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Abstract

Dialogue interactions have varied internal structure, with flow varying, inter alia, in face of both difficulty and
agreement. This study investigates eye-gaze in the linguistic progression of interactions. We observe the relation of
gaze to illocutionary functions of turns through dialogue acts, and to how turns present “new” or “old” content, through
lexical entropy and repetition. Results on the HCRC Map Task corpus, enabled by an event alignment annotation
method described, show how gaze is related to linguistic progression. A gaze towards the conversation partner at the
end of a turn tends to align with complexity and difficulties being expressed in the turn, while keeping gaze down at
the map is more typical of obstacle- and disagreement-free interactions. Addressees who look up or off at the start of
a turn show evidence of lexicon adaptation to gaze values.
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1. Introduction 2. Background Literature

Gaze has been studied as a paralinguistic tool. It
has been noted in turn taking management (Bave-

Most Human-Human interactions can rely on at 128 et al,, 2002). Initially, it can signal commu-
least two modalities: the auditory and the visual ~ Micative intent (Cary, 1978; Pfeiffer et al., 2013)

ones. These modalities complement each other. and resolve cases of simultaneous starts (Zima
and within the visual modality, eye gaze has been €t @l 2019). Although Kendon (1967) and Ho
shown to be a catalyst for smoother interactions. ~ ©t @l- (2015) reported that speakers avert their gaze
Gaze has been explored as a tool for turn-taking briefly after turn-taking and look back at the listener
and for signalling attention or emotional states — &t the tum end, Beattie (1978) reported finding
multiple functions are evident. This paper exam- More averted gaze at turn ends, and that turns
ines eye-gaze behaviour in dyadic conversation cc_)ntammg gaze up at their end were not correlated
in relation to the overall purpose of turns through ~ With prompt answers. In fact, Degutyte and Astell
dialogue acts, and abstractions of their content; ~ (2021) reviewed 29 papers from the past 50 years
through computed entropy and repetition.To do so, I the gaze literature and found no single pattern, as
we explore the HCRC Map Task corpus and, more had been believed since Kendon (1967). Addition-
specifically, the gaze behaviour of both participants ~ &/l¥, there seem to be influential factors beyond the
at the start and end of turns, to statistically assess ~ mere difference in dialogue nature (free flowing con-
the co-presence of gaze and turn qualities. We are ~ Versations or question/answers (Rossano, 2010;
interested in whether the choice of dialogue actand ~ Beattie, 1978)) or study design (Kendon, 1978).

two measures of linguistic unfolding — turn by turn Gaze may also provide insights into the emo-
repetition and categories entropy behaviour (i.e. tional state of participants. A direct gaze at the con-
increase, decrease, or stable states) interact with  versational partner may signal attention, engage-
gaze behaviour. Fundamental to this analysisisthe ~ ment (Bavelas et al., 2002; Kendon, 1967; Goodwin,
temporal alignment of the distinct modalities within ~ 1980; Argyle and Cook, 1976). Gaze favours suc-
a representation framework that supports counting  cess in task-based conversations by supposedly
and other forms of measurement of events within ~ preventing and repairing conversation breakdowns
each modality and their overlap; in support of this  (Boyle et al., 1994; Streeck, 2014; Nicholson et al.,
we use an annotation method called Beginning-  2005). In map task corpora, Boyle et al. (1994) no-
Middle-End (BME), for the facets of events noted.  tably showed that direct gaze were more frequent in
We use observational methods to develop general-  instances of difficulty (i.e., mismatch between two
isations over statistically significant interactionsin  maps) than otherwise, Doherty-Sneddon (1995)
categorial representations of gaze types and insec.  that one of the gaze function was to access feed-
5 discuss their coherence, both in this research  back, and Nicholson et al. (2005) that instruction
work and with respect to the current literature. givers were more likely to look up at the follower
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after the latter expressed difficulties. On the other
hand, an averted gaze could help identify problem-
atic interruptions by the listener (Bréne et al., 2017;
Spaniol et al., 2023) and signal unwillingness to
pursue an interaction in the current terms (Jokinen
et al., 2010).

Additionally, gaze has been scrutinised in rela-
tion to the content of the conversation. The deic-
tic function of referential gaze has been used to
disambiguate and ground text (Mehlmann et al.,
2014), and has been shown to be more efficient
than speech for solving referring expressions or
searching tasks (Brennan et al., 2008; Neider et al.,
2010; Hanna et al., 2020). Directed gaze has been
shown to mark questions in ltalian (Rossano, 2010),
and to indicate preferred answers in polar questions
(Kendrick and Holler, 2017). Information may also
be encoded in gaze. Mutual gaze windows were
shown to accompany minimal responses (such as
back-channels or continuers) (Bavelas et al., 2002),
and Edlund et al. (2012) showed that, indeed, 3"
party’s gaze of a conversation is likely to reveal
which one of the speakers is providing the most
information.

In relation to entropy, it has been proposed by
Genzel and Charniak (2002) that entropy measures
ignoring context should increase for sentences in
relation to their ordinal position in a text, as a con-
sequence of an entropy constancy rate principle.
Evidence for this effect has been provided using
gaze during reading as an indicator of cognitive
effort associated with higher entropy but not the
position of a sentence within a text (reading of sen-
tences does not ignore contexts) (Keller, 2004). Us-
ing gaze events as tokens and gaze categories as
types, the entropy rate constancy principle has also
been demonstrated for listener gaze behaviours in
interactive dialogue (Wang et al., 2024). Our work
relates specific gaze behaviours of speakers and
listeners to categories of lexical entropy change,
local repetition, and dialogue acts that interact with
cognitive effort (e.g. Doubt vs Explanation).

3. Method

3.1. Description of the HCRC Corpus

This research uses the HCRC Map Task Corpus
(Thompson et al., 1993). It is made of dyadic con-
versations whose task involves closing an informa-
tion gap between the interlocutors: one designated
party is to linguistically indicate a path to follow (the
Giver “G”) and the dialogue partner is to reproduce
that path (the Follower “F”), both with reference
to imperfectly matching maps. The entire corpus
includes 128 dialogues; half of the corpus had par-
ticipants having access to mutual eye contact, in the
other half, eye contact was obscured with a screen.

46 dialogues had gaze annotations but we focus
in this paper on the 31 annotated conversations
which allowed for direct eye-contact.

We reused the timestamped annotations as pro-
vided in the XML version of the dataset. ' The gaze
tier is continuously annotated and annotations can
take one of the three following values: “gaze down"
when looking at the map, “gaze up" when looking
at the other participant, “gaze off" when looking
elsewhere. We examine tuples of co-occurring G
and F gazes, also referred as "paired gaze" in what
follows.

Similarly, we reused the turns annotations as
available in the dataset. Due to the hierarchical
organisation of the HCRC annotations, the times-
tamps for the turn transcripts were retrieved from
the timed-units (i.e. words): matching the onset of
the first word of a turn, and the offset of the last.

The corpus also includes dialogue act (DA) aug-
mentation for every turn.

As a matter of indication, the HCRC corpus in-
cludes 64 talkers (half male, half female), mostly
from Glasgow, Scotland; half of the conversations
included acquaintances, and each participant par-
ticipated in 4 conversations, alternating between
the role of Giver and Follower.

3.2. Data selection

We used the 31 conversations which were anno-
tated with gaze values and which allowed for direct
eye-contact between the participants (in total, 10894
paired gazes, 5943 turns). Some gaze annotation
anomalies were spotted. For instance, we noticed
several gaze values for a single millisecond, and
some starting times occurring after the endtimes.
For privacy reasons, the video recordings of the
corpus are not available outside the HCRC commu-
nity, we therefore could not resolve such anomalies
and had to remove these gazes from the dataset,
along with any turn and other gaze that could have
been impacted. The final dataset comprised 10761
paired gaze and 5889 turns.

3.3. BME Modality Alignment

The BME method is an alignment technique which
focuses on events (Beginnings, Middles, and End-
ings of annotations) to reveal the structure of multi-
modal datasets (Murat et al., 2026). The method
is similar to that used by other researchers inves-
tigating multi-modal dialogue (Magnusson, 2000;
Hunyadi et al., 2018; Magnusson, 2020). Assuming
each modality is captured on a different tier, such
as what annotation software like Elan (Wittenburg

'"Data available https://groups.inf.ed.ac.
uk/MapTask/index.html, last accessed in March
2026.
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Turns | Gaze
B - Gaze 1
B-Tun1 | M- Gaze 1
M-Tun1 | E- Gaze 1
M-Tun1 | B-Gaze 2
E-Tun1 | M-Gaze 2
E- Gaze 2

Table 1: Example of alignment of 1 Turn and 2 gaze
annotations using the BME method

et al., 2006) produces, it arranges multi-modal data
based on the relative onsets and offsets of the tiers’
annotations. It retrieves the beginning time (B) and
ending time (E) of each annotation and organises
them relatively to each other. Middles (M) mark, for
a given annotation, the B and E lines of another
tier occurring in-between its onset and offset. Ms
can then be enumerated as a measure of duration
to account for how many events happened during
a given annotation: that is, event durations and
overlaps may still be reckoned in terms of absolute
time elapsed, or by the count of intervening events.
Table 1 provides an example of how three overlap-
ping annotations could be organised. This fictive
example reads “Gaze 1 started outside a turn, Turn
1 started inside Gaze 1, Gaze 1 ended inside Turn
1, Gaze 2 started inside Turn 1, Turn 1 ended inside
Gaze 2, Gaze 2 ended outside a turn." It can also
be read as “1 turn event (Middle) occurred in Gaze
1, 2 gaze events occurred in Turn 1, and 1 Turn
event occurred in Gaze 2"

The annotation alignment technique supports
analysis event type interactions via the counts of
the sorts of things that happen in one tier at the
same time as starts or stops in another tier, such
as used in contingency tables.

Timestamps of interest are those of turns and
gaze annotations, as described in section 3.1.

3.4. lllocutionary function through

Dialogue Acts

To generalise dialogue act (DA) behaviour during
conversations and to have sufficient observations
to conduct meaningful statistical tests (i.e., using
x2-tests, limiting the number of expected values
lower than 5), we classify basic DAs into supra-
categories INSTRUCTION, CONFIRMATION, EXPLANA-
TIoN, DouBT, and ReJecTION (see Table 2). IN-
STRUCTION is only representative of the Giver's
utterances as it represent instances where the
Giver commands the Follower to carry out an ac-
tion (e.g., take a certain route, move to a certain
landmark, etc.), CONFIRMATION corresponds to in-
stances where one validates the position of the
other, EXPLANATION where one develops informa-
tive answers, bouBT where one expresses the need
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to confront their understanding or position, and Re-
JECTION when one answers the other by the nega-
tive. Further description of the individual dialogue
acts can be found in the manual Carletta et al.
(1996).

3.5. Characterizing the Lexical
Development of a Conversation

In order to confront the gaze behaviour to the un-
folding of the conversation, we need to find ways
to measure lexical choice over time. Similarly to
the method (Murat and Vogel, 2025) used to track
engagement throughout conversations via linguis-
tic cues, we study word use on two scales: firstly,
Lexical entropy from the start to the end of a con-
versation, measured at turn boundaries; secondly,
Linguistic repetitions from one turn to another.

3.5.1. Transcript Processing

In a pre-processing step the HCRC transcripts were
normalised: we wrote a Python script to remove
punctuation, lowercase letters, split “pronoun +
verb" contractions (e.g “you’re" = “you", “are"), and
split contracted negated auxiliaries (e.g “can’'t" =
“can”, “not"). Additionally, using the Spacy small
model for English (Montani et al., 2023), we noted
for each lexical token its part of speech category
and, from it, determined whether the token be-
longed to open-class (OC) or closed-class (CC)
words (as exhaustive and mutually exclusive pos-
sibilities; i.e., if their part-of-speech tag was either
"NOUN", "VERB", "ADJ" (adjective), or "PROPN"
(proper noun) they were considered as open-class;
and closed-class otherwise). We distinguish thusly
because, by their frequency, closed-class items are
more likely to be repeated than open-class items.

3.5.2. Entropy

Initially adapted from Gnjatovi¢ et al. (2018), we
reuse the method developed in Murat and Vogel
(2025) to measure entropy evolution in sequential
lexical choice. For a dialogue D and lexical types
(v), V = (v1,v9, ..., v) is the sequence of lexical
items used. D is defined as a sequence of turns T
D =T11,T,,...,T, (abbreviated T7*) which are sets
T of lexical types produced in the turn. The (cumu-
lative) entropy H of a dialogue from its opening (1)
to its nth turn (77") is based on Shannon Entropy:

k

— > P(v;)log, P(v;)

1

H(T{") = (1)

The probability P(v;) is estimated from the relative
frequency of the type v; in the dialogue sequence
from the start to the point of measurement.



CONFIRMATION DouBT EXPLANATION INSTRUCTION REJECTION
(10888) (6437) (4267) (4267) (884)
Acknowledge (5599) Check (2133) Clarify (1192) | Instruct (4267) | Reply_n (884)
Reply_y (3229) Align (1778) Explain (2160)
Ready (2060) Query_yn (1758) | Reply_w (915)
Query_w (768)

Table 2: Summarised DA into the supra-categories CONFIRMATION, DOUBT, EXPLANATION, INSTRUCTION,
and ReJEcTION. In brackets are the numbers of turns of each kind.

These calculations can be evaluated on a se-
quential basis and assessed either word after word,
or turn after turn. It is relevant to examine the differ-
ence between the entropy at the end of any turn h,,
and at the end of the immediately prior turn h,,_;:

AH = A(hy — hn_1) )

Eqg. 2 thus allows to tell that a certain turn led to
an increase or a decrease in entropy. An increase
is typical of scenarios adding up new or relatively
rare words, while a decrease in entropy suggests
that the turn reuses well-known and frequent words.
In this work, we look into entropy calculated for the
overall conversation vocabulary (H¢ ), but also at
the speaker’s level by only accounting for the vo-
cabulary they have produced (Hg ), and investigate
the impact of a turn on both (respectively AHq
and AHg ). For this study, we categorise turns
(exhaustively and mutually exclusively) thusly :

AHs < 0, AHg < 0 : the turn leads to a
decrease in both conversational (AH¢s ) and
speaker entropy (AHg ).

AHg < 0 < AHg : the turn only leads to a
decrease in speaker entropy.

AHes < 0 < AHg : the turn only leads to a
decrease in conversational entropy.

AHs = AHg : the turn leads to a similar in-
crease in conversational and speaker entropy.

AHs > AHe > 0: the turn leads to an in-
crease in both conversational and speaker en-
tropy, greater increase for the speaker.

AHs > AHg > 0: the turn leads to an in-
crease in both conversational and speaker en-
tropy, greater increase for the conversation.

In a nutshell, this measure of entropy allows us
to track the overall reuse of tokens in a dialogue.
Closed-class words tend to be often used and have
a negative impact on entropy; they add little in-
formation. In contrast, novel content words lead
to entropy increase, and their impact on entropy
diminishes as novelty fades. To address conversa-
tion dynamics that related to closer events, such as
short-term planning and spontaneous reactions, we
add another dimension, whose window is smaller:
direct repetitions from one turn to another.
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3.5.3. Repetitions

There is not one way to quantify repetition in the
literature. Distinctions occur in the nature of what
is being counted (lexical vs syntactic repetition (Re-
itter and Moore, 2007; Healey et al., 2014), bag of
words vs set of words (Murat et al., 2022), lemma
vs tokens (Reverdy and Vogel, 2017), different size
of n-grams, etc.), but also in terms of calculations
where there can be strict counts as well as length- or
frequency-based normalisations (Mekhaldi, 2006).
Furthermore, assessing the overall similarities of all
interlocutors’ productions is not enough: it does not
allow one to draw any conclusion on the impact of
what one previously said on the current production
(Mehler et al., 2011). Temporal cues are therefore
crucial and we do so by comparing strictly ordered
turns (Reverdy et al., 2020; Murat et al., 2022).
Given the nature of this work, where repetition is
an object of study in its relation to gaze, we qualify
repetition by the strict presence or absence of a re-
peated token between the current turn and the pre-
ceding one, while also relying on sub-classes of rep-
etition. We make a distinction between, on the one
hand, self-repetitions (SR), the speaker is repeat-
ing content from their last turn, which might signal
grounding or involvement; and on the other hand,
other-repetitions (OR), when the speaker is repeat-
ing what the addressee said in their last turn, which
can be an example of discourse planning or floor-
holding (Koutsombogera and Vogel, 2019). We
also track as a separate category turns accounting
for both self- and other-repetitions (OR-SR) as they
might signal even further efforts to co-build through
the conversation. As closed-class words are more
likely to be repeated than content words, we also
made a distinction between repetitions which only
counted closed-class words (CC) and turns which
also accounted for open-class repetition (OC).

4. Results

The data mining was conducted through identi-
fication of statistically significant co-occuring be-
haviours through the use of x2-tests. As such, 12
x?-tests were performed (F or G's turns x DA, en-
tropy or repetitions x at the start or at the end of
a turn). We test cross-categorial interactions only



Table 3: Abbreviation key

Short form Concept
CC tokens in closed-class categories
oC tokens in open-class categories
OR other-repetition
SR self-repetition
G information giver
F information follower
He entropy for conversation
Hg entropy for speaker
A change

where less than 20% of expected values were less
than 5 (the maximum we have is 13% of cells < 5
for the entropy test in relation to F’s turns), and
none was less than 1. To palliate this exigence, we
had to merge all pairs of gaze including at least
one gaze off into one single category (may they
be from the Follower or the Giver).? Furthermore,
considering the number of tests and the relatively
high number of categories, we adjusted the p-value
of 0.05 by the number of dimensions d (« = 0.05/d)
in each table for determining significance. Simi-
larly, the critical value z for residual was calculated
P(Z > z) = §. For the sake of space, we do not
report non-significant tests. The 8 tables across fig.
4,5 & 6 report the 8 x2-tests showing significant
interactions in these conservative conditions.

4.1. Dialogue Acts & Gaze

Exploring dialogue acts enables assessment of
whether the evident purpose of an utterance is re-
flected in the gaze behaviour of interlocutors. The
INSTRUCTION category was not included in tests
about Follower’s turns as, by definition, Followers
had little chance to utter such turns.

All 4 y2-tests (DA x Gaze-pairings for {F, G} x
{Start, End}; Table 4) showed significant interac-
tions: Giver and Follower’s paired gazes at the start
and at the end of each turn interact with the DA be-
ing performed. When G is speaking, INSTRUCTIONS
are very likely to start while both F and G are looking
down (r = 7.82) and unlikely in any other context
(r < —3.48). The end of an INSTRUCTION turn, how-
ever, is not typical of one gaze category, but has
significant dearth where G is looking down and F,
up (r = —4.94). An expression of bousT by G is
rather expected when G is looking up but F is look-
ing down (r = 8.80) and rather not expected if G is
looking down (r < —3.46). F’'s bouBT turns, how-
ever, can also appear when both are looking down
(r = 3.75), on top of not being likely to occur when
F is looking down but G is looking up (r = —6.49).

2In practice, 332 of the gaze-offs at the start of a tumn
were due to F looking off; against only 73 due to G. At
turn ends, these numbers are respectively 327 and 71.
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For both F and G, the end of a bousT is likely oc-
curring in the situation where the non-speaking par-
ticipant is now looking down and the other looking
up (r > 10.47). EXPLANATION turns are mostly sig-
nificantly characterised by their ending behaviour:
the speaker tends to look up (r = 1.24 for G when
both look up, but > 3.11 in all other cases). For
CONFIRMATION turns — which intervene in response
to the other participant’s content, they tend to start
in a context where the addressee is looking up but
the speaker is already looking down (particularly
significant for G’s case r = 6.03), and they end in
a context where the speaker is looking down and
the other participant is looking either down or up
(r > 3.86). On the other hand, REJECTION turns
have similar behaviour, to the exception that in G’s
case, they might both be looking up (hence, making
eye contact) at the start (r = 4.42).

These results suggest that both participants look-
ing down at the object of interest (the map) is a sign
of conversation progressing without obstacles: it is
the context in which further INSTRUCTIONS are likely
provided (r = 7.82) or CONFIRMATION turns can end
(r > 3.86). F’'s bouBT turns are also likely to start
in that category (r = 3.75). This distinction might
come from the need for F to interrupt and express
doubts as they lose track of G’s elaborations.?

Gazes up seem to sometimes signal conversa-
tion flow disruption. DousT turns end with their
speaker gazing up at the partner, and the potential
responses, a CONFIRMATION Or a REJECTION still
start during a look up, while the responder looks
down at the map. At the end of such turns, CONFIR-
MATIONS can lead the non-speaking person to look
back down at the map (r > 3.8) or not (r > 5.94)
while REJECTIONS, which are more divisive answers,
only favour the non-speaking participant to look up
(r > 6.09). EXPLANATIONS are also characterised
by the speaker looking up to the other participant at
the end, possibly checking for feedback (r > 3.11).

This section has focused on dialogue acts, i.e,
the apparent intentions with every turn start or stop,
in relation to the gaze behaviours of the interlocu-
tors. Shared gaze behaviours (both up or both
down) distribute differently across DAs than asym-
metric behaviours, varying by whether the turn
owner is the information Follower or Giver. The
next two sections examine gaze in relation to lexi-
cal novelty.

4.2. Entropy & Gaze

Entropy allows quantification of the novelty of vo-
cabulary of one turn over the conversation: are the
words that have just been uttered relatively new to

3A Pearson’s x? test revealed that, indeed, F’'s bouBT
turns are more likely than G’s to occur in the middle of
the other participant’s turns (p = 3.775¢™ 2, r = 6.98).



G’s Turns F’s Turns

G’s Gaze Down Up off Down Up off
F's Gaze Down Up Down Up Down Up Down Up
INSTRUCTION -493 -3.48 0.74
DousT -3.46 -4.07 1.15 | 0.90 3.05 1.31 | 0.68
ExpLAaNATION | -0.50 1.04 | -0.87 -0.50 | 0.84 -049 -1.51 2.08 -1.30 | -0.56
CONFIRMATION | -2.52  6.03 | -2.10 142 | -1.76 || -1.70 -1.69 2.75 -0.63 | 0.29
REJECTION ; -0.22 4.42 | -1.68 || -3.67 0.03 1.04 | -1.35
(a) (b)
G’s Turns F’s Turns
G's Gaze Down Up Off Down Up Off
F's Gaze Down  Up Down Up Down Up Down Up
INSTRUCTION 296 -4.94 0.03 -0.58 | 0.31
DousT -7.08 -4.75 0.99 | 1.04 -2.27 -7.19 2.71 | 0.46
ExpLANATION | -3.39 -1.41 3.70 1.24 | 1.08 -0.98 3.11 -2.24 3.21 | -0.89
CONFIRMATION | 7.45  7.67 -1.61 | -1.69 3.86 594 -4.30 @ 0.55
REJECTION -2.53 -2.31 045 | -163 || -295 -1.62 6.09 -1.38 | -0.88
(c) (d)

Table 4: Standard residuals of 4 significant x? testing the likelihood of a certain dialogue act given the
gaze values of the Follower (F) and the Giver (G) at the start of G's (sub-table a, p < 2.2e716) or F’s turns
(sub-table b, p = 1.396e%?) and the end of G’s (sub-table ¢, p =< 2.2¢716) and F’s turns (sub-table d,

p =< 2.2¢716). In bold are significant residuals.

G’s Turns F’s Turns
G’s Gaze Down Up off Down Up off
F's Gaze Down Up Down Up Down Up Down Up
AHg > AHc >0 2.42 0.64 | 0.01 -3.81 -0.61 = 3.01 | -0.16
AHs <0< AHg 0.16 067 | -1.46 075 | 0.74 || -0.68 183 | -1.53 0.12 | 1.37
AHc = AHg -0.51 -158 | 242 157 | -242 1.07 -0.65 | -0.68 -0.70 | 0.36
AHg <0< AH¢ 1.60 -0.57 | -1.77 160 | -0.74 1.20 -222 | 233 -2.66 | -1.18
AHe > AHg >0 288 0.32 | -264 -1.39 | -0.50 1.02 -1.81 | 0.21 -0.85 | 0.60
AHo <0, AHg <0 ! -1.50 | -4.11 -2.45 | 212 3.16 0.30 -1.26 | -0.22
(a) (b)

Table 5: Standard residuals of 2 significant y2-tests testing the likelihood of a certain entropy ratios given
the gaze values of the Giver (G) and the Follower (F) at the end of G’s (sub-table a, p = 5.62¢~%%) or F's
turns (sub-table b, p = 2.48¢796). In bold are significant residuals.

the context (increase in entropy), or have they al-
ready been extensively used (decrease in entropy)?
Similarly to the DA results, we conducted four (turn
edge x turn owner) y2-tests. Unlike the DA results,
only the ones matching the turns with the gaze
value at their end were shown significant (Table 5).

Turns which had the speaker’s entropy increase
greater than the conversation’s entropy (AHg >
AHc > 0) tend to end in a context where the
speaker looks up and the addressee looks down
(r > 4.03). In the case of F’s turns, it can even
result in a mutual gaze (r = 3.01). In any case, it
is very unlikely to result in both gazes converging
down to the map (r < —3.81).

On the opposite, both entropy decreasing
(AHo < 0, AHg < 0) are rather positively cor-
related to turns ending in a context where both
participants look down (r > 3.16), and negatively
correlated to the speaker looking up while the other
participant looks down (r < —4.11).

These results show only partial alignment with
observations made about DA. Only gaze values
at turn ends revealed significant interactions with
entropy categories: entropy behaviour types are
more equally distributed across gaze types at turn
starts. However, turns with specific entropy leading
to significantly different gaze behaviour at the end
of a turn is a good indicator that lexical novelty can
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be assessed through gaze. AHg > AHs > 0 cor-
responds to turns where the vocabulary is relatively
more novel to the speaker than to the conversation
(e.g. the speaker reusing words introduced by their
interlocutor). It is, similarly to bousT turns, a po-
tential marker of hesitation and need for feedback
on the present utterance. The opposite AH¢ < 0,
AHg < 0 turns, where the utterance does not in-
crease entropy for the speaker nor the conversation,
behave similar to coNnFIRMATION turns: both look
down at the map, likely not inviting a break in flow.

4.3. Repetitions & Gaze

The next results address the most tangible aspect
of lexical spread: direct repetitions (other and/or
self) as described in section 3.5.3. We again re-
alised a set of four x2-tests, and Table 6 shows the
standard residuals of the two tests which were sig-
nificant. Amongst these tests are the gaze values
at the start of the G’s turns (sub-table a) and the
gaze values at the end of F’s turns (sub-table b).

At the Start of the Giver’s Turns: G is more
likely to repeat F when G is looking at the map
while F is looking at G (r = 3.04) but also if either
one of them is looking off (r = 3.05) — in practice,
75% of the gazes away in the “off" bin are produced
by F, it might hence be a strategy for G to get F’s
attention back when they are not looking at the map.
However, even if this tendency is also significant
when running a x2-test over a contingency table
differentiating between when open-class tokens are
being repeated or only closed-class ones (Table 7),
none of the residuals returned an amplitude greater
than the significance threshold (|r| > 3.19). Thus, it
cannot be established whether OC or CC repeated
content played a greater role than the other.

At the End of the Follower’s Turns: On the
other hand, F’s turns are significantly correlated
with the gaze values present at the end of their turns
(Table 6). When F does not repeat anything, they
are more likely to end on a look down at the map,
while G looks up (r = 4.65). G looking down while F
looks up, on the contrary, is unlikely for such turns
(r = —4.21). Yet, the perfect opposite is likely for F’s
turns which include both self and other repetitions:
the Follower then looks up and the Giver down
(r = 3.62), and the reversed behaviour is unlikely
(r = —3.45). Differentiating between OC and CC
content (Table 7b), it seems that such a behaviour
holds mostly for OC repetitions (r = 3.22), and is
also visible for self-repetition only (r = 3.69).

These results align with previous results. F’s re-
peating both G and themselves results in F gazing
up while G looks down at the map (r > 3.22), sim-
ilarly to ExpLAIN or DouBT turns, as if they were
looking for feedback. When F does not repeat any,
however, and likely moves forwards, they tend to
look down only while the Giver is likely looking at

them (r = 4.65), similarly to CONFIRMATION or RE-
JECTION turns. The gaze behaviour correlated with
the start of the Giver’s turns is however singular
enough. ltis the only one which significantly relates
with off-gazes (r = 3.05) along with F’s gaze up
when G is focusing on the map (r = 3.04). Other-
repetition might then be used to shape the new turn
in a way that addresses the needs of the Follower:
either to solve their hesitation, as looks up suggest,
or maybe return attention to the map.

5. Discussion

Our findings suggest that paired gaze behaviours
meaningfully interact with distinct categorisations of
dialogue turn contents. If we consider the types of
paired gazes that were significantly correlated with
the turn qualities, we observe a disparity between
symmetrical and asymmetrical gaze. Similarly to a
finding of Sbranna et al. (2025), our results suggest
that a gaze does not have to be mutual to impact
the conversation. In fact, mutual gaze was rarely
significantly correlated with a certain type of turn,
as opposed to one-sided gazes to the other par-
ticipants (5 out of 40 vs 28 out of 80; x? = 6.7,
p = 0.009). As they did, we note that this distinc-
tion may be an artefact of the conversation being
task-based and with a visual competitor (the map).

We investigated the communicative intent of
gaze by matching it with dialogue acts.* Founda-
tional work (Kendon, 1967; Ho et al., 2015) sug-
gested that, at the end of turns, speakers look up at
the addressees to check their availability to speak.
While our research does not oppose this claim, and
arguably will, in this discussion, agree that looks
up are inviting a response, not all turns end with
a look up in our dataset. Rather, we have to call
for a more qualified answer where gaze behaviour
at the end of a turn is dependent on the intent of
the participants. Bavelas et al. (2002) found most
backchannelling to be happening during "gaze win-
dows" (i.e. mutual gaze instances). While our data
does not suggest that CONFIRMATION turns — nor
AHqs <0, AHg < 0 which tend to host such turns
— start in such windows, the Giver's CONFIRMATION
turns were indeed more likely when the Follower
was looking at them. The corresponding tendency
for the Follower’s turns was, however, not found
significant. Kendrick and Holler (2017) found that
dis-preferred answers were associated with averted
gaze, while preferred answers were associated with
looks at the conversational partner. Only based on
the contrast between cCoNFIRMATION and REJEC-
TION turns, our observation does not match either
as both DAs seemed to display similar behaviours:
a tendency for the answerer to look down while

“In work under review we study sequential measure-
ments of entropy and repetition in interaction with DAs.
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G’s Turns F’s Turns

G's Gaze Down Up Off Down Up Off
F'sGaze | Down Up | Down Up Down Up | Down Up
OR -0.42 0.05 069 085 | -1.69 1.26 | -0.69
SR 244 -265| 149 -241 | -1.17| -060 1.76 | -1.52 -0.55 | 1.81
OR-SR | -126 1.69 | -0.73 0.44 | 062 || -0.82 | 3.62 -345 1.01 | 1.78
) 154 -1.20 | -043  1.70 | -1.72 | 0.34 ¥ -1.32 | -1.79
(a) (b)

Table 6: Standard residuals for 2 significant x2-tests testing the likelihood of a certain repetition type given
the gaze values of the Follower (F) and the Giver (G) at the start of G’s turns (sub-table a, p = 1.37¢7%4)
and end of F’s turns (sub-table b, p = 8.51e7%7). In bold are significant residuals.

G’s Turns F’s Turns

G's Gaze Down Up Off Down Up Off
F's Gaze Down Up | Down Up Down Up | Down Up

OR CC|-280 160 | 1.22 -152 | 248 | -025 0.07 | -0.76 1.75 | 0.25
OC -2.08 266 | -2.18 1.98 | 1.57 128 1.13 | -1.53 -0.22 | -1.27

SR CcC 204 813 220 -1.71 |-1.07| 052 0.02 | -1.21 -0.69 | 1.42
OC 1.09 -0.04 | -054 -1.48|-042 | -2.28 [ 3.69 -0.89 0.17 | 1.09

OR-SR CC -080 -085| 202 049 |-003| -054 164 | -1.71 0.71 1.17
OC -091 276 | 251 0.15 | 0.78 || -0.58 | 8.22 | -2.95 0.68 | 1.27
o e 154 -1.20] -043 1.70 |-1.72 | 0.34 [-4.21 | 465 | -1.32 | -1.79

(a) (b)

Table 7: Standard residuals for 2 significant y2-tests testing the likelihood of a certain repetition type,
differentiating between open-class (OC) and closed-class (CC) tokens, given the gaze values of the
Follower (F) and the Giver (G) at the start of G’s turns (sub-table a, p = 3.82¢76) and end of G’s turns
(sub-table b, p = 4.71¢7%6). In bold are significant residuals.

the addressee looks up. However, our findings
match studies which take into account interaction
difficulty (Boyle et al., 1994; Nicholson et al., 2005).
For instance, Beattie (1978) reported that “Ques-
tions terminating with gaze were judged to be more
difficult than questions without gaze" (abstract). Al-
though we do not directly work with questions, this
notion of difficulty seems to extend to our analy-
ses. DouBT and EXPLANATION, corresponding to
instances in which the participants had to discuss
and negotiate meaning, as opposed to the conver-
sation flowing with no obstacle, but also F’s turns
containing self-repetitions of open-class content —
suggesting more planning, are indeed correlated
with looks at the addressee at their end.

Beyond abstract intentions observable through
dialogue acts, we also find a correlation between
the way turns are shaped and gaze behaviour. Sen-
tences which lead to a decrease of both the speaker
and conversation entropy tend not to divert gazes
from the object of attention — the map — while those
with particularly greater speaker’s than conversa-
tion entropy —that is, those where the speaker uses
vocabulary that is newer to them than to the conver-

sation — are correlated with the speaker gazing up
at the end. Furthermore, the study of repetition and
gaze, shows that the Giver tends to spontaneously
— understand from one turn to another — re-use lexi-
cal items from the Follower when starting while the
latter is looking up. This might be evidence that
the shape of a turn is also adapted depending on
the gaze of the addressee. Differences in gaze be-
haviours based on the participant’s role were also
noted. For instance, pousT turns uttered by the
Follower can start while both are looking down at
the map, while the Giver’s bousT turns are unlikely
to occur in such a context. This can also be ex-
plained by the higher likelihood for F’'s bousT to be
expressed during G's turns (p = 3.775¢712).

Interpreting these results provides further in-
sights into mutual understanding. CONFIRMATIONS
seem to lead the speaker to keep looking down at
turn ends. ReJECTION turns only seem to end with
the speaker looking down and the other participant
looking up — a finding in favour of analysing referen-
tial looks down as a sign that the understanding is
mutual. The alignment theory (Pickering and Gar-
rod, 2004) states that participants will align their
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beliefs as communicative intent unfolds, and this
is visible through different means, linguistic and
paralinguistic (Garrod and Pickering, 2007). Such
a result adds to past work on repetitions and mu-
tual gaze (Murat et al., 2022) which hypothesised
mutual gaze to convey evidence of mutual under-
standing. In fact, our results are further evidence
that mutual gaze is relatively rare in a conversa-
tion which includes a gaze competitor (here, the
map) and that it occurs in situations of struggle:
at the start of a REJECTION turn, at the end of an
EXPLANATION or at the end of a turn in which the Fol-
lower tries to make the conversation’s words theirs
(AHgs > AH¢ > 0). This matches previous litera-
ture which sees gaze up as a way to check the avail-
ability of the other participant to speak — and hence
contribute (Kendon, 1967; Ho et al., 2015). Itis also
similar to the early gaze studies reported on the
HCRC Map Task Corpus (Boyle et al., 1994), which
highlighted that gazes up tended to mark moments
of difficulty. Interestingly, the method they had then
used differed considerably from ours. They focused
their analysis on the mismatch between the maps
and found significantly more gazes up when non-
matching references were discussed than when
matching references were discussed. On our end,
the methods were purely quantitative. We did not
inspect the maps nor the details of the lexicon be-
ing used beyond their frequency and their part-of-
speech. Yet, we were able to highlight moments of
difficulty and draw similar conclusions (presumably
because the language used was about the maps).

We have reported on a reduction of temporal in-
formation to categories and counts based on events
and their overlap, without direct attention to du-
rations associated with the relevant boundaries.
These have been shown to be important (e.g., Oer-
tel et al. (2012)). Our approach does not destroy
information about duration beyond counts of events;
rather, the method may complement such analyses.

In sum, exploring gaze behaviour at the start
and end of each turn allowed us to study anterior-
ity of events (is the gaze or the turn coming first)
and, thus, contributes insights to the turn-taking
literature (Degutyte and Astell, 2021) (see §2). The
relationship between gaze and turn qualities shows
different coherent patterns: as the property of a turn
display a need for feedback, the speaker’'s gaze
ends up, and as the gazes are up, the content gets
more reused in response, as a way to clarify the
situation.

6. Conclusion

This paper investigates the relationship between
eye-gaze behaviour in the dyadic conversations
and the linguistic progression of the interaction. To
do so, we studied the correlation between paired

gaze and dialogue acts to reveal the intention be-
hind turns, along with their lexical properties, as
measured by entropy and repetition, using a cross-
modality event annotation scheme that enables
count-based interaction analysis. Our results on
the HCRC Map Task corpus show that gaze at the
turn level (their start or end) is correlated with the
progression of the interaction. A gaze towards the
conversation partner at the end of a turn tends to
align with complexity and difficulties expressed in
the turn, while keeping a look down at the map is
more typical of situations without obstacles, and
neither participant shows signs of disagreement.
There is also evidence that the Guide may adapt the
content of their turns to the Follower when the latter
is looking up at the start of the turn, as such a case
is correlated with the presence of other-repetition.

7. Ethics Statement & Limitations

This observational study uses part of only one —
albeit large — corpus: the HCRC corpus (Thompson
et al., 1993). lts strict set-up — a task having to
be performed by strictly two persons with a visual
competitor that is the map, is more natural than
some settings, but still far from representative of all
face-to-face human interactions. Rather, this paper
has to be read as an incremental contribution, and
this aspect is accented in the discussion where the
results are compared with prior findings.

While the HCRC Map Task corpus is widely stud-
ied and this observational study relied on its ethical
provenance, the results here have some bias. Even
if the corpus is gender-balanced, its tightly con-
trolled design records only native English speakers,
most of them Scots. We have not yet analysed Map
Task data constructed in other languages. The raw
HCRC recordings are not available for privacy rea-
sons, so all the gaze annotations have to be trusted
— in fact, due to contradictions in some gaze anno-
tations and absence of material to reconcile them,
we had to omit excerpts (see sec. 3.2). We have
found prior descriptions of gaze annotation in this
corpus (e.g. Boyle et al. (1994); Anderson et al.
(1997); Doherty-Sneddon (1995), but they imply
a different label inventory and temporal precision
than is in the corpus. We have not spotted a clear
discussion of the released annotations.
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