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Supplementary material S1 (video) Ayumu VNM-Startfix 1 to 17 task (June 3, 2011).                                 
Supplementary material S2 (video) Pal VNM-Endfix 11 to 19 task (September 13, 2013).                   
Supplementary material S3 (video) Pal 4 nonadjacent numerals in 1 to 19 nonmemory task (April 3, 2013).  
Supplementary material S4 (video) Pal 4 nonadjacent numerals in 1 to 19 memory task (April 3, 2013).  

Supplementary material S5 (document): Additional explanation of the methods and results 

S5.1. Information on apparatus 
The apparatus of the chimpanzee-number project in KUPRI was the computer-con-

trolled automated system from the beginning [1,2].  It started with the "key-board plus 
inline-projectors" system in 1976 [3] which was replaced by the touchscreen system in 1987 
[4]. The important point is that all of the number tasks are automated discrimination learn-
ing that shares many characteristics with perceptual and cognitive studies in chimpanzees 
and other nonhuman primates.  See the review of automated methods and the techno-
logical context of chimpanzee research by Christopher Martin and Ikuma Adachi [5]. 

                          Figure S5.1. The touchscreen apparatus used by the present study. (Left): chimpanzee Ai, 
(Right): chimpanzee Ayumu.  In the previous study before introducing 2-digit numerals, 
Ai learned the numerals from 0 to 9 and the other chimpanzees learned those from 1 to 9. 

 

S5.2. Comparison of First assessment test and Second assessment test in chimpanzees 
In the present study, the assessment test was conducted twice (September 2013 and 

March 2014). Table 4 in the Results section is based on the results of the 2nd test. Table S5-
1 shows the comparison of the 1st and 2nd tests. There are four factors: As described in 
the Method section, four factors influence the performance of numerical ordering. First, 
the range of numerals was either 1 to 9 or 1 to 19. Second, the adjacency was either adjacent 
numerals or nonadjacent ones. Third, ‘memory’ means whether the task was an ordinary 
nonmasking task or the masking task that needed memorizing numerals. For example, 
suppose that five numerals such as 5-12-13-16-19 appeared on the screen.  In this case, 
after touching the numeral 5, the other four numerals turned to become the masked pat-
tern (black and white checker pattern). Therefore, in the masking (memory) task, the chim-
panzees had to remember which numeral appeared in which position on the monitor. 
Fourth is the number of numerals. The present study examined the number of numerals 
either 3, 4, or 5. It can be predicted that the longer sequence must be more difficult than 
the shorter sequence in any condition. The performance in the 2nd test was slightly higher 
than the 1st one.  According to Table S5-1, the performance increased by about 2 % in 
accuracy on average.  The correlation between the two tests was extremely high r=0.941. 
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Table S5.1. Data of all six chimpanzees in the 1st and 2nd assessment test. Four factors were influ-
encing the performance of numerical ordering. First, the range of numerals was either 1 to 9 or 1 to 
19. Second, the adjacency was either adjacent or nonadjacent numerals. Third, ‘memory’ means 
whether the task was an ordinary nonmasking (nonmemory) task or the masking (memory) task 
that needed memorizing numerals. Fourth, the number of numerals was either 3, 4, or 5. Whatever 
the condition is, the chimpanzee had to touch the numerals from 1 to 9 or from 1 to 19 in ascending 
order. Each cell showed accuracy (% correct). Each cell is based on one test session of 50 trials. 

 
S5.3. Comparison of chimpanzees and humans 

Six human participants partly joined in the assessment test. Table S5-2 shows the re-
sults of all six human participants. For humans, there are three factors: they were the same 
in the chimpanzee test, but the fourth ‘memory’ factor was excluded. In chimpanzees, 
three factors influenced the performance of numerical ordering. First, the range of numer-
als was 1 to 9 or 1 to 19. Second, the adjacency was either adjacent or nonadjacent. The 
third was the number of numerals: either 3, 4, or 5. The longer sequence must be more 
difficult than the shorter sequence in any condition. The memory factor was not tested in 
the present study. The data shows the species difference in processing 2-digit numerals. 

 
Table S5.2. Data of all six humans in the assessment test. Three factors were influencing 
the performance of numerical ordering. First, the range of numerals was either 1 to 9 or 1 
to 19. Second, the adjacency was either adjacent or nonadjacent numerals. Third, the num-
ber of numerals was either 3, 4, or 5. Whatever the condition is, the human had to touch 
the numerals from 1 to 9 or from 1 to 19 in ascending order. Each cell showed accuracy (% 
correct). Each cell is based on the data of one test session that consists of 50 trials.  

Range Adjacency Number of
Numerals H1 H2 H3 H4 H5 H6 Average

3 100 98 100 100 94 100 98.7
4 100 100 98 100 98 100 99.3
5 98 100 98 98 92 100 97.7
3 100 100 100 100 98 100 99.7
4 100 98 98 98 94 100 98.0
5 100 96 100 98 84 92 95.0
3 100 96 96 98 84 98 95.3
4 96 94 100 100 92 98 96.7
5 100 92 88 98 92 90 93.3
3 98 98 98 100 88 90 95.3
4 94 94 100 98 94 94 95.7
5 100 94 98 96 86 86 93.3

Average 99 97 98 99 91 96 96.5

Human Participants

1-9

Adjacent

Non-adj

1-19

Adjacent

Non-adj

Task
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Figure S5.2. The comparison of chimpanzees (Left, n = 6) and six humans (Right, n = 6) in 
the combination of four factors (range, adjacency, memory, and the number of numerals). 
The X-axis (3, 4, and 5) showed the number of numerals presented on the screen. The Y-
axis showed accuracy (% correct). The data from chimpanzees in Figure 7, Figure 8, and 
Figure 9 in the Results section were combined into one figure, Figure A4 in the main text. 
Figure A4 was again shown in the left panel of this figure for comparison with humans. 
For humans, the memory factor was excluded from the present test. 
 

Figure S5.3. This is the response latency of touching four nonadjacent numerals in the 
range of 1 to 19 in humans (n = 6). (Left) This is a replication of Appendix A5. The indi-
vidual data response latency (Y-axis) is plotted in the bar graph. The average performance 
was shown in the solid lines. The X-axis shows the five conditions of the 4 presented nu-
merals. The condition is described in Method 3.4. Participant H3’s value is out of the scale 
of the other five participants. (Right) The same data is plotted for showing the deviation: 
re-plotted in the average and SD of five other participants and the data of H3 (shown in 
the dots) separately.  Based on this result, the data of H3 was omitted from further anal-
ysis which is shown in Figure 12 in the Results section. 
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