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1. Introduction 

This paper presents the initial results of a study concerning morpho-phonetic analysis of French 

sign language (LSF), centring on a sign language dictionary in an interactive database that is 

comprised of all the standard signs2 (STS) presently catalogued (Girod et al, 1997). Beginning with 

an overview of the context in which the study is situated, and the subsequent presentation of the 

theoretical framework adopted, we outline the aims assigned to the database which are related to the 

broader context of exploring the bases of a writing system for LSF. Next we will describe the 

architecture of the database, which in fact constitutes a method for testing the falsifiability of a 

modellisation of the lowest level in LSF and which makes an analysis of the relationship between 

parameters possible. From this point of view, the results presented here corroborate the hypothesis 

advanced by Cuxac (2000, 2004) concerning the structuring of the lowest level in sign languages 

(SL), which would be more  morphemic than phonemic. The results also indicate the existence of 

close relations between parameters, which in return calls into question their structural status. 

                                                 
1 The present paper is a revised version of the poster presented by Brigitte Garcia and Gaëlle Roch at the TISLR 2006 
meeting in Florianopolis, Brasil (Garcia, Roch & Boutet, 2006). We gratefully acknowledge financial support from 
different ongoing projects: the French National Research Agency  (ANR) and the French RIAM (Réseau Informatique 
Audiovisuel et Multimédia) Network, for funding the French Project LS Script (2005-2007); the Italian and French 
National Research Councils (CNR-CNRS Project “Language, its formal properties and Cognition: what can be learned 
from Signed Languages”). We also thank the partners of the UMR 7023 (Université Paris 8) in the LS Script project: the 
research laboratory in computer science LIMSI (CNRS-Orsay) which greatly contributed to the conception of the 
database presented here; the research laboratory in computer science IRIT-TCI of Toulouse, the cooperative firm 
WebSourd, specialised in the uses of new technologies for the deaf; and especially the IRIS association of Toulouse, 
assembling the deaf teachers of the bilingual educational structures of Toulouse, whose sustained collaboration in our 
research was essential. 
2 Standard signs, term used by Cuxac (1996, 2000) are defined here as those signs that are currently listed in SL 
dictionaries. They are commonly described in SL literature as constituting the « frozen lexicon » of SL.  

Sign Languages: spinning and unraveling the past, present and future. TISLR9, forty five papers and three posters from the
9th. Theoretical Issues in Sign Language Research Conference, Florianopolis, Brazil, December 2006. (2008) R. M. de
Quadros (ed.). Editora Arara Azul. Petrópolis/RJ. Brazil. http://www.editora-arara-azul.com.br/EstudosSurdos.php. 
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1.1. Context and theoretical background 
The framework of our study, the LS Script project3, includes among its objectives the study of the 

conditions for a graphical formalisation of LSF, as well as the elaboration of the linguistic and 

semiological bases for such a formalisation (Garcia, 2006 and Garcia et al, in Press). In this sense, a 

systematic analysis of inter and intra-parametrical relations focusing on an extended corpus of 

standard units (4000 signs) aims to bring to light the nature of the links between parametrical 

components, and even to suggest rules of compositionality responsible for the formation of signs. In 

a graphical perspective, a central problem is to reduce the number of combinations, which increase 

both the number of graphic symbols per parameter and their numerous arrangements.    

We place our study in the framework of a theoretical model that posits iconicity as the 

organising principle of SL (Cuxac 1996, 2000, 2004). This model assumes therefore that two basic 

types of minimal gestural units coexist in signed discourse; they can be described as structures 

resulting from the implementation, or not, of the signer’s intent to “tell and show” (“illustrative 

intent”). On the one hand, this involves lexical signs, which Cuxac terms “standard signs” – 

lexicalised units of a generic nature, whose iconicity although often present does not intervene in 

the production of meaning (“telling without showing”). On the other hand, the so-called minimal 

units of “high iconicity” (“Highly Iconic Structures” (HIS) or “transfers”4), for which the intent is 

purely to specify. In these HIS, iconicity constitutes the very principle of the production of meaning 

(“telling and showing”). These transfers represent the implementation of a semiological process of 

producing meaning in SL that is closely related to the figurative potentiality inherent in the visuo-

gestural modality; for this reason they have few equivalents in verbal languages. The two types of 

units, STS and HIS, have long been identified under various terminologies and in various 

theoretical frameworks in SL literature, and are most often known, respectively, under the name of 

“frozen signs” and of “productive signs” (e.g., Brennan 2001, Johnston & Schembri 1999, Schembri 

2003). Cuxac’s model  (2000) however is based on two hypotheses which attribute a truly central 

role in the model to iconicity, and which are in our view of the utmost importance. 

The first hypothesis, strongly corroborated by recent studies on the ontogenesis of emerging 

SL among deaf adults in a non-hearing-impaired environment (Fusellier-Souza 2004, 2006) finds 

that the formation of signs in SL is essentially based on primitives in a process of iconizing 

                                                 
3 LS-Script Project, 2005-2007, under the responsibility of the UMR 7023, Université Paris 8 (cf. note 1) 
4 Cuxac distinguishes three major types of transfer which constitute HIS: personal transfers (the signer becomes one of 
the actants of his utterance), transfers of form (which allow one to describe any type of form via a finite list of 
constituent elements) transfers of situation (which allow one to represent the movement of an actant in relation to a 
stable localising referent). These transfers are defined as the trace of cognitive operations which enable the signer to 
create an anamorphosis of his experience of reality in the quadrimensional signing space.  
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perceptual/practical experience. In this semiogenetic process, which results first in the production of 

transfers, the STS are thought to result from the routinization of these HIS, lexicalised through the 

deactivation of the intent to ‘tell and show’ and the implementation of a generic intent (for the 

hypothesis of a lexicogenesis based on a diachronic derivation of frozen signs from productive 

signs, see also Brennan 2001 and Johnston & Schembri 1999).  

The second hypothesis follows from the first and is based on the observation that has long 

been known for several SL (e.g., Studdert-Kennedy & Lane, 1981, Jouison, 1995) that the 

parametrical components of STS appear regularly as form-meaning constants which are highly 

productive in the lexicon. While the most common modellisations of the lowest level in SL are 

phonological (e.g. Brentari 1990, Perlmutter 1990, Sandler 1990, Liddell 2003), Cuxac formulates 

the hypothesis of a compositionality of this low level which is more morphemic than phonemic, 

both for HIS and STS. In this framework, STS can be analysed as minimal units of realisation 

comparable to molecules clustering from atoms of meaning (bound morphemes), that is, partially 

commutable but non-autonomous elements, some of which derive semiogenetically from HI units. 

Basing this theory on the principles of Optimality Theory (Prince & Smolensky, 1993), Cuxac 

(2004) describes the stabilisation of STS (and thereby the ultimate definition of sublexical 

components) as resulting from an optimal equilibrium between two major types of constraints. This 

involves: 1) high-level constraints (maintaining iconicity, and so permitting the alternation in 

discourse between STS and HIS; the constraint of homonymic avoidance); and 2) low-level 

constraints, phonetic in nature, imposed by the characteristics of the apparatus of production and of 

reception (for a maximum of articulatory ease and a maximum of perceptive salience).  

In a graphical perspective, the promise of the model is that it opens up the possibility of a 

morphemo-phono-graphical representation making it possible to account for both HIS  and STS. 

Opting for such a notation of the signified content, at least for clearly identified and productive 

form-meaning constants, would most nearly correspond to the SL structures and to their fonctioning 

in discourse (sub-lexical morphemic compositionality, discursive alternation between intents and 

productive structures of neologisms). 

The assessment of this hypothesis of a morphemic compositionality, which constitutes general 

theoretical objective for the database presented here, in our opinion calls for three lines of inquiry: 

first, an inventory and description of morphemic values (1), second, the assigning of these values to 

(formal) parametrical components and/or to combinations of parameters (2), and thirdly a more 

detailed definition of the nature and the respective role of constraints involved in the stabilisation of 

STS (3). 
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1. 2 . Objectives and working hypotheses  
As regards the first point (1), the precise and exhaustive inventory and description of morphemic 

values of lowest-level units were conducted exhaustively and in minute detail as far as the 

handshapes of HIS are concerned (Cuxac, 2000). However, for the other constituent parameters for 

units of transfer, they have as yet to be more defined and modelised; and for the entire inventory of 

STS, to be systematically analysed. The work of inventorying and labelling cannot be dissociated 

from the assigning of these morphemic values to formal components (2). This point leads us 

however to call into question the nature of this formal correlate. In order for the various potential 

morphemic values of a single parametric component to be differentiable from a formal point of 

view, these values have to be combined: 1) due either to some internal specificity, as when 

morphemic values within a single parametric value can be distinguished by differences in form, 

which can be slight (e.g. different spacing of the fingers in the handshape ‘5’) but which are in fact 

active; 2) or due to larger differences of form that include the context (the interplay of parametric 

associations). In both cases, one has to look closely into the existence of phenomena that explain the 

differentiation and the stabilisation of forms within a single parametrical value, or alternatively the 

emergence of formal differentiation over the range of present parametrical associations. In the latter 

case, one has to postulate that an obligatory association of parameters is not without consequence 

for parametrical and morphemic values. Moreover it is difficult to see how these parameters, which 

are unavoidably inter-related categories functioning simultaneously due to the modality5, could 

leave the relations between the instances of their co-occurrence in each sign intact and autonomous. 

But the principal advantage there is in taking these associations into consideration resides in the fact 

that formal internal differentiations in every single parametrical value — the possibility of slight 

variations — could never guarantee these values a sufficiently stable existence amid the wide range 

of interpersonal gestural variations. 

The current modellisation of the sublexical structuring of SL, deriving from the Stokoe’s 

analysis in terms of manual parameters, allows no flexibility as to the number of parameters that 

can be taken into consideration. As it is never isolated in fact, each parameter manifests certain 

values that then acquire an identity. Beyond the logical consequences of this theoretical constraint, 

this model implies a certain cost: that of multiplying the number of combinations by the number of 

values for each parameter. In the model of morphemic structuring (with a more finely detailed 

analysis) that we have adopted here, this cost is increased, due to the fact that several values, 

morphemic in this case, can be associated with the same parametric component. But in so doing, 

                                                 
5 No parameter can appear alone: a handshape is necessarily oriented and a movement puts it in place in a particular 
location. 
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this model shifts the focus to the potential iconic-morphemic values by minimizing the parametric 

value. In this iconic overlay, nothing prevents a single iconic-morphemic value from occurring in 

different parameters: a handshape here, a movement there. This possibility will have to be tested on 

the STS appearing in the database. Thus, while the main phonological models proposed for various 

SL attempt to circumscribe the rules of forming sequences of features and teasing out the 

impossible cases, our method consists in circumscribing the impossibilities of the association of 

features in order to isolate the rules of morphemic composition. 

Finally we will add that up until now the inventory of morphemic values has mainly focused 

on handshape. Several factors help to explain this. On the one hand, the relative weighting in the 

definition of the parametrical values for movement6, for orientation7 and to a lesser degree for 

location8, does not depend on a single referential scale constituting an absolute norm for 

differentiation. On the other hand —and this has more theoretical implications, an interdependence 

between parameters and more exactly between certain of their corresponding values renders them 

less distinguishable (the handshape ‘3’ and the alternate movement of the hand are associated for all 

the signs including this handshape, except for numbering: what can be said then of the morphemic 

values for the handshape ‘3’ ?). We actually have every reason to think that a morphemic value 

associated with a handshape must be distributed over several parameters. Thus, what is attributed to 

a handshapeal value could either be shared by those parameters whose values are interdependent in 

the sign in question (inter-parametric interdependence), or they could constitute a composition: this 

morphemic value would have been entirely attributed to a single parametric value whereas it could 

be a construction having two morphemic values (intra-parametric interdependence). One of the 

objectives of the database is to explore these parametric interdependences. The recurring 

association of parametric values in several signs for which we have systematically the same 

morphemic value leads us to suppose that it is a case of a composition mistakenly attributed to a 

single parameter; for such a composition we must find the value of each term9. The flexibility of the 

mechanism makes it possible to reverse the line of reasoning: starting from one morphemic value, 

we can proceed toward the components of parameters. Beyond establishing these interdependences, 

we need to assess the existence of parametric incompatibilities, which would support the hypothesis 

                                                 
6 The direction of the movement, the figure outlined by the hand and the repetition of movements constitute as many 
sub-parameters whose independence is doubtless not complete and for which we need to define the exact interrelations. 
7 This last parameter only has a value in an egocentric frame of reference; but numerous signs can be analysed outside 
of the body of the signer. 
8 What about the location of signs where the hands are in contact with one another, with the exclusion of any other 
meaningful corporal location? The very notion of location is profoundly egocentric and limited to the body without 
consideration of the upper member; this notion is thus relative and singular. Therefore in the LSF sign [SEMAINE] 
(“week”) should we see – or not – a handshape of the dominated hand that includes the forearm up to the elbow?  
9 In the hypothesis that we can still distinguish two morphemes. 



 

 130

of compositionality. At the next higher level of analysis, composition would then pass from its 

status as empirical fact to that of structural integration.  

Concerning the point (3), the central working hypothesis here concerns the role to concede to 

a physiological determination in the definition of parametric components and the nature of their 

interrelations. In fact, the structure of the database results from a deconstruction and from a new 

descriptive approach (i.e., a reconstruction) of the parameters, based in part on a previous study of 

conversational gesturing which was analysed in its physiological dimension (Boutet, 2001). Thus 

we propose a new approach to orientation; the classical analysis of this parameter reposed on an 

egocentric frame of reference (in relation to oneself). We approach it here using an allocentric 

frame of reference (i.e in relation to specific elements other than oneself, which are themselves 

mobiles: thus in relation to the hand, which continually changes direction). The orientation is then 

considered as a localisation of the palm in the frame of reference for the degrees of freedom (DOF) 

of the hand10. This relative localisation (in time as well as in space) finds a new point of reference in 

the forearm; the latter segment is in its turn perfectly capable of being situated in the articulatory 

possibilities expressed in relation to the arm11. Moving in this manner up to the shoulder12, the 

localisations follow one upon another until finally they compose a location. The breaking down 

(into its constituent parts) of the location of the hand in a series of topological localisations 

connected in this way (DOF for each segment) thus establishes another type of frame of reference. 

The latter authorises another expression for the location13 at the same time as it provides one for the 

reconstruction of the orientation. In this allocentric frame of reference, the changing of these two 

parameters in the course of a sign frequently corresponds to the frame of reference that is imposed 

by the entire group of articulatory constraints. Considered alongside their physiological 

determinations, the changing of a location or of an orientation is inscribed in the dynamic reference 

frame consisting of the juxtaposition of the articulatory positions occupied by each segment. The 

changes realised in the course of the sign are expressed in the matrices of segments that move; this 

happens in such a fashion that in its turn, the movement is expressed in an articulatory manner.  

Location, orientation and movement are thus constructed starting from the same type of 

reference frame; they can be broken down and distributed according to a model of physiological 

determinations. We therefore dispose simultaneously of infra-parametrical levels of analysis that are 

highly dependent, for which some rules are known, (Boutet, 2001) and of the means of translating 

                                                 
10 Within the three matrices of the hand: flexion/extension, pronosupination and abduction/adduction. 
11 The two matrices of the forearm: interior rotation / exterior rotation and flexion/extension. 
12 The two matrices of the arm are flexion/extension and abduction/adduction. 
13 Topological expression of a location according to an allocentric frame of reference distributed across the upper 
member which can be translated in fine in egocentric terms (location as it is currently defined). 
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these parameters into an egocentric frame of reference14. In this reconstruction of parametric 

components, our taking into account of physiological determinations we have identified should 

enable us in the long term to specify the nature and the incidence of physiological constraints in the 

formation and in the stabilizing of STS.  

Thus by bringing to light the inter-parametric constraints, their definition and their 

hierarchization in both quantitative and qualitative terms, we aim at specifying the nature and the 

productivity of sublexical components and the constraints governing the creation and the 

stabilisation of STS. The relationship between form and meaning has to be explored to the extent 

that the constraints linking the individual instances of a parameter can be found to exist: what 

semantic repercussions are brought about by such a series of formal dependencies? 

 

2. Methodology and principles for the structuring of the database 

The interactive database was written in MySql to allow us to work together (online). For each of the 

4000 STS that make up the database, we record the morphemic and parametrical components 

according to the type of interpretation of these parameters presented above. The handshape is 

treated on the basis of the inventory of 38 HI handshapes proposed by Cuxac15. This inventory of 

handshapes is completed by the 19 handshapes (apparently unique to the STS) catalogued in 

addition to the preceding by the dictionary that serves as the basis of the corpus (Girod et al, 1997). 

This inventory makes no claim to exhaustiveness, as the work on the database on the contrary 

should in the long term make it possible to validate it in structural terms. The inventory and the 

labelling of morphemic values according to handshape are entered in a field in the database; this 

inventory brings together values resulting from the iconisation process (values identified in HIS) 

and those coming from pre-existent gestural signifiers (borrowings from gestures accompanying the 

spoken word, from the manual alphabet, etc.). Each label is refined little by little, before its review 

at the end of the analysis.  

Location and contact (appearing in two tables) are treated according to the most exhaustive 

method possible, starting from the work on the inventory carried out by the team that is developing 

HamNoSys16 and for contact, from the analysis proposed for Sign Writing17. The number of 

possibilities thus taken into account is in theory considerable. The progressive description of the 
                                                 
14 Let us notice that the inverse path which starts with the data in an egocentric frame of reference towards their 
translations in the articulatory allocentric frame of reference is impossible; hence the primacy that must be accorded to 
physiology. 
15 Cuxac, 2000, p. 102-130 
16 http://www.sign-lang.uni-hamburg.de/Projekte/HamNoSys/HamNoSysErklaerungen/englisch/Contents.html 
17 http://www.signwriting.org/lessons/lessonsw/080%20Contact-Symbols.html 
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signs should however make it possible to extract a mapping in which the points of density are 

highly contrasted and clearly indicative of physiological constraints. The orientation, which is 

essentially encoded in a distributed manner (see above) derives from the articulatory categories for 

each segment (there are as many tables as there are physiological segments). In this section a table 

also gives information on the orientation of one hand in relation to another, which simultaneously 

makes it possible to localize the hands in relation to one another, and to qualify from the outset this 

putting into relation that makes up a particular figure. The movement is recorded on several tables. 

A general table brings together several sub-tables giving details on the movement of the hands: the 

movement is expressed in relation to each handshape in a quasi-dimensional manner, thus 

dissociating the structure of the movement from that to which it is put into relation with. The 

movement can thus be expressed as one of three types of forms: an axis, a plane or a point. The type 

“axis” enables one to account for the influence that a finger can exert on its own salience; the plane 

can be likened to a homogeneous surface represented by the palm or even by the joined fingers; the 

point, in the form of contact of the fingertip, of an articulation of the fingers or of a fingernail, 

makes it possible to measure more precisely where the movement finds its point of origin. For each 

of these three tables, the possible values give information on the direction, on the place in relation 

to which the movement is to be conceived, on its form and on its frequency.  

In this approach, a distributive relationship links handshape and movement parameters. The 

robustness of this link between artefacts will evidently have to be tested; it will however not be 

presented here. The description of movement seen as a pattern applicable to an object (the hand), 

which is also recorded as to its internal form (handshape) and in regard to its orientation, presents 

the advantage of doing away with the cumbersome consideration of space. The latter is reduced to 

an extension in the instance of the deployment of a form whose determination depends on a situated 

object. Beyond this algorithmic understanding of movement, another reconstruction of movement is 

made possible by the range of different DOF in the matrices of interrelated segments (arm, forearm 

and hand): it breaks down that which moves and makes it possible to envisage the direction and the 

unfolding of movement in a distributed (non-egocentric) manner. Finally, for the great number of 

signs with two active hands, the description of the type of symmetry (plane, axis or centre) and of 

their orientation will enable us to test the validity of a graphical economy such as one would note 

that orientation and movement with a single hand, the position of the other being deduced from the 

type of symmetry. 
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3. Initial results  

About 1300 signs have been entered to date (a third of the signs in the dictionary). Not all of the 

tables have been completed; some fields will be filled in only much later, especially those that 

concern the morphemic values for the parameters of orientation, of movement and of location (the 

list remains to be drawn up). When in the course of filling in information, it has become necessary 

to create new fields, we have added them. We do not limit a priori the development of the structure. 

The principal criterion guiding the choice of the first signs recorded is the handshape; as second 

criterion of choice, we opted for handshapes both diversified in articulatory terms and characterised 

by a high frequency of occurrence (‘pointing index’, ‘closed fist’, ‘5’,‘key’, ‘closed fist with 

extended thumb’…). The following results deal with data relative to the first three of these 

handshapes. 

 3.1. For the handshapes  
The analysis concerned in fact 645 simple signs from the standard lexicon currently catalogued in 

the IVT dictionary (Girod et al 1997) for which the handshape is either ‘closed fist’ (180), or 

‘pointing index’ (285), or ‘5’ (180). Above all else, it was necessary to propose labelling, and from 

there, to dress an inventory of the morphemic values associated with each handshape among these 

signs. The first results bear out the confirmation of the hypothesis of a morphemic type of infra-

lexical structuring, i.e., the unambiguous attribution of a value of meaning to the handshape 

concerning a minimum of 83,7% of signs for ‘closed fist’, 79,7% for ‘pointing index’, and 79% for 

‘5’. If the attribution, the definition (labelling) and the assigning of the morphemic values are – as 

we suggested – always revisable, certain theoretical choices underpinning the method benefit from 

the promise of validation in return. The three handshapes concerned having been attested in the HIS 

(“proforms”18), the deliberate point of departure for each of them was the taking into account of the 

morphemic values recorded by Cuxac (2000). The hypothesis of a direct anchoring of these values 

(form-meaning constants) in the iconisation process of the perceptual/practical experience of the 

real world is corroborated by the fact that they can be analysed according to three major principles 

of constitution (iconic primitives): specification of shape, repetition of shape, repetition of size (see 

also Johnston & Schembri, 1999 and Schembri, 2003). Our inventorying work, through the internal 

coherence that it sheds light on in a considerable number of STS, confirms two non-trivial points: 1) 

the massive transfer of values coming from HIS in these STS: thus these values represent 65,6% of 

                                                 
18 In the specific sense given to this term by C. Cuxac (Cuxac 2000): HI handshapes that correspond to generic forms 
(percepts) and which allow the signer to specify the form of the referent occurring in discourse (illustrative intent). See 
on this topic Pizzuto et al, this volume. 
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the values of meaning present for the handshape ‘closed fist’, 45,7% for ‘pointing index’ and 56,8% 

for ‘5’. This observation clearly supports the hypothesis of lexicogenesis anchored in the 

implementation of an illustrative intent; 2) the robustness of the categorization according to the 

three primitives of construction of form-meaning units, as the HI values present in the signs studied 

revealed themselves to be categorizable in such a way. 

We can add a group of other values – coming from the STS – to those coming directly from 

the HIS, and which are equally categorizable: dactylological values (and more generally, gestural 

repetitions of pre-existent written symbols), culturally-induced values linked to direct borrowings 

from non-verbal gestures, (natural gesturing that is more or less culturally induced). The percentage 

of borrowings from shared gesturing is far from insignificant: 14,7% for ‘5’ and 6,4% for ‘closed 

fist’. The percentage seems slight for the handshape ‘pointing index’: 1,8%. This handshape 

constitutes however a special case, linked to the essential linguistic investment (morpho-syntactic in 

value) that SL make of its pointing utilization. And in fact, the deictic value of this handshape 

represents 30,6% of the morphemic values for the 285 signs concerned: it would be legitimate for 

us to include this deictic value coming from a pointing gesture in the category of borrowing 

phenomena from natural gesturing.  

Finally, this analysis brings out the fact that for each handshape, the inventory of morphemic 

values is limited — 6 morphemic values at most per handshape — two prototypical values, also 

coming from the HIS, that systematically stand out for their remarkable level of productivity: as an 

example, the two values of the ‘grasping a slender cylindrical form’ and of the ‘repetition of a more 

or less spherical form’ represent 65,6% of the morphemic values associated with the handshape 

‘closed fist’. From that point on, it is possible to envisage a morphemo-graphical representation of 

such form-meaning constants. 

 

3.2. For the relative position  

We will limit ourselves here to the presentation of results for the manual matrix, that is, the three DOF 

corresponding to flexion/extension, to pronosupination and to abduction/adduction (for more details on the 

geometry of these DOF, see Kapandji 1981 or Boutet 2001). The first two degrees have a wide amplitude 

of roughly 180°, while abduction/adduction is rapidly limited in its movement (15° for the first pole and 

45° for the second). For each of these values, the amplitude has been encoded according to 7 possible 

items for flexion/extension and for pronosupination (90°, 60° 45° for each pole plus the intermediate 

position -0°); the encoding of amplitudes for abduction/adduction over 5 items gives 2 maximum values 

(max), 2 average values (mid) and an intermediate position (0°). Among the three DOF of the hand, only 
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the movement of pronosupination has no direct incidence on the forearm. The movement of the two others 

(flex/exten and abd/add), if it is maintained, leads to a transfer of movement to the forearm. These two 

DOF are in continuity with those of the forearm. This structural inter-segmental abutting between the DOF 

exerts a considerable influence on the signs, notably for the stabilized amplitude of the DOF of the hand. 

The principle is the following: within each matrix, the most stable amplitude is that which exerts the least 

influence on another DOF. Beside these transfers of movement between segments, the geometrical 

relations between the matrices of the hand —when the latter is in position of maximal flexion or 

extension— generates a transitory fusion between abduction/adduction and pronosupination (Boutet, 

2001, 2004). It can be seen that if the hand is in a marked position of flexion or extension, then firstly, this 

favours a transfer, and secondly, a position of marked pronosupination will cause — by fusion with 

abduction/adduction — a transfer of increased movement to the forearm. The constraints present at several 

levels rather drastically reduce the relative stable positions of the hand. 

In the table below we have detailed the positions for more than 600 signs according to the 

three DOF of the hand, expressed within each of the matrices. Let us recall that a position is 

expressed simultaneously by all three matrices. The number of positions accounts for the two hands 

and at times for three moments for each (three successive positions in the sign), so that total number 

of positions here amounts to 1613. The percentages express the proportion of positions for each 

DOF. Identical amplitudes were accounted for together, so as to present the positions in relation to 

each matrix. Therefore a position of pronation measuring 90° and a position of supination also 

measuring 90° were combined. 

 

 Pronosupination Flexion/extension Abd/adduction 

90°/max 49,8% 8,9% 28,8% 

60° 15,1% 19,6%  

45°/mid 9,6% 34,6% 20,7% 

0° 25,5% 36,9% 50,5% 

Table 1 : Proportion of positions in the matrix of the hand 

 

The positions are marked, and they correspond in part to the constraints mentioned above. In 

approximately 65% of the cases within the matrix pronosupination, the signs are turned toward the 

two maximal positions (90° and 60°) whereas for flexion/extension and abduction/adduction, more 

than 71% of the signs are centred around the intermediate position (45°/mid and 0°). On the one 
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hand, due to possible direct transfers to the forearm, the stabilisation induces a positioning around 

the situation intermediate (0° and 45°), and on the other, the avoidance of an intra-segmental 

transfer – which is an unstable situation – explains that a maximal flexion/extension is the least 

represented position (8,9%). These results are valid no matter what the handshape. If slight changes 

affect the relative position of the hand because of differentiated relations between the fingers and 

the palm, none of these argues against the proportions borne out in the table. One question arises 

however. As the DOF pronosupination does not imply a transfer of movement to the forearm, for 

what reason(s) are the signs, in the majority of cases, in a maximal position? Is it a question of 

stability conferred simply by the articulatory stops on either side of the amplitude of the pronation 

and of the supination, or does this particular position emanate from another segment? 

When the two DOF of the forearm move simultaneously (int.rot/ext.rot and flex/exten) or 

when a DOF is in a marked position while the other moves, an involuntary repercussion affects the 

pronosupination (see Boutet & Garcia, 2006). The phase of the placement of the sign and the 

accompanying movements aiming to position the forearm affect the relative position of the hand. 

Thus, we can retrace a priori the path traced by the forearm during the placement of the sign 

starting with the simple relative position of the hand (pronosupination matrix). Whether the relative 

position of the forearm is connected to a previous sign or it is established in isolation, the 

pronosupination at the beginning of the sign keeps the imprint of movement effected by the 

forearm. When we dig deeper into the data, we note that the positions of pronosupination of 90° 

represent 78,8% of the cases where a DOF of the hand at least is at maximum amplitude from the 

beginning of the sign. It appears even more clearly that for those very stable signs for which there is 

no relative movement of the hand in relation to the forearm during the entire unfolding of the sign, 

the position of maximal pronosupination (90°) represents 83,5% of manual positions that have at 

least one maximal position. In nearly all of the cases where the pronosupination remains at 90° for 

the entire duration of the sign (151 signs), the relative positions of the forearm at the beginning of 

the sign are very marked; only 13 cases depart from these maximal positions of the forearm. The 

latter can all be explained by determinations due to contact ([AMORTISSEUR], [JUSQU’AU 

BOUT], [AU FOND], [REGARDER AU MICROSCOPE], [ETRE PARESSEUX], [ETRE 

CONTENT]19, etc.). Here a clear determination and a strong correlation between the relative 

position of the forearm and the position at maximal pronosupination can be noted.  

                                                 
19 [BUMPER], [UP TO THE END], [IN THE DISTANCE], [LOOK INTO THE MICROSCOPE], [BE LAZY], [BE 

HAPPY] 
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Moreover, the relative position of the forearm participates very actively in the location of the 

hand (in the current acception). It should be noted however that the arm also plays a role here, even 

if it most often remains in a position close to the side of the body.  In addition, the 3 matrices of the 

hand that participate to the same extent as the position of the forearm in the orientation (in an 

egocentric frame of reference) are limited in their amplitude, as we have seen. Thus a strict 

interdependence between location and orientation can be observed. It will be possible in time, 

starting from this interdependence, to measure the probability of associations of the positions of 

DOF between them, and to determine hierarchical relations for them. In a physiological approach 

for which we have validated a few rules, the continuous connection between the segments enables 

us to test the relations between the relative positions of the fingers in their matrix, and those of the 

hand. By retracing associations in this way, the handshape and its various stabilisations, the 

orientation and its declinations, and the location in its diverse segmental components can all be 

linked by the movement in the allocentric and distributed frame of reference accounted for by this 

database. 

 

4. Summary and concluding remarks 

The initial results of the morpho-phonetic database of the LSF lexicon presented here corroborate 

the hypothesis of a morphemic sublexical structuring. The economy of this database brings to light 

moreover the pertinence of a shift away from the current referential framework of analysis 

(egocentric) toward allocentric and distributed reference points. This new frame of reference makes 

it possible to explore the inter- and intra-parametric relations while at the same time establishing a 

condition of falsifiability for their evaluation. The initial analyses reveal, for the recorded 

handshapes, the presence of morphemic values (form-meaning constants) in 80% of the signs, 

which are shown to be, in their majority, identical to those attested in the HIS (‘productive signs’). 

These findings corroborate the hypothesis of the crucial role of these structures in lexicogenesis. 

The inventorying of these values by handshape is limited, making it possible to conceive a 

morphemo-graphical representation. Finally, the relative allocentric positions of the hand 

correspond to physiological determinations connecting the location, the orientation and the 

movement for which we have begun the inventory. 
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