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A 2004 paper by Steve Farmer, Richard Sproat, and Michael Witzel (Farmer et al., 2004) challenged the
long-held assumption that the Indus Valley inscriptions were in fact, a form of writing. That paper made
headlines, and was the subject of a four-page “News Focus” in Science (Lawler, 2004). A recent Science
paper (Rao et al., 2009) using statistical methods to argue the pro-script standpoint met with criticism from
computational linguists, but was followed by a similar article claiming to show that Pictish inscriptions are
also writing (Lee et al., 2010). Heated debate on linguistics blogs eventually led to an article published in
the journal Computational Linguistics last month (Sproat, 2010), which seriously questions the merit of the
studies performed by Rao et al. (2009) and Lee et al. (2010). Sproat concludes that while it remains possible
that statistical methods may exist that can accurately distinguish writing from non-writing, no such method
has been found or applied so far.
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The Indus Valley Civilization

Background information from Rogers (2005) and the other papers.
• Civilization flourished c. 2600–1700 BCE; rapid downfall.
• Located in the Indus River valley (modern Pakistan)
• Two major cities: Harappa and Mohenjo-Daro, populations around 40,000, source of most texts.
• Large, planned cities with sophisticated sewers and wells; little monumental architecture.
• Contact with Mesopotamia (Indus inscription artifacts found in Mesopotamia; but no Mesopotamian
texts found in Indus)
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The Indus Inscriptions
• c. 4,000 inscribed objects exist
• Most are small (1-inch) square seals
• Depending on how you count, between 20 and 700 unique signs. Most estimates in 300-400 range.
• Average text length is 4.6 signs; shortest is 1 sign; longest is 17 signs (or 28?)
• Most common (late period) type: “bar inscriptions” with a row of signs above a figure.
• (see pictures)
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The General Pro-script Argument
“What the heck were they doing if not encoding language?”
–Asko Parpola

• Widely-held assumption: longer texts were written on perishable materials and have been lost.
– The existing seal impressions are probably just names or accounts
– And these texts are therefore unusual (due to genre and brevity) so we shouldn’t expect them to
show the same patterns as normal language use.
• Based on the number of distinct signs (c. 400), script is presumed to be mixed syllabary+logographic.
• The language is usually supposed to be either Dravidian or Indic.
• Hundreds of proposed “decipherments” have been put forth
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The Anti-script Argument
“Some have turned to this idea that it is not writing out of
frustration.”
–Bryan Wells

• Don’t assume lost texts written on perishable materials, when there’s no evidence.
– No lengthy texts anywhere (potsherds, walls, stele, etc.)
– No remains of writing accessories (inkpots, brushes, palettes, styli, pens, etc.)
– No representations of scribes or acts of writing
– No changes in the script itself to suggest adaptations to extensive writing
• A small number of highly frequent signs dominate, yet there are remarkably few signs repeated in a
single text. This is unlike known writing systems.
• “Random-looking repetitions” are absent in Indus texts. Compare a study of Egyptian cartouches
comparing them to Harappan and Mohenjo-Daro inscriptions:
– 67 Egyptian cartouches, mean length 6.9 signs; 48 total repetitions
– 67 Mohenjo-Daro seals, mean length 7.4 signs; 8 total repetitions
– 67 Harappan seals, mean length 7.4 signs; 7 total repetitions
• The large number of singleton signs continues to increase, not decrease, as new texts are found
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Entropy and the Pro-script Argument
• Two recent papers: one on Indus script (Rao et al., 2009) and one on Pictish (Lee et al., 2010)
• Entropy is a measure of the predictability of a random variable. High entropy = low predictability.
P
– definition: H(X) = − x p(x) log2 p(x)
– The entropy of a fair coin toss is 1.
– The entropy of a biased coin is less than 1 (approaching zero as the bias increases).
• Conditional entropy is the entropy of one random variable after another variable has been observed.
P
– definition: H(Y |X) = − x∈X,y∈Y p(x, y) log2 p(x|y)
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• For example, the conditional entropy of a word, once we know that the previous word, is lower than
)
the unconditioned entropy of a word. (e.g. Monty Python’s Flying
• Language has this property at various levels (word level, phoneme level, etc.); the assumption is that
non-linguistic systems do not.
• The aim of conditional entropy is to capture interactions between symbols (single-symbol frequency
measures aren’t useful in telling writing from non-writing)
• Rao compares made-up non-linguistic “type 1” and “type 2” (sequences are either fully conditioned or
fully unconditioned) with various writing systems and the Indus inscriptions:
Single-sign Entropy (Rao et al., 2009)

Conditional Entropy (Rao et al., 2009)

• Lee use very small amounts of data from real-world systems to build a decision tree that classifies input
using two measures related to conditional entropy and the frequency of singleton signs:

Triangles represent Pictish. The ‘x’ represents Sproat’s counter-example (see below).
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Problems with the Entropy Studies
“How is it that papers that are so trivially and demonstrably
wrong get published in journals such as Science or the
Proceedings of the Royal Society?”
–Richard Sproat

• The major problem with these papers is that they argue against a straw man; they don’t apply their
3

models to realistic examples of non-script systems.
• Sproat (2010) demonstrates the shortcomings of Rao’s model:
– Doubtful that any real-world systems would come close to “Type 1” or “Type 2”
– random is not the same as equiprobable
– Zipfian distributions are reasonable assumptions for non-linguistic symbols; this invariably leads
to non-extreme conditional entropy which “looks like” language by Rao’s model, even if the text
is generated randomly.
• Sproat (2010) also produces a counter-example for Lee’s model:
– Using a small corpus of kudurrus, he applies Lee’s method, which predicts that these symbols
form a logographic writing system.
– Using a corpus of “texts” obtained by rolling seven six-sided dice is classified by this system as a
syllabic writing system.
• Sproat and others1 consider it very problematic that papers like these get such wide attention, and yet
are not even properly reviewed by experts in the field before publication.
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Data, Evidence, Proof
“Until somebody has done the legwork of building a SERIOUS
corpus of non-linguistic symbols of a variety of types, and has
demonstrated a method that can distinguish these reliably from
real writing, I will remain unconvinced.”
–Richard Sproat

• Claimed decipherments (e.g. that of Asko Parpola) are not systematic, and only show examples for a
small number of symbols or texts.
• Statistical methods in general work best when you use very large corpora (millions of tokens)
• Farmer, Sproat, and Witzel consider the debate closed, until one of their five carefully stated falsifiability conditions is met. (Farmer has offered $10k to anyone who produces a (verifiable) Indus text
longer than 50 signs.)
• Others, like Rao, would argue that every additional piece of data tilts the scales slightly in one direction
or the other.
• Sproat questions whether all parties are even debating the same issue: “It’s pretty clear that the
authors, which includes Rao and his colleagues for the Indus stuff, and Lee and colleagues for this new
paper, don’t really seem to understand what it means for a symbol system to represent language i.e.
be writing.”
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Continuing the Debate
“It is not a gross exaggeration to suggest that the first reaction
of archaeologists who stumble on a cache of unknown symbols
is to call the press and announce the discovery of a new script.”
–Farmer et al.

1 Such as Fernanod Pereira, who writes: “Once again, Science falls for a magic formula that purports to answer a contentious
question about language: is a certain ancient symbolic system a writing system. They would not, I hope, fall for a similar
hypothesis in biology.” (http://earningmyturns.blogspot.com/2009/04/falling-for-magic-formula.html)
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• Decipherment is sexy, so it attracts attention.
• Some would prefer to see societies like the Indus as literate for nationalistic reasons.
• People who’ve spent careers working on decipherment are going to resist the anti-script hypothesis.
• Sproat makes it clear what evidence he would require to change his position, but it’s not clear what
would change others’ minds.
• Rao’s viewpoint is that nothing will “prove” either position; prefer an inductive approach.
• Stay tuned: Computational Linguistics will be publishing Rao et al.’s rebuttal to Sproat’s article.
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Figures

Examples of Indus Seals
Figures from Farmer et al. (2004):
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Examples of Pictish Inscriptions
The Picts inhabited Scotland from c. 300 AD to 843 AD. Example Pictish inscription from Lee et al. (2010):
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Examples of non-Indus, non-script symbol systems

Cameron

Fortson

Thomason
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Tyndale

