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DE GRUYTER MOUTON Linguistics 2015; 53(1): 93-124

Tommi Jantunen
How long is the sign?

Abstract: This paper deals with the relative empirical length of signs in sign lan-
guages and provides evidence for the view that they are actually longer units than
has hitherto been recognized. The evidence is presented from two perspectives:
those of sign articulation and sign recognition. Concerning sign articulation, it
is suggested that signs are longer units than is currently assumed because most
of the structural features of signs are in fact already present before the currently
accepted beginnings of signs and they continue after signs’ generally accepted
endings. Concerning sign recognition, the longer view of the sign is proposed on
the grounds that the recognition point of signs is typically located before their
alleged beginning, and because signs (as currently understood) can also be rec-
ognized on the basis of parts of their subsequent transitions only. The nature of
the longer sign is discussed together with some more general consequences for
sign language research of the revision of our view of what a sign might be.

Keywords: sign, linear sign, length of sign, sign articulation, sign recognition,
phonetics, sign language
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1 Introduction

Sign language linguists have been investigating the nature of the sign ever since
1960, when William C. Stokoe published the first structuralist study on American
Sign Language. In his study, Stokoe (1960) showed how signs are composed of
smaller simultaneously realized sub-components of handshape, place of articula-
tion, and movement. Because these components are capable of forming minimal
pairs, Stokoe analyzed them as the sign language counterparts of spoken lan-
guage phonemes. After Stokoe’s early work, other types of phonemic elements
have also been identified in the sign. For example, since Battison (1978), hand
orientation has been included in the list of the sign’s structural sub-components,
and today researchers also give this status to the non-manual element which, in
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94 —— Tommijantunen DE GRUYTER MOUTON

discussion of sign structure, refers primarily to the movements and positions of
the mouth (e.g., Sutton-Spence and Woll 1999; Johnston and Schembri 2007).

In the course of research, more substantial revisions have also been intro-
duced to Stokoe’s original model and its successors (e.g., Brennan 1980; Rissanen
1985). Of these, one of the most important has perhaps been the adoption of
the notion of structural sequentiality in the study of signs. In Stokoe’s model, the
temporal organization of handshapes, articulation places and movements (and
orientations and non-manual elements) within signs and sequences of signs
were not seen as an important object of study. However, in 1984 Scott K. Liddell
published a study in which he claimed that sequentiality is a phonologically im-
portant feature of signs and that, in fact, signs may be analyzed into strings of
Hold and Movement segments, also capable of expressing phonological contrast.
Consequently, since Liddell (1984), most work on sign structure has come to ac-
knowledge the importance of sequentiality — and some types of segments — in the
analysis of signs (e.g., Liddell and Johnson 1989; Sandler 1989; Perlmutter 1992;
Brentari 1998; Johnson and Liddell 2011).

Although the research so far carried out into the nature of the sign has un-
deniably advanced our knowledge about the unit, there still remain many aspects
of signs that are largely uncharted. One such aspect is the relative empirical
length of a sign or, in other words, the question of where in the sign stream the
linear, temporally delimited sign begins and where it ends. Apart from a few early
attempts (e.g., Green 1984), this question has not been directly tackled in the
modern discipline of sign language linguistics. Instead, there is an unspoken
consensus that the linear sign is a movement period during which the hand either
travels between two spatial placements (these placements, between which the
hand may perform a variety of sub-movements [e.g., handshape and/or orienta-
tion changes], are ultimately identified by a change in the direction of the move-
ment of the hand), or executes some type of hand-internal movement (e.g., finger
wiggling) without performing any noticeable global motion in space; some signs
may even be periods of stasis. The consensus is, further, that the sign may be one
or two-handed, and if the latter, it is the activity of the dominant hand that is
used as the point of reference for the linear delimitation of the sign. This concep-
tion of the length of signs was already present in Stokoe (1960) and, as evidenced
by, for example, the way in which signs are currently identified and annotated
in corpora (e.g., Crasborn and Zwitserlood 2008; Wallin et al. 2010), it forms the
normative ontological and methodological basis for all modern work in sign lin-
guistics, regardless of the theoretical framework or the level of analysis.

However, the past few decades have seen an accumulation of evidence that
suggests that the current conception of the linear sign may not be accurate
enough. More specifically, a considerable number of phonetic findings seem to
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indicate that the borders of the linear sign actually lie outside the empirical
domain that is currently considered to be the sign and that the linear sign — as a
normative class notion introduced above - is a longer unit than is currently rec-
ognized. One main type of evidence supporting this claim comes from study of
the articulation of signs (i.e., from articulatory phonetics): this work has shown,
for example, that several aspects of sign structure (e.g., handshape, or non-
manual elements, or the other hand) are typically present well before the gener-
ally accepted beginning of a sign, that is, prior to the production of the location
in which the hand starts to articulate the movement typically associated with the
sign (e.g., Jantunen 2010, 2011; Johnson and Liddell 2011). Another type of evi-
dence comes from research done on sign recognition (which, because of its focus
on psychological issues related to sign processing, may be equated with audi-
tory phonetics): this work has shown, for example, that those sequences of sign
stream corresponding to our present view of the sign are, in fact, paradoxically
not a necessary requirement for sign recognition; that is, signs are in many cases
already recognized before their production is even supposed to have begun (e.g.,
Grosjean 1982; ten Holt et al. 2009).

This paper sets out to discuss the length of the linear sign. More specifically,
the paper first describes in detail the present mainstream view of the sign (Sec-
tion 2). The main contention here is that the current mainstream conception of
the length of the sign is based on very early work carried out to describe the move-
ment of the sign. After this, the paper goes on to present evidence suggesting that
the sign is linearly - that is, in terms of its starting and ending points (regardless
of its inner structure, complexity, or articulatory context) — a longer unit than
the current mainstream view acknowledges (Section 3). The evidence is ap-
proached from two perspectives: those of sign articulation (3.1) and recognition
(3.2). Finally, the paper outlines briefly the nature of the longer sign that emerges
on the basis of the evidence presented here and discusses some of the possible
consequences for sign language linguistics in general of such a revision of the
sign (Section 4).

In this paper, the linear sign is understood as a concept in phonetics and
hence, by definition, the main discussion of the subject is within that framework
(both articulatory phonetics and auditory phonetics; Section 4 even discusses
briefly acoustic phonetics). However, most major work on the structure of the
sign, reviewed below in Section 2, has been phonological in nature. As phonolog-
ical organization is more abstract than phonetic organization (e.g., Ohala 1997),
the question arises of whether phonologically based discussion about the length
of the sign is at all relevant in phonetically based discussion. Indeed, given the
fact that sign language phonologists have not typically explicated the link be-
tween phonology and phonetics (see Crasborn 2012), making any formal claims
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about the phonology-phonetics interface is unwise. However, it must be empha-
sized that such an endeavor is not the purpose of the present paper. Rather, the
goal in presenting phonological work (in Section 2.1) is simply to illustrate the
underlying, shared, deeper conception about the sign and its presumed length in
relative terms.

Nevertheless, concerning the link between phonetics and phonology, the
present paper operates on several assumptions that have to be explicated. First,
it is assumed throughout the paper that phonology is linked to phonetics, al-
though the formal nature of this link may vary between theoretical frameworks
and models. Second, as will be shown, for example by the quotations presented
in Section 2, this link is assumed to be in many cases even a fairly direct one.
In practice, this means that if any sign is to be described phonologically, for in-
stance, as having a straight movement, the phonetic manifestation of the sign
is then presumed to be, in the prototypical case, a relatively straightforward
movement phase in which the hand proceeds from one describable placement to
another, first gaining speed and then slowing down, both describable placements
identifiable by a change in the direction of the movement of the hand. Finally,
concerning especially the more general discussion about the possible phonolog-
ical consequences in Section 4, it is assumed that phonology should also be based
on phonetic facts. I acknowledge that this is by no means a necessary require-
ment for phonological work, which is abstract by definition (e.g., Ohala 1997).
However, I am convinced that if the ultimate goal is to investigate language that
people actually use, such an approach must be followed.

2 How long do we think the sign is?

This section outlines the mainstream view that sign language linguists currently
hold concerning the length of the linear sign. Section 2.1 first discusses the sign
from the perspective of phonology and the most influential phonological models
of sign structure. Section 2.2 changes the perspective to that of phonetics.

2.1 Phonological perspective

In general, the question of where in the sign stream the linear sign begins and
where it ends has attracted little research attention. At the beginning of the
modern era of sign language research and phonology, the question was not con-
sidered to be important, as Stokoe (1960) and his followers defined the sign as a
structurally simultaneous unit:
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The sign-morpheme, however, unlike the word, is seen to be not sequentially but simulta-
neously produced. Analysis of the sign cannot be segmented in time order but must be as-
pectual. The aspects of the sign which appear to have the same order of priority and impor-
tance as the segmental phonemes of speech are the aspects of [hand] configuration, position
or location, and motion. (Stokoe 1960: 39-40.)

For Stokoe, in addition to his conviction that the sign was not a temporally
organized unit, any question about the empirical borders of the sign was also
rendered unimportant by the methodological tradition of structural linguistics,
which was primarily interested in identifying the abstract emic components of
a language. Within this tradition, there was no reason to ask such questions as
where a morpheme begins, because the methodology of the tradition was devised
to describe only the internal components of the morpheme. In practice, this
was achieved through the use of descriptive taxonomic symbols to label the
phonemic/morphemic and allophonic/allomorphic elements of a language.

Although Stokoe and his followers did not consider the sign as a linear unit,
it is reasonable to assume that, had they done so, they would have taken the
length of the sign to be the same as the length of its movement(s), which they
classified either with directional labels such as up, right, or toward, or — in the
case of smaller movements produced from the wrist or finger joints — as supinated
or open. When applied, for example, to the current isolated, one-handed mono-
morphemic Finnish Sign Language sign BLACK, shown in Figure 1, this ideology
still identifies the linear form generally associated with the sign. In Stokoe’s
model, BLACK has a (straight) movement toward the body, and it begins at the
location in which the hand first starts to move toward the signer; in Figure 1, this

Fig. 1: Finnish Sign Language sign BLACK as depicted in the Basic Dictionary of Finnish Sign
Language (Malm 1998).
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is the position in which the hand is depicted. The end of the sign is the location in
which the hand stops articulating this movement. In the case of BLACK, this loca-
tion is on the forehead, as shown in Figure 1 by the arrow describing the direction
of the movement.

In BLACK and in other isolated signs, the hand needs to be first raised to the
beginning location and, after the production of the movement, lowered from the
ending location back to the resting position. These very initial and final move-
ments of the hand (not shown in Figure 1) were not treated as parts of signs by
Stokoe and, indeed, in the modern work of sign language phonology they are still
classified as transitional movements, or transitions, and excluded from linguistic
analysis (for more on transitions, see Jantunen 2013).

The need to be more specific about the nature of the borders of signs became
more important after Liddell (1984) and the introduction of the idea that, contrary
to what Stokoe had proposed, signs also have a sequential structure. In Liddell’s
original Movement and Hold model (MH model), the question of the length of the
sign was answered through the notions of Movement (M) and Hold (H) segments.
Ms were defined as periods of time when the articulator (typically, the hand)
was in motion; Hs were the moments when all the postural features of the articu-
lator remained unchanged. In the MH model, signs were seen as being composed
of these segments and typical signs were described as M, H, MH, or HMH type of
sequences. The segmental structure of signs was first decided on the basis of
the activity of the dominant hand and this was then imposed on the descrip-
tion of the non-dominant hand; in practice, the segmental structure of the non-
dominant hand was different from that of the dominant hand only in cases where
the non-dominant hand acted as a static place of articulation. In the case of the
sign BLACK in Figure 1, the MH model representation of its segmental structure
was MH, capturing the fact that, in the production of the sign, the hand stays in
contact with the forehead for a short while.

The Ms and Hs in Liddell’s (1984) original MH model were introduced as a
priori notions whose exact status as phonetic or phonological units was not, and
still is not, very clear. However, what is known on the basis of Liddell’s text is that
Ms and Hs were connected post hoc to empirical video data so that Ms were iden-
tified with periods of time when the contour of the articulator appeared blurred in
the video frames; Hs were identified with the times when the contour of the artic-
ulator was clear. This idea is expressed, for example, in the following:

In an effort to get a better understanding of the importance of movements and holds for
signs in general, videotapes have been examined [...]. When looking at any given field, it is
possible to see whether the hand is moving along a path: a blurry image of the hand in an
otherwise clear picture indicates that the hand is moving. (Liddell 1984: 377.)
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All in all, the order of presentation in Liddell (1984) suggests that original Ms
and Hs should be taken not only as phonological (i.e., abstract) units, but also as
units which relate to phonetic (i.e., concrete) behaviors in a relatively straight-
forward way (i.e., Ms represented visible movement periods and Hs observable
static periods in the activity of the hand).

The original MH model (Liddell 1984) has been a reference point for all sub-
sequent major phonological models of sign language phonology: Liddell and
Johnson (1989), Sandler (1989), Perlmutter (1992), and Brentari (1998). In prac-
tice, this has meant that the view of the length of signs — their beginnings and
endings — advocated by the MH model has also been accepted in these other mod-
els. This is equally true for models that operate with MH-style classical dynamic
and static segments as well as for models in which segments are understood in
an even more abstract manner. An example of the first group is the phonological
Hold-Movement model devised by Liddell himself with his colleague Johnson
(Liddell and Johnson 1989). Another example is the Hand Tier model introduced
by Sandler (1989), in which the prototypical sign is represented as a sequence of
Location-Movement-Location segments. The relationship of phonological Loca-
tion (L) and Movement (M) segments to the actual phonetic behavior of the hand
in the production of the American Sign Language sign INTELLIGENT is described
by Sandler (1993) as follows:

Consider the sign INTELLIGENT [...]. This sign is characterized by the canonical LML form.
The first location is in contact with the side of the forehead, ipsilateral to the signing hand
[i.e., on the same side of the signing hand]. This is followed by a straight movement, and a
second location, a short distance in front of the first. As is typical of the vast majority of
monomorphemic signs, there is a single hand configuration throughout [i.e., the upward
pointing index finger extended from the fist]. (Sandler 1993: 245.)

An example of a model in which segments are more abstract units is Bren-
tari’s (1998) Prosodic model. In this model, the segmental structure of the proto-
typical sign includes two x-slots that are linked together with a suprasegmentally
realized movement component. Figure 2 demonstrates the Prosodic model con-
cept of the sign by showing schematically how it represents the isolated sign
BLACK (Figure 1).

In the Prosodic model (Brentari 1998), signs are considered to correspond to
sequences of sign stream that can be described phonologically by using a group
of hierarchically organized inherent (or static) and prosodic (or dynamic) fea-
tures, the latter (PF) occurring prototypically between two timing units, x-slots
(inherent features, IF, are represented collectively with a triangle in Figure 2). Of
the two types of features, only the prosodic ones specifying the movement of the
sign are realized sequentially (the path feature meaning ‘directed toward a plane’

Brought to you by | Jyvaskylan Yliopisto University
Authenticated
Download Date | 6/5/17 1:22 PM



100 —— Tommi)antunen DE GRUYTER MOUTON

BLACK

root

path
[dir:=>[]
Phonological
level: X X
Signal: Hand in front Hand at
of the forehead the forehead

Fig. 2: Prosodic model (Brentari 1998) representation of the Finnish Sign Language sign BLACK
(see Figure 1).

in Figure 2) and hence only they define the sign linearly. Like the original MH
model (Liddell 1984) and other segmental phonological models (e.g., Liddell and
Johnson 1989; Sandler 1989; Perlmutter 1992), so the Prosodic model treats move-
ments outside sign borders as transitional and excludes them from phonological
and linguistic analysis.

The representation of the non-dominant hand of two-handed signs is even
more reliant on the representation of the dominant hand in the Prosodic model
than in segmental models. This is because in the Prosodic model the non-
dominant hand is treated as a dependent structural unit of the dominant hand.
Moreover, because the non-dominant hand is represented only with inherent fea-
tures, it is assumed to be fully constrained by the sequentiality and linearity man-
ifested by the dominant hand.
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It must be emphasized that the link between phonetics (the concrete signal)
and phonology (the abstract representation) is not fully explicated in any of the
phonological models discussed in the present section. In other words, it is not
fully known how to associate the abstract phonological representation of the
models with the properties of the actual signed signal, or vice versa. However, as
evidenced by, for example, the cases referred to above — which are fully in line
with the underlying thesis of the present paper (see Section 1) — such an associa-
tion can undoubtedly be made, and indeed quite straightforwardly (cf. Crasborn
2012: 7, who speculates that this “straightforwardness” may be due to the fact that
we can see the articulators involved in the production of the phonological form).
That this is the case also in the more abstract Prosodic model is evident, for exam-
ple, in the way the model treats the timing of the handshape and orientation
change features and path movement features, as well as in the fact that the model
is built to capture certain inherently phonetic phenomena (e.g., the weakening
and strengthening phenomena of movements and the phrase-final lengthening
of signs, see Brentari 1998; see also Sandler 1989, Perlmutter 1992, and Crasborn
2001).

2.2 Phonetic perspective

As I have noted above, Liddell’s (1984) work really marked the beginning of the
investigation of signs as temporally organized units. However, surprisingly, it left
the actual criteria for defining the borders of the sign rather vague. In the context
of phonetic models, these criteria have been examined by Liddell and Johnson
only recently, over 25 years after the publication of the original MH model. In their
second paper in a series of a total of eight papers in which they describe their
new phonetic notation system (Johnson and Liddell 2011), historically based on
the MH model (Liddell 1984) and its clearly phonological successor the Hold-
Movement model (Liddell and Johnson 1989), they commit themselves explicitly
on the question of how to determine the borders — and consequently, the length
— of the American Sign Language sign CHICAGO (see Figure 3):

[Concerning the identification of the parts of the sign stream that are or are not part of
the sign CHICAGO:] We employed three criteria for these decisions. First, when we look at
other instances of CHICAGO, we see that they all tend to share a similar starting place [...].
Directly before this placement, however, the activities of the hand vary as a result of the
preceding context. [...] Because these transitional activities vary from utterance to utter-
ance, we do not treat them as a part of the sign itself. [...] Second, note [...] that the hand
moves upward from its resting position on a direct and straight path that ends with [...] the
beginning of the sign. After [this] the hand moves along a different, lateral path. This change
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Fig. 3: American Sign Language sign CHICAGO.

in direction also provides evidence for the beginning of the sign. Third, when we ask native
signers to show us how CHICAGO begins, they always place their hand in roughly the posi-
tion shown in frame 1 [i.e., in the juncture between the two movements]. (Johnson and
Liddell 2011: 412.)

Johnson and Liddell (2011) describe the use of three criteria to determine the
beginnings of signs. The first criterion requires one to compare different instances
of the sign and determine the invariant starting place on the basis of this com-
parison; periods during which in contextual and continuous signing the hand
is approaching this starting place from different directions are classified as tran-
sitions. The second criterion, supporting the first one, asks one to associate the
beginning of the sign with the location at which the direction of the movement of
the hand changes; this is the same location as marks the operational beginning of
movement features (e.g., straight) in phonological models (see Section 2.1). The
final criterion involves consulting the intuition of native signers, who are said to
be able to roughly approximate the beginning of the sign with the convergence of
the two movements. It is worth noting that no actual description is provided by
Johnson and Liddell for the process of identifying the ends of signs.

The criteria Johnson and Liddell (2011) describe resemble closely the pho-
netic sign identification criteria that have recently emerged in the new field of
sign language corpus linguistics. Building a representative sign language corpus
requires one to first collect and then annotate a large amount of sign language
video material. This in turn calls for the linear identification of signs, or corre-
sponding video sequences, from the video stream. For this task several guidelines
have been established (e.g., Crasborn and Zwitserlood 2008; Johnston 2009;
Wallin et al. 2010). The guidelines differ slightly from each other but they all have
one thing in common: they all take the bipolar sequential movement phase of the
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dominant hand as the starting point for the sign identification. This is demon-
strated, for example, in the following excerpt from the annotation guide for the
Corpus NGT (the Sign Language of the Netherlands):

[A sign starts] at the first frame in which the hand starts to move away from the initial loca-
tion of the sign to the final location of the sign; or (in case the hand does not move through
space) [at] the first frame in which the handshape starts to change [...]; or (in case the hand
does not move through space and the handshape does not change) [at] the first frame in
which the orientation of the hand starts to change. [A sign ends] at the first frame in which
the handshape starts to change after the sign was finished; or at the first frame in which the
hand starts to move away from the final location of the sign. (Crasborn and Zwitserlood
2008: 6; original boldface.)

Sign identification criteria such as the one described above may be applied to
both isolated signs and to continuous signing, in both of which they serve to sep-
arate signs from the surrounding transitions. When applied to continuous sign-
ing, the criteria result in a division of the sign stream into longer sequences of
linguistic signs and non-linguistic transition phases, as presented in Figure 4.
Within this type of approach, the average duration of signs has been calculated
to be roughly a third longer than that of transitions, and the duration of signs has
also been claimed to exhibit more variation than that of transitions (Jantunen
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Fig. 4: A screenshot from ELAN (The Max Planck Institute of Psycholinguistics, Nijmegen,
The Netherlands; http://tla.mpi.nl/tools/tla-tools/elan/) showing sign annotations and gaps
between the annotations (the upper tier). Data from Jantunen (2013).
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2013). An interesting implication of all this is that a relatively large proportion of
actual signing is in fact considered to be linguistically redundant activity. This is
not the way a speech signal is seen to be composed.

The dominant hand dominates the corpus-related annotation work (e.g.,
Wallin et al. 2010). Many corpora nevertheless distinguish between the dominant
and non-dominant hand, that is, annotate them as different units (i.e., on differ-
ent tiers). I consider this to be an important and welcome methodological trait as
the two hands are capable of performing very different articulatory activities in
signing. Furthermore, the separation of the two hands in corpus annotation often
also indicates that the temporal relations within articulators are not necessarily a
straightforward matter (for more, see Section 3.1).

The sign identification criteria included in corpus annotation guides are
currently the most accurate phonetic criteria available for deciding the begin-
nings and ends of signs. In general, their emergence reflects a shift in sign lan-
guage research from intuition-based research toward the more extensive col-
lection and exploitation of data. However, it is claimed in this article that even
these most recent criteria — used today in corpora-based research in the fields of
morphology and even syntax — are based on an abstract conception of the linear
sign that ultimately draws on early phonological work on sign languages, as has
been documented in this section. How accurate this phonologically grounded
mainstream view of the linear sign really is will be discussed in the following
sections.

3 Phonetic evidence that the sign may be
a longer unit than is assumed by the present
mainstream view

As I have said in the previous section, modern research into sign languages oper-
ates on the phonologically based assumption that the linear phonetic domain of
the prototypical sign is a movement phase in which the (dominant) hand either
proceeds (with or without hand-internal movement[s]) from one describable
placement to another describable placement, both identifiable by a change in
the direction of the movement of the hand, or executes a hand-internal move-
ment in one place. In some cases, the hand may also remain immobile. This sec-
tion now looks at the phonetic evidence that in the long run is likely to be recog-
nized as showing that signs are longer units than is generally currently recognized.
Evidence is presented from two perspectives: those of articulatory phonetics (3.1),
and sign recognition (3.2).
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3.1 The perspective of articulatory phonetics

Let us begin by briefly considering the production of a spoken word. Where does
the phonetic form of a spoken word begin and where does it end in terms of artic-
ulation? A fairly common sense answer to this question is that the beginning of a
word (or any phonetic unit) is determined by the first occurrence of any articula-
tory feature that is typically associated with the unit and, similarly, that the end
of the word (or any unit) is determined by the last occurrence of the last of such
features. For isolated words, determining beginnings and endings in this way is
relatively straightforward. For words that occur in continuous speech, on the
other hand, the case is a bit more complex: due to coarticulation, articulatory
features are mixed and spread so that the phonetic borders of words are never
exactly clear-cut or sharp, but fuzzy, words being fused together into a con-
tinuous stream. However, as indicated by the success of phonetic research into
spoken language (see Hardcastle and Laver 1997 and papers therein), this is not
an insurmountable problem for successful speech-to-word segmentation.

Do the currently assumed beginnings and endings of the phonetic forms of
signs correspond to the moments of the first and last occurrences of articulatory
features forming the signs? Surprisingly, on the basis of a number of phonetic
studies, it seems that the answer to this question is very often no. For example,
in their analysis of the phonetic execution of different parameters in a sign, Em-
morey and Corina (1990: 1237) state that “[m]uch phonetic information appears to
be available quite early”. Similarly, in their phonetic appearance-based descrip-
tion of movement phases in signs, Kita et al. (1998: 28) conclude that these units
always begin with a phase during which “the hand shape and the orientation
of the hand are set to the starting values of the expressive phase [the stroke, i.e.,
the phase typically identified as the sign]”, and that they also always end with a
phase during which these values are retracted from the end values of this phase.
Ojala (2011), in turn, has shown how there are even finger-specific differences in
the preparation speed both to and from the target handshape, the index finger
being the one that controls the production of the sign and its phases the most.

Indeed, phonetic work on sign articulation has indicated that lots of informa-
tion on especially handshapes and orientations is typically present before the
generally accepted beginnings of signs, that is, prior to the production of the lo-
cation in which the hand changes direction and starts to articulate the movement
typically associated with or defining the sign. Moreover, these studies have also
shown that articulatory information on these components also remains acces-
sible well after the production of the unit. The current conception of the linear
sign seems to cover only a part of the emerging phonetic domain and, if we accept
the meta-methodological rationale that a phonetic form begins from the first
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occurrence of any articulatory feature associated with the form and ends with
the last occurrence of any such features — as is the case with spoken words —
then signs must be reckoned to be considerably longer units. To illustrate that
this increase in length is indeed considerable, let us consider the example in
Figure 5.

The example in Figure 5 is a frame-by-frame (25 fps) representation of the
production of the isolated one-handed monomorphemic, yet phonologically
complex (i.e., the sign includes both a path and a local movement of the domi-
nant hand), Finnish Sign Language sign TO-SEND captured from the on-line dic-
tionary of Finnish Sign Language, Suvi. By following the mainstream sign iden-
tification criteria used, for example, by Johnson and Liddell (2011) and corpus
annotators (e.g., Crasborn and Zwitserlood 2008; Wallin et al. 2010) (see Section
2.2), we are able to say that the phonetic domain of the sign, according to the
mainstream view, corresponds to the frame interval 10-17. However, frame num-
ber 10 is not the first frame in which the articulatory features of the handshape
and orientation comprising the sign are present for the first time, nor is frame
number 17 the last frame in which these features can be detected. As the figure
shows, the initial handshape of the sign TO-SEND is already fully formed in frame
5 and the configuration of the final handshape of the sign can still be detected
from frame number 20. Likewise, the target orientation of the hand is already
reached in frame number 7 and traces of it are still clearly detectable in frame
number 19. Consequently, if the sign TO-SEND is segmented from the video stream
by taking into account the first and last occurrences of articulatory features com-
prising it, then it is actually roughly twice as long (in frames) as the current main-
stream view assumes.

The case is similar with all types of isolated signs in Suvi (i.e., one and two-
handed, mono and polymorphemic, those with simple or complex movement
etc.). In a recent computer-vision based study into automatic sign identification
by Viitaniemi, et al. (2014), the first occurrence of the first articulatory feature in
Suvi’s signs (n = 1212) was estimated to be, on average, 3.9 frames earlier than the
mainstream view assumed. Comparably, the last occurrence of the last of such
features was estimated to be on average 1.9 frames later than the mainstream con-
ception of the end of the sign took it to be. The case appears to be no different with
signs produced in context: the articulatory features of handshape and orientation
are also present in connected signs both before their alleged beginnings and after
their alleged ends. This is demonstrated in Figure 6, adapted from Jantunen
(2011).

The example in Figure 6 represents, again, frame-by-frame (25 fps), the pro-
duction of the semantically complex Finnish Sign Language sign with the mean-
ing ‘the house is at place x’ (Jantunen 2011). The sign — produced, following the

Brought to you by | Jyvaskylan Yliopisto University
Authenticated
Download Date | 6/5/17 1:22 PM



DE GRUYTER MOUTON How long is the sign? =— 107

Fig. 5: A frame-by-frame (25 fps) representation of the production of the isolated Finnish Sign
Language sign TO-SEND captured from Suvi.
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17

Fig. 6: The frame-by-frame (25 fps) representation of the semantically complex Finnish Sign
Language sign with the meaning ‘the house is at place x’ occurring in a stream of signing
(Jantunen 2011).

standard way of description, with a palm down claw-like downward moving hand
— is extracted from continuous signing in which the signer is telling a story that in
this particular moment is describing the topographical location of a swimming
hall. The sign is preceded by the compound sign SWIMAHALL — the remnants of
which are still visible in the form of a fragment buoy in the non-dominant hand
— and followed by the first person index finger pointing sign ME; in grammatical
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terms, the sign is the verbal predicate of an intransitive existential sentence
‘There is a swimming hall at the area.’

Again, according to the present mainstream view, the beginning of the sign
is equated with frame number 7, which shows the placement of the hand from
which the hand first starts to move downwards. The generally accepted end of the
sign, in turn, is shown in frame number 12, which shows the location of the hand
after the downward movement is completed. However, as seen from the frames
preceding the frame in which the sign is assumed to begin (7), the production of
the handshape and orientation of the sign have already begun approximately
four frames earlier; the orientation of the hand corresponds to the orientation of
the sign already in frame 3 or 4, and the finger configuration of the sign is achieved
in frame 4 or 5. Similarly, the handshape and the orientation characteristics of the
hand in the sign are continued several frames after frame 12, in which the sign is
assumed to have ended; they start to resemble — in a continuous fashion — the
orientation and handshape of the following sign ME only after frame 15.

In the example in Figure 6, the activity of the non-dominant hand in the pro-
duction of the two-handed compound sign SWIMAHALL is very significant in any
discussion concerning sign boundaries and the length of signs. If we accept that
signs — just like words — begin and end with the first and last detectable articula-
tory feature, then the sign SWIMAHALL actually ends only near or after frames 16
or 17, when the orientation of the dominant hand begins to relax. In other words,
the sign SWIMAHALL lasts throughout the whole articulation of the sign ‘the
house is at place x’. This is a coarticulatory effect caused by the existence of two
separate manual articulators capable of functioning independently. There is no
strict equivalent of this phenomenon to be found in spoken languages (apart from
the fact that it is an example of coarticulation that melts units together) but in
sign language research the phenomenon has already been documented, as the
following quotation from the annotation guide for Corpus NGT demonstrates:

In two-handed signs the hands do not always move in exactly the same way. Often one hand
stays in a particular position after the sign has ended, while the other hand goes on signing
the next sign. Or one hand starts to move or change slightly before the other hand does.
(Crasborn and Zwitserlood 2008: 6.)

Articulatory information on handshapes and orientations (of both hands)
is not the only type of phonetic information that is available relatively early and
late as far as the production of signs understood in the mainstream fashion is
concerned. Jantunen (2010) has documented that mouth movements and posi-
tions also begin before the presently assumed beginnings of signs and continue
after their presently assumed endings. In a study in which he investigated the
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durations of signs identified both by the mainstream corpus annotation method
and by a method in which the beginnings of signs were identified with the
moments the mouthings and mouth gestures of the signs began and ended (a
method he called the non-manual method), he found that signs identified from
short signed sentences by the mainstream method were significantly (p = 0.0001)
shorter (mean duration 5.9 frames; SD =1.8) than those identified using the
non-manual method (mean duration 8.4 frames; SD =3.2). The motivation for
Jantunen’s use of the non-manual method was that the language he was inves-
tigating, Finnish Sign Language, layers signs constantly either with Finnish de-
rivative word-shapes (mouthings) or sign language specific mouth gestures (see
Rainod 2002 for more discussion on these) and, moreover, uses these mouth activ-
ities to distinguish the meanings of signs.

In Jantunen’s (2010) study, the sequences identified as combinations of a dis-
tinct lexical sign and a pointing sign by the mainstream method were counted
as only one sign by the non-manual method. This was caused by the regular
spreading of the mouth features of the lexical element over the following pointing
element: for example, in the production of the sequence CANNOT and pointing,
the Finnish mouthing [eei.vo] originating from the Finnish words ei voi ‘cannot’
(lit. ‘no can’) accompanying the first element was stretched over the following
pointing in such a way that the first syllable of the mouthing was associated with
the element CANNOT and the second syllable with the pointing. Overall, given
that the non-manual element of mouth movement and posture is a structurally
obligatory part of Finnish Sign Language (Raino 2002), this suggests that the two
morpheme-like units form, in fact, a single phonetic sign. A similar claim has
been put forward, for example, by Zeshan (2002).

Interestingly, the fact that articulatory features of the handshape, orientation
and non-manual elements are present well before and after the alleged beginning
and ending of the sign has been noted in studies that have explicitly supported
the mainstream view of the length of a linear sign. This is demonstrated, in terms
of the beginning of the sign produced in isolation, by the following quotation
from Johnson and Liddell (2011), in which they discuss the temporal alignment
of different structural components — hand configuration (HC; cf. handshape),
placement of the hand (PL; cf. place of articulation), facing of the hand (FA; cf.
orientation), and non-manual elements (NM) — in the American Sign Language
sign CHICAGO:

Also, note that the HC, the FA, and the NM configuration are established before the hand
arrives at the first PL of the sign. Thus, it is not the case that all of the components are
established at exactly the same moment and that they all change at exactly the same time.
(Johnson and Liddell 2011: 415.)
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Regardless of these observations, the beginning of the sign CHICAGO is iden-
tified by Johnson and Liddel (2011) with the location in which the direction of the
global motion of the hand is changed. The reasoning they offer for this has been
explained in Section 2.2 and it rests on the claims that the location in which the
hand changes direction is the first invariant feature of the sign and that deaf
native signers identify this location intuitively with the beginning of the sign.
However, on the basis of our common ability to make phonetic observations and
on several phonetic studies, the claims would seem to be not entirely accurate.
Concerning the first claim and isolated signs, it is not the case that the route that
is labelled transitional beginning to the sign actually varies very much. In fact,
one might argue that it is a very stable part of the articulation of isolated signs
because it remains roughly similar from utterance to utterance, as signers always
have to raise their hand with a similar global movement to the point where the
movement then changes its direction for the first time. Moreover, as has been
demonstrated in this section, this transitional beginning also contains import-
ant articulatory information about the sign. It is only in the context of contextual
signing that the reasoning of Johnson and Liddell makes sense. However, this
context adds another type of difficulty to the claim, namely that caused by coar-
ticulation: several studies (e.g., Mauk 2003; Ojala 2011) have shown that loca-
tions Johnson and Liddell treat as invariant actually vary considerably in contin-
uous signing; that is, signs and signing may be lowered or raised for a variety
of reasons, or be produced in grammatically marked locations. Consequently, it
seems that it is not the case that the claim about the invariancy of the first loca-
tion made by Johnson and Liddell actually holds true. Concerning native intu-
itions, on the other hand, the next section will show that, according to more de-
tailed studies, for example, on American Sign Language, native signers actually
associate the beginnings of signs before the location Johnson and Liddell, among
others, assume to be the beginning of the sign.

To summarize, this section has shown how most of the structural features of
the sign — handshape, orientation, and non-manual elements (e.g., mouth move-
ments and positions) — are present well before the production of the location
in which the hand changes direction and starts to articulate the movement typi-
cally associated with the sign, and also well after the location in which the artic-
ulation of this movement has come to an end. These facts have been treated as
non-linguistic preparatory articulatory activity and subsumed, simply on the
basis of tradition, under the notion of transitions, even in the most recent pho-
netic accounts (e.g., Johnson and Liddell 2011). However, I have suggested in this
section that, if we adopt the basic methodological rationale we use to segment
words from speech - that the beginning of any phonetic unit is determined by
the first occurrence of any articulatory feature that is typically associated with
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the unit and, similarly, that the end of any phonetic unit is determined by the
last occurrence of the last of such features — then we have to acknowledge that
signs are actually longer units than has so far been recognized in mainstream
research.

3.2 The perspective of sign recognition

Sign recognition — being able to tell the form and meaning of a sign — is a complex
process obviously depending on multiple connections between different levels
of grammar and physiology (for a recent overview, see ten Holt et al. 2009). Con-
sequently, even if all the details of this process were known, it would be impossi-
ble to go through them in the limited amount of space available here. Fortunately,
this is not necessary, since the present section simply aims to discuss two ques-
tions: what is the minimum phonetic requirement in terms of sign production for
any sign to be successfully recognized, and how far is this consistent with the
current mainstream conception of the sign and its phonetic domain? Let us be-
gin, again, by briefly outlining the context when the issue is the recognition of
spoken words.

In a simple setting involving a speaker and an addressee (and this setting
will be assumed in the remainder of the present section), what is the minimum
prerequisite for the addressee to recognize an isolated word produced by the
speaker? The almost ridiculously obvious answer is that the speaker must have
begun the production of the physical form of the word. That this is indeed the
case has been shown in numerous studies at least since Grosjean (1980), whose
study indicated that the successful recognition of isolated spoken words required
the articulation of at least 30 per cent, and up to 80 per cent, of the form of the
words. Without the necessary articulatory information, the recognition of a word
can only be explained as guesswork. Guessing, however, does not fit into the cur-
rent idea of how languages are processed.

Obviously, context affects the recognition rate positively. For example, cer-
tain words are more likely to occur together than others, and knowing this gener-
ally decreases the time the addressee needs to recognize any given word. How-
ever, even in context the production of at least some part of the form of the word
needs to be available for the recognizer — if this is not the case, the word is just
guessed.

Have studies on sign recognition yielded corresponding results? Certainly
it is not always so. Indeed, many studies clearly suggest that signs — produced
both in isolation and in context — are recognized already before their presently
assumed phonetic form has begun to be articulated. One of the earliest of these
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studies was the gating experiment conducted again by Grosjean (1981). By artifi-
cially modifying the starting place of isolated signs on a video (i.e., gradually al-
lowing viewers to see more and more of the sign) Grosjean found that the recog-
nition of isolated signs required the production of approximately 47 per cent of
the form of the sign. The percentage is relatively high, but it must not be taken
without reference to Grosjean’s method of identifying the beginnings and end-
ings of signs. This reveals that he identified the beginning of the sign with the
moment the hands first appeared on the screen, and the end with the moment
the hands first started to retract to their resting position. Given this information,
the recognition point of signs actually in many cases already occurred during the
phase that, in current mainstream terminology, corresponded to the sign initial
transitional movement (e.g., ten Holt et al. 2009).

The follow-up study by Clark and Grosjean (1982) with more contextual in-
formation indicated that the recognition of a sign in a phrase or sentence might
take place even earlier than Grosjean (1981) had found. Clark and Grosjean’s
study showed that, when the stimuli are excised from continuous signing, only
some 37 per cent of the form of the sign needs to be produced for successful
recognition. In the study, the beginning of the stimulus sign was associated
by a native signer with the moment the previous sign was judged to end. In
practice, this too meant that the recognition point of the sign occurred in a
large number of cases — again, in terms of mainstream terminology — during the
initial transitional movement, not during what is generally taken to be the sign
itself.

Subsequent studies in the field have produced similar results (e.g., Emmorey
and Corina 1990; Arendsen et al. 2007; ten Holt et al. 2009). In addition to these,
a recent study by ten Holt et al. (2009) on isolated signs has shown that the tran-
sitional part after the generally accepted end of the sign (i.e., the phase during
which the hands move back to the resting position) may also be enough for its
recognition. In their study, ten Holt and colleagues adopted the gesture-based
preparation-stroke-retraction analysis for signs (Kita et al. 1998; Arendsen et al.
2007) and found that stroke phases — the movement phases most strongly associ-
ated with the present notion of the sign — and the preparation phases preceding
them are alone enough to enable the recognition of a sign. More importantly, they
also found that the retraction phase following the stroke was alone sufficient to
enable recognition of the sign. There was, though, variation in this particular rec-
ognition rate: for example, for the one-handed sign SCHEP ‘shovel’, articulated
in the neutral space in front of the signer, the recognition rate on the basis of the
retraction phase alone was near zero, whereas for the one-handed sign TELE-
FOON ‘telephone’, articulated with a fairly marked handshape at a fairly marked
location on the facial area, the rate was almost 100 percent. Overall, however,
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Sequence of sign frames

B | — ] f—— Si.gn frames were

identified from the video

Sequence of transition frames

2.
\ Sign frames were
deleted from the video

3.
Transition frames were
edited into a single sequence

Fig. 7: A schema showing how the video clips without signs were made in Jantunen (2010b).

recognition results based only on the retraction phase were much better than
mere chance, with an average of 60 per cent recognition rate for all signs and sub-
jects in their experiment.

Supporting evidence for the study by ten Holt and colleagues (2009) has been
provided by Jantunen (2010b). In order to answer the question of whether con-
tinuous signing can be understood on the basis of transitions only, he devised a
video test in which native Finnish Sign Language signers were shown five short
video clips containing superficially continuous-like signing. However, the clips
were edited to contain only phases identifiable as inter-sign transitions. This pro-
cess is described schematically in Figure 7.

The original versions of the five video clips were Suvi’s signed examples
500/2, 660/2, 800/2, 860/2, and 1120/2. With the manipulated clips, the task of the
signers was to tell whether a clip was understandable or not, and if judged under-
standable, the signer was asked to repeat the signs in the clip. The main result of
the experiment is shown in a simplified format in Table 1.

Overall, the results showed that despite the exclusion of actual “signs”, the
transition path to and from the location of intended signs was sufficient to allow
native signers to construct the intended/target signs; the clips were surprisingly
well understood and reproduced on the whole, although some individual varia-
tion was found in the performance. The main factor affecting the comprehension/
production was found to be the signing speed; a relatively fast signing speed re-
sulting in very short transitions (only one frame) was found to totally prevent the
processing in clip 800/2. There were also problems with the comprehension/
reproduction of aspect-related semantic details; this was caused by the fact that
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Table 1: The main result of Jantunen’s (2010b) comprehension/production test. X marks that the
clip without traditional signs was understood and reproduced correctly.

Clip 500/2 Clip 660/2 Clip 800/2 Clip 860/2 Clip 1120/2

Signera X X
Signer b X X
Signerc X X X X
Signerd X X
Signere X X X
Signer f X X X
Signer g X X X
Signer h X X X

these details are typically conveyed by sign-internal local movements which were
now missing from the clips.

As far as I am aware, there has been only one study within the recognition
paradigm that has directly addressed the question of the location of the borders
of signs. This is the early study by Green (1984) that investigated where the intu-
itions of native American Sign Language signers associate sign borders. The con-
clusion of the study offered by Green is completely in line with the results of other
recognition studies:

Our results demonstrated that deaf observers do agree on the location of sign boundaries;
furthermore, that deaf observers judge signs to begin at the start of the transition movement
into the sign [...]. This result suggests the possibility that a sign begins almost immediately
after the sign preceding it has ended. It may even be the case that the boundaries of signs
can overlap in time, as does the acoustic information for words in speech. (Green 1984: 88.)

The results provided by Green (1984) and, later, other people working within
the field of sign recognition, seem to be in direct conflict with claims such as
the one made by Johnson and Liddell (2011), that native signers associate the be-
ginnings of signs with the locations in which the movement of the hand appears
to change direction, after first having completed the transition to this location.
In fact, in the light of the studies presented in this section, such claims begin to
appear as mere post hoc attempts to justify the use of an empirically invalid, pho-
nologically biased conception of the linear sign and its beginnings and ends.
However, regardless of whether this conclusion is accepted or not, this section —
together with the previous one — has shown that the question of the empirical
borders of the linear sign is not as straightforward as, for example, Johnson and
Liddell have proposed. Moreover, this section has suggested that signs may in fact
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be longer units than has generally been understood because, according to current
mainstream terminology — and on the assumption that some part of the form of
the sign needs to be produced before the sign can be recognized — their recogni-
tion point is often located within what is now seen as the transitional movement
that precedes the sign, and because signs can also be recognized on the basis of
parts of their subsequent transitions only.

4 What would the longer sign be like and what
consequences might this revision have for sign
language research?

The previous section (3) presented phonetic evidence that suggested that the lin-
ear sign may be a longer unit than the present mainstream view acknowledges.
This section takes up this proposal and discusses, first, what this longer sign
would be like and, second, what consequences this “revision” of the sign might
have for sign language research.

To begin with, the proposed longer sign would be categorically different from
the shorter sign of mainstream tradition. The difference is illustrated schemati-
cally in Figure 8 with the help of some structurally different isolated signs from
Finnish Sign Language.

For the sake of discussion, let us look more closely at one of these signs,
namely the sign BLACK. According to the longer view of the sign BLACK, parts of
the sign stream corresponding to traditional transitional movements preceding
and following the traditional sign are now included as parts of the sign. These
phases are not directly shown in Figure 8, but during the initial phase (before the
traditional short sign) the hand is raised toward the location that is depicted
in Figure 8 (the traditional beginning location of the sign); the hand orientation
and configuration as well as the non-manual element of the sign are identifiable
during this phase (in BLACK, the mouth moves in a similar way to the silent pro-
nunciation of the beginning of the Finnish word musta, resembling the produc-
tion of the sound sequence [muss]). During the end phase (after the traditional
ending location of the sign), the hand starts to move downwards from the fore-
head back to the neutral resting position, the orientation and the configuration of
the hand as well as the non-manual element gradually neutralizing.

In the longer revised sign, the units that are traditionally termed transitions
are actually split in two. In the production of isolated signs such as BLACK in
Figure 5, the first transition is re-analyzed as composed of the initial release of
the hand plus the phase during which the articulatory features become those
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Fig. 8: Traditional short (left) and revised long forms (right) of Finnish Sign Language signs
BLACK (one-handed monomorphemic sign; top row), TO-PRESENT (two-handed
monomorphemic sign with several sign-internal movement sequences; middle), and TO-GIVE-A-
BALL-SHAPED-OBJECT (one-handed semantically complex directional sign; bottom row). Images
from the Basic Dictionary of Finnish Sign Language (Malm 1998).
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associated with the sign, while the final transition is split into the phase during
which the articulatory features become neutralized and the final settling down of
the hand. In continuous signing, the very first and very final phases (the initial
release and the final settling down) are typically not present. The consequence of
this is that continuous signing does not actually contain linguistically redundant
activity at all, contrary to the current mainstream view with its notion of transi-
tional movement (Jantunen 2013). Instead, signing proceeds uninterruptedly
from sign to sign, without intervening transitions, as does speech, and as already
suggested by Green (1984).

To say that, in the longer view of the sign, signing proceeds uninterruptedly
from sign to sign is not to say that segmenting signs from each other is easy.
Coarticulation causes the borders of signs to overlap, and the borders of signs
are always fuzzy. However, although the presence of two manual articulators
may cause two signs to be produced simultaneously in a very overt way in sign
languages, fuzzy borders as such must not be interpreted as being a property
in any way specific to sign language: the issue is exactly the same with words
and their boundaries in speech, and, from the perspective of sign language re-
search, would merely require methodological rewiring in order to be taken into
account.

In determining the borders of the longer sign, acoustic phonetics carried out
with the help of motion capture (mocap) technology may be of great value. When
the motion of signs in a signed signal is investigated with the help of mocap, it
is possible to see differences in the sign stream that otherwise would pass un-
noticed. One such difference concerns the acceleration characteristics of the
hand: on the basis of mocap data from continuous Finnish Sign Language signing
(Jantunen et al. 2012), it appears that the beginning and ending moments of
longer signs correspond remarkably accurately to the moments when the acceler-
ation of the hand is at its highest (acceleration peaks) or at its lowest (decelera-
tion peaks) (for more, see Jantunen 2011, 2012). This is demonstrated with an ac-
celeration curve for the Finnish Sign Language sign ‘the house is at place x’ (see
Figure 6 in Section 3.1) in Figure 9. In the figure, the moment when the orientation
of the hand first begins to resemble the orientation of the particular sign (frame 3
in Figure 6) is associated with the first full peak (a deceleration peak) in Figure 9
(this moment is marked with a dotted vertical line). Similarly, the moment when
the final articulatory feature of the sign has disappeared is equated with the very
final (acceleration) peak, or a mound (also marked with a dotted line). The do-
main of the traditional short sign is identified in Figure 9 with two straight lines
in the middle of the curve; the domain includes an acceleration peak and then a
deceleration peak, (i.e., the motion of the hand first speeds up and then slows
down).
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Fig. 9: A motion capture graph describing the magnitude of the acceleration vector of the tip
of the dominant hand index finger (y-axis) as a function of time (x-axis). The measurement has
been done at the speed of 120 Hz. The domain between the (outer) dotted lines represents the
longer form of the contextually produced sign ‘the house is at place x’ (see Figure 6); the
smaller domain between the straight lines represents the traditional short version of the sign.
Data from Jantunen (2011).

Should the sign be revised into a longer unit, there would be immediate con-
sequences, for example, for sign language phonology and corpus work. Some
questions would require answering, including how the revised sign — and espe-
cially the movement component — should be represented phonologically, and
how these new signs should be identified in the creation of video-based sign lan-
guage corpora. These questions need to be studied in more detail in the future.
However, some initial remarks may already be made here.

Concerning phonology, the fact that the phonetic borders of the sign lie out-
side the presently acknowledged domain of the sign probably requires some
sort of modification of many of the present phonological models. The pressure
to do this applies particularly to models that take a stand on the temporal di-
mension of the sign in the form of describing signs’ sequential structure. As
was described in Section 2.1, this means practically all the mainstream phono-
logical models (e.g., Brentari 1998; Liddell and Johnson 1989; Perlmutter 1992;
Sandler 1989). However, the exact nature of this revision is not yet fully known
and should be further investigated in the future. It may be, for example, that the
high level of abstraction in the current sequentially oriented mainstream models
is also enough to capture the essence of the longer sign, which would mean
that the necessary revision of the models would be only minimal. Moreover,
and somewhat ironically, in Stokoe’s (1960) traditional model, which does not
discuss the sequential nature of the sign’s structure at all, there might even be
no reason to change anything — at least in terms of describing the emic com-
ponents of the longer sign. Furthermore, there are even “sequential” models in
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which movements are not treated as phonological units but as automatic conse-
quences resulting from the fact that, both in isolated signs and in continuous
signing, the hand(s) simply “acquire” phonologically specified locations (van der
Hulst 1993). In such models, the need for revision would perhaps also be only
minimal.

Interestingly, the view of the proposed longer sign corresponds fairly closely
to what Kita and colleagues (1998) suggested was the phasal structure of gestures.
In their framework, each gesture is typically analyzed as being composed of at
least three main components: preparation, stroke, and recovery. Preparation is
the phase during which the hand moves in a controlled manner toward the start-
ing location of the stroke and during which the orientation and the configuration
of the hand come to resemble those typically associated with the gesture. The
stroke is the main part of the expressive phase of the gesture, and it also corre-
sponds to the traditional short sign of the mainstream view. The final movement
phase of the gesture is the recovery, during which the shape and orientation of
the hand start to relax and the hand starts to retract towards a neutral resting
position. In the recovery, the orientation and the configuration of the hand are
still identifiable. Kita and colleagues devised their model primarily to segment
isolated gestures. However, the model has already been successfully adapted to
the study of isolated signs (e.g., Arendesen et al. 2007; Jantunen 2011) and Jan-
tunen (2011) has also used it to segment continuous signing into signs. In the
future, the possibility of analyzing signs phonologically according to the model
should be investigated further.

The longer view of the sign also has consequences for corpus work on sign
languages. Traditionally, the annotation of signs in corpora has assumed that
there are always transitional sequences in between signs proper, as shown in Fig-
ure 4. In the revised, longer view, however, there are no real transitions between
signs. This means that there should be no gaps between annotation cells either.
What this type of annotation looks like in comparison to traditional annotation
with clear transitional phases is shown in Figure 10.

That the role of transitions in corpus annotations should not be exaggerated
is a point that has already been partly addressed in some annotation guides (e.g.,
Johnston 2009). However, as has been shown in this paper, most convention
guidelines for annotation still go along with the traditional view of the length of
the sign.

It is very likely that, should the sign be considered differently, and along the
lines suggested here, there would be consequences too in the more applied do-
mains of sign language research. One example of that would be in the field of sign
language teaching which, at least in Finland, has been obsessed with the idea
of students learning individual (short) signs, not complete utterances. If it was
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Fig. 10: A screenshot from ELAN (The Max Planck Institute of Psycholinguistics, Nijmegen,
The Netherlands; http://tla.mpi.nl/tools/tla-tools/elan/) showing sign annotations that follow
both the shorter (upper tier) and the suggested longer view (middle tier) of the sign.

accepted that signs are longer units that melt together in continuous signing,
then we would perhaps be able to develop pedagogical methods that would result
in many second language learners of sign languages achieving better fluency.
However, for the time being, as long as signs are considered to be relative short
units, this remains merely a hypothesis waiting to be tested.

5 Conclusion

This paper has discussed the length of the linear sign. It has been shown that the
present concept of such a unit derives from early phonological work and it has
been suggested here that this concept may in fact be misguided in that it is not
based on prevailing phonetic evidence from, for example, the study of the articu-
lation and recognition of signs. Consequently, it has here been proposed that the
sign may be a longer unit than is currently recognized in mainstream research.
Finally, the nature of this revision has been outlined. In future research, the con-
sequences of this revision in various fields, including for example sign language
phonology and corpus work, need to be further investigated.
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