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Iconicity and biomechanics in the historical reconstruction of sign languages:
A case study of the movement parameter in the Old LSF family
Donna Jo Napoli (Swarthmore College) and Nathan Sanders (University of Toronto)
Sign languages seem not to be amenable to traditional historical reconstruction via the
comparative method, making it difficult to replicate the successes achieved in the diachronic
study of spoken languages. We propose to alleviate this difficulty with an alternative approach
that draws upon both iconicity and biomechanics, especially the drive for reducing articulatory
effort. We offer a preliminary, and necessarily speculative, demonstration of this approach with
an analysis of the movement parameter in the signs for ATTENTION in French Sign Language and
languages related to it. We show how consideration of iconicity and biomechanically natural
changes can be enough to reconstruct a plausible movement parameter for the source sign and to
explain the historical development of its modern descendants, even those that are superficially
dissimilar. This method confirms known relationships and adds new evidence in support of
suspected relationships, helping to fill in a methodological gap in the diachronic study of sign
languages.
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1 Introduction
Comparative reconstruction has long been a successful enterprise for spoken languages.
However, the same historical tools used for the analysis of spoken languages have not had the
same successes for sign languages, for a variety of reasons, including their higher degree of
iconicity. We propose a partial solution to these problems with an alternative approach that takes
iconicity as an important part of the analysis, rather than an obstacle. In addition, given the
significant differences in articulatory masses between spoken and sign languages, we also
crucially draw upon biomechanical principles, with reduction of articulatory effort playing a
central role. We explore how to combine these concerns for both iconicity and biomechanics to
aid in the comparative reconstruction of source signs for a family of languages. As a case study,
we offer a preliminary historical analysis of the movement parameter in the signs for ATTENTION
in French Sign Language (langue des signes française, LSF) and other languages which are
known or suspected to be derived from an older form of LSF, forming what we call the Old LSF
family.1 By considering both iconicity and biomechanics, we can reconstruct a plausible form of
attention for Old LSF from which the modern signs in the family can be derived through
expected articulatory changes. Our method explains all of the observed differences in the modern
forms, confirms known membership in the Old LSF family, and adds evidence in support of
other suspected members.
1

In the sign language literature, we find a range of ways of referring to earlier stages of sign languages. Frishberg
(1975) talks about “Old French Sign Language”, and contrasts “old forms” to “modern forms” for American Sign
Language. Supalla (2004) talks about data from “early ASL” in contrast to data from “modern ASL”. Woodward
(2011) talks about “original” sign languages, such as “Original Costa Rican Sign”. Fischer (2015) compares “old”
versions of signs to “current” versions and mentions “older ASL”. Further, sign scholars will often compare the
signs of “older” signers to those of “younger” signers when talking about diachronic change (as in McCaskill et al.
2011). We opt here to use the term “old” which seems to have the most general use in historical work on sign
languages and which we treat as roughly comparable to the prefix “proto-” standardly used for historical
reconstruction in work on spoken languages.
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We begin in Section 2 with a review of the background of the diachronic study of sign
languages. We also discuss the movement parameter in sign languages, the key articulatory
property of interest in our study. We explain what it is, why we choose to focus on it, and what
predictions we make about how it is expected to change over time. In Section 3, we describe the
source and nature of the data set we are working with, which comes from the Spreadthesign
database. Then in Section 4, we provide historical background on the languages of interest in the
Old LSF family. The core of our analysis is given in Section 5, where we detail the
reconstruction of the lexical item ATTENTION in the Old LSF family, demonstrating the
mechanics of how our proposed methods work, helping to confirm the known constituency of
Old LSF, and offering suggestive evidence for certain other speculated members of the family.
We summarize our key results in Section 6, discussing the consequences of our analysis and
offering suggestions for future work of this type.
2 Historical change and the movement parameter
In this section, we discuss some of the problems with attempting historical analysis of sign
languages, with a focus on the role of iconicity (Section 2.1). We then discuss the movement
parameter, which is the focus of our study (Section 2.2), offering predictions for the types of
biomechanically natural changes we expect to find in the movement parameter (Section 2.3).
2.1 Issues in the historical study of sign languages
Despite more than forty years of research, fundamental questions persist in studying the
historical development and relationships of sign languages. While sign languages undergo many
of the same kinds of diachronic changes that spoken languages do and are subject to comparable
issues of language politics that aim toward standardization (Pfau & Steinbach 2006), determining
genetic relatedness among sign languages is not straightforward (Padden 2011; Woodward
2011). For most sign languages, there is little to no available data from earlier periods. A notable
exception is American Sign Language (ASL) (Long 1910; Supalla 2001; 2004), and ongoing
longitudinal work is being done on other languages, such as Portuguese Sign Language of the
Azores (Moita et al. 2018) and Nicaraguan Sign Language (Matt Dye, personal communication,
September 2018). Further, for many sign languages, we do not have enough contemporary data
to do reliable comparative or internal reconstruction (but see the SIGN-HUB research project, a
four-year project funded by the European Union’s Horizon 2020 Research and Innovation
Programme; SIGN-HUB is collecting data from six sign languages, including data from elderly
signers, which promises to be an important source for apparent time analysis of diachronic
change in these languages; Bailey et al. 1991). It is thus not surprising that there are often
conflicting analyses in the literature.
To complicate matters, although sign language communities do not often come into
contact with each other, influence from contact is still significant. The first school for the deaf in
a given country is often established by bringing in teachers from a school for the deaf in another
country, and because that school then tends to serve as the parent school for the national sign
language, the resultant language contact is more pervasive than the kind normally associated
with trade interaction; the contact permeates the language. In these settings, the language(s) used
by the instructors mixes with the varieties of signing that the students bring, so much so that
certain sign languages may be best analyzed as creoles, as is sometimes argued for ASL (as in
Woodward 1978; but see thorough critique in Kegl 2008).
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Additionally, the issue of iconicity complicates crosslinguistic comparative study of sign
languages, given its high incidence at both the lexical and sublexical level (Pizzuto et al. 1995;
Pietrandrea & Russo 2007; Lepic et al. 2016; Wilcox & Occhino 2016). We follow Perniss and
colleagues (2010) in viewing lexical items as iconic if they exhibit regular correspondences
between form and meaning motivated by experience with the real world. Many signs originate as
highly iconic, often using metaphor as the base for the iconicity (Wilcox 2000; Taub 2001; Meir
2010) or deriving from cross-modal linked mappings (Napoli 2017), so that unrelated languages
which have had little or no contact might still have the same or similar signs for a given
meaning. Of course, iconicity is not absolute; it can vary arbitrarily across languages, even those
that are genetically related, such as ASL and Italian Sign Language (lingua dei segni italiana,
LIS), which can have very different iconic signs for the same concept. For example, TREE and
DANCE are both signed with whole-entity classifiers in ASL, but in LIS, TREE is signed with an
outline-perimeter classifier, while DANCE is signed with embodiment.2 Which properties of the
real world are used as the base for a sign can vary so much that it can be difficult to recognize
the iconicity involved in the articulation of the sign without knowing its meaning. Further, a
sign’s iconic origins can be lost when it becomes part of an organized linguistic system (Verhoef
et al. 2016), so not only may unrelated languages appear related due to shared iconicity, true
genetically shared iconicity may also be obscured. Thus, neither the presence nor absence of
shared iconicity can be relied upon for determining shared history.
Such problems could theoretically be mitigated by something akin to the Neogrammarian
hypothesis of regularity in sound change (Leskien 1876: xxviii; Osthoff & Brugman 1878: xiii),
which has long been an important and powerful tool in the historical analysis of spoken
languages. However, it does not seem applicable to sign languages (Moser 1990). Of course,
spoken languages do not actually change in a perfectly regular way (see Labov 1981 for an
overview), but the difference between modalities is still stark. For example, in the development
of modern English, the Middle English long high front vowel /iː/ generally diphthongized to /aɪ/
in all words as part of the Great Vowel Shift (Luick 1896; Jespersen 1909), but we do not see
analogous cases of regular phonological change in sign languages, such as the B-handshape
changing to the 5-handshape in all signs, or all two-handed signs becoming one-handed, or all
signs articulated on the forehead changing location to the cheek.
We suggest that the apparent lack of such regular phonological change in sign languages
is due to their high degree of iconicity. This strong iconicity gives sign languages a tighter link
between form and meaning than that found in spoken languages. Since semantic change is wellknown for being largely sporadic rather than regular (Lehrer 1985: 283; Hock 2003: 456), this
sporadic characteristic may be transmitted to the phonology via their tight iconic link, so that the
inherent resistance of regular change in the semantics is shared with the phonology in sign
languages (cf. Taub 2001: 229). This is supported by how phonological change in spoken
languages similarly resists regularity when there is a tight iconic link to the semantics, as with
onomatopoeia and other expressive or mimetic lexical items (see Mithun 1982 for numerous
examples and references). Jespersen’s (1922: 288, 406) classic example is the modern English
word peep ‘chirp’, which should be pronounced with the same vowel as its cognate pipe ‘flute;
tube’ due to the Great Vowel Shift. However, the /i/ of peep better retains the iconic sound of a
baby bird chirping than /aɪ/ does, so the onomatopoetic use of the original word resisted the
regular phonological change that altered its pronunciation it in its other uses. We propose that
2

For ease of cross-linguistic comparison, we use English glosses in small capitals when referring to signs. Extra
disambiguating information is provided when necessary.
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this same principle is at work in sign languages, just to a greater degree due to the more
extensive use of iconicity, to the point that regular phonological change is blocked in sign
languages completely, so that only sporadic phonological change can occur.
Alternatively, it is possible that sign languages do in fact undergo some sort of regular
phonological change for some appropriate phonological unit (i.e. the sign language analogue of
the spoken language segment), which would mean that sign language phonology is not yet
understood well enough for us to know what that may be. However, such a unit may not even
exist (Wilbur & Petersen 1997), which would explain why it has not yet been found. Regardless,
we cannot rely on Neogrammarian regularity, so our ability to conduct historical reconstruction
on sign languages is necessarily limited.
2.2 The movement parameter
In spite of the difficulties faced by historical work on sign languages, many linguists have forged
ahead (as in the pioneering work of Frishberg 1975 and Woodward 1978). In particular, the
apparent lack of Neogrammarian regularity necessitates looking for broad tendencies in
similarity to support claims of historical relatedness among sign languages. To that end, it is
generally assumed that the appropriate degree of similarity involves comparison of the
distinctive manual phonological parameters, which include (at most): handshape, location,
orientation, and movement (although some argue orientation is a feature of handshape; see
Sandler 1989). McKee & Kennedy (2000: 48) propose that two signs count as related only if
they differ by at most one parameter, though this may be too strict, since true cognates in spoken
languages can show wide variation in both form and meaning. For example, Armenian սար (sar)
‘mountain’, Greek καρότο (karóto) ‘carrot’, Lithuanian širšė ‘hornet’, and Old Norse hreinn
‘reindeer’ are not superficially similar in form or meaning, but they are cognates that all
ultimately derive from the Proto-Indo-European root *ḱer- ‘head, horn’ (Pokorny 1959: 574–
577; Mallory & Adams 2006: 137; Watkins 2011: 41–42).
The movement parameter has been reported by signers to be the most salient parameter
for recognizing signs, either alone for non-native signers or in combination with other parameters
for native signers (Corina & Hildebrandt 2002; Corina & Knapp 2006; Dye & Shih 2006;
Orfanidou et al. 2009), thus understanding how movement changes is critical to any historical
study of sign languages, and it is the main object of our study here. We show that recognizing
sameness in movement requires recognition of plausible changes to a hypothetical source that
may be quite different from the modern forms and that may obscure similarity across related
languages (as with սար (sar), καρότο (karóto), širšė, and hreinn). Specifically, we show that the
movement parameters of cognate signs can look quite dissimilar until one takes into account the
full history of the proposed older form and subsequent changes. However, without being able to
rely on regularity of change, reconstructing older forms and changes for sign languages is more
difficult and less reliable than it is for spoken languages.
The movement parameter is complex, at minimum involving direction of movement,
shape of path, iteration, size of path, and speed. Of these, we focus primarily on the first two
properties, because they are distinctive and unpredictable, while the others rarely distinguish a
minimal pair that is not morphologically related (for iteration in particular, see Berent et al.
2014). The other three involve differences in articulatory effort, which is relevant to a discussion
of the role of biomechanics in diachronic change. However, it is difficult to measure effort
differences based on size of path, and speed, while it is easy for iteration: moving along a path
multiple times requires that multiple amount of effort more compared to moving along that path
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once. For this reason, we also take iteration into account. For our purposes, iteration requires
repeated movement in the same direction; thus, moving forward and then backward along the
same path is not iteration, just a return movement, but moving forward, then backward, and then
forward again would be iteration (where the backward movement is considered a transition
between the two forward movements; see Wilbur 2005).
There are two types of movement based on joint articulation: primary and secondary.
Primary movement involves articulation of the shoulder and/or elbow joint, causing the entire
hand to trace a route through space or on the body. Primary movement is often called path
movement, and the route it traces is called a path. Secondary movement involves only the other
joints of the manual limb (radioulnar, wrist, base knuckles, and/or interphalangeal knuckles) and
does not cause the entire hand to trace a path. Nevertheless, secondary movement can cause most
of the hand to trace a route through space. For example, in the ASL sign BOUNCE, articulated
with a 5-handshape and wrist flexion and extension, the fingers and palm (but not the wrist) trace
a visually salient arc through space. The important distinction between the two types of
movement is that primary movement always involves the entire hand, including the wrist,
moving along a path, while secondary movement always keeps at least the wrist in a fixed
location (though it might rotate in place due to radioulnar articulation).
2.3 Predicted historical changes to the movement parameter
Research over the past forty years has brought to light a number of processes that affect the
articulatory shape of sign languages (see Napoli et al. 2014 for an overview), especially with
respect to the movement parameter, most often for articulatory ease by reducing mass,
acceleration, or distance traveled. Here, we catalogue some of those processes as the list of
predicted types of changes in (1)–(9), which can be used to work backwards for historical
reconstruction of older forms.
(1)

Iteration Loss: Repeated movement along a path in a given direction is reduced to a
single movement in that direction to reduce distance traveled and acceleration forces
from direction changes, as found in lexicalization of compounds (Liddell & Johnson
1986; Corina & Sandler 1993; Wilbur 2017).

(2)

Weak Drop: A two-handed sign with reflexively symmetric movement across the
midsagittal plane changes to a one-handed sign by not using the nondominant hand at all
(Frishberg 1975; Padden & Perlmutter 1987; Zimmer 2000), to reduce the total amount of
moving mass (Napoli et al. 2014).

(3)

Weak Freeze: A two-handed sign with reflexively symmetric movement changes to a
two-handed sign with only one hand moving by keeping the nondominant hand in a fixed
position (Padden & Perlmutter 1987; Mak & Tang 2011) to reduce the total amount of
moving mass (Napoli et al. 2014).

(4)

Joint Freeze: One or more joints are subtracted from the articulation of a sign to reduce
the total amount of moving mass, with the shoulder and elbow being particularly prone to
Joint Freeze (Meier et al. 2008; Napoli et al. 2014).
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(5)

Joint Graft: One or more joints are added to the articulation of a sign, usually the
radioulnar or wrist in conjunction with Joint Freeze of a more proximal joint to maintain
the overall visual shape of the path (Mirus et al. 2001; Crasborn & van der Kooij 2003;
Meier et al. 2008; Napoli et al. 2014).

(6)

Torque Reduction: Movement changes to avoid incidental torso twisting or rocking to
reduce the reactive effort needed to maintain a stable torso, with twisting being
particularly more unstable than rocking (Sanders & Napoli 2016a; b).

(7)

Lowering: The location at which a sign is articulated is lowered to reduce the lift needed
in raising the hands to a higher location (Tyrone & Mauk 2010).

(8)

Location Undershoot: Movement to a target location is cut short to reduce the distance
traveled, and thus, the effort (Brentari & Poizner 1994; Poizner et al. 2000; Mauk 2003).

(9)

Midsagittal Symmetry: Other types of symmetry give way to reflexive symmetry across
the unmarked midsagittal plane to reduce cognitive effort of muscle coordination
(Frishberg 1975; Napoli & Wu 2003) and perhaps also to ease perception (Mechsner et
al. 2001; Ferrara & Napoli forthcoming).

All of these predicted types of changes are based on the biomechanical drive for ease of
articulation except Joint Graft (5). If articulatory ease were the only factor in diachronic change
in sign languages, we would expect that all sign languages would change over time to make use
of an increasing number of one-handed signs with minimal movement. However, the drive for
articulatory ease is tempered both by a drive to maintain perceptual distinctiveness, as in spoken
languages, and by the pressure to iconically align form and meaning (see Napoli 2017 for an
overview of the evidence for this pressure). Instead, our point here is that focusing primarily on
effort, with particular attention to joints and axes of movement, is potentially useful for
confirming historical relationships between languages via comparative reconstruction. We
demonstrate this point with data from an online corpus representing nearly forty languages.
3 The Spreadthesign database
Spreadthesign (STS; https://www.spreadthesign.com/) is a large database of signs maintained by
the European Sign Language Centre in Örebro, Sweden. STS began in 2006 and continues to
expand, currently containing over 432,000 total videos from 38 sign languages (as of 15 April
2019), mostly from sign languages of Europe, though other regions are also represented. We
selected STS as our source of data for this study because it is the largest available corpus of
multiple sign languages that we know of, and we believe the methods, as described to us by the
STS coordinator, Thomas Lydell-Olsen (personal communication, December 2016), to be sound.
Lydell-Olsen works with local partners in each participating country, and these partners translate
the desired database entries from English into the local spoken language and then ask signers to
present the corresponding signs. Some of the partners are deaf, and some of the hearing partners
have training in linguistics and/or interpreting and have extensive experience working with deaf
people, so it is not necessary for the signers themselves to be literate, nor are the signers subject
to influence from the spoken language or its written form during elicitation. An administrator
checks all entries for quality. STS is an extraordinarily useful trove of crosslinguistic data, often
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including variants, phrases, and whole sentences, and we applaud all the many people involved
with its establishment, growth, and administration. The present study, as well as recent largescale crosslinguistic studies like Sanders & Napoli (2016b), Östling et al. (2018), Sanders
(2018), and Yu et al. (2018), would have been significantly more difficult to undertake without
STS. That said, there are still various limitations to the STS database which we note here.
First, not all of the languages are represented for each entry, with some being particularly
underrepresented, so that complete comparisons are not always possible. However, most of the
languages are robustly represented, so while it is difficult to directly compare every language in
the database by looking at only a single entry, a patchwork analysis can be formed by comparing
overlapping groups of a dozen or more languages for multiple entries.
Further, STS’s method of gathering data by translating words from English into the local
spoken language introduces the confounding factor of ambiguity and polysemy specific to
English. For example, in the STS entry for ARGUMENT, some sign languages, such as Japanese
Sign Language (Nihon Shuwa (日本手話), have a sign that corresponds to the meaning
‘reasoning; justification’, while others, such as Croatian Sign Language (Hrvatski znakovni
jezik), instead have a sign corresponding to the meaning ‘debate; discussion’. This can present
issues when meaning is at stake, as in trying to determine the historical relationship between two
languages based on presumed cognates. Such confusion is part of a larger issue: STS, like many
sign language databases, is not a properly lemmatized dictionary (Johnston & Schembri 1999;
see also Fenlon et al. 2015 for discussion of methods for lemmatizing BSL SignBank).
In addition, some signers seem to have personal tics or incomplete understanding of what
meaning was being solicited. For example, one signer for Romanian Sign Language (limbaj
mimico-gestual românesc) often fingerspells, as in the signs for the entries CRUMBLE,
TEMPTATION, and VENGEANCE. Signers of several languages also seem to mime rather than sign
for some entries that are particularly open to mime, with exaggerated movements outside
ordinary signing space, as in many languages’ signs for the entries SWIM and BASEBALL. Often, a
signer gives a long phrase or even a sentence, perhaps because they do not know the specialized
sign or no such sign exists, as in the signs for the entry CONFRONT in Bulgarian Sign Language
(bălgarski žestomimičen ezik (български жестомимичен език)), POKE in Polish Sign Language
(Polski Język Migowy), and VENGEANCE in LIS.
Finally, some signs may be based on cultural information particular to the country, which
could prove inscrutable to an outsider without specialized knowledge. For example, some signs
are based on emblematic gestures that can accompany speech or are used independently of
language in the particular country, and thus may seem anomalous when compared to signs from
other countries for the same entry. This is true for the sign for the entry JOKE in LIS: the gesture
the sign is based on is commonly known as cornuto, the I-1-handshape, which looks like two
horns, indicating that someone is being cuckolded. Of course, this and some of the other
problems we note can be pitfalls with any linguistic elicitation, so these are not necessarily issues
confined solely to STS or even to sign languages.
4 The Old French Sign Language family
Of the languages in STS, there is robust historical and synchronic evidence that some of them
belong to the same families. One such family is the Old LSF family, which contains LSF, LIS,
ASL, Brazilian Sign Language (língua brasileira de sinais, Libras), and Mexican Sign Language
(lengua de señas mexicana, LSM). We propose that four other languages in STS, Spanish Sign
Language (lengua de signos española, LSE), Chilean Sign Language (Lengua de Señas Chilena,
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LSCh), and Indo-Pakistani Sign Language (IPSL) as used in India (notated here as IPSL-I) and
in Pakistan (IPSL-P) might also belong to the Old LSF family, though the historical evidence is
weaker. Our proposed Old LSF family tree, and its overlap with the Old British Sign Language
(Old BSL) family, is given in Figure 1, with solid lines indicating firmly established
relationships, dotted lines indicating weaker conjectured relationships, and parentheses
indicating modern languages that are either not in the direct lineage of Old LSF (i.e. BSL) or not
in the STS corpus (ISL), and thus, are not relevant to the current study.

Figure 1: The Old LSF family, with possible inclusion of LSE, LSCh, IPSL-I, and IPSL-P.
In this section, we briefly discuss known historical information about these nine
languages in the Old LSF family. We begin with the five languages in STS firmly established to
be in the family and then propose four further related languages where we believe there is
sufficiently reliable evidence to do so. We base our familial classification on available research
that presents information that allows for a reasonable expectation of particular genetic
relationships or for contact that is strong enough that one language may plausibly be profoundly
impacted by another. We conclude with discussion of some tenuous proposals about genetic
relationships that we do not adopt here.
4.1 French Sign Language (langue des signes française, LSF)
The world’s first free school for the deaf, l’Institution Nationale des Sourds-Muets (later
renamed l’Institut National de Jeunes Sourds de Paris, or INJS Paris) was founded in 1760 in
France by Charles-Michel de l’Épée, the priest known in the literature as the Abbé de l’Épée. a
Abbé de l’Epée invented a system of methodical signing, influenced by the signing of a largely
silent sect of Cistercian monks (Cagle 2010) and the syntax of French. This signed French played
a role in the formation of Old LSF (Lane 1980). The school’s success led to many of its teachers
fanning out to help establish similar schools in other countries (Berthier 1852), resulting in the
development of many new sign languages at least partially derived from Old LSF.
4.2 Italian Sign Language (lingua dei segni italiana, LIS)
Italy’s first school for the deaf, the Istituto Statale dei Sordi, was established by another abbot,
Tommaso Silvestri, in 1784 in Rome. Silvestri was sent by a Roman lawyer moved by the plight
of the deaf to INJS Paris in order to learn how to educate the deaf. After six months, Silvestri
brought LSF with him to Italy, resulting in heavy influence from LSF on LIS (Radutzky 1992;
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Corazza 1994; Pinna et al. 1994), although he also emphasized the importance of lip-reading,
which Italian readily lends itself to (Volterra & Bates 1989) (Silvestri’s methods are perhaps the
origin of the prevalence of mouthing in LIS today (Ajello et al. 1997; Roccaforte 2018), although
mouthing is still a foreign influence rather than a core component of the grammar (Giustolisi et
al. 2017)). Education primarily in sign continued in Italy until the 1880 Milan Conference.
4.3 American Sign Language (ASL)
In 1816, Laurent Clerc (another teacher trained at INJS Paris) was recruited by the American
minister Thomas Hopkins Gallaudet to help establish the first successful school for the deaf in
the United States, the Connecticut Asylum for the Education of Deaf and Dumb Persons (later
renamed to the American School for the Deaf). The students were gathered from various
northern towns and cities, including New York and Philadelphia (Tabak 2006), as well as from
the Massachusetts island of Martha’s Vineyard, where the deaf community was thriving and had
developed a robust sign language. Thus, ASL may be analyzed as a creole based on LSF (from
Clerc’s teaching) and Martha’s Vineyard Sign Language, which Groce (1985) hypothesizes may
itself have itself been influenced by a sign language of Kent, England, where many of the
residents’ ancestors had originated from, though Kitzel’s (2014) extensive study of the relevant
historical records finds no evidence of a sign language in Kent, let alone that it travelled to
Martha’s Vineyard.
4.4 Brazilian Sign Language (língua brasileira de sinais, Libras)
In Brazil, Ernest3 Huet, a deaf educator also trained at INJS Paris, helped establish the first
school for the deaf in Rio de Janeiro in 1857 (Noberto et al. 2014). Huet arrived in Brazil in
1855, so he had two years of exposure to the deaf community there before he began teaching in
the school (Campos de Abreu 1994). Nevertheless, it is likely that Huet used LSF (Quadros &
Campello 2010; Ramsey & Quinto-Pozos 2010) mixed with varieties of signing brought by the
students. Confirmation comes from Campello (2011), who studied the first dictionary of Libras,
Gama’s (1875) collection of lithographs (Sofiato 2011), and found that LSF was integrated into
an already existing indigenous sign language of Brazil.
4.5 Mexican Sign Language (lengua de señas mexicana, LSM)
Huet was later invited by the president of Mexico in 1865 to come to Mexico City and establish a
school for the deaf there (Jullian Montañez 2001). It was first housed in the Convento de San
Juan de Letrán, but then opened as the Escuela Nacional de Sordomudos in 1867. LSM thus had
initial influence from LSF (Ramsey & Quinto-Pozos 2010), which may still be noticeable today
(Currie 1999; Currie et al. 2002; Hendriks & Dufoe 2014). Beyond that, ASL might have also
had some influence on LSM in some border towns near Mexico (Quinto-Pozos 2006).
4.6 Proposed member: Spanish Sign Language (lengua de signos española, LSE)
The first public school for the deaf in Spain was founded in Barcelona in 1800 by Joan Albert i
Martí, with the help of the Jesuit scholar Lorenzo Hervás y Panduro (Quer et al. 2010). Though
Hervás had visited the school for the deaf in Rome and had been influenced by the teaching
method there, we have found no information suggesting that he learned LIS. The first private
3

Or perhaps Édouard. Sources vary in what Huet’s given name is and how his name is spelled (Bentes & Hayashi
2016: 858, fn. 3). There is speculation that Ernest and Édouard were twin brothers working in different countries
(Ernest in Brazil, Édouard in Mexico), but there is little evidence to support this (Cruz Aldrete 2008: 8, fn. 21).
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school had opened in 1775 and was converted into an institute for the deaf in 1805, and we also
know very little about methods in that school. Despite being the original home of oralism in the
mid-16th century (Gascón Ricao & Storch de Gracia y Asensio 2004; 2011), Spain has a long
history of recognition of signing, with various private educational initiatives for the deaf (Plann
1997), so it seems likely that the signing used in the Barcelona school was based on what the
children brought with them from home. Thus, we include LSE as only a possible member of the
Old LSF family via potential but unconfirmed influence from Old LIS.
4.7 Proposed member: Chilean Sign Language (Lengua de Señas Chilena, LSCh)
Founded in 1852 in Santiago, Chile, the Escuela de Sordo-Mudos (now called the Escuela de
Niños Sordos Anne Sullivan) was the first school for the deaf in Latin America, and its first
director was Eliseo Schieroni, who had been a teacher for the deaf in Milan (Herrera et al. 2009;
Herrera 2010). Given Schieroni’s experience in Italy, there is a strong possibility that LIS
provided an early influence on the development of LSCh, though we could find no direct
evidence in the literature. Furthermore, following the recommendations of the 1880 Milan
Conference, early deaf education in Chile was strictly oral, until the last half of the 20th century,
with the introduction of the bimodal Total Communication method in some schools and the 1998
founding of the Escuela Especial Dr. Jorge Otte Gabler, the first LSCh-Spanish bilingual school
(Puente et al. 2006; Herrera et al. 2009; Lissi et al. 2012). However, resistance to moving away
from oralism still remains (Herrera et al. 2009). The lack of direct historical evidence for LIS
influencing LSCh, combined with a long oralist tradition in Chile, leads us to posit LSCh as only
a possible member of the Old LSF family, via potential but unconfirmed influence from Old LIS.
4.8 Proposed members: Indo-Pakistani Sign Language (IPSL-I and IPSL-P)
The sign languages of India and Pakistan are represented separately in STS, but they are related
(Woodward 1993), being argued to have only lexical differences, thus these languages might
best be treated as regional dialects of IPSL (Zeshan 2000). We presume then that they derive
from some older single source language, which we call Old IPSL. Though Zeshan (2003: 157)
states that “IPSL is not known to be related to other sign languages of either Asia or Europe”, we
consider the possibility that the IPSL dialects may belong to both the Old LSF and Old BSL
families, via a connection between Old IPSL and Irish Sign Language (ISL), which itself was
originally influenced by BSL (via teachers of the deaf) and later by LSF (via nuns from Dublin
visiting Paris to learn how to teach deaf students) (Burns 1998; Woll et al. 2001; Adam 2012).
The first school for the deaf in India was founded in Bombay in 1885 (Desai 1930: 141),
but a few other schools were founded within the next couple of decades, including one in
Calcutta in 1895 by Jamini Nath Banerji (Stevens 1923). It is clear from early writings that
pockets of deaf people in India had been using sign languages for centuries (Dennis 2005). In the
deaf school in Bombay, a number of Irish nuns and brothers were instructors, and they were
accustomed to teaching in ISL. Thus, ISL likely mixed with the varieties of indigenous sign
languages that the students brought to the Indian schools (McBurney 2012), and due to ISL’s
mixed history, we therefore have a potential second-generation link connecting the dialects of
IPSL to both Old LSF and Old BSL.
4.9 Other conjectured relationships not pursued here
We know of no confirmed genetic relationship of LSF to any of the other languages in the STS
corpus. Conjectures about other possible relationships between sign languages abound in
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encyclopedias and large-scale typological work (such as Wittmann 1991 and earlier editions of
Ethnologue (Simons & Fennig 2019)). In particular, it is common for LSF to be claimed as an
influence on many sign languages, but a close look at the historical situations casts doubt on
those claims. We have pursued every thread to the best of our abilities and remain unconvinced
by claims concerning relationships between LSF and other languages in STS not covered in 4.1–
4.8.
For example, some claim that Austrian Sign Language (Österreichische
Gebärdensprache, ÖGS) was influenced by LSF (Wittmann 1991). The first school for the deaf
in Austria, the Taubstummeninstitut, was established in 1779 in Vienna (Dotter & Okorn 2003;
Bickford 2005), leading to the development of ÖGS. The school used a mixture of signing and
oralism developed by Joseph May and Michöl Venus, but this mixed method was abandoned
with the advent of the Austro-Hungarian Empire in 1867 (Dotter & Okorn 2003). Though the
Taubstummeninstitut was inspired by Emperor Joseph II’s visit to INJS Paris, where he later sent
May and Friedrich Stork to study the methods used there (Schalber 2015), we know of no
evidence that LSF itself was used in the Taubstummeninstitut.
Likewise, some claim that Russian Sign Language (russkij žestovyj jazyk (русский
жестовый язык), RŽJ) was influenced by LSF (e.g. Fischer 2015: 446). The first school for the
deaf in Russia was founded in Pavlovsk in 1806 and moved to Saint Petersburg in 1810
(Williams 1993; Kimmelman 2014). While one of the first teachers at the Russian school, JeanBaptiste Jauffret, was trained in Paris, he knew little sign language (Williams & Fyodorova
1993). If Jauffret’s lack of signing was typical of the early teachers, this would be a key
difference from the situation with LSCh, and there would be no opportunity for LSF to influence
the development of RŽJ, especially in the face of the long oralist tradition persisting in Russia
until bilingualism in the classroom emerged in the 1990s (Pursglove & Komarova 2003).
However, the available information on the early period of deaf education in Russia is slim, so we
do not dismiss the possibility of a relationship between RŽJ and LSF out of hand, though
Bickford (2005) finds no evidence to support such a relationship.
Note also that the Old LSF family includes languages that we do not analyze in Section 5,
either because they are not in the STS database (such as Quebec Sign Language; Carbin 1996) or
because they are in the database, but STS lacks a video for our target sign ATTENTION (as for
LSM and LSCh).
5 Exemplification of our method for ATTENTION in the Old LSF family
In this section, we compare how ATTENTION is signed across the languages in our proposed Old
LSF family. In our description of the signs, we focus on the movement parameter, which we
divide into three main components: joint articulation, axes of movement (appropriately extended
from Sanders & Napoli (2016a; b) to include one-handed signs, as discussed below), and
iteration. We treat these components as the atomic primitives of movement for the purposes of
comparative reconstruction, somewhat analogous to place or manner of articulation in spoken
languages. For example, given the cognates brother (English), frāter (Latin), bhrā́ tar (Sanskrit),
and pracar (Tocharian A) (Adams 2013: 455), it is reasonable to reconstruct some sort of labial
obstruent at the beginning of the proto-word for ‘brother’, since the initial consonant in all four
descendant cognates is a labial obstruent. Similarly, if a set of cognate signs all have articulation
of certain joints in common, it is reasonable to reconstruct articulation of those joints in the
source sign.
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We do not attempt to account for all articulatory details here. Our goal is to show the
potential benefits of a biomechanical approach to the historical development of the movement
parameter specifically, though this may sometimes entail looking at other components of a sign,
which we discuss when relevant. Because we are looking at broad patterns and not strictly
regular correspondences, we consider all signs equally in our reconstructions, even though some
sign languages are more closely related to others within their family.
Our choice of ATTENTION as our comparison item warrants discussion. In particular, this
sign lends itself to an iconic representation, and, in fact, is iconic in many languages in STS. As
noted in Section 2.1, while this could lead to accidental similarity, when a group of languages
pattern together for multiple different signs, using the same iconic bases when a variety of
possible iconic representations are available, we can be more secure in positing a familial
relationship. Further, working with signs more prone to iconic representation makes it easier to
reconstruct a hypothetical source sign, under the assumption that it would have likely been
highly iconic. Of course, further work along the lines presented here would need to use a larger
set of comparison signs across a range of possible iconicity types.
An interesting result of pursuing the discussion of iconic signs with respect to
biomechanical principles is that we are offering an additional explanation (see Zeshan 2015 and
Napoli 2017 for others) for why signers of one language often catch on to another sign language
more quickly than speakers of one language to another spoken language: signers are used to
applying biomechanical principles to reduce effort in their daily conversation, and given the
higher degree of iconicity in sign languages than in spoken languages, signers may be able to
mentally undo that effort reduction to recognize the underlying iconic sources, much as we are
presenting here in the analysis of the Old LSF family’s signs for ATTENTION.
5.1 The signs for ATTENTION
The Old LSF family potentially contains nine languages from STS, including IPSL-I and IPSL-P
from overlap with the Old BSL family. Six of those languages have one sign for ATTENTION in
STS, and one language, IPSL-P, has two variant signs which we treat separately (notated here
with subscript 1 and 2 on the language name: IPSL-P1 and IPSL-P2), for a total of eight signs in
the analysis (LSM and LSCh are not represented). Note that the Libras sign is no longer on STS
as of July 2018, but we had downloaded and analyzed the video when it was there in spring
2016, so we include it for completeness, though its inclusion or exclusion does not impact the
analysis. Although all eight signs are different, six of them (LIS, ASL, Libras, LSE, IPSL-I, and
IPSL-P2) have notable similarities (exemplified here by the sign from LSE in Figure 2), with an
easily imagined common source.

Figure 2: The LSE sign for ATTENTION (video available on STS at
https://media.spreadthesign.com/video/mp4/5/18629.mp4).
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The remaining two, the LSF sign (Figure 3) and the IPSL-P1 sign (Figure 4), may initially look
different from the other six, but careful consideration of the relevant biomechanics and the
individual components of movement allows us to reconstruct a likely common source for all
eight signs.

Figure 3: The LSF sign for ATTENTION (video available on STS at
https://media.spreadthesign.com/video/mp4/10/18623.mp4).

Figure 4: The IPSL-P1 sign for ATTENTION (video available on STS at
https://media.spreadthesign.com/video/mp4/40/423049.mp4).
5.2 Comparison of non-movement components
Six signs use two hands with movement that is reflexively symmetrical across the midsagittal
plane (hereafter 2HRM), while the signs from LIS and IPSL-P1 use one hand (hereafter 1H). All
eight signs have an initial location in the general vicinity of the eyes, with the signs from LSF
and Libras articulated below the eyes, the sign from IPSL-I articulated above and to the outside
of the eyes, and the remaining five articulated at the outsides of the eyes; all eight move forward
to a final location in space in front of the face or neck not far from the initial location.
Five of the signs use the B or flat-B-handshape (which we conflate here as simply Bhandshape) and have the palms oriented contralaterally (CL) and fingers oriented up (U); two of
these (IPSL-I and IPSL-P2) change the finger orientation from up to away (U>A) by elbow
extension plus slight ulnar flexion at the wrist, as shown in Figure 5 for IPSL-P2.
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Figure 5: The IPSL-P2 sign for ATTENTION (video available on STS at
https://media.spreadthesign.com/video/mp4/40/429725.mp4).
LSF uses an upward-pointing 1-handshape initially facing towards (T) the speaker, and then
slightly rotates the hands to face almost contralaterally while converting the handshape into a
bent-1, keeping the finger orientation up. Note that we follow the literature (see especially
Wilber 1979) in treating finger orientation as the direction in which the hand-internal finger
bones (the metacarpals) point, that is, the direction the back of the hand points from wrist to base
knuckles; thus, the handshape change in LSF does not alter finger orientation, which remains up
throughout. Libras and IPSL-P1 use a V-handshape; in Libras, the palm faces away (A) from the
speaker with the fingers oriented up, while in IPSL-P1, the palms face towards the speaker with
contralateral finger orientation. These components of the eight signs are summarized in Table 1.
Table 1: Non-movement components of the signs for ATTENTION in the Old LSF family.
sym = symmetry type, loc = location, hs = handshape, p-orient = palm orientation,
f-orient = finger orientation
LSF
France
2HRM
eyes
(below)

LIS
ASL
Libras
LSE
IPSL-I IPSL-P1 IPSL-P2
Italy
USA
Brazil Spain
India Pakistan Pakistan
sym
1H
2HRM 2HRM 2HRM 2HRM
1H
2HRM
loc
eyes
eyes
eyes
eyes
eyes
eyes
eyes
(sides) (sides) (below) (sides) (above, (sides)
(sides)
sides)
hs
1>bent-1
B
B
V
B
B
V
B
p-orient T>CL
CL
CL
A
CL
CL
T
CL
f-orient
U
U
U
U
U
U>A
CL
U>A
Given these non-movement components, if these eight signs all came from the same
source, it was almost certainly a 2HRM sign (with LIS and IPSL-P1 undergoing Weak Drop (2))
articulated near the eyes (probably at the sides). The original source sign probably also involved
the B-handshape, with the palms oriented contralaterally and the fingers oriented up. Thus, the
signs from ASL and LSE may be the most conservative with respect to non-movement
components.
5.3 Comparison of the movement parameter
With respect to joint articulation, all eight signs involve elbow movement (el). The LSF sign also
involves slight shoulder movement (sh) as the arms bounce, slight radioulnar twisting (ru) as the
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hands rotate to face each other, and interphalangeal movement (ip) due to the handshape change.
The IPSL-I sign involves shoulder movement, and like IPSL-P2, also wrist movement (wr) as the
finger orientation changes from up to away. This pattern of joint articulation is summarized in
Table 2, with each joint listed in a dedicated row for ease of comparison across languages and “” indicating that no articulation of that joint is used in the given language’s sign.
Table 2: Joint articulation in the signs for ATTENTION in the Old LSF family.
LSF
LIS ASL Libras LSE IPSL-I IPSL-P1 IPSL-P2
France Italy USA Brazil Spain India Pakistan Pakistan
sh
sh
el
el
el
el
el
el
el
el
ru
wr
wr
ip
For axes of movement, we adopt Sanders & Napoli’s (2016a; b) notation, which
describes the direction of primary movement with respect to the system of three axes in Figure 6:
away-toward (AT), up-down (UD), and left-right (LR).

Figure 6: Three axes for describing path movement (Sanders & Napoli 2016a: 281).
For signs in which both hands move, we prefix the axis abbreviation with “+” if the hands move
in the same direction along that axis or with “–” if the hands move in opposite directions; note
that the hands may move in the same direction along one axis, in opposite directions along
another, and not at all along the third, as in the ASL sign TRIANGLE, which traces the shape of a
triangle in front of the signer, moving both hands down (thus, +UD) and moving one right when
the other moves left (–LR), with no AT-movement. We extend this notation to accommodate
signs in which only one hand moves along an axis, using the prefix “•” to mark such movement.
In all six 2HRM signs, the hands move away from the signer together, resulting in +AT
movement. Additionally, in LSF, IPSL-I, and IPSL-P2, there is notable downward movement of
both hands along the UD-axis (+UD), and in the IPSL-I sign, the hands additionally begin by
moving ipsilaterally away from each other along the LR-axis (–LR movement). The two onehanded signs, from LIS and IPSL-P1, move the hand away from the signer along the AT-axis
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(•AT), with the IPSL-P1 sign also moving the hand slightly downward along the UD-axis (•UD).
These axes of movement are summarized in Table 3; as in Table 2, each row corresponds to one
axis across all languages, and “-” indicates that no movement occurs along that axis for the sign
in the given language.
Table 3: Axes of movement in the signs for ATTENTION in the Old LSF family.
LSF
LIS
ASL
Libras LSE IPSL-I IPSL-P1 IPSL-P2
France Italy America Brazil Spain India Pakistan Pakistan
+AT •AT
+AT
+AT +AT
+AT
•AT
+AT
+UD
+UD
•UD
+UD
–LR
Finally, in terms of iteration, there are two signs with true iteration (two iterations in ASL
and three in LIS; we conflate all iterations and notate them simply as “I”), four with no iteration
at all (LSE, IPSL-I, IPSL-P1, IPSL-P2), and two with small bounces at the end of the path (LSF,
Libras). This slight bounce is not distinctive for Libras according to Rachel Sutton-Spence and
Ronice Quadros de Muller (personal communication, May 2016). We take these bounces as a
likely indication of original iteration cut short, which we notate as “(I)”. The iteration component
of these signs is summarized in Table 4.
Table 4: Iteration in the signs for ATTENTION in the Old LSF family.
LSF
LIS
ASL
Libras LSE IPSL-I IPSL-P1 IPSL-P2
France Italy America Brazil Spain India Pakistan Pakistan
(I)
I
I
(I)
In Table 5, we present all three of the movement components from Tables 2–4 together
for ease of comparison, and we also offer our proposed reconstruction for these components in
Old LSF, which we justify in the Section 5.4.
Table 5: Components of the movement parameter in the signs for ATTENTION in the Old LSF
family, with proposed reconstruction for Old LSF.
LSF
LIS
ASL
Libras LSE IPSL-I IPSL-P1 IPSL-P2 Old
France Italy America Brazil Spain India Pakistan Pakistan LSF
joints
sh
sh
el
el
el
el
el
el
el
el
el
ru
wr
wr
ip
axes +AT •AT
+AT
+AT +AT
+AT
•AT
+AT
+AT
+UD
+UD
•UD
+UD
–LR
iteration
(I)
I
I
(I)
I
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5.4 Preliminary reconstruction of the Old LSF sign for ATTENTION
First, we note that the underlying iconicity of using the hands as blinders to block out peripheral
vision and direct eye gaze is apparent in all the languages except LSF, so we take this to be the
iconic base of the original Old LSF sign. There is no obvious alternative iconicity at play in LSF,
so we derive the LSF articulation as erosion of iconicity from our reconstructed Old LSF sign via
reduction of articulatory effort. Relying on increased iconicity in the past allows us to make
informed choices about how to reconstruct the Old LSF sign.
Looking at iteration, we note that, from a biomechanical standpoint, Iteration Loss (1) is
a more natural change than iterating a sign’s movement, because Iteration Loss reduces the
amount of articulatory effort by at least half, often more. In order for the reverse change to occur,
something should be gained that would be worth the extra effort of retracing a path, such as
preserving iconicity. Here, however, there is no clear reason why an iterated version of
ATTENTION would be more iconic than an uniterated version (contrast this with a sign like CHAT,
which is iterated in every example in STS, likely because chatting itself is an iterative activity
and therefore prone to an iterative iconic representation). Thus, we propose that the source sign
in Old LSF involved iteration and that Iteration Loss occurred completely in LSE, IPSL-I, IPSLP1, and IPSL-P2, and partially in LSF and Libras, with LIS and ASL faithfully retaining iteration
from the source sign.
Reconstructing original iteration helps in reconstructing the original joint articulation. All
eight signs have articulation of the elbow, so it is trivial to reconstruct elbow articulation in Old
LSF. We might be tempted to reconstruct shoulder articulation as well, because Joint Freeze (4)
is much more common than Joint Graft (5), especially for the shoulder (cf. Napoli et al. 2014).
However, this means that the source sign was not only iterated, but involved both shoulder and
elbow articulation (presumably to keep the hands moving in a straight line along the AT-axis).
This is difficult to do, and if the source ever had shoulder articulation, it was almost certainly lost
very early and not retained in LSF or IPSL-I. Thus, we propose that the modern shoulder
articulation in LSF and IPSL-I is an innovation, and that the lack of shoulder articulation in the
other six languages is a retention from the source sign.
Similar arguments apply to the appearance of radioulnar articulation in LSF, which we
also take to be an innovation. Alternatively, radioulnar articulation could be original, perhaps all
the way from a toward to an away palm orientation, with every language but Libras stopping the
rotation halfway to face contralaterally, and then every language but LSF undergoing Joint
Freeze (4) of radioulnar articulation. We do not pursue this more complex analysis, both because
a simpler one is available and because the matter of determining stopping point of the rotation
raises difficult questions. It is also possible that the wrist articulation in IPSL-I and IPSL-P2 was
original, but again, with iteration, it is hard to articulate both joints (though not as difficult as
iteratively articulating both the shoulder and elbow), so we tentatively reconstruct only elbow
articulation for ATTENTION in Old LSF, with Joint Graft (5) in LSF, IPSL-I, and IPSL-P2.
Finally, since we propose a 2HRM source sign, and all six 2HRM signs in the Old LSF
family have +AT movement (and the 1H LIS and IPSL-P1 signs have •AT movement), it is
reasonable to propose +AT movement for the Old LSF source sign. The question is then whether
the +UD and/or –LR movements of LSF, IPSL-I, and IPSL-P2 are innovations or retentions.
Here, torso stability can provide insight. As Sanders & Napoli (2016a; b) note, +AT movement
induces a rocking torque on the torso which must be resisted by the reactive effort of activating
muscles around the abdomen. However, this torque can be mitigated by moving the hands along
other axes at the same time, changing the angle at which the forces act on the torso, and thus,
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reducing the magnitude of the torque. Thus, the addition of +UD and/or –LR movement in LSF,
IPSL-I, and IPSL-P2 can be seen as an example of Torque Reduction (6).
Overall, we see a range of degrees of change in the modern languages, which is very
much what we expect given studies of diachronic change on spoken languages. The ASL sign is
exactly the same as our reconstructed Old LSF sign, and most of the other languages differ from
the reconstructed sign in only a few components, in each case, in an expected way due to the
drive for ease of articulation. The utter normalcy of LSE with respect to the other languages is,
we believe, no accident. Although full analysis of other entries in STS is beyond the scope of this
preliminary work, we find examples (such as COLOR (noun), LATE, and RESPONSIBLE) in which
the LSE, IPSL-I, and/or IPSL-P signs are easily derivable from a single source along with
several of the other languages in the Old LSF family, while some very different signs occur
outside this family. We therefore tentatively suggest that LSE and Old IPSL are in the Old LSF
family and that the dotted lines connecting them in Figure 1 should be solid.
6 Summary and discussion
By taking both iconicity and biomechanics into account while comparing components of the
movement parameter in signs for ATTENTION, we have confirming evidence for the wellestablished membership of LSF, LIS, ASL, and Libras in the Old LSF family, as well as possible
support for suggestions that LSE, IPSL-I, and IPSL-P might be in this family as well. This
approach provides a preliminary but promising framework for reconstructing older forms of
cognate signs and clarifying historical relationships between languages.
While some languages in STS outside the Old LSF family not analyzed here (such as
those in the Old Russian Sign Language family) have very different signs for ATTENTION which
seem to be derived from a different iconic source from our proposed reconstruction for Old LSF,
there are other languages in STS whose signs for ATTENTION do have obvious similarities to
those in the Old LSF family. This could be taken as evidence in support of some speculations in
the literature concerning familial relationships not proposed here. However, where there is no
historical relationship to the other languages, we do not believe that mere similarity is sufficient.
Rather, the meaning ‘attention’ simply lends itself to being realized iconically in certain ways,
one of which seems to be the iconic base for the Old LSF family, but easily could also have
independently been the iconic base for other languages. This is an inherent problem to working
with historical analysis of sign languages, which heavily rely on iconicity. Thus, consideration of
the known historical evidence is crucial, as is looking at a wide range of signs when considering
more speculative family relationships.
Note also that what counts as the “same” iconic source may not be superficially obvious,
as with the LSF sign in comparison to the rest of the Old LSF family. With sufficient change
over time, the original source may be obscured so that true cognate signs may not be
recognizable as such. This is a problem shared with spoken languages, but it is not as easily
mitigated. With spoken languages, we can rely on the regularity of sound change to fill in gaps in
the historical record, but this seems not to be available for sign languages. Thus, we have to rely
more heavily on other principles to help reconstruct the past. In the approach proposed here, the
two primary principles at work are iconicity and biomechanics.
A direct consequence of considering the interplay between iconicity and biomechanics is
the central importance of the movement parameter, with location, handshape, and palm and
finger orientation being peripheral concerns. We assume that earlier forms of a sign will tend to
be more iconic and use more articulatory effort (perhaps dating from a time when the sign
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language was newly arising in an educational setting, where hyperarticulated citation would be
widespread), while later forms will tend to be less iconic and use less articulatory effort (as
generations of signers introduce more natural fluidity and efficiency to how signs are
articulated). Of course, this is just a general trend, so any particular case may contradict this, but
as a guiding principle, it seems useful for structuring a general method for historical
reconstruction in sign languages. This general trend toward reduction of articulatory effort would
show up most prominently in the movement parameter (especially path movement due to the
larger masses being moved by shoulder and elbow articulation; Napoli et al. 2014). Changes in
the other parameters may also be driven by articulatory effort reduction, but the articulatory
savings will generally be much smaller, so perceptual concerns may weight more heavily. Thus,
as a starting point for considering biomechanics, the movement parameter is an obvious choice.
We are also proposing that iconicity itself is an explanation for why sign languages do
not appear to be subject to Neogrammarian regularity, and thus, why iconicity holds such a
prominent place in our analysis. The inherent resistance to regular change in semantics can be
spread to the phonology where iconicity is sufficiently pervasive: in sign languages generally
and in some domains of spoken languages, such as onomatopoeia. This proposal could be
interpreted as suggesting that non-iconic signs may be subject to regular change. This would be
difficult to test, since it is hard to argue that a given sign did not originate via iconicity, since
iconicity may apply not only to visual representations that physically resemble what they mean,
but also to those that somehow evoke what they mean is some more abstract way. This second
category of iconicity is “motivated” (in the sense of Russo 2004; Perniss et al. 2010), perhaps
through some culture-based metaphor (Adam et al. 2007; Meir 2010) or perhaps through some
physiological (often somatosensory) cross-modal chain (in the sense of Napoli 2017).
Regardless, even if non-iconic signs could be neatly categorized separately from iconic signs,
their numbers may be so small that there would be no meaningful difference between regular
change and sporadic change in a few lexical items, especially since phonological change often
diffuses through the lexicon, rather than behaving categorically regular (Labov 1981). We leave
this question open, but we suspect that the pressures working against Neogrammarian regularity
in sign languages are simply too great for it take root.
Acknowledgements
We thank Thomas Lydell-Olsen for information about Spreadthesign. We also thank Matt Dye,
Ronice Quadros de Muller, and Rachel Sutton-Spence for their help with information about
various sign languages. We also thank Michela Ippolito and Guillaume Thomas for their help
with translating Italian and French sources. We also thank audiences for their feedback on earlier
versions of this work presented at the Deafness, Cognition and Language Research Centre at
University College London; the University of California, Berkeley; the University of Chicago;
and the University of Toronto’s Language Variation and Change research group.
Competing Interests
The authors have no competing interests to declare.
References
Adam, Meike, Wiebke Iversen, Erin Wilkinson & Jill P. Morford. 2007. Meaning on the one and
on the other hand: Iconicity in native vs. foreign signed languages. In Elżbieta Tabakowska,
Christina Ljungberg & Olga Fischer (eds.), Insistent images [Iconicity in Language and

20
Literature 5], 211–227. Amsterdam: John Benjamins. DOI:
https://doi.org/10.1075/ill.5.19ada
Adam, Robert. 2012. Language contact and borrowing. In Roland Pfau, Markus Steinbach &
Bencie Woll (eds.), Sign language: An international handbook [Handbücher zur Sprach- und
Kommunikationswissenschaft / Handbooks of Linguistics and Communication Science
(HSK) 37], 841–861. Berlin: De Gruyter Mouton. DOI:
https://doi.org/10.1515/9783110261325.841
Adams, Douglas Q. 2013. A dictionary of Tocharian B: Revised and greatly enlarged [Leiden
Studies in Indo-European 10]. 2nd edn. Amsterdam: Rodopi.
Ajello, Roberto, Laura Mazzoni & Florida Nicolai. 1997. Gesti linguistici: La labializzazione in
LIS [Linguistic gestures: Mouthing in LIS]. Quaderni della Sezione di Glottologia e
Linguistica – Dipartimento di Studu Medivali e Moderni – Università degli Studi «G.
D’Annunzio» di Chieti [Papers from the Glottology and Linguistics Section – Department of
Medieval and Modern Studies – D’Annunzio University of Chieti] 9. 5–45.
Bailey, Guy, Tom Wikle, Jan Tillery & Lori Sand. 1991. The apparent time construct. Language
Variation and Change 3(3). 241–264. DOI: https://doi.org/10.1017/S0954394500000569
Bentes, José Anchieta de Oliveira & Maria Cristina Piumbato Innocentini Hayashi. 2016.
Normalidade, diversidade e alteridade na história do instituto nacional de surdos
[Normalcy, diversity and alterity in the history of the Instituto Nacional de Surdos]. Revista
Brasileira de Educação [Brazillian Journal of Education] 21(67). 851–874. DOI:
https://doi.org/10.1590/S1413-24782016216744
Berent, Iris, Amanda Dupuis & Diane Brentari. 2014. Phonological reduplication in sign
language: Rules rule. Frontiers in Psychology 5(560). DOI:
https://doi.org/10.3389/fpsyg.2014.00560
Berthier, Ferdinand. 1852. L’Abbé de l’Épée: Sa vie, son apostolat, ses travaux, sa lutte et ses
succès [The Abbé de l’Épée: His life, his apostolate, his works, his struggle and his success].
Paris: Michel Lévy Frères.
Bickford, J. Albert. 2005. The signed languages of Eastern Europe [SIL Electronic Survey
Reports 2005-026]. Dallas, TX: SIL International. Online.
https://www.sil.org/resources/archives/9012, accessed 7 August 2018.
Brentari, Diane & Howard Poizner. 1994. A phonological analysis of a deaf Parkinsonian signer.
Language and Cognitive Processes 9(1). 69–99. https://doi.org/10.1080/01690969408402110
Burns, Sarah E. 1998. Irish Sign Language: Ireland’s second minority language. In Ceil Lucas,
(ed.), Pinky extension and eye gaze: Language use in deaf communities, 233–273.
Washington, DC: Gallaudet University Press.
Cagle, Keith. 2010. Exploring the ancestral roots of American Sign Language: Lexical
borrowing from Cistercian Sign Language and French Sign Language. Albuquerque:
University of New Mexico dissertation.
Campello, Anna Regina e Souza. 2011. A constituição histórica da Língua de Sinais Brasileira:
Século XVIII a XXI [The historical development of Brazilian Sign Language: The 18th to
the 21st centuries]. Revista Mundo & Letras [World and Literature Journal] 2. 8–25.
Campos de Abreu, Antonio. 1994. The deaf social life in Brazil. In Carol Erting, Robert C.
Johnson, Dorothy L. Smith & Bruce D. Snider (eds.), The Deaf way: Perspectives from the
International Conference on Deaf Culture, 114–116. Washington, DC: Gallaudet University
Press.

21
Carbin, Clifton F. 1996. Deaf heritage in Canada: A distinctive, diverse, and enduring culture.
Toronto: McGraw-Hill Ryerson.
Corazza, Serena. 1994. The history of sign language in Italian education of the deaf. In Carol
Erting, Robert C. Johnson, Dorothy L. Smith & Bruce D. Snider (eds.), The Deaf way:
Perspectives from the International Conference on Deaf Culture, 186–193. Washington, DC:
Gallaudet University Press.
Corina, David P. & Ursula C. Hildebrandt. 2002. Psycholinguistic investigations of phonological
structure in ASL. In Richard P. Meier, Kearsy Cormier & David Quinto-Pozos (eds.),
Modality and structure in signed and spoken language, 88–111. Cambridge: Cambridge
University Press. DOI: https://doi.org/10.1017/CBO9780511486777.005
Corina, David P. & Heather P. Knapp. 2006. Lexical retrieval in American Sign Language
production. In Louis M. Goldstein, Douglas H. Whalen & Catherine T. Best (eds.), Papers in
laboratory phonology 8: Varieties of phonological competence [Phonetics and Phonology 4],
213–240. Berlin: Mouton de Gruyter.
Corina, David P. & Wendy Sandler. 1993. On the nature of phonological structure in sign
language. Phonology 10(2). 165–207.
Crasborn, Onno & Els van der Kooij. 2003. Base joint configuration in Sign Language of the
Netherlands: Phonetic variation and phonological specification. In Jeroen van de Weijer,
Vincent J. van Heuven & Harry van der Hulst (eds.), The phonological spectrum. Volume I:
Segmental structure [Current Issues in Linguistic Theory 233], 257–287. Amsterdam: John
Benjamins. DOI: https://doi.org/10.1075/cilt.233.15cra
Cruz Aldrete, Miroslava. 2008. Gramática de la lengua de señas mexicana [Grammar of
Mexican Sign Language]. Mexico City: Centro de Estudios Lingüísticos y Literarios de El
Colegio de México dissertation.
Currie, Anne-Marie Palacios Guerra. 1999. A Mexican Sign Language lexicon: Internal and
cross-linguistic similarities and variation. Austin: University of Texas at Austin dissertation.
Currie, Anne-Marie Palacios Guerra, Richard P. Meier, & Keith Walters. 2002. A crosslinguistic
examination of the lexicons of four signed languages. In Richard P. Meier, Kearsy Cormier
& David Quinto-Pozos (eds.), Modality and structure in signed and spoken languages, 224–
236. Cambridge: Cambridge University Press. DOI:
https://doi.org/10.1017/CBO9780511486777.011
Dennis, Dannah K. 2005. A history of the education of the deaf in India and Nepal. Baltimore,
MD: University of Baltimore thesis.
Desai, Pranshankar Lallubhai. 1930. the deaf and dumb in India and abroad. American Annals of
the Deaf 75(2). 137–145.
Dotter, Franz & Ingeborg Okorn. 2003. Austria’s hidden conflict: Hearing culture vs. deaf
culture. In Leila Monaghan, Constanze Schmaling, Karen Nakamura & Graham H. Turner
(eds.), Many ways to be Deaf: International variation in Deaf communities, 49–66.
Washington, DC: Gallaudet University Press.
Dye, Matthew W. G. & Shui-I Shih. 2006. Phonological priming in British sign language. In
Louis M. Goldstein, Douglas H. Whalen & Catherine T. Best (eds.), Papers in laboratory
phonology 8: Varieties of phonological competence [Phonetics and Phonology 4], 241–263.
Berlin: Mouton de Gruyter.
Fenlon, Jordan, Kearsy Cormier & Adam Schembri. 2015. Building BSL SignBank: The lemma
dilemma revisited. International Journal of Lexicography 28(2). 169–206. DOI:
https://10.1093/ijl/ecv008

22
Ferrara, Casey & Donna Jo Napoli. Forthcoming. Manual movement in sign languages: Factors
at play in communicating shapes. Cognitive Science.
Fischer, Susan D. 2015. Sign languages in their historical context. In Claire Bowern & Bethwyn
Evans (eds.), The Routledge handbook of historical linguistics, 442–465. London: Routledge.
Frishberg, Nancy. 1975. Arbitrariness and iconicity: Historical change in American Sign
Language. Language 51(3). 696–719. DOI: https://doi.org/10.2307/412894
Gama, Flausino José da. 1875. Iconografia dos signaes dos surdos-mudos [Iconography of the
signs of the deaf-mute]. Rio de Janeiro: Tipografia Universal de E. & H. Laemmert.
Gascón Ricao, Antonio & José Gabriel Storch de Gracia y Asensio. 2004. Historia de la
educación de los sordos en España: Y su influencia en Europa y América [History of the
education of the deaf in Spain: And its influence in Europe and America]. Madrid: Editorial
Universitaria Ramón Areces.
Gascón Ricao, Antonio & José Gabriel Storch de Gracia y Asensio. 2011. El Real Colegio de
Sordomudos en la primera mitad del siglo XIX [The Real Colegio de Sordomudos in the first
half of the 19th century]. CEE Participación Educativa 18: 221–238.
Giustolisi, Beatrice, Emiliano Mereghetti & Carlo Cechetto. 2017. Phonological blending or
code mixing? Why mouthing is not a core component of sign language grammar. Natural
Language & Linguistic Theory 35(2). 347–365. DOI: https://doi.org/10.1007/s11049-0169353-9
Groce, Nora Ellen. 1985. Everyone here spoke sign language: Hereditary deafness on Martha’s
Vineyard. Cambridge, MA: Harvard University Press.
Hendriks, Bernadet & Shelley Dufoe. 2014. Non-native or native vocabulary in Mexican Sign
Language. Sign Language & Linguistics 17(1). 20–55. DOI:
https://doi.org/10.1075/sll.17.1.02hen
Herrera, Valeria. 2010. Estudio de la población sorda en Chile: Evolución histórica y
perspectivas lingüísticas, educativas y sociales [Study of the deaf people in Chile: Historical
evolution and linguistic, educational and social perspective]. Revista Latinoamericana de
Educación Inclusiva 4(1). 211–226.
Herrera, Valeria, Aníbal Puente & Jesús M Alvarado. 2009. The situation of deaf education in
Chile. In Donald F. Moores & Margery S. Miller (eds.), Deaf people around the world:
Educational and social perspectives, 302–316. Washington, DC: Gallaudet University Press.
Hock, Hans Henrich. 2003. Analogical change. In Brian D. Joseph & Richard D. Janda (eds.),
The handbook of historical linguistics, 441–460. Malden, MA: Blackwell.
Jespersen, Otto. 1909. A modern English grammar: On historical principles. Part I: Sounds and
Spellings. Copenhagen: Munksgaard.
Jespersen, Otto. 1922. Language: Its nature, development and origin. London: George Allen &
Unwin.
Johnston, Trevor & Adam Schembri. 1999. On defining lexeme in a signed language. Sign
Language & Linguistics 2(2). 115–185. DOI: https://doi.org/10.1075/sll.2.2.03joh
Jullian Móntañes, Christian Giorgio. 2001. Génesis de la comunidad silente de México: La
Escuela Nacional de Sordomudos (1867 a 1886) [Genesis of the silent community of
Mexico: The National School for the Deaf-Mute (1867 to 1886)]. Mexico City: Universidad
Nacional Autónoma de México thesis.
Kegl, Judy. 2008. The case of signed languages in the context of pidgin and creole studies. In
Silvia Kouwenberg & John Victor Singler (eds.), The handbook of pidgin and creole studies

23
[Blackwell Handbooks in Linguistics], 491–511. Malden, MA: Wiley-Blackwell.
DOI: https://doi.org/10.1002/9781444305982.ch20
Kimmelman, Vadim. 2014. Information structure in Russian Sign Language and Sign Language
of the Netherlands. Amsterdam: University of Amsterdam dissertation.
Kitzel, Mar E. 2014. Chasing ancestors: Searching for the roots of American Sign Language in
the Kentish Weald, 1620–1851. Falmer, UK: University of Sussex dissertation.
Labov, William. 1981. Resolving the Neogrammarian controversy. Language 57(2). 267–308.
DOI: https://doi.org/10.2307/413692
Lane, Harlan. 1980. A chronology of the oppression of sign language in France and the United
States. In Harlan Lane & François Grosjean (eds.), Recent perspectives on American Sign
Language, 119–161. Hillsdale, NJ: Lawrence Erlbaum.
Lehrer, Adrienne. 1985. The influence of semantic fields on semantic change. In Jacek Fisiak
(ed.) Historical semantics – Historical word-formation [Trends in Linguistics: Studies and
Monographs 29], 283–296. Berlin: Mouton.
Lepic, Ryan, Carl Börstell, Gal Belsitzman & Wendy Sandler. 2016. Taking meaning in hand:
Iconic motivations in two-handed signs. Sign Language & Linguistics 19(1). 37–81. DOI:
https://doi.org/10.1075/sll.19.1.02lep
Leskien, August. 1876. Die Deklination im Slavisch-Litauischen und Germanischen [Declension
in Slavo-Baltic and Germanic]. Leipzig: S. Hirzel.
Liddell, Scott K. & Robert E. Johnson. 1986. American Sign Language compound formation
processes, lexicalization, and phonological remnants. Natural Language & Linguistic
Theory 4(4). 445–513. DOI: https://doi.org/10.1007/BF00134470
Lissi, María Rosa, Kristina Svartholm & Maribel González. 2012. El enfoque bilingüe en la
educación de sordos: Sus implicancias para la enseñanza y aprendizaje de la lengua escrita
[The bilingual approach to deaf education: Implications for teaching and learning written
language]. Estudios pedagógicos (Valdivia) 38(2). 299–320. DOI:
https://doi.org/10.4067/S0718-07052012000200019
Long, Joseph Schuyler. 1910. The Sign Language: A manual of signs. Being a descriptive
vocabulary of signs used by the Deaf in the United States and Canada. Washington, DC:
Gibson Bros.
Luick, Karl. 1896. Untersuchungen zur englischen Lautgeschichte [Studies on English sound
history]. Strassburg: Trübner.
Mak, Joe & Gladys Tang. 2011. Movement types, repetition, and feature organization in Hong
Kong Sign Language. In Rachel Channon & Harry van der Hulst (eds.), Formational units in
sign languages [Sign Language Typology 3], 315–338. Berlin: De Gruyter Mouton.
Mallory, James P. & Douglas Q. Adams. 2006. The Oxford introduction to Proto-Indo-European
and the Proto-Indo-European world. Oxford: Oxford University Press.
Mauk, Claude E. 2003. Undershoot in two modalities: Evidence from fast speech and fast
signing. Austin: University of Texas at Austin dissertation.
McBurney, Susan. 2012. History of sign languages and sign language linguistics. In Roland
Pfau, Markus Steinbach & Bencie Woll (eds.), Sign language: An international handbook
[Handbücher zur Sprach- und Kommunikationswissenschaft / Handbooks of Linguistics and
Communication Science (HSK) 37], 909–948. Berlin: De Gruyter Mouton. DOI:
https://doi.org/10.1515/9783110261325.909
McCaskill, Carolyn, Ceil Lucas, Robert Bayley & Joseph C. Hill. 2011. The hidden treasure of
Black ASL: Its history and structure. Washington, DC: Gallaudet University Press.

24
McKee, David & Graeme Kennedy. 2000. Lexical comparison of signs from American,
Australian, British, and New Zealand Sign Languages. In Karen Emmorey & Harlan Lane
(eds.), The signs of language revisited: An anthology to honor Ursula Bellugi and Edward
Klima, 43–73. Mahwah, NJ: Lawrence Erlbaum Associates.
Mechsner, Franz, Dirk Kerzel, Günther Knoblich & Wolfgang Prinz. 2001. Perceptual basis of
bimanual coordination. Nature 414(6859), 69–73.
Meier, Richard P., Claude E. Mauk, Adrianne Cheek & Christopher J. Moreland. 2008. The form
of children’s early signs: Iconic or motoric determinants? Language Learning and
Development 4(1). 63–98. DOI: https://doi.org/10.1080/15475440701377618
Meir, Irit. 2010. Iconicity and metaphor: Constraints on metaphorical extension of iconic forms.
Language 86(4). 865–896.
Mirus, Gene, Christian Rathmann & Richard P. Meier. 2001. Proximalization and distalization of
sign movement in adult learners. In Valerie Dively, Melanie Metzger, Sarah Taub & Anne
Marie Baer (eds.), Signed languages: Discoveries from international research, 103–119.
Washington, DC: Gallaudet University Press.
Mithun, Marianne. 1982. The synchronic and diachronic behavior of plops, squeaks, croaks,
sighs, and moans. International Journal of American Linguistics 48(1). 49–58. DOI:
https://doi.org/10.1086/465712
Moita, Mara, Ema Gonçalves, Conceição Medeiros & Ana Mineiro. 2018. A phonological
diachronic study on Portuguese Sign Language of the Azores. Sign Language Studies 19(1).
138–162. DOI: https://doi.org/10.1353/sls.2018.0030
Moser, Margaret G. 1990. The regularity hypothesis applied to ASL. In Ceil Lucas (ed.), Sign
language research: Theoretical issues, 50–56. Washington, DC: Gallaudet University Press.
Napoli, Donna Jo. 2017. Iconicity chains in sign languages. In Claire Bowern, Laurence Horn &
Raffaella Zanuttini (eds.), On looking into words (and beyond): Structures, relations,
analyses [Empirically Oriented Theoretical Morphology and Syntax 3], 517–546. Berlin:
Language Science Press. DOI: https://doi.org/10.5281/zenodo.495467
Napoli, Donna Jo & Jeff Wu. 2003. Morpheme structure constraints on two-handed signs in
American Sign Language: Notions of symmetry. Sign Language & Linguistics 6(2). 123–
205. DOI: https://doi.org/10.1075/sll.6.2.03nap
Napoli, Donna Jo, Nathan Sanders & Rebecca Wright. 2014. On the linguistic effects of
articulatory ease, with a focus on sign languages. Language 90(2). 424–456. DOI:
https://doi.org/10.1353/lan.2014.0026
Noberto, Mércia Creuza Lucas de Morais, Maria do Socorro Santos Pompeu, Roselita Alves
Dias Felipe, Rozana Alves dos Santos Oliveira & Geilsa Medeiros Costa. 2014. Breve
histórico da educação especial no Brasil no ensino regular [Brief history of special education
in Brazil in secondary school]. Revista Brasileira de Educação e Saúde 4(1). 46–49.
Orfanidou, Eleni, Robert Adam, James M. McQueen & Gary Morgan. 2009. Making sense of
nonsense in British Sign Language (BSL): The contribution of different phonological
parameters to sign recognition. Memory & Cognition 37(3). 302–315. DOI:
https://doi.org/10.3758/MC.37.3.302
Osthoff, Hermann & Karl Brugman. 1878. Morphologische Untersuchungen auf dem Gebiete
der indogermanischen Sprachen [Morphological investigation in the study of the IndoEuropean languages], vol. 1. Leipzig: S. Hirzel.

25
Östling, Robert, Carl Börstell & Servane Courtaux. 2018. Visual iconicity across sign languages:
Large-scale automated video analysis of iconic articulators and locations. Frontiers in
Psychology 9(725). DOI: https://doi.org/10.3389/fpsyg.2018.00725
Padden, Carol. 2011. Sign language geography. In Gaurav Mathur & Donna Jo Napoli (eds.),
Deaf around the world: The impact of language, 19–37. Oxford: Oxford University Press.
DOI: https://doi.org/10.1093/acprof:oso/9780199732548.003.0001
Padden, Carol A. & David M. Perlmutter. 1987. American Sign Language and the architecture of
phonological theory. Natural Language & Linguistic Theory 5(3). 335–375. DOI:
https://doi.org/10.1007/BF00134553
Perniss, Pamela, Robin L. Thomson & Gabriella Vigliocco. 2010. Iconicity as a general property
of language: Evidence from spoken and signed languages. Frontiers in Psychology 1(227).
DOI: https://doi.org/10.3389/fpsyg.2010.00227
Pfau, Roland & Markus Steinbach. 2006. Modality-independent and modality-specific aspects of
grammaticalization in sign languages. In Heiner Drenhaus, Ruben van de Vijver & Ralf
Vogel (eds.), Linguistics in Potsdam 24, 5–98. Potsdam: Universitatsverlag Potsdam.
Pietrandrea, Paola & Tommaso Russo. 2007. Diagrammatic and imagic hypoicons in signed and
verbal languages. In Elena Pizzuto, Paola Pietrandrea & Raffaele Simone (eds.), Verbal and
signed languages: Comparing structures, constructs and methodologies, 35–56. Berlin:
Mouton de Gruyter.
Pinna, Paola, Laura Pagliari Rampelli, Paolo Rossini & Virginia Volterra. 1994. Written and
unwritten history of a residential school for the deaf in Rome, Italy. In Carol Erting, Robert
C. Johnson, Dorothy L. Smith & Bruce D. Snider (eds.), The Deaf way: Perspectives from
the International Conference on Deaf Culture, 194–202. Washington, DC: Gallaudet
University Press.
Pizzuto, Elena, Emanuela Cameracanna, Serena Corazza & Virginia Volterra. 1995. Terms for
spatio-temporal relations in Italian Sign Language. In Raffaele Simone (ed.), Iconicity in
language [Current Issues in Linguistic Theory 110], 237–256. Amsterdam: John Benjamins.
DOI: https://doi.org/10.1075/cilt.110.17piz
Plann, Susan. 1997. A silent minority: Deaf education in Spain, 1550–1835. Berkeley: University
of California Press.
Poizner, Howard, Diane Brentari, Martha E. Tyrone & Judy Kegl. 2000. The structure of
language as motor behavior: Clues from signers with Parkinson’s disease. In Karen
Emmorey & Harlan Lane (eds.), The signs of language revisited: An anthology to honor
Ursula Bellugi and Edward Klima, 432–452. Mahwah, NJ: Lawrence Erlbaum Associates.
Pokorny, Julius. 1959. Indogermanisches etymologisches Wörterbuch [Indo-European
etymological dictionary], vol. 1. Bern: A. Francke.
Puente, Aníbal, Jesús M. Alvarado & Valeria Herrera. 2006. Fingerspelling and sign language as
alternative codes for reading and writing words for Chilean deaf signers. American Annals of
the Deaf 151(3). 299–310. DOI: https://doi.org/10.1353/aad.2006.0039
Pursglove, Michael & Anna Komarova. 2003. The changing world of the Russian deaf
community. In Leila Monaghan, Constanze Schmaling, Karen Nakamura & Graham H.
Turner (eds.), Many ways to be Deaf: International variation in Deaf communities, 249–259.
Washington, DC: Gallaudet University Press.
Quadros, Ronice Müller de & Ana Regina e Souza Campello. 2010. Constituição política, social
e cultural da Língua Brasileira de Sinais [Political, social and cultural development of
Brazilian Sign Language]. In Lucyenne Matos da Costa Vieira-Machado & Maura Corcini

26
Lopes (Eds.), Educação de surdos: Políticas, língua de sinais, comunidade e cultura surda
[Education for the deaf: Politics, sign language, community and Deaf culture], 15–47. Santa
Cruz do Sul: EDUNISC.
Quer, Josep, Laura Mazzoni & Galini Sapountzaki. 2010. Transmission of sign languages in
Mediterranean Europe. In Diane Brentari (ed.), Sign languages [Cambridge Language
Surveys], 95–112. Cambridge: Cambridge University Press. DOI:
https://doi.org/10.1017/CBO9780511712203.006
Quinto-Pozos, David. 2006. Contact between Mexican Sign Language (LSM) and American
Sign Language (ASL) in two Texas border areas. Sign Language & Linguistics 7(2). 215–
219. DOI: https://doi.org/10.1075/sll.7.2.13qui
Radutzky, Elena (ed.) 1992. Dizionario bilingue elementare della lingua italiana dei segni: Oltre
2.500 significati [Elementary bilingual dictionary of Italian Sign Language: More than 2,500
entries]. Rome: Edizioni Kappa.
Ramsey, Claire & David Quinto-Pozos. 2010. Transmission of sign languages in Latin America.
In Diane Brentari (ed.), Sign languages [Cambridge Language Surveys], 46–73. Cambridge:
Cambridge University Press. DOI: https://doi.org/10.1017/CBO9780511712203.004
Roccaforte, Maria. 2018. Le componenti orali della lingua dei segni italiana: Analisi linguistica,
indagini sperimentali e implicazioni glottodidattiche [The oral components of Italian Sign
Language: Linguistic analysis, experimental investigations, and implications for language
teaching]. Rome: Sapienza Università Editrice.
Russo, Tommaso. 2004. Iconicity and productivity in sign language discourse: An analysis of
three LIS discourse registers. Sign Language Studies 4(2). 164–197. DOI:
https://doi.org/10.1353/sls.2004.0006
Sanders, Nathan. 2018. Some issues in the perceptual phonetics of sign language: Motion-indepth and the horizontal-vertical illusion. Toronto Working Papers in Linguistics 40. Special
issue from the CRC-Sponsored Phonetics/Phonology Workshops. Online.
https://twpl.library.utoronto.ca/index.php/twpl/article/view/29190, accessed 18 August 2018.
Sanders, Nathan & Donna Jo Napoli. 2016a. Reactive effort as a factor that shapes sign language
lexicons. Language 92(2). 275–297. DOI: https://doi.org/10.1353/lan.2016.0032
Sanders, Nathan & Donna Jo Napoli. 2016b. A cross-linguistic preference for torso stability in
the lexicon: Evidence from 24 sign languages. Sign Language & Linguistics 19(2). 197–231.
DOI: https://doi.org/10.1075/sll.19.2.02san
Sandler, Wendy. 1989. Phonological representation of the sign: Linearity and nonlinearity in
American Sign Language [Publications in Language Sciences 32]. Dordrecht: Foris.
Schalber, Katharina. 2015. Austrian Sign Language. In Julie Bakken Jepsen, Goedele De Clerck,
Sam Lutalo-Kiingi & William B. McGregor (eds.), Sign languages of the world: A
comparative handbook, 105–128. Berlin: De Gruyter.
SIGN-HUB. 2016–2019. SIGN-HUB: preserving, researching and fostering the linguistic,
historical and cultural heritage of European Deaf signing communities with an integral
resource. Online, http://www.sign-hub.eu, accessed 20 August 2018.
Simons, Gary F. & Charles D. Fennig (eds.). 2019. Ethnologue: Languages of the world. 22nd
edn. Dallas, TX: SIL International. Online. https://www.ethnologue.com, accessed 15 April
2019.
Sofiato, Cassia Geciauskas. 2011. Do desenho à litografia: A origem da língua brasileira de
sinais [From drawing to lithography: The origin of Brazilian Sign Language]. Campinas:
Universidade Estadual de Campinas dissertation.

27
Spreadthesign. 2006–2019. Spreadthesign. Online. https://www.spreadthesign.com/, accessed 13
April 2019.
Stevens, Kelly H. 1923. Young Hindu educator follows father’s example. The Silent Worker
35(6). 221.
Supalla, Ted. 2001. Making historical sign language materials accessible: A prototype database
of early ASL. Sign Language & Linguistics 4(1/2). 285–297. DOI:
https://doi.org/10.1075/sll.4.12.20sup
Supalla, Ted. 2004. The validity of the Gallaudet lecture films. Sign Language Studies 4(3). 261–
292. DOI: https://doi.org/10.1353/sls.2004.0014
Tabak, John. 2006. Significant gestures: A history of American Sign Language. Westport, CT:
Praeger Publishers.
Taub, Sarah F. 2001. Language from the body: Iconicity and metaphor in American Sign
Language. Cambridge: Cambridge University Press.
Tyrone, Martha E. & Claude E. Mauk. 2010. Sign lowering and phonetic reduction in American
Sign Language. Journal of Phonetics 38(2). 317–328. DOI:
https://doi.org/10.1016/j.wocn.2010.02.003
Verhoef, Tessa, Simon Kirby & Bart de Boer. 2016. Iconicity and the emergence of
combinatorial structure in language. Cognitive Science 40(8). 1969–1994. DOI:
https://doi.org/10.1111/cogs.12326
Volterra, Virginia & Elizabeth Bates. 1989. Selective impairment of Italian grammatical
morphology in the congenitally deaf: A case study. Cognitive Neuropsychology 6(3). 273–
308. DOI: https://doi.org/10.1080/02643298908253421
Watkins, Calvert (ed.). 2011. The American Heritage Dictionary of Indo-European roots. 3rd
edn. Boston: Houghton Mifflin Harcourt.
Wilbur, Ronnie B. 1979. American Sign Language and sign systems [Perspectives in Audiology
Series]. Baltimore: University Park Press.
Wilbur, Ronnie B. 2005. A reanalysis of reduplication in American Sign Language. In Bernhard
Hurch (ed.), Studies on reduplication [Empirical Approaches to Language Typology 28],
595–624. Berlin: De Gruyter.
Wilbur, Ronnie B. 2017. The linguistic description of American sign language. In Harlan L.
Lane and François Grosjean (eds.), Recent perspectives on American Sign Language, 7–31.
New York: Psychology Press.
Wilbur, Ronnie B. & Lesa Petersen. 1997. Backwards signing and ASL syllable structure.
Language and Speech 40(1). 63–90.
Wilcox, Phyllis Perrin. 2000. Metaphor in American Sign Language. Washington, DC: Gallaudet
University Press.
Wilcox, Sherman & Corrine Occhino. 2016. Historical change in signed languages. Oxford
handbooks online. DOI: 10.1093/oxfordhb/9780199935345.013.24
Williams, Howard G. 1993. Founders of deaf education in Russia. In John Vickrey Van Cleve
(ed.), Deaf history unveiled: Interpretations from the new scholarship, 224–236. Washington
DC: Gallaudet University Press.
Williams, Howard G. & Polina Fyodorova. 1993. The origins of the St. Petersburg institute for
the deaf. In Renate Fischer & Harlan Lane, (eds.), Looking back: A reader on the history of
Deaf communities and their sign languages [International Studies on Sign Language and
Communication of the Deaf 20], 295–305. Hamburg: Signum Verlag.

28
Wittmann, Henri. 1991. Classification linguistique des langues signées non vocalement
[Linguistic classification of non-vocally signed languages]. Revue québécoise de linguistique
théorique et appliquée [Quebecois Journal of Theoretical and Applied Linguistics]. 10(1).
215–288.
Woll, Bencie, Rachel Sutton-Spence & Frances Elton. 2001. Multilingualism: The global
approach to sign languages. In Ceil Lucas (ed.), The sociolinguistics of sign languages, 8–32.
Cambridge: Cambridge University Press. DOI:
https://doi.org/10.1017/CBO9780511612824.004
Woodward, James. 1978. Historical bases of American Sign Language. In Patricia Siple (ed.),
Understanding language through sign language research [Perspectives in Neurolinguistics
and Psycholinguistics], 333–348. New York: Academic Press.
Woodward, James. 1993. The relationship of sign language varieties in India, Pakistan, &
Nepal. Sign Language Studies 78(1). 15–22. DOI: https://doi.org/10.1353/sls.1993.0010
Woodward, James. 2011. Some observations on research methodology in lexicostatistical studies
of sign languages. In Gaurav Mathur & Donna Jo Napoli (eds.), Deaf around the world: The
impact of language, 38–53. Oxford: Oxford University Press. DOI:
https://doi.org/10.1093/acprof:oso/9780199732548.003.0002
Yu, Shi, Carlo Geraci & Natasha Abner. 2018. Sign languages and the online world: Online
dictionaries & lexicostatistics. In Nicoletta Calzolari, Khalid Choukri, Christopher Cieri,
Thierry Declerck, Sara Goggi, Koiti Hasida, Hitoshi Isahara, Bente Maegaard, Joseph
Mariani, Hélène Mazo, Asuncion Moreno, Jan Odijk, Stelios Piperidis & Takenobu
Tokunaga (eds.), Proceedings of the Eleventh International Conference on Language
Resources and Evaluation (LREC 2018), 4235–4240. Miyazaki, Japan: European Language
Resources Association.
Zeshan, Ulrike. 2000. Sign language in Indo-Pakistan: A description of a signed language.
Philadelphia: John Benjamins.
Zeshan, Ulrike. 2003. Indo-Pakistani Sign Language grammar: A typological outline. Sign
Language Studies 3(2). 157–212. DOI: https://doi.org/10.1353/sls.2003.0005
Zeshan, Ulrike. 2015. “Making meaning”: Communication between sign language users without
a shared language. Cognitive Linguistics 26(2). 211–260. DOI: https://doi.org/10.1515/cog2015-0011
Zimmer, June. 2000. Toward a description of register variation in American Sign Language. In
Clayton Valli & Ceil Lucas (eds.), Linguistics of American Sign Language: An introduction,
429–442. Washington, DC: Gallaudet University Press.

