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Project Description 
 
1 Starting Point 
The visual modality is well-known for its high potential for iconic representation, in particular, of 
information related to size and shape, manual action, location and motion. This affordance is 
exploited in both sign language and gesture and accounts to a significant degree for the similarity of 
expression across these domains in these modes of communicative expression. In the present 
project, we investigate this similarity with respect to the transition from gesture to sign in L2M2 
(second language, second modality) sign language acquisition. The similarities between sign and 
gesture have important implications for L2M2 acquisition of a sign language, as learners’ gestural 
repertoire can support but also interfere with learning the phonologically specified forms in the 
established lexicon of sign language (Ortega & Morgan, 2015b; Ortega et al., 2020). In the proposed 
project, we investigate the transition from gesture to sign in learners’ production as well as in 
comprehension by proficient/native signers. The project is integral to the Priority Program ViCom. It 
contributes to the subject by investigating the gesture-to-sign trajectory from a psycho- and 
neurolinguistic perspective, thereby offering a cognitively grounded approach to visual 
communication. 
 
1.1 State of the art and preliminary work 
Relationship between gesture and sign. Through the use of the body, the hands and the space 
in front of the body, the visual modality affords a high potential for iconic representation, i.e. based 
on a resemblance relationship between form and meaning. This potential relies on the ability of the 
hands, arms and fingers to create configurations that resemble the size and/or shape of referents, 
their contour, location in space, path motion through space or the manipulation of referents. Both 
signers and gesturers avail of this potential in their use of the visual modality. In sign languages, the 
affordances for iconic representation of size/shape, contour, location, motion and action are evident 
across the lexicon, both in the established lexicon and productive lexicon. Established signs are fully 
lexicalized, phonologically specified signs that exist in a signer’s mental lexicon and that could be 
looked up in a dictionary. They are also known as lexical signs and reside in the core native lexicon. 
Productive signs are constructions used to convey information about referent size and shape, 
location, motion and action and are only partly specified. Their form is highly variable and only weakly 

lexicalized, if at all. They reside in the 
non-core native lexicon and may move 
to the core native lexicon through a 
process of lexicalization. Figure 1 
shows three lexical signs in DGS 
(German Sign Language) that are 
based on – and have been lexicalized 
from – handling depicting construc-
tions, that is, they use a handshape 
that depicts the manipulation of an 
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object.1 In co-speech gesture – the gestures accompanying speech – it is easy to imagine a person 
producing a form similar to the sign for MAGAZINE, i.e. a gestural depiction of opening up a 
magazine, while talking about reading an article in the magazine. Similarly, it is easy to imagine 
speakers producing gestures similar to the signs for VACCINATE and HAMMER while talking about 
receiving a vaccination or using a hammer. The similarity between gesture and sign for these 
meanings may be even more obvious in silent gesture productions, i.e. when speakers are asked to 
produce gestures for concepts without speech. In silent gesture, people rely on mental images and 
the iconic affordances of the modality to represent referents, without being influenced by language 
structure (Kita & Özyürek, 2003). Both with and without speech, iconic gestures are holistic forms, 
without sublexical levels of structure, yet formationally gestures and signs may share a high degree 
of overlap due to similarities in the use of the hands and body to schematize and represent a concept 
(cf. Taub, 2001).   

Figure 2 shows two depicting constructions (DCs) in DGS 
based on entity handshapes.2 In the example glossed as 
“DC:person moves” the handshape (upright index finger) 
represents an upright person, and the movement of the hand 
through sign space represents the person’s motion trajectory 
through a real or imagined space. The upright index finger to 
represent human beings is found across a diverse range of sign 
languages. The handshape furthermore appears in lexicalized 
signs whose visual-iconic motivation refers to people, e.g. the sign for MEET in ASL (American Sign 
Language), in which the two hands, each with an upright index finger handshape, move toward each 
other as if two people are meeting. The flat handshape in the Figure 2 example glossed as “DC:car 
moves” is used in DGS to represent a car, and the movement of the hand through sign space depicts 
the motion trajectory of the car. Productive signs or depicting constructions of this kind have been 
analyzed as exhibiting a combination of linguistic and gestural elements. Certain aspects, in 
particular handshape, are language-specific and lexically specified, while other aspects, in particular 
the use of space for the representation of movement and spatial location are described as being 
gestural in nature (Liddell, 2003). Thus, to depict a moving car, signers must use the appropriate 
entity handshape: for DGS signers, this means a flat handshape with the palm facing downward; in 
ASL, the handshape for a car has the thumb, index and middle fingers extended, and the hand is 
held vertically; in LIU (Jordanian Sign Language), it is a handshape with index and pinky fingers 
extended, and the hand held vertically. In contrast, the use of space to depict the trajectory of path 
motion or the locations of referents depends on the particular event being represented. In this sense, 
the use of space is gestural – used in the same way as by gesturers – and not lexically specified.  
 
L2M2 acquisition. One domain in which the similarity between sign and gesture is of particular 
interest is in the acquisition of a signed language as an L2. As more schools and universities offer 
sign language classes and sign language interpreting degree programs, and as the interest in sign 
language grows, an increasing number of hearing adults are learning a signed language as a second 
(or additional) language. Because these learners are learning not just another language, with its own 
lexicon and grammar, but a language in a different modality from their first language (i.e., a language 
produced primarily in the visual modality rather than the spoken modality), their acquisition has been 
called L2M2 acquisition, i.e. they are both second language (L2) and second modality (M2) learners. 

 
1 The examples are taken from the online database www.spreadthesign.com. 
2 The examples are taken from the Sign-Hub EU online version of “A Grammar of German Sign Language (DGS)”, from 
the section 5.1.1 Entity classifiers.  
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Learning a new language in another modality raises general questions about how language modality 
affects language acquisition, e.g. it may pose additional challenges around learning to use a different 
set of articulators for linguistic expression. However, researchers have also noted that hearing adults 
learning a signed language for the first time are not entirely new to the visual modality. Using the 
hands for communicative expression is familiar to all users of spoken languages, for example, in the 
form of co-speech gesture, ranging from the use of emblematic gestures that have a fixed form-
meaning mapping and that differ across languages and cultures (Kita, 2009) to representational 
gestures that depict visually salient aspects of referents or events. Similar to the way that second 
language learners transfer elements from their first language to a second language, the gestural 
repertoire of speakers learning a sign language may serve as a substrate for transfer to the L2M2. 
Studies investigating this question have argued that learners’ gestural repertoire may both support 
and hinder L2M2 learning. These findings may thus be framed in terms of positive and negative 
transfer. In positive transfer, an element (e.g., a phoneme, word, structure) is shared between the 
L1 and L2. In these cases, a transfer of the form to the L2 results in correct usage or correct 
pronunciation. A new form need not be learned as such, but can be transferred from the L1. In 
negative transfer, a non-shared element is transferred from L1 to L2, resulting in incorrect usage or 
pronunciation. Positive transfer is thus associated with benefits to learning, while negative transfer 
interferes with learning. We review the findings for positive and negative transfer effects from gesture 
to L2 sign acquisition for both the productive and the established lexicon below. 
 
Gesture as a substrate for L2M2 learning. Productive lexicon: Marshall & Morgan (2015) asked 
learners of BSL (British Sign Language) to express a change in relative location/orientation of objects 
using depicting (i.e. classifier) constructions and found that participants had difficulty with 
handshape, but not with location. Marshall & Morgan (2015) suggest that this cline of difficulty in 
production is related to iconicity. Spatial location is highly iconic, and in the task at hand, locations 
in the event space (as provided in stimulus images) mapped topographically to locations in sign 
space. While handshape is also iconic (e.g., there is a discernible iconic relationship between the 
upright shape of the index finger and the upright posture of human beings), the handshapes are 
language-specific and conventionalized, and comparatively less iconic (e.g., the handshape used to 
represent cars, and indeed other vehicles, in ASL has very little visual resemblance to a car). Janke 
& Marshall (2017) build on the findings by Marshall & Morgan (2015) to better understand the nature 
of the gestural repertoire that learners bring to the table. With respect to the ability to produce change 
of location constructions with target-like entity handshapes (for entities like cars, airplanes, cups, 
toothbrushes, books, people), they ask whether the challenge for learners lies in expanding a limited 
handshape repertoire or rather in selecting the appropriate, conventionalized form from a more 
extensive handshape repertoire. Their findings from sign-naïve gesturers point to the latter 
interpretation, namely that gesturers’ difficulty lies in correctly and consistently selecting from a large 
range of handshapes. These findings echo earlier findings by Schembri et al. (2005), who asked 
non-signers to produce gestural representations of objects moving through space (i.e., path motion 
of a figure object with respect to a ground object) and found that non-signers’ representation of 
spatial location and motion closely resembled those of signers, while the choice of handshape for 
referent representation differed. Overall, these findings support the proposal by Liddell (2003) that 
depicting signs represent a combination of lexically specified (handshape) and gestural (location and 
movement) elements. The similarities in the use of space by signers and gesturers suggest that 
depicting constructions (in the productive lexicon) may be easy to acquire in L2M2, at least once the 
inventory of conventionalized handshapes for referent representation in the particular sign language 
has been learned. However, Ferrara and Nilsson (2017) found that learners struggled more with 
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location and motion than with handshape in the use of depicting signs within larger stretches of 
discourse (as opposed to single locative constructions or motion events, as in previous studies). This 
is consistent with reports in the literature that the acquisition of depicting (or classifier) constructions 
is difficult and protracted also in L1 acquisition of signing (see Slobin et al., 2003). 

Nevertheless, the findings from simple locative and motion event productions suggest that 
positive transfer from a gestural repertoire may be possible for iconic representation of motion 
through and location in space. For handshape, in contrast, the findings suggest a situation more akin 
to negative transfer. A key assumption in transfer is that an established L1 representation is 
transferred to an L2. In investigating the potential for transfer to a sign language from a gestural 
repertoire, the question of what it means for a form to “exist” in the gestural repertoire is important to 
consider. Though iconic gestures differ from signs in being holistic representations, without internal 
structure, there is consistency across gesturers in how concepts are represented, especially in the 
use of silent gesture (van Nispen et al., 2017; Ortega & Özyürek, 2020). In addition, culturally-specific 
emblematic gestures have conventionalized form-meaning mappings agreed upon by a community 
of users. The investigations of transfer in the established lexicon, reviewed in the next section, make 
use of the existence of conventionalized or generalized patterns of representation in gesture.        

Established lexicon: Chen Pichler’s (2009, 2011) investigation of positive and negative transfer 
effects of handshape from gesture to sign production explicitly defines the source of transfer as the 
conventionalized handshape repertoire in emblematic gestures commonly used in American culture 
(e.g., the thumbs up gesture, the talking on the phone or “call me” gesture3). L2M2 signers may 
transfer handshapes used in conventional gesture to sign production when the handshapes are 
perceived as being the same. Chen Pichler (2009, 2011) found that negative transfer occurred 
primarily with unmarked – i.e. articulatorily simple – handshapes, e.g., a 1-handshape (index finger 
extended) or fist handshape. That is, learners produced the handshapes familiar from 
conventionalized gestures, ignoring finer articulatory details of the sign form. For example, 
participants produced the 1-handshape that appears in the ASL sign WHERE with the thumb upright, 
parallel to the extended index finger, rather than wrapped around the other fingers. Similarly, the fist 
handshape in the ASL sign WORK requires the thumb to be wrapped around the fingers, rather than 
held alongside the index finger, as produced in errors. Chen Pichler argues that when forms seem 
familiar, non-signers (or learners) pay less attention to the formational features of signs, imitating 
them less well compared to when the sign seems formationally unfamiliar. Signs with marked 
handshapes, e.g. the open-8 handshape (in which the fingers and thumb are spread and extended 
with the middle finger bent at the metacarpal joint) were reproduced more accurately. For 
handshapes that non-signers recognize (i.e., based here on their emblematic gesture handshape 
inventory), then, it seems they continue to produce their gestures. For unfamiliar handshapes, in 
contrast, signers pay closer attention and are better at imitating the actual formational features.  

Ortega & Morgan (2015a,b) considered the effect of sign iconicity on learners’ ability to correctly 
produce sign forms. The iconic form-meaning mappings that characterize a large part of the lexica 
of sign languages have been found to facilitate sign learning in adult learners (e.g., Baus et al., 2013; 
Campbell et al., 1992). However, with respect to attention to phonological features and the 
phonological structure of signs, iconicity seems to have a negative effect on sign production. Ortega 
& Morgan (2015a,b), looking at BSL, found that learners articulated iconic signs less accurately than 
arbitrary signs (and with more articulation errors for more iconic signs, Ortega & Morgan, 2015b), 
suggesting that the access to meaning provided by iconicity draws attention away from phonological 

 
3 This refers to the handshape with the thumb and pinky fingers extended held to the ear, a gesture that seems less common 
among younger generations given the widespread use of mobile phones. 



 5 

structure. Ortega & Morgan (2015a,b) suggest that when novice learners can use iconicity to access 
meaning and to map a form to a mental image of a referent, participants produce iconic gestures 
rather than imitating the exact sign forms. When learners cannot use iconicity to access meaning 
(i.e., as with arbitrary signs), more attention is given to the form itself. 

While Chen Pichler (2009, 2011) focused only on the articulation of handshape, Ortega & Morgan 
(2015a,b) coded for articulation accuracy of all formational parameters: handshape, place of 
articulation, movement and orientation.4 They found that articulation errors differed by formational 
parameter: handshape was least accurately produced, followed by movement, orientation, and place 
of articulation (PoA).5 In Ortega & Morgan (2015b), the differential behavior of sign parameters in 
articulation accuracy was moreover consistent across iconic and non-iconic signs in learners. It is 
interesting that PoA is least prone to errors. It is the easiest parameter to learn in L1 acquisition 
(Conlin et al., 2000; Siedlecki & Bonvillian, 1993). In addition, evidence from gating and priming 
studies (see also next section) show that PoA is accessed first in sign recognition, while handshape 
is not fully formed until the specified PoA has been reached. The movement component is the most 
temporal, taking time to unfold, but is also the most salient. As such, perceptual discrimination 
abilities may also influence articulation accuracy (Rosen, 2004). Clarifying the role and contribution 
of individual parameters, including their similarity to gestural representations for the same concept, 
is important to understanding the nature and influence of learners’ gestural repertoire on L2M2 
acquisition and is a central question addressed in the present proposal. 

Importantly, Ortega & Morgan (2015b) note that the detrimental effect of iconicity on phonological 
production may be due either to iconic signs providing a more direct and automatic access to 
meaning (thus making phonological form less accessible) or to interference from gesture (due to 
similarity with gestural representations). The first possibility is in line with findings by Thompson et 
al. (2010), where sign iconicity interfered with participants’ ability to make a phonological decision 
(straight or bent fingers) about sign forms. The authors argue that the stronger link between form 
and meaning due to sign iconicity leads to automatic access to meaning, thereby interfering with 
phonological access and the ability to make form-based decisions. On this account, the prediction 
would be that the more iconic a sign is, the more difficult it should be for L2M2 learners to learn and 
produce the correct phonological form. In addition, a decomposition of sign iconicity by formational 
parameter would provide additional insight into the effect of iconicity on access of meaning and form. 
Interestingly, Baus and Costa (2015) found that signers were influenced by sign iconicity in a picture-
naming task. Signers of Catalan Sign Language (LSC) were faster and more accurate in their sign 
production when pictured items corresponded to iconic sign forms. Baus and Costa (2015) similarly 
interpret this result as supporting the idea that iconic signs have privileged access to meaning and 
the lexicon. The higher error rate in learners’ production of iconic signs (Ortega & Morgan 2015a,b) 
might thus also be related to faster – and thus less careful – production, based on perceived ease 
of access to meaning. The second interpretation – interference from gesture – is compatible with 
negative transfer; here, not from the phonological structure of an L1 but from a gestural repertoire, 
and based on similarities with signs due to the shared affordances of the visual modality and the 
high potential for iconicity. Ortega & Morgan (2015a,b) do not offer a direct comparison of sign 

 
4 Like Chen Pichler (2009, 2011), Ortega & Morgan also took phonological complexity into account, operationalizing it 
in different ways. Ortega & Morgan (2015a) found more errors for two-handed compared to one-handed signs (especially 
when the hands differed in phonological specifications (e.g. different handshapes). Ortega & Morgan (2015b) balanced 
the number of marked and unmarked handshapes in iconic and non-iconic signs and found no influence of handshape 
markedness on articulation difficulty. 
5 Note that we use “place of articulation” (PoA) instead of “location” to refer to the phonological parameter of lexemes 
in the established lexicon, and reserve “location” to refer to the placement of the hands in space in depicting signs in the 
productive lexicon. 
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productions with iconic gesture productions (as Chen Pichler does with respect to handshape in sign 
and emblematic gesture productions; but see Ortega et al., 2020 below). In terms of transfer, an 
accent in spoken language L2 pronunciation is more likely for phonemes that are highly similar to 
phonemes in the L1 compared to phonemes that are very different from the L1 inventory (Flege, 
1995). On this account, the prediction would be that the more formationally similar an iconic sign is 
to a gesture production for the same concept, the more difficult it should be for L2M2 learners to 
learn and produce the correct phonological form. A detailed comparison of formational properties is 
needed to assess similarity between signs and gestures and to investigate the contribution of 
individual components. The importance of understanding the role of the different formational 
components of signs in L2M2 acquisition is supported by the differential roles for components found 
in processing and lexical access of signs, as found in both behavioral and neurophysiological 
studies, reviewed in the next section.  
 
Evidence from sign language processing. The effects of the formational parameters on 
recognition and lexical access of signs has been investigated across a range of paradigms, including 
gating, priming, and picture-sign interference. Effects have been found to be modulated by the 
individual parameters themselves as well as whether parameters are studied alone or in 
combination. Evidence from gating studies (Emmorey & Corina, 1990; Grosjean, 1981) suggests 
that PoA is the first parameter to be accessed in sign recognition, followed by handshape and 
movement. Priming studies have found inhibitory effects of PoA (Corina & Emmorey, 1993; Carreiras 
et al., 2008): when prime and target share PoA, reaction times are slowed. An interference of target 
lexeme activation due to activation of the prime sharing PoA is consistent with findings from gating 
that the PoA parameter defines the initial cohort of signs. An inhibitory effect of PoA was also found 
by Baus et al. (2008) in a picture-sign interference task. When asked to produce the sign 
corresponding to a presented picture, production was slowed when the sign shared PoA with a 
simultaneously presented distractor sign. Findings for other parameters seem more variable. In 
priming, Corina & Emmorey (1993) found facilitation for movement, and no effect for handshape, 
while Carreiras et al. (2008) found facilitation for handshape, but only for non-sign targets that shared 
handshape with the prime (movement was not manipulated in Carreiras et al., 2008); and Baus et 
al. (2008) found facilitation for shared handshape and shared movement. Studies investigating the 
influence of parameters in combination have found good evidence for facilitation effects when 
prime/distractor and target share both PoA and movement (Baus et al., 2014; Corina & Knapp, 2006; 
Dye & Shih, 2006). Evidence for a special status for the combination of PoA and movement also 
comes from comprehension: participants judged target and flanker signs to be more phonologically 
similar when they shared PoA + movement compared to when they shared handshape + PoA or 
handshape + movement (Hildebrandt & Corina, 2002). These results have been interpreted with 
respect to the perceptual salience of movement in signs (akin to vowels, i.e. syllable nuclei, in spoken 
words; Brentari, 1993), and suggest that PoA and movement together form the most salient 
sublexical unit (Baus et al., 2014). 

There is thus good evidence of variability of effects in different types of processing and that an 
interplay between salience and the temporal unfolding of the sign is at play in recognition and access. 
In the present project, we propose to use EEG to further explore the time course of the underlying 
processes involved in sign production and comprehension, as related to the different formational 
parameters. The recording of electrophysiological brain signatures is a promising endeavor that 
allows us to gain insights into the processes underlying the access of meaning representations of 
both gestures and signs as well as the differential role of formational elements of the gesture/sign, 
providing a high temporal resolution of the principle cognitive operations. In this regard, key event-
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related potential (ERP) signatures include the P300/P600, the N300 and the N400. To give a rough 
overview, the P300 (in particular the P3a) is a positive deflection peaking around 300 ms after 
stimulus onset that has a frontocentral maximum. It is involved in the processing of novelty (Polich, 
2007). Its latency may vary as a function of the nature of the updating process required for the novel 
information (for auditory and written language processing, see e.g., Sassenhagen & Bornkessel-
Schlesewsky, 2015; Röhr et al., 2020). The N400 reflects a negativity with a peak latency around 
400 ms that is sensitive to predictive processes in a multimodal neural network. Its amplitude is 
negatively correlated with the degree of predictability of a target in context (Kutas & Federmeier, 
2011). The N300 reflects a slightly earlier negativity also sensitive to predictive processes and is 
associated, in particular, with the processing of visual stimuli (Barrett & Rugg, 1990; Schendan & 
Kutas, 2003). 

In signed language, the N400 has been shown for semantic mismatches (e.g., Capek et al., 2009; 
Hosemann et al., 2013). With respect to phonological components, results have been mixed. In a 
lexical decision task, shared PoA – but not handshape – evoked interference, reflected in N400 
modulations (Gutiérrez et al., 2012). In a semantic relatedness task, overlapping parameters (relative 
to unrelated prime-target pairs) led to a reduced N400 amplitude, indicating facilitation (Meade et al., 
2018). Crucially, non-linguistic gestures like scratching during signing did not evoke an N400 relative 
to a congruent baseline sentence, but a P600, pointing to a difference between the processing of 
linguistically meaningful and non-meaningful gestures (Grosvald et al., 2012). The N300 appears to 
be crucial for the manual modality, indexing visual feature similarity in both sign and gesture studies 
(e.g., Meade et al., 2018; Wu & Coulson, 2007). It might serve to distinguish between purely 
perceptual effects and lexical representation in visual gestures and more semantically encoded 
signs, respectively (see Meade et al., 2018). 

The P300 has been observed in a sign-learning task for signs that have low formational overlap 
with iconic gestures (Ortega et al., 2020). Ortega et al. (2020) report that iconic gestures show 
patterns of cognates in participants asked to learn signs; previously, learners of a spoken second 
language have shown facilitation with respect to cognates (e.g., Midgley et al., 2011; Bice & Kroll, 
2015). When participants were first exposed to the signs, the authors observed a more enhanced 
P300 for signs with low overlap with iconic gestures relative to a high sign-gesture overlap. This was 
taken to reflect the newness of the less iconic sign. After a brief training session, this difference was 
no longer present. Crucially, Ortega et al.’s (2020) findings indicate that processes at the border 
between gesture and sign can be tapped by using electrophysiological measures. They also 
demonstrate that exposure to signs reduces the impact of the iconic gesture significantly. This 
suggests that L2M2 learners may no longer be affected by an overlap between gesture and sign. In 
light of the distinctive effects of phonological parameters discussed above, this view may, however, 
be too strong and different phonological parameters of the gesture/sign may exert distinct influences.   

Another important finding comes from studies investigating the influence of the level of proficiency 
of the speaker, since this may also affect the comprehension of gestures and signs, or more 
specifically the comprehension of sign production by proficient/native vs. L2M2 signers. Hanulikova 
et al. (2012) showed for syntactic processing of spoken speech that speaker-specific traits influence 
language comprehension. They observed a foreign accent effect in that syntactically ill-formed 
sentences were tolerated when uttered by a speaker with an accent (i.e., no difference between 
correct and incorrect sentences) but elicited a P600 when uttered by a native speaker. This indicated 
that the positivity was modulated by speaker-specific parameters (see also Xu et al., 2020).  
 
1.2 Project-related publications   
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2 Objectives and work programme 
 
2.1 Anticipated total duration of the project 
36 months 
 
2.2 Objectives 
Our overarching goal is to better understand the trajectories of transition from gesture to sign as 
novice L2M2 signers begin to learn German Sign Language (DGS), focusing on the phonological 
parameters (handshape, PoA, movement) that specify signs in the established lexicon. A corpus of 
DGS signs and silent gestures (produced by sign-naïve participants for corresponding concepts) will 
be established based on iconicity ratings (global and parameter-specific) and form-based analyses 
(parameter-specific overlap between signs and silent gestures; phonological complexity/ 
markedness). The corpus will serve as the basis for subsequent investigations of the gesture-to-sign 
trajectory in language production and comprehension. In particular, we will address the following 
research questions: 
 
1. What is the contribution of the different phonological parameters (handshape, PoA, movement) in 
the transition from gesture to sign? Based on previous research, we assume that some phonological 
parameters (e.g., handshape) are more difficult to learn, and that learners may continue to produce 
gestural forms before acquiring the correct phonologically-specified sign form. By focusing on the 
individual parameters systematically, we aim to assess the source of ease or difficulty of parameter 
production: e.g., due to markedness (or perceptual complexity) (cf. Chen Pichler, 2011); due to 
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formational overlap between sign and gesture for the same concept (Ortega & Morgan, 2015b); due 
to differences in repertoire size for the different parameters, needing to learn how to appropriately 
expand or constrain an existing repertoire (cf. Janke & Marshall, 2015); due to stronger gestural vs. 
lexical specification, as found e.g., in the productive lexicon (cf. Liddell, 2003). In Work Package 1, 
we seek to build a corpus of signs and silent gestures for corresponding concepts that allows us to 
assess the realization of the phonological parameters in gestures and signs and to describe the 
relationship between sign and gesture with respect to phonological complexity and iconicity. 
  
2. How do correspondences at the boundary between sign and gesture influence L2M2 acquisition 
and do we observe distinct transfer effects of the different phonological parameters in language 
production? Elucidating the role of individual phonological parameters and their similarity to gestural 
representations is central to understanding the contribution and influence of learners’ gestural 
repertoire on L2M2 acquisition. In Work Package 2, we probe sign repetition accuracy of learners of 
DGS prior to exposure to DGS and six months into their training. This allows us to investigate the 
developmental path of the learners as well as the role of individual phonological parameters on the 
gesture-to-sign trajectory, where certain parameters are predicted to be more error-prone than 
others, based on formational overlap between sign and silent gesture. For example, we may observe 
positive transfer effects for movement and PoA parameters, while handshape exerts negative 
transfer effects. 
  
3. How do proficient/native signers process effects of the gesture-to-sign trajectory in real-time 
comprehension and do individual phonological parameters trigger discrete processing patterns? The 
similarity between gestures and signs may result in facilitation or inhibition during real-time sign 
comprehension. Work Package 3 utilizes electrophysiological measures to obtain a more fine-
grained understanding of the temporal dynamics underlying processes at the boundary between 
gesture and sign. Proficient/native DGS signers will be exposed to learner errors (compared to 
accurate signs) in order to assess the role of individual phonological parameters on error detection. 
  
4. What role does knowledge of the level of proficiency of the learner play when confronted with 
erroneous stimuli? In addition, Work Package 3 takes into consideration that comprehenders may 
respond to learner errors with a certain degree of tolerance, similar to the foreign accent effect 
observed in hearing comprehenders (cf. Hanulikova et al., 2012). With Work Package 3, we aim at 
elucidating possible distinct degrees of tolerance associated with individual parameters. 
 
2.3 Work programme including proposed research methods 
Work Package 1: Parameters of the Gesture-to-Sign Trajectory  
Gestures and signs share similarities across a range of dimensions given their shared access to the 
affordances of the visual modality (Kendon, 2008; Müller, 2018; Perniss et al., 2015). Here, we 
investigate the structural relationship between gestures and signs by examining the role of different 
phonological parameters in the realization of gesture and sign. In particular, we focus on handshape, 
movement, and PoA to assess the contribution and influence of these parameters on the acquisition 
of a phonologically well-formed sign (in the established lexicon). Following previous research, we 
assume some parameters may be more or less similar to formational properties in gestures (e.g. 
location may be most similar to gestural representations for corresponding concepts, while 
handshape may be most different). As such, the impact these phonological parameters have on sign 
formation may vary and may play a differential role in the L2M2 acquisition of signs. In addition, we 
focus on the three parameters individually because previous evidence indicates that they differ in 
terms of their developmental path and lexical access. For instance, the PoA parameter is acquired 
with least effort (e.g., Conlin et al., 2000) and priming studies report inhibition for PoA but facilitation 
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for handshape and movement parameters (Corina & Emmorey, 1993; Carreiras et al., 2008). These 
findings allow for the hypothesis that different phonological parameters impact the transition from 
gesture to sign in different ways. 

In WP1, we plan to establish a set of DGS signs that have the potential of sharing features with 
iconic gestures but differ in discrete ways from them. The main aims of this WP are to explore the 
boundary between gesture and sign in more detail and to develop a sound basis for the investigations 
of the gesture-to-sign trajectory in language production, comprehension and learning in subsequent 
work packages. To this end, the critical items that will be constructed differ with respect to (i) the 
characterization of the differences between signs and corresponding silent gestures in terms of their 
phonological/formational features (see Question 1 above) and (ii) their degree of overlap. In 
addition, items will vary in iconicity, as determined by ratings (see below). This will allow us to 
operationalize and define the gesture-sign overlap for individual items (cf. Ortega et al. 2020) and to 
examine the role of phonological components and of potential correlations between iconicity and 
overlap on processes at the border of gesture and sign. 

With respect to the first criterion, the target items will differ with respect to the following three 
phonological parameters with respect to iconic gestures (silent gestures): (a) handshape, (b) 
movement, (c) PoA. For example, the gesture and sign for “hammer” may differ in handshape but 
share other parameters like moving the hand up and down to imitate using a hammer. Figure 1 
shows the phonologically-specified handshape in the DGS sign HAMMER. It is likely that a (silent) 
gestural representation of the concept “hammer” will look very similar to the sign, but will differ in 
formational details, e.g., producing a fist handshape resembling the actual configuration of the hand 
while using a hammer rather than the “irish-T” handshape required for proper articulation of the sign. 
Similarly, a silent gesture production for “magazine” may look similar to the DGS sign MAGAZINE 
(see Figure 1), but formational details may differ. For example, gesturers are unlikely to produce the 
repeated movement that characterizes proper articulation of the DGS sign, instead producing a 
single movement depicting opening up the magazine (this would, in fact, correspond more closely in 
terms of movement to the DGS sign NEWSPAPER). Finally, gesturers may be likely to produce a 
form similar to the DGS sign VACCINATE (shown in Figure 1) to convey the concept “vaccinate” (a 
scenario quite likely to have been witnessed over the past months), but the PoA on the arm may 
differ from that in the sign (e.g. the gesture may be produced higher up on the arm). We analyze the 
formational components with respect to phonological complexity/markedness for both sign and silent 
gesture to determine the nature of similarities and differences as a function of complexity. With 
respect to the second criterion, overlap, we will identify two groups of lexical items per phonological 
component with (a) high gesture-sign overlap and (b) low gesture-sign overlap (e.g., Müller, 2018; 
Ortega et al., 2020), based on number of features shared. This allows us to look beyond form-based 
features and focus on a meaning-related notion of the sign to ask to what extent iconic mappings 
facilitate or inhibit the processing of signs. 

The following tasks will be administered within WP1 to develop a corpus of signs and gestures 
for corresponding concepts along the dimensions outline above. In a first step, we will identify 
lexical items that have the potential for gesture-sign mismatches for each of the three phonological 
parameters. In a second step, we will recruit a group of non-signing participants (n=40) and ask them 
to generate silent gestures for our critical items (Experiment 1a). These gesture production data 
will be analyzed with respect to their formational makeup as well as the agreement across 
participants. In a third step, we will select the most typical gestural realization for a particular item 
and compare its phonological/formational complexity with that of the corresponding DGS sign. In 
addition, we will carry out iconicity ratings for the selected signs (Experiment 1b). Participants will 
first be asked to rate the iconicity of the sign as a whole on a 7-point Likert scale (Vinson et al., 
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2008). Secondly, for each item, participants will be asked to indicate how the different phonological 
parameters contribute to their iconicity rating (“What contributes most to your decision – the 
handshape, the movement, the location?”).6 We plan to obtain ratings from non-signing participants 
to avoid the influence of signers’ knowledge about the internal structure and patterns of the lexicon 
on the perception of iconicity (Occhino et al., 2017; Sevcikova Sehyr & Emmorey, 2019), as this is 
knowledge that learners do not have. These two measures (phonological/formational complexity and 
overlap) will allow us to group critical items into low vs. high gesture-sign overlap groups and to 
examine the effect of iconicity on sign learning. The analysis of phonological complexity will further 
guide our hypotheses for language production and comprehension: for instance, the markedness of 
a phonological parameter may impact processing and learning, where we assume that gestures 
make more use of unmarked realizations. Overall, we aim to identify at least 20 items per condition 
for a total of 120 critical items in the six critical conditions (3 phonological parameters x 2 levels of 
overlap), with iconicity as a continuous variable based on Likert-scale ratings. 
 
Work Package 2: Gesture-to-Sign Trajectory in Production 
Iconicity has been shown to ease form-meaning mapping in L2 acquisition in both spoken 
(Deconinck et al., 2017) and signed languages (Baus et al., 2013). In addition, gestures have been 
shown to have a facilitating impact on L2 learning (Kelly et al., 2009). Here we ask whether hearing 
L2M2 learners of DGS utilize their inventory of iconic gestures in the early stages of signing. We will 
set up a longitudinal study with learners of DGS, probing their production proficiency at two different 
time points: (i) right before their exposure to DGS and (ii) six months later, i.e. after their first 
semester of training in DGS. This allows us to examine the course of the gesture-to-sign trajectory 
and the role of the different phonological parameters in L2M2 sign language acquisition. 

Participants will be presented with video-recorded stimuli and asked to perform a sign-repetition 
task. We will utilize the items from the corpus established in WP1 that show differences between 
silent gestures and signs in the three formational/phonological parameters (handshape, movement, 
PoA) and exhibiting low to high overlap between gestures and signs. We will recruit students learning 
DGS right before their first exposure, i.e. at the beginning of their first semester at university (time 
point 1) and after the end of their first semester (time point 2) to assess their learning curve 
(measured in an increase in production accuracy over time).7 We expect that learners not yet 
exposed to DGS will be less accurate and use more iconic gestures at time point 1, i.e. before starting 
their DGS training. At time point 2, six months into their training, DGS signs should be more accurate 
in the production output of the participants. More specifically, based on previous research from 
lexical access and acquisition (Chen Pichler, 2009, 2011; Ortega & Morgan, 2015a,b), we 
hypothesize that the PoA parameter is easier to acquire than handshape and movement. We thus 
predict that differences between gestures and signs that are based on handshape and movement 
will generate more errors in the repetition task than stimuli with PoA differences. With respect to 
differences between handshape and movement, handshape as a categorical parameter may be 
more difficult to acquire than movement. Concerning iconicity, we predict more difficulty in 
articulation for more iconic signs, and explore the influence of different parameters on articulation 
accuracy with iconicity as a continuous variable. We also use timing data of the sign repetition onset 
to test whether there is an iconicity effect on speed of sign production (cf. Baus & Costa, 2015). Over 
time, however, we expect iconicity to have a beneficial effect on learning (e.g., Baus et al., 2013) in 

 
6 We do not expect this novel task to require signers’ metalinguistic awareness of formational features.  
7 Students will be recruited from the DGS-German Sign Language Interpreting degree program at the Universities of 
Cologne and Hamburg. Students come to the interpreting degree program without any previous knowledge of DGS (or 
another sign language). Individual students who have previous exposure to signing will be excluded. 
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such a way that more iconic items should boost acquisition and yield better repetition performance 
across time points. 

In addition to iconicity, explicit awareness of the meaning of a sign may further facilitate L2M2 
acquisition. To investigate the impact of explicit meaning representations in L2 development, we will 
run two versions of this experimental task: in Experiment 2a, participants (n=30) will be presented 
with the video-recorded stimuli only; in Experiment 2b, participants (n=30) will first be presented 
with the written word and then with the DGS sign. We generally predict lower accuracies in the 
sign-repetition task when meaning and sign are presented together due to interference from the L1.    
 
Work Package 3: Gesture-to-Sign Trajectory in Real-Time Comprehension 
We are further interested in how signers process information along the gesture-to-sign trajectory in 
real-time comprehension. To this end, we will record ERPs while highly proficient/native signers of 
DGS watch videos of either accurate signs or signs that include learner errors. In addition to the 
accuracy manipulation, we will investigate the contribution of the three phonological parameters to 
error processing, including iconicity as a continuous variable. We will thus construct a 3x2 
(phonological parameter x accuracy) design. Participants (n=30) will be asked to watch a list of 
signed items presented in a carrier sentence; no additional task will be performed (as in Ortega et 
al., 2020; Hanulikova et al., 2012). ERPs will be time-locked to the onset of the transition phase 
between the preceding sign and the critical sign (Hosemann et al., 2013). 

In Ortega et al. (2020) learners with no prior exposure to sign language showed a more enhanced 
P300 for signs with low relative to high sign-gesture overlap. After a brief exposure with the new 
language, the difference between low and high overlap disappeared. Here we want to investigate 
real-time comprehension by DGS signers. They will be exposed to correct and erroneous signs 
presented in a carrier sentence and we predict mismatch effects to signs reflecting learner errors. If 
the mismatch is driven by predictive processing, an N400 should accrue; but it could also be linked 
to updating mechanisms, reflected in a P300 (Ortega et al., 2020). While acquiring sign language 
may reduce the influence of iconicity (see Ortega et al., 2020), the individual contribution of different 
phonological parameters during L2M2 acquisition has not been assessed yet. Our study thus aims 
at focusing on the role of (a) handshape, (b) movement and (c) PoA, and we predict that their 
facilitating role at the border of gesture and sign varies. Accordingly, learner errors may be 
differentially affected by their phonology, with, for example, the parameter handshape showing the 
most severe clash because it may be more clearly phonologically specified (e.g., handshape but not 
POA exhibits categorical perception effects; Emmorey et al., 2003). 

We are further interested in the influence of the level of proficiency of the learner signer on the 
comprehension of supposed gestures and signs. Hanulikova et al. (2012) report a foreign accent 
effect on syntactic errors, with no mismatch effect when an utterance was produced by a learner (vs. 
a P600 for the syntactic violation when an utterance was produced by a native speaker). Based on 
these findings, we will test comprehension of high proficient/native signers of DGS by informing them 
that the signs were produced either (a) by a native signer or (b) a beginning learner of DGS (cf. Cull, 
2014). Here, we investigate the influence of level of proficiency of the learner signer on 
comprehension. We predict individual differences as a function of the assumed signer profile with 
more pronounced mismatch effects for input by the native signer and a more tolerant processing 
pattern for input by the L2M2 learner (in accordance with Hanulikova et al., 2012; Xu et al., 2020).  

In WP3, ERPs will be recorded while proficient/native signers (n=30) are informed that they will 
watch a native signer (Experiment 3a) or a beginning L2M2 learner of DGS (Experiment 3b). The 
two experiments will be conducted at least four weeks apart with the same participant cohort. 
Phonological parameters will enter the data analysis as factor, iconicity ratings from WP1 will enter 
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the regression-based ERP analysis as continuous covariates (see Röhr et al., 2020; Smith & Kutas, 
2015; Ventura et al., 2020; Brilmayer & Schumacher, 2021). 
 
The project will contribute to the overarching goals of the PP ViCom by supplying an in-depth 
investigation of gesture and sign language as a prime example of visual human communication. In 
particular, it will elucidate the role of phonological parameters in the gesture-to-sign trajectory and 
their implications for language production and comprehension in the visual modality. The project will 
advance our understanding of the role of phonological parameters both from a theoretical and an 
empirical perspective. It will further have implications for the training of sign language interpreters. 
 
Table 1. Gantt chart illustrating the distribution of tasks over time. 
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