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On misunderstandings and misrepresentations: A reply to Rao et al.

Richard Sproat

Google, Inc.

When Language forwarded me the reply from Rao, Lee, and colleagues (2015;
henceforth Rao et al.) to my article in Language 90.2 (Sproat 2014), I was offered an
opportunity to respond, but I was also instructed to be brief. Fortunately, it is easy to be
brief since I believe my article lays out the case very well, and the reader need only look
there and at Rao et al.’s original articles to see that I did not misunderstand or misrepre-
sent their views, as they claim.
Nonetheless, I should still say a few things, so I will pick a few highlights of their

reply and discuss the most prominent issues: the reader should understand that all of
their objections can easily be dismissed, but that I do not have the space here to do that.
First of all, Rao et al. seem to imply that I used circular reasoning to define linguistic

versus nonlinguistic symbol systems, and set things up to suit my needs. On the con-
trary, I used a definition that most linguists would agree on, and I developed the corpora
well before I subjected any of them to serious statistical analysis. Contrary to what Rao
et al. imply, my notion of linguistic versus nonlinguistic was derived from first princi-
ples that had nothing to do with any point I might hope to prove, and the creation of
these corpora has in any case been well documented. If the measures applied to those
sets fail to make the distinctions Rao et al. prefer, it is not because I cooked the books.
Let me now turn to the issue of whether I have misrepresented or misunderstood Rao

et al.’s claims. I do not think I misrepresented them, and if I have misunderstood any-
thing, it is only because their views keep shifting. I give just two examples.
First, Rao et al. criticize my use of the decision tree in Lee et al. 2010a, claiming that

I mischaracterized its intent since their classifier ‘was developed to try to determine the
level of communication that a character communicates at, rather than a definition of
writing’ (p. e200). That seems to me inconsistent with their original claims: if nothing
else, it was very clear from their tree labels that everything on the right branch of their
decision tree was intended to be linguistic—they used the labels ‘words’, ‘syllables’,
and ‘letters’. One can obfuscate the issue by talking about a middle layer of ‘level of
communication’, but the point of their method was clearly to decide whether something
might count as writing: the very title of their article was ‘Pictish symbols revealed as a
written language through application of Shannon entropy’. In their reply to Sproat
2010, Lee and colleagues (2010b) were happy with what I had thought was a problem-
atic result, namely that their measure classified Mesopotamian deity symbols as writ-
ing: for them this was acceptable and came down to a ‘difference in viewpoint over
terminology as to the definition of what constitutes “writing” ’ (p. 793). They were con-
tent with my application of their measure then and even replicated my result, but now
they think I have misapplied it. But I applied it exactly the same way in both cases: the
only difference is that now I have applied it to a much larger set of data, and there are
many more cases that are inconsistent with their theory, and much less easy to reconcile
with it. In any case I do not see how Rao et al.’s reinterpretation helps: given my results,
one would say that Pennsylvania barn stars communicate at a ‘level of communication’
corresponding to letters. What does that even mean?
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Second, Rao et al. claim that in a footnote in my article I misrepresent their views
of ‘rigidly ordered systems’ and the expected behavior of unigram block entropy. The
current definition they give of a system of ‘one with very restrictive syntactic rules’
(p. e203) differs substantially from the one they give in their Science article (Rao et al.
2009) where the archetypal instance was a symbol system where after any symbol x ex-
actly one symbol y is allowed (which carries the notion of ‘very restrictive syntactic
rules’ to the extreme). But even though the definition has changed, the fact is that if one
samples the unigrams from such a distribution, then one will find that all of the uni-
grams occur with nonzero probability, therefore the value of the block entropy for uni-
grams is going to be greater than zero, and therefore the curve Rao (2010) showed,
reproduced in my article as figure 5 (p. 464), cannot be right.
I have space for one more point: talking again of block entropies Rao et al. claim that

‘Sproat needed to show that the block entropies of a significant number of known writ-
ing systems … fall outside the middle range’ (p. e199). This is false: I did not need to
show this, nor did I ever intend to. All I had to show is that a significant number of non-
linguistic systems fall within the middle range. Indeed, all of the nonlinguistic systems
I examined do. This is enough to argue that if one observes a sample of symbol texts
falling in this range, one can say is that it is consistent with being linguistic, but one
must also say that it is consistent with being a nonlinguistic system from any of the cat-
egories of nonlinguistic symbols that I sampled.
So I do not think I have inaccurately characterized Rao et al.’s views. The problem is

that their interpretation of their own technical contributions changes, and what they
mean by linguistic versus nonlinguistic symbols, which seemed so clear in their original
articles, recedes into fuzziness. With such freedom of interpretation, and techniques that
only they have license to apply, their theories are unfalsifiable.
I end by noting my gratitude that Rao et al. ‘commend [me] on assembling and ana-

lyzing reasonably large corpora of “nonlinguistic” systems’, this in their belief being
my ‘most interesting contribution’ (p. e203). I tend to agree. Particular details on, say,
the Indus Valley symbols are of less importance, and could in any case change if more
data are discovered. But fresh data and methods (such as some of those proposed in
my article) are always to be welcomed, since that ultimately is how science progresses.
Hopefully when Rao et al. reply to me in the future it will be with a discussion of
new data.
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