hypoth-
esis for the evolution of counting systems 
in ancient civilizations11 on the basis of our 
limited inborn numerical competence and 
provided evidence that even nowadays we 
avoid the slow process of sequential count-
ing whenever possible and prefer to deter-
mine small object numbers by subitizing. 
Another interesting argument for the 
notion that even present counting proce-
dures may be influenced by our ability to 
determine the number of objects up to the 
“magical number four”3 without count-
ing11 is the way how counting works in 
Slavic languages. Russians count objects 
as follows: They use two cases of plural, 
one (nominative) for small quantities from 
two up to four objects, but use a second 
case of plural (genitive) for larger object 
numbers and count “1 stakan, 2 stakany, 
3 stakany, 4 stakany” (1 glass, 2 glasses, 
3 glasses, 4 glasses), but continue with “5 
stakanov, 6 stakanov …” (5 of the glasses, 
6 of the glasses…”). It is a fascinating idea 
that these two cases of plural reflect the 
borderline between subitizing (1 to 4) 
and the need for real counting from five 
objects upwards. 

How can we determine the cogni-
tive capacity and numerical competence 
of animals? Early experiments along this 
direction were performed with birds in 
the fourties of the past century12 and were 
later continued with different animals 
(summarized in ref. 6).

We have recently determined for the 
first time that even an invertebrate, the 
honeybee, has almost the same numeri-
cal competence as humans,6 using the 

Figure 2 (adapted from Pahl et al.13). delayed match-to-sample (dmtS) setup in a Y-maze. the bee 
has to memorize the sample stimulus a (two blue dots) and to recall it when deciding for one of 
the two matching stimuli a’ or B’ inside the maze. the exit a’ leads to a reward (a sugar solution) in 
this example. the location of the reward was randomized irregularly among a’ and B’, respective-
ly. during testing, the arrangement of dots differed between the entrance a and the correct exit 
a’. In order to make the task much more difficult, the dots were arranged in randomized orienta-
tions between stimulus a and a’. Finally the dots were replaced by novel objects some of which 
the bees had never seen before: yellow lemons, green leaves, yellow stars or blue dots in random 
orientations.6 Baffles behind the exits a’ and B’ prevent the bees from seeing the reward. In this 
context it is relevant to remember that the duration of the visual working (short term) memory of 
the honeybee is less than 10 seconds.14.

‡Cicero: De Officiis, Liber Secundus, § 11: “… Expertes rationis equi, boves, reliquae pecudes, apes, quarum opera efficitur aliquid ad usum hominum atque vitam. 
[…Without intelligence are horses, cattle, other (domestic) animals (and) bees, by the activities of which something is achieved for humans and their livelihood.]” 
Translation by the author.



www.landesbioscience.com Communicative & Integrative Biology 597

10. Treffert DA. The savant syndrome: an extraordinary 
condition. A synopsis: past, present, future. Phil 
Trans R Soc 2009; 364:1351-7.

11. Gross HJ. Give me 5… The invention of number five 
in ancient civilizations—A consequence of our lim-
ited inborn numerical competence. Commun Integr 
Biol 2011; 4:62-3.

12. Koehler O. Vom Erlernen unbenannter Anzahlen bei 
Vögeln. Naturwissenschaften 1941; 29:201-18.

13. Pahl M, Tautz J, Zhang S. Honeybee Cognition. 
In: Animal Behaviour: Evolution and Mechanisms. 
Kappeler P (Ed), Springer Verlag 2010.

14. Zhang SW, Bock F, Si A, Tautz J, Srinivasan MV. 
Visual working memory in decision making by honey 
bees. Proc Natl Acad Sci USA 2005; 102:5250-5.

15. Fedorova AA, Azzami K, Ryabchikova EI, Spitsyna 
YE, Silnikov VN, Ritter W, et al. Inactivation of a 
non-enveloped RNA virus by artificial ribonucleases: 
honey bees and acute bee paralysis virus as a new 
experimental model for in vivo antiviral activity 
assessment. Antivir Res 2011; 91:267-77.

16. Cicero. “De Officiis” 2:11.

References
1. The works of Aristotle, vol. IV: Historia Animalium. 

Thompson DW, Smith JA, Ross WDe Eds. Oxford 
1962.

2. Jevons WS. The power of numerical discrimination. 
Nature 1871; 3:281-2.

3. Cowan N. The magical number 4 in short-term 
memory: A reconsideration of mental storage capac-
ity. Behav Brain Sci 2000; 24:87-185.

4. Ifrah G. From One to Zero: A Universal History of 
Numbers. London: Viking 1985.

5. Kaufmann EL, Lord MW, Reese TW, Volkmann J. 
The discrimination of visual number. Am J Psychol 
1949; 62:498-525.

6. Gross HJ, Pahl M, Si A, Zhu H, Tautz J, Zhang S. 
Number-based visual generalisation in the honeybee. 
PLoS One 2009; 4:4263.

7. Oberly HS. The range for visual attention, cognition 
and apprehension. Am J Psychol 1924; 35:332-52.

8. Nye J, Fluck M, Buckley S. Counting and cardinal 
understanding in children with Down syndrome and 
typically developing children. Down Syndrom Res 
Practice 2001; 7:68-78.

9. Wisconsin Medical Society. Available at: www.
savantsyndrome.com.

Acknowledgments

This esssay is dedicated to Academician 
Professor Dmitri G. Knorre, former 
Director of the Novosibirsk Institute of 
Bioorganic Chemistry, Siberian Branch 
of the Russian Academy of Sciences, 
Novosibirsk, Russian Federation, on the 
occasion of his 85th birthday on July 28, 
2011. I thank Dr. E. Weichselgartner 
(University of Trier), Profs. H. Hoehn 
and M. Erler (University of Würzburg) 
for valuable advice; Prof. Ilse Kunert 
(Munich) for explaining how Russians 
count any objects and Profs. H. Beier 
and J. Tautz (University of Würzburg) 
for critical reading of the manuscript. I 
am especially grateful to Klara Azzami 
for remodelling Table 1 and for help with 
Figure 1, and Mario Pahl for Figure 2 and 
for helpful comments.


