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Earables: Ear-mounted wearable devices

Great platforms for both 
hearing and head-based 
sensing.
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Most popular Earable Format?
Å In -ear Earables 
Å Example: Apple Airpod

Small Form Factor, Limited On -Device 
Space For Physical Interaction

Earables: Ear-mounted wearable devices



In-Ear Earables: Limited Physical Input Space
ÁSolution: 

ÁOff -device inputs

ÁPossible modalities

ÁHead motion

ÁFull -body motion

ÁFacial expressions

ÁSilent speech commands

ÁHand -to -face gestures



ÅNon-dominant hand (e.g., left hand 
for right -handed person) for 
interacting with ear -mounted 
wearable

ÅDominant hand for simultaneously 
performing other tasks
ÅGrabbing and interacting with mobile 

device
ÅHold and carry bag
ÅWrite using a pen

Unimanual, Non-Dominant Hand-Based Earable Interaction



Roadblocks for Above-neck, Manual Earable Interaction?

ÁProblem

ÁTouching the outer 
ear can displace in-
ear earables



VIABLE 
INTERACTION 
SPACE FOR 

ABOVE-NECK 
EARABLE 

INTERACTION?
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Avoid physical touch 
with outer ear or 

ear -mounted wearable



Expanding Off-Device Vocabulary Using Above-Neck Gestures
ÁPrior work explored unimanual input  

bounded within specific around -ear 
regions

ÁWorks for taps / pinches

ÁSwipes donôt scale well with small, bounded 
regions

Small region boundaries suggested in 
location-based gesture reuse (prior research)
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Expanding Off-Device Vocabulary Using Above-Neck Gestures
ÁPrior work explored unimanual input  

bounded within specific around -ear 
regions

ÁWorks for taps / pinches

ÁSwipes donôt scale well with small, bounded 
regions

Small region boundaries suggested in 
location-based gesture reuse (prior research)Swipe



Expanding Off-Device Vocabulary Using Above-Neck Gestures

ÁAssumption in prior work

ÁEar-adjacent swipes are treated as axial gestures  (horizontal / vertical)



Unimanual Off-Device Earable Swipe: Research Gaps
ÁBut elicitation studies reveal

ÁUsers naturally produce non -axial and angular gestures (L, U, V shapes)

ÁAnd gesture research shows

ÁShapes like ṉ checkmarks and ^ carets convey semantic meaning (confirmation, 
selection)



Why Unidirectional (Axial/Non-Axial) & Angular Swipes?
ÁPrior research favors unistroke  gestures

ÁLow shape complexity 

ÁEasy to recall and execute

Variation of non -axial 
and angular swipes



Creating Unistroke Above-neck, Unidirectional / Angular Swipes
ÁUnistroke  shapes like ṉ checkmarks and ^ carets 

can be formed by 

Ájoining two swipe segments at different angles , and 

Ávarying  their orientations

Variation of non -axial 
and angular swipes



Expanding Off-Earable Input Vocabulary Using Swipe Variation

Variation of non -axial 
and angular swipes

Swipe originates in starting region ( Green ), 
changes direction over a facial landmark (Yellow ), 

and terminates at a ending region (Blue )



Expanding Off-Earable Input Vocabulary Using Swipe Variation

Using unistroke  swipes that change directions on 
or above a focal point, we avoid precision issues 

with small region boundaries suggested in 
location-based gesture reuse (prior work) 

Small region boundaries suggested in 
location-based gesture reuse (prior work)



Expanding Off-Earable Input Vocabulary Using Swipe Variation

Swipe originates in starting 
region (Green ), changes 

direction over a facial 
landmark ( Yellow ), and 
terminates at a ending 

region (Blue )
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Expanding Off-Earable Input Vocabulary Using Swipe Variation

Swipe originates in starting 
region (Green ), changes 

direction over a facial 
landmark ( Yellow ), and 
terminates at a ending 

region (Blue )

4, 6 and 8-region segmentation centered on (onskin) / above 
(midair) cheekbone as the swipe focal point (marked in Yellow )



Imaginary Interface Approach: Swipe Motion Analysis Using Vicon



Experimental Design & Participants
Á Independent Variables

ÁInteraction Space (2)
Midair | On-skin

ÁRegion Density (3)
4 regions | 6 regions | 8 regions

ÁStudy Structure

Á2 Spaces × 3 Region Densities 
= 6 Gesture Blocks

ÁSwipe Conditions

Á116 possible swipes per interaction space

ÁParticipants (24 = 15 M, 9 F)

Áµ = 29.33 year, SD = 7.20

ÁNone with hand, arm or finger joint 
issues

ÁStudy Length

Á90 min session X 2 day

ÁEach day for a specific interaction space

ÁGesture Collected

Á5568 swipes

Á1 Trial / participant



Research Questions
ÁRQ1 ð Interaction Space

How do swipe performance  and workload  differ between
midair and on -skin interaction ?
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Research Questions
ÁRQ1 ð Interaction Space

How do swipe performance  and workload  differ between
midair and on -skin interaction ?

ÁRQ2 ð Region Density
How does increasing the number of gesture regions  affect
swipe performance  and workload ?

ÁRQ3 ð Region Location
Within a fixed interaction setup, how do start/end region locations
affect performance  and region preference ?



Evaluation Metrics
ÁPerformance

ÁAccuracy (DV1)

ÁTime (DV2)

ÁPath Length (DV3)

ÁAngular Drift (DV4)

ÁUser Experience

ÁNASA-TLX

ÁRegion Rating

Á Swipe starting position

Á Swipe ending position

Angular drift of swipe segment (red line) in the starting region 
(Green region) with respect to line C, the central plane for starting region. 

Line A  is the average trajectory of the swipe segment within starting 
Region. Angular drift = angle between A and C.



RQ1 & RQ2 Results: 
Onskin 9ĎŲŲĎũ ëŲ ȫ ²ĎĤĮōňŬɡ qĮĊëĮũ 9ĎŲŲĎũ ëŲ ʞ ȭ ²ĎĤĮōňŬ

ÅOn-skin swipes favored 4 
regions

ÅHigher densities (> 4 ) 
increased constraints and 
placement sensitivity for 
on-skin swipes.

ÅMidair swipes favored Ó 6 
regions. 

ÅPerformance degraded 
markedly at 8 regions in 
both interaction spaces.
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ÅOn-skin swipes favored 4 
regions

Åmidair swipes favored Ó 6 
regions. 

ÅHigher densities (> 4 ) 
increased constraints and 
placement sensitivity for 
on-skin swipes. 

ÅPerformance degraded 
markedly at 8 regions in 
both interaction spaces.

RQ1 & RQ2 Results: 
wŦŲĮŇŵŇ µĎĤŇĎňŲëŲĮōň ʟ ȭ ²ĎĤĮōňŬ Vōũ 9ōŲĪ µŦëĄĎŬ



RQ3 Results: 
4 Region Layout
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RQ3 Results: 4 Midair Pattern
Ear (C), Followed by Nose (A) Are Best Swipe Starting Positions 



RQ3 Results: 4 Midair Pattern 
Ear (C), Followed by Chin (D) Are Best Swipe Ending Positions



RQ3 Results: 4 Onskin Pattern 
Ear (C), Followed by Chin (D) Are Best Swipe Starting Positions



RQ3 Results: 4 Onskin Pattern 
Ear (C), Followed by Nose (A) Are Best Ending Positions 



RQ3 Results: 
6 Region Layout
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RQ3 Results: 6 Midair Pattern 
Starting over Ear (D), Chin (F) and Nose (A), Avoiding Eye (B)



RQ3 Results: 6 Midair Pattern 
Ending Over Ear (D), Nose (A) or Chin (F), Avoiding Eye (B)



RQ3 Results: 6 Onskin Pattern 
Starting Positions Avoid Eye (B) and Temple (C) Regions 


