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1 Starting Point 

 
1.1 State of the art and preliminary work 
 
Developmental language disorder (DLD) is one of the most common developmental disorder. It 
has a prevalence of about 7% (cf. Norbury et al., 2016) and is characterized by significant 
language problems without any known cause, which have a negative impact on everyday social 
interactions and/or educational progress (Bishop et al., 2017). Although, DLD often persists up to 
adolescence and adulthood and has a huge importance for the well-being and mental health of 
the person (e.g., Clegg et al., 2005; Law et al., 2009), it is much less investigated than other 
developmental disorders with significantly lower prevalence like, for example, autism spectrum 
disorders. Etiological factors as well as underlying theoretical principles are far from being 
understood. One open issue is the question about the role of modality specific influences in DLD. 
 
Modalities play an important role in language processing. Specifically, language can be perceived 
auditorily in terms of hearing spoken language and visually in terms of reading written language 
or sign language. In contrast, language production is only possible via the vocal modality in terms 
of speaking or via the manual modality in terms of handwriting, typewriting or signing. Daily 
situations of language processing often require fast and frequent switching between these 
modalities. Imagine, for example, a typical day in the office. You are sitting in front of your PC 
reading an Email (i.e., processing language via the visual modality). Then, your phone is ringing, 
meaning that you have to switch from visual language processing to auditory language 
processing.  
 
As shown in the example, modality switching is very common in every-day life. Most often, 
however, switching is not restricted to single modalities but requires switching between different 
modality combinations. Specifically, input modalities (i.e., the auditory and visual modality) are 
often combined with output modalities (i.e., with the vocal or manual modality). For example, 
working on the PC typically requires visual language processing (i.e., reading) combined with 
manual language processing (i.e., typewriting). A successful phone call usually requires auditory 
language processing combined with vocal language production.  
 
Importantly, however, the way of how modalities are combined seems to play a role for language 
processing. Specifically, input and output modalities can be combined in a compatible or in an 
incompatible way. More precisely, auditory-vocal and visual-manual combinations are defined as 
compatible modality combinations because the input modality corresponds to the modality of 
sensory feedback of motor output. That is, vocal output leads to auditory feedback, corresponding 
to auditory input, and manual output leads to visual feedback, corresponding to visual input. In 
contrast, auditory-manual and visual-vocal combinations are defined as relatively incompatible 
combinations because they are not especially linked via feedback loops. Feedback loops, 



representing the phenomena of modality compatibility, can be also found in language processing 
models as, for example, in a revised version of the Logogen model (e.g., Howard & Franklin; see 
Figure 1).  
 

 
 
Figure 1. A simplified schematic of a revised version of the Logogen model (Howard and Franklin, 
1988) including auditory and visual input, vocal and manual output as well as auditory and visual 
feedback loops (for a similar schematic see also Schaeffner, 2018). 
 
Previous research has shown that modality compatibility (i.e., the way of how input and output 
modalities are combined) has an influence on language processing, especially when it comes to 
switching between modalities (e.g., Schaeffner et al., 2016; Schaeffner et al., 2018). This has 
been demonstrated in different task-switching studies. The task switching paradigm represents a 
common experimental paradigm to study the cognitive mechanisms underlying sequential 
multitasking (for reviews see Kiesel et al., 2010; Monsell, 2003; Vandierendonck, Liefooghe, & 
Verbruggen, 2010). In this paradigm participants switch between different tasks throughout the 
experiment, resulting in two different types of trials: task repetition trials (i.e., performing the same 
task in the present trial as in the previous trial) and task switch trials (i.e., switching into another 
task compared to the previous trial). Typically, performance is better in repetition trials compared 
to switch trials and performance differences between switch and repetition trials are called “switch 
costs”, which are seen as a marker for cognitive control (e.g., Rogers & Monsell, 1995). As 
regards modality switching the to-be-switched “tasks” are defined by the sensory-motor modality 
combination (e.g., one “task” is the auditory-vocal combination and one task is the visual-manual 
combinations). It has been shown that switching between incompatible input-output combinations 
(i.e., switching between auditory-manual and visual-vocal processing) results in higher switch 
costs than switching between compatible combinations (i.e., auditory-vocal and visual-manual) 
during language processing (e.g., Schaeffner et al., 2016; Schaeffner et al., 2018).  
 
So far, however, knowledge about the influence of modality compatibility in language processing 
is restricted to language processing of adults without any language processing deficits. The role 
of modality compatibility in context of language development and, moreover, in DLD has never 
been examined and is far from being understood. This is all the more remarkable given that 
modality switching is not restricted to adults’ communication but is also an important part of 
children’s communication and, moreover, modality switching differs in specific aspects between 
typically developing children and children with DLD. 



Even before literacy acquisition children show frequent switching between different modalities 
because processing of spoken language is often complemented by visual communication in terms 
of gesture processing (for an overview of gesture development see Capone & McGregor, 2004). 
Gestures represent movements of the hands or arms or even other body parts that can either co-
occur with spoken language or instead of vocal language production (McNeill, 1992). Previous 
studies have shown that switching between spoken language and gestures is important in early 
language development because it enables children to understand and produce utterances they 
were not yet able to understand and produce in spoken language alone. For example, gesture-
word combinations enable children already at the age of 16 to 20 month to express two pieces of 
information within one single utterance (Capirci et al., 1996). This is about two months earlier than 
the ability to produce two-word utterances in spoken language (Iverson & Goldin-Meadow, 2005). 
Moreover, gesture processing seems to be essential for the development of lexical skills. 
Specifically, it has been shown that gesture production has a scaffolding effect on novel word 
learning (cf., Lüke & Ritterfeld, 2014) and represents an important predictor for later lexical skills 
(e.g., Lüke et al., 2020; Rowe & Goldin-Meadow, 2009; Rowe, Özçalışkan, & Goldin-Meadow, 
2008). 
 
Interestingly, there are some important differences in gesture processing between children with 
DLD and typically developing children. On the one hand, children with DLD rely more on gestures 
and produce more gestures in order to compensate their spoken language deficits (e.g., Iverson 
& Braddock, 2011; Lavelli & Majorano, 2016; Mainela-Arnold et al., 2014). On the other hand, 
however, children with DLD show difficulties in the imitation and correct production of gestures 
(Wray et al., 2017), the comprehension of gestures (Lüke et al., 2020) as well as in the successful 
integration of gestural information into spoken language processing (cf. Botting et al., 2010). Thus, 
modality switching is more frequent in children with DLD than in typically developing children 
because they switch more often between spoken language and gestures but at the same time 
their switching is more error prone. 
 
So far, the actual cause for the specifics in modality switching of children with DLD compared to 
typically developing children is still under discussion. Two main conflicting positions exist. The 
first position assumes an integrated multimodal communication system underlying gesture 
processing as well as spoken language processing (cf., McNeill, 1992). According to this 
assumption language deficits typically result in an impairment of both communication channels. 
This assumption is supported by findings of lower performance in gesture tasks for children with 
spoken language deficits (e.g., Botting et al., 2010; Lüke et al., 2020; Wray et al., 2017). In 
contrast, the second position assumes two independent but tightly coordinated language 
systems. According to the latter position deficits in one system can be compensated by the other 
system. This assumption is supported by studies demonstrating that gestures facilitate word 
retrieval (e.g., Akhavan et al., 2018; Hadar et al., 1998) and novel word learning (e.g., Lüke & 
Ritterfeld, 2014; Vogt & Kauschke, 2017).  
 
Explanations including modality-specific aspects are much less represented in the literature and 
usually focused on one single modality (see e.g., Leclercq, 2012 for the investigation of visual 
processing in DLD). Potential influences of modality compatibility and, thus, the role of different 
modality combinations has never been discussed in this context. It is still unknown whether 
children’s modality switching underlies influences of modality compatibility and whether 
differences between children with DLD and typically developing children depend on how input 
and output modalities are combined. Moreover, it is unknown whether potential differences are 
restricted to linguistic input and output processing (i.e., switching between spoken language and 
gestures) or whether more nonlinguistic processing like, for example, the perception of 
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nonlinguistic sounds or the production of left and right keypresses leads to similar effects. Thus, 
the aim of the proposed work is a systematic investigation of modality switching in children with 
DLD as well as in typically developing children by manipulating modality compatibility, input type 
(e.g., linguistic versus nonlinguistic stimuli) as well as output type (e.g., language related 
responses versus more nonlinguistic responses like keypresses). This will shed light on one of 
the most frequent developmental disorders from a completely new, multimodal perspective. 
 
Embedding this research into the DFG Priority Program “ViCom”, which will join expertise of 
multimodal language processing from neuroscience, psychology, and linguistics, represents an 
ideal basis for an interdisciplinary perspective on and interpretation of the findings from the 
proposed study. We are convinced that the planned project will make an important contribution 
to the main aims of the Priority Program. First, investigating the role of modality compatibility in 
children’s language processing by systematically manipulating visual input (i.e., pictures versus 
gestures) and manual output (i.e., keypresses versus gestures) will contribute to the disclosure 
of the specific characteristics of the visual modality and its interaction with other communication 
channels. Second, knowledge about potential influences of modality compatibility in children’s 
language processing will help to develop a new comprehensive and multimodal language-
processing model and, finally, comparing typically developing children and children with DLD will 
yield important implications for therapeutic and didactic contexts from a multimodal perspective. 
 
 
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. Lüke, C., Ritterfeld, U., Grimminger, A., Rohlfing, K. J. & Liszkowski, U. (2020). Integrated communication 
system: Gesture and language acquisition in typically developing children and children with LD and DLD. 
Frontiers in Psychology, 11:118. 

2. Lüke, C., Leinweber, J. & Ritterfeld, U. (2019). Walking, pointing, talking – The predictive value of early walking 
and pointing behavior for later language skills. Journal of Child Language, 46, 1228-1237. 

3. Lüke, C., Ritterfeld, U., Grimminger, A., Liszkowski, U., & Rohlfing, K. J. (2017). Development of pointing 
gestures in children with typical and delayed language acquisition. Journal of Speech, Language, and Hearing 
Research, 60, 3185-3197. 

4. Lüke, C., Grimminger, A., Rohlfing, K. J., Liszkowski, U. & Ritterfeld, U. (2017). In infants’ hands: Identification of 
preverbal infants at risk for primary language delay. Child Development, 88, 484-492. 

5. Lüke, C. & Ritterfeld, U. (2014). The influence of iconic and arbitrary gestures on novel word learning in children 
with and without SLI. Gesture, 14, 204-225. 

6. Schaeffner, S., Koch, I., & Philipp, A.M. (2016). Semantic effects on sensory-motor modality switching. Journal of 
Cognitive Psychology, 28, 726-742. 

7. Schaeffner, S., Koch, I., & Philipp, A.M. (2016). The role of sensory-motor modality compatibility in language 
processing. Psychological Research, 80, 212-223. 

8. Schaeffner, S., Koch, I., & Philipp, A.M. (2018). Sensory-motor modality compatibility in multitasking: The 
influence of processing codes. Acta Psychologica, 191, 210-218. 

9. Schaeffner, S., Koch, I., & Philipp, A.M. (2018). The role of learning in sensory-motor modality switching. 
Psychological Research, 82, 955–969. 

  



1.2.2 Other publications, both peer-reviewed and non-peer-reviewed 
 
10. Schaeffner, S. (2018). Modality-specific effects in linguistic multitasking (Doctoral Dissertation). doi: 

10.18154/RWTH-2018-00740 
 
1.2.3 Patents 
 

1.2.3.1 Pending 
- 
 

1.2.3.2 Issued 
- 
 
2 Objectives and work programme 
 
2.1 Anticipated total duration of the project 
 
The total duration of the project will be 36 months. 
 
2.2 Objectives 
 
The general goal of the proposed project is to assess the role of modality specific effects in 
children with DLD as well as in typically developing children. The project should answer the 
following questions: 

1. Is children’s modality switching influenced by modality compatibility? Is there a similar 
effect of modality compatibility (i.e., better performance for switching between compatible 
combinations than switching between incompatible combinations) as in adults’ modality 
switching? 

2. Is there a difference between children with DLD and typically developing children in 
modality switching and in potential effects of modality compatibility? 

3. Is children’s modality switching and potential effects of modality compatibility influenced 
by different types of input and output?  

a. Is there a difference between processing linguistic input (i.e., words and gestures) 
versus processing nonlinguistic input (i.e., nonlinguistic sounds and pictures)? 

b. Is there a difference between the production of linguistic manual output in terms of 
gestures versus the production of nonlinguistic manual output in terms of 
keypresses? 

4. Are there any age-related differences in modality switching and the role of modality 
compatibility? 

Answering these questions provides new insights into the role of modality compatibility in 
children’s language processing as well as into its role in DLD. It might yield new insights into 
the etiology of DLD, might contribute to new therapeutic interventions and, moreover, it might 
be the starting point for new multimodal linguistic theories.  

 
  



2.3 Work programme including proposed research methods 
 
We will conduct a task switching study investigating modality switching of 108 children diagnosed 
with DLD as well as typically developing children. Sample size is estimated based on power 
considerations (F-Test, repeated measures ANOVA, within-between interaction) assuming large 
effect sizes (α-Level =.05; Power-Level = .95). In order to examine potential age effects half of 
the children should be aged between 4;0 and 4;5 years. The other half of children should be aged 
between 5;6 and 5;11 years. That is, children of both age groups are not yet familiar with written 
language and visual-manual processing in linguistic contexts should be predominantly associated 
with gesture processing. Moreover, children of both age groups should be already able to be 
aware of switching between different tasks and, thus, also to switch between different modalities 
in a controlled manner. This ability develops between the age of three and four (cf. Anderson, 
2000). That is, children of the first age group represent children that have just acquired the ability 
to deliberately switch between modalities and the second age group is already more familiar with 
this ability. This allows an investigation of age effects and, moreover, a comparison of the 
performance of older children diagnosed with DLD with the performance of typically developing 
younger children. All participating children should be native German speakers with normal or 
corrected to normal visual and hearing acuity and without any history of any developmental 
disorder other than DLD. Participants will be recruited from kindergartens, speech-language 
therapists, and pediatricians. 
 
Children will be tested individually in four sessions in a laboratory at the Department of Special 
Education and Therapy in Language and Communication Disorders at the Julius-Maximilians-
University Würzburg (Germany). Each session will last about 60 minutes. In the first session, 
children get familiar with the experimenter and the laboratory and then standardized language 
tests will be conducted in order to assess language abilities (i.e., productive vocabulary and 
grammar skills, sentence comprehension, phonological working memory). During the language 
tests the session will be audio recorded. Parents will be asked to complete a questionnaire 
regarding children’s age, handedness, language skills, potential diagnoses, and therapies while 
their child is participating at the first session. The three following sessions will consist of different 
game-based modality-switching tasks at a PC in order to assess children’s ability to switch 
between compatible as well as between incompatible modality combinations. The three modality 
switching sessions differ systematically in the type of the presented input (i.e., sounds and 
pictures versus spoken words and gestures) and in the type of manual output (i.e., keypresses 
versus gestures) with order of sessions counterbalanced across participants. Figure 2 gives an 
overview of the four sessions and the different variations of input and output. To analyze children’s 
reactions Session 2-4 will be video recorded. 
 



 
 
Figure 2. Overview of the four sessions, demonstrating the different variations of input and output 
in Session 2-4. All participants start with Session 1. Order of Session 2-4 will be counterbalanced 
across participants. 
 
Modality switching in Session 2-4 will be investigated in line with previous studies about modality 
switching in adults (e.g., Schaeffner et al., 2016) using the task switching paradigm. The task 
switching paradigm in general has been frequently applied previously - also in young children 
(see e.g., Peng et al., 2018). However, the important new aspect of the present study is that 
switching refers to modality switching. That is, children perform a cognitive task in terms of a 
semantic decision (cf. Session 2 and 3) or naming task (cf. Session 4) while they switch between 
modalities in two different conditions. Specifically, each session consists of a modality compatible 
and a modality incompatible condition with order counterbalanced across children. In the modality 
compatible condition children will be instructed to respond vocally on auditory input and manually 
on visual input, so that switching consists of switching between auditory-vocal and visual-manual 
modality combinations. In the incompatible condition switching consists of switching between 
auditory-manual and visual-vocal modality combinations. That is, children will be instructed to 
answer vocally to visual input and manually to auditory input. In order to familiarize children with 
the required modality combinations of the current condition, each condition starts with two practice 
blocks in which the two combinations are practiced separately. For example, at the beginning of 
the compatible condition children perform an auditory-vocal as well as a visual-manual practice 
block. In addition, sessions including gesture processing (i.e., Session 3 and 4) start with a 
demonstration of the relevant gestures before the beginning of the first practice block in order to 
make sure that all children are familiar with the required gestures. A schematic representation of 
the different blocks and conditions of an exemplary session is given in Figure 3. 
 

 

 

 

 

 

Task:  
Semantic Decision: 
Animal yes or no? 
 

Task:  
Picture/Sound naming 



 
 
Figure 3. Schematic representation of the two conditions, each containing two practice blocks (in 
counterbalanced order) and one switching block. Order of conditions is counterbalanced across 
participants. 
 
The cognitive task, which is performed while modality switching, will be constant throughout the 
whole session and requires no switching. That is, in Session 2 and 3 children perform constantly 
a semantic decision while they switch between the different modality combinations. In Session 4 
they are instructed to name the presented pictures and sounds while they switch between the 
different modalities. Exemplary trial sequences of Sessions 2-4 are given in Figure 4. 
 
 



 
 
Figure 4. Exemplary trial sequence of the compatible and incompatible condition of Session 2 
(A), Session 3 (B), and Session 4 (C). Children’s task of Session 2 and 3 is to decide whether the 
presented concepts represent animals or not. Task of Session 4 is the vocal or manual naming 
of the presented concepts. 
  

 

 

 

c

 

i

 

A 

B 

C 



Switching performance will be measured by speed and accuracy. Reaction times are recorded 
via the PC during children’s modality switching. Accuracy is analyzed afterwards by video 
analyses. For data analyses we will compare switch costs in modality compatible and modality 
incompatible sessions to indicate modality-specific effects. Moreover, between-group differences 
will be analyzed. We will compare modality effects on switch costs between the two age groups, 
between children with DLD and typically developing children as well as differences between 
sessions (i.e., differences depending on different types of input and output). 
 
We expect to find modality compatibility effects on children’s modality switching similar to modality 
compatibility effects in adults. That is, switch costs should be reduced for switching between 
compatible combinations compared to switching between incompatible combinations. Moreover, 
however, we expect differences in these effects depending on language skills. Specifically, we 
assume less strong linkages between compatible modality combinations in children with DLD due 
their difficulties in the imitation of words and gestures (see e.g., Wray et al., 2017), resulting in 
less strong modality compatibility effects in children with DLD than in typically developing children. 
Moreover, these differences between children should be the more pronounced the more linguistic 
processing is required. That is, differences should be clearer for processing words and gestures 
(i.e., in Session 3 and 4) than for nonlinguistic picture and sound processing (cf. Session 2). 
Additionally, we expect to find age-related differences. Specifically, linkages between compatible 
modality combinations should be stronger in older children than in younger children due to longer 
response-effect learning (cf. Greenwald, 1970), resulting in stronger modality compatibility effects 
in older children than in younger children. Thus, differences between children with DLD and 
typically developing children should be especially pronounced in the older age group. 
 
The timetable for the proposed study is as follows: 
 

Year 2022 2023 2024 2025 

Quarter Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 

Creation and validation 
of stimuli             

Programming of 
experiments             

Preparation of set-up             

Recruiting             

Data collection             

Video coding of Session 
2-4             

Data analysis             

Dissemination of 
findings             
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