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An article published in Language (Sproat 2014a) questions our findings on the Indus script and
Pictish symbols published in the journals Science (Rao et al. 2009a), PNAS (Rao et al. 2009b),
IEEE Computer (Rao 2010), and the Proceedings of the Royal Society (Lee et al. 2010a,b).
Sproat’s article does not accurately present our methods and findings, and its conclusions are
based on what appears to be a misunderstanding of our proposed approach. For example, the arti-
cle’s results on entropic measures seem to favor, rather than contradict, the inductive hypothesis
that the Indus script may represent writing. The article selects results to draw a particular set of
conclusions and convey a specific viewpoint. In light of these issues, we stand by our original
findings.

1. Introduction. More than a decade ago, Richard Sproat and colleagues published
an article with the title ‘The collapse of the Indus script thesis: The myth of a literate
Harappan civilization’ in the Electronic Journal of Vedic Studies (Farmer, Sproat, & Wit-
zel 2004). Articles that subsequently presented evidence against their thesis appeared in
a number of venues (Rao et al. 2009a,b, Rao 2010). The latest development is an article
published in Language (Sproat 2014a), which argues that previous work by our two
groups (Rao et al. 2009a,b, Rao 2010, Lee et al. 2010a,b) published in Science, PNAS,
IEEE Computer, and Proceedings of the Royal Society are flawed. In particular, the sta-
tistical measures we have proposed for analyzing the Indus script and Pictish symbols are
dismissed by Sproat as ‘largely uninformative’ and ‘evidently useless’ (p. 459).

Unfortunately, Sproat’s conclusions do not hold water upon closer scrutiny of his ar-
ticle and the supplementary material accompanying it (Sproat 2014b). In the case of
Rao et al.’s work on the Indus script and entropic measures, Sproat’s results with the
larger corpora in fact seem to favor Rao et al.’s hypothesis that most writing systems
and the Indus script share characteristic entropic properties. In the case of Lee et al.’s
work, Sproat incorrectly applies their classifier to data sets based on his own definition
of ‘linguistic’ versus ‘nonlinguistic’ systems. The sections below detail these flaws and
other problems with Sproat’s analysis. We conclude by affirming that the statistical
measures and techniques we have proposed (Rao et al. 2009a,b, Rao 2010, Lee et al.
2010a, Yadav et al. 2010) remain useful tools for analyzing ancient scripts when other
factors, such as the lack of bilinguals, preclude a full decipherment.

2. Flawed analysis of the inductive hypothesis for the indus script.
2.1. The indus script and its entropic behavior. The Indus script refers to the

more than 4,000 inscriptions on seals, miniature tablets, pottery, stoneware, copper
plates, ivory rods, and bronze tools left behind by the Indus (also known as Harappan)
civilization (fl. ca. 2600–1900 bce). The lack of a bilingual artifact (analogous to the
Rosetta stone) and the brevity of existing inscriptions have prevented a decipherment of
the Indus script. However, based on syntactic analysis of the script and its use in a vari-
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ety of contexts, many prominent scholars and archaeologists have come to the conclu-
sion that the script was probably a logosyllabic form of writing, each sign representing
a word or syllable (e.g. Parpola 1994, Possehl 1996, Wells 2011).

Starting with their 2004 article (Farmer, Sproat, & Witzel 2004), Sproat and colleagues
have argued that the Indus script is ‘nonlinguistic’, in some cases citing their arguments
as tantamount to a ‘proof’ (Farmer et al. 2004:34, 37, Farmer 2005) that the script is in-
stead a collection of religious or political symbols. The 2004 article and the ideas pro-
pounded therein have been evaluated and criticized by other researchers in the field
(Kenoyer 2004, Possehl 2004, Parpola 2005, Vidale 2007, McIntosh 2008, Mahadevan
2009, Wells 2011).

In previous work (Rao et al. 2009a, 2010, Rao 2010), we suggested the following in-
ductive hypothesis: if the Indus script (or any unknown symbol system) is a writing sys-
tem, it should exhibit a confluence of properties observed in other writing systems,
properties such as directionality, existence of diacritical modifiers and ligatures, and
language-like syntactic structure including equivalence classes of symbols with respect
to positional preference, classes of symbols that function as beginners and enders, sym-
bol clusters that prefer particular positions within texts, and so forth. It turns out that all
of these properties are exhibited by the Indus script (Hunter 1934, Parpola 1994, Yadav
et al. 2008a,b, Yadav et al. 2010, Yadav & Vahia 2011).

To these properties, our work (Rao et al. 2009a, Rao 2010) added the property of the
entropic behavior of writing systems. As noted by Schmitt and Herzel (1997), analyzing
the entropy of sequences is useful because it provides a measure of the amount of flexi-
bility allowed by the syntactic rules generating the analyzed sequences: the more restric-
tive the rules, the smaller the number of syntactically correct combinations of symbols
and the lower the entropy. Our work showed that whether one considers bigram entropies
(Rao et al. 2009a) or the entropy of larger sequences of symbols (block entropies; Rao
2010, Rao et al. 2010), writing systems tend to fall into a relatively narrow intermediate
range of entropies, far from the maximum and minimum possible values.

2.2. Flawed analysis of the entropic hypothesis. To falsify our hypothesis that
writing systems tend to occupy a middle range in the spectrum of entropic values, Sproat
needed to show that the block entropies of a significant number of known writing sys-
tems (‘linguistic’ systems in his parlance) fall outside the middle range. However,
Sproat’s purported coup de grâce, figure 6 showing block entropies (p. 464), does not
show this result. Rather, the known writing systems all cluster in the middle range as sug-
gested by our hypothesis (the only exception being Sumerian, a result likely due to the
use of a problematic data set that causes an exception also for Sproat’s own measures—
see discussion below). Note that even in Sproat’s analysis (figure 6, p. 464), the Indus
script (even though a subset of all Indus texts was used) again falls in the middle of the
entropy curves for known writing systems, replicating our published result (Rao 2010,
Rao et al. 2010). Sproat does show that several ‘nonlinguistic’ systems have entropic be-
haviors that resemble those of writing systems, but this does not falsify our inductive hy-
pothesis that writing systems tend to have similar entropic properties, just as the fact that
zebras have stripes does not negate the hypothesis that tigers tend to have stripes.

3. Misrepresentation of lee et al.’s analysis of pictish symbols. Sproat’s
(2014a) view is that a writing system is one that ‘represents linguistic information:
phonological segments, syllables, morphemes, or in some cases words’ (p. 457) and
that ‘a true writing system is expected to have long texts’ (p. 477). By his own analogy
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with the index of productive syntax, he expects a true writing system to have iden-
tifiable syntactic and morphological features. If a communication system meets his cri-
teria, then he defines it as ‘linguistic’ (i.e. writing), if not, then ‘nonlinguistic’. It is clear
that he views ‘meaning-bearing systems that do not directly encode language’ (p. 474)
as not being writing.

Whatever the merits of Sproat’s definition, we have not used it in our research (Lee
et al. 2010a,b). Moreover, in his analysis, he misrepresents both us and our classifier.
To give just a few examples:

(i) We compared the Pictish symbol systems to both (a) random and equiproba-
ble unigram distributions and (b) random and nonequiprobable unigram dis-
tributions (Lee et al. 2010a,b) to ensure they were not random.

(ii) The start and end symbols were used to capture the N-gram entropic infor-
mation of these positions. They were used for all of the texts, inscriptions,
and so forth.

(iii) We see no correlation between the measure Cr we introduced in Lee et al.
2010a and mean text length at the word, syllable, or letter level (see Figure 1)
for the languages and texts in Lee et al. 2010a.

(iv) Sproat redefines the classifier using his definition of ‘writing/linguistic’
versus ‘nonlinguistic’ as the terms for the classification; thus he states: ‘If
Cr ≥ 4.89, the system is linguistic’ (p. 465). This is an incorrect use. We
stated (Lee et al. 2010a) that Cr is used as a separation parameter between
repetitive text and nonrepetitive text—not Sproat’s definition of linguistic
versus nonlinguistic, but a rather more specific and nuanced data set, where
‘repetitive’ means ‘[h]eraldic character systems … and code-character sys-
tems’ along with ‘repetitive lexigraphic texts’ (p. 2553), while the nonrepeti-
tive systems could include ‘logograms representing words and syllables
(non-phonetically)’ (p. 2547).

(v) Taking his incorrect classifier, he applies it against a series of texts that he
has defined into his choice of linguistic/nonlinguistic and then, unsurpris-
ingly, finds it does not work.

As a consequence, we cannot agree with Sproat’s analysis or conclusions.
Sproat does not accurately characterize our study since the classifier was developed

to try to determine the level of communication that a character communicates at,
rather than a definition of writing. The study was made to test specifics of the Pictish
symbol system, for example, whether within a single stone the symbols were heraldic
characters, combining into a single set of arms. This was achieved by developing ‘a
technique to establish the level of communication of the symbols when sample sizes are
small’ (Lee et al. 2010a:2546). We looked at a number of communication systems: (i)
random characters, (ii) code and heraldic characters that have no intrinsic meaning (low
level of communication) but that combine to produce a character with meaning, and
(iii) characters with an intrinsic meaning.

In a communication system that uses characters with meaning, a symbol will have its
apparent (i.e. measured) level of communication (such as quantified by entropy) and its
level of meaning. Hopefully the two levels will be the same, but they may not be: we
have shown (Lee et al. 2010a,b) that as systems become constrained (both in terms of
number of characters and syntactic-like detail), the apparent level of communication
decreases. Indeed, we showed that if one constrains the Pictish symbol system, then the
symbols’ apparent (measured) level of communication changes from word to sylla-
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ble, while their actual level of meaning (whatever it was) must have remained the same.
Thus it seems probable that there may be communication systems where the symbols
are so constrained that the apparent level of communication is much lower than the ac-
tual level of meaning. That is to say, the level of communication determined by the tool
is the minimum—the symbols may be operating at a higher meaning.

Using the classifier tool, we inferred (Lee et al. 2010a) that ‘the Pictish symbols are
not drawn from a distribution of heraldic characters’ (p. 2554) and that it was ‘unlikely
that they are random or sematographic (heraldic) characters’ (p. 2545). Depending upon
the symbol categorization, the Pictish symbols appeared to have a level of communica-
tion at the syllable or word level. Regardless of the categorization used, the symbols are
more complex than their classification allows. Allen and Anderson (1993 [1903], vol.
2:111) made the point that we are unable to determine the degree to which the design
within a symbol is essential (i.e. part of the communication) or ornamental. Likewise, it
is not known if the symbols on the stones were colored and, if so, whether color was a
part of the communication (Cessford 1996). If either of these suggestions was true, it
would add a level of syntactic-like detail that is currently missing, leading to new av-
enues of research. But without knowing the minimum level that the Pictish symbols are
communicating at, one cannot even ask the question.

In summary, we evaluated the Pictish symbols from a cross-disciplinary lens of the
‘level of communication in a character’ rather than the linguistic definition of writing
that Sproat relies on. We apologize for any confusion, but we stand by our results.

4. Deficiencies in data sets. Sproat’s analysis of the Indus script is restricted to a
‘corpus of Indus bar seals from Harappa and Mohejo Daro [sic]’ (p. 461). This is a small
subset (206 seals) of the corpus of Indus texts that is currently available to researchers

Figure 1. The plot shows no correlation between the measure Cr from Lee et al. 2010a and mean text length.
Black diamonds = letters, open squares = syllables, crosses = words.



for analysis (e.g. by using texts published in Mahadevan 1977 or, more recently, Wells
2011). Sproat’s corpus is significantly smaller than the 1,548 Indus texts extracted from
Mahadevan 1977 that we used in our studies (Rao et al. 2009a,b, Rao 2010). More im-
portantly, the type of Indus inscriptions in this specific class of texts (‘bar seals’) is not
representative of all known types of Indus texts.

Additionally, for known writing systems, it is important to define the tokens at the
appropriate level for entropic analysis (e.g. letters versus alphasyllabic tokens). For
abugidas (alphasyllabic scripts) such as Hindi, Malayalam, and Oriya, Sproat tokenizes
the texts at the letter level (see pp. s11 and s12 in Sproat’s supplementary material),
rather than at the alphasyllabic level as we have done in our analysis of these scripts
(Rao et al. 2009a, Rao 2010). This results in a serious underestimation of the number of
elements in these alphasyllabaries, for example, only thirty-eight tokens for Tamil in
Sproat’s analysis (table S3, p. s11 in the supplement) versus 244 alphasyllabic tokens in
our analysis (see supplementary information for Rao et al. 2009a).

Sproat selects results from his analysis by highlighting some results and ignoring
others. For example, Sproat does not make much of the misclassification of Sumerian,
a known writing system, as ‘nonlinguistic’ by both his newly proposed measure of ‘rep-
etition rate’ (table 2, p. 469) and his CART-based decision trees (92/100 trees classified
Sumerian as nonlinguistic; p. 474). By contrast, the classification results for the Indus
script by the same methods are touted as clinching evidence for its nonlinguistic nature.

Sproat admits that the misclassification of Sumerian as nonlinguistic by his methods
may be ‘an artifact of the way the corpus was divided’ (p. 474) (leading to short texts of
mean length of only 4.4 symbols). This artifact may in fact also help explain why in
Sproat’s plot of block entropy curves (figure 6, p. 464), Sumerian is not clustered with
the rest of the ‘linguistic’ systems, whereas it is in our plot (figure 5, p. 464), consistent
with our inductive hypothesis.

5. Revisiting some ‘patently absurd’ results. Sproat questions our use of the
bases A, T, G, and C as the alphabet for DNA using phrases such as ‘surely not the right
units’ and ‘surely a meaningless comparison’ (p. 461). He labels as ‘patently absurd’ (p.
477) the result that DNA sequences tend to exhibit close to maximum entropy. In fact,
the close-to-maximal entropy of DNA sequences is considered a significant and inter-
esting result by DNA researchers. To quote Schmitt and Herzel (1997:375): ‘This is
most surprising as one would ascribe to life a high complexity and a high degree of
structure, and these criteria are certainly not fulfilled by a completely random string’.
The resolution of this conundrum, as discussed by Schmitt and Herzel, comes from the
fact that the genetic code is a Gray code (Swanson 1989) that enables a redundant
mechanism for translating base triplets (codons) into amino acids. Therefore, the space
of DNA sequences is ‘populated much more densely than the space of the correspon-
ding polypeptides. The degeneracy of the genetic code, thus, seems to sort out many of
the possible combinations in DNA space’ (Schmitt & Herzel 1997:375).

Sproat also introduces wording to suggest that our use of block entropy is an idio-
syncratic definition proposed by Rao (2010). Block entropies have in fact been defined
and used for analyzing sequences for at least a couple of decades (e.g. Ebeling 1993,
Schmitt & Herzel 1997).

Finally, in footnote 6, Sproat does not accurately present our view of rigidly ordered
systems and minimum entropy curves (‘Here, Rao is wrong …’; p. 463).1 We consider

1 To clarify an uncertainty raised on p. 461 in Sproat 2014a, we note here that all of our published results
used estimates for unseen bigrams while smoothing, as is customary in such analysis.
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a rigidly ordered system to be one with very restrictive syntactic rules. For block en-
tropy analysis, this means a system in which for each length, a particular sequence of
symbols occurs with probability 1 and all other possible sequences are forbidden (tak-
ing the notion of rigidity to its extreme). As a result, the block entropy will be zero for
each sequence length, as correctly indicated by the dashed line in our block entropy plot
(reproduced as figure 5 in Sproat 2014a:464). Sproat is therefore, we believe, incorrect
in claiming that the minimum entropy curve should be ‘a curve that starts at 1, and de-
creases in value as N grows larger’ (p. 463).

6. Conclusion. We regard Sproat’s critiques of our work as deficient, and we stand
by our previously published results. So what are we to make of Sproat’s article? One
may commend Sproat on assembling and analyzing reasonably large corpora of ‘non-
linguistic’ systems—this, we believe, may be the most interesting contribution of this
work (the details on these systems are found not in the article but in the supplementary
materials; Sproat 2014b).

What about the new statistical measures that were found to be ‘most discriminative’?
In Sproat’s discussion and conclusions (§3), both of the measures are noted to be corre-
lated with text length, with shorter texts said to imply a nonlinguistic system. Thus, an-
cient systems with short existing texts, such as the Indus script and Pictish symbols,
must by this reasoning be nonlinguistic.2 We conclude by noting, as Bryan Wells has
shown (Wells 2011), that the Uruk script has a mean text length of only 6.8 symbols and
it was by no means nonlinguistic.

REFERENCES
Allen, John Romilly, and Joseph Anderson. 1993 [1903]. The early Christian monu-

ments of Scotland. 2 vols. Balgavies: Pinkfoot.
Cessford, Craig. 1996. Colouring the stones. Pictish Arts Society Journal 9.6–8.
Ebeling, Werner. 1993. Entropy, predictability and historicity of nonlinear processes. Sta-

tistical physics and thermodynamics of nonlinear nonequilibrium systems, ed. by
Werner Ebeling and Wolfgang Muschik, 217–28. Singapore: World Scientific.

Farmer, Steve. 2005. Simple proof against the ‘Indus script’. Palo Alto, CA, ms. Online:
http://www.safarmer.com/indus/simpleproof.html. Accessed October 7, 2014.

Farmer, Steve; Richard Sproat; and MichaelWitzel. 2004. The collapse of the Indus-
script thesis: The myth of a literate Harappan civilization. Electronic Journal of Vedic
Studies 11.2.19–57. Online: http://www.ejvs.laurasianacademy.com/ejvs1102/ejvs1102
article.pdf.

Hunter, G. R. 1934. The script of Harappa and Mohenjodaro and its connection with other
scripts. London: Kegan Paul.

Kenoyer, J. Mark. 2004. Quoted in Lawler, p. 2026.
Lawler, Andrew. 2004. The Indus script: Write or wrong? Science 306.2026–29. DOI:

10.1126/science.306.5704.2026.
Lee, Rob; Philip Jonathan; and Pauline Ziman. 2010a. Pictish symbols revealed as a

written language through application of Shannon entropy. Proceedings of the Royal So-
ciety A: Mathematical, Physical & Engineering Sciences 466.2545–60. DOI: 10.1098
/rspa.2010.0041.

Lee, Rob; Philip Jonathan; and Pauline Ziman. 2010b. A response to Richard Sproat on
random systems, writing, and entropy. Computational Linguistics 36.791–94. DOI: 10
.1162/coli_c_00029.

Mahadevan, Iravatham. 1977. The Indus script: Texts, concordance and tables. Delhi:
Archaeological Survey of India.

2 This repeats an argument made in Farmer, Sproat, & Witzel 2004 and proposed as a ‘one sentence proof’
against the Indus script by Farmer (2005).

http://dx.doi.org/10.1162/coli_c_00029
http://dx.doi.org/10.1162/coli_c_00029
http://dx.doi.org/10.1098/rspa.2010.0041
http://dx.doi.org/10.1098/rspa.2010.0041
http://dx.doi.org/10.1126/science.306.5704.2026
http://www.ejvs.laurasianacademy.com/ejvs1102/ejvs1102article.pdf
http://www.ejvs.laurasianacademy.com/ejvs1102/ejvs1102article.pdf


Mahadevan, Iravatham. 2009. The Indus ‘non-script’is a non-issue. The Hindu, May 3. On-
line: http://www.thehindu.com/todays-paper/tp-features/tp-sundaymagazine/the-indus
-nonscript-is-a-nonissue/article661496.ece.

McIntosh, Jane R. 2008. The ancient Indus valley: New perspectives. Santa Barbara: ABC
CLIO.

Parpola, Asko. 1994. Deciphering the Indus script. New York: Cambridge University
Press.

Parpola, Asko. 2005. Study of the Indus script. Proceedings of the International Confer-
ence of Eastern Studies 50.28–66.

Possehl, Gregory. 1996. The Indus age: The writing system. Philadelphia: University of
Pennsylvania Press.

Possehl, Gregory. 2004. Quoted in Lawler, p. 2028.
Rao, Rajesh. 2010. Probabilistic analysis of an ancient undeciphered script. IEEE Com-

puter 43.3.76–80. DOI: 10.1109/MC.2010.112.
Rao, Rajesh; Nisha Yadav; Mayank Vahia; Hrishikesh Joglekar; R. Adhikari; and

IravathamMahadevan. 2009a. Entropic evidence for linguistic structure in the Indus
script. Science 324.1165. DOI: 10.1126/science.1170391.

Rao, Rajesh; Nisha Yadav; Mayank Vahia; Hrishikesh Joglekar; R. Adhikari; and
Iravatham Mahadevan. 2009b. A Markov model of the Indus script. Proceedings of
the National Academy of Sciences 106.13685–90. DOI: 10.1073/pnas.0906237106.

Rao, Rajesh; Nisha Yadav; Mayank Vahia; Hrishikesh Joglekar; R. Adhikari; and
Iravatham Mahadevan. 2010. Entropy, the Indus script, and language: A reply to
R. Sproat. Computational Linguistics 36.795–805. DOI: 10.1162/coli_c_00030.

Schmitt, Armin O., and Hanspeter Herzel. 1997. Estimating the entropy of DNA se-
quences. Journal of Theoretical Biology 188.369–77. DOI: 10.1006/jtbi.1997.0493.

Sproat, Richard. 2014a. A statistical comparison of written language and nonlinguistic
symbol systems. Language 90.2.457–81. DOI: 10.1353/lan.2014.0031.

Sproat, Richard. 2014b. A statistical comparison of written language and nonlinguistic
symbol systems: Online supplementary materials. Language 90.2.s1–s27. DOI: 10.1353
/lan.2014.0042.

Swanson, Rosemarie. 1989. A unifying concept for the amino acid code. Bulletin of Math-
ematical Biology 51.417–32. DOI: 10.1007/BF02460068.

Vidale, Massimo. 2007. The collapse melts down: A reply to Farmer, Sproat and Witzel.
East and West 57.333–66.

Wells, Bryan K. 2011. Epigraphic approaches to Indus writing. Oxford: Oxbow Books.
See also http://indusresearch.wikidot.com/script, accessed October 7, 2014.

Yadav, Nisha; Hrishikesh Joglekar; Rajesh Rao; Mayank Vahia; R. Adhikari; and
Iravatham Mahadevan. 2010. Statistical analysis of the Indus script using n-grams.
PLoS One 5.3.e9506. DOI: 10.1371/journal.pone.0009506.

Yadav, Nisha, and Mayank Vahia. 2011. Indus script: A study of its sign design. Scripta
3.133–72.

Yadav, Nisha; Mayank Vahia; Iravatham Mahadevan; and Hrishikesh Joglekar.
2008a. Segmentation of Indus texts. International Journal of Dravidian Linguistics
37.1.53–72.

Yadav, Nisha; Mayank Vahia; Iravatham Mahadevan; and Hrishikesh Joglekar.
2008b. A statistical approach for pattern search in Indus writing. International Journal
of Dravidian Linguistics 37.1.39–52.

Rao [Received 4 November 2014;
Department of Computer Science & Engineering revision invited 11 March 2015;
University of Washington revision received 12 May 2015;
Seattle, WA 98195 accepted with revisions 25 May 2015;
[rao@cs.washington.edu] accepted 12 August 2015]

Lee
School of Biosciences, Geoffrey Pope Building
University of Exeter
Stocker Road
Exeter EX4 4QD, United Kingdom
[R.Lee@exeter.ac.uk]

e204 LANGUAGE, VOLUME 91, NUMBER 4 (2015)

http://dx.doi.org/10.1371/journal.pone.0009506
http://dx.doi.org/10.1007/BF02460068
http://dx.doi.org/10.1353/lan.2014.0042
http://dx.doi.org/10.1353/lan.2014.0042
http://dx.doi.org/10.1353/lan.2014.0031
http://dx.doi.org/10.1006/jtbi.1997.0493
http://dx.doi.org/10.1162/coli_c_00030
http://dx.doi.org/10.1073/pnas.0906237106
http://dx.doi.org/10.1126/science.1170391
http://dx.doi.org/10.1109/MC.2010.112
http://www.thehindu.com/todays-paper/tp-features/tp-sundaymagazine/the-indus-nonscript-is-a-nonissue/article661496.ece
http://www.thehindu.com/todays-paper/tp-features/tp-sundaymagazine/the-indus-nonscript-is-a-nonissue/article661496.ece


REPLIES e205

Yadav and Vahia
Department of Astronomy & Astrophysics
TIFR
Mumbai 400005, India

Jonathan
Department of Mathematics and Statistics
University of Lancaster
Lancaster LA1 4YF, United Kingdom

Ziman
PHS Consulting Ltd.
Pryors Hayes Farm
Willington Road
Oscroft, Tarvin
Chester CH3 8NL, United Kingdom


