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Abstract
Signed interpretation in movement based instruction creates high visual load environments in which spoken
language, sign language, and physical demonstration compete for the same perceptual channel. We present a
participatory multimodal observational study of mixed hearing movement and mindfulness classes in which Deaf,
Hard of Hearing (DHH), and hearing participants practice together. Based on synchronized video recordings,
instructor interviews, and participant surveys, we examine how alignment across demonstration, signed instruction,
and bodily execution is achieved and restored in real time. Drawing on theories of grounding, repair, and
sign language interaction, we conceptualize movement coherence as alignment across these parallel streams
and describe how breakdowns trigger observable attention shifts and distributed repair across participants,
interpreters, and instructors. Across sessions, we identify recurrent coordination strategies including peer
checking, freeze and scan, interpreter repositioning, tactile cueing, and pacing adjustment. Our findings
provide an empirically grounded account of grounding under attentional constraint in inclusive embodied
settings, with implications for sign language interpretation, multimodal discourse, and the design of accessible
movement instruction. This paper includes deidentified materials derived from recorded sessions, including
selected keyframes, structured interactional annotations, and anonymized instructor and participant survey responses.

Keywords: movement coherence, Deaf community, participatory design, visual attention, sign language,
multimodal communication, repair

1. Introduction

Participation in movement and mindfulness classes
requires continuous inference about instructional
intent across multiple modalities. What movement
does the instructor intend? Has the interpreter ac-
curately conveyed it? Are my neighbors doing what
I think I should be doing? In mixed-hearing classes
where Deaf, Hard-of-Hearing (DHH), and hearing
participants practice together, understanding re-
quires coordinates spoken instruction, signed in-
terpretation and physical demonstration, through
a single visual channel. These environments con-
stitute high visual load settings, where multiple in-
struction streams compete for access to the same
perceptual channel (Figure 1).

While such environments present challenges for
accessibility and instruction, they also provide a
unique opportunity to study how people maintain
shared understanding when communication un-
folds across parallel modalities. In these settings,
understanding is not reflected in verbal agreement,
but in whether participants’ bodies align with the in-
tended movement. When alignment breaks, partici-
pants visibly pause, scan the room, reposition them-
selves, or seek clarification. Interpreters adjust their
position or correct movements, and instructors slow
down or repeat demonstrations. Alignment is there-
fore continuously negotiated through observable
repair behaviors.

We frame this coordination problem through

Figure 1: High visual load in mixed-hearing move-
ment instruction. Spoken instruction, signed in-
terpretation, and physical demonstration unfold in
parallel, requiring participants to allocate visual at-
tention across competing streams. We model co-
herence as the alignment between these streams
and bodily execution; breakdowns produce observ-
able attention shifts and repair behaviors that are
captured in our annotation framework.
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Clark’s theory of grounding and common ground
in communication, which treats mutual understand-
ing as a collaborative and distributed achievement
rather than an individual process (Clark, 1996;
Clark and Brennan, 1991). In Clark’s account, in-
terlocutors continuously coordinate to establish suf-
ficient mutual understanding for the task at hand,
initiating repair when alignment falters (Schegloff
et al., 1977). In mixed-hearing movement instruc-
tion, grounding is not only linguistic but visibly em-
bodied: alignment becomes observable in the co-
ordination of bodies, gaze, and timing across par-
ticipants, interpreters, and instructors.

Using this theoretical lens, we present a partici-
patory observational study of nine mixed-hearing
movement and mindfulness sessions. The study
was conducted in collaboration with an inclu-
sive movement and mindfulness education cen-
ter whose accumulated pedagogical knowledge
shaped our observational focus. Using synchro-
nized video recordings, instructor interviews, and
participant surveys, we analyze how participants,
interpreters, and instructors coordinate attention
and repair communication breakdowns in real time.
This study is guided by three research questions.
First, what coordination challenges arise in mixed-
hearing movement instruction under high visual
load? Second, how do participants, interpreters,
and instructors maintain and repair movement co-
herence across parallel instruction streams? Third,
how are these coordination and repair strategies
experienced by participants and instructors?

Our findings show that high visual load
environments create a recurring coher-
ence–attention–repair cycle. When instruction
streams diverge, participants shift attention, initiate
repair through available modalities, and gradually
restore alignment. We present a taxonomy of
repair strategies distributed across actors and
show convergent evidence from video annotation,
instructor interviews, and participant surveys. We
further identify a tension between comprehension
and relaxation in mindfulness contexts, where
sustained visual monitoring conflicts with inward
attention, and we derive design implications for
accessible movement instruction and multimodal
communication systems.

This paper makes the following contributions:
1. We identify communication and coordination

challenges in mixed-hearing movement in-
struction through a participatory study with in-
structors (§ 4).

2. We introduce movement coherence as align-
ment across demonstration, signed interpreta-
tion, and bodily execution, and operationalize
it through a video annotation framework that
tracks coherence breaks and repair sequences
(§ 5).

3. We present a taxonomy of repair strategies ini-
tiated by participants, interpreters, and instruc-
tors, grounded in the theory of mind inferences
each actor makes about others’ states (§ 5.2).

4. We connect observational findings with par-
ticipant and instructor surveys to understand
how these repair strategies are perceived and
experienced in practice (§ 5.4).

We release deidentified materials derived from
recorded sessions, interactional annotations, and
anonymized instructor and participant survey re-
sponses1.

2. Related Work

Our account of movement coherence draws on
three research traditions: grounding and common
ground in communication, coherence relations in
multimodal discourse, and visual attention in signed
interaction. We synthesize these perspectives to
characterize how participants construct coherent
understanding across multiple information streams
and how they adapt when coherence breaks.

Grounding and Common Ground Understand-
ing in interaction is a collaborative achievement
requiring coordination on both content and process
(Clark, 1996). Clark and Brennan (1991) analyze
grounding as the collective process by which par-
ticipants reach mutual belief that they have under-
stood one another to a criterion sufficient for cur-
rent purposes; this account builds on earlier work
establishing how speakers and addressees collab-
orate on contributions (Clark and Schaefer, 1989;
Clark and Wilkes-Gibbs, 1986) and how they coordi-
nate through evidence of continued attention (Clark
et al., 1983; Schober and Clark, 1989). The effort
required for grounding varies with communicative
conditions including visibility, audibility, copresence,
and shared knowledge (Clark and Brennan, 1991);
Isaacs and Clark (1987) show that references be-
tween experts and novices require different ground-
ing strategies than those between peers. Enfield
(2006) extends this framework by examining the
social consequences of common ground. Repair
in conversation follows systematic patterns (Sche-
gloff et al., 1977; Schegloff, 1987; Jefferson, 1987),
with preference for self-initiated self-repair operat-
ing across diverse language communities (Dinge-
manse et al., 2015). In signed interaction, repair
takes modality-specific forms (Manrique and En-
field, 2015; Manrique, 2016): interruption, gestural
indication of confusion, and visual confirmation-
seeking. Baker (1977) documented how turn-taking
in American Sign Language relies on visual atten-
tion differently than in spoken discourse.

1https://github.com/sakimai/movement-coherence

https://github.com/sakimai/movement-coherence
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Coherence Relations in Multimodal Discourse
Discourse coherence theory (Hobbs, 1985, 1979)
characterizes the inferences giving discourse units
coherent joint interpretation through relations such
as Elaboration, Explanation, and Parallel; Hobbs
and Agar (1985) show how these relations enable
coherence even in seemingly discontinuous dis-
course. Asher and Lascarides (2003) formalize
these relations within Segmented Discourse Rep-
resentation Theory, building on dynamic semantic
approaches (Kamp and Reyle, 1993; Groenendijk
and Stokhof, 1991). Grosz et al. (1995) model lo-
cal coherence through relationships among focus
of attention, choice of referring expression, and
perceived coherence, building on earlier work on
focus in dialogue (Grosz, 1977; Sidner, 1983). Cen-
tering theory posits that certain entities are more
central than others, constraining reference choices
(Gordon et al., 1993; Brennan, 1995). Walker et al.
(1994) extends centering to Japanese, demonstrat-
ing cross-linguistic applicability. Stojnić et al. (2017)
argue that pronouns are resolved to whatever entity
is at the center of attention in coherent discourse;
Stojnić et al. (2020) extend this to demonstratives,
showing that pointing gestures update context by
putting entities at the center of attention. Coher-
ence relations extend to multimodal communication.
Lascarides and Stone (2009) provide a formal se-
mantic analysis showing how speech and gesture
jointly contribute through structured relations, build-
ing on earlier work on nonverbal communication
(Kendon, 2004; McNeill, 1992). Work on image-text
coherence (Alikhani et al., 2020; Inan et al., 2021)
demonstrates that different relations (Visible, Story,
Subjective) affect comprehension and evaluation;
Hiippala et al. (2021) extends this to diagrams. Inan
and Alikhani (2024) show that coherence relations
predict eye-gaze patterns during both comprehen-
sion and production, suggesting coherence shapes
attentional processes during interpretation.

Visual Attention in Signed Interaction In sign
language, coherence is realized through spatial and
temporal organization. Inan et al. (2022) show that
prosodic features such as intensification and sign-
ing space use carry meaning affecting comprehen-
sion; generation models failing to capture these fea-
tures produce outputs signers find incoherent. Inan
et al. (2025) address cross-linguistic coherence in
sign-to-sign translation, showing alignment algo-
rithms informed by linguistic structure improve qual-
ity. Research on sign language interpretation doc-
uments cognitive demands on interpreters (Napier,
2009), but less attention has been paid to demands
on recipients. Cognitive load theory (Sweller, 1988;
Chandler and Sweller, 1991) attributes learning dif-
ficulties to instructional designs exceeding working
memory capacity, positioning load as an environ-

mental feature. Alibali and Nathan (2014) show
that teachers use gesture to reduce cognitive load,
building on work linking gesture to spatial reasoning
(Alibali et al., 2000; Goldin-Meadow, 2003). Mind-
fulness practices have documented benefits for
DHH populations (Biegel et al., 2009; Black and
Slavich, 2015; Werfel et al., 2025), yet these prac-
tices assume attentional conditions that high visual
load environments disrupt.

Participatory Research Research with DHH
communities raises methodological considerations
(Singleton et al., 2014; Kusters et al., 2017). Par-
ticipatory approaches position community mem-
bers as partners (Bragg et al., 2019; Mack et al.,
2020). Our study was conducted in partnership
with an inclusive movement and mindfulness ed-
ucation center; community collaborators shaped
research questions and interpretive frameworks.

3. Methodology

We conducted a participatory observational study
with an inclusive movement and mindfulness educa-
tion center offering wellness programming for DHH
community members. The study combined ob-
servations of movement and mindfulness classes,
semi-structured instructor interviews, and partic-
ipant and instructor surveys. These sources al-
lowed us to examine how participants construct
understanding of instructor intentions and how com-
munication breakdowns emerge and resolve.

Participatory Partnership We structured the col-
laboration following principles from Bragg et al.
(2019) for research with Deaf communities. Organi-
zation staff participated in defining research ques-
tions, shaping observation protocols, and interpret-
ing findings. A Deaf community liaison attended
all observation sessions. We committed to return-
ing findings in accessible formats and ensuring
that any recommendations would serve community-
identified needs.

Observational Study We conducted observa-
tions following methods for studying embodied in-
teraction in naturalistic settings (Goodwin, 2000;
Hutchins, 1995). Observations occurred during
regularly scheduled classes over 10 weeks. Each
class included eye yoga, gentle movements, and
seated mindful breathwork. All classes were led by
hearing instructors who provided spoken English
instruction with simultaneous ASL interpretation by
certified interpreters. Session duration was 50 min-
utes, with 4 to 10 participants per session. Two
synchronized cameras captured complementary
perspectives: a front-facing camera documented
instructor and interpreter activity while an overview
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camera captured participants. This dual-view ap-
proach enables analysis linking instruction produc-
tion to participant reception (Mondada, 2006).

Expert & Instructor Interviews To complement
observational data, we conducted semi-structured
interviews with two instructors and an expert who
have led movement and mindfulness programming.
Interviews lasted approximately 50 minutes each
and addressed teaching challenges, adaptations
developed over time, and reflections on what sup-
ports or impedes participant engagement. We ana-
lyzed interview transcripts thematically, identifying
patterns that informed our observational findings.

Participant & Instructor Surveys We addition-
ally collected surveys from both participants and
instructors. Participants completed surveys about
attention strategies, fatigue, and preferred instruc-
tional modalities, while instructors completed post
session surveys documenting observed confusion
signals, instructional strategies used, and commu-
nication challenges encountered during each class.
These surveys provided self report evidence that
complemented the behavioral patterns observed in
the video analysis.

Cohort and Setting Classes operated as mixed-
hearing spaces open to Deaf, Hard-of-Hearing,
and hearing participants. Our observed cohort
comprised 4 participants (age range [18]-[60]; 4
women). Hearing status included Deaf (1), Hard-
of-Hearing (1), and hearing (2). Among DHH par-
ticipants, all used ASL as a primary or secondary
communication mode. The mixed-hearing compo-
sition created a heterogeneous attention ecology:
hearing participants attended primarily to the in-
structor while DHH participants attended primarily
to the interpreter but also monitored the instructor’s
demonstrations. Different participants thus drew on
different information sources for the same instruc-
tional content, facing different visual load profiles.

Annotation Protocol We developed the annota-
tion scheme through iterative refinement with com-
munity partners and the research team. Each ses-
sion was segmented into movement episodes cor-
responding to distinct poses or transitions. Within
each episode, we coded four layers: (1) instruction
components, marking the onset and offset of spo-
ken description, signed interpretation, and physical
demonstration; (2) attention events, including gaze
shifts, interpreter repositioning, tactile cues, and
eye closure instructions; (3) movement execution
states, categorized as aligned, divergent, hesitant,
or frozen relative to the demonstrated movement;
and (4) repair sequences, marking the initiator (par-
ticipant, interpreter, or instructor), the trigger (co-

herence break type), and the outcome (alignment
restored or not). The repair categories reported in
§5.2 emerged bottom-up from this coding process
and were refined over multiple annotation passes.

We used ELAN (Wittenburg et al., 2006) for tem-
poral annotation of the synchronized dual-camera
recordings. The first author served as the primary
annotator and coded all sessions. To assess re-
liability, a second annotator independently coded
randomly selected movement segments (10 min-
utes of video) using the same scheme. We com-
puted Cohen’s Kappa (Fleiss and Cohen, 1973) for
the inter-annotator agreement (κ = 0.67, i.e. sub-
stantial agreement). Disagreements were resolved
through discussion, and the resulting consensus
annotations were used to refine category bound-
aries for the remaining sessions. The frequency
counts reported in Table 1 are based on the primary
annotator’s full coding of all sessions.

4. Challenges in Mixed-Hearing
Movement Contexts

Instructor interviews show how the structural con-
straints of mixed-hearing environments create dis-
tinct cognitive and physiological difficulties for par-
ticipants that make movement coherence fragile
and continuously negotiated. These often place
the goals of mindfulness in tension with the visual
demands of instruction.

The Paradox of Attention vs. Relaxation A pri-
mary difficulty identified by instructors is the conflict
between the visual vigilance required for compre-
hension and the somatic state required for mindful-
ness. Instructors noted that DHH participants often
remained “activated” throughout the entire session.
They continuously monitored the visual field for
cues rather than “tapping in” to the relaxation ex-
perience. Hearing participants might close their
eyes or soften their gaze to focus inward. In con-
trast, DHH participants were observed to physically
“strain” to maintain visual contact with the instructor
or interpreter. This constant state of alertness pre-
vents the “drop-in” to the body that is central to yoga.
The need to externally monitor effectively creates
a barrier to internal proprioceptive awareness.

The Validation Loop This heightened activation
manifests in what we term a “validation loop.” In-
structors reported that participants rarely moved
on a single cue. Instead, they often required “two
to three steps of extra validation” before commit-
ting to a pose. A participant might first observe the
interpreter and then check the instructor. Finally,
they might scan neighboring peers to confirm accu-
racy. This recursive checking process introduces
latency and cognitive load. It disrupts the flow of
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movement. Instructors attempted to mitigate this
by moving around the room to remain visible. Yet
the fundamental need for multi-source confirmation
remained a persistent tax on participant attention.

Heterogeneity and Pacing Finally, the mixed-
hearing cohort presents conflicting demands re-
garding pacing. Instructors noted a tension be-
tween participants who requested a faster flow and
those requiring a gentler pace. In a signed envi-
ronment, speed is a function of visibility. When
the pace accelerates, the window for visual pro-
cessing shrinks. Instructors reported that when the
flow became too rapid, the “validation loop” broke
down entirely. This caused participants to stop and
signal confusion. This suggests that the speed of
instruction is limited by the bandwidth of the visual
communication channel.

These challenges suggest that coordination in
mixed-hearing movement instruction is fundamen-
tally constrained by visual attention and visual band-
width. Participants must divide attention across
multiple information sources while executing move-
ments and engaging in mindfulness practices, mak-
ing alignment across instruction streams fragile and
continuously monitored. When this alignment fails,
participants, interpreters, and instructors initiate
visible repair actions to restore coordination.

5. Our Framework

The challenges reported by instructors describe the
constraints of mixed-hearing movement instruction,
where multiple instruction streams compete for vi-
sual attention and coordination must be maintained
under high visual load. To understand how partici-
pants nonetheless coordinate their movements in
this environment, we now turn to the movement
recordings and apply two concepts to what we ob-
served: movement coherence and theory of mind.
We define both below, then apply them to specific
cases from the recordings.

5.1. Embodied Meaning-Making
In the classes we observed, three streams of infor-
mation unfold in parallel: the instructor’s physical
demonstration, the interpreter’s signed rendering
of the spoken instruction, and the participant’s own
bodily execution.
Definition 1. We use the term movement coher-
ence to refer to the alignment across these three
streams: demonstration, signed interpretation, and
participant execution. When the instructor extends
their arm, the interpreter signs the corresponding
description, and the participant extends their arm
in the same way, coherence holds. When any of

Algorithm 1 Movement Coherence Parsing
Require: Movement streams for instructor I, interpreter

S, participant P ; lag threshold τ
Ensure: Coherence state sequence L
1: Extract movement features MI ,MS ,MP

2: for each movement episode t do
3: Compute alignment and temporal lag between

streams
4: if streams are aligned and lag ≤ τ then
5: Lt ← Aligned
6: else if streams diverge or lag > τ then
7: Lt ← Divergent
8: end if
9: if previous state was Divergent and alignment

is re-established then
10: Lt ← Repairing
11: end if
12: end for
13: return L

these streams diverge from the others, coherence
breaks.

To make this construct observable, we annotate
coherence at the level of movement episodes us-
ing four states: aligned, divergent and repairing. A
coherence break is marked when these streams
fall out of alignment beyond a brief temporal lag,
and a repairing is marked when alignment is re-
established. This formulation enables us to track
the temporal dynamics of coordination, quantify
breakdowns, and relate them to attention shifts
and repair strategies across actors. We describe
these steps in Algorithm 1. Figure 2(a) shows co-
herence holding (yellow) across the three actors
during aligned segments and breaking (red) when
the streams fall out of sync.

Coherence across parallel information streams
has been studied in other multimodal domains.
Cumming et al. (2017) describe conventions that
maintain spatial coherence across discontinuous
film shots; Lascarides and Stone (2009) formalize
coherence between gesture and speech; Alikhani
et al. (2020) model coherence between images
and their textual descriptions. We extend this line
of work to a triadic embodied setting where demon-
strations, signs, and bodily movements must co-
here across three actors.

Coherence is also tied to attention. Stojnić et al.
(2017) show that in linguistic discourse, coherence
relations govern what is at the center of attention at
any given point, and that attention determines how
context-sensitive expressions are resolved. We
observe the same structure in our data. When
coherence holds, participants distribute attention
across streams. When it breaks, attention narrows
to a single stream that can resolve the mismatch.
Figure 2(b) shows this cycle: coherence breaks
trigger attention shifts, which trigger repair, which
restores coherence.
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INSTRUCTOR

INTERPRETER

PARTICIPANT

Time Sequence (Movement Segment)

...

Floor Tap

Move Closer

Peer Check

?

COHERENCE
sign↔ gesture↔ body↔ proprio

REPAIR
initiated by any actorATTENTION SHIFT

cycle continues

Figure 2: (a) Coherence (yellow) holds when
signed instruction, demonstration, and bodily ex-
ecution align across actors. Breaks (red) trigger
attention shifts and repair actions (diamonds). (b)
The coherence-repair cycle: attention shift detects
breaks and initiates repair by any actor.

Coherence describes whether the three streams
are aligned. But it does not explain how people
figure out what to do when they come apart. For
that, we need theory of mind (ToM): the capacity to
infer what others intend and believe (Premack and
Woodruff, 1978; Wimmer and Perner, 1983; Ap-
perly, 2010; Schaafsma et al., 2015). Each actor in
the room continuously models the others’ intentions.
The participant infers what movement the instructor
wants them to do and whether the interpreter has
accurately conveyed it. The interpreter monitors
the participant’s execution and infers their compre-
hension state. The instructor reads the group’s
movements to gauge whether the class is following.
When coherence breaks, these inferences drive re-
pair (Clark, 1996; Clark and Brennan, 1991; Sche-
gloff et al., 1977). A participant who points to their
own leg is signaling confusion; the interpreter who
points back has inferred what the participant needs
to know; an instructor who pauses has inferred that
the group has fallen behind.

Clark’s account of grounding provides a frame-
work for understanding how participants collabora-
tively establish mutual understanding through vis-
ible coordination and repair. However, it remains
largely interactional and does not explicitly model
how individuals infer others’ intentions when coor-
dination fails. We therefore complement grounding
with ToM, which captures the inferential processes
by which participants interpret others’ beliefs and in-
tentions during breakdowns. In our setting, ground-
ing is visible in the alignment of movements across
actors, while theory of mind explains how partici-
pants decide what corrective action to take when
this alignment is disrupted.

We observed this coherence-attention-repair se-
quence across multiple instances. However, in-

terviews with instructors and experts suggest that
these repair sequences are not occasional events
but structural features of mixed-hearing movement
instruction. Because multiple instruction streams
compete for the same visual channel, maintaining
coherence requires continuous monitoring, and co-
herence is frequently placed under pressure.

5.2. Repair Strategies

Through a bottom-up, data-driven approach we
present a taxonomy of repair strategies (see Ta-
ble 1). The categories emerged from iterative an-
notation of the video data and are not an exhaustive
list. We organized them by who initiates the repair:
participant, interpreter, or instructor.

Figure 3 illustrates a scenario where several of
these strategies co-occur. During an eye yoga
exercise, participants were instructed to focus on
their thumb while shifting visual focus between the
thumb and a point behind it. The exercise required
sustained visual attention on a specific target while
instruction about when to shift focus arrived through
the same visual channel. Participants adapted by
checking the interpreter between focus shifts, rely-
ing on peripheral vision, or following peer timing.

Participant-initiated repairs. When visual load
exceeded capacity, participants employed adap-
tive strategies to restore alignment. Some are self-
initiated repairs in the conversation-analytic sense
(Schegloff et al., 1977); others are clarification-
seeking actions directed at another actor (Clark,
1996). Both are triggered by coherence breaks and
aim to restore alignment.

• Peer-checking: observing neighbors as a
proxy for correct movement (Goodwin, 2000).

• Freeze-and-scan: pausing movement to
sweep gaze across information sources
(Kendon, 1967).

• Strategic disengagement: reducing moni-
toring during familiar sequences to conserve
attentional resources (Hutchins, 1995).

• Position-holding: maintaining a previous
pose during uncertainty (Clark, 1996).

• Signing to the interpreter: producing a ges-
ture or sign directed at the interpreter to re-
quest clarification, such as pointing to a body
part to ask “this one?” (Schegloff et al., 1977).

• Communicating with peers or instructor:
verbally or gesturally addressing another actor
for confirmation or request a repeat, showing
uncertainty (Clark and Wilkes-Gibbs, 1986).

Interpreter-initiated repairs. Interpreters actively
monitored participant behavior and adjusted their
own positioning and output to restore alignment.
These are other-initiated repairs (Schegloff et al.,
1977) that operate across the visual and spatial
modalities available in the signed environment.
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Figure 3: The eye yoga exercise illustrates visual load exceeding capacity at its most acute. The practice
demands sustained visual focus on one’s thumb while instruction about when to shift focus arrives through
the same visual channel. Participants adapt by checking the interpreter between focus shifts, relying on
peripheral vision, or following peer timing.

Repair Strategy Initiator Trigger Modality N
Peer-checking Participant Uncertainty about correct movement Visual (gaze to neighbors) 7
Freeze-and-scan Participant Maximum ambiguity at transition Visual (gaze sweep) 3
Strategic disengagement Participant Familiar or low-stakes sequence Visual (gaze softening) 5
Position-holding Participant Uncertain transition Bodily (maintain prior pose) 2
Signing to interpreter Participant Need for explicit clarification Gestural/signed (deictic, question) 3
Communicating with peers/instructor Participant Uncertainty, need for confirmation Verbal/gestural (speech, sign, gesture) 2
Proximity adjustment Interpreter Participant posture limits view Spatial (repositioning) 11
Persistent signing Interpreter Temporarily outside participant view Linguistic (continued signing) 11
Error correction Interpreter Participant executes wrong movement Gestural (pointing, demo) 4
Strategic non-intervention Interpreter Participant visually occluded None (waiting) 4
Tactile cueing Instructor Participant cannot see visual cues Tactile (floor tap) 4
Dual monitoring Instructor Ongoing instruction Visual (checking interp. + participants) 10
Pacing adjustment Instructor Participant appears confused Temporal (slowing, repeating) 4

Table 1: Taxonomy of repair strategies observed in mixed-hearing movement classes, organized by
initiator. Frequency counts (N) are from ELAN annotations across all sessions. Repair is distributed
across all three actors, with each actor drawing on the modalities available to them.

• Proximity adjustment: moving into the partic-
ipant’s restricted visual field when their posture
limits their view (Metzger, 1999).

• Persistent signing: continuing to sign even
when temporarily outside the participant’s view,
maintaining the linguistic stream for when vi-
sual access resumes (Winston, 1994).

• Error correction: noticing a participant’s ex-
ecution error (e.g. wrong side in a mirrored
movement) and producing a gestural correc-
tion (Schegloff et al., 1977).

• Strategic non-intervention: waiting for a
participant to complete a visually occluded
movement, recognizing that interruption may
be more disruptive than partial information
(Napier, 2002).

Instructor-initiated repairs. Instructors monitored
both the interpreter and participants for signs of

misalignment and adjusted the pace or modality of
instruction accordingly.

• Tactile cueing: tapping on the floor to sig-
nal transitions through a non-visual channel,
enabling communication regardless of visual
orientation (Jain et al., 2015).

• Dual monitoring: checking both the inter-
preter’s rendering and the participants’ exe-
cution to verify that information is reaching the
group (Clark, 1996).

• Pacing adjustment: slowing instruction or re-
peating a demonstration when participants ap-
pear confused, providing additional processing
time (Schegloff et al., 1977).

We also observed error propagation: the inter-
preter accidentally performed a movement the in-
structor had not demonstrated, and the participant
copied it. Coherence between participant and in-
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terpreter held, but coherence with the instructor’s
actual instruction was broken. Repair mechanisms
can introduce new coherence breaks when the par-
ticipant cannot verify against multiple sources.

The repair strategies documented above all as-
sume that visual access, even if limited, remains
partially available. Participants can still glance at
the interpreter, check a neighbor, or scan the in-
structor. The next section examines what happens
when this assumption breaks down entirely.

5.3. Eyes-Closed: Visual Constraint at
Maximum

Mindfulness components that instructed partici-
pants to close their eyes represented the most ex-
treme form of visual constraint. With eyes closed,
DHH participants lost access to their primary com-
munication channel entirely. We observed 15 eyes-
closed segments in which actors developed coordi-
nated strategies to maintain coherence.

Before eyes-closed segments, participants
caught the interpreter’s eye and established which
signs would indicate breathing in versus breath-
ing out (pre-occlusion coordination). During for-
ward folds and other positions that occluded the
participant’s view, the interpreter moved into the
participant’s restricted visual field (interpreter prox-
imity adjustment). During fully occluded segments,
the instructor tapped the floor to provide temporal
structure (tactile timing). Participants varied in their
response: some closed eyes fully, trusting the pre-
established coordination; others kept eyes partially
open, prioritizing comprehension monitoring over
full participation in the mindfulness component.

5.4. Evidence from Instructor and
Participant Surveys

While our observational analysis characterizes how
coherence is maintained and repaired in real time,
surveys from participants and instructors provide
insight into how these dynamics are experienced
and interpreted in practice. These reports reveal
which aspects of the coherence–attention–repair
cycle are perceptually salient to different actors and
how they shape participation in the class.

Instructor observed confusion signals algin
with repair behaviors. Instructor reports of con-
fusion signals align closely with the repair strategies
identified through video annotation. Instructors re-
ported observing scattered gaze (4 sessions), peer
copying (3 sessions), and uncertain posture or fid-
geting (3 sessions) which are behavioral signals
that correspond precisely to freeze-and-scan, peer-
checking, and position-holding in Table 1 (see Fig-
ure 4, rows 1-3). This convergence strengthens the

Instructor survey
confusion sig-
nals observed

Repair taxonomy
from video annotation

Participant survey
preferred atten-
tion methods

Copying peers
3 of 9 sessions

Peer-checking
participant-initiated (n=7) Peer tapping

2 of 10 participants

Scattered gaze
4 of 9 sessions

Freeze-and-scan
participant-initiated (n=3) Eyes: tired / no change

6 of 10 participants

Uncertain posture
3 of 9 sessions

Position-holding
participant-initiated (n=2) not captured

in survey

Vibrational cues used
4 of 9 sessions

Tactile cueing
instructor-initiated (n=4) Floor tapping

5 of 10 participants

Demonstration
top method, 9 of 9

Pacing adjustment
instructor-initiated (n=4) Prefer demonstrations

8 of 10 participants

Figure 4: Convergence across instructor sur-
veys, video annotated repair taxonomy, and par-
ticipant surveys. Each row maps an instructor ob-
served confusion signal to the corresponding re-
pair strategy in Table 1 and, where captured, to the
participant-endorsed attention method.

validity of the repair taxonomy and suggests that
instructors recognize the same coherence break-
down signals that are visible in the recordings.

Instructional strategies that reduce visual moni-
toring. Surveys showed that both instructors and
participants preferred instructional methods that
reduced reliance on signed or verbal explanation,
such as physical demonstration, floor tapping, and
vibrational cues (Figure 4, rows 4-5). While demon-
stration is still visual, it differs from signed instruc-
tion in that participants can follow movement di-
rectly through embodied imitation rather than sus-
tained linguistic attention. Floor tapping and vibra-
tional cues further distribute information into non-
visual channels. These strategies reduce the need
for continuous monitoring of linguistic instruction.

Fatigue reflects sustained coherence monitor-
ing. Post-class survey responses regarding eye
fatigue further support the claim that participants
must maintain sustained visual monitoring to pre-
serve coherence. Participants reported varying
levels of eye fatigue, suggesting heterogeneity in
how much visual monitoring individuals maintain
during class. This supports the interview findings
that some participants prioritize comprehension
monitoring while others prioritize relaxation, which
reinforces the tension between attention and mind-
fulness identified earlier.

6. Discussion and Implications for
Future Design

Movement coherence extends grounding the-
ory to embodied contexts. Our observations
and interviews extend grounding theory (Clark,
1996) to embodied, high visual load contexts. In
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Clark’s framework, successful communication re-
quires continuous coordination between interlocu-
tors to establish mutual understanding. Our data
show how this coordination operates when linguis-
tic and physical information streams compete for
the same attentional channel, and when the goal
of communication is bodily alignment rather than
propositional agreement. Movement coherence
provides a visible, continuous signal of grounding
success or failure, and the repair sequences we
documented show how interlocutors use these sig-
nals to detect and resolve breakdowns. Repair in
this setting differs from spoken conversation, where
it typically addresses a specific trouble source in the
linguistic stream. In movement instruction, repair
addresses misalignment between multiple parallel
streams (demonstration, interpretation, execution),
and any interlocutor can initiate it based on the
signals available to them.

Visual reliance creates a specific burden in
mindfulness contexts. Because DHH individu-
als communicate through sustained visual attention,
their eyes are under constant cognitive and physical
strain during instruction. Survey responses and in-
structor observations both indicate that participants
experience visual fatigue and must continuously
monitor multiple visual streams to maintain align-
ment. Mindfulness instruction asks participants
to soften external monitoring and attend inward,
while maintaining movement coherence requires
sustained monitoring.

Stillness and rest function as repair strategies.
Expert and instructor interviews suggest that mo-
ments of stillness function as a repair strategy for
the nervous system. When visual and cognitive
demands accumulate, participants need structured
breaks to reset. Our expert recommended 3 to
10 minute breaks of stillness with eyes closed, fo-
cused on body awareness, after which participants
perform differently. If comprehension monitoring
and relaxation are incompatible within continuous
instruction, then alternating between active instruc-
tion and structured rest may be more effective than
attempting both simultaneously.

Design implications. Our findings suggest sev-
eral implications for the design of inclusive move-
ment instruction in high visual load environments:

• Consistent structure reduces comprehen-
sion monitoring. Repeated class structure al-
lows participants to anticipate coherent move-
ment and reduce visual monitoring, redirecting
cognitive resources toward bodily experience.

• Instruction should distribute information
across sensory modalities and represen-
tations. Our expert recommended activating

tactile channels (hand-holding for connection,
tapping chains for transitions, self-touch dur-
ing breathwork), vibrational channels (gongs
or vibrating instruments, smartwatch vibrations
for timing cues), and proprioceptive engage-
ment (grounding through seated positions, bal-
ancing poses). These methods reduce de-
pendence on signed linguistic description and
instead use embodied demonstration that par-
ticipants can follow without sustained visual
fixation on an interpreter.

• Peer pairing distributes the work of main-
taining coherence. Pairs allow participants to
observe and correct each other at close range,
suggesting that dyadic models (e.g., an avatar
guiding two paired participants) may be more
effective than broadcast instruction.

• Technology could support personalization
and instructor awareness. The behavioral
markers we identified, such as freezing, scan-
ning, peer-checking, and movement diver-
gence, could be used by multimodal systems
to detect coherence breakdowns in real time.
Technologies such as AR overlays, avatars
(Stoll et al., 2020), or haptic feedback devices
could help distribute timing and instruction
across visual and non-visual channels, allow-
ing participants to maintain synchronization
without continuous visual monitoring.

7. Conclusion

By observing movement coherence in mixed-
hearing instruction, we provide an analysis frame-
work grounded in everyday embodied communica-
tion. We consistently observe that when demonstra-
tion, interpretation, and participants’ movements
fall out of sync, someone in the room initiates a
visible repair: participants pause and scan, inter-
preters reposition or correct, instructors slow down
or repeat. Alignment is actively rebuilt in real time.
We also observe a tension between comprehension
and relaxation, where sustained visual monitoring
limits the inward attention that mindfulness prac-
tices are designed to support. Expert and instruc-
tor interviews point toward concrete design prin-
ciples for addressing these challenges: an asset-
based orientation, multi-modal instruction, consis-
tent class structure, peer pairing, and structured
stillness. Throughout this work, participatory de-
sign has been essential to identifying challenges
that matter to the DHH community and will remain
essential to developing solutions that serve commu-
nity needs. With the framework and data released
through this study, we hope to spearhead research
into multimodal communication specifically for in
situ movement and mindfulness settings in mixed-
hearing environments.
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8. Limitations

Our cohort was drawn from a single organization,
limiting generalizability across DHH communities,
regional signing varieties, and class formats. Deaf-
led classes without interpretation would likely show
different dynamics. Our analysis privileges observ-
able behavior; participants’ subjective experience
may differ from our interpretations. The participa-
tory framework shaped research questions toward
community priorities, potentially limiting attention
to phenomena of primarily academic interest.

9. Ethical Considerations

This study was conducted under IRB approval (#25-
08-35). All participants provided informed consent,
and all data were deidentified prior to analysis and
publication. We took care to minimize any potential
risks to participants, and no harm resulted from the
study.
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