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MacNeilage & Davis (1993) have argued that the adult spoken syllable is organized around oscillation of a single articulator—the mandible—and that the infant speech-motor sys​tem has very limited control of other oscillators, such as the tongue tip. We first consider the articulators that are available in American Sign Language (ASL).  We then turn to analyses of the articulators that are controlled by infant signers; we will report the frequency and accuracy with which signing children use each of the joints in the arm and hand. 
Figure 1 shows the joints of the arm and hand arranged on a proximal-to-distal scale. The term “radioulnar joint”  refers to the articulations of the radius and ulna in the forearm; move​ment at this joint (through contraction of pronator and supinator muscles) yields a rotation of the forearm, perceived as a change in palm orientation.  We often refer to this movement as “forearm twist.”  The first knuckle (K1) is the metacarpophalangeal joint and the second (K2) is the proximal interphalangeal joint. 
Proximal to Torso



Distal from Torso

         <---------------------------------------------------------->
shoulder......elbow......radioulnar......wrist.....1st-knuckles......2nd-knuckles

Here are examples of ASL signs whose lexical movement is typically restricted to each of the joints listed on the proximal-to-distal scale of Figure 1: committee (shoulder); thank-you (elbow); tree (radioulnar); yes (wrist); bird (first knuckles); bug (second knuckles).  We dis​tinguish two types of shoulder movement: “shoulder” as in signs such as committee or animal (in this instance, shoulder abduction/adduction) and “shoulder twist” as in day (longitudinal rotation of the arm at the shoulder).  In articulating the sign day, the arm rotates inward at the shoulder; this is a shoulder twist.  The sign black exemplifies a forearm twist; the result of this movement is that the tip of the extended index finger grazes the forehead.  In the sign bug, the first and second fingers bend repeatedly at the second knuckle.

Whether signs are phonologically specified for articulation at a particular joint is an unresolved issue.  Although articulation at the joints mentioned here may be typical of the signs in question, the particular joint that a signer uses may vary as a function of register and of dis​tance between signer and addressee, among other factors (Brentari 1998; Crasborn 2001).   Con​sideration of these ASL examples suggests that the ASL syllable cannot be associated with any single oscillator.  In lexical movements of ASL there is no obvious counterpart to the mandibular oscillation that is so strongly associated with spoken syllables.  We now turn to a consideration of the signing infant’s control of sign articulation at these various joints of the arm and hand.
Methods 
We report longitudinally-collected data on the acquisition of ASL as a first language. We followed four deaf children of deaf parents, beginning as early as 8 months and continuing until as late as 17 months.  All four children are girls; we’ll refer to them by the pseudonyms Caitlin, Katie, Noel, and Susie.  Each child had at least one deaf grandparent and thus each child had at least one parent who was a native signer of ASL.  With the exception of one child (Katie) who was videotaped monthly, children were videotaped biweekly while inter​acting at home with a parent and/or a native-signing experimenter.  The gestures captured on videotape were coded as signs only if recognizably re​lated to an adult sign in form and if used in an appropriate context for that adult sign.  Fluent signers of ASL, some Deaf and some hearing, coded all candidate signs on various communicative and articulatory dimensions. The coders identified 632 sign tokens in the videotapes that we examined. We then coded children’s joint usage in each of the 632 signs in our database.  
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Results

Figure 2 displays data joint usage pooled across 4 deaf infants.  The bars indi​cate the frequency (“number of tokens”) that were hits (i.e. correct usages) or false alarms (i.e., inappropriate usages 
or errors of commission).  The superimposed line graph indictes the likeli​hood (“percent accuracy”) with which infants used a particular joint, if the target sign involved articulation at that joint.  Accuracy was determined by dividing the number of hits by the total number of hits and misses (i.e. errors of omission).  However, mature control of the sign motor system is re​flected not just by the use of a joint when it is called for, but also by the inhibition of articulation at joints that are not appropriate to the adult target.  Successful inhibition of non-targeted joints is reflected in a low frequency of false alarms.

These data indicate that our subjects have relatively effective control over the elbow and  first knuckles.  Accuracy also seems high for K2, but the data are very sparse; only 6 tokens required articulation at this joint.  Two children showed considerable success with shoulder-twist movement (longitudinal rotation of the arm at the shoulder), and all 4 infants tended to overuse the other shoulder movements (e.g. abduction/adduction) which we coded simply as “shoulder.”

A final analysis considers the error patterns for each joint.  Three patterns emerge: 1) Children show a broad tendency to use proximal articulators where distals ones would be expected; 2) Children frequently erred by substituting an inappropriate shoulder movement for a target shoulder twist; and 3) Action at the second knuckles (note frequent false alarms at K2) was strongly linked to target movements at K1.  Infant overuse of K2 is consistent with opening and closing movements of the hands required to grasp objects.  We conclude that, in early sign production, infants control three oscillators: the shoulder (considering the two shoulder categories together), elbow, and first knuckles.  In this, they differ from speaking infants who may have limited control over the oral oscillators (other than the mandible) involved in speech.
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