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1 Introduction

Language is more than words, especially in face-to-face interaction. Humans use
a variety of multimodal signals to exchange information with their interlocutors.
Information exchanged may contain statements, inquiries, or feedback, as part of a
co-operative process resulting in conversation.

For a long time, seemingly inconspicuous gestures such as head nods have been
broadly neglected in favour of word-based representations of language. Particularly
the interplay between modalities has been underserved. But linguistic research using
naturalistic, interactive, and multimodal data is becoming increasingly important,
as part of an “interactive turn” (Kendrick, 2017, p. 7) that has long been needed
(Cowley, 1998, p. 542). Therefore, this thesis investigates the relation of feedback
signals across modalities in spontaneous German conversation. The analysis fo-
cusses specifically on head nods and vocal backchannels and how they relate in the

production of feedback.

2 Background

The next section starts with a summary of the management of conversation (2.1)
and the notion of conversational feedback (2.2). Then feedback in the form of head
nods (2.3) and their classification (2.4), backchannels (2.5), as well as their combined
use (2.6) are described.

2.1 Conversation Analysis

Face to face conversation between humans is very efficient. It unfolds in turns
of on average 2 seconds, and gaps between speaker turns of around 200 millisec-
onds (Levinson, 2016). This offset is shorter than the time required to construct
a response, which indicates that planning of a response needs to happen while the
interlocutor’s turn is unfolding. Turn-taking is universal across languages, at least

in those investigated by Stivers et al. (2009).

2.1.1 Turn-taking

The turn-taking framework as described by Sacks et al. (1974) is a foundational
theory to the emerging field of conversation analysis in the 1970s. According to
the framework, conversation unfolds in sequentially alternating turns produced by
interlocutors. It attempts to mechanically describe the norms according to which
language is produced interactively between interlocutors via turn allocation managed

between interlocutors at the end of turns.



The specifics of the turn-taking framework as put forward in Sacks et al. (1974)
is contentious. Cowley (1998) for example decisively critiques it as a reductive,
structuralist metaphor that ought to be abandoned when trying to understand con-
versation. Cowley (1998) criticises the fact that conversation is transcribed in turns,
which are more akin to sentences than utterances since they do not maintain the
timing of constituent words. Further, the exclusive interpretation of conversation as
content encoded through word-based language, rather than taking timing, prosody
or embodied gesture into account is viewed as reductive. The turn-taking device
hypothesized by Sacks et al. remains elusive, despite the “grossly apparent facts”
touted (1974, p. 700). While the framework as presented by Sacks et al. is not suit-
able to understand the intricacies of conversation, as a metaphor it has its uses. For
example to conceptualise the roles of speaker and listener and their contributions to

conversation.

2.1.2 Floor management

Edelsky (1981) proposes a distinction between the concepts of floor and turn. The
floor consists of an interactionally established topic of conversation, negotiated be-
tween interlocutors and is demonstrative of the current function of the conversation.
It is possible to take a turn without contributing to the floor as well as that no floor
currently exists as part of a break in conversation. A turn in comparison consists
of a vocal- or gestural utterance intended to convey a relevant message. Edelsky
crucially distinguishes between content — which is produced in-turn, and feedback —
which is produced out-of-turn.

Duncan (1972) (see also Duncan & Fiske (1985), ch.3) describes three signals that
interlocutors can use to negotiate turn- and floor-management. First, turn-yielding
signals are performed by the turn-holder, indicating the end of their turn and giving
the listener the opportunity to take the floor. Second, attempt-suppressing signals
are performed by the turn-holder to communicate intent to continue their turn.
Third, listeners can use feedbacks signals — described as back-channel communication

by Duncan — to decline taking a turn in support of their interlocutor’s turn.

2.1.3 Communication in the back channel

Preceding much of the aforementioned work in conversation analysis, the term “back
channel” (or contemporarily “backchannel”) was coined in an influential paper by
Yngve (1970). According to Yngve, while speakers and listeners or speaking and lis-
tening are clearly distinct activities, information is exchanged concurrently by both
interlocutors. While a speaker produces a turn, a listener may use the backchannel
to provide feedback. This is done while “speak[ing] out of turn” (1970, p. 958),



i.e. while the listener neither has the floor nor produces a turn (cf. similarly Dun-
can, 1972; Edelsky, 1981). Yngve illustrates the necessity of feedback signals by
comparing it to a conversation over the telephone in which a speaker might ask for
continued attention by the listener, when they do not provide feedback signals. The
feedback in Yngve’s conception is produced using both vocal and gestural modalities,
and is often (but not always) produced concurrently with the speaker’s turn.
Yngve was not the first to describe feedback, Dittmann & Llewellyn (1968) pro-
posed the concept as listener response, and according to Duncan (1972), the term
turn-taking first used by Yngve (later made widely known through articles such as
Sacks et al. (1974)) had in parallel been coined by Goffman. It must be noted that
while Yngve used the term “back channel” to describe a parallel stream of commu-
nicative signals to the primary one (a “front channel”, produced by the turn-holding
speaker), contemporarily the term is used to denote the content produced in it. This

modern notion is described in detail in 2.3 and —Section 2.5.

2.2 Conversational feedback

Conversational feedback can be provided as vocal- or gestural backchannel responses.
Other descriptions of feedback term it listener response (Dittmann & Llewellyn,
1968) or continuer (Schegloff, 1982).1 Goffman terms it “response” and describes
four criteria: the response is produced in response to a prior speaker; the response
indicates the responder’s stance on the object of the response; the response indicates
what it responds to; and the response is elicited or understood to be recognised by
the addressee (1976, p. 280). Backchannel feedback is considered as one of three

mechanisms for creating common ground (Fusaroli et al., 2017).

2.2.1 Functions of feedback

Other-oriented feedback in both vocal- (backchannels, laughter) and gestural- (head
nods, etc.) modalities has been shown to support the speaker. Canadian participants
tasked with telling a narrative, told it better when a listener provided feedback
(Bavelas et al., 2000). There, feedback was distinguished into two categories: generic
— which was consistently provided by listeners and specific — which required more
attention and buy-in to the story by the listener. As part of a collaborative model
of conversation proposed by Bavelas et al., both interlocutors actively contribute to
conversations. The listener plays an important role by providing the speaker with
feedback, allowing them to adjust their communicative output. Feedback can be
used as part of what Sacks et al. describe as recipient design (1974, p. 727) and is
made possible by other-monitoring (cf. Clark & Krych, 2004).

!For a more detailed dissection of the use of feedback, see De Stefani (2021).



The modality used to deliver feedback influences its function. In American En-
glish (AmE) storytelling, vocal backchannel feedback was found to display alignment
with the storyteller, while gestural nods additionally indicated the listener’s under-
standing of the speaker’s viewpoint (Stivers, 2008). The use of feedback in the form
of head nods increases the likeability and trust in (virtual) interlocutors. Aburum-
man et al. (2022) tested the effect of fast nods and mimicry implemented in virtual
humans and found that study participants rated them more likeable and trustworthy

when they provided feedback in the form of nods.

2.2.2 Relation of embodied gesture to speech

2

McNeill (1992) categorises gestures on a continuum? according to their dependence

on a vocal component to convey meaning. On the one end are co-speech gestures?®,
i.e. gestures fully dependent on speech produced alongside the gesture for interpre-
tation. On the other end McNeill poses sign language, which functions fully inde-
pendently of vocal signals. These gestures have since been described as pro-speech
gestures, as they are fully independent of spoken language (cf. Schlenker, 2019).
Head gestures and more specifically head nods can fit in multiple places on this
continuum. Yes-confirmatory nods (and their diametrically opposite head shakes)
could be considered close to what Kendon and McNeill describe as emblems due
to their conventionally established form-function mapping. Emblems are largely
independent of speech and closest to sign language in McNeill’s classification and
can be used as pro-speech gestures. More general feedback nods (those that signal
e.g. attention or agreement) however, are harder to place on the continuum. This
is because their intended function is context- and to some degree form dependent.
Due to their context dependency, these gestures are closer to gesticulation on the
language-dependent end of McNeill’s continuum. These nods may be described
as co-speech gestures, if they occur with speech that enhances their communicative
function. This may appear contentious due to the iconic gesture form, but additional
context in the form of speech can, in some contexts, give additional insight into the
intended function of the nod. See Knight (2009, p. 79f) for additional discussion on

the matter.

2.2.3 Head gesture feedback

Interlocutors use a variety of embodied gestures to non-verbally produce feedback
signals. Embodied feedback signals may occur alone or in conjunction with vocal

backchannels. Other than head gestures, specifically head nods — the central focus

2This continuum was, according to McNeill, first proposed by Kendon (1988).
% Gesticulation” in McNeill’s terms (1992, p. 37). Co-speech gestures have also been described
as speech focussed movements (SFM) (Butterworth & Beattie, 1978).



of this thesis — a variety of other articulators associated with the head are used to
produce feedback.

Eyebrow raises and furrows have been found to signal problems in understanding
a speaker, other-initiating a repair sequence (Homke et al., 2025). The intentionality
of these gestures remains debated despite a form-function mapping. This is because
they also occur outside of communication as a function of input processing. Moments
of mutual gaze initiated by the speaker can be used to elicit feedback from the
listener (Bavelas et al., 2002; Duncan & Fiske, 1985, p. 46). By using gaze, the
turn holder can collaboratively elicit feedback from the listener without effecting a
turn-exchange. The co-occurrence of smiles with head nods has been observed and
interpreted as a feedback signal, rather than an expression of pleasure (Dittmann &
Llewellyn, 1968).

While head nods are the most frequent type of head gesture to signal feedback
(Cerrato, 2007, p. 15), their opposite — the head shake — is in certain western
European cultures (e.g. German or English) a conventionalised gesture to (most

4 A head shake consists of horizontal

frequently) signal negation (Kendon, 2002).
rotation of the head moving into either direction and returning to the starting po-
sition at least once. Variations of amplitude and repetitions are used to perform
different functions. Head shakes are used by both speakers and listeners, either on
their own before and after speech or in conjunction with vocal components.

In a study by Bavelas et al. (2008), participants produced gestures in a conversa-
tion over the telephone (although to a lesser degree than in face-to-face interaction).
Vocal feedback signals in the form of backchannels (and filled pauses for that mat-
ter) are typically produced subconsciously (Castello & Gesuato, 2019; Wehrle, 2023,
pp. 96, 117). Note however that some — particularly neurodivergent individuals —
have to consciously use feedback signals. This indicates that embodied feedback too
is produced subconsciously, although in accordance with the communicative situa-

tion. Additionally, embodied feedback signals may serve further functions for the

producer.

2.2.4 Clarification of terminology

In the following sections, two specific forms of feedback investigated in this thesis will
be defined in terms of their form and function, preparing their analysis in 5. Gestural
(sometimes described as visual) feedback in the form of head nods are described in
2.3. They will be referred to here as (head) nods, descriptive of their characteristic
vertical up and down movement. Vocal feedback in the form of backchannels are
described in 2.5. They will be referred to here as backchannels (BCs) as is customary

in broader research, but explicitly only pertain to vocal feedback signals. This is

4There is however notable cultural variation, cf. 2.3.1



done for ease of terminology, since feedback head nods also function as backchannels.
The combined occurrence of both nods and BCs is described in 2.6. Other modes of
feedback such as manual gestures, gaze, or other head gestures are not considered

from this point on.

2.3 Head nods

While there is a variety of head gestures produced by both listener and speaker,
the focus here will be specifically on nods produced by the listener. Head nods are
movements of the head up and down (or down and up) often repeated, conventionally

established as a signal of affirmation, particularly in European languages.

2.3.1 Cultural and language-based differences

One big caveat for the generalised description of head nods and other embodied
feedback is language- or cultural specificity. This is why, whenever research is re-
ferred to throughout this thesis, the language analysed is explicitly mentioned to
avoid overgeneralisation.

There are, at times marked, differences in the use of head movements between dif-
ferent language communities. Regarding function of head gestures, Jakobson (1972)
reports that in Bulgarian, Greek, and southern varieties of Italian an upward- and
back movement is used as a marker of negation (see also Andonova & Taylor, 2012).
This movement, especially when repeated for emphasis, may appear similar to a nod
to speakers of German or Jakobson’s native Russian. Besides function, frequency
of feedback differs between languages. In Japanese for example, embodied feedback
is notably more frequent in comparison to AmE (Kita & Ide, 2007; Maynard, 1987;
Ward & Tsukahara, 2000). Ishi et al. (2014) found that in Japanese dyads the in-
terpersonal relationship between interlocutors has an impact on the amount of nods
produced. The more distant the interlocutors, the more nods — especially multiple

nods — were produced.

2.3.2 Functions of nods and other head movements

Backchannel feedback is one of the primary functions of head nods that is assumed
by nearly all approaches distinguishing different functions of head nods in spoken
(cf. Wagner et al., 2014) and signed languages (cf. Bauer et al., 2024).

Functions of head nods (and head gestures generally) are sometimes grouped by
interlocutor role in a conversation (e.g. Poggi et al. (2010)). Some researchers
describe overall function categories, without strictly pairing interlocutor role with
function. Otsuka & Tsumori (2020) for example distinguish between head gestures

that are speech-related (i.a. emphasis, turn management) and those that function



as reactions (i.a. BC, assessment). For their analysis Otsuka & Tsumori do not
assume that reactions are only produced by listeners and vice versa.

A variety of functions are distinguished, often with terms unique to the researcher
and varying in number according to the scope of inquiry. Gurion et al. (2020) con-
sider three primary functions of head nods in their investigation of BrE: backchannel
feedback, mimicry, and listener response to speaker trouble. They find that the three
major functions considered cannot account for a substantial amount of head nods,
implying more complexity.

In the aforementioned study by Otsuka & Tsumori, the authors distinguished 32
functions of head gestures. Poggi et al. (2010) similarly distinguish a breadth of
functions in their conceptionalisation of the head nod as a polysemic signal. What
makes their categorisation unique is that it distinguishes between speakers, listeners,
and third-party listeners. The functions of head nods distinguished for third party
listeners constitute a subset of functions available to the directly addressed listener.

Hadar et al. (1985) distinguishes four functions of listener head movements in
British English (BrE) based on context in other modalities. Thus head movements
accompanied by (dis-)confirming verbalisations (or semantically interpretable as
such) were labelled “yes” and “no”. Movements that occurred within 100 ms of
a speaking interlocutor’s stressed syllable were labelled as synchronous, and move-
ments that occurred within 2 s prior to the listener’s own vocalisation were labelled
as anticipatory.

In their study on head nods in German sign-language (DGS), Bauer et al. (2024)
distinguish between affirming and feedback nods.

The function of head gesture feedback has also been investigated from a conversa-
tion analysis perspective. McClave (2000) found that speakers employ head nods to
request feedback from listeners in AmE. De Stefani (2021) analyses head nods that
occur on their own in the backchannel as responses to polar questions in French and
Italian. This rare phenomenon is an interesting edge-case between feedback and
turn-based responses, since it occurs in the middle of the speaker’s turn without
provoking a turn-exchange, while also completing an adjacency pair in the way that

a full response would.

2.3.3 Nods in response to polar questions

Affirmation and negation are conventionally expressed through emblematic head
nods and -shakes in a variety of European languages (Darwin, 1899; Jakobson, 1972;
Kendon, 2002). Additionally, head gestures have been found to indicate listener
engagement (Bavelas & Gerwing, 2011). Emblematic head nods produced by the
listener could be described as (yes-)confirmatory nods when they occur shortly after

the speaker posed a polar question. That is, these nods function as a replacement



or reinforcement of a vocal reply of the same affirming semantic content. Otsuka &
Tsumori (2020) differentiate yes-confirmatory nods as a category of head movement,
along with a negative pendant for negation. Ferré & Renaudier (2017) explicitly
exclude nods occurring following questions because they might be replies to the

question rather than feedback signals.

2.3.4 Difference between nods produced by listeners and speakers

Speakers, similar to listeners, also produce head nods during conversation. The
function of head nods typically differs by role of the interlocutor, however. Speakers’
nods are generally not used to produce feedback.

Maynard (1987) and Otsuka & Tsumori (2020) both distinguish a variety of func-
tions of nods produced by speakers in Japanese. During speech, nods mark emphasis
and agreement. Further, nods are used to elicit listener response, either in the form
of a full turn or feedback. At the end of their turn, speakers may mark the end of
their phrase and potential turn transition, while the incipient speaker may mark the
start of their turn with a nod. Otsuka & Tsumori further describe that speakers use
nods to select the next speaker. It ought to be noted that nods at turn transition
points occur rarely in their data (2020, p. 217178, Table 2). The greater variety of
speaker nods may be a function of an overall greater amount of feedback produced
in Japanese conversation.

Gurion et al. (2020) take mimicry into account as a source of both speaker-
and listener head nods in their work on BrE. According to mimicry theory, either
interlocutor may copy their interlocutor’s gestures (both vocal and gestural), which
is thought to strengthen the bond between interlocutors, increase persuasiveness,
likeability, and empathy.

Research in sign-language, which has previously strongly focussed on signs pro-
duced by the turn-producing interlocutor, finds that nods produced with varying
cyclicity and speed fulfil differing functions (cf. Bauer et al., 2024). Signing ad-

dressees also use nods, primarily to provide feedback signals.

2.3.5 Cyclicity of nods

Head gesture form has been a focus of the earliest research on head nods. Papers by
Birdwhistell (1970) and Hadar et al. (1983, 1985) analyse speed and amplitude of
nods. While these are less prevalent in more recent research (likely because they are
only feasible with mechanised methods of data collection), the cyclicity, i.e. whether
or not, and how often nods repeat is of particular interest in many papers.

Nod gestures are thus distinguished into two major categories: single and cyclical
(or multiple) nods (Cerrato, 2007; Knight, 2009; Malisz et al., 2016; Oomen et



al., 2023). Malisz et al. (2016) distinguish three types: single (one cycle), simple
(more than two cycles of the same type) and complex (combination of multiple
different movements) gesture units (Knight (2009) takes a similar approach). In
terms of function Malisz et al. (2016) — in reviewing previous analyses — conclude
that distinctions between single and cyclical nods vary from language to language.
An exception to this generally applied distinction is Stivers (2008), who based on
their review of (CA) literature considers nods — independent of speed, amplitude or
cyclicity — to be the same gesture type.

Hadar et al. find that cyclical nods and shakes in BrE typically consist of three
cycles produced with declining amplitude (1985, p. 224). Cyclical repetition of head
gestures is reported to be used as an emphasizer (Jakobson, 1972). Based on limited
data Cerrato (2007) finds that in Swedish listeners single nods are used as contin-
uer signals, whereas cyclic nods are used to signal acceptance (i.e. understanding).
In Cerrato’s data, politeness i.e. reactions to courtesies offered by the speaker are

exclusively associated with single, frequently slow nods.

2.3.6 Head nods compared to head jerks

Two distinct types of vertical head movement can be distinguished as head nods
and head jerks. The distinguishing feature is the direction of movement, at least
in German. For repeated movements the initial direction is decisive. Nods are
described as downstrokes (i.e. a down movement followed by an upward movement),
while jerks are described as upstrokes or inverted nods (Allwood et al., 2007; Cerrato,
2007; Kousidis et al., 2013; Wagner et al., 2014). According to Cerrato (2007; also cf.
Allwood et al., 2007) a jerk consists of either a single or cyclical backward movement
of the head produced at increased velocity (as implied by the term). Cerrato further
takes gesture speed into account, classifying a slow up-down movement not as a jerk
(2007, p. 47).

Witodarczak et al. (2012) found that jerks function as markers of understanding
in German. In contrast to nods which are described as a default, jerks are more
marked. Malisz et al. similarly found jerks to express understanding, and report that
only 5 % of vertical head movements are jerks according to their data (2016, p. 429,
Table 8). Paggio & Navarretta (2013) describe jerks as “up-nods” and collapse both
categories because of the low frequency and difficulty in manually distinguishing
them. Otsuka & Tsumori (2020), who adopt the definition by Wlodarczak et al.

(2012), similarly merge nods and jerks into one category.



2.3.7 Working definition head nod gesture unit and components

For the purpose of this thesis, head nods consist of vertical movements of the head
that change direction at least once (i.e., down-up or up-down). While both turn-
holder and listener produce vertical head movements, only head nods produced by
interlocutors that are not currently holding the floor (i.e. listeners) are considered.
Despite concerns about the term “nod” expressed by Maynard (1987, p. 592), argu-
ing that it implies conventional pragmatic function of nods to signal agreement, the
term is used here to describe all gestures following the given form dimensions.

Assumptions about where a nod gesture starts and ends have an impact on overlap
and comparisons with other interval-based annotations, such as those of spoken
backchannels analysed in this paper. The start of a nod annotation is marked at
the beginning of what is considered in gesture research the stroke phase of a gesture
unit (cf. Kendon, 1980, p. 212; Rohrer et al., 2023, p. 25). The stroke phase was
chosen as the start, since it is the first part of a nod gesture that identifies it as
such. The end of a nod is marked when the vertical movement (that is perceived
as a nod) ends and the head returns to a rest position, or another (non-nod) head
gesture is initiated. In this conception of the end of a nod gesture, cyclical nods
typically recede in amplitude before the end of the gesture.

Wtodarczak et al. use a similar definition when proposing a “head gesture unit”
(HGU) as a “a perceptually coherent and continuous movement sequence” (2012,
p. 94). Their approach is adopted here: single- and multiple (or cyclical) nods
are annotated as one single gesture of nod, without distinction of the amount of
cycles. This choice was supported by the impression that the majority of nods in
the data are cyclical. While duration is recorded, it should not be used to infer
cyclicity of the gesture, due to inter- and intra-speaker variation of nodding speed.
A minimum gap of 300 ms between annotations as proposed for gesture units in
the M3D scheme (Rohrer et al., 2023, p. 15) is adopted here. The gap adopted is
arbitrary, yet conventional.> The difference between nods (downstrokes) and jerks

(upstrokes) is not distinguished here, due to low frequencies.’

2.4 Manual- and automatic classification of nods
2.4.1 Manual nod classification

Which features of nods or more broadly head gestures to annotate is not a universally
answered question. A review of different gesture annotation systems by Wagner et
al. (2014) highlights a limited interest in the analysis of head- or nod gestures

specifically. The only systems indicated to take head movements into account in

5In practice, few nod annotations were collapsed into single, long gesture annotations.
6As done in Paggio & Navarretta (2013), Otsuka & Tsumori (2020).
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Wagner et al’s list are Multimodal Score (Caldognetto et al., 2004) and MUMIN
(Allwood et al., 2007).

Multimodal Score focusses on a variety of articulators but only annotates head
nods, without further consideration what form this gesture takes. MUMIN focusses
on the function of feedback signals used for turn-management and sequencing. By
virtue of their focus on function, only communicative gestures are considered. In
their thesis Cerrato (2007) (one of the co-authors of MUMIN) uses a similar but
not identical scheme to categorise head gestures. Cerrato distinguishes between the
following gestures based on form: single/repeated nod, single/repeated jerk, single
slow backwards up, move forward, move backward, single/repeated tilt (sideways),
side-turn, shake (repeated) (2007, p. 47).

Wiodarczak et al. (2012) describe head gestures as superordinate head gesture
units (HGU) to investigate function and timing of head gestures and verbal” feed-
back. A single HGU is considered to be a continuous movement delimited by pauses
in movement. HGUs are distinguished by form: nod, jerk, tilt, turn, protrusion, and
retraction and the number of cycles is annotated. Kousidis et al. (2013) present
a superset of Wlodarczak et al’s scheme, additionally categorising turns (different
from Wtodarczak et al., movement in a single direction is described here, but shakes
(termed turns by Wtlodarczak et al.) are also distinguished), bobbles, slides, shifts
(repeated slides), and waggles (repeated irregular movement).

The M3D system (Rohrer et al., 2023) suggests the annotation of head gestures as
complete gesture units without distinguishing gesture phases (preparation, stroke,
hold (pre-/post stroke), and recovery). For head gestures Rohrer et al. only annotate
start, end, and apex (point in time at which the articulator changes direction) in
addition to the direction of the movement along its axis. They adopt head gesture
types from Wagner et al. (2014, p. 212)%, who distinguish nod, turn (i.e. shake),
tilt, slide, and protrusion. For all gesture annotations Rohrer et al. use a minimum
gap between gestures of 300 ms (2023, p. 15).

Esselink et al. (2024) distinguish between the following head movements (sepa-
rately from head poses) in their annotation system® for non-manual markers (NMM)
in sign-language research: “‘nod’ (single nod), ‘nodding’ (multiple nods), ‘shake’
(single shake), ‘shaking’ (multiple shakes), ‘sideways’ (single sideways movement of
the head), and ‘neutral’” (2024, p. 71). In assessing inter-rater agreement, Esselink
et al. (2024) find that annotators reliably distinguish between single and multiple
nods. This overview of existing schemes for the description and classification of head

nods showed a bias towards form- rather than function-based categorisations

sic! Because verbal relates to propositional content, it is better to think of it as vocal, i.e. spoken

8See Wagner et al. (2014, p. 212 Fig. 1) for a visualisation of axes used for specific head
movements.

9See also Oomen et al. (2023) introducing the system.
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2.4.2 Automatic nod classification

Researchers have subjected participants to a variety of contraptions for more than
50 years in an effort to mechanically recorded head gestures. Dittmann & Llewellyn
(1968) for example used the signal produced by friction of a record player needle
against a chair to record movement. The needle was hung from participant’s heads
using a headband and would move when the participant produced a head gesture.
Hadar et al. (1983, 1985) recorded participants using a polarised-light goniometer,
a setup built to capture kinematic information about head movements. During
the experiment participants wore two head mounted photosensors (positioned at
the top and temple of the head) at which a light source was pointed. Using data
recorded by the photosensors, the experimenters were able to capture position of
the head. Hadar et al. describe the mechanism as being able to produce “very
accurate record of amplitude, timing, and cyclicity of movement, but somewhat
crude information about its direction” (1985, p. 216). Cerrato (2007) and Ishi et
al. (2014) used similar setups by recording head gestures using reflective markers
placed on the participant’s face and captured by a number of infrared-cameras. The
system sampled the position of the markers at 60 Hz.

The majority of the studies using specialised mechanical instruments suffer from
small sample sizes, influence of the equipment on the participants’ natural behaviour.
Contemporarily, there is a variety of open source computer-vision (CV) tools for the
tracking of human body movements. In line with the existing interest in manual- and
facial gestures, these focus on providing an overall framework (Lugaresi et al., 2019),
the body (Cao et al., 2018), the hands (Pouw et al., 2025), the face (Baltrusaitis et
al., 2018; Cheong et al., 2023), and the head (Yung, 2022).

All of these tools estimate position of defined parts of articulators from videos or
static images. The position and movement of articulators is either estimated as a 2D
pixel based difference over time or a 3D inferred spacial position of the articulator.
An advantage of the CV approach to gesture tracking is that it is less invasive, only
requiring a camera to record the participants’ movements. Some tools are limited
in the type of video that can be used for analysis, EnvisionHGdetector (Pouw et al.,
2025) for example is designed to only track a single person from a frontal perspective.

Different tools produce different output, given their respective focus on different
aspects of gesture. Most produce time series kinematic data that describes the
approximated movement of individually tracked positions of parts of articulators
(Cao et al., 2018; Cheong et al., 2023; Lugaresi et al., 2019; Pouw et al., 2025).
Tools focussing on the face provide categorised facial gestures in the form of facial
action units (AU) (Ekman & Friesen, 1977), (cf. Baltrusaitis et al., 2018; Cheong
et al., 2023). EnwvisionHGdetector (Pouw et al., 2025) provides estimated types of

manual gestures. Yung'’s nodding pigeon (2022) classifies head movement into nods
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and rotations. All tools described (excluding nodding pigeon) provide some form of
visualisation of the tracked movement.

As the above survey indicates, there are few tools suited to the analysis of head
movements specifically. Labels of nods or rotations as provided by nodding pigeon
(Yung, 2022) are too coarse for linguistic purposes. No other tool surveyed here offers
deeper classification of head gestures than distinguishing head nods and shakes.

A tentative test of an adaptation of Mediapipe (Lugaresi et al., 2019; adapted
by Pouw & Akamine, 2025) showed that the tracking is too unstable temporally to
be of any use for the analysis of head movements. Agirrezabal et al. (2023) tested
detection and classification of head movements with a variety of tools (including
OpenPose (Cao et al., 2018)) on the Danish NOMCO Corpus. While the accuracy
of their tool was state of the art the time of writing, Akamine et al. (Forthcoming)
propose that while automated systems can be useful, they cannot be a total replace-
ment for manual annotation and investigation of one’s data. This is to say that even
with an automatically annotated corpus, it is highly advisable to proofread these
annotations, to correct inaccurate annotations and become familiar with the data

on a low level.

2.5 Backchannels

Backchannels (BC) are short vocal utterances serving as feedback signals. They are
produced as reactions to a speaker most typically signalling attention and agreement,
facilitating the co-operative development of conversation. In the initial description
of backchannels, Yngve included short comments, questions, and completions as
possible backchannels (Yngve, 1970, p. 574f). In contrast to Yngve, Malisz et al.
(2016) specifically describe BC as short-feedback expressions (SFE) and exclude
them. The case has been made for multi-unit backchannels (MUB). These consist
of combinations of multiple, otherwise independently used BCs, such as “mmh okay™”.
A third of BCs in Mereu et al’s (2024) Italian corpus consisted of MUBs marking

agreement.

2.5.1 Communicative functions of BCs

In the literature, two primary types of BC are distinguished by their respective
function. Passive Recipiency (PR) or turn-yielding BCs (sometimes continuer) are
signals produced by the listener to indicate to the speaker that they should continue
their turn (Jefferson, 1984). This requires that the listener yields their opportu-
nity to start a turn, as indicated in the term turn-yielding. PR BCs are the most
frequent type of BC used. By producing a PR BC, the listener assures their pas-

stve recipiency, i.e. is attentive to the floor-holder’s turn and does not attempt to
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initiate a turn. Gardner (2001) specifies PR, BCs further by distinguishing three
functions: basic attention signals (continuers), signals that indicate understanding
or agreement (acknowledgements), and signals highlighting discourse-new informa-
tion (news markers).

Incipient Speakership (IS) BCs are produced by the listener shortly before they
start a turn of their own. In AmE, incipient speakership BCs are typically produced
using “yeah”, whereas PR is signalled using “Mm mh” (Drummond & Hopper, 1993;
Jefferson, 1984). Further, BCs have been distinguished based on the producer’s in-
vestment in the conversation. While generic BCs only signal attention and partici-
pation, specific BCs additionally indicate the listener’s stance on the speaker’s turn
(Bavelas et al., 2000, ; Tolins & Fox Tree, 2014).

Tongue clicks are an adjacent — perhaps paravocal — mode to produce backchannel
signals. In English, tongue clicks can fulfil three functions: incipient speakership
(just before a turn, often produced as a by-product of opening the mouth to start
articulating a word), sequence management (e.g. word search), and the display of
negative stance (typically deliberately loud and directed at the current speaker)
(Ogden, 2013).

2.5.2 BCs compared to filled pauses and continuers

Filled pauses (FP) constitute functionally opposite to backchannels (Wehrle, 2023,
p. 116; see O’Connell & Kowal, 2004 for FP). Typical examples in English are
“uh” and “um”. These particular examples have been shown to announce short-
and long delays respectively, when produced by a floor-holder (Clark & Fox Tree,
2002). While they are primarily employed by the active speaker to keep the floor
and continue speaking, they are also used by listeners to interrupt the active speaker.
When used to interrupt, they function opposite to passive recipiency backchannels,
which are considered to be turn-yielding.

In conversation analysis the term continuer is used to refer to a backchannel. The
term is unfortunate, since at face value it can be understood as a signal produced
by the listener for the speaker to continue, as a signal of intent by the speaker to
keep the floor and continue (continuation rise), a phenomenon that is also used
for feedback requests (uptalk). In Schegloff’s terms, a continuer is equivalent to
a backchannel. It is used to signal understanding that the floor-holder intends to
continue speaking, and that the producer of the signal (the listener) yields their
opportunity to initiate a turn (1982, p. 81).
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2.5.3 BC pitch

Moking surveys studies investigating BC pitch that show that it correlates with the
function of the BC and the nature of the conversation (2025, p. 11f). Sbranna et al.
(2022) found a relationship between rising intonation in PR BCs compared to falling
intonation in IS BCs in speakers of German. Janz (2022), also analysing German,
reports more rising intonation in task oriented dialogue (in this case a map task)

compared to more falling intonation in spontaneous conversation.

2.5.4 Cultural variation

Comparing Spanish!® and AmE, Berry (1994) finds that Spanish speakers prefer
longer, more elaborate feedback produced in the backchannel concurrently with
a speaker’s turn, compared to speakers of AmE. Li (2006) compared mixed- and
matched dyads of Chinese and Canadian English. They find that matched Chinese
dyads produce more backchannels than Canadian ones and further that the use of
backchannels in mixed dyads led to less successful information transmission com-
pared to matched dyads. Besides the difference in BC rate, this indicates that there

are relevant cultural differences in BC behaviour.

2.5.5 Working definition BC

%«

Backchannels are short vocal signals that consist of either lexical- (e.g. “yes”, “okay”)
or non-lexical (e.g. “mhm?”, “ah”) vocalisations. Backchannels are produced by a non-
floor holding interlocutor (in other words a listener), during the active speaker’s
turn, typically co-occurring with the speaker’s speech. Their primary purpose is
the facilitation of the flow of turn-taking, and thus conversation, by signalling most
frequently attention and agreement. Two primary functions of BC are distinguished:
passive recipiency (PR) and incipient speakership (IS). PR BCs are feedback signals
that most frequently convey agreement or understanding, but do not take over the
floor. This is relevant because PR BCs often overlap with the interlocutor’s turn.
IS BCs occur before a speakers’ turn begins, indicating the listener’s intention to
transition and take the floor as the speaker. The distinction of those categories
precludes the analysis of responses to polar questions, since these function to an-
swer a question, rather than signal feedback. Combinations of multiple individual
backchannel signals occurring in immediate sequence are considered and classified
as multi-unit backchannels (MUB) (e.g. “mhm okay”). The definition given here is
in line with previous work on BCs, in part analysing the same data (i.a. Janz, 2022;
Moking, 2025; Sbranna et al., 2022; Spaniol et al., 2023; 2024; Spaniol, Forthcoming;
Wehrle, 2023).

10Tt is unclear what variety of Spanish is analysed.
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2.6 Overlapping spoken nods and BCs

The following section considers the combined use of feedback signals and the dis-
tribution of feedback across multiple channels. The term overlap used throughout
this thesis describes the intersection or co-occurrence of vocal and gestural feedback.
Some authors describe overlapping feedback signals as bi- or multimodal.

While some research in the early 1970s already considered language as a multi-
modal system — especially taking into account embodied gestures for the production
of conversational feedback (e.g. Duncan, 1972; Kendon, 1972; Yngve, 1970) — only
since the early 2000s have researchers resumed the active investigation of the rela-
tionship between vocal and embodied feedback signals.

In a study of Swedish conversation, Allwood & Cerrato (2003) find that vocal feed-
back (in the form of BCs) and gestural feedback are frequently produced together.
The most frequent head movements are nods and jerks. This is compatible with
previous findings by Shattuck-Hufnagel & Ren (2018), according to whom 80 % of
manual gestures are produced aligned with pitch accents. Further research has also
shown that participants judge simulated and real speakers as more natural when

they used nods rather than BCs (Poppe et al., 2011).

2.6.1 Function of overlapping nods and BCs

Dittmann & Llewellyn describe that nods and BC (in AmE) overlap more than
chance would suggest and find that 70 % of bimodal feedback signals contain IS
BCs (1968, p. 81). Ferré & Renaudier (2017) come to a different conclusion (for
BrE), describing bimodal feedback to function as markers of agreement.

McNeill (1992) proposed a pragmatic synchrony rule, according to which co-
occurring vocal- (BC) and embodied- (nod) gestures fulfil the same function, i.e. only
one function can be produced at the same time (1992, p. 29). Wlodarczak et al.
(2012) adhere to this rule to determine the function of bimodal feedback and exclude
instances of overlap of different functions. According to Wagner et al. (2014) this is
apparent by a relatively closer match in function between head gesture and speech,
than e.g. gaze and speech. Malisz et al. (including all authors of Wagner et al.
(2014)) however relativise this claim consequently and describe that the rule cannot
exhaustively explain the function of combined feedback signals. This is because the
combination of feedback from both modes can serve to add nuanced information
about listener stance (2016, p. 431).

Paggio & Navarretta (2013) found that in both task-oriented and spontaneous
Danish conversation head gestures and facial expressions are used in conjunction
with BCs to signal feedback.

Since overlapping speech is conversationally dispreferred in accordance with Sacks
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et al’s (1974) model of turn-taking, researchers have considered a different use of
embodied compared to vocal BCs. In Dittmann et al’s (1968) data, nods precede
BCs — which is interpreted to serve politeness — since it is less interruptive if feedback
is sent through, at least initially in a non-overlapping channel. In addition to nods,
Dittmann & Llewellyn (1968) also consider smiles and gaze as embodied backchan-
nels that can be used politely without interrupting the speaker. This is compatible
with Clark and Krych’s (2004) description of a principle of least joint effort. Ac-
cording to this principle, conversationalists will choose the mode that will effect the
least strain on both interlocutors’ attentional resources. The use of multiple chan-
nels for the transmission of feedback is advantageous, since it allows the concurrent
exchange of information, while avoiding miscommunication and clashes within a
single (vocal) channel (Swerts & Krahmer, 2020). This preference is reflected in
Ferré and Renaudier’s (2017, p. 27) data, in which unimodal nod feedback is most
frequently used while the speaker speaks, in comparison to bimodal- and unimodal

vocal feedback.

2.6.2 Temporal placement of nods and BCs

Regarding the timing of nods and BCs, Dittmann & Llewellyn (1968) and Wtodar-
czak et al. (2012) find that nod starts precede BCs in AmE and German respectively
by approximately the mean duration of a BC (200 ms). This confirms a generally
accepted assumption that gesture onset precedes speech onset (Wagner et al., 2014,
p. 218). In Japanese, Ishi et al. (2014) finds that single nods are produced syn-
chronously with BCs. Ferré (2010) finds that gestures generally precede speech
in French, while Karpinski et al. (2009) and Chui (2005) find more complicated
relationships between gestures and speech in Polish and Chinese respectively.
Comparing the use of nods, BCs, and combinations of both in BrE, Ferré &
Renaudier (2017) find that BCs are primarily placed during pauses — so as not to
interrupt the speaker, nods primarily during speech — since the gestural signal is
less interruptive, and bimodal feedback, i.e. co-occurring or overlapping nods and
BCs are produced anywhere in the speakers turn. Regarding the functions fulfilled
by these three types of feedback, they find that nods are used as continuers, BCs as

assessment markers, while combinations of both are used to signal agreement.

2.6.3 Cueing of nods and BCs

Feedback in both the form of vocal BCs and gestural feedback (i.a.) head nods
can be cued by speakers. These opportunities in conversation when listeners can
contribute a BC have been described as i.a. backchannel relevant spaces (BRS in
Heldner et al., 2013), backchannel opportunity points (BOP coined by Gratch et al.
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(2006) in reference to Ward & Tsukahara (2000), and analysed as such in Blomsma
et al. (2024)), or backchannel inviting cues (Gravano & Hirschberg, 2009, 2011).
Heldner et al. propose it as an analogy to transition relevance places (TRP — cf.
Sacks et al., 1974), at which a new speaker takes the floor or remains a listener
producing feedback in the form of a continuer (Schegloff, 1982).

Speakers use windows of brief mutual gaze not only to co-ordinate turn-taking,
but also to elicit BCs from the listener (Bavelas et al., 2002). Further cues involve
the modulation of pitch (Gravano & Hirschberg, 2011; Ward & Tsukahara, 2000),
intensity (2011), syntactic completion (Duncan, 1972; Koiso et al., 1998) as well
as pauses (Cathcart et al., 2003). The combination of multiple different cues has
been shown to decrease listener response time in producing feedback (Gravano &
Hirschberg, 2011; Hjalmarsson, 2011).1

Not all opportunities for BC feedback are used by listeners (Blomsma et al., 2024;
Gravano & Hirschberg, 2011; Heldner et al., 2013). About a third of BOPs are used
for backchannels (2024; 2013). Blomsma et al. describe the use of BCs as idiosyn-
cratic, marking it as a source of individual variability. BOPs lead to increased BC
production, with greater variability in Blomsma et al’s data. Listeners’ awareness
of the state of their interlocutor’s turn in the form of turn-end projection (cf. De

Ruiter et al., 2006) further underscores the active role of the listener in conversation.

3 Data

3.1 Details on data origin

The data analysed here was originally collected as part of a Tangram experiment.
The experiment consisted of three consecutive ten minute segments, two spontaneous
interaction, one task-oriented. 28 (13f, 15m) dyadic interactions were recorded in
14 gender- and age-matched dyads (with one exception). In addition, nine dyads
of participants diagnosed with autism spectrum disorder (ASD) were recorded and
analysed by Spaniol (Forthcoming). The data has been used previously for analyses
(Lorenzen et al., 2025; Moking, 2025; Spaniol et al., 2023; 2024).

In the Introduction participants had the opportunity to get acquainted with one
another. During the Tangram segment participants were asked to perform a match-
ing task. The task consisted of Tangram shapes presented to participants, out of
which they were asked to find matching pairs. In the Discussion, participants were
asked to reflect on their experience solving the Tangram task.

For the recording, participants were seated alone in a room, opposite each other

at a ~30° angle toward a camera framing both participants. Both participants wore

"The analyses of cues listed here are based on an overview provided in Blomsma et al. (2024, p.
1160).
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Pupil Invisible eye-tracking glasses (cf. [Inwisible, n.d.; Tonsen et al., n.d. for a
detailed description) with additional microphones mounted on the frame. These
provided additional perspective video recordings, gaze data, telemetry on spatial

12" A camera angle framing both

movement of the glasses and audio recordings.
participants was recorded at 1920x1080p (Full HD), 30 frames per second (i.e. 30
Hz). Audio was recorded in stereo, one channel per speaker, at 44.1 kHz.

For the analysis of the interplay of multimodal feedback strategies — specifically
head nods and vocal backchannels, recordings of three dyads were selected. Dyads
2 and 3 were chosen due to existing gesture annotations produced for another re-
search project, and dyad 5 was added because it matched speaker gender and age.
The analysis here focusses on the Discussion segment, since it represents the most
naturalistic interaction in comparison to the Introduction and Tangram segments.
The interlocutors were more acquainted in comparison to the Introduction and had
a shared experience to discuss. All speakers in the subset (N=6) were female aged
22-27 (mean = 24). Except for one speaker, all speakers learned German as their
L1.

Speaker identities were coded numerically in addition with an index for their dyad.
For the present analysis, data from dyads 2, 3, and 5 (i.e. speakers 3-6 and 9, 10)

were selected.

3.2 Annotations

The analyses in this thesis are in part enabled by pre-existing annotations of the
dataset produced as part of SEFB 1252 Prominence in Language. These include ges-
ture annotations; BC pitch, function, and lexical (and non-lexical) type annotations;

and intonation phrase boundary tone annotations.

3.2.1 Nod annotations

Head movements were annotated manually as part of gesture annotation using the
M3D framework (Rohrer et al., 2023). Annotation was carried out as part of a
collaboration between A02 Individual Specificity and A07 Metrical Prominence of
SEB 1252. The annotations were used in analyses first presented by Lorenzen et
al. (2025). While all categories of head movement proposed in M3D (nod, turn,
tilt, slide, protrusion (2023, pp. 22-23)) were annotated, only nod annotations
were extracted for analyses here. Gesture annotation was carried out, as customary
in gesture research, without sound. Only gesture events that occurred while no

experimenter was in the room were annotated.

12 Accelerometer data was initially considered to be used to extract speed and amplitude of head
movements as a method to generate nod annotations. A comparison with manual annotation
is currently planned for future work (cf. 7).
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The existing M3D annotations were proofread, focussing exclusively on head nods.
During this process a few missing nods were added and some annotations extended,
to contain the tail-end of prolonged cyclical nods. Further, it ensured that as many
nods as possible are captured in the annotation, since the M3D annotation takes all
gesturing into account, with limited attention to head gestures. Proofreading also
established parity with three additional speakers annotated by the author, for a to-
tal of six speakers across two dyads. For these annotations the focus was exclusively
on what is defined here as a head nod (2.3.7). As nods were transcribed exclu-
sively on the basis of visual information, yes-confirmatory nods (i.e. nods that occur

immediately after questions) were not specially tagged or excluded from analysis.

3.2.2 Interlocutor intonation phrase boundary tones

The intonation of the final boundary of an intonational phrase (IP) (Selkirk, 1984)
used by a speaker had been collected previously as part of a DIMA annotation. The
annotation was carried out by the author and proofread by another rater and was
first presented as part of a multimodal analysis by Lorenzen et al. (2025). DIMA
(Kiigler et al., 2022) is a system for the analysis of German intonation, similar to
other systems such as GToBI (Grice et al., 2005). A major difference is that accent-
and boundary tones are transcribed decomposed rather than combined into pitch
trajectories. The annotations of minor and major intonation phrases distinguish high
(H) and low (L) pitch boundary tones based on auditory perception. For analysis,
tones marked with diacritics for up- or downsteps were merged into the two primary

categories by perceptual similarity.

3.2.3 BC annotations

Vocal feedback in the form of BCs were annotated by Moking (2025) for their anal-
ysis and (i.a.) include distinctions for discourse function, (non-/)lexical type and
pitch. See 2.5.5 for a comprehensive definition of BCs. Two functions were distin-
guished: passive recipiency (PR) and incipient speakership (IS). IS BCs were taken
to occur within less than 400 ms before the incipient speaker’s turn. BC types
were categorised by lemmatising the transcribed form. They consist of primarily
lexical types, such as “ja”, “okay”, “genau”. One non-lexical type is distinguished
as “mmhm”. Categories relevant to the subset are given in 5.1.2.

BC pitch was extracted using Praat (Boersma & Weenink, 2024) and smoothed
using mausmooth (Cangemi, 2015). Pitch data is represented in two separate data
types: numerically depicting the difference of pitch height between start and end in

semitones as well as categorically describing pitch direction as rise, level, and fall.

BCs are considered level if the difference in height from start to end is in the range
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between £+ 1 ST.

4 Methods

4.1 Software and tools

The following software was used for preparation and analysis of the data: vo-
cal backchannels and intonation boundaries were annotated manually using Praat
(Boersma & Weenink, 2024). Head movements were manually annotated in ELAN
(Wittenburg et al., 2023). For video cutting and precise video timecodes Lossless-
Cut (Finstad, 2021) was used. Further handling, pre-processing, and analysis of
the annotations was performed in Python (2023). Visualisations were created in R
(2024), using RStudio (2024), and tweaked using GIMP (2023). The following R
packages were used for visualisation: reshape2, ggplot2, tidyverse, & dplyr (Wick-
ham, 2007, 2016; Wickham et al., 2019, 2025), cowplot (Wilke, 2025), see (Liidecke
et al., 2021), ggforce & patchwork (Pedersen, 2025a, 2025b), and ggpubr (Kassam-
bara, 2025). All code written for analysis and visualisation, figures created, along
with the annotations are available online in the project’s GitHub repository upon

request.

4.2 Time alignment of multimodal data

For analysis of timings of feedback signals, all annotations needed to be manually
aligned. The clapper board used during the recording sessions (once at the start
of each of the three segments) was used, since it is observable in video and audio
signals. Using this as an anchor, offsets from the start of each annotation were
taken. For gesture annotations based on video (sampled at 30 FPS, i.e. 30Hz) the
frame was chosen at which the clapper appears fully shut using LosslessCut. For
audio based annotations (sampled at 44.1kHz) the timecode at which the noise of
the clapper closing first peaks on the spectrogram was noted using Praat. Due to
the greatly differing sampling rates, the synchronisation between both media types

can only be considered an approximation.

5 Analysis

The analysis and discussion section is grouped as follows: in 5.1 properties of nods
and BCs are presented. In 5.2 the notion of overlap between nods and BCs is de-
scribed and differences between overlapping and non-overlapping nods and BCs are
analysed. In 5.3 testing of a window applied to the BC annotations to increase

overlap is detailed. In 5.4 the effect of a speaker’s intonation phrase’s final tone on
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a listener’s feedback behaviour in BC and nod is described. Results are presented
indicating dyad-relation, due to the interactive link between participants. The dis-

cussion of findings is given interspersed and summarised in 5.5.

5.1 Description of nods and BCs in the data

5.1.1 Nods

A total of 307 nod gestures were identified across all six speakers for an overall mean
of 4,67 nods/min. The number of nods varies strongly between dyads and speakers
(Figure 1). The variance between speakers is greater than suggested in previous
findings by Hadar et al. (1985), whose individual means varied + 2 nods/min on
average. For the entire dataset analysed, nod counts range from 25 to 90 nods per
speaker. Within all dyads one interlocutor produces notably nods more than their
partner. Nod gestures are primarily cyclical — that is they consist of more than one
up-and-down cycle — similar to previous findings by Malisz et al. (2016), whose data
identified 78 % of nods identified as cyclical.
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8 8- 8
speaker
o B seos
£ B soo
3 6 6 6- B seos

= ® -

Sp06

Spo9

B s

Sp03 Sp04 Spo5 Sp06 Sp09 Sp10
Fig. 1: Nod rate/min by speaker

The overall mean duration of all annotated nod gesture units is 1.14 s. There
is notable individual variation between speakers, ranging between 0.77 s and 1.9

s (with outliers, Figure 2). Three outliers were excluded from Figure 2 (including
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Fig. 2: Nod duration by speaker

derived data depicted in it) for visual clarity'®. The means of speakers 9 and 10
increase by 121 and 333 ms respectively while outliers are included. The extreme
duration of these annotations has two possible reasons. First the cyclical nature
of nod gestures. The amplitude of these individual nods typically decreases over
time which contributed to the outliers noted above. In those cases participants took
longer to stop the oscillatory movements of the cyclical gesture. A second reason
is the arbitrary 300 ms minimum gap between gesture units adopted from M3D
(Rohrer et al., 2023).

The mean duration of nods appears to be coupled between speakers within each
dyad, indicating that both interlocutors may be accomodating each other. Speaker
10 is the only speaker that might distinguish two types of nod gestures by duration,
indicated by two peaks. At 0.7 s (present in other speakers) in addition to another
peak at 2.4 s duration. Overall, however, the distribution of nod durations does
not indicate identifiable categories based on duration alone. Speakers 3, 4, and 5
produced the most nods, which might contribute to the coherent distribution of nod
durations.

Table 1 shows that each dyad has an interlocutor that produces notably more
head nods. The time spent nodding varies between 31.6 and 80.09 s (mean 55.54 s).
This leads to overall 9.01 % of time spent nodding, only half of what Wlodarczak

13Excluded outliers (duration > 4.5 s): Sp09: 7.919 s; Sp10: 4.943, 7.1 s.
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Table 1: Dyad balance based on visual feedback (larger in-dyad count in bold)

dyad Dya02 Dya03 Dya05 mean
speaker Sp03 Sp04  Sp05 Sp06 Sp09  Sp10

nod count 920 65 59 29 25 39 51.16
nod/min 9.44 6.82 5.68 279 235 3.66 467
nod duration (s) 80.09 50.15 66.15 316 3924 66 55.54
time spent nodding (%) 14 8.77 10.62 5.07 6.4 10.33 9.55

et al. (2012, p. 94) report for the mean proportion of head gestures (i.e. nods and
other head gestures, such as shakes) in their data. The mean found here is somewhat
low considering that previous research has shown a clear dominance of nods within
the larger category of head gestures (cf. Malisz et al., 2016, p. 432). The finding is
closer to a related finding by Hadar et al. (1983) for BrE, who find that participants’

heads were moving for 12.8 % of the time while listening.

5.1.2 BCs

The number of passive recipiency (PR) BCs produced in the Discussion segment
varies widely between both dyads and speakers, from 66 to 27 BCs, see Figure 3.
The overall mean duration of all annotated BCs categorised as (N=260) is 299 ms,
varying between 211 and 459 ms for individual speakers.

Table 2 shows the balance of the dyads in terms of speech produced, using tokens'*
and PR BCs produced, and total time spent speaking (sum of the duration of
annotated spoken tokens) as measures. All three dyads appear to have a dominant
interlocutor who produces more speech than the other. Counts in bold indicate the
larger number comparing both speakers in a dyad. The data available here does not
entirely confirm the intuition that within a dyad the more one speaker contributes
to the conversation (operationalised here through the amount of tokens), the more
their interlocutor — the listener — backchannels, as this is only apparent in dyads 2
and 3. Still, all three dyads show that the person that spends less time speaking in
a dyadic conversation produces about twice as many backchannels.

For the full dataset Moking (2025, p. 30) reports a similar median of 301 ms during
the Discussion section of the experiment. For all three sections of the experiment
(Introduction, Tangram, and Discussion) the mean is higher, at 318 ms. Moking
explains this difference by a difference in lexical (and non-lexical) BC types used,
rather than a difference in production speed.

The intonation of BCs was measured in semitones (ST) as the difference between

The term token is here used to denote the number of instances of “words”, as in e.g. corpus
linguistics — in opposition to types.
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Fig. 3: Duration of PR BCs by speaker

Table 2: Dyad balance based on vocal feedback (larger in-dyad count in bold)

dyad Dya02 Dya03 Dya05 total
speaker Sp03 Sp04 Sp05 Sp06 Sp09 Sp10

BC (PR) count 66 32 59 30 27 46 260
BC (PR) mean (ms) 211 325 315 459 242 242 299
token count 868 1337 1142 1269 904 1137 6657
token duration (s) 17786  193.01 20790 210.52 22316 205.63 1218
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Fig. 4: PR BC intonation in ST (positive values indicate rising pitch) and by cate-
gory

pitch at the start and end of the BC. Using these values, three categories of BC
are distinguished: rising, level (range of & 1 ST from 0), and falling intonation.
Speakers produced BCs with predominantly level and falling contours, as indicated
by the means of all but one speaker ranging from -1.262 to -0.549 ST (overall mean:
-0,674) in Figure 4. Lexical BCs are overall level to falling. “ja” BCs cluster closer
together than “other” BCs and are positioned toward the level category. Non-lexical
“mmhm” is produced level to rising across all speakers, except for speaker 9 who
produces “mmhm” with a falling contour.

Speaker 6 is an outlier with a mean of 1.053 ST difference. In comparison to
the full dataset reported in Moéking (2025, p. 41f), the mean in the subset here
is slightly lower than the overall Discussion mean at -0.83 ST. Despite the closely
grouped mean values, the three assigned categories show individual variability. Both
speakers 9 and 10 (dyad 5) diverge from the other speakers by producing less BCs
overall across a narrower intonational range.

Figure 5 shows the distribution of lexical (ja, other) and non-lexical (mmhm) BC
types by speaker. Annotated types were collected into three major categories. Due
to low frequency, BCs such as okay, genau, and multi-unit backchannels (MUB —

instances of more than one BC, if they occur within 200 ms of one another) are

15Six BC annotations were excluded because no measurement could be extracted using Praat.
They are distributed as follows: Sp03: 2, Sp06: 1, Sp09: 3.
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Fig. 5: BC types distingiushed by (non-)lexical category

presented here collected in the “other” column.

As previously reported in Moking (2025, p. 36) for the full dataset, “ja” is also
the most frequent BC type in the subset. The relative preference for this lexical type
varies however by speaker: speakers 3, 5, and 10 show a clear preference for it, while
their dyad partners (who also produce less BCs overall) do not have as strong a
preference for it. The distribution of their partners’ (speakers 4, 6, and 9) BC types
are representative of the relative proportions between types reported by Moking
(2025, p. 38, Fig 6) for the full dataset during the Discussion segment. The second
most frequent unique BC type is the non-lexical “mmhm” (except for speaker 4).
For the full dataset Moking reports more variety in BC tokens, particularly during
the Introduction and Discussion segments (2025, p. 40).

5.2 Annotated nods overlapping with annotated BCs
5.2.1 Categories of overlap

Three types of overlap between BC and nod are distinguished in Figure 6. The term
overlap is used here to describe the simultaneous co-occurrence of feedback signals
across modalities. The size of overlap is not taken into consideration. Nod-BC' —
nod begins before- and ends at some point during the annotated BC. Nod-BC-nod
— the nod similarly starts before the BC, but continues past the end of the BC,
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encompassing the BC. BC-nod — the inverse of nod-BC' overlaps, in that the nod
begins at some point during the BC and continues after the BC has ended. A
category in which the nod is encompassed by the BC has not been considered given
the mean nod duration being nearly four times as long as that of BCs. Cases of no

overlap are not distinguished in terms of relative position of BC to nod.

a) nod-BC
(nod starts before BC)

time

b) nod-BC-nod

(nod completely overlaps BC)

time

¢) BC-nod
(nod starts after BC)

time

Fig. 6: Types of overlap

5.2.2 Qverlap between PR BCs and nods

The following section analyses overlapping feedback, produced as a joint feedback
signal. Figure 7 shows the amount of overlapping annotations relative to nods and
BCs produced by individual speakers. The number of overlaps varies drastically
between speakers without indication of an overall trend, reflecting reports in Allwood
& Cerrato (2003) and Cerrato (2007). Within dyads however, speakers appear to
match one-another, in terms of the relation between BCs and overlapping feedback.
The number of overlaps ranges between six and 46.

Malisz et al’s (2016, p. 429, Table 8) finding that a third of nods overlap with BCs
in attentive German listeners is approximately reflected in this data set. Cerrato’s
(2007, p. 104, Fig. 6.4) study of spontaneous Swedish conversations finds a similar
distribution (with some inter-dyad variability), where on average more than a third
of feedback signals are produced in cross-modal overlap.

The finding for the amount of overlap sets head gestures apart from manual
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gestures, based on Shattuck-Hufnagel & Ren’s (2018, p. 6 Table 1) finding (for AmE)

that about 80 % of manual gestures occur aligned with pitch-accented syllables.

Dya02 Dya03 Dya05
90- 90- 90-

80- 80- 80-

70-

variable

. BCs
. nods
. overlaps

count

sp'03 sp'O4 spIOS spIOB spI09 spl1 0
speaker

Fig. 7: Comparison of BCs, nods, and overlaps (BC and nod) by speaker

Figure 8 shows that individual speakers’ values range between 18.83 % and 41.81
%. The mean of the amount of overlap is 31.17 %. Overlap here describes the
percentage of a nod interval that is produced in overlap with a BC. In all dyads the
interlocutor that produces more feedback signals, produces it with shorter overlap
in comparison to their interlocutor.

Figure 9 shows that overlaps in the dataset consist predominantly of nods starting
before an overlapping BC and extending beyond the end of it (type nod-BC-nod).
This is consistent with findings for single nods in Japanese dyads (Ishi et al. (2014),
239, Fig. 5). And overall findings that feedback gesture onset precedes that of
voice (Dittmann & Llewellyn, 1968; Wtlodarczak et al., 2012). Overlaps of types
nod-BC and BC-nod occur with a uniformly low frequency. The finding that over-
laps predominantly consist of nods encompassing BCs supports findings by Ferré &
Renaudier (2017, p. 23) who found the same for head gestures in BrE.

Figure 10 shows the distribution of overlap types according to BC type. “Ja” is
predominantly embedded in a nod. “Other” lexical BCs are also most frequently
associated with this overlap, but show a tendency to start during, and extend after
the nod. For nonlexical “mmhm” the converse is true, here the BC appears to

frequently precede the nod gesture. While nod-BC-nod overlaps form the majority
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Table 3: Mean offset between start time of overlapping nod and BC

dyad Dyad 2 Dyad 3 Dyad 5 total
speaker Sp03 Sp04 Sp05 Sp06 Sp09 Sp10
mean (s) 0.395 0.16 0.607 0.686 172 1.515 0.847

of overlaps, the position of nonlexical “mmhm” before a nod may be used to signal
growing understanding in the listener, reinforced by the nod gesture. The same may
be true for “other” BCs. In their case the BC may be used as an emphasizer of the
nod gesture.

The mean offset between overlapping nods and BCs is 847 ms. This is drastically
higher than what Dittmann & Llewellynn (1968, p. 82) reported for English (175
(2012, p. 95) found for the overlap of

head gesture units (a superset of nods) and BCs in German (202 ms). This may

ms mean) and what Wlodarczak et al.

be due to unique experimental conditions, measurements or individual differences.
Table 3 shows that speakers in dyad 2 are below (160 ms) and closer (395 ms) to
the means reported by Wlodarczak et al. (2012) and Dittmann & Llewellyn (1968).
The overall mean given above is strongly influenced by the means computed for the
offset in dyad 5, exceeding 1.5 s. Comparing within-dyad offsets, it appears that the
offset is established in a dyad’s individual dynamic and applies to both speakers.
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5.2.3 Overlapping nods cross-correlated with features of BCs

Fig.s 11 and 12 map the duration of nods (x-axis) corresponding to the duration of
the overlapping BC (y-axis), in combination with overlap category and lexical type.
Nod outliers longer than 4.5 s are again excluded for visual clarity (as in Figure 2).
Note that it is possible for BC annotations to occur multiple times in overlap with

a BC due to the duration and proximity of nods.
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Fig. 11: Duration of overlapping nod and BC by overlap category

In Figure 11, the majority of overlaps (nod-BC-nod) do not appear to pattern with
specific durations of neither nods nor BCs. Both Nod-BC and BC-nod overlaps are
characterised by BCs longer than 200 ms, while nod duration varies freely, similar
to nod-BC-nod overlaps.

The choice of neither lexical (“ja”, “other”) nor nonlexical (“mmhm”) appear
to have a relation to the duration of an overlapping nod Figure 12. The strong
preference for “ja” as lexical BC type overlapping with nods is apparent, which is
expected since “ja” is the most frequent BC type overall.

Overall both figures illustrate the individual variability in duration of overlapping
nods and BCs. The type of overlap, lexical category, or pitch category (which has

also been tested) do not show notable correlation with BC or nod duration.
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Table 4: BC type by speaker

dyad Dya02 Dya03 Dya05 total
speaker Sp03 Sp04 Sp05 Sp06 Sp09 Sp10

BC (PR) 66 32 59 30 27 46 260
BC (IS) 17 17 6 14 4 10 68

5.2.4 Overlap between IS BCs and nods

After focussing heavily on PR BCs, the annotated BCs categorised to function as
markers of incipient speakership (IS) overlapping with nods are considered. Overlap
of a nod with a BC fulfilling a differing function such as IS may have an impact on
the function of the nod. Table 4 compares counts of both BC functions. IS BCs
occur less than PR BCs with a speaker specific variance.

A total of 15 IS annotations overlap with nods as shown in Figure 13. IS BCs
do not overlap with nods in speakers 6 and 9. While there are significantly less IS
BCs than PR BCs, IS BCs also overlap less with nods than PR BCs. The overlaps
observed can be categorised as seven in which the nod precedes the BC, five in which
the nod encompasses the BC, and three in which the BC precedes the nod. Based
on these limited datapoints it appears that IS BCs that are produced in overlap
with a nod start later than PR BCs. Due to very limited data it is impossible to

draw conclusions with any claim to generality.
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Fig. 13: Comparison of IS BCs, nods, and overlaps (BC and nod) by speaker

Table 5: Count and mean duration of nods that do not overlap with any BC, by

speaker
dyad Dyad 2 Dyad 3 Dyad 5 total
speaker Sp03 Sp04 Sp05 Sp06 Sp09 Sp10
count/total 49/90  42/65 31/59 23/29 15/25 20/39 180/307
mean duration (s) 0.664 0.732 0.966 1.045 1.320 1.406 1.022

5.2.5 Nods and PR BCs not overlapping

Table 5 indicates counts'® and mean duration of annotated nods that do not overlap
with PR BCs. Mean duration is lower in all non-overlapping nods. The meaningful-
ness of this difference is questionable however, since the longer the annotated nod
the higher the chance that a BC overlaps with it.

PR BCs that do not overlap with nods are overall similar to those that overlap
with nods. The mean duration is equivalent. In terms of intonation, non-overlapping
BCs are more frequently level, this is evident in a higher overall mean comparatively
(-0.885 ST). Lexical category is distributed similary, with regard to the most frequent

category of “ja”. However, the frequency of lexical “other” and non-lexical “mmhm”

16The number of nods not overlapping with BCs may appear incongruent with the total number
of nods and that of nods overlapping with BCs. This incongruity is caused by the way that
overlaps are counted, from the perspective of the BC rather than the nod. Because some nods
overlap with multiple BCs, the number of overlaps exceed the difference between total nod
count and that of non-overlapping nods.
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is flipped, in comparison to overlapping BCs. The larger amount of “other” PR
BCs not overlapping with nods may be explained by the diversity of lexical forms
collected in the category, or the fact that semantically more propositional content

is already present in the form, compared to non-lexical “mmhm”.

5.3 Window concept and effect on overlaps

The application of a window in the form of a variably sized interval was tested.
The basic idea is to increase the number of associated feedback through overlap.
A window was applied to both ends of the BC annotation interval as indicated in
Figure 14. The second and third window in Figure 14 schematically establish a
BC-nod type overlap. The BC annotation was chosen instead of the nod since it is
better understood and had previously been used for applying a window (cf. Tirk
et al. (2025)). In the present dataset the number of overlaps does not change when

the window is applied to the nod annotations.

time

Fig. 14: Schematic representation how the window added to the interval of the BC
establishes association (through overlap) between annotations

This approach can, generally speaking, aid in the establishment of associations
(through overlap) between temporally sequential events. There may be systematic
delays between signals that are easiest to associate with one another through the
application of a buffer or “window”. Testing was carried out in 100 ms increments
(effectively 200 ms = 100 ms pre-BC + 100 ms post-BC) up to 5 seconds.

The amount of overlaps compared to the total number of BCs resulting from
testing is given in Figure 15. The number of overlaps is expressed in percent to ease
comparison between speakers. Except for speaker 6, ca. 50-60 % of all speakers’
nods overlap with BCs without the use of a window artificially facilitating more
overlap. The more feedback a speaker produces, the more relative overlap exists.
The difference between speakers paired in a dyad is maintained in dyads 2 and
3 when applying increasingly large windows. In dyad 5 the difference in relative
overlap count starts comparatively closer and the application of a window causes
intersections of the trend lines.

When the number of overlaps reaches 100 %, all BCs are associated with at least

one nod. Total overlap (i.e. when each BC is associated with a nod) is reached for
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Fig. 15: Effect of added window size on amount of overlapping annotations (in %),

window size on x-axis denotes individual interval added to start and end of
BC

five (and exceeded for four) out of six speakers at 3.25 s.

When a 2 s window (i.e. effectively 2+2 s, as in Tirk et al. (2025)) is applied, the
initial amount of overlap approximately doubles in all speakers. Overlap categories
shift drastically with this window applied, from the majority consisting of nods
encompassing BCs (nod-BC-nod) (cf. Figure 9), to the majority consisting of a
nod that precedes the overlapping BC (nod-BC) (cf. Figure 16). The amount of
overlaps that are of the type nod-BC with a 2 s window implies that overlaps without
a window are closer to the end of the nod than to the start. Turk et al. (2024) cite
psychological research by Poppel (2009) to motivate their chosen window size of 2
s, as they argue that a 2-3 s range is what is perceived as the current moment. At
the 2 s window size, speakers 3 to 6 (those that produce the most feedback in both
modalities) have reached 100 % overlap.

It was expected that if there were a systemic gap between nod and BC, the
development graph would plateau within a certain window range. This is not the
case. Instead, it appears that multiple BCs are associated with nods with increasing
window size due to proximity of feedback signals, resulting in a linear increase of
overlapping annotations. Based on the lack of a plateauing or other effect in the
data and sizeable amount of overlap without a window, further analysis of the data

using a window is foregone. When a window is used to facilitate overlap between
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Fig. 16: Overlap category by speaker, with a 2 s window applied

interval-based data, testing of the impact of the window appears generally advisable.

5.4 Interlocutor’s IP end pitch direction (DIMA boundary tones)

Figure 17'7 and Figure 18 show PR BCs and nods produced by a listener respectively
as they occur within 0.5 s before, and 1.5 s after a high (H-%) or low (L-%) boundary
tone produced by a speaker. This analysis is motivated by previous findings which
suggest that syntactically complete phrases (which are often reached at the end of
intonation phrases) are used as BC opportunity points (cf. Duncan (1972) (AmE),
Koiso et al. (1998) (Japanese)). Further, both low and high sentence final pitch
has previously been described as a means to elicit feedback in other languages (cf.
Gravano & Hirschberg, 2011 (AmE); Ward & Tsukahara, 2000 (AmE & Japanese)).

Boundary tones are treated as intervals here to gather associated nods and BCs. A
negative offset was applied, since notable amounts of feedback were produced shortly
before the annotated boundary tone is reached. While the boundary tone itself may
not have been produced when the feedback signal starts, the pitch trajectory of the
intonation phrase has been indicated by this point. The (arbitrary) 2 s interval used
to associate the end of the speaker’s intonation phrase and a following feedback
signal establishes the successful elicitation of feedback through the boundary tone

produced by the listener.

"Due to lack of data in dyad 5, only one speaker is represented per condition.
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Fig. 17: Distance between speaker boundary tone and listener BC, distinguishing
between (non-)overlapping annotations
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Fig. 18: Distance between speaker boundary tone and listener nod, distinguishing
between overlapping (circles) and non-overlapping (triangles) annotations
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Note that some boundary tones elicit more than one feedback signal from the
listener, both within- and across modalities. This is the case, e.g. when multiple
BCs are uttered intersecting with the boundary tone interval. Nod and BC Feedback
signals that overlap across modalities are distinguished in Fig.s 17 and 18.

The amount of total feedback signals that are elicited by a boundary tone varies
starkly by speaker (ca. 5-75 %, both values for BCs). Overall, compared to the total
feedback signals by modality on average more BCs (50 %) follow boundary tones
than nods (42 %) do.

There is no apparent difference in feedback behaviour produced by a listener
following high and low boundary tones produced by a speaker. Regarding BCs, this
contrasts with previous findings by Ward and Tsukahara (2000, p. 1185) who found
that after a speaker produced low pitch for 110 ms, listeners produced more vocal
BCs in AmE and Japanese, and Gravano and Hirschberg (2011), who describe high
pitch as a BC inviting cue in AmE.

Comparing feedback modality, individual preferences appear to be defining.
Speakers 4 and 10 produce more nods, while speakers 5 and 6 produce more BCs
in proximity to speaker boundary tones. Speakers 3 and 9 produces equal amounts
in both modalities. Descriptions of speakers 9 and 10 need to be treated with
caution due to limited associated feedback. Across all speakers a dynamic related
to the amount of feedback is apparent however: the more feedback is produced, the
lower the offset to the boundary tone, i.e. the quicker feedback follows the speaker’s

speech.

5.5 Summary of findings

In the data presented, preference for feedback modality appears to be dyad-specific.
Two dyads produce similar amounts of nods and PR BCs, while one dyad produces
more nods than BCs. The mean duration of nods (1.14 s) is about four times as long
as PR BCs (299 ms). The amount of overlaps varies drastically between speakers
without a common tendency related to both BC and nod count.

On average, almost two thirds of all nods recorded are produced as pro-speech
gestures, i.e. without overlapping with a BC. Per speaker this number varies be-
tween 50-80 % of nods. The mean overlap size of BCs with nods varies by speaker
between ca. 20-40 %. This indicates, in combination with the difference in total
feedback produced by listeners, a notable degree of individual variability in terms
of multimodal feedback strategy.

The central finding is that when feedback overlaps, nods predominantly fully en-
compass overlapping PR BCs (nod-BC-nod). IS BCs and nods overlap less frequently
than PR BCs, and are more likely to start later, in nod-BC type overlaps. There
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does not appear to be any connection between lexical type, pitch, or overlap type
with regard to the duration of overlapping PR BCs and nods.

The evaluation of the use of a window to associate feedback across modalities
has shown that it needs to be handled with caution. When adding a window, the
number of overlaps increase linearly per speaker, without indication of a plateau
before more than 100 % of annotations overlap.

The small data set is strongly characterised by what appears to be individual
variability. Within dyads speakers appear to behave more similarly compared to
their interlocutor in terms of nod-, BC-, and overlap counts than across dyads. Dyad
5 appears to have a different dynamic compared to the other dyads, evident in their
production of longer nod gestures, fewer BCs, produced with predominantly falling
intonation contours, and notably less feedback after speakers conclude intonation

phrases (independent of the boundary tone produced).

6 Considerations for generalisability

The findings presented in 5 should be interpreted with caution, since the interaction
between participants was externally motivated and recorded in a controlled environ-
ment and is based on a small subsample of just three dyads. To elaborate on these
limitations, the following section explores the validity of lab speech 6.1, ecological
validity 6.2, as well as the problem of sampling as it pertains to generalisation of find-
ings 6.3. Section 6.4 summarises limitations of the data in terms of the previously

established considerations.

6.1 Validity of Lab Speech

The debate around the validity of “lab speech” in linguistics, specifically phonetics,
questions the entrenched reliance on speech data gathered in laboratory settings.
Lab speech is (via the term) generally negatively connotated, because it implies
that data is “unnatural, overly clear, over planned, monotonous, lacking of rich
prosody, and devoid of communicative functions, interactions and emotions” (Xu,
2010, p. 329).

Thus, recorded speech data can be categorised as one of two extremes: “lab speech”
— which is highly controlled and natural(istic)-, or spontaneous speech — which is
more natural. Lab speech is often used for theory-driven-, confirmatory research
because it allows researchers to focus on specific phenomena of interest, because
of the control exerted in elicitation. In stereotypical “lab speech”, participants are
asked to repetitively carry out short tasks in an unfamiliar context. Conversely,

naturalistic speech is more suited to data-driven-, exploratory research because it
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is less focussed. Naturalistic speech is recorded in speakers’ normal environment,
recording their minimally influenced natural behaviour.

Xu (2010) defends lab speech by arguing that concerns about lacking naturalness
are unfounded. Xu argues that the control exerted in laboratory settings is an ad-
vantage, because it affords researchers the ability to correlate manipulated variables.
Wagner et al. (2015) argue that the term “natural” should not be used due to lack
of terminological clarity. Instead, Wagner et al. call for a gradient scale to capture
the quality of data elicited and more attention to the effect of elicitation methods
on the quality of data collected. Feedback behaviour for example differs depending
on the experimental task.'®

Specific behaviours, such as e.g. head movements, require specific equipment to be
recorded, often at the cost of impeding participants’ natural behaviour. But technol-
ogy available for the recording of participant behaviour has improved dramatically
in recent years. While Dittmann & Llewellyn (1968) and Hadar et al. (1985) had
to rely on obtrusive custom rigs for the recording of head gestures, digital video
recording in conjunction with computer vision can be used to gather similar data,
while restricting the participants’ behaviour to a lesser degree. In the end lab speech
is not a problem per se, as long as authors, and by extension their readers, are aware

of possible effects of the elicitation methods on data and associated findings.

6.2 Ecological validity

The concept of Ecological validity (EV) — now widely used as a buzzword with
reference to the validity of experimental scientific inquiry — was first described by
Brunswik (1956). Ecological validity conventionally assesses “whether or not one
can generali[s|e from observed behavio[u|r in the laboratory to natural behavio[u|r
in the world” (Schmuckler, 2001, p. 419). Schmuckler describes three central dimen-
sions to assess EV: setting, stimuli and response. The concept itself was, however,
originally not stipulated as “ecological validity” (this refers to another, earlier theory
by Brunswik), but rather “experimental design”. Holleman et al. (2020) summarises
representative design as an approach in which researchers design and conduct their
experiments by making sure that participants, situation, task, and stimuli are rep-
resentative of a sample population.

The term and concept of ecological validity and its use are widely critiqued. Ham-
mond (1998)', a student of Brunswik, decries the skewed (ab)use of the concept by

contemporary scholars. Holleman et al. advocate for an explicit disclosure of what

18Spontaneous interaction in Danish and German yielded more BC (Dideriksen et al., 2019; Spaniol
et al., 2024) compared to task oriented interaction (Fusaroli et al., 2017; Janz, 2022).

9As acknowledged by Hammond, the writing made available online had been rejected by the
American Psychologist. While it is technically grey literature, it offers valuable insight on the
matter from a Brunswikian’s perspective.
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an author understands to be ecological validity. Similar to lab speech, ecological

validity is best viewed as a continuous-, rather than categorical measurement.

6.3 WEIRD samples

Globally, academic research focusses heavily on western, educated, industrialised,
rich, democratic — in short WEIRD — cultures and communities. As Henrich et
al. (2010) report in their landmark article, a majority of experimental research in
psychology and related fields (such as linguistics) relies on WEIRD participants (or
subjects in Henrich et al’s terms), some of the least representative of all of humanity.
Participants are frequently undergraduate students, since they are easily recruited,
constricting generalisability even more. But the problem is not the sampling of
easily accessible populations per se, rather the implicit assumptions researchers make
about the generalisability of their findings to wider populations based on the sampled
populations.

A related problem, is the bias of research towards the study of English-speaking
participants. Blasi et al. (2022) warns about an overreliance on languages such as
English (or German realistically) possibly impeding progress in cognitive science. Fo-
cussing heavily on a particular language (or -family) entrenches assumptions about
features that are then thought be universal. Linking back to the production of mul-
timodal feedback signals, studies like Jakobson’s (1972) show that there is diversity
across languages and cultures that ought to be studied and embraced.

Most of the experimental research consulted for background reading focussed al-
most exclusively on languages that are spoken by WEIRD speakers. The research
consulted analysed the following spoken Indo-European languages: English (UK,
US, CA — 12, 25, 3 articles), German (18), Dutch (5), Danish (7), Swedish (5),
Norwegian (1), Finnish (1), Bulgarian (1), Italian (7), French (5), Catalan (1), Pol-
ish (1) and a minority of Non-Indo-European languages: Japanese (6), Russian (2),
Mandarin Chinese (2), and Turkish (1). In addition, single articles investigating
German, Dutch, Russian, and Turkish sign language were sampled.

Research focussing on the most heavily researched languages predominantly fails
to overtly state which language it is describing. This underscores the privileged
status of these languages with regard to funding and ongoing research. When the
population sampled is not sufficiently described, implicit claims for generalisability
of findings are easily inferred by readers. In researching this thesis, it was a typical
occurrence that the limited, non-standardised demographics given about sampled
populations had to be consulted just to infer the language under analysis.

From a readers’ perspective, an explicit indication of the language (variety) re-
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searched in the title, abstract or keywords would be very useful.?’ By doing this
it could be easier to find research on a specific language through indexing and also

remind readers of the fact that the results presented pertain to a specific language.

6.4 Limitations of the dataset

Following the questionnaire provided in Naumann et al. (2022) as part of MARC
(a tool to measure ecological validity), the experimental setup can be described as
a mix of naturalistic and controlled aspects. The task in the Discussion segment is
partially naturalistic — participants are asked to interact casually (which is directly
representative of the research interest), but are required to wear eye-tracking glasses
while being recorded with cameras and microphones. While some impact of the
recording situation is unavoidable — as per Labov’s observer’s paradox (1972) —
the eye-tracking glasses look unremarkable when worn Similarly, the testing site is
partially naturalistic, as recordings took place in a seminar room at the university. It
should be noted that the recordings had to be gathered in a controlled environment,
due to some of the equipment. The sample is one of convenience, consisting of
primarily WEIRD undergraduate students. The subset analysed here is small and
consists exclusively of female participants. It would be very easy to generalise to
participants of all genders, but as previous research showed this would risk being an
overgeneralisation.?!

The ecological validity of the recordings is an improvement over previous research.
Modern tools used to record data are less intrusive and impede participants less.
Nonetheless, careful generalisations are key, especially from the limited subsample
analysed here. This is doubly important when considering the strong apparent
individual variation. WEIRD research agendas remain a systemic problem. Still,
the greater dataset has been used for a variety of analyses due to its multimodal

nature, pointing to what might be described as economic validity.

7 Future directions

Future work with the dataset should expand annotations to more dyads to confirm
observations made with the limited data available at the time of writing. Broadening
the scope, listener nod behaviour during the Tangram segment of the experiment
could be annotated. The task-oriented segment is particularly interesting because

previous analyses has shown differences in BC behaviour (Spaniol, Forthcoming).

20See De Stefani (2021) for a near perfect example of this.

2l'Helweg-Larsen et al. (2004) showed (with a sample of US American undergraduate students)
that female listeners nod more than male listeners in dyadic peer interactions. Similar results
were found for Japanese speakers (Maynard, 1987, p. 602).
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Comparison to the matched ASD dyads could prove interesting when investigating
(head-)gestural feedback behaviour in contrast to vocal BCs.

The eye-tracking glasses worn by participants during the experiment contained
an accelerometer which recorded relative spatial movement of the glasses at high
temporal resolution. The data contains among others measurements along the pitch
axis (the axis that is used while nodding), capturing nod movements. This data
could, in conjunction with manually annotated nod gestures, be exploited to extract
amplitude and cycles of nods. Additionally, employing the existing annotations, a
machine learning classifier could be trained to automatically extract nod gestures,
amplitude, number of cycles, and possibly other head gestures. Expanding the
manual annotations through categorisation of the communicative function of nods
could be an interesting avenue for the comparison of feedback across modalities.

Finally, the study, particularly with respects to the modalities recorded and par-
ticularly the spontaneous Discussion segment, should be replicated using a different

sample and more importantly in other languages.
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