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The goal of this study is to investigate the effects of cross-linguistic differences on cognitive processing. Specifically, we investigate the effect of form differences in the number lexicons of German Sign Language (DGS) and American Sign Language (ASL) on mental number processing by means of an odd/even (parity) judgement task.

The handshapes used for German and American number signs are very similar from 1 to 5, but differ from 6 to 10 in two important ways. First, the German number signs from 6 to 10 are two-handed whereas the ASL number signs are all one-handed. Second, the use of a two-handed system results in a sub-base-5 number system in DGS since the non-dominant hand maintains the 5-handshape while the dominant hand repeats the hand configurations from 1 to 5. The German number sign 6 for example is composed of the 1-handshape (dominant hand) plus the 5-handshape (non-dominant hand). Nevertheless, in everyday communication a signer can use only the dominant handshape to express a specific number sign without ambiguity, if one hand is occupied (holding a bag, or a cup of coffee). In those situations the exact number size is specified via a mouth gesture or context. These differences between DGS and ASL were predicted to affect the way in which signers of these languages make mental judgements about number parity. 

Some aspects of mental number processing appear to be independent of language, for example, the relationship between number magnitude and response hand. Speakers of French, German, English as well as signers of DGS, all make parity judgements more quickly with the left than the right hand to relatively smaller numbers (1-5), while responses to relatively larger numbers (6-9) are faster with the right hand (Dehaene et al. 1993, Iversen et al. in press, Nuerk et al. in press). This Spatial Numerical Association of Response Codes (SNARC) effect indicates that a number magnitude representation is invoked automatically within parity tasks independent of the specific language in which the numbers are represented. 

In contrast, the association between parity and response hand appears to be language-specific. Namely, Willmes & Iversen (1995) found that speakers of German identified odd numbers more quickly when responding with the left hand, and even numbers more quickly when responding with the right hand for both Arabic numerals and number words (in German, e.g., “eins”, “zwei”, etc.). This linguistic Markedness Association of Response Codes (MARC) effect (Willmes and Iversen 1995, Nuerk, et al. in press) indicates that parity retrieval is modulated by linguistic markedness: The congruent association among marked (left-odd) and unmarked (right-even) lexical entries leads to faster responses than the incongruent association between a marked and an unmarked lexical entry (left-even, right-odd). In contrast, signers of German Sign Language identified odd numbers more quickly with the right hand, and even numbers more quickly with the left hand for Arabic numerals. A tentative explanation is that the German sign “right-side” is made with the left hand acting on the right arm. This may influence the markedness of the antonyms “right” and “left” (Iversen et al. in press).

When presented with DGS number signs and written German number words, the same deaf participants showed very different reaction time patterns for one handed number signs and corresponding printed number words (1-5) in contrast to two handed signs and number words (6-9), indicating an influence of the sub-base 5 number system of DGS. Whereas the parity-response key association for one handed number signs were analogue to the one found for Arabic digits, this reverse MARC effect was inverted for two handed number signs and corresponding written number words. The response patterns for number words and signs (i.e., linguistic symbols) are influenced more by the parity status of the dominant handshape, than by the odd vs. evenness of the complete numerical utterance. It seems as if parity is - at least in part - represented in a sub-base-5 system in German signers. This effect was format specific, since there was no influence of the DGS number lexicon found for the Arabic digits.

To investigate if these effects are in fact due to the lexical structure of German number signs, a cross-linguistic study with American signers using ASL was carried out.  Since ASL number signs are all one-handed, we predict no inversion of the MARC effect in the signing condition.  Moreover the ASL signs “right” and “left” are both performed with one hand, using the L-handshape with a slight movement to the left side for “left” and the R-handshape moving to the right side for “right”. In consequence we would expect that the results for American signers should be very similar to the results found for the hearing population. This would be an argument against a modality hypotheses and confirm a language specific influence on mental number processing.

Method:

Participants: 20 congenitally deaf signers of German Sign Language (DGS)

                     20 congenitally deaf signers of American Sign Language (ASL).

Stimuli and Design: Participants are instructed to decide whether a numeral is even or odd by pressing one of two response keys. Blockwise presentation of one digit Arabic numerals (2-9), written English number words (two-nine) and ASL number signs (8 repetitions per digit). The experiment is subdivided in two parts with different parity to response hand assignments (even-right or odd-right). The parts and blocks are counterbalanced across participants.

References: 

Dehaene S, Bossini S, Giraux P (1993). The mental representation of parity and number magnitude. J Experimental Psychology: General 122: 371-396.

Iversen, W, Nuerk, HC & Willmes K. (in press). Do signers think differently? The processing of number parity in deaf participants. Cortex. 

Nuerk HC, Iversen W & Willmes K (in press). On the magnitude and parity representation of numbers: The linguistic markedness association of response codes (MARC effect). Quarterly Journal of Experimental Psychology.

Willmes K & Iversen W (1995). On the internal representation of number parity. Paper presented at the Spring Annual Meeting of the British Neuropsychology Society. London, April 5.-6, 1995.

