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The Indus valley civilisation (2600 to 1900 BCE) left behind its undeciphered 
script on several small, inscribed objects. In our earlier work, we have 
investigated the structural aspects of the Indus script, the design of its signs 
and the nature of the inscribed patterns on these objects. Here we study these 
inscribed objects with respect to their type and the sites where they were 
found. The distribution of the text lengths and the usage of signs on these 
objects indicate subtle variations in the context of their site of occurrence 
and type. Some signs have affinity to specific sites or types of objects. By 
comparing the text length distributions and the usage of signs on these 
inscribed objects, we cluster the sites of occurrence and the types of objects 
based on their level of similarity. The study provides an understanding of the 
sensitivity of the Indus script to different sites and types of objects.

Keywords: Undeciphered scripts, ancient scripts, Indus valley civilisation, 
inscribed objects, Harappan script, Indus script - site of occurrence and 
medium of writing, clustering of sites and types of objects

1. Introduction

The Indus valley civilisation flourished in the northwestern part of the 
Indian subcontinent from 2600 to 1900 BCE though its roots can be traced 
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to early sites such as Mehrgarh around 7000 BCE. At its peak it was spread 
over an area of about a million square kilometres in several urban, semi-
urban and rural settlements and was the largest Bronze Age civilisations in 
the world (for review see Wright 2010, Agrawal 2009, 2007, Possehl 2002, 
Kenoyer 1998). The entire evidence about the civilisation is archaeological 
and its relation to later cultures in the subcontinent is unclear. 

One of the intriguing aspects of the Indus valley civilisation is its script 
that has not been deciphered. This is due to the extreme brevity of the 
texts, absence of bilingual or multilingual texts, lack of knowledge about 
their language(s) and apparent discontinuity in the traditions at the decline 
of the Indus valley civilisation. Possehl (1996) provides an excellent critical 
review of some of the various attempts to decipher the script (see also 
Parpola 2005, Mahadevan 2002). In spite of these efforts, the problem of 
the Indus script lies unresolved with no universal consensus on any of the 
proposed interpretations.

The texts constituting the corpus of Indus script are predominantly 
found on objects such as seals and sealings (generally made of steatite or 
terracotta). Most often, these objects are a few square centimetres in size. 
An example of a square Indus seal is shown in Fig. 1a. It has an Indus text 
consisting of eight signs at the top, a field symbol (Unicorn) at the centre 

                    (a)                                                             (b)

Figure 1. (a) A square seal with an Indus text on top, a field symbol (Unicorn) 
in the middle and a decorated object on the bottom left (Copyright Harappa 
Archaeological Research Project/J. M. Kenoyer, Harappa.com, Courtesy Dept. of 
Archaeology and Museums, Govt. of Pakistan). The seal is about 5 cm x 5 cm in 
size. (b) Sign numbers 1 to 50 from the sign list of Mahadevan’s concordance of the 
Indus script (Mahadevan 1977).
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and a decorated object near its face. A small subset of the sign list of the 
Indus script (sign numbers 1 to 50) from Mahadevan’s concordance of the 
Indus script (Mahadevan 1977) is shown in Fig. 1b. 

Around 3700 such objects have been unearthed from several Indus sites 
situated in India, Pakistan and some West Asian sites. They are catalogued 
in the three volumes of the Corpus of Indus Seals and Inscriptions (CISI 1-3 
by Joshi and Parpola (1987), Shah and Parpola (1991) and Parpola et al. 
2010 respectively). These volumes provide a photographic documentation 
of almost all of the inscribed objects discovered from various Indus sites. 
Images of some of these objects are also available at www.harappa.com. 
The texts in the Indus script from these inscribed objects are compiled 
and catalogued in the three concordances of the Indus script created by 
Mahadevan (1977), Koskenniemi and Parpola (1982, see also Parpola 1994) 
and Wells (2006). The first two concordances are largely in agreement with 
each other though small differences in the identification of a few signs 
remain.  

We use the electronic concordance of Mahadevan (1977, henceforth 
referred to as M77) which records 3548 lines of texts from 2906 inscribed 
objects along with their contextual information such as the type of object, 
site of occurrence, field symbols etc. The sign list of M77 consists of 417 
signs1. While there is a general increase in the design complexity of the 
signs with the sign number in M77 (within groups of similar looking signs), 
completely different signs also appear consecutively in the sign list (see 
for example, sign numbers 46 and 47 in Fig. 1b). Hence, the proximity of 
sign numbers does not necessarily indicate similarity in design or any other 
relation between signs and each sign is considered as an independent entity 
in M77.

M77 was created in 1977 incorporating about 80% of the inscribed 
objects available today. Another concordance of comparable size by 
Koskenniemi and Parpola (1982) also belongs to the same period. M77 
includes the Indus texts from the inscribed objects catalogued in CISI 
volumes 1 and 2 (Joshi and Parpola (1987), Shah and Parpola (1991)) as 

1 The serial number of the signs used in this paper is as in the sign list of M77. This is 
a normalised sign list and at times, a sign has one or more variants that are listed in 
Appendix 1 of M77 (Mahadevan: 785-792). As a convention followed in the present 
paper, the texts depicted as strings of sign images are to be read from right to left, 
whereas the texts represented as strings of sign numbers are to be read from left to right.
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well as other objects from older excavations at Mohenjodaro and Harappa 
that have been published recently in the third photographic volume of 
the Corpus of Indus Seals and Inscriptions (CISI-3: Parpola et al. 2010). 
CISI-3 also includes about 1000 inscribed objects from the Harappa 
Archaeological Research Project (HARP) excavations (1986-2007). The 
HARP data in CISI-3 includes inscribed objects with or without script and 
some of them are also damaged or broken. We estimate that about 500 
objects with unambiguous texts from the HARP data are not included in 
M77. The additional data has added only a few signs to the sign list of the 
Indus script and most of these objects belong to the same categories as 
defined in M77. This amounts to about 15% of the data available till date 
and introduces corresponding uncertainty in the conclusions. However, 
the present study is indicative of the broad trends in the Indus writing. 
Inclusion of the new data will further improve the statistical significance 
of the results presented here. Within these limitations, the present analysis 
provides interesting insights into the written material of the Indus valley 
civilisation.

In our earlier work we have studied various structural aspects of the 
Indus script (Yadav 2012, Yadav et al. 2010, Rao et al. 2010, Rao et al.  
2009a, b and Yadav et al. 2008a, b), its sign design (Yadav and Vahia 
2011b) and different types of patterns on these inscribed objects (Yadav 
and Vahia 2011a, Sinha et al. 2011, Vahia and Yadav 2010). In this paper, 
we undertake an analysis of the Indus script with respect to its site of 
occurrence and type of object.

2. Framework for the Study of the Indus Script

The Indus texts are found on various types of objects excavated from 
several sites of the Indus valley civilisation and most often they are 
associated with different kinds of patterns (Yadav and Vahia 2011a). A 
comprehensive framework to understand the context and usage of the 
Indus script is given in Fig. 2. It has two main components that deal with 
the following aspects 

1) structural studies of the Indus script (shown at the centre), and 
2) contextual studies of the Indus script (given in the outer loop).
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The structural aspects of the Indus script such as the sequencing of signs 
in the Indus texts were addressed in some of our earlier work on the Indus 
script (Yadav 2012, Yadav et al. 2010, Rao et al. 2010, Rao et al. 2009a, 
b, Yadav et al. 2008a, b) and the design of Indus signs was investigated 
in Yadav and Vahia (2011b). The contextual aspects of the Indus script 
include

1) site of occurrence of the object,
2) type of object, 
3) relation of the script with other inscribed components on the object, and,

Figure 2. A comprehensive framework to understand the context and usage of 
the Indus script. The central component deals with the structural aspects of the 
Indus script and components related to the contextual aspect of the Indus script are 
shown in the outer loop. 
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4)   other information including stratigraphy, precise location of the object 
etc.

We briefly discuss each of these contextual components below.

2.1 Site of Occurrence

M77 includes data from 19 Harappan sites including Mohenjodaro (MD), 
Harappa (HP), Lothal (LL), Kalibangan (KB), Chanhudaro (CH), Other 
Harappan sites (OH) and five West Asian sites (WA). Fig. 3 gives the 
relative locations, distance and extent of the five Indus sites that contribute 
to about 98% of the data in M77. 

The sites in Fig. 3 form three clusters by proximity, namely 
Mohenjodaro-Chanhudaro, Harappa-Kalibangan and Lothal. The statistics 
of the number of objects, lines of texts and sign occurrences at each of 
these sites is given in Table 1. 

Figure 3. Relative location and size of the Indus sites which account for about 
98% of the data in M77. Location of the sites in the figure is relative to their 
geographical locations and the distance between two sites is taken as the shortest 
possible distance between them (Data of location, period and area of sites is taken 
from Possehl 1999).
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As can be seen from Table 1, Mohenjodaro, Harappa, Lothal, Kalibangan 
and Chanhudaro together account for about 98% of the data in M77. The 
total percentage contribution of the remaining sites (Other Harappan sites 
and West Asian sites) is less than 2% in M77. 

2.2 Type of Object 

M77 includes data from various types of inscribed objects such as seals 
(S), sealings (SL), miniature tablets (MT), copper tablets (CT), pottery 
graffiti (PG), ivory or bone rods (IB), bronze implements (BI) and other 
miscellaneous objects (Misc.). We use these terminologies directly from 
M77 and they are defined as follows:

1)   seals are objects with text deeply engraved on them in intaglio in the 
reverse direction,

2)   sealings are positive impressions in relief by seals or special moulds on 
impressible material like clay, faience or metal,

3) miniature tablets are like  sealings but are of exceptionally small size,
4)   copper tablets and bronze implements are objects made of copper and 

bronze respectively,
5) pottery graffiti includes texts on pottery,
6) ivory and bone rods include objects made of animal bones, and,
7)   miscellaneous objects include stone objects, bracelets, dice, carnelian 

tablets, terracotta ball, brick etc. These objects do not fall in any of the 

Table 1. Distribution of objects, texts and sign occurrences at different sites in M77.

Site of occurrence

MD HP LL KB CH OH WA

Number of objects 
(Percentage of total)

1540 
(52.99)

985 
(33.90)

165 
(5.68)

99 
(3.41)

66 
(2.27)

34 
(1.17)

17 
(0.58)

Number of lines of 
texts 
(Percentage of total)

1716 
(48.37)

1375 
(38.75)

196 
(5.52)

117 
(3.30)

86 
(2.42)

40 
(1.13)

18 
(0.51)

Number of sign 
occurrences 
(Percentage of total)

7281 
(54.45)

4359 
(32.60)

760 
(5.68)

423 
(3.16)

327 
(2.45)

141 
(1.05)

81 
(0.61)

* Each line of text is considered as a separate entity in multi-lined texts.
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above categories.

In M77, the objects classified as sealings may include potentially more 
than one category of objects with possible differences in distribution. 
For example, seal impressions on clay tags, seal impressions on pots and 
moulded tablets may belong to different categories. It is possible that 
division of sealings into more categories can provide further insights. 
However, as we shall see later, even the present classification of objects 
shows that sealings (probably of all the three classes) are predominantly 
found at one site. The total number of sealings in M77 is 511 and further 
division of this class may reduce the sample size to limits of error. 

The statistics of the number of lines of texts and sign occurrences on 
different types of objects is given in Table 2. As can be seen from Table 
2, seals, sealings, miniature tablets, copper tablets and pottery graffiti 
together account for about 98% of the data in M77. The total percentage 
contribution of the remaining types of objects (ivory or bone rods, bronze 
implements and miscellaneous objects) in M77 is less than 2%. Although 
the objects in some of these categories can be further classified on the basis 
of their shapes (or type of boss in case of seals) and other features, these 
finer details are not considered in the present study.

Table 2. Distribution of texts and sign occurrences on different types of objects in 
M77.

Type of object

S SL MT CT PG IB BI Misc.

Number of objects 
(Percentage of total)

1814 
(62.42)

511 
(17.58)

272
(9.36)

135 
(4.65)

119 
(4.09)

29
(1.00)

11
(0.38)

15
(0.52)

Number of lines of 
texts
(Percentage of total)

1963 
(55.33)

731 
(20.60)

499 
(14.06)

162 
(4.57)

127 
(3.58)

29 
(0.82)

17
(0.48)

20 
(0.56)

Number of sign 
occurrences 
(Percentage of total)

8312 
(62.16)

2582 
(19.31)

1261 
(9.43)

718 
(5.37)

281 
(2.10)

104 
(0.78)

64
(0.48)

50 
(0.37)

* Each line of text is considered as a separate entity in multi-lined texts.
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2.3 Relation of the Indus Script with other Components on Inscribed objects

The inscribed objects often contain different kinds of patterns in addition 
to the Indus script. M77 refers to these patterns as field symbols and 
broadly classifies them into the following types:

1) animals, 
2) reptiles, fish, bird etc.,
3) trees and leaves,
4) anthropomorphic forms,
5) scenes with anthropomorphic and animal figures, trees and other objects,
6) various symbols, motifs and geometrical patterns, and,
7) damaged or illegible field symbol.

Yadav and Vahia (2011a) have classified various components of the 
inscribed surfaces into twelve categories (such as the Indus script, animal 
motifs, manger or decorated object, composite animals, multi-headed 
animals etc.) and analysed the percentage contribution of each of these 
components in the corpus of inscriptions. Based on the analysis, the Indus 
script is the most frequent component on the inscribed surfaces (67%), 
followed by animal motifs (35%) and the decorated object or manger 
generally near the face of an animal (22%). The geometric and symmetric 
patterns on the inscribed objects are discussed in detail in Vahia and Yadav 
(2010). 

2.4 Other Contextual Information

Other contextual information includes aspects such as stratigraphy and 
precise location (residential area, workshop, street etc.) of the object at a 
site. Since the stratigraphy of most of the data remains unclear, we do not 
discuss it here. 

The relation of the Indus script with its contextual aspects along with 
its structural studies provides a framework for understanding the role of 
the Indus script in the lives of the Indus people. In the present study, we 
initiate the analysis of the Indus script with respect to two aspects of the 
inscribed objects, namely, their site of occurrence and their type.
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3. Study of Indus Script with respect to Site and Type of object

An important aspect of the relevance of the Indus script to the Indus valley 
civilisation is the study of the similarities and differences in the written 
material found at various Indus sites and on different types of objects. In 
the present study, we analyse the data along the following lines

1)   distribution of inscribed objects with respect to sites and types of 
objects,

2) text length distribution with respect to  sites and types of objects,
3) sign usage at different sites, and,
4) sign usage on different types of objects.

3.1   Distribution of Inscribed Objects with respect to Sites and Types of 
Objects 

In the present section, we discuss the relative distribution of the inscribed 
material at different sites. While some of these features may be an artifact 
of sampling or the excavation procedure, the results are indicative of broad 
trends. The percentage contribution of various types of objects at each site 
is shown in Fig. 4. Following conclusions can be derived from Fig. 4: 

1)   Most of the inscribed material found in Mohenjodaro is in the form of 
seals followed by copper tablets and sealings.

2)   Harappa has comparable percentage of seals, sealings and miniature 
tablets. Lothal has nearly equal number of seals and sealings. A detailed 
analysis of the data shows that the sealings at Lothal are mostly in the 
form of clay tags with impressions of one or more seals embossed on 
them. 

3)   The inscribed data in Kalibangan is mostly in the form of seals followed 
by sealings and pottery graffiti. 

4)   Most of the inscribed material found in Chanhudaro is in the form of 
seals. 

5)   The inscribed material from Other Harappan sites is predominantly in the 
form of seals and pottery graffiti.

6)   West Asian sites have a large percentage of their inscribed material as 
seals and a small percentage as sealings.
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The percentage contribution of various sites to each type of object is 
shown in Fig. 5. Following conclusions can be derived from Fig. 5: 

1)   Mohenjodaro accounts for highest percentage of seals followed by 
Harappa.  

2)   Harappa accounts for highest percentage of sealings followed by 
Mohenjodaro. About 23% of the texts on the sealings from Harappa are 
duplicates of the four most frequent texts in M77 (see section 5). 

3)   Miniature tablets are found only in Harappa and about 36% of the texts 
on these miniature tablets are duplicates of the four most frequent texts 
in M77 (see section 5).

4)   Copper tablets and ivory or bone rods are predominantly found in 
Mohenjodaro. 

5) Almost half of the pottery graffiti is found at Harappa.
6)   Pottery graffiti and bronze implements appear at almost all major sites 

but in Lothal they are extremely rare.  

Figure 4. Percentage contribution of different types of objects at each site. The data 
at each site is normalised to 100% to compare the relative contribution of various 
types of objects across the sites. 
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7)   The inscribed material from West Asian sites accounts for less than 1% of 
the total sample size and hence is not visible in Fig. 5.

3.2   Text Length Distribution at Different Sites and on Different Types of 
Objects

The length (or the total number of signs) of an Indus text in a single line 
varies from 1 to 14 signs in M77 (Yadav et al. 2010). The average length of 
the Indus texts is about 5 signs. The distribution of texts of varying lengths 
at different sites and object types are given in Figs. 6 and 7 respectively. 
Following conclusions can be derived from Figs. 6 and 7:

  1)   The distribution of text lengths at Mohenjodaro is broadly similar to 
that of seals. This is consistent with the fact that seals are most frequent 
at Mohenjodaro (Fig. 5).

Figure 5. Percentage contribution of different sites to each type of object. The 
data from each type of object is normalised to 100% to compare the relative 
contribution of various sites to different types of objects. 
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  2)   The most frequent text length at Harappa is two. This is mainly due 
to the presence of a large number of miniature tablets and sealings 
at Harappa with the frequent texts predominantly of length two (see 
section 5). 

  3)   The distribution of text lengths at Harappa is roughly similar to that 
of sealings and miniature tablets. This is consistent with the fact that 
sealings and miniature tablets are most frequent at Harappa (Fig. 5). 

  4)   In comparison to other sites, Lothal, Kalibangan, Other Harappan sites 
and West Asian sites have relatively larger fraction of texts of length 
eight. 

  5)   In relative terms, West Asian sites have significantly large number of 
texts of length five.

  6)   It should be noted that there is a monotonic fall in the percentage of 
texts with increase in text length in Mohenjodaro from text length of 
four onwards. Similar trend is seen in Harappa from text length of two 
onwards.

Figure 6. Percentage contribution of texts of lengths 1 to 14 at different sites. The 
data at each site is normalised to 100% to compare the relative contribution of 
texts of different lengths across the sites.
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  7) Texts of lengths 9 to 14 are found exclusively on seals and sealings. 
  8)   Texts on miniature tablets have lengths mostly in the range of 2 to 4 

signs. There are very few miniature tablets with just a single sign.
  9) The most frequent text length on copper tablets is 4 followed by 7.
10)   The length of most of the texts in pottery graffiti is in the range of 1 to 

3 signs.

3.3 Sign Usage at Different Sites 

Although the sign list of M77 has 417 signs, the most frequent 67 signs 
(listed in the Appendix) account for about 80% of the total sign occurrences 
in M77. Moreover, not all of these 417 signs occur at all sites and there 
are some signs in M77 that are unique to a specific site and do not occur 
elsewhere. The statistics of the total number of signs, most frequent 67 
signs and unique signs at each site in M77 is given in Table 3.  It also gives 

Figure 7. Percentage contribution of texts of lengths 1 to 14 on different types of 
objects. The data from each type of object is normalised to 100% to compare the 
relative contribution of texts of different lengths to various types of objects.
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corresponding numbers for M77 for comparison.
It can be seen from Table 3 that the entire set of the 67 most frequent 

signs occur only at Mohenjodaro and Harappa. Not all of these 67 most 
frequent signs occur at other sites. However, the percentage contribution 
of these signs to the total sample size at each site is close to 80% except 
at West Asian sites where it deviates significantly (65%). The signs that 
are unique to specific sites have low frequency of occurrence and their 
percentage contribution to the total sample size at various sites does not 
exceed 5%. For instance, there are 102 signs in the sign list of M77 that 
occur only at Mohenjodaro, but as these signs are extremely rare, their 
total percentage contribution to the Mohenjodaro data is just 3%. The 
fractional usage of the 67 most frequent signs at each site is given in Fig. 8. 
The relative contribution of these signs fluctuates across different sites. 

Several signs seem to have preferential usage at different sites (Fig. 8). 
The five signs from each site having highest deviation from their expected 
occurrences in the positive and negative directions are listed in Tables 4a 
and 4b respectively. 

Following features are evident from Fig. 8 (a to g):

Table 3. Sign usage at different sites in M77.

M77
(All 

sites)

Site of occurrence

MD HP LL KB CH OH WA

Total number of signs 
(Percentage of total 
sign occurrences)

417
(100)

353 
(54.45)

261 
(32.60)

140 
(5.68)

119 
(3.16)

106 
(2.45)

81 
(1.05)

57 
(0.61)

Number of signs 
from the 67 most 
frequent signs in 
M77 (Percentage of 
total sign occurrences 
at the site)

67
(80)

67
(78.99)

67
(84.01)

64
(79.61)

60
(79.91)

57
(77.68)

50 
(75.18) 

32
(65.43)

Number of signs 
unique to the site
(Percentage of total 
sign occurrences at 
the site) 

158
(2.01)

102
 (2.57)

30
 (1.01)

7
 (0.92)

9 
(2.36)

5 
(4.59)

2 
(1.42)

3 
(4.94)
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1)   The usage of sign numbers 95, 328 and 176 is relatively low at 
Mohenjodaro and high at Harappa. These signs are part of the four most 
frequent texts that duplicate several times on sealings and miniature 
tablets from Harappa (see section 5).

2)   The usage of the 67 most frequent signs is relatively uneven at Lothal. 
Sign numbers 121, 98 and 254 are heavily used in Lothal while the sign 
numbers 307, 95 and 345 do not occur at all.

3) In Kalibangan, sign numbers 121, 1 and 307 are most frequently used.

Table 4a. Signs having more than expected occurrence at various sites. The signs 
are listed such that the most frequent sign with highest excess is listed first.

Table 4b. Signs having less than expected occurrence at various sites. The signs are 
listed such that the most frequent sign with highest deficit is listed first.
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4)   The distribution of sign usage in Chanhudaro is non-uniform with several 
signs deviating significantly from their expected occurrence.

5)   While the statistics of the signs at Other Harappan sites and West Asian 
sites is low, the usage of sign number 112 is unusually high at Other 
Harappan sites and sign numbers 97, 175 and 1 are most frequent at 
West Asian sites.

3.4. Sign Usage on Different Types of Objects

As in the case of sites, not all signs from the 417 signs in the sign list of 
M77 occur on all types of objects and there are some signs that are unique 
to a specific type of object and never occur on other types of objects. 
The statistics of the number of signs, the most frequent 67 signs and 
unique signs on various types of objects is given in Table 5. It also gives 
corresponding numbers for M77 for comparison.

It can be seen from Table 5 that the entire set of the 67 most 

Table 5. Sign usage on different types of objects in M77.

M77
(All 

objects)

Type of object

S SL MT CT PG IB BI Misc.

Total number of 
signs (Percentage 
of total sign 
occurrences)

417
(100)

381 
(62.16)

184 
(19.31)

119 
(9.43)

65 
(5.37)

107 
(2.10)

42 
(0.78)

42
(0.48)

43 
(0.37)

Number of signs 
from the 67 most 
frequent signs in 
M77 (Percentage 
of total sign 
occurrences on 
the  object)

67
(80)

67
(79.49)

67
(83.08)

57
(85.25)

41
(80.50)

54
(76.51)

30
(80.77)

23
(60.94)

21
(52.00)

Number of signs 
unique to the 
type of object 
(Percentage 
of total sign 
occurrences 
on the type of 
object)

196
(3.78)

169 
(5.52)

9
(0.81)

4
(0.56)

4
(1.11)

4
(1.42)

0
(0)

3
(4.69)

3
(6.00)
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frequent signs occur only on seals and sealings. Not all of these 67 most 
frequent signs occur on other types of objects.  However, the percentage 
contribution of these signs to the total sample size of each type of object is 
close to 80% in all cases except for bronze implements and miscellaneous 
object types where they account for 61% and 52% of their total sample 
size respectively. The signs that are unique to various types of objects have 
low frequency of occurrence in M77 and their percentage contribution on 
different types of objects does not exceed 6%. For example, 169 signs out 
of 417 signs in the sign list of M77 occur only on seals, but as these signs 
have low frequency of occurrence, their total percentage contribution to 
the seals dataset is just 6%. The fractional usage of the 67 most frequent 
signs in M77 on different types of objects is given in Fig. 9. 

As can be seen from Fig. 9 several signs deviate from their expected 
occurrences on different type of objects. The five signs on each type of 
object having highest deviation from their expected occurrences in the 
positive and negative directions are listed in Tables 6a and 6b respectively. 

Following features are evident from Fig. 9 (a to h):

1)   The sign usage on seals is fairly uniform except for sign numbers 95, 328 
and 176 which deviate significantly from their expected occurrences and 
are amongst the dominant signs on miniature tablets (see section 5).

2)   The usage of signs on sealings is close to their expected occurrence 
except for a few signs such as sign numbers 97, 124 and 194, which have 
significantly low frequency of occurrence.

3)   The sign usage on copper tablets fluctuates dramatically around the 
expected line of occurrence. Most of the signs having high frequency in 
M77 appear with low frequency on copper tablets. Moreover, while the 
occurrence of sign numbers 169 and 389 is higher than their expected 
occurrence on copper tablets, sign numbers 162 and 387 are conspicuous 
by their absence. This is noteworthy as the sign numbers 169 and 389 
share a high level of similarity in their design to the sign numbers 162 
and 387 respectively (see Appendix).

4)   Most frequent signs in pottery graffiti include sign numbers 102, 345 and 
104.

5)   Most frequent signs on ivory or bone rods are sign numbers 403, 347 and 
194.

6)   Sign numbers 104 and 252 form an overwhelming fraction of signs seen 
on bronze implements.
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4. Comparison of Data Between Sites and Object Types

In section 3, we have seen some empirical observations about the 
distribution of text lengths at various sites and on different types of objects. 
We also noticed preferential usage of signs at various sites and types of 

Table 6a. Signs having more than expected occurrence on various types of objects. 
The signs are listed such that the most frequent sign with highest excess is listed 
first.

Table 6b. Signs having less than expected occurrence on various types of objects. 
The signs are listed such that the most frequent sign with highest deficit is listed 
first.
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objects. In this section, we compute the distance2 (a measure of similarity 
or dissimilarity) between different sites and types of objects based on the 
following criteria 

1) text length distribution, and,
2) usage of the 67 most frequent signs in M77. 

4.1 Comparison of Sites

The similarity between various sites based on the text length distribution 
and usage of the 67 most frequent signs is plotted in Figs. 10a and 10b 
respectively.

As can be seen from Fig. 10a, Mohenjodaro and Lothal are closest with 
respect to their text length distributions and they form the cluster (MD, 
LL) which is quite distinct from other sites. The distance between Harappa 
and Kalibangan is slightly higher and they form another cluster (HP, KB). 
Chanhudaro clusters with Other Harappan sites and forms the cluster (CH, 
OH) though the distance between them is relatively higher compared to the 
sites in the two clusters (MD, LL) and (HP, KB). The clusters (HP, KB) and 
(CH, OH) are closer to each other than they are to (MD, LL) suggesting that 
the cluster (MD, LL) is very similar within itself but is quite different from 
other clusters. West Asian sites share least similarity with these clusters and 
it appears as a distinct entity in Fig. 10a.

In Fig. 10b, we compare the sites based on the usage of the most 
frequent 67 signs of M77. The pattern that emerges from the sign usage at 
various sites (Fig. 10b) is significantly different from the pattern emerging 

2 Distance (Y-axis) is a measure of the amount by which two entities differ and is 
computed using the method of hierarchical clustering. The links between the entities 
are represented as upside-down U-shaped lines. The height of the link indicates the 
distance between the entities. For example, in Fig. 10a, the link connecting the entities 
MD and LL has a height of 1.35 and the link connecting CH and OH has a height of 1.81. 
The height (or distance) of the link indicates the level of similarity between the entities 
connected by the link and it is inversely proportional to the level of similarity between 
entities. In Fig. 10a, the three clusters of sites, (MD, LL), (HP, KB) and (CH, OH), are 
joined by links of varying heights 1.35, 1.40 and 1.81. Even within these clusters, the 
level of similarity between entities of the cluster (MD, LL) is higher than the cluster (CH, 
OH) since the distance between the entities in the former cluster is less.  Note that WA 
is quite distinct from rest of the sites, distance between them and WA being 3.71, the 
highest in this analysis.



 Sensitivity of Indus Script to Site and Type of Object 91

from the distribution of text lengths (Fig. 10a). Fig. 10b does not show the 
feature seen in Fig. 10a, namely some sites closest to some other sites form 
clusters and then they together get joined to another cluster at a higher 
distance. 

It can be seen from Fig. 10b that Mohenjodaro and Lothal are also 
closest in terms of usage of signs and form a cluster (MD, LL). The site, 
which is closest to this cluster, is Chanhudaro followed by Other Harappan 
sites and Kalibangan in increasing order of distance. It is to be noted that 
the usage of signs at Harappa is significantly different not only from the 
cluster (MD, LL) but also from rest of the sites. Combined with Fig. 10a, 
this suggests that both in the text length distribution and in the usage of 
signs Harappa differs significantly from Mohenjodaro. We have seen in 
section 3.1 that the preferred type of object in Harappa is also significantly 
different from that of Mohenjodaro (Fig. 4). This suggests that Harappa 
has a distinct style of writing. However, we would like to emphasize that 
this does not in itself suggests that the content of writing in Harappa and 
Mohenjodaro are different as the same information can be expressed in 
different manner. 

As in the case of text length distribution, the distance of West Asian 
sites is largest from all other sites in terms of sign usage. In our earlier 
work, we have shown that the grammar of the Indus texts on objects 
discovered from West Asian sites is also found to be significantly different 
from other Indus sites (Rao et al. 2009b) and the results here are consistent 
with our earlier observation.

Thus, it is clear from Figs. 10a and 10b that Mohenjodaro and Lothal 
share high level of similarity in their pattern of text length distributions 

Figure 10. Similarity between sites based on a) text length, and, b) sign usage.
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and usage of signs. While Harappa is closest to Kalibangan with respect to 
its text length distribution, this similarity does not hold in their pattern of 
sign usage. In terms of usage of signs, Harappa stands apart from all major 
sites.

4.2 Comparison of Object Types

As in the case of sites, we can compare various types of objects using the 
criteria of text lengths and sign usage. The similarity between various types 
of objects with regard to their text length distributions and the usage of the 
67 most frequent signs is plotted in Figs. 11a and 11b respectively.

In Fig. 11a, we compare various types of objects based on their text 
length distributions. We find that, the distance between pottery graffiti 
and miscellaneous objects is least and they form the cluster (PG, Misc.). 
Sealings and miniature tablets form another cluster, however, the distance 
between them is higher than the objects in the cluster (PG, Misc.). 
Although the percentage of data from ivory or bone rods (IB) is very low, 
they are closest to seals in terms of their text length distribution forming 
the cluster (S, IB). The type of object that is closest to this cluster (S, IB) is 
copper tablets. Seals, ivory or bone rods and copper tablets together make 
a cluster that is quite different from other types of objects (Fig. 11a). 

In Fig. 11b, we compare various types of objects based on the usage of 
the 67 most frequent signs of M77. We find that sealings and miniature 
tablets are closest to each other in terms of usage of signs forming the 
cluster (SL, MT). Moreover, seals share a high level of similarity with the 
pottery graffiti. Bronze implements are closest to miscellaneous objects in 

Figure 11. Similarity between objects based on a) text length, and, b) sign usage. 
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terms of their usage of signs and they together form a cluster that is quite 
dissimilar from other types of objects.

Thus, it is clear that the clustering of different types of objects is 
significantly different with respect to text lengths (Figs. 11a) and usage 
of signs (Fig. 11b) except for sealings and miniature tablets that form a 
cluster in both the cases. The similarity between seals and pottery graffiti is 
noteworthy. The present analysis suggests that seals and pottery graffiti are 
very similar in terms of the usage of signs, however, they are quite distinct 
in their text length distributions. A detailed comparison of their text length 
distributions (Fig. 7) suggests that seals are a more elaborate version of 
writing in pottery graffiti. Kenoyer (2006) has studied the evolution of 
various signs of the script and has suggested their origin as pottery graffiti. 
The results here seem to be consistent with this suggestion. 

5. Frequent Texts: A Case Study

Four texts in M77 appear unusually large number of times and together 
account for about 8% of the total number of lines of texts and 4% of the 
total sign occurrences. These texts are (89, 328), (87, 328), (95, 328) and 
(48, 342, 176). The positional distribution of the sign combinations in these 
texts is given in Table 7. 

It can be seen from Table 7 that the sign combinations appear mostly 
as solo (independent) texts and very rarely as part of longer texts. The 

Table 7. Positional distribution of sign combinations in the four most frequent 
texts.

Serial 
No.

Sign 
Combination Image

Frequency of occurrence

Solus Initial Medial Final Total

1 89, 328 111 3 0 10 124

2 87, 328 74 1 0 3 78

3 95, 328 50 4 3 1 58

4 48, 342, 176 41 1 0 4 46
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distributions of these four texts with sites and types of objects are given in 
Tables 8 and 9 respectively. 

As can be seen from Tables 8 and 9, almost all occurrences of these 
texts are on sealings and miniature tablets from Harappa. At Harappa, 
these texts account for about 23% of the texts on sealings and 36% of the 
texts on miniature tablets. These are usually two or three sided objects 
(prism-shaped), sometimes with texts written on both sides and a field 
symbol (often one or more circles with a dot) on the third side. In order 
to explore the relation between these frequent texts we analysed all the 
texts that appear on the other side of the objects having the text (48, 342, 
176) on one side. In Fig. 12 we provide a Venn diagram of the four most 
frequent texts.

Table 8. Distribution of the four most frequent texts with sites.

Serial 
No. Text Text image

Frequency of occurrence

MD HP LL KB CH OH WA Total

1 89, 328 0 111 0 0 0 0 0 111

2 87, 328 0 73 0 1 0 0 0 74

3 95, 328 0 50 0 0 0 0 0 50

4 48, 342, 176 1 39 0 1 0 0 0 41

Table 9. Distribution of the four most frequent texts with object types.

Serial 
No. Text Text 

image

Frequency of occurrence

S SL MT CT PG IB BI Misc. Total

1 89, 328 0 49 62 0 0 0 0 0 111

2 87, 328 0 37 37 0 0 0 0 0 74

3 95, 328 0 9 41 0 0 0 0 0 50

4 48, 342, 176 0 3 37 0 0 1 0 0 41
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It can be seen from Fig. 12 that the text (48, 342, 176) seems to be a 
common thread for the texts (89, 328), (95, 328), (87, 328) and (267, 402, 
149) occurring on other side of these objects. For instance, the text (89, 
328) appears 24 times with the central text (48, 342, 176) and 100 times 
with others (Fig. 12). Furthermore, the texts (89, 328), (95, 328), (87, 328) 
do not appear back to back on the same object. 

Thus objects with the text (48, 342, 176) on one side have either of 
the texts (89, 328), (95, 328) and (87, 328) on the other side in different 
instances.3 The latter texts share similarity in their structure and seem to 
have some contextual relation with the text (48, 342, 176).

6. Discussion and Conclusions

The Indus valley civilisation was a complex civilisation with such a 
humungous spread that it could not have been homogenous in space or 
time (Vahia and Yadav 2011). One of its most mysterious creations is 
its script that has defied decipherment in spite of more than a century 
of efforts. This is mainly due to the paucity of data, absence of bilingual 

3 There are two cases when the miniature tablets containing the text (48, 342, 176) 
have writing on two other sides. In one such case the two other texts are (89, 328) and 
(89, 328). In the other case, the two other texts are (267, 402, 149) and (89, 328).  

Figure 12. Venn diagram of the four most frequent texts in M77. The number 
of times a pair of texts appears on different sides of objects is marked in the 
overlapping region of the Venn diagram.
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or multilingual texts, lack of knowledge of language(s) spoken by the 
Indus people and apparent discontinuity of traditions at the decline of the 
civilisation. 

Various types of inscribed objects containing the Indus script have been 
discovered at several sites of the Indus valley civilisation that are often 
separated by hundreds of kilometres. Around 85% of these objects have 
been excavated from Mohenjodaro and Harappa alone, the two major 
sites of the Indus valley civilisation and remaining 15% of the objects 
are from other sites (Table 1). Moreover, about 80% of these objects are 
in the form of seals and sealings and remaining types of objects (such 
as miniature tablets, copper tablets, pottery graffiti, ivory or bone rods, 
bronze implements etc.) comprise about 20% of the data in M77 (Table 
2). A comprehensive study of the Indus script therefore needs a far more 
holistic approach so that it can be related to its contextual parameters and 
its content or implied meaning can be understood (Fig. 2). 

One of the outstanding features of the Indus script is its compact format 
(the inscribed objects are generally a few square centimetres in size) and 
its large spread. We know that the Indus valley civilisation was extensive 
in its reach and it sourced raw materials from vast distances (Law 2011). 
Moreover, samples of objects inscribed with the Indus script have been 
found at most of its sites. The spread of the script over large distances 
suggests that the level of coding and standardisation of the script must 
have been very precise and most of the script, within a given context (such 
as a specific type of object) may have permitted only small fluctuations. 
This is well borne out of our study.

The Indus writing seems to be a complex mix of multiple pieces of 
information, of different times and of different kinds of records. Our study 
of the structural aspects of the script (Yadav 2012, Yadav et al. 2010, Rao 
et al. 2010, Rao et al. 2009a, b, Yadav et al. 2008a, b) suggests that the 
Indus texts have an underlying logic in their structure and seem to be 
dictated by certain set of rules. Even a first order (bigram) model of the 
Indus script is able to predict missing signs in the texts with about 75% 
accuracy (Yadav et al. 2010, Rao et al. 2009b). However, the significant 
difference in the rules of the written material found at West Asian sites 
from that of the Indus sites suggests that the script was versatile enough to 
code different content (Rao et al. 2009b).

Yadav and Vahia (2011b) have shown that about 63% of the signs in 



 Sensitivity of Indus Script to Site and Type of Object 97

the sign list are ‘composite signs’ that is, they are created by either merger 
of two or more ‘basic’ signs or by adding special ‘modifiers’ to the ‘basic’ 
signs. However, the high frequency of usage of some of the composite 
signs and their evolution into more complex variants suggests that, once 
identified, these composite signs became part of the core signs. The usage 
of the ‘modifiers’ at almost all sites also suggests that the manner of 
modifying the signs was universally agreed upon over the entire area of 
the Indus valley civilisation (Yadav and Vahia 2011b). 

We therefore need to understand the level of non-uniformity in the 
Indus script against conditions where uniformity seems to be the norm. For 
instance, although the set of the 67 most frequent signs which accounts for 
80% of the data in M77, often accounts for similar percentage of data for 
all sites and types of objects (Tables 3 and 5), the relative contribution of 
each of these 67 signs fluctuates across various sites and types of objects 
(Figs. 8 and 9). It is therefore important to study the fluctuations in various 
aspects of the Indus script (such as text lengths or sign usage) with respect 
to different contextual parameters (such as sites or object types). 

Our study clearly demonstrates that the type of object, the length of the 
written texts and the usage of signs are a complex set of parameters that 
are sensitive to the sites from which the writing is discovered. There are 
small and subtle variations across sites and types of objects but no large 
and dramatic variations suggesting that the level of standardisation was 
large. The small variations suggest that even within this framework, some 
local freedom was permitted. This shows that the Indus valley civilisation, 
though highly standardised in several aspects (as seen from other evidence, 
see for e.g. Vahia and Yadav 2011) was not fully homogenised. 

In particular, we find that the largest site, Mohenjodaro seems to have a 
bias towards the seals while Harappa seems to have a bias towards sealings 
and miniature tablets (Fig. 4). It is normally assumed that sealings (being 
impressions of seals) were created using seals and hence we must find the 
seal for every sealing. However, while it has been known that not many 
seals corresponding to the sealings have been found, the statistical study 
here shows that in fact, in terms of text length distribution and usage of 
signs, seals and sealings are significantly different (Figs. 11a, 11b). This 
implies that the seals used to make these sealings are not present in the set 
of objects that have survived and discovered from various sites. 

The apparent preference of texts of length five and eight in some of 
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the cases is also significant as is the fact that the texts of lengths 9 to 14 
are found exclusively on seals and sealings. Yadav et al. (2008b) have 
segmented longer texts by identifying text enders, text beginners and 
frequent sign combinations. They have shown that most of the longer texts 
seem to be a combination of smaller texts, something that was anecdotally 
suggested by Mahadevan (1978) and Parpola (1994). Moreover, there 
are important site and object type specific differences in sign usage, 
which cannot be, overlooked (Tables 4a, 4b and 6a, 6b). Any model of 
interpretation of the Indus script must therefore include site of occurrence 
and type of object as potential sources of fluctuations. 

The differences in the results derived from the comparison of text length 
distributions and the usage of signs across different sites and types of 
objects should be studied carefully. The dissimilarity between Mohenjodaro 
and Harappa and the similarity between Mohenjodaro and Lothal remains 
unaffected with respect to both these parameters (Figs. 10a and 10b). 
Although Harappa is closest to Kalibangan with respect to its text length 
distribution, it is quite distinct in its sign usage not only from Kalibangan 
but also from all other sites (Figs. 10a and 10b). The uniqueness of the data 
from West Asian sites is also evident from this study.

In case of objects, the distance between sealings and miniature tablets 
is least in terms of their usage of signs. Seals are found to be closest to 
pottery graffiti with respect to usage of signs and this result is consistent 
with Kenoyer (2006). The study suggests the origin of the signs of the Indus 
script in pottery graffiti and shows that beginning with a much larger set 
of strokes in pottery graffiti, the Indus script in its final format uses some 
select number of signs. The question addressed here is whether there were 
further preferences in the use of signs on different types of objects and at 
different sites. 

It is also possible that some of the signs in the sign list of M77 could be 
stylistic variants of the same sign. This is implied by the high frequency of 
occurrence of the signs, sign numbers 169  and 389  on copper tablets 
and the complete absence of visually similar signs, sign numbers 162  and 
387  on copper tablets. A detailed analysis of the stylistic variations of 
the signs across object types and sites can throw more light on this. With 
the present framework, it should now be possible to check such suggestions 
more vigorously by doing site and object type sensitive analysis with a 
prior knowledge of affinity brought out by the study. 
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The Indus valley people had attained a high level of uniformity in 
various aspects of their lives. Moreover, the Indus writing was not an act of 
casual creation but involved a complex activity with a carefully designed 
script (Yadav and Vahia 2011b) and often, extensive addition of non-script 
material (field symbols) on the inscribed objects. While there is a common 
thread of rules and grammatical structures that are fairly well obeyed 
in the Indus writing, the present study suggests that writing on different 
types of objects and at different sites do have individualistic clues to their 
content. Further studies on the use of various motifs on the inscribed 
objects, the shifts in the designs of signs and stratigraphy will add more 
clarity to this extremely complex problem.
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Appendix

67 most frequent signs with their frequency in M77. 
(Sorted in decreasing order of frequency)
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