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Matsuzawa (2012) presented work at Evolang demonstrating the working memory abilities of
chimpanzees. (Inoue & Matsuzawa, 2007) found that chimpanzees can correctly remember
the location of 9 randomly arranged numerals displayed for 210ms - shorter than an average
human eye saccade. Humans, however, perform poorly at this task. Matsuzawa suggests a
semantic link hypothesis: while chimps have good visual, eidetic memory, humans are good
at symbolic associations. The extra information in the semantic, linguistic links that humans
possess increase the load on working memory and make this task difficult for them. We were
interested to see if a wider search could find humans that matched the performance of the
chimpanzees. We created an online version of the experiment and challenged people to play.
We also attempted to run a non-semantic version of the task to see if this made the task easier.
We found that, while humans can perform better than Inoue and Matsuzawa (2007) suggest,
chimpanzees can perform better still. We also found no evidence to support the semantic link
hypothesis.

The limited-hold memory task (Inoue & Matsuzawa, 2007, hereafter I&M) is a
game where the participant sees a random array of numerals displayed on a screen
in a random configuration. The numerals are masked after a short latency. The
participant must then press the masking symbols in the order suggested by the
symbols that they cover (see figure 1). If they pressed all the displayed numbers
in the correct order (e.g. ordinal ascending) then they get a reward. If they press
one out of sequence, the trial ends and no reward is given. In I&M, two chimps
and 9 humans were tested. One of the chimps, Ayumu, completed about 80%
of trials correctly, regardless of latency. Humans and the other chimpanzee, Ai,
performed worse at lower latencies, scoring between 20-40% at 210ms. The dif-
ferences between the chimpanzees might be due to age (Ayumu was younger) or,
interestingly, because Ai had been language-trained, while Ayumu had not. Mat-



Figure 1. The experimental setup: Symbols are presented then masked. The participant attempts to
select the masked symbols in their correct sequence.

suzawa suggested that the semantic links possessed by humans puts extra pressure
on working memory, making the task difficult. Matsuzawa speculated that this
kind of visual ability is adaptive for chimpanzees, who regularly fight with other
groups and need to keep track of where many attackers are at once, while ranking
them by threat level.

210ms is at the limit of the time a human eye can move from from central to
peripheral stimuli (Bartz, 1962), which means that a human should not be able
to fixate all numbers on the screen before they are masked. Humans can pro-
duce ‘express saccades’ at 100ms if their visual field is blank before the stimuli
appears rather than if there is a central fixation point displayed up until the stim-
ulus appears (Fischer & Ramsperger, 1984, but see Kingstone & Klein, 1993 for
an alternative hypothesis). This is known as the ‘gap effect’ and the conditions
for express saccades are essentially met in the limited hold task. However, chim-
panzees do not exhibit a ‘gap effect’, performing equally well in both conditions
(Kano, Hirata, Call, & Tomonaga, 2011), so the success of chimpanzees at the
limited hold task cannot be because of this. Kano and Tomonaga (2011) demon-
strate that while both species have similar saccade latencies in the gap condition,
chimpanzees make more fixations per second and have shorter fixation durations
than humans, making them more effective at visual scanning. Kano and Tomon-
aga suggest that humans and chimpanzees have different strategies for resolving
competition between central and peripheral stimuli.

Silberberg and Kearns (2009) suggested that the chimpanzees were benefitting
from more practice with the task. The results in I&M came from 500 trials for
chimpanzees but only 50 trials for humans. After extensive training, the human
participants in Silberberg and Kearns (2009) were performing comparably with
Ayumu for 5 numerals. However, there are reports of chimpanzees performing
correctly 80% of the time with 8 numerals at 210ms (Matsuzawa, 2009).

1. Eidetic Memory

The study of the ability to recall intricate visual images or eidetic memory has a
long history. (Sperling, 1960) discovered that the number of letters that partic-
ipants could correctly recall seeing in an array presented for a short amount of



time did not differ as a function of the latency. Later studies of ‘informational
persistence’ showed that the identity of a symbol shown for a short amount of
time could be held between 500ms, while the location of that symbol could only
be held for 150-300ms (Loftus & Irwin, 1998; Luck & Hollingworth, 2008). It is
the second type of memory that appears to be weak in humans in the limited-hold
memory task.

However, there are individuals with very good eidetic memory. Up to 15%
of children have good eidetic memorya, but this declines in adulthood (Haber
& Haber, 1988). There are some adult individuals with extraordinary eidetic
memory. Stephen Wiltshire can draw extremely complex and accurate pictures
of cityscapes from memory (and without sketching). Wiltshire would presum-
ably perform similarly to Ayumu on the limited-hold memory task. Interestingly,
Wiltshire’s language development was delayed. However, there are other adult in-
dividuals with strong eidetic memory who also have good phonological memory
(e.g. ‘Elizabeth’, see Stromeyer & Psotka, 1970). There are also human individu-
als with highly superior autobiographical memory, but normal visual reproduction
memory (LePort et al., 2012)b.

With regards to the semantic hypothesis, (Lupyan & Spivey, 2008) find that
adding semantic information actually improves visual search. Participants had to
identify a target symbol amidst similar distractor symbols. Pointing out that the
symbols could be seen as ‘2’s and ‘5’s rotated 90 degrees improved participants’
performance on the task. However, this task measured visual identification, not
on the recall of location. An alternative (but not mutually exclusive) hypothesis is
that humans have evolved an advanced phonological working memory, trade-off
against a visual working memory (see Hurford, 2010). A further hypothesis is
that Ayumu has developed synaesthetic associations between number and colour
(Humphrey, 2012). Synaesthetic associations in humans usually involve learned
sequences of stimuli and there is evidence that having colour associations can aid
recall (Gross, Neargarder, Caldwell-Harris, & Cronin-Golomb, 2011).

2. The QHImp Qhallenge

We adapted this task to run online, using a similar layout and look to the original
experiments (coded in javascript and HTML). You can see the implementation at
http://www.correlation-machine.com/qhimp/. In order to attract participants, we
presented the experiment as a game called the QHImp Qhallenge (Quick-Hold
Improvement Challenge). In order to give participants practice with the game
there were three ‘modes’ in which to play. ‘Arcade mode’ presented increasingly

a2-15% of children aged 6-10 shown a detailed picture that was then removed could accurately
describe the picture and did so in the present tense, suggesting that the visual perception was still
accessible to them.

bSee amazing autobiographical memory http://tiny.cc/qjsk8w



difficult trials starting with a single symbol at a long latency, then decreasing the
latency while increasing the number of symbols. ‘Challenge mode’ started with
9 symbols for 3 seconds and decreased the latency slowly to 210ms. ‘Chimp
mode’ presented 9 symbols for 210 milliseconds. To proceed to the next level of
difficulty, participants had to choose all symbols in the current trial in the correct
order. If participants made a wrong choice, the trial would end and they would
‘lose a life’. Once all their ‘lives’ were lost, the game ended and they would have
to start again. Participants gained an arbitrary number of points for passing each
level and there was a ‘leaderboard’ which displayed the players with the highest
scores.

The stimuli were always sequential and started from the first in the set. There-
fore, if there were 4 numerals on the screen, these would always be 1, 2, 3 and 4.
In I&M, the stimuli set was sampled randomly, so there were possible gaps in the
sequence. As a reviewer pointed out, this makes the task more difficult, since par-
ticipants can’t always infer the identity of a symbol by exclusion. We’re currently
addressing this issue (see section 4).

2.1. Stimuli

There were five sets of stimuli. First, as in I&M, numerals from 1 to 9. We also
attempted to choose sets of symbols without semantic links. We used letters ar-
ranged alphabetically from a to i, shades of colour from red to white to greenc, a
set of arbitrary symbols (presented in the same arbitrary order for all participants)
and directional arrows arranged clockwise (see figure 2). We asked participants to
choose a player name and recorded the participant’s responses. Because this pro-
gram would be run on a range of computers, operating systems and web browsers,
the actual latency time could not be guaranteed to match the intended latency time.
Therefore, the actual latency time was recorded.

Figure 2. Two sets of non-semantic symbols used in the experiment.

cThe range had to be fairly broad to support easily recognisable differences between the shades



Table 1: Results of a linear regression testing how various factors predict performance.

Factor Estimate t-value p-value
Number of previous trials 1.08E-04 42.836 <0.00001 ***
Numerals displayed -4.73E-02 -17.098 <0.00001 ***
Saccade Distance -2.54E-03 -5.892 <0.00001 ***
Latency 2.37E-05 3.004 0.00267 **
Order (top to bottom) -2.06E-02 -1.86 0.06295 .
Order (left to right) -2.76E-03 -0.25 0.80266

2.2. Participants

Participants were recruited online using blogs and twitter. No monetary incen-
tive was offered. Around 170 participants took part in our experiment (identified
by names they chose themselves), completing a median of 24 trials each (range
between 1 and 3382). A total of around 16,500 trials were recorded over one
month. Although there were ways participants could cheat, since we could not
observe them directly, the incentive to do so was low and we found no evidence
of cheating after checking the average trial completion time for each participant.

3. Results

Although the results of this experiment are difficult to compare to the original
experiment, the first question was whether the humans in the current experiment
were any better than those in I&M. Figure 3 shows the results for all participants
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Figure 3. Results for the experiment with 95% confidence intervals for numeral stimuli for all par-
ticipants (left) and for the best 66 participants (right). The solid horizontal line indicates Ayumu’s
performance and the solid triangles indicate the performance of the humans on 5 numerals from I&M.



for a range of latencies and number of numerals displayed. While humans appear
to be performing slightly better than the human participants of I&M, they are
clearly not performing as well as Ayumu at 210 ms. However, there were a large
individual differences in performance. Looking at players who got over 75% of
their trials correct on five numbers (at all latencies), a different picture emerges
(figure 3). 66 participants have a mean within 5% of Ayumu’s performance for
5 numerals shown for 210 ms or less. This result is qualitatively different from
that of I&M. The best overall player at 210ms latency got 80% of his trials correct
on 6 numerals (5 trials) and 60% of his trials correct on 7 numerals (5 trials).
The best player for 9 numerals at 210ms only got 18% of their trials correct (174
trials). Ayumu, whose performance is unaffected by latency up to 8 numerals, still
appears to be better than humans at this task.

Out of 2347 attempts at choosing 9 numerals at 210ms latency, 75 were suc-
cessful (3%). Although humans’ performance is much lower than Ayumu’s, hu-
mans are choosing the correct numeral at a rate greater than chance up to 7 numer-
als (figure 4). Interestingly, humans choose the first numeral correctly about 80%
of the time, which is comparable to Ayumu’s performance on all 9 numerals. This
suggests that humans can identify symbols at this latency (as in Sperling, 1960),
but cannot retain the location of these symbols for very long.

Finally, we used some post-hoc tests to look at various factors that make the
task hard for humans. The proportion of numbers guessed correctly in a trial was
entered as the dependent variable into a linear regression model. The indepen-
dent variables were the number of numerals displayed, the actual latency time, the
game ‘mode’ and how many previous trials the participant had played. We also
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measured how difficult the layout of the numerals might have been to remember.
The saccade distance measured the cumulative distance between each numeral in
order, assuming that a shorter saccade trajectory would allow more numerals to
come within fixation. Also, numerals presented in order from top to bottom or
from left to right might make the task easier (measured using Damerau Leven-
shtein distance).

The results are shown in table 1. As expected, the number of numerals dis-
played and how much practice the participant had (number of previous trials) were
significant factors. However, the latency predicted less of the variation in perfor-
mance than the saccade distance, suggesting that humans were attempting to fixate
the individual numerals. How ordered the numerals were from top to bottom was
only a marginally significant predictor.

3.1. Non-Semantic Symbols

We compared the proportion of symbols guessed correctly in each trial over the
different stimuli types. Contrary to the predictions of the semantic link hypothe-
sis, 10% fewer symbols were guessed correctly per trial on average from the non-
semantic stimuli compared with the numeral stimuli (t=19.04, p <0.0001, linear
regression controlling for number of symbols displayed, latency, mode, number of
previous trials played, saccade distance and ordering, model accounting for 54%
of the variance, see figure 5). No participant performed significantly better with
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stimuli for 5 symbols displayed.



any of the non-semantic stimuli than the numerals. However, the results are not en-
tirely clear-cut. Two participants did show a small, non-significant improvement
with colour stimuli. In light of the synaesthetic hypothesis (Humphrey, 2012)
it may be useful to test this further. Also, one participant also showed a small,
non-significant improvement with the arbitrary symbols. The poorer performance
could be due to the non-semantic stimuli being less familiar than numerals or per-
haps the participants forged semantic links between non-semantic stimuli during
training.

4. Future Research

In collaboration with the Living Links Research Centre in the Edinburgh Zoo,
we have installed a version of this experiment in the Living Links Science Explo-
ration Zone, an area for visitors to the zoo to interact with and learn about different
research projects. This installation addresses several issues with the previous ex-
periment. Firstly, as in I&M, we use non-sequential stimuli, where the numbers
displayed will be drawn from a random sample from one to nine. We are also
gathering data on the age of the participants. Since eidetic memory in humans
declines in adulthood (Haber & Haber, 1988), and performance of chimps on this
task is said to decrease with age (Humphrey, 2012), it will be useful to determine
how age affects performance in humans. Finally, this installation consists of a
single machine, so the dimensions and layout of the screen will be standard across
participants, and timings can be measured with greater accuracy.

5. Conclusion

This study found evidence that humans can perform better than suggested in I&M
in the limited-hold memory task. However, human performance is still below that
of chimpanzees. This difference appears to stem from an inability to keep the
location of symbols in working memory. We found no evidence to support the
hypothesis that semantic links with the symbols were interfering with the task.

The methodology harnessed the power of online crowdsourcing of partici-
pants. We hope that this experiment demonstrates that empirical results can be
brought to bear on research questions rapidly and cost-effectively, without the
attendant ethical issues with utilising online labour markets. The results are avail-
able to download at: http://www.correlation-machine.com/qhimp/data/.
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