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Abstract 

Human beings gesture a lot with their hands when communicating one to another. There 

are multiple types of manual gestures, one category of them being the group of non-

representational gestures. In this study, we are interested in whether response times (RTs) can 

be influenced by non-representational gestures which are not iconic and rather have a pragmatic 

or interactive function in conversation. As of now, their effect on the addressee’s 

comprehension has not been studied. Therefore, in this study participants were presented a VR-

avatar which used different forms of non-representational gestures (palm up open hand, 

addressee pointing, and palm lateral). Participants were asked polar questions (general 

knowledge vs. personal preference) and had to press keys for a yes or no response. The 

questions were constructed so that they had either an early or a late answer point. Data was 

collected via the software Gorilla where the RTs were measured. The results show a significant 

main effect for the answer point, suggesting that questions with an early answer point are 

answered faster than questions with a late answer point. However, no significant main effect 

for gesture presence, gesture form, or the interaction between answer point and gesture presence 

was found. Thus, non-representational gestures seem to be of no influence on addressee’s RTs. 

There are multiple reasons for why the effect could not be found (e.g., participants might have 

focused only on the verbal cues and not on the visual cues when planning their response, the 

online VR-avatar might have involved participants less in a social interaction than planned, or 

the button-press response mode might have been not as accurate as a verbal response would 

have been). A lot has still to be investigated in relation to the social aspect non-representational 

gestures hold, for example, by looking into other variables in human interactions (e.g., 

physiological measures) which might be influenced by non-representational gestures and 

creating better social environments when testing the effect of those gestures on the addressee. 

 

1. Introduction 

Human face-to-face interaction is highly effective and efficient, despite involving a 

variety of processes. Informal face-to-face communication is fundamental in social interaction 

and the main mode of human communication (Bavelas et al., 1992; Holler & Levinson, 2019; 

Nota et al., 2022). This means that language is multimodal and based on a turn-taking principle. 

However, so far language has mostly been studied as a unimodal activity by a single speaker 

rather than in dialogue (Bavelas et al., 1992). The present study aims to address this 

shortcoming by looking at language in social interactions (between two interlocutors) and 

focusing on manual gestures involved in face-to-face conversations. 
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1.1 Language in social interaction 

Bavelas et al. (1992) “propose that conversation must be seen not as alternating 

monologues but as a social system” (p.476), where “the speaker constantly includes the 

addressee and attends to dialogic requirements in a variety of ways” (Bavelas et al., 1995, p. 

395). In conversation, people take turns rapidly, without interruptions and with no or minimal 

delay. This can be achieved because different elements which are part of communication are 

coordinated simultaneously in an incredible construct (Templeton et al., 2021).  

Turn-taking is the behavioural mechanism needed for coordinating interaction (i.e., 

coordinating who speaks and when) (Stivers et al., 2009). This process reveals itself in the very 

smooth and fast transitions between speakers (Bögels, 2020) and thus minimises the length of 

gaps in conversations (Templeton et al., 2021). Turn-taking develops very early in humans: 

infants engage in communicative dialogues months before they produce their first words 

(Templeton et al., 2021). Several studies find that gaps are usually around 200 ms long (e.g., 

Holler et al., 2018; Stivers et al., 2009; Templeton et al., 2021), an interval which can be 

compared to the duration of an eyeblink (Castellucci et al., 2022). This is three times faster than 

the mean speed of object naming, and therefore turn-taking is believed to be too fast to depend 

on conscious control (Templeton et al., 2021). Researchers could show that there are universals 

in the underlying pattern of response latencies (i.e., general avoidance of overlapping talk and 

minimisation of silence in turn gaps) (Stivers et al., 2009; Templeton et al., 2021). However, 

there is still some variability across languages in RTs ranging from 7 ms in Japanese to 460 ms 

in Danish (Stivers et al., 2009). 

A very important role in social interaction is fulfilled by asking questions. According to 

the corpus study of Holler et al. (2018), questions are the ideal case to look at turn-taking as 

they make responses mandatory. In their study they look at question-response sequences, as did 

Stivers et al. (2009) who found that question-response sequences identified in a corpus are 

representative for the turn-taking principle in general. According to Stivers et al. (2009), 67% 

of all identified questions in their video data of 10 different languages were polar questions and 

thus the most common type of questions. Polar questions are the simplest type of question 

because their answer possibilities limit themselves to a simple yes or no, unlike responses to 

WH-questions, and they are extensively investigated in research (e.g., Bögels, 2020; Stivers et 

al., 2009). Interestingly, confirmatory responses (yes-responses) are delivered faster than 

responses giving disconfirmation (no-responses). On average, this difference lies between 100 

and 500 ms. (Stivers et al., 2009).  
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Still, the question of how people manage to respond so fast, remains. One aspect 

influencing this might be the human prediction capacity. Different kinds of signals paired with 

different modalities seem to facilitate prediction in face-to-face communication (Holler & 

Levison, 2019). Experimental evidence shows that processing spoken turns relies considerably 

on predictive processes (e.g., Holler et al., 2018; Magyari & de Ruiter, 2012; Templeton et al., 

2021), for example when predicting the end of a word based on the first couple of sounds a 

speaker utters. Being able to make predictions about an ongoing utterance can allow the listener 

to anticipate what the speaker’s aim is, and therefore allows them to already start planning early 

on, often before the speaker has finished their turn (Bögels, 2020; Jongman et al., 2019). 

Another factor influencing response speed might be social connection. Templeton et al. (2021) 

argue that the more socially connected and engaged the interlocutors are, the faster the response. 

Important contributors for fast responding may be response mobilisation cues. Stivers 

and Rossano (2010) suggest that responses are mobilised by the speaker through the union of 

different features which are simultaneously used. Those features are: interrogative 

morphosyntax, interrogative intonation, addressee epistemic expertise on the topic relative to 

the speaker (i.e., if the speaker/recipient has access to a certain epistemic domain and if there 

is asymmetry between the interlocutors), and addressee directed eye gaze (Stivers & Rossano, 

2010). Looking at the example of gaze, Stivers et al. (2009) found that addressees are more 

prompt to respond when they are looked at than when they are not. Thus, a speaker can show 

with their gaze if a response is wished in certain circumstances.  

1.2 Multimodality of language 

Language interactions are facilitated by being multimodal in nature (Holler & Levinson, 

2019; Holler et al., 2018), as bodily signals add a great amount of meaning to what is being said 

(Holler et al., 2018). The multimodality in face-to-face communication consists of multiple 

articulators and modalities, like auditory cues (speech and non-speech) and visual cues 

(gestures and signs made for example by hands, arms, torso, and head) (Holler & Levinson, 

2019).  

It might be argued that, taking all the visual cues into account while communicating, the 

addressee is presented with a challenging situation which could be a delaying factor for the 

processing system. This is because the listener must process all the input at once, and not all 

the movements an addressee receives do in fact convey meaning (e.g., scratching one’s head or 

adjusting one’s clothes) (Holler & Levinson, 2019). These irrelevant movements which are not 

part of the signal must be set aside (segregation problem) but those which are part of the 
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message must be paired with their speech counterparts, which are not always simultaneous 

(integration problem) (Holler & Levinson, 2019).  

Nevertheless, it looks like this multimodality facilitates comprehension. Experimental 

studies show that multimodal messages do not lead to a delay but rather to rapid processing and 

a faster response (e.g., Holler & Levinson, 2019). Holler et al. (2018) present an analysis of 

multimodal conversations revealing that bodily signals influence language processing in 

interactions. Questions paired with those cues lead to faster responses from the addressee. 

Further evidence comes from experimental studies showing that stimuli presenting gestural 

information alongside speech facilitate information processing and lead to faster RTs compared 

to speech-only stimuli (Holle et al., 2008; Kelly et al., 2009). Levinson and Torreira (2015) 

argue that gestures might contribute to signaling turn ends.  

1.3 Manual gestures  

Manual gestures are one of the biggest components in multimodal interactions. In 

certain contexts, manual gesturing information carries up to 50-70% of the information directed 

to the addressee (Gerwing & Allison, 2009; Holler et al., 2018). Manual gestures can be 

communicative or non-communicative. Non-communicative gestures do not add any semantic, 

pragmatic, or interactive meaning to what is being said (e.g., scratching one’s head, adjusting 

one’s clothing) (Kendon, 2004). In this study, when talking about manual gestures, only 

communicative gestures are considered. 

Kendon (1987) divides manual gestures into two large categories: one related to the 

content of speech and the second in a more abstract and distant relation to the content. Bavelas 

et al. (1992) name the former topic gesture and the latter interactive gesture. However, in this 

study, the terms representational gestures (topic gestures) and non-representational gestures 

(interactive gestures) will instead be used.  

1.3.1 Representational gestures 

Representational gestures interact with speech to convey semantic information (Bavelas 

et al., 1992; McNeill, 1985). They depict a certain meaningful concept or object and are 

therefore described as iconic. An example is the word “house” expressed by gesturing the shape 

of a house with two hands, beginning with a pointed roof and ending with two lateral hands for 

the walls of the house. However, also more abstract concepts belong to this group, like rising 

house prices where the hand moves upwards or pointing gestures referring to visible and non-

visible objects (or entities) the speaker is creating in the gesture space while talking (McNeill, 

1985). Cohen (1997) proved experimentally that representational gestures decreased in 
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frequency when the addressee was not visible to the speaker. McNeill (1985) showed that those 

gestures are part of the language production system: gestures of this type occurred at the exact 

same time as the specific speech part. Lastly, ter Bekke et al. (2020) showed that responses are 

significantly faster when a representational gesture occurs just before the lexical affiliate than 

with no gesture. 

Far less attention is given to non-representational gestures (Holler, 2010). 

1.3.2 Non-representational gestures 

In some older and more recent studies, non-representational gestures were also referred 

to as batons (Ekman & Friesen, 1969), speech primacy movements (Freedman, 1972), beats 

(McNeill & Levy, 1982), or interactive gestures (e.g., Bavelas et al., 1992; Holler, 2010). A 

study by Alibali et al. (2001) first introduced the term representational gesture for topic 

gestures, while the term beats was used for the simple, rhythmic gestures not conveying 

semantic meaning. However, in our study the counterpart of representational gestures used is 

non-representational gestures as they include not only beats (e.g., palm lateral), but also 

pragmatic and interactive gestures (e.g., addressee pointing or palm up open hand).  

Bavelas et al. (1995) claim that the exact form of the hand does not determine the 

meaning (i.e., there is no fixed form-meaning mapping). Non-representational gestures do not 

have stereotypic forms, such as the group of representational gestures and they are less 

redundant than representational gestures (Bavelas et al., 1992; Bavelas et al., 1995). However, 

non-representational gestures tend to share some features (i.e., palm/fingers oriented towards 

the addressee). Most of them directly relate or reference to the addressee: at a given time, the 

hand or fingers are oriented towards the addressee (Bavelas et al., 1995). The two most studied 

non-representational gestures are the palm up open hand gesture (PUOH) and the addressee 

pointing. The PUOH gesture is characterised by a flat hand where the palm is pointing upwards. 

The fingers are not stretched but rather curled in a more relaxed way (Holler, 2010). PUOH 

gestures seem to have evolved from actions in the physical world (e.g., offering or giving an 

object to someone) (Cooperrider et al., 2018; Holler, 2010). There are a lot of cases in which 

these kinds of gesture are used. However, the hand is not always perfectly flat and up, but 

sometimes lateral or diagonal. The addressee pointing consists of a pointing gesture done with 

the index finger pointing towards the addressee (Holler, 2010). Researchers believe that the 

pointing gesture is made to single out a certain referent in the surroundings (i.e., the addressee) 

and it is possible that it evolved from touching or reaching in the physical world (Holler, 2010). 

Therefore, it could be that this gesture seems more demanding than the classical PUOH. The 
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palm of the hand can face different direction in this case (upwards, downwards, or lateral) 

(Holler, 2010).  

  According to Bavelas et al. (1995), non-representational gestures belong to a small 

group of conversational gestures which have been highly unnoticed in the past. They can be 

inserted quickly instead of interactive words and phrases (e.g., Bavelas et al. (1992): “what do 

you think?”, “you know?”), so that the conversational flow is not (or only minimally) disrupted 

(McNeill, 1985; Bavelas et al., 1992; Bavelas et al., 1995). For example, if a speaker states an 

opinion and says: “Dark chocolate is the best kind of chocolate.” and produces a PUOH or 

pointing gesture to the addressee, they seek confirmation from the addressee without asking for 

it verbally. In this case, the question is formulated entirely by the non-representational gesture. 

Different functions have been associated with non-rep gestures, including citing the other’s 

contribution, seeking agreement, help, or a response, delivery of information, markers of 

common ground, and coordinating turns (Bavelas et al., 1992; Bavelas et al., 1995; Holler 

2010). Non-representational gestures, specifically the PUOH gestures, are described as 

“interactive” (Bavelas et al., 1992) or “pragmatic” (Kendon, 2004) as they do not depict 

concrete or abstract concepts represented in the speech information, but serve instead to regulate 

a conversation.  

Bavelas et al. (1992) conducted an experiment in which they found that people use far 

more non-representational gestures when they communicate to another person than when they 

must speak in an alone condition (monologue). With a second experiment, they proved that the 

use of non-representational gestures declines when the addressee could not be seen while 

communicating. This supports the claim that those gestures serve to regulate face-to-face 

interactions and are made for the addressee to see (Bavelas et al., 1992). Holler (2010) looks at 

non-representational gestures used as markers of common ground. In her study, she found that 

there is a tendency for a faster response when a pointing gesture is made by the speaker 

compared to a PUOH gesture. 

1.4 Current study 

The aim of the current study is to investigate what effect non-representational gestures 

have on an addressee’s RT. The difference in non-representational gesture form has not been 

described extensively up until now. A few studies have focussed on the effect of 

representational gestures on comprehension (e.g., ter Bekke et al., 2020; Wu & Coulson, 2007) 

and ter Bekke et al. (2020) found that responses were given faster if the question was 

accompanied by a representational gesture. Nevertheless, as of yet there are no studies carried 

out on the effect of non-representational gestures on comprehension, yet they account for the 
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largest portion of manual gestures. A few studies have looked at non-representational gestures 

from a theoretical point of view (Bavelas et al., 1992; Bavelas et al., 1995), but not many 

significant steps in experimental research have been taken since the publication of these studies. 

In addition, studies show that there are different response mobilising cues in multimodal 

communication (e.g., eye gaze) which lead to faster responses (e.g., Stivers et al., 2009). 

However, it is still unknow how non-representational gestures influence the addressee and if 

they might belong to the cues mobilising response. Also, most studies have been done with 

English-speaking participants and have not looked at other languages.  

Prior to this study, a corpus analysis was conducted within the Communication in Action 

(CoAct) corpus set up by the Communication in Social Interaction (CoSI) group at the Max 

Planck Institute in Nijmegen. The identified non-representational gestures in all questions and 

responses of the corpus were analysed, and it was found that non-representational gestures 

appeared more often in combination with a question than with an answer. 8.3% of 1692 

questions present in the corpus contained a non-representational gesture, and the majority of 

those gestures (47.1%) belonged to the group of PUOH gestures. We could find a small 

difference in RT, meaning that questions with non-representational gestures were answered 

somewhat faster than questions with no gesture. However, this effect was not significant. This 

may be due to differences between different gesture forms, insufficient number of observations, 

or because non-representational gestures may mobilise cognitive response preparation not 

evident in behaviour. This presented a motivational factor to further investigate non-

representational gestures from a behavioural point of view. 

Therefore, the research question of this study is: What is the influence of non-

representational gestures on the response time of an addressee? 

To investigate this question, participants’ RT was measured in an online VR-experiment.  

People were asked polar questions in two different conditions, gesture versus no gesture. Within 

the gesture condition, one of three gesture forms was presented (PUOH gesture, addressee 

pointing, and palm lateral). The questions were testing either personal preference or general 

knowledge and were constructed to either have an early or a late answer point. 

The main hypotheses of this study are the following: 

1.  Questions with an early answer point are answered faster than questions with a late 

answer point (Bögels et al., 2015).  

2. Questions asked with non-representational gestures lead to shorter RTs compared to 

speech-only questions. This would be in line with Holler and Levinson (2019), who 

propose that multimodal messages lead to a faster response than speech-only 
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messages. It would also reflect our tendency found in the corpus analysis towards 

faster responses with non-representational gestures.  

3. In addition, we might expect a difference in RT according to the different forms of 

non-representational gestures. However, there are no clear expectations about which 

gesture should lead to the fastest response. It might be that the addressee pointing is 

more demanding for an immediate response than the lateral palm or the classical 

PUOH, because of its pointing component directed exclusively to the listener 

(Holler, 2010). On the other hand, it might also be the case that the pointing finger 

appears as a surprisal effect and thus leads to the highest response latency. It could 

be that the lateral palm has a higher RT than the other two gestures analysed, because 

it belongs more to the category of beats and strokes, and probably serves less as an 

interactive or pragmatic gesture.  

4. Our last hypothesis is that there might be an interaction effect between the answer 

point and the presence of a gesture, meaning that in the presence of a gesture, a 

question with early answer point would be answered even faster than without 

gesture. 

 

2. Method 

2.1 Participants 

In total, 43 subjects (31 females, 12 males) participated in the experiment. All the 

participants were native or native-like Dutch speakers, and they were between the ages of 18-

45 (M = 19.63; SD = 2.44). All had no sensorimotor or cognitive problems, were right-handed, 

had normal to corrected-to-normal vision, had normal hearing, and have not been diagnosed 

with speech or language disorders in the past.  

Inclusion criteria were that they have access to a computer/laptop, used wired ear-

phones, and closed all tabs before starting with the experiment. 

Participants were excluded from the data if their accuracy on general knowledge 

questions was lower than 75%, because this would mean that they are not paying sufficient 

attention to the experiment. However, this was not the case for any participant in our dataset. 

The subjects for the study were recruited via the Sona participant database from the Radboud 

University in Nijmegen, and they were compensated with one ppu (proefpersoonuren) credit. 

Based on prior power calculations, we aimed at having 60 participants, but due to a 

slow-down in participant recruitment, this number could not be reached. Recruitment is still 
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ongoing, but this thesis focusses on the data of the participants obtained until the 16th of January 

2023. 

2.2 Materials 

2.2.1 Stimuli 

The stimuli consisted of 252 polar questions, where half were general knowledge 

questions and half were questions about personal preferences. Twelve questions were used as 

practice items, so the final number of stimuli was 240. The minimum length of the questions 

was set to five words. The duration of the stimuli varied (M = 2548.30 ms; SD = 864.31 ms), 

and we aimed to balance the right answer options (yes/no) for the general knowledge questions. 

Additionally, half of the questions were constructed to have an early answer point, and half a 

late answer point. Two annotators proficient in Dutch identified the answer point in all 

questions following instructions from Bögels (2020). This resulted in four question categories: 

early general questions (EG), late general questions (LG), early personal questions (EP), and 

late personal questions (LP) (see Table 1 for examples and the Appendix for the full question 

list). The question set was revised by four native speakers of Dutch. The audio stimuli were 

recorded in 44.1kHz and 32-bit in Audacity 2.0.6 (https://www.audacityteam.org/), and spoken 

by a female native Dutch speaker who was instructed to speak as naturally as possible.  

Table 1 

Examples of questions per condition (EG, LG, EP, and LP) with English translation 

 Dutch question English translation 

EG “Hebben planten koolstofdioxide nodig 

om fotosynthese uit te voeren?” 

“Do plants need carbon dioxide to perform 

photosynthesis?” 

LG “Heeft de Engelse vlag de kleuren wit, 

rood en blauw?” 

“Does the English flag have the colours 

white, red, and blue?” 

EP “Breng je veel tijd door achter het 

computerscherm vanwege je werk of 

school?” 

“Do you spend a lot of time in front of the 

computer screen because of your work or 

school?” 

LP “Heb je een broer of zus die ouder is dan 

20 jaar?” 

“Do you have a sibling who is above the 

age of 20?” 

 

2.2.2 Avatar 

For the visual presentation of the stimuli, VR-videos were made showing a female 

avatar. The choice for an avatar was made in order to have full control over the bodily signals. 
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Furthermore, recent studies looking at related aspects have shown great results by using avatars 

for their studies (e.g., Heyselaar et al., 2015; Nota et al., 2022). The avatar was presented in 2D 

in front of a light-coloured background, in the field of view from the head to the umbilicus, it 

had blond hair, and it was wearing a black sweater. The avatar was lip-synchronised for all the 

stimuli and gestured only with the right hand. The avatar was either using no gesture when 

asking a question or using a non-representational gesture variation: PUOH, palm lateral, or 

addressee pointing. The variations for the non-representational gestures used in the experiment 

were selected after conducting a pre-study in the CoAct-corpus of the Max Planck Institute (see 

1.4 Current study for further information). We found that the classical PUOH, the palm lateral, 

and the addressee pointing are commonly used non-representational gesture forms in the 

corpus. We could also see that non-representational gestures are more often used in combination 

with a question than with a response, which also validates our choice of using questions as 

verbal stimuli for our study. 

The avatars were created with MetaHuman (June 2022), the gesture animation was done 

with Maya 2020, and the lip synchronization was done with Jali 1.30. The rendering of the 

avatars was done in Unreal Engine 4.27 and exported as mp4 videos. The avatar can be seen in 

Figure 1. 

Figure 1 

Avatar in four gesture conditions (no gesture, palm lateral, addressee pointing, and PUOH) 

 

The exact structure of the complete stimuli is presented in Figure 2. The stimuli start 

with 4 still frames and in the 5th frame the hand movement starts (before the audio onset), 

reaching the final position at approximately 100 ms (4 frames) into the question. The gesture 

remains in this position until the end of the video. The lip synchronisation was set to start 13 

frames (ca. 360 ms) after the video onset and the audio would start at 17 frames to make the 

avatar look more natural.  
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Figure 2 

Complete structural flow of stimuli (for the gesture condition) 

 

2.2.3 Design and conditions 

The experiment has a flat design, where the condition with no gesture is compared to 

the condition with gesture containing three variations (palm lateral, addressee pointing, and 

PUOH). 120 questions were presented with no gesture, and each of the variation conditions was 

combined with 40 questions, ending up with a total of 120 stimuli for the gesture condition. In 

total, participants had to respond to 240 stimuli. 

The questions in the conditions were displayed in six different lists of 40 questions each 

(matched for mean question duration, question type, and answer point). Each participant was 

presented with each question once in one gesture condition. The questions were 

counterbalanced across participants so that each question appeared in each condition.  

Gorilla (Anwyl-Irvine et al., 2020) was used to set up and display the experiment as well 

as for data collection because RTs can be measured quite accurately online with this platform. 

2.3 Procedure 

Prior to getting access to the experiment, participants had to sign an informed consent 

form. The experiment was set up online, so participants did not need to come to the lab, but 

could easily do the experiment from a computer or laptop at home using Google Chrome. 

Subjects were instructed to sit in a quiet place where they would not be disturbed throughout 

the experiment. They had to use wired earphones and had to close all tabs and programmes on 

their device to prevent issues with internet connection or audio quality. Furthermore, they had 

to fill in a questionnaire asking about demographic information (age, gender, languages, 

language proficiency, and country of origin). Additionally, prior to starting the main 

experiment, participants had to perform a screening task to ensure they were using headphones 

(Milne et al., 2020).  

Before starting with the actual experiment, the participants were given the instructions 

to watch and listen carefully to the woman on the screen. They were informed about the kind 

of question they could expect, and they were asked to answer questions as fast and accurately 
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as possible. They were instructed to press the key “M” for no and the key “X” for yes. 

Participants were familiarised with the task by doing a practice trial: first a fixation cross 

appeared, followed by a practice item, and terminating with a fixation cross. Then they 

continued to the main task after having read the instructions for a second time. 

For the main experiment, each subject needed to respond to 240 questions. The 

questions were presented in 12 blocks of each 20 questions. In between the blocks, participants 

could take small breaks during which they could look away from the screen. Before each 

question, participants were presented with a fixation cross. In Figure 3 the specific flow of the 

experimental trials can be seen. 

Figure 3 

Flow of experimental trial (here based on an example from the no gesture condition) 

 

During the experiment, the RT of the participants was measured and additionally, the 

participants’ accuracy on the general knowledge items was measured. 

Upon completion of the experiment, subjects were asked to fill out different 

questionnaires. The first two questionnaires were the Empathy Quotient (EQ) (Groen et al., 

2016) and the Actions and Feelings Questionnaire (AFQ) (van der Meer et al., 2021), which 

appeared in random order. In the EQ questionnaire, participants had to report whether they did 

(or did not) agree with statements regarding empathy. In the AFQ questionnaire, participants 

needed to respond to questions related to self-awareness of actions connected to feelings. In 

both questionnaires, answers had to be given on a four-point scale ranging from (1) strongly 

disagree to (4) strongly agree. Furthermore, participants were asked about their experience with 
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the avatar and lastly, they were asked to write down what they thought the experiment’s scope 

was.  

The entire experiment lasted approximately 60 minutes. 

2.4 Data analysis 

For the analysis of this study, the participants’ RTs on the four conditions (no gesture 

vs. three variations) were analysed and compared. Two kinds of RT were obtained: one relative 

to the question end and one relative to the identified answer point. First, the data was checked 

for outliers which we considered to be RT scores 3SD from the participants’ mean RT. Due to 

this, 199 trials (1.93% of total trials) were removed from the dataset. Additionally, all incorrect 

responses to the general knowledge questions were removed (702 trials which correspond to 

6.80% of total trials). 

The data-extraction was done in R (R Core Team, 2022) with the help of the package 

dplyr (Wickham et al., 2022). The data visualisation was done in R (R Core Team, 2022) by 

using the package ggplot2 (Wickham, 2016). 

Generalised linear mixed-effect models (GLMMs) were used in R (R Core Team, 2022) 

for the statistical analysis. The packages used for running the models were lme4 (Bates et al., 

2015) and lmerTest (Kuznetsova et al., 2017). 

The dependent variable was RT (relative to the answer point or relative to the question 

end) and the independent variables were Question Type (general knowledge questions vs. 

personal preference questions), Answer Point (late vs. early), Gesture Presence (gesture vs. no 

gesture), and Gesture Form (PUOH, addressee pointing, palm lateral). Random intercepts for 

participant and item were included but no random slopes (for item and participant) because 

applying both would lead to convergence errors. 

Likelihood-ratio tests (ANOVA function) were run for RT to test for the presence of 

main effects of gesture presence, gesture form, answer point, and the interaction effect between 

gesture presence and answer point. 

The models tested were the following: 

1. RT ~ AnswerPoint + (1|Participant) + (1|Item) 

2. RT ~ GesturePresence + (1|Participant) + (1|Item) 

3. RT ~ GestureForm + (1|Participant) + (1|Item) 

4. RT ~ AnswerPoint * GesturePresence + (1|Participant) + (1|Item) 

Additionally, two exploratory model analyses were performed on the effect of response type 

and question type on the RT: 
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5. RT ~ Response + (1|Participant) + (1|Item) 

6. RT ~ QuestionType + (1|Participant) + (1|Item) 

 

3. Results 

3.1 Planned analysis 

Hypothesis 1: Answer point 

Figure 4 

Density plot showing mean RT (relative to the question end) across participants per answer point condition 

(early/late) 

 

 

Table 2 

Fixed effects of mixed model analysis with estimate, standard error, degrees of freedom (df), t- and p-value 

 Estimate Std. Error df t p-value 

Intercept  489.52 59.58 82.89 8.216 .0001 

AnswerPointLate 366.23 46.23 232.94 7.921 .0001 

 

In Figure 4, the RT is visualised for questions with a late (M = 838 ms; SD = 604 ms) 

and questions with an early (M = 503 ms; SD = 843 ms) answer point. In Table 2, the output of 

the mixed model analysis is presented. For the RT (relative to the question end), there is a 

significant main effect of the answer point (p < 0.05), suggesting that questions with a late 

answer point are answered significantly slower than questions with an early answer point. 
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Hypothesis 2: Gesture presence 

Figure 5 

Density plot showing mean RT (relative to the answer point) across participants for gesture presence (yes/no) 

 

Table 3 

Fixed effects of mixed model analysis with estimate, standard error, degrees of freedom (df), t- and p-value 

 Estimate Std. Error df t p-value 

Intercept  1964.99 64.10 105.48 30.657 .0001 

GesturePresenceNoGesture -11.91 11.87 9143.76 -1.003 .316 

 

In Figure 5, the RT is visualised for stimuli with gesture (M = 1941 ms; SD = 904 ms) 

and stimuli without gesture (M = 1916 ms; SD = 855 ms). In Table 3, the outcome of the mixed 

model analysis is presented. For the RT (relative to the answer point), there is no significant 

main effect of gesture presence (p > 0.05), suggesting that there is no difference in RT when 

seeing a gesture or not. 
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Hypothesis 3: Gesture forms 

Figure 6 

Density plot showing mean RT (relative to the answer point) across participants per gesture condition (no 

gesture/ palm lateral/ addressee pointing/ PUOH) 

 

Table 4 

Fixed effects of mixed model analysis with estimate, standard error, degrees of freedom (df), t- and p-value 

 Estimate Std. Error df t p-value 

Intercept  1953.0707 64.1006 105.5093 30.469 .0001 

GestureFormLateral 19.4133 16.7393 9142.9709 1.160 .246 

GestureFormPointing 16.6334 16.7644 9141.2188 0.992 .321 

GestureFormPUOH -0.2294 16.7206 9141.6801 -0.014 .989 

 

In Figure 6, the RT is visualised for stimuli with no gesture (M = 1916 ms; SD = 855 

ms), PUOH (M = 1924 ms; SD = 878 ms), addressee pointing (M = 1947 ms; SD = 876 ms), 

and palm lateral (M = 1952 ms; SD = 957 ms). In Table 4, the outcome of the mixed model 

analysis is presented. For the RT (relative to the answer point), there is no significant main 

effect of gesture form (p > 0.05), suggesting that there is no difference in RT due to different 

gesture forms. 
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Hypothesis 4: Interaction answer point and gesture presence 

Table 5 

Fixed effects of mixed model analysis with estimate, standard error, degrees of freedom (df), t- and p-value 

 Estimate Std. Error df t p-value 

Intercept  496.80 60.17 86.22 8.257 .0001 

AnswerPointLate 361.70 47.74 264.23 7.576 .0001 

GesturePresenceNoGesture -14.67 16.80 9155.86 -0.874 .382 

AnswerPointLate:GesturePresence

NoGesture 

9.18 23.73 9153.07 0.387 .699 

 

In Table 5, the outcome of the mixed model analysis is presented. For the RT (relative 

to the question end), there is no significant main effect of interaction between answer point and 

gesture presence (p > 0.05), suggesting that the effect of the answer point is not enhanced by 

the presence of a gesture. 

3.2 Exploratory analyses 

Response type 

Figure 7 

Density plot showing mean RT (relative to the answer point) across participants for response type (yes/no) 
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Table 6 

Fixed effects of mixed model analysis with estimate, standard error, degrees of freedom (df), t- and p-value 

 Estimate Std. Error df t p-value 

Intercept  1994.13 64.57 109.38 30.882 .0001 

ResponseYes -63.50 18.60 9351.18 -3.413 .001 

 

As the effect of response type on RT is reported in multiple studies (e.g., Stivers et al., 

2009), we wanted to look into this to investigate whether the experimental set-up is justified 

and natural, and to ensure that the overall approach has worked. In Figure 7, the RT is visualised 

for yes-responses (M = 1905 ms; SD = 863 ms) and no-responses (M = 1959 ms; SD = 901 ms). 

In Table 6, the outcome of the mixed model analysis is presented. For the RT (relative to the 

answer point), there is a significant effect of response type (p < 0.05), suggesting that the RT is 

influenced by the given response (yes-responses being faster than no-responses). 

Question type 

Figure 8 

Density plot showing mean RT (relative to the answer point) across participants for question type (general 

knowledge/personal preference) 
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Table 7 

Fixed effects of mixed model analysis with estimate, standard error, degrees of freedom (df), t- and p-value 

 Estimate Std. Error df t p-value 

Intercept  2082.27 74.50 163.26 27.951 .0001 

QuestionTypePersonal -244.70 77.88 237.28 -3.142 .002 

 

The influence of the question type has not been stated in our main hypotheses, but is 

known to influence RT (e.g., Nadeau and Niemi (1995) find that responses to personal questions 

are given faster than responses to general knowledge questions). This exploratory analysis seeks 

to investigate if the same effect can be found, because to replicate these results would mean our 

study set-up is natural and that the overall approach worked. In Figure 8, the RT is visualised 

for general knowledge questions (M = 2038 ms; SD = 996 ms) and personal preference 

questions (M = 1837 ms; SD = 758 ms). In Table 7, the outcome of the mixed model analysis 

can be seen. For the RT (relative to the answer point), there is a significant effect of question 

type (p < 0.05), suggesting that questions asking about personal preferences are answered faster 

than questions testing general knowledge. 

 

4. Discussion 

In the current study, we investigated whether non-representational gestures influence 

the RT of the addressee when responding to questions. An avatar was created asking polar 

questions (general vs. personal) with early or late answer points accompanied by three different 

variations of non-representational gestures (PUOH, palm lateral, or addressee pointing) or no 

gesture. The hypotheses were (1) that early/late answer points influence the addressees’ RT, (2) 

that the presence of a non-representational gesture would lead to a faster RT, (3) that there 

might be an influence of specific gesture forms on the addressees’ RT, and (4) that there might 

be an effect of interaction between gesture presence and answer point. Therefore, multiple 

mixed model analyses were conducted to test the significance of the different predictors. 

 The results show no effect of gesture presence and gesture form on the participants’ RT. 

In addition, there is no effect of interaction between the answer point and the presence of a 

gesture. Thus, non-representational gestures seem to have no influence on the RT of addressees. 

However, we found an effect of answer point on RT showing that questions with an early 

answer point are answered significantly faster than questions with a late answer point. This is 

in line with earlier studies investigating early response planning in turn-taking (e.g., Bögels, 

2015).  
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Additionally, in the exploratory analyses significant effects were found showing that the 

response type influences the RT (yes-responses are given significantly faster than no-

responses). This is in line with prior research (e.g., Stivers et al., 2009) showing that 

confirmatory responses are given faster than non-confirmatory responses. Another significant 

effect comes from the question type (personal preference questions are answered faster than 

general knowledge questions). This finding is in line with Nadeau and Niemi (1995), who show 

that personal questions are answered faster than general questions, because responses to 

personal questions represent a simple retrieval from memory while responses to knowledge 

questions rely on more complex and different factors. These findings show that the interactional 

setting of the experiment is natural and that the overall approach worked. The assumption 

people might have that humans act differently with computers or avatars than with other people 

can therefore be eliminated. In addition, the lack of effect in our main analyses does not likely 

come down to a lack of power or other major design problems, because otherwise the 

exploratory effects (see 3.2 Exploratory analyses) would probably also not have appeared.  

 Finding no effect of gestures could be linked to the experimental set-up: the VR-avatar 

might have not reflected the social aspect which non-representational gestures hold. Therefore, 

it might be important to create a better social interaction, so that the participant feels more 

socially involved. In contrast, the effects of response type and question type have still been 

found because they relate more to the human memory capacity and are far less socially related 

than the impact of gestures should be. Additionally, semantic effects (e.g., answer point) seem 

to be easier to manipulate. Another reason might be that participants only focussed on verbal 

cues (and not visual cues) when preparing their response in order to have as fast and accurate 

responses as possible. However, it might also still be an effect of the online component of the 

study, and it might be that results related to gestures would be found in another setting. In 

addition, other effects might have been found when using a verbal response instead of the 

button-press task or presenting gestures with retraction (as this is also the case in multimodal 

real-life conversations).  

Another reason might be the language or culture tested: according to Colletta et al. 

(2015), Italians use far more hand gestures than other cultures in face-to-face conversations. It 

would be interesting to see whether an effect could be found when testing a language which 

uses hand gestures extensively. 

 It could also be that the effect of non-representational gestures on RT clusters together 

with another aspect or social cue and does not reveal itself on its own, but only in interaction 

with something else, as there are a lot of cues in conversation (e.g., eye gaze, body posture, tone 
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of voice). In this study, we have isolated only one cue (i.e., answer point) to investigate this, 

which had no effect, but there might still be another interaction effect.  

However, it might also be that non-representational gestures do not at all show an 

influence on RT but rather on another more physiological measure showing an increased 

response readiness (e.g., hart rate, pupil dilation) (Kaartinen et al., 2012). Unfortunately, this is 

not something we can investigate with the data collected within this study. 

 A post-study starting shortly will determine whether an effect of gestures is to be found 

when looking at brain signals from EEG-data. For this experiment, the exact same set-up is 

used, and we hope to find an effect on RT by looking at the readiness potential, which should 

be a more sensitive RT measure (e.g., Jansen et al., 2014). The readiness potential should tell 

us if there is an earlier response planning even if the response is still launched at the same time.  

 Future research could investigate the effect of non-representational gestures deeper by 

using more complex and real-life resembling VR-environments or holograms, because it might 

be that seeing an avatar on a screen does not lead to the same social connection human being 

have when communicating face-to-face with another human being. Also, researchers could look 

more into the social aspect non-representational gestures hold and whether other social cues are 

directly linked to non-representational gestures. 

 

5. Conclusion 

In summary, we could not find that either gesture presence or gesture form facilitate 

response-giving in addressees. The only main effect found comes from the answer point 

influencing addressees’ RT. Thus, we were unable to provide evidence for non-rep gestures 

acting as response mobilising cues. Still, a lot needs to be investigated around the social effect 

of non-representational gestures in face-to face interactions. 
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