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1 Starting Point 
1.1 State of the Art and Preliminary Work 
Linguistic typology in the past decades has questioned whether parts of speech such as noun 
and verb are universal across different languages (e.g., Haspelmath, 2001; Evans & Levinson, 
2009). Similarly, there is an ongoing debate in theoretical linguistics and psycholinguistics as to 
whether (major) categories such as noun and verb (i) constitute lexical primitives, (ii) result from 
a combinatorial syntactic process, or (iii) emerge only in the context of language use (Halle & 
Marantz, 1993; Siddiqi, 2010; Vigliocco et al., 2011). For example, the German word 
/ʃtaʊ̯pzaʊ̯gən/ when articulated without any context is ambiguous as it could be either the inflected 
form of a verb (staubsaugen, ‘to vacuum-clean’) or a nominalized infinitive, i.e., a noun (das 
Staubsaugen, ‘the act of vacuum-cleaning’). Hence, despite the fact that German is an inflectional 
language, the lexical category of a word is in many cases not overtly marked and allows for am-
biguity. What part of speech a word belongs to may thus only become clear from its syntactic 
context which can be provided already on the very minimal level of, e.g., the noun phrase (for 
orthographic aspects of parts of speech, see Hübl & Steinbach, 2011). This is, even more obvious 
in a weakly inflecting language such as English where /d͡ʒʌd͡ʒ/ may either be a noun (the judge) 
or a verb (to judge) depending on the syntactic context. Here, it is interesting to note that in this 
case the nominal (1.77) and the verbal (1.60) meaning even occur with a similar frequency 
(COBUILD log) in the parts-of-speech tagged corpus CELEX (Baayen et al., 1995). 
 Research on the world’s different sign languages seems to offer additional support for a critical 
look at the idea of universal lexical categories due to the fact that many sign languages seem to 
not overtly mark different parts of speech in a systematic way (e.g., Schwager & Zeshan, 2008; 
Meir, 2012). For example, it has been argued that in German Sign Language (DGS) the lexical 
category of a sign is usually not overtly marked, except for a small sub-category of lexical items 
which can be inflected for agreement, classifiers, aspect and number (e.g., Erlenkamp, 2000; 
Pfau & Steinbach, 2006). This view entails that one has to consider most DGS signs to be so-
called ‘multifunctional signs’, meaning that whether a sign functions as either a noun or verb is 
determined exclusively by the syntactic and semantic context in which it is used (for a Distributed 
Morphology account of inflection in DGS, see Glück & Pfau, 2009; Pfau & Steinbach, to appear). 
Accordingly, the DGS sign WORK is assumed to be ambiguous or underspecified when signed in 
isolation but can be used as noun or verb in the example sentences in (1) and (2) respectively. 
Note that the nominal function in (1) is related to the DP-internal position. By contrast, the verbal 
function in (2) is triggered by the fact that DGS is an SOV language (Proske 2021). 
(1) POSS2 WORK NEW INTERESTING (2) TODAY IX1 LONG WORK 
 ‘Your new job is interesting.’  ‘Today, I work long hours.’ 
However, on closer investigation of a variety of signs in DGS, it becomes clear that many of these 
potential multifunctional signs seem to be only very generally “related in form and meaning” 
(Supalla & Newport, 1978, 100). Therefore, we think for many signs in DGS the term semi-multi-
functional seems to be more appropriate. Supalla & Newport (1978) focused on the question 
whether there may be a modality-specific formal distinction between verbs and nouns with respect 
to American Sign Language (ASL). In their study, they analysed 100 noun-verb pairs and found 
systematic distinctions in movement (see also Padden, 1988). One typical example is the ASL 
noun-verb pair SIT and CHAIR. Both signs are produced with the same place of articulation, hand-
shape, and hand orientation but differ in movement features, that is, ASL seems to use certain 
phonological parameters to differentiate between major word classes such as noun and verb. 
Furthermore, the authors consider “some obvious iconicity between the form of the sign and the 
form of the action to which it refers” (Supalla & Newport, 1978, 128) – for similar observations on 
non-verb pairs in British Sign Language (BSL), see Sutton-Spence & Woll (1999), Australian Sign 
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Language (Auslan), see Johnston (2001), Austrian Sign Language (ÖGS), see Hunger (2006), 
Israeli Sign Language (ISL), see Meir & Sandler (2008), Al-Sayyid Bedouin Sign Language 
(ABSL), see Tkachman & Sandler (2013), Taiwan Sign Language (TSL), see Tsay (2018), Nica-
raguan Sign Language (NSL) and Nicaraguan homesign, see Abner et al. (2019). 
 In addition to linguistic research on typologically different languages in both modalities that has 
questioned the frequently assumed universality of the major lexical categories noun and verb, 
research in cognitive neuroscience that sought to identify the neural processes and correlates 
underlying the foundational noun-verb distinction has also produced mixed results (for a review 
see Vigliocco et al., 2011). To date, a substantial number of positron emission tomography (PET) 
and (functional) magnetic resonance imaging ([f]MRI) studies have robustly identified a fronto-
temporal network in the left hemisphere that subserves core aspects of language processing 
(Federenko et al., 2011; Fedorenko et al., 2016; Friederici et al., 2017; Hagoort, 2014, 2017; 
Walenski et al., 2019), especially the processing of combinatorial aspects of language (Friederici 
et al., 2017; Goucha & Friederici, 2015; Hagoort, 2017; Zaccarella et al., 2017). This network 
exhibits sub-regions specialised in processing different aspects of language (e.g., syntax, seman-
tics, phonology, etc.; Goucha & Friederici, 2015; Hagoort, 2017; Zaccarella et al., 2017) and dy-
namically interact with other bilateral networks to integrate linguistic with gestural, social, or dis-
course information (Fedorenko & Thompson-Schill, 2014; Hagoort, 2014, 2015; Jouravlev et al., 
2019; Özyürek, 2014). Early lesion studies of compromising parts of this network already revealed 
that information about grammatical class is represented in the brain independent of semantic and 
phonological information (Caramazza & Hillis 1991). However, numerous PET and fMRI studies 
attempting to localize brain regions that differentially process nouns as opposed to verbs (and 
vice versa), have frequently failed to observe consistent differentiations between the processing 
of the different lexical categories (e.g., Elli et al., 2019; Tyler, 2001; for a meta-analysis see 
Crepaldi et al., 2013). The only frequently reported pattern appears to be a preference for pro-
cessing verbs in inferior frontal regions and a preference for processing nouns in posterior tem-
poral regions, within the language network (Tyler, 2004; Vigliocco et al., 2011). 
 While PET and fMRI studies have produced somewhat mixed results for studies of the noun-
verb distinction, studies using electroencephalography (EEG), which offers a much finer temporal 
resolution than MRI methodologies, have identified a number of brain response patterns that re-
liably occur in response to word category violations. Most notably, the so-called (early) left anterior 
negativity ([E]LAN) has first been observed in response to violations of the expected grammatical 
category which prevents the build-up of local phrase structure (Friederici, 2011). For example, 
the sentence *The pizza was in the eaten. in contrast to the correct The pizza was eaten. will elicit 
a canonical ELAN response, sometimes also followed by a later P600 component which is as-
sumed to reflect syntactic repair processes. The ELAN is usually considered to be a syntactic 
EEG component, yet it must be stressed here that this widely assumed syntax-specificity results 
from an integration error with regard to word-category information (Gunter & Friederici, 1999; 
Friederici & Weissenborn, 2007; Friederici et al., 2011). That is, the failure to build up local phrase 
structure actually results from the fact that the word category expected on the basis of the previ-
ously encountered word (i.e., a verb following the auxiliary was) is not encountered next. The 
ELAN therefore constitutes a neural index for the process of integrating different lexical categories 
in the context of local phrase structure building. Work on the processing of class ambiguous words 
such as the above-mentioned judge in English (akin to multifunctional signs in sign language) 
shows that this ambiguity induces a slight delay in the neural response in frontal regions (Feder-
meier et al., 2000). This might indicate that the processing of word class information is modulated 
not only by the syntactic context, but also by the likelihood of a word to be used in either of these 
roles (i.e., the lexical frequency of the word form). 
 In general, deaf signers seem to primarily process sign language in the same left-hemispheric 
cortical network that has also been found to be involved in spoken and written language, thereby 
motivating the idea that the language network may be specialised in processing abstract linguistic 
information such as word category and syntactic relations independent of the modality of lan-
guage use. Early lesion studies with deaf signers revealed very similar aphasic syndromes like 
those observed for hearing speakers (Atkinson et al., 2005; Poizner, 1987; Poizner et al., 1990). 
Later PET and fMRI studies of sign language have shown that sign language processing recruits 
similar perisylvian portions of cortex that are also involved in spoken and written language pro-
cessing (Bavelier et al., 1998; Campbell et al., 2007; Emmorey, 2015; Neville et al., 1998; for a 
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recent meta-analysis see Trettenbrein et al., 2021b). Similarly, EEG studies with deaf signers as 
participants have in some cases revealed the same time course and components associated with 
spoken and written language processing (Capek et al., 2009; Hosemann et al. 2013; Hänel-
Faulhaber et al. 2014; Wienholz et al. 2018), whereas others have failed to reproduce early effects 
but have shown an overall time course similar to spoken and written language (Hosemann et al., 
2018). An interesting difference between the classical work on the ELAN by Friederici and col-
leagues (Friederici, 2011) and Capek et al. (2009) who first reported an (E)LAN component in a 
study with ASL or Hosemann et al. (2018) who failed to observe a similar component in a study 
with DGS is that these studies both used agreement violation paradigms using (simultaneous) 
spatial syntax instead of a mere word category violation. Presumably due to the somewhat un-
clear status of lexical categories in DGS and other sign languages there are so far no published 
experimental studies that have sought to investigate the noun-verb distinction using one of the 
world’s sign languages with a population of deaf signers as participants. 
 In this context, it is interesting to observe that while DGS – at least at first sight – does comprise 
many ambiguous multifunctional signs such as WORK in examples (1) and (2) above, there is 
also a number of signs which reveal certain differences in the verbal and nominal use, whereas 
the same origin is evident. For example, Figure 1 shows the semi-multifunctional signs VACUUM-
CLEANER and VACUUM-CLEAN. In both the nominal and the verbal use the sign is produced with 
the same hand shape, hand orientation and location (neutral signing space). Yet despite these 
evident similarities, there are manual and nonmanual differences: VACUUM-CLEANER is produced 
with a reduplicated movement to one side. VACUUM-CLEAN is signed with a reduplicated movement 
as well, but the second movement is produced in the neutral are of the signing space. The other 
difference concerns the lower face: VACUUM-CLEANER is signed with a mouthing roughly articulat-
ing parts of the corresponding German word /ʃtaʊ̯pzaʊ̯gɐ/, whereas VACUUM-CLEAN is signed with 
a mouth gesture (for differentiation between mouthing and mouth gesture and different functions 
of mouth actions, see Boyes Braem & Sutton-Spence, 2001). Furthermore, in its verbal use, the 
sign seems to include a torso movement which mirrors the manual movement (Pendzich, 2020; 
Steinbach, 2021). To date, these rather subtle differences between nouns and verbs in DGS have 
not yet been systematically studied in broadly based empirical studies. 

 
Figure 1: VACUUM-CLEANER and VACUUM-CLEAN as an example of overtly marked noun-verb distinction in DGS. 

A striking property of sign language in general and also of many of the signs that seem to exhibit 
subtle articulatory differences in order to overly mark parts of speech is their iconic motivation 
(Taub, 2012; Perniss et al., 2010; Schembri et al., 2005), which is related to a general gestural 
origin of sign languages (Pfau & Steinbach, 2011; van Loon et al., 2014; Goldin-Meadow & Bren-
tari, 2017). Interestingly, whether a sign is iconically motivated or not seems to have no impact 
on how it is processed by the brain (Emmorey et al., 2004; Emmorey et al., 2020; Klann et al., 
2005). At the same time, Trettenbrein et al. (2021) have observed that subjective iconicity ratings 
of DGS signs by hearing non-signers and deaf signers are highly correlated yet the data from 
both groups show differently skewed distributions to the two ends of the scale. Similarly, the sub-
jectively perceived iconic motivation of a sign was found to be significantly correlated with how 
transparent the meaning of a sign was to non-signers without any knowledge of DGS (Tret-
tenbrein et al., 2021). In a broad study on many different sign languages, it has also been shown 
that non-signers can correctly intuit the difference between telic and atelic verbs, suggesting that 
the corresponding movement patterns (i.e., phonemes) are iconically motivated and constrained 
by universally accessible notions (Perniss et al., 2010; Strickland et al., 2015). Consequently, it 
seems that the iconic nature of many signs is based upon representations from an underlying 
conceptual system that is shared by humans independent of their knowledge of a particular lan-
guage. What remains unclear at this point is how the iconic nature of signs relates to their mem-
bership in a particular word class, especially for DGS signs with overt lexical marking such as, for 
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example, VACUUM-CLEAN and VACUUM-CLEANER. Similarly, whether hearing non-signers can ex-
ploit iconicity in order to intuit the lexical category of such signs is still an open question. 
 Against this background, the observation that DGS appears to exhibit some overt marking of 
different parts of speech in the form of manual and nonmanual components opens up promising 
avenues for interdisciplinary research that have the potential to shed light on long-standing ques-
tions in linguistics and the cognitive neuroscience of language and which are highly relevant for 
ViCom. Accordingly, the present project will seek to: 
● Systematically investigate the noun-verb distinction in DGS using a wide range of methods 

and theories from linguistic to neuroscience, in order to explore how iconically motivated 
lexical marking on the lexical or sub-lexical level in DGS is reflected in brain and behavior. 

● Investigate the iconic nature and motivation of DGS signs in the context of the noun-verb 
distinction with qualitative and quantitative methods and different linguistic theories. 

● Explore the cross-linguistic and cross-modal identifiability of the DGS noun-verb distinction, 
especially in relation to iconicity. 

● Providing new empirical data from the visual-manual modality of sign languages for typo-
logical and cognitive analyses of the linguistic status of parts of speech. 

● Create resources (i.e., an expanded normed dataset for DGS signs) that will enable future 
studies to control for psycholinguistic variables such as lexical frequency, age of acquisition, 
etc. in neuroscientific experiments. 

● Validate this expanded dataset in a psycholinguistic study probing the influence of different 
lexical variables on lexical access during sign comprehension. 

● Conduct the first neuroimaging study of the noun-verb distinction in DGS on the sentence 
level in an EEG experiment. 

● Perform a fMRI study using a multivariate analysis approach that explores the role of the 
different sign language articulators and especially nonmanual components in specifying 
nouns and verbs in DGS  

Jointly, the applicants have already developed a lexical database for DGS with more than 300 
signs that includes norms for lexical frequency, age of acquisition, iconicity, and transparency 
based on subjective ratings by deaf signers (Trettenbrein et al., 2021). Following open science 
practices, these norms, stimulus clips, data, and codes used for the analysis have been made 
available to other researchers through the Open Science Framework (OSF). Besides, the appli-
cants have already independently worked in different areas that are relevant to this project:  
 Nina-Kristin Pendzich is an expert in sign language linguistics with special attention to non-
manuals at the interface between gesture, emotion and sign language (Pendzich 2020; Hermann 
& Pendzich, 2014). She analyses the different types of nomanuals with the Facial Action Coding 
System (FACS) – since 2014 she is a certified FACS-Coder. She has a lot of expertise in the 
design and implementation of empirical studies using different methods such as sentence repro-
duction tasks, reaction time measurements, rating studies and different experimental question-
naire studies. In her theoretical work, she analyses various topics of visual communication such 
as the phonology of nonmanuals (Pendzich, 2020), iconicity (Trettenbrein et al. 2021), and nar-
rative structures in DGS (Herrmann & Pendzich, 2018). She is editor of the linguistic journal Lin-
guistische Berichte. In addition to her core scientific work, she is very much involved in transfer 
of knowledge with respect to sign languages. One prominent example is the language calendar 
on DGS, which she is editing together with her deaf colleague Thomas Finkbeiner. 
 Markus Steinbach is an expert of spoken and sign language linguistics with a strong focus on 
theoretical and experimental studies. He has worked intensively on the impact of modality on 
language in the fields of morphosyntax, semantics and pragmatics. His work on sign language 
includes various kinds of collaborative studies using different experimental methods (EEG, eye 
tracking, sentence reproduction task, rating study) and covers a variety of topics such as e.g. 
phonological priming (Hosemann et al. 2020; Wienholz et al. 2021), agreement (Hosemann et al. 
2018), linguistic and gestural aspects of response strategies (Loos 2020), and iconicity (Tret-
tenbrein et al. 2021). In his theoretical analyses, he investigates various morphosyntactic (agree-
ment, reciprocity, plurality) and semantic/pragmatic (sentence types, sentence mood, anaphora) 
aspects of visual communication. In recent studies, he investigates the interaction of gesture and 
sign languages and develops formal models at the interface between semantics and pragmatics 
that account for the impact of iconicity on sign language. He is a PI of the Horizon 2020 project 
‘The Sign Hub’ and the RTGs ‘Understanding Social Relations’ and ‘Form-meaning mismatches’. 
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He is editor in chief of the linguistic journal Linguistische Berichte, co-editor of the linguistic series 
Sign Language and Deaf Communities (SLDC) and co-editor of two prestigious handbooks (Pfau 
et al., 2012; Meibauer et al., 2013). 
 Emiliano Zaccarella is an expert of visual, auditory and signed language processing. In his 
work, he uses brain imaging techniques (e.g., magnetic resonance imaging, electroencephalog-
raphy, diffusion tensor imaging), behavioural methods and computational modelling to understand 
the general organizational principles of combinatorial abstraction in the brain. Research questions 
include how humans can cortically combine linguistic linear sequences into syntactic hierarchies 
(Zaccarella et al., 2015; Zaccarella et al., 2017a), how categorical information is used at the neural 
level (Chen et al., 2021), and how the language network interfaces with the motor network across 
cortical regions (Papitto et al., 2019; Zaccarella et al., 2020). In his work on sign language pro-
cessing, he specifically investigates the neural independence between linguistic processing ad 
modality of use (Trettenbrein et al., 2021b), the acquisition, sharing and behavioural evaluation 
of psycholinguistic markers to sign language processing (iconicity, transparency, age of acquisi-
tion; Trettenbrein et al., 2021), and the development of automatic motion-tracking pipelines for 
video stimuli normally used in sign language and gesture research (Trettenbrein & Zaccarella, 
2021). 
1.2 Project-Related Publications 
1.2.1 Articles Published by Outlets with Scientific Quality Assurance, Book Publications, 
and Works Accepted for Publication but not yet Published 
1. Herrmann, A. & Pendzich, N.-K. (2014). Nonmanual Gestures in Sign Languages. In Müller, C. et al. (eds.), Body 

– language – communication: An international handbook on multimodality in human interaction (vol. 2). Berlin: de 
Gruyter Mouton, 2149-2162. 

2. Hosemann, J., Herrmann, A., Sennhenn-Reulen, H., Schlesewsky, M. & Steinbach, M. (2018): Agreement or no 
agreement. ERP correlates of verb agreement violations in German Sign Language. Language, Cognition and Neu-
roscience, 33(9), 1-21, 

3. Pendzich, N.-K. (2020). Lexical nonmanuals in German Sign Language (DGS): Empirical studies and theoretical 
implications. Berlin: Mouton de Gruyter & Ishara Press. 

4. Pfau, R., & Steinbach, M. (2006). Pluralization in sign and in speech: A cross-modal typological study. Linguistic 
Typology, 10, 135-182. 

5. Trettenbrein, P. C., Papitto, G., Friederici, A. D., & Zaccarella, E. (2021). Functional neuroanatomy of language 
without speech: An ALE meta-analysis of sign language. Human Brain Mapping, 42(3), 699-712.  

6. Trettenbrein, P.C., Pendzich, N.-K., Cramer, J.-M., Steinbach, M., & Zaccarella, E. (2021). Psycholinguistic norms 
for more than 300 lexical signs in German Sign Language (DGS). Behavior Research Methods, 53, 1817-1832.  

7. Trettenbrein, P. C., & Zaccarella, E. (2021). Controlling video stimuli in sign language and gesture research: The 
OpenPoseR package for analyzing OpenPose motion-tracking data in R. Frontiers in Psychology, 12, 628728, 1-7.  

8. Zaccarella, E., & Trettenbrein, P. C. (2021). Neuroscience and syntax. In Allott, N. et al (eds.), A companion to 
Chomsky. Wiley-Blackwell, 325-347. 

1.2.2 Other publications 
9. Pfau, R., & Steinbach, M. (to appear). Morphology in sign languages: Theoretical issues and typological contrasts. 

To appear in Ackema, P. et al. (eds.), The Wiley Blackwell companion to morphology. Malden, MA: Blackwell. 
10. Zaccarella, E., Meyer, L., Makuuchi, M., & Friederici, A. D. (2015). Building by syntax: The neural basis of minimal 

linguistic structures. Cerebral Cortex, 27, 411-421. 

2 Objectives and Work Programme 
2.1 Anticipated Total Duration of the Project 
36 months (beginning September 1, 2022). 
2.2 Objectives 
Our project starts from the linguistic observation that word class universals like noun and verb are 
not clearly distinguished in sign language. Here we take DGS as an empirical testing ground. 
Similar to spoken language, e.g., German (e.g., anrufen vs. das Anrufen) or English (the book vs. 
to book), many signs in DGS seem to be ambiguous insofar as their lexical status depends on 
the syntactic context in which they are produced. In preliminary work preceding this proposal we 
however observed that DGS exhibits a tendency to mark nouns and verbs by manual and non-
manual phonological modifications of the root (e.g., VACUUM-CLEANER vs. VACUUM-CLEAN in Figure 
1 above). The project investigates the distinction between two major word classes (nouns and 
verbs) in DGS using different linguistic and neuroscientific methods focussing on language pro-
duction as well as single sign and sentence processing. Furthermore, within the analysis of the 
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expression of the noun-verb-distinction in DGS we investigate the linguistic and cognitive rele-
vance of parts of speech and the impact of iconicity on sign languages. Our aim is therefore 
threefold:  
1. We want to test the supposed universality of the noun-verb-distinction, by going beyond 

previous work done on spoken languages. We will explore differences in the distribution of 
the two lexical categories in DGS, a language in the visuo-spatial modality, using linguistic, 
behavioral, and neuroscientific experiments. 

2. We want to provide insights into the iconic properties of DGS and how these are perceived 
by deaf and hearing people, thereby identifying tendencies that are not necessarily linguistic 
but could – due to their iconic nature – be grounded in non-linguistic cognition. This will be 
explored using qualitative as well as data-driven approaches that will investigate iconic 
properties and motivations of signs in DGS and how iconicity is linked to the overt realisation 
of the noun-verb-distinction. 

3. We want to match the empirical findings of our studies with recent formal and functional 
analyses of parts of speech as lexical or syntactic categories thereby contributing to a better 
theoretical understanding of parts of speech and the impact of modality on parts of speech. 

Our interdisciplinary team formed by linguists, sign language linguists, cognitive scientists, and 
cognitive neuroscientists plans to use a variety of different empirical methods and theoretical 
models stemming from linguistic, psychological, and neuroscientific research on parts of speech, 
language processing and sign language structure to achieve these three main goals. Within Vi-
Com, we furthermore plan to freely share with the scientific community and the DGS teachers a 
full range of resources for the study and training of the DSG, in addition to a variety of materials 
for the science-to-public communication of our results: 
● Science-to-science: As part of our planned work we will significantly expand our already 

existing lexical database (Trettenbrein et al., 2021). The database will be publicly available 
to other researchers under a Creative Commons license via the Open Science Framework 
(OSF). This part of our planned project will not just enable us to control for different lexical 
variables in our own work but will also have a larger benefit to the scientific community. 

● Science-to-teachers: We will also pay respect to the potential importance that our findings 
will have for DGS teaching. Currently, freely accessible and comprehensive teaching ma-
terials providing scientifically sound explanations as well as practical examples on this gen-
eral topic are not yet available to teachers, interpreters and students of DGS. Consequently, 
we will seek to create and make such materials based on the results of our research carried 
out as part of this project freely available (using a Creative Commons License) in the form 
of DGS videos as well as materials in written German customized for deaf teachers of DGS. 

● Science-to-public: Lastly, our efforts of knowledge transfer will include science communi-
cation to the German Deaf community as well as to the general public in the form of gener-
ally accessible summaries of our findings and publications in DGS videos, written texts and 
bilingual bimodal presentations. 

In sum, we expect our proposed project to: (i) deepen our understanding of how parts of speech 
are marked in DGS focusing on whether there are systematic differences between nouns and 
verbs, (ii) show how the brain uses these cues during sign language comprehension, (iii) develop 
cross-modal theories of parts of speech that also account for modality-specific properties, (iv) 
provide new insights into the impact of iconicity on sign language, and (v) yield an expanded 
publicly available lexical database for DGS as well as teaching and science communication ma-
terials for the Deaf community and general public. This project will thus make a significant con-
tribution to ViCom especially in the two basic project cluster gesture and sign language and in 
all three basic dimensions theoretical, empirical and applicational, with a strong focus on the ex-
perimental dimension. We will closely collaborate with projects that share a thematic focus on 
sign language and iconicity and with projects that conduct similar experimental studies and build 
up databases for sign languages and gesture. 
2.3 Work Program Including Proposed Research Methods 
In each of the three years of the project, we will work on one of the following three modules. Each 
module includes the implementation of empirical studies, the analysis and theoretical implemen-
tation of the results and the writing up of our findings in a total of seven papers: 
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Module I: Foundational (Psycho-)Linguistic Studies 
(1) Study 1: Sentence reproduction study on the nominal and verbal use of multifunctional and 

semi-multifunctional DGS signs. 
(2) Expansion of ‘DGS norms’ dataset and study on iconicity of expanded database. 

Study 2a: Expansion of the existing lexical dataset on DGS (Trettenbrein et al., 2021) from 
currently about 300 to more than 600 lexical DGS signs. 
Study 2b: Analysis of the expanded set of signs with regard to their iconic properties using 
a qualitative linguistic as well as quantitative approach. 

(3) Study 3: Forced-choice categorization tasks of DGS signs as noun or verb. 
Module II: Psycho- and Neurolinguistic Experiments (Sign and Sentence Level) 
(4) Study 4: Lexical decision task evaluating the influence of different psycholinguistic param-

eters on lexical access. 
(5) Study 5: ERP study on the difference between nominal and verbal use of semi-multifunc-

tional signs in sentence contexts. 
Module III: Neurolinguistic Experiment (Noun-Verb Distinction on the Sign level) 
(6) Study 6: fMRI study on the role of sign language articulators and the differential cortical 

representation of nouns and verbs 
All empirical studies are accompanied by corresponding theoretical analyses of parts of speech 
in spoken and sign languages and the relevance of iconicity in word class marking. We consider 
different formal and functional theories of parts of speech as well as different recent accounts of 
the impact of iconicity on form and meaning of lexical items in sign languages. In the following, 
we describe each empirical study in more detail. 
Module I – Study 1: In order to gain deeper insights into differences within the production of 
multifunctional and semi-multifunctional signs used in verbal or nominal position, we will imple-
ment a Sentence Reproduction Task (SRT). This method is often used for the assessment of 
language abilities in spoken and sign languages (for spoken language, see e.g. Munnich et al. 
1994, Schimke 2011, and for measure of bilingual’s language dominance see Andreou, Tor-
regrossa, & Bongartz 2021 among others; for sign languages, see Mayberry et al. 1983, Hauser 
et al. 2008, Supalla, Hauser, & Bavelier 2014 and Corina et al. 2020 (ASL), Cormier et al. 2012 
and Marshall et al. 2015 (BSL), Kubus & Rathmann 2012 (DGS), Rinaldi et al. 2018 (Italian Sign 
Language, LIS), Bogliotti, Aksen, & Isel 2020 (French Sign Language, LSF), and Schönström & 
Hauser 2021 (Swedish Sign Language, STS)). Another example is the repetition task by Riedl et 
al. (2014) focusing on word stress in spoken German using pseudowords. Beyond that, in a study 
currently conducted at the SignLab Götitngen, Pendzich and Steinbach use SRTs as a beneficial 
method for the elicitation of manual and nonmanual markers in DGS (following this SRT design 
Proske 2021 analysed word order in DGS). So far, there are no SRTs focusing explicitly on the 
analysis of differences in the production of multifunctional and semi-multifunctional signs in verbal 
and nominal position. Our decision for a SRT is based on the following five methodological ad-
vantages: (i) controlled production of signed sentences, (ii) the same data set reproduced by 
several individual participants, (iii) no possibility to avoid the phenomena in question by the par-
ticipants (cf. Schimke 2011), (iv) elicitation of unconscious grammatical knowledge (cf. Munnich 
et al. 1994), (v) no influence of the auditory-oral modality of spoken languages. 
 The aim of our SRT is to examine the spectrum of markings for verbal and nominal use of 
multifunctional and semi-multifunctional signs in DGS. We will pursue especially the following four 
questions: (i) Are there systematic differences in the movement component of signs used nomi-
nally or verbally (i.e., partial/complete sign repetition, velocity of movement)? (ii) Are lexical mouth 
gestures a clear indicator for the verbal use and mouthings for the nominal use? (iii) Are there 
further nonmanual differences between verbal and nominal use? (iii) Can we explain the differ-
ences in the form of signs used verbally or nominally with iconic strategies? 
 To ensure a controlled data elicitation we will compile a computer program for the SRT. The 
data elicitation will take place in the SignLab at the University in Göttingen. Each participant will 
sit at a table with a laptop in front of him/her and will be recorded with two camcorders (camcorder 
I for the face, camcorder II for the whole upper body). As shown in Figure 2, each stimulus video 
consists of a recorded signed sentence (5–7 signs) which contains a picture at the position of the 
verbal or nominal use of a multifunctional or semi-multifunctional sign. 
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Figure 2: Stimulus example for the sentence reproduction task. 

In total, we plan to use 30 multifunctional/semi-multifunctional signs in the two conditions: i) nom-
inal use and ii) verbal use. The difference between both uses in the sentences becomes apparent 
through the drawn pictures (i.e., a picture of a bike for the nominal use versus a picture of a person 
riding a bicycle) as well as the sentence position (i.e., a noun followed by an adjective as opposed 
to a verb in sentence-final position). Thus, the stimulus set will comprise 60 signed sentences. 
We will split this set in two subsets so that each participant will see and reproduce 30 critical 
sentences. The procedure for each stimulus will look as illustrated in Figure 3. 

 
Figure 3: Time course of the sentence reproduction task for each stimulus. 

In order to evaluate clear differences between verbal and nominal use and exclude confounding 
variables such as dialectal variation it is important that a multifunctional/semi-multifunctional sign 
will be produced in both positions by one participant. In addition to the stimulus sentences, we 
will integrate 10 filler sentences with a drawing referring to a sign which can be used solely nom-
inally or verbally. We will conduct the study with 20 deaf native signers (ten female, ten male). 
Module I – Study 2a: As a first step, this study will seek to expand our already existing lexical 
DGS database (Trettenbrein et al., 2021) from currently a total of 310 to more than 600 lexical 
signs by collecting new empirical rating data for all of the before-mentioned psycholinguistic pa-
rameters from at least 30 deaf signers and 30 hearing non-signers for every sign. The first version 
of the database was created in the spirit of similar normed datasets for other sign languages such 
as, e.g., BSL (Vinson et al., 2008) and includes empirical ratings for the psycholinguistics varia-
bles iconicity, transparency, age of acquisition, and frequency collected from deaf signers and 
hearing non-signers. The new version will increase the usability of the dataset by incorporating a 
larger number of signs from currently underrepresented lexical categories such as, for example, 
adjectives or adverbs, as well as semantically underrepresented categories such as, for example, 
nouns referring to abstract concepts. In addition, similarly to the lexical database for ASL created 
by Caseli et al. (2017), our extended database will also incorporate new phonological annotations 
(e.g., for sign type, selected fingers, flexion, major and minor location, and movement) which will 
enable us to extract additional psycholinguistic measures such as neighborhood density.  
 The procedures used will follow those previously described in Trettenbrein et al. (2021), that 
is, participants of both groups will perform different tasks (deaf signers: tasks for iconicity, age of 
acquisition, and frequency; hearing non-signers: tasks for transparency and iconicity) in which 
they always rate all signs in the data set with regard to a particular psycholinguistic parameter on 
a 7-point scale (with the expedition of the age of acquisition parameter and the transparency task 
for the group of hearing non-signers). In every trial, participants are shown a clip of the relevant 
sign and are asked to rate it accordingly. That is, once a video clip has finished playing, partici-
pants are asked to rate the clip for the psycholinguistic property relevant to the task on a scale 
that appears directly underneath the clip. This same set-up will be used for all tasks though with 
diverging scales (e.g., for age of acquisition) or a free response field instead of a rating scale 
(e.g., in case of the transparency task for hearing non-signers). The expanded dataset created 
as part of this study will be used to control the stimulus materials for all consecutive studies of 
this project with regard to the different psycholinguistic parameters mentioned above. In addition, 
we will make the expanded dataset including all raw data and code publicly available via the OSF. 
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Module I – Study 2b: An unexpected finding reported by Trettenbrein et al. (2021) with regard to 
the iconicity ratings in the original dataset was that deaf participants and hearing participants 
seemed to have used the 7-point rating scale in different ways: On average, deaf participants 
rated all signs in the dataset to be very iconic, consistently using values on the higher end of the 
scale, while the ratings of hearing non-singers were skewed towards the lower end of the scale. 
Interestingly, the mean ratings from both groups were highly correlated despite the differential 
use of the scale, thereby indicating that deaf signers and hearing non-signers judge iconicity in 
similar terms yet differ in how obvious they consider it. 
 Against this background, the present Study 2b will seek to explore the iconic properties and 
motivations of the signs in the expanded dataset resulting from Study 2a further by using qualita-
tive linguistic methods, which will be complemented with the analysis of automated motion-track-
ing data which we hope will allow us to quantitatively identify iconic patterns in the expanded 
dataset. That is, just like the existing version of our lexical dataset, the expanded version created 
as part of this first study will also include motion-tracking data extracted using OpenPose (Cao et 
al., 2019) for the video clip of every sign which can be used to reconstruct movement and location 
information (Trettenbrein & Zaccarella, 2021). The iconic properties and motivations of every sign 
will be analysed with respect to the following two main categories motivated from linguistic theory: 
(i)  Underlying iconic image: action, body part, and object 
(ii)  Iconic components: handshape, movement, place of articulation, upper face, lower face, 
 and head/body movement 
These data will then be put into relation with the empirical ratings from both groups of participants 
(deaf signers and hearing non-signers). It will be especially relevant to see strategies to find a 
meaning for a sign used by hearing non-signers and compare those to the strategies used by the 
group of deaf participants. We hypothesize that both groups will largely employ the same iconic 
components and underlying iconic images while their subjective ratings (i.e., the use of the rating 
scale) will exhibit a pattern similar to the one previously observed in Trettenbrein et al. (2021). 
Module I – Study 3: The aim of this study will be to assess whether the minimal yet systematic 
phonological differences between a verbal and nominal use of semi-multifunctional signs we aim 
to identify in Study 1 are specific to DGS or whether they constitute a cross-linguistic or even 
universal pattern. To achieve this, we will conduct an experiment using two different tasks with 
the same stimulus materials with different groups of participants. Both experimental tasks will 
explore whether the iconic motivation of the movement parameter that appears to be imminent to 
verbally used semi-multifunctional signs will also lead signers who are not familiar with DGS as 
well as non-signers to categorize them as verbs, (i) in a forced-choice categorization task where 
every sign is presented in isolation and (ii) in a gamified categorization task where participants 
can watch both videos next to each other, compare them, and then classify them as noun or verb. 
 During the experiment, participants perform two different tasks consecutively with a short break 
in between task 1 and task 2. For task 1, participants will see a video clip of the sign they are 
supposed to categorize and will have to indicate their choice via button press (Figure 4, left). Note 
that the location of the “noun” and “verb” response option being either left or right on the screen, 
respectively the assigned response button for ‘noun’ and ‘verb’ will be different for every of the 
two blocks of the experiment and balanced across participants. We will collect accuracy as well 
as reaction time data. For task 2 which will be administered after a short break, participants will 
be shown videos of the verbally and nominally marked use of a sign next to each other, whereas 
the location of noun and verb on the screen will alternate. The two videos will play consecutively 
and participants will be able consecutively, again alternating whether the video in the left or right 
position on the screen will play first. Participants are asked to click on the videos and drag and 
drop a video to the left corner of the screen if they think that it contained a noun sign, or to the 
right corner if they think it contained a verb sign (Figure 4, right). 

 
Figure 4: Planned paradigms for the two different tasks administered in Study 3. 
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During both tasks, signers will be presented with a total of 90 videos of individual DGS signs 
organised into three different experimental conditions with 30 items each: (A) ambiguous multi-
functional signs (e.g., WRITE – TO-WRITE), (B) semi-multifunctional signs with verbal articulatory 
parameters (e.g., TO-CYCLE), and (C) semi-multifunctional signs with nominal articulatory param-
eters (e.g., BIKE). The stimulus video clips will include naturally occurring mouthings as well as 
mouth gestures which accompany signs. 
 The experiment will be implemented using PsychoPy and the online platform Pavlovia, so that 
data can be collected on any state-of-the-art computer in different labs. We will seek to run the 
experiment with six groups of participants that differ with respect to their hearing status and their 
knowledge of DGS: (i) 30 deaf signers from Germany who are native signers of DGS, (ii) 30 deaf 
signers from the United States who are native signers of ASL but not DGS, (iii) 30 deaf signers 
from India who are native signers of Indian Sign Language (ISL) but not DGS, (iv) 30 hearing non-
signers from Germany, who do not know any sign language, (v) 30 hearing non-signers from the 
United States, who do not know any sign language, and (vi) 30 hearing non-signers from India, 
who do not know any sign language. The ASL data will be collected in collaboration with Prof Dr 
Diane Brentari (University of Chicago). The ISL data will be collected in collaboration with Neha 
Kulshreshtha, a PhD candidate (University of Göttingen) working on ISL. 
 We will primarily analyse the accuracy data from the different groups of participants collected 
as part of this study. For both tasks, we expect that participants from group (i) will be able to 
accurately discriminate between nominal and verbal use of semi-multifunctional signs with very 
high accuracy so that their performance will essentially be at ceiling. Similarly, we expect that 
participants from groups (ii) and (iii) will show at least above-chance performance, yet most likely 
lower accuracy than group (i). We have no clear hypotheses with regard to the performance of 
groups (iv)-(vi) except that they will be significantly less accurate than groups (i)-(iii). However, 
due to the nature of the two tasks where every sign is shown in isolation during task 1, whereas 
signers see the two versions of a noun-verb next to each other in task 2 we expect that groups 
(ii) and (iii) will perform with higher accuracy in task 2 than in task 1. In case the iconic nature of 
the subtle phonological differences between nouns and verbs constitutes a cue that the hearing 
non-signers from groups (iv) and (vi) will also pick up on, we would expect their performance to 
be significantly above chance. Because data will be collected in different labs around the world 
using different hardware, our analyses of the reaction time data for task 1 will be limited to within-
subject comparisons between the three different experimental conditions (Semmelmann & Wei-
gelt, 2017). Here we expect to observe that group (i) will respond faster for conditions (B) and (C) 
in comparison to condition (A). A similar yet clearly less pronounced pattern may also be observed 
for group (ii). Lastly, we expect that in case groups (iii) and (iv) can pick up on the iconic nature 
of the subtle phonological differences between the nominal and verbal use of semi-multifunctional 
signs that they will also respond faster for condition (B) and (C) in comparison to condition (A). 
Module II – Study 4: The goal of this study will be to conduct a lexical decision task experiment 
on the expanded normed dataset that will be created in the course of Study 2a, to understand the 
influence of different psycholinguistic factors to lexical access in DGS. Beyond providing further 
validation for the ratings collected as part of our work program, this study will also be the first 
attempt to study lexical access in the DGS language, thereby enabling us to verify existing models 
of lexical access (e.g., Caselli & Cohen-Goldberg, 2014). Accordingly, the results of this study will 
also contribute to the question as to whether the patterns observed in one particular sign language 
can be upheld cross-linguistically (Caselli et al., 2021). 
 For this study, 30 deaf signers will perform a classical lexical decision task, in which they are 
shown DGS signs and pseudo-signs. We will employ mirror-reversed videos of DGS signs to 
produce pseudo-signs, which are fully matched with DGS signs in terms of phonological param-
eters (Caselli et al., 2021), and which will be first piloted in a separate session. During the task, 
participants will be asked to watch the videos and respond via button press whether the sign they 
just saw was recognized as “real” or not. From the more than six hundred videos created as part 
of Study 2a we will select 300 as stimulus materials and split this set into four blocks of equal 
size. Each block will contain approximately two 150 videos, half regular and half in reverse. The 
average length of video clips of single signs in Trettenbrein et al. (2021) was 3.93 seconds. As-
suming a similar average length for the expanded dataset, we expect an average trial duration of 
4.5 seconds, leading to a total block length of 11-12 minutes. Stimuli will be rerandomized and 
assigned to lists anew for each group of 10 subjects. 
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 The point in each video to which data acquisition will be timed locked will be determined in an 
automatic manner by using the OpenPose (Cao et al., 2019) data that is part of the original and 
expanded dataset and computing an index for motion occurring in each frame using the Open-
PoseR package (Trettenbrein & Zaccarella, 2021). Given that every video in the dataset contains 
only one sign, this method will allow us to precisely determine the onset of the sign in each clip, 
independent of the actual length of the stimulus video clips. The impact of different predictor var-
iables on the reaction times and the accuracy data will be investigated using hierarchical regres-
sions analysis, along three different levels, similar to the approach used by Balota et al. (2004) 
for single-syllable words of English: 
1. Surface level: Total velocity, total acceleration, and total amount of visual space 
2. Lexical level: Age of acquisition, iconicity, frequency, phonological neighborhood, length 
3. Semantic relatedness from the DISCO corpus (https://www.linguatools.de/disco/) 
Module II – Study 5: Building upon the findings of studies (1) and (3) in which we have identified 
systematic differences between nouns and verbs, this experiment will attempt to probe this differ-
ence in a sentence context using event-related potentials (ERPs) and a violation paradigm in an 
EEG study with deaf signers. To achieve this, we will implement a 2x2 design with the factors 
SENTENCE TYPE and GRAMMATICALITY. The two different types of sentences are constructed 
in a way that maximises the syntactic cues (e.g., pronouns preceding the noun) and hence the 
participants' expectancy of encountering a particular word category in the time-windows of inter-
est. During stimulus construction, we will rely on the lexical information from our extended “DGS 
norms” database from Studies (2a) and (4) to control our materials for relevant psycholinguistic 
variables. We will edit the recorded videos in a way so that the relevant frames for the noun and 
verb signs with overt marking of their syntactic category as identified in the preceding studies can 
be interchanged between the two types of sentences, thereby creating an overtly marked cate-
gory violation. Stimuli for each of the four conditions will thus look like as follows: 
(1) TOMORROW  POSS2  BROTHER  POSS1  TELEPHONE-APPARATUS / *MAKE-A-CALL REPAIR 

‘Tomorrow, your brother repairs my telephone apparatus / my make a call.’ 
(2) EVENING  IX1  GLADLY  MAKE-A-CALL / *TELEPHONE-APPARATUS 

‘In the evening, I like to make a call / telephone apparatus.’ 
Before conducting the actual EEG experiment, we will perform a so-called gating study in which 
we systematically present a small number of participants (5-10) who are deaf signers with different 
versions of the stimulus videos that have been cut before the beginning of the sign that constitutes 
the categorical violation. For example, the video would be cut at the last frame of the sign POSS1 
in the example stimulus (1). Then, we will create different versions of this video by consecutively 
adding back frames to this clip. After every trial, participants indicate whether they could under-
stand the meaning of the final sign in the sequence or not. This gating study will be run online 
using Pavlovia and PsychoPy and will thus enable us to empirically establish the disambiguation 
points for every stimulus clip to which we will time-lock the analysis of our EEG data. 
 During the actual EEG experiment, participants will be actively observing the stimuli while per-
forming an explicit grammaticality judgement task. That is, after every trial, participants will indi-
cate via button press if they consider a stimulus grammatical or not. The advantage of employing 
such an explicit paradigm is that it will enable us to differentiate between automatic (i.e., fast) and 
more controlled (i.e., slower) responses also on the behavioural in addition to the neural level 
(where but are indexed respectively by either an ELAN or P600 component). In line with previous 
work in the Steinbach group as well as the average sample sizes in the literature on EEG studies 
with deaf participants, we intend to collect data from 20 participants who are deaf native signers. 
State-of-the-art EEG facilities are available to the project team both in Göttingen and Leipzig. 
 Following the established ERP response pattern for spoken language (Friederici, 2011) and 
the smaller available literature on ERPs for grammatical violations in sign language which have 
shown a similar pattern (e.g., Capek et al., 2009), we expect to observe an ELAN or LAN compo-
nent in response to the violation of the grammatical category. We cannot rule out the possibility 
of observing a P600 component that would likely reflect repair or reanalysis processes. However, 
the precise time-locking based on our gating study in combination with the behavioural accuracy 
and response time data will allow us to disentangle early automatic and later more controlled 
processes. To the best of our knowledge, this study would be the first EEG study on the syntax 
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of sign language that probes an actual categorical violation. Previous work has focused on agree-
ment, presumably due to the fact that the lexical status of signs has often been considered am-
biguous - a disadvantage that we hope to be able to circumvent on the basis of the results of 
studies (1)-(4) which will enable us to create stimuli with overtly marked cues to lexical category 
and, in addition, control them with regard to other psycholinguistic variables. 
Module III – Study 6: Building upon the set of systematic differences that mark semi-multifunc-
tional signs used in a verbal or nominal context identified in Studies (1) and (3), this fMRI study 
aims to identify the neural networks that are sensitive to these lexical cues identifying different 
parts of speech during sign language processing in native deaf signers. To achieve this, the pro-
posed study will capitalize on the fact that sign language, unlike speech, allows the simultaneous 
use of more than one articulator for externalizing lexical information. For example, nominal man-
ual signs are usually accompanied by mouthings in DGS which in some cases may even serve a 
disambiguating function such as in the minimal pair COLOR and MARMALADE. Similarly, the sign 
TELEPHONE-APPARATUS is usually produced with the accompanying mouthing corresponding to 
the German /teleˈfoːn/, whereas the sign MAKE-A-CALL is usually produced with a lexicalised mouth 
gesture. These differences are commonly considered to be part of the nonmanual aspects of sign 
language as articulation during signing is not limited to the signer’s hands. In addition, depending 
on the textual context different verbal versions of this sign are used which differ in the phonological 
movement parameter. Whereas the noun sign remains static, the verb is signed with a redupli-
cated movement next to the signer’s head or remains static. 
 Accordingly, the planned fMRI study will implement an experimental design (Figure 5) that 
allows us to (1) assess the contributions of the different articulators (manual vs. nonmanual) and 
(2) observe whether the phonologically marked difference between nouns and verbs in DGS re-
sults in differently distributed neurophysiological responses, like those found for spoken language 
(Elli et al., 2019). To this extent, we plan to set up a 2x3 design with the factors GRAMMATICAL 
CATEGORY (noun; verb) and ARTICULATOR (manual-only; nonmanuals-only; manual+non-
manuals). We intend to use a set of 30 noun-verb pairs resulting in a total of 180 trials (i.e., 30 
trials per condition). All recordings for the different conditions (manual-only, nonmanuals-only, 
and manual+nonmanuals) will be performed by a native deaf signer in the professional facilities 
of the SignLab at the University of Göttingen. An alternative strategy that we explore here is that 
instead of recording all videos individually, it may be sufficient to record the 60 videos of the 30 
noun-verb pairs and use advanced video editing methods to remove either the manual or non-
manual articulation. At this point in time, we leave open the possibility to adopt either strategy. 

 
Figure 5: Planned experimental design for Study 6. 

The actual experiment will then be conducted using a 3 Tesla fMRI scanner in the facilities of the 
Max Planck Institute in Leipzig where several such machines are available. We will aim to collect 
data from 30 deaf signers as participants in this study. Participants will perform very simple se-
mantic similarity judgement tasks while lying in the scanner: They will see pairs of video clips of 
signs and judge how related in meaning they are on a scale from 1 “not similar at all” to 4 “very 
similar” using an fMRI-ready button response box. Adapted from a similar design used by Elli et 
al. (2019), stimuli will be presented in mini-blocks containing only videos from one of the three 
experimental condition and lexical category (e.g., a block would contain only nouns of the “man-
ual-only” condition such that BICYCLE and VACUUM-CLEANER are presented back to back and then 
a judgement is required, before the next trial of the same category starts, etc.). The signs within 
the different mini-blocks will be balanced according to relevant lexical variables identified in Stud-
ies (2a) and (4). In addition to fMRI data, we will also acquire eye-tracking data while participants 
are performing the task which will allow us to compare where the signers fixated during the differ-
ent conditions to, on the one hand, ensure that they complied with the task and, on the other 
hand, determine whether signers attend more to manual or nonmanul cues. MRI-ready eye-track-
ers are available at every scanner at the Max Planck Institute in Leipzig. 
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 The fMRI data will be analysed using a two-step approach. We will first use whole-brain uni-
variate analysis to identify interactions and the main effects of grammatical category and articu-
lator, as well as additional planned contrasts to detect those regions that are more responsive to 
the different articulators. Based on our review of the published literature above, we hypothesise 
that verbally used signs may recruit frontal regions more than nominally used signs. We will com-
plement the univariate analysis with multivariate pattern analysis (MVPA) within the ROIs result-
ing from the conjunction across univariate contrasts “verbs > baseline” and “noun > baseline”. 
Here, we expect that a comparison of the classification across ROIs may reveal that some ROIs 
contain more informativity for noun classification than for verbs (and vice versa) as well as that 
they show differential sensitivity to the types of articulators (manual-only, nonmanual-only, and 
manual+nonmanual). 
 In sum, the experiment outlined here will be the first fMRI study that focuses on lexical pro-
cessing in sign language using signs with overtly marked lexical category information. The chosen 
experimental design and analysis approach will allow us to go beyond previous results in the 
literature that have associated different sub-regions of the posterior temporal lobe with processing 
manual versus nonmanual information (Capek et al., 2008). Most importantly, similar to Schell et 
al. (2021) the multivariate analysis of the data will enable us to go beyond asking the questions 
as to whether some brain regions are more responsive to different sign language articulators 
(manual vs. nonmanual) or lexical categories (nouns vs. verbs) as it enables us to see how the 
relevant brain regions discriminate between the articulators or lexical categories depending. 
Timeline: Based on previous experience, it is estimated that each of the 6 experiments will take 
between 6 and 9 months when using a behavioural approach (Studies 1-4). Neuroimaging studies 
(Study 5-6) can be estimated to take 1 year including experiment set-up, data collection, and 
analysis. This leads us to propose the work programme in Table 1. After the foundational elicita-
tion study, further studies are to an extent run in parallel or at least have slightly overlapping 
beginning and end points. This will be possible due to the fact that some of the studies will be run 
online and in collaboration with international colleagues so that the project team can meanwhile 
attend other tasks. As mentioned above, all empirical studies are accompanied by corresponding 
theoretical analyses of parts of speech in spoken and sign languages and the relevance of iconic-
ity in word class marking. The results of our work will be presented at international linguistic, sign 
language and neuroimaging conferences and written up for submission to reputable peer-re-
viewed scientific journals throughout the course of the project. 
 3 6 9 12 15 18 21 24 27 30 33 36 
Study 1             
Study 2a             
Study 2b             
Study 3             
Study 4             
Study 5             
Study 6             
Theory             

Table 1: Timeline for the entire project detailing the time course of the individual planned studies described above. 
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