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Abstract
The study describes floor transition patterns
in free and task-oriented ‘spot the difference’
conversations by 10 pairs of German native
speakers. Each floor transition was delim-
ited by stretches of longer (> 1 s) intervals
of solo speech and included an arbitrary num-
ber of intervening intervals corresponding to
silences, overlaps and shorter stretches of solo
speech. While the effect of video conferencing
was minor, the type of task had a large effect
on the turn-taking patterns. Compared to the
free conversation, the task-oriented dialogues
were characterised by more frequent speaker
changes, particularly short transitions involving
a single gap. In addition, within-speaker transi-
tions with three intervening intervals were very
common in this condition, especially those in
which the interlocutor provided shorter verbal
contributions, possibly corresponding to feed-
back expressions.

1 Introduction

Although widely described as the fundamental
mechanism of spoken interaction, turn-taking is
still not very clearly understood. Spoken interac-
tion can vary in multiple ways, including number
of speakers involved, purpose, register, setting, and
medium. It is likely that the temporal arrangement
of speech also varies depending on factors such as
those mentioned above. In this study, we address
this problem by examining the arrangement of con-
tributions by participants in German task-based and
free (casual) conversations held face-to-face and
remotely over the Internet.

We base our analyses on floor state dynamics,
where spoken interaction is represented as a series
of floor state intervals, describing who is speaking
or remains silent at a particular time. The floor state
changes constantly throughout the interaction, and
sequences of floor states, or floor state transitions,
capture speech activity patterns, facilitating a data-
driven method to analyse the local dynamics of

turn-taking in different types of spoken interaction.
They can be used to describe turn-taking patterns
of arbitrary complexity and provide a convenient
starting point for more specific investigations of
conversational structure and content.

We perform a within-subject comparison of the
floor state dynamics of conversations from a subset
of the Berlin Dialogue Corpus (BeDiaCo), version
2 (Belz et al., 2021), where pairs of German speak-
ers engaged in two conversation types (task-free
casual conversation, and ‘spot the difference’ or
Diapix tasks) in two sessions – face-to-face and
over an internet connection.

2 Background

In this section, we briefly discuss the contextual
factors that might condition the emerging patterns
of turn-taking in conversation, including the effects
of videoconferencing and the organisation of con-
versation floor, both of which are of direct interest
to this study. We also introduce the paradigm used
to describe floor transitions used in this work.

2.1 Contextual effects on turn-taking

Even though Sacks et al. (1974) made it abundantly
clear that their turn-taking model did not necessar-
ily apply to all speech exchange systems, much of
the work on conversational turn-taking adopts the
assumption that “overwhelmingly, one party talks
at a time” (Sacks et al., 1974, p. 700) as one of
the underlying principles of all verbal interaction.
However, this is not necessarily the case as the
rules governing the temporal arrangement of turns
depend on contextual factors such as task, medium
and speakers’ familiarity (O’Connell et al., 1990).

In particular, Edelsky (1981) demonstrated that
in addition to the “one-speaker-at-a-time” model,
conversation floor can also be collaborative with
several interlocutors engaging in a “free-for-all”
state. In a collaborative constructed floor, turn
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mit eins zwei drei vier fünf rote Blüte

 habe ich nich und Nummer zehn

ah hast du aber eine Frau?A
B

oh ok

Floor state A AB X AB AB B AX

Figure 1: Example of a between-speaker transition. The two top rows represent speakers’ talkspurts (A: With one
two three four five red flowers; B: I don’t have it; A: oh ok; B: and number ten; A: ah but do you see a woman
there?). The third row represents the floor state with solo-speech intervals longer than one second marked in grey.

length is more evenly distributed compared to a
single-floor model, and overlapping speech is con-
sidered a sign of participants’ active engagement
in a shared conversational space. Similarly, Tannen
(1980) found that high involvement in conversation
is characterized by high speech rate, rapid turn-
taking with short gaps and frequent overlaps.

In addition, while our understanding of turn-
taking mechanisms and conversational style is pre-
dominantly based on face-to-face (and, to some
extent, telephone) conversations, the effect of the
medium can potentially have a strong effect on tem-
poral patterns of turn exchange. As a case in point,
electronically-mediated remote conversations are
characterised by an unavoidable electronic trans-
mission delay, which might disrupt the rhythm of
conversational turn-taking, causing longer response
time in answering polar questions (Boland et al.,
2021). Egger-Lampl et al. (2010) found a posi-
tive correlation between conversational interactiv-
ity and speakers’ sensitivity to delay impairments.
They demonstrated that in highly interactive tele-
phone conversations, such as random number ver-
ification, fewer speaker changes take place under
long-delay conditions than under short-delay condi-
tions. This suggests that latency may affect speak-
ers’ ability to predict the turn end and they may
change their turn-taking behaviours depending on
the conversational condition. Indeed, Bailenson
(2021) hypothesised that in video conferencing in-
teractions interlocutors need to work harder to send
and receive turn-taking cues, which might explain
the “Zoom fatigue” reported by some users.

In the present study, we compare speaker transi-
tion patterns in conversations characterized by high
and low interactivity by contrasting free conversa-
tions and the Diapix task (Van Engen et al., 2010;
Bullock and Sell, 2022), a spot-the-difference game
where participants are each given similar pictures
which contain a number of differences and try to
find all differences through speech alone. Baker
and Hazan (2011) examined Diapix interactions
and concluded that it is a valid method for eliciting

balanced speech contribution in dyadic conversa-
tions. This task allows researchers to analyze con-
versational dynamics in a controlled but naturalis-
tic setting, providing insights into how participants
manage turn-taking in collaborative dialogues. We
additionally investigate the effect of the medium
by having the same participants conducting both
types of interaction face-to-face and using video-
conferencing software.

2.2 Analysis paradigm

The analysis of turn-taking patterns in large con-
versational corpora has a long tradition going back
to the seminal work on telephone speech by Nor-
wine and Murphy (1938); Brady (1968); Jaffe and
Feldstein (1970), which describes floor transition
phenomena in terms of probabilities of solo speech,
silence and overlap sequences. This line of research
has proven useful for describing temporal proper-
ties of turn-taking patterns in interaction (Heldner
and Edlund, 2010) and for identifying differences
between interactional settings, such as face-to-face
and telephone interaction (ten Bosch et al., 2004,
2005). Furthermore, machine learning on speech
and silence data from large corpora of dyadic and
multiparty speech has been successfully used to
infer information about spoken interaction, for ex-
ample, predicting speaker activity from conversa-
tion history (Jaffe et al., 1964; Beebe et al., 1988,
2000), inferring information such as relationships
between participants, genre, and features such as
personality traits of speakers in dyadic and multi-
party interaction (Laskowski, 2011; Gilpin et al.,
2018). However, much of this work is built on two
assumptions which do not make justice to the com-
plexity of the conversational turn-taking. First, it
considers any transition between non-overlapping
intervals, however short, as potentially meaningful.
Second, it implicitly assumes that speaker change
and retention are achieved within a scope of a sin-
gle interval of silence or overlap.

Consider, for instance, Figure 1, which shows an
excerpt from a dyadic conversation. There are nine
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floor states – solo speech (three As and two Bs),
overlaps (two ABs) and silence (two Xs). Existing
data-driven approaches to turn-taking could treat
this stretch as a series of four transitions: two in-
stances of A_AB_B from A to B, and two instances
of B_X_A from B to A. However, looking at the
transcript and the speech patterns, it seems more
likely that the longer stretches of solo speech by
speaker A delimit a single more complex transi-
tion with A retaining the conversational floor. Such
larger conversational structures are routinely over-
looked by large-scale corpus studies.

2.3 Floor state transitions
A more detailed approach to describing floor tran-
sitions like those in Figure 1 was proposed in
Gilmartin (2021). In this approach, longer se-
quences of speech and silence were captured by
concatenating floor state intervals. Floor state tran-
sitions were identified as the sequence of intervals
between stretches of solo (single-party) speech in
the clear (without overlap), in order to gain insight
into how turn change and retention is managed by
participants. To approximate turn changes or reten-
tion, a minimum duration threshold was placed on
the solo speech intervals leading into and out of the
transitions. Transitions were classified as within-
or between-speaker (WST and BST, respectively),
depending on whether speaker change occurred or
whether the same speaker continued.

Figure 2: Frequency of transitions with different num-
bers of intervening intervals in a corpus of casual (free)
conversation, reproduced from Gilmartin (2021).

This approach was used by Gilmartin et al.
(2020), who identified turn transitions in 24 mul-
tiparty conversations in English, Estonian and
Swedish. Each transition was characterised in
terms of the number of intervening intervals (i.e.
silences, overlaps and shorter stretches of solo
speech) it took to complete a turn transition. The

study found that the distribution of floor transi-
tions was similar to that in Figure 2 with 95% of
transitions completed in fewer than 16 intervening
intervals. One-interval transitions (i.e. consisting
of a single instance of silence or overlap) were the
most frequent but they nevertheless accounted for
less than 40% of all transitions, suggesting that
existing accounts of turn-taking might miss much
of floor change dynamics. In addition, transitions
involving even numbers of intervals were vanish-
ingly rare, due to the very low likelihood of two
or more participants starting or stopping at exactly
the same moment.

The composition of transitions in Swedish, Es-
tonian and English in terms of incidence and du-
ration of silent, overlapping and solo-speech inter-
vening overlaps was investigated in Włodarczak
and Gilmartin (2021). They found that while one-
interval transitions are predominantly silent, more
complex patterns of speech and silence were more
likely with increasing number of intervening inter-
vals. Overlaps in particular became more common
as the number of intervening intervals increased,
particularly in BSTs. Similarly, longer transitions
were found to involve increasingly many interlocu-
tors speaking, with participation by all three speak-
ers more likely in BST than WST. The authors
demonstrated that the most common three-interval
transitions (which account for about 21% of transi-
tions identified) were similar across the three data
sets, both in terms of interval types and in terms of
their percentage frequencies. In other words, even
though the transitions are quite complex (especially
as the number of intervening intervals increases),
a relatively small number of labels accounted for
a substantial portion of all floor transitions found.
A later study on dyadic phone conversations in the
Switchboard corpus found that the transition dis-
tribution in Switchboard’s conversations broadly
followed patterns found in multiparty talk, but that
there are fewer complex transitions observed.

3 Method

Below we describe the data used, segmentation and
processing into floor state transitions.

3.1 Data

The present investigation is based on a subset of
the Berlin Dialogue Corpus (BeDiaCo), version 2
(Belz et al., 2021). The material consisted of free
talk and task-oriented interactions between 10 pairs
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of German native speakers (mean age = 25.7, SD =
3.8, 10 females, 10 males) in two conditions: face-
to-face and remote (Zoom-mediated) conversations.
Each of the speaker pairs was living together at the
time of the recording.

The conversations were recorded in the pho-
netics laboratory of the Humboldt Universität zu
Berlin. In the face-to-face condition, participants
sat opposite each other in a sound-attenuated booth
and wore neckband headsets (Beyerdynamics Opus
54) to record their speech. In the remote con-
dition, they were located in adjacent offices and
spoke to each other via Zoom installed on two
tablets (Lenovo; 10.1 inch). Both tablets were
connected to the Internet through the university’s
wireless network (Eduroam). Subjects wore head-
phones to listen to each other and their speech was
recorded by additional microphones placed in the
room (Sennheiser Me62, Sennheiser Me64).

The free conversation had participants talking
about self-selected topics (e.g., one’s favourite
place in Berlin, plans for the next holiday) for
about 10 minutes. During the task-oriented part,
the speakers participated in the Diapix task. The
participants were given about 10 minutes to locate
10–13 differences between their pictures.

The participants came to the lab to be recorded
twice, with about a week between sessions. In each
session, participants solved two Diapix tasks with a
free conversation in between via one medium. For
each session and speaker pair, the order of conver-
sation media and Diapix tasks was randomised.

According to the post-experiment questionnaire,
13 of the 20 participants reported using Zoom on
a “daily” or “weekly” basis, the others “monthly”
or “never”. 15 of the participants were “comfort-
able” or “very comfortable” engaging in Zoom in-
teractions, while five were “neither comfortable nor
uncomfortable” (Belz et al., 2021).

3.2 Processing - Identifying speaker
transitions

Intervals of speech and silence in each speaker’s
recording were reconstructed from manually cor-
rected word alignments distributed with the cor-
pus, assembled into talkspurts (or interpausal units,
IPUs), given a minimum silence threshold of 200
ms.

The resulting talkspurt segmentation was then
used to identify floor state intervals, i.e. divide
the conversation into continuous segments where
a particular subset of speakers is active. Possible

floor states include solo speech by one speaker,
intervals of overlapping speech by two speakers, or
general silence. More generally, for a conversation
with n speakers, there are 2n possible floor state
labels - general silence, n different solo speech
labels, and various combinations of speakers in
overlap.

In the next step, speaker transitions were identi-
fied by locating instances of solo speech of at least
one second in duration and recording the floor state
intervals between those. Each transition was classi-
fied as WST or BST and was characterised by the
number of intervening intervals it contained.

4 Results

The corpus comprised 8451 floor transitions (floors
defined as talkspurts longer than one second) across
60 conversations. As shown in Figure 3, single-
speaker floor constitutes the majority of the data,
accounting for 69.2% of the conversation time, fol-
lowed by silent intervals (23.7%) and overlapping
speech by two speakers (7.09%). 3520 between-
speaker and 4931 within-speaker transitions were
found.
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Figure 3: Distribution of the conversation time by the
number of speakers.

4.1 General transition patterns

Figure 4 illustrates the percentage of different num-
bers of between- and within-speaker intervals in Di-
apix and free conversations in face-to-face (ftf) and
Zoom interactions. All groups have more than 98%
of transitions completed in less than 15 interven-
ing intervals (Diapix_ftf: 98.25%, Diapix_zoom:
98.26%, free_ftf: 98.50%, free_zoom: 99.34%). In
general, the greater the number of intervening in-
tervals involved in the transition, the less frequent
they are in the data. For a given number of inter-
vening intervals, there are usually more instances
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Figure 4: Frequency distribution of speaker transitions in face-to-face and Zoom interactions depending on the
number of intervening intervals.

of WST than BST within the group.

Transitions including even numbers of interven-
ing intervals constitute only 0.01% of the data.
Such transitions entail two speakers starting or stop-
ping at exactly the same time, with zero gaps and
zero overlaps in transition, which is extremely un-
likely given the granularity of the manually cor-
rected IPU segmentation.

The cumulative distribution of transitions com-
pleted in fewer than 15 intervening intervals is
shown in Figure 5. Notably, the difference between
the cumulative percentages within each group with
the same number of intervening intervals is greater
when broken down by task (left panel) than by
medium (right panel). Transitions with one inter-
vening interval account for 50.02% of all transi-
tions in free conversation, much higher than the
39.11% in Diapix tasks. Transitions with three to
seven intervening intervals exhibit a similar ten-
dency toward a cumulative percentage higher by
some distance in free conversations than Diapix.
No big differences are found in the cumulative dis-
tribution divided by medium, for example, 41.08%
for one-interval transitions in face-to-face interac-
tions and 44.55% for Zoom.

In total, 58.35% of transitions are WST. Only 14
conversations have a BST-to-WST ratio above 1,
all from Diapix tasks (Figure 6). Compared to free
conversations, Diapix tasks have a significantly
higher proportion of BST, indicating the Diapix
conversations are indeed more interactive and char-
acterised by more frequent speaker change.

Given that the main differences between the me-
dia involve floor transitions with one and three in-
tervening intervals, we focus on these to further elu-
cidate the underlying effects of task and medium.
Jointly, these cases account for 68.77% of all tran-
sitions in the data.

4.2 Transitions with one intervening interval

Unlike the face-to-face and Zoom conversations,
which exhibit a similar distribution of intervening
intervals per speaker transition, the two tasks show
notable differences with respect to transitions con-
sisting of one and three intervening intervals. In
the Diapix task, the most common sequence over-
all was BST with one intervening interval, while
WSTs containing one intervening interval were
clearly the most frequent sequence in free conver-
sation. In sum, transitions containing only one in-
tervening interval constitute about half of all transi-
tion types in free conversations (ftf: 48.50%, zoom:
51.27%), with a slightly lower proportion in Diapix
(ftf: 37.01%, zoom: 41.00%).

In order to further elucidate these differences,
Figure 7 shows the distribution of all BSTs and
WSTs with one intervening interval. In both face-
to-face and Zoom interactions, Diapix tasks have
a higher proportion of A_X_B sequence (between-
speaker silences) than A_X_A sequence (within-
speaker silences); conversely, free conversation
shows the opposite pattern. Conversation medium
does not seem to affect the frequency of one-
interval transitions.
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Figure 5: Cumulative distribution of the number of intervening intervals in a speaker transition depending on task
(left) and medium (right).
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Figure 7: Distribution of floor state sequences in transi-
tions with one intervening interval in face-to-face and
Zoom interactions.

4.3 Transitions with three intervening
intervals

Overall, transitions containing three intervals
account for approximately 25% of all tran-
sitions across tasks and media (Diapix_ftf:
28.47%, free_ftf: 25.27%, Diapix_zoom: 25.48%,
free_zoom: 23.60%), a slightly higher proportion
in Diapix tasks in both media.

Compared to transitions with one intervening
interval, there are usually fewer transitions with
three intervening intervals across the tasks and me-
dia (see Figure 4). Only in the Diapix face-to-face
interactions are WSTs containing three intervening
intervals more frequent than WSTs containing one
intervening interval. However, this difference is
not present in Zoom interactions.

In Figure 8, we examine the BSTs and WSTs
containing three intervening intervals in more de-
tail. The most frequent transition types are similar
for each task, with smaller differences between
the media: the most common three-interval se-
quence used in Diapix conversations is the WST
A_X_B_X_A, followed by its BST counterpart
A_X_B_X_B (for an example, see Excerpt 1); while
free conversations have a stronger preference for
A_X_A_X_A sequence, followed by A_X_B_X_A
in face-to-face interactions and A_X_A_A:B_A in
Zoom (see Excerpts 2 and 3).

Excerpt 1: Sequences of A_X_B_X_A (line 1-3)
and A_X_B_X_B (line 3-4).
A: ach so ja aber da sind drei runtergefallen1
B: nein2
A: und es hat ein ROTes Rad die Schubkarre3
B: ja (0.4) und dahinter sind so zwei Stöcker4

A: oh yes, but three of them fell down
B: no
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Figure 8: Distribution of floor state sequences in transitions with three intervening intervals in face-to-face and
Zoom interactions.

A: and it has a RED wheel the wheelbarrow
B: yeah (0.4) and behind it are two sticks

[ba_z_diapix2_f2f1:315-323]

Excerpt 2: Sequence of A_X_A_X_A.
A: also ich find keine Ahnung mein mein1

Lieblingsort in Berlin sind so (1.2) Orte zu2
denen man sehr oft eigentlich hingeht (1.4)3
Mercedes Benz Arena is für MICH voll schön4

A: well I don’t know, my favorite places in
Berlin are (1.2) actually places that you
frequently visit (1.4) for ME Mercedes Benz
Arena is quite nice

[bd_z_frei_m8f7:337-350]

Excerpt 3: Sequence of A_X_A_A:B_A.
A: diese Frage ganz anders beantworten (0.2)1

auf seine eigene [Art und Wei]se2
B: [ja= ]3

A: answer this question quite differently (0.2)
in his [own way]

B: [yeah ]
[bd_z_frei_m8f7:502-506]

Upon closer examination of WSTs containing
three intervening intervals, as shown in Figure 9,
we can see that these sequences appear to fall
into two distinct groups, depending on whether
the interlocutor B is involved during the transi-
tions. Transition including the involvement of the
other interlocutor is preferred in all groups. Yet,
transitions without B’s involvement constitute a
higher percentage in free conversations, regardless
of medium. The implication of these results will
be discussed in the next section.

face−to−face

diapix

face−to−face

free

zoom

diapix

zoom

free

0 10203040 0 10203040 0 10203040 0 10203040

A_X_A_X_A

A_A:B_A_X_A

A_A:B_B_X_A

A_X_B_X_A

A_A:B_B_A:B_A

A_X_B_A:B_A

A_X_A_A:B_A

A_A:B_A_A:B_A

Percentage of transition type (%)Tr
an

si
tio

ns
 w

ith
 th

re
e 

in
te

rv
en

in
g 

in
te

rv
al

s

With B's involvement Without B's involvement

Figure 9: Distribution of WSTs with three intervening
intervals categorised by B’s involvement.

5 Discussion

The results of the present study show a striking sim-
ilarity to previous studies (Gilmartin et al., 2020;
Gilmartin, 2021), especially the transition pattern
in free conversations. First, the distribution fre-
quency of BSTs and WSTs declines sharply when
the number of intervening intervals increases. Sec-
ond, there are always more WSTs than BSTs within
the group with the same number of intervening in-
tervals.

However, Diapix task exhibits a distinct feature
in both BSTs and WSTs containing one and three
intervening intervals. Among the one-interval tran-
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sitions, the BST occurrences outnumbered those of
WST. To be more specific, there are more A_X_B
sequences compared to the A_X_A sequences. This
difference indicates that Diapix conversations are
indeed characterised by high interactivity, with in-
terlocutors changing the floor more frequently to fa-
cilitate intensive information exchange. Rapid turn-
taking leads to a high number of between-speaker
gaps, while monologic utterances are marked by
numerous within-speaker pauses.

In the case of WSTs containing three interven-
ing intervals, their majority consists of transitions
where B produced a short utterance during A’s
monologic stretch, see Figure 9. The results sug-
gest that Diapix tasks prompt speakers to provide
more short utterances (e.g. backchannel, acknowl-
edgement) than free conversations. These findings
highlight that task-based conversations exhibit dif-
ferent turn-taking dynamics compared to free con-
versations. Our results thus reflect the distinctive
characteristics of conversations with different lev-
els of interactivity.

Compared to the task, the medium seems to play
a less important role in speaker transition patterns.
We expected that online-mediated conversations
would reduce interlocutors’ engagement, resulting
in fewer speaker changes. A noteworthy differ-
ence is observed in the three-interval WSTs in Di-
apix tasks, where their occurrences surpassed those
of one-interval WSTs in face-to-face interactions,
but not over Zoom. We assume that interlocutors
provide more feedback in the back channel when
conversing face-to-face, while on Zoom, due to
the latency and remoteness, backchannel-like utter-
ances are avoided to prevent misinterpretation as
a turn-starter, which could cause unintended inter-
ruption.

Beyond this, the media did not alter the general
speaker transition patterns within the same task.
This may be attributed to interlocutors’ increased
familiarity with remote conversations (see Section
3.1), leading them to adapt to the new conversation
dynamics.

Another potential explanation for the minor in-
fluence of remote conversation is that the transition
delay of audio signal does not reach the threshold
needed to create noticeable disruptions, such as the
800 ms delay in telephone conversation suggested
by Egger-Lampl et al. (2010). Unfortunately, we
were not able to obtain the exact delay in real-time
conversation, as Zoom does not provide access to
this data. Consequently, this forms a new area of

focus for future work where the latency in remote
conversations will be examined.

It is worth pointing out that data-driven analysis
such as that described above cannot capture all the
details of real conversations. Based on the task
settings, we assume that the three-interval WSTs
are primarily short feedback utterances, such as
acknowledgement, short answers and backchan-
nelling. Nonetheless, instances of unsuccessful
floor competition and premature relinquishment
would also be included in these sequences. A quali-
tative analysis of these cases is needed to determine
the exact distribution of backchannelling and other
potential turn-taking behaviours.

We plan to build on our analyses by exploring
the role of the duration of the intervening inter-
vals in transitions and indeed the stretches of solo
speech bounding the transitions in order to deepen
our understanding of how speech is arranged by
participants, and also to extend our analyses to a
variety of spoken interaction types. We hope that
the insights gained by these studies will contribute
to a better understanding of human-human spoken
interaction and will aid in specifying more effective
artificial dialogue technologies.
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