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Figure 1: We formalize on-finger kinesthetic feedback, e.g., conscious awareness of the hyper-extended state of the index

finger (a), with “fingerhints,” a technology-agnostic descriptive language and design space. Our finger-augmentation device (b,c)

leverages the mechanical force of a servomechanism to bypass user agency and deliver fingerhints, from subtle (b) to alert (c).

ABSTRACT

Wepresent “fingerhints,” on-finger kinesthetic feedback represented

by hyper-extension movements of the index finger, bypassing user

agency, for notifications delivery. To this end, we designed a custom-

made finger-augmentation device, which leverages mechanical

force to deliver fingerhints as programmable hyper-extensions of

the index finger. We evaluate fingerhints with 21 participants, and

report good usability, low technology creepiness, and moderate to

high social acceptability. In a second study with 11 new participants,

we evaluate the wearable comfort of our fingerhints device against

four commercial finger- and hand-augmentation devices. Finally,

we present insights from the experience of one participant, who

wore our device for eight hours during their daily life. We discuss

the user experience of fingerhints in relation to our participants’

personality traits, finger dexterity levels, and general attitudes to-

ward notifications, and present implications for interactive systems

leveraging on-finger kinesthetic feedback for on-body computing.

CCS CONCEPTS

• Human-centered computing→ Empirical studies in ubiq-

uitous and mobile computing; Haptic devices.
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1 INTRODUCTION

Notifications, prevalent on mobile devices, drive distinctive con-

sumption practices of users who feel informed, excited, and con-

nectedwhen receiving them, but also annoyed, interrupted, and anx-

ious when notifications are either overwhelming or absent [48,57,

70,83]. As personal computing paradigms evolve, notifications are

increasingly available onmore devices, such aswearables [32,39,69],

and across devices [18,40,85], two aspects that intensify the plethora

of user experiences constituting the “notification culture” [1].

On-body interaction [11], an emerging personal computing par-

adigm, where the user’s body is repurposed for I/O [28,29,43], is

especially relevant in this context. In this paradigm, notifications
are represented by feedback delivered via the user’s body instead on a
device outside the body, which challenges the way designers concep-

tualize notifications and users experience them. On-body output

affects user agency, instrumental for interacting in the real-world,

which becomes shared with a computer in the new paradigm. For

example, Figure 1a shows a volitional extension of the index finger,

during which muscle and joint receptors pick up on their defor-

mations and signal the corresponding information to the brain,

https://orcid.org/0000-0002-8273-175X
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which forms kinesthetic awareness of the position and movement of

the index finger from internal stimuli only [60]. Figures 1b and 1c

depict the same effect, except that user agency is lost to the device

extending the finger to deliver an embodied notification, e.g., a

discreet extension (1b) to signal new email or a conspicuous one

(1c) to alert about an error. Unlike mobile notifications that are

outside the body, embodied notifications such as these feel inside
and, thus, take advantage of a new sensory channel to address user

attention at unprecedented engagement, with output levels ranging

from subtle to alert. While user behavior with mobile notifications

has been well-documented [26,41,48,56,57,70,83], new devices and

output modalities such as these require dedicated attention from

the scientific community to understand users’ needs, attitudes, and

behavior when notifications are presented in new ways.

Unfortunately, only a few systems have experimented with on-

body notifications and, thus, the current understanding of how to

design for this new output modality and how users perceive it is

very limited. Moreover, prior work has primarily focused on the

novelty of the underlying technology [22,43,64], and was limited by

it to gross movements of the arm [64] and wrist [22,43], which has

prevented exploration of more subtle notifications at finger level.

In this context, the community is lacking a proper examination of

user perception of notification delivery in the emerging on-body

computing paradigm. To address this aspect, we focus on on-finger
kinesthetic notifications, and make the following contributions:

(1) We formalize “fingerhints” as on-finger kinesthetic output,

delivered beyond user agency, with a technology-agnostic

descriptive language and design spacewith three dimensions:

flexion-extension, abduction-adduction, and dwell time.

(2) We report results about the user experience of fingerhints

from an experiment with N=21 participants: overall good

level of usability (SUS=67.4, UMUX=62.5) given the conspicu-

ous nature of our device, low perceived creepiness (25.1/100),

and moderate to high acceptability for several locations

(3.4/5) and audiences (4.0/5). To contextualize these results,

we discuss them in relation to our participants’ personality

traits and attitudes toward notifications. We also present an

analysis of 210 fingerhints elicited to implement ten common

notification types, e.g., text messages, social media, etc., and

report an overall low level of agreement (AR=.047) between

users, but high perceived comfortability (5.4/7), memorability

(5.5/7), and goodness of fit (5.4/7) within users.

(3) In a follow-up experiment with N=11 new participants, we

run a comparative evaluation of the wearable comfort and

perceived creepiness of our fingerhints device against four

commercial finger- and hand-augmentation devices. Our

findings show that our device fares well with low perceived

emotion (3.4/11), harm (2.1/11), change (3.7/11), and anxiety

(1.6/11). We complement these results with insights on the

perceived usability and social acceptability from the experi-

ence of one participant who wore our device for eight hours

during various activities in their daily life.

(4) Based on our empirical findings, we outline several implica-

tions and future work opportunities for integrating finger-

hints, as on-finger kinesthetic feedback, into the on-body

computing and interaction paradigm.

2 RELATEDWORK

We discuss prior work leveraging kinesthetic and proprioceptive

sensations for the design of interactive computer systems, and relate

to studies that have documented user perception and behavior with

notifications presented on mobile and wearable devices. We start

with an overview of kinesthesia and proprioception.

2.1 Kinesthesia and Proprioception

When a body part moves and changes position, the tissues around

the joints that leverage those movements are being deformed. The

deformations are picked up by mechanically sensitive receptors

from the skin, muscles, tendons, and ligaments that respond natu-

rally to active movement [24], i.e., the kinesthetic receptors. Kines-

thesia, originally denoting this kind of “muscular sense” [9], is used

to refer to both the sense of movement and sense of position of the

body and its parts [60]. Scientific evidence has been accumulat-

ing [59] that muscle spindles play the major role in kinesthesia

with additional information provided by receptors from the skin.

While some authors [78] have used kinesthesia and proprioception

interchangeably, others [59,60] consider proprioception more gen-

eral in terms of subsumed sensations, including the senses of force,

effort, and balance. According to the latter view, proprioception

generically specifies the phenomena of “the body itself acting as a

stimulus to its own receptors” [67] for conscious sensations [59],

and kinesthesia strictly concerns body position and movement. We

adopt this terminology to clearly specify the scope of our work

about user perception of changes in the position and movement of

fingers for on-body feedback.

2.2 On-Body, Proprioceptive, and Kinesthetic

Interaction

Knowledge has been gradually accumulating in the scientific com-

munity about the design and engineering of on-body interaction [11,

74] with notable systems including OmniTouch [28], Armura [29],

Botential [47], and LightSpace [88]. While most of these systems

have focused on the body as a touch-sensitive surface and imple-

mented output with projections, e.g., tapping on a video-projected

menu on the palm [28], other I/O modalities have been examined

to a much lesser extent. Bergström and Hornbæk’s [11] systematic

literature review identified new haptic sensations, such as those

induced with EMS, among the opportunities still to be explored

for on-body interaction. One such opportunity is “proprioceptive

interaction” [43], which enables users to interact with their devices

by feeling the pose of a body part instead of perceiving stimuli from

outside the body. For instance, Muscle-Plotter [44] enhances pen-

on-paper interaction by having the user’s wrist steer automatically

to produce drawings mediated by the computer. Pose-IO [43] lever-

ages EMS of the forearm muscles to output hand poses, e.g., the

user’s wrist tracks with the video playhead during a presentation.

MuscleIO [22] is a system worn on the forearm that actuates the

wrist via EMS to deliver notifications in the form of three progres-

sively increasing dorsal extensions of the hand to which users can

respond with “accept” or “refuse” wrist gestures. We connect to this

prior work by adopting the same perspective of body movement
used for output by an interactive system to complement user agency,
but with a distinct focus on more subtle finger movements.
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Figure 2: (a) A space with three dimensions, 𝜃 , 𝜙 , 𝜏 , for specifying on-finger kinesthetic feedback. (b) Anatomical terminology.

2.3 User Behavior and Attitudes Toward

Notifications

There is a large scientific literature documenting user behavior with

mobile [26,41,48,56,57,70,83] and wearable [12,33,40,63,69] notifi-

cations with the goal of designing more effective, less disruptive,

user-centered notification delivery. A few examples follow.

Pielot et al. [56] collected subjective perceptions of real-world

notifications during a one-week in-situ study with fifteen smart-

phone users and found that, while a larger number of notifications

was associated with more negative emotions, social notifications

made people feel more connected. A follow-up [57] on the effect

of notification deprival reported people feeling less distracted and

more productive in the absence of notifications, but also anxious

due to not being as responsive as expected in their social groups.

Shirazi et al. [70] analyzed about 200 million notifications from

more than 40,000 users and reported differences in their perceived

importance, e.g., important notifications do not necessarily cause

immediate attention, and important notifications are about people

and events. Other works have proposed techniques to increase the

effectiveness of notification delivery and reduce their disruptive

effect. For example, Fortin et al. [26] found that vibrotactile and

auditory notifications induce skin conductance responses, which

can be picked up with wearable sensors to predict user perception

of a notification following its presentation. Mehrotra et al. [48] re-

ported effects of users’ personality traits on the response time and

perceived disruption of smartphone notifications, e.g., extrovert

people are more inclined to feel disrupted by a notification, a result

that can be exploited for personalized interruptibility models.

Notifications delivered with wearable devices have equally been

examined. Shirazi et al. [69] reported that the perceived importance

of a notification depends not only on the application but also the

device type, e.g., smartphone or smartwatch, on which it is pre-

sented. Lee et al. [40] were interested in reducing redundant notifi-

cations between a smartphone and a smartwatch, and distinguished

between “watch-preferable” and “phone-preferable” notifications,

where the latter require users to take further actions. NotiRing [63]

and PokeRing [33] are electronic rings designed to deliver noti-

fications on the finger with specific modalities, e.g., light, sound,

vibration, poke, and thermal for NotiRing and by stimulating loca-

tions around the proximal phalanx for PokeRing. Soma-Noti [12] is

a family of under-clothing wearables that leverage on-skin sensa-

tions, e.g., poke, pinch, vibrate, heat, etc., as notification channels.

2.4 Summary

Our analysis of the scientific literature revealed extensive work

on smartphone/smartwatch notifications and increasing work on

kinesthetic I/O for the emerging on-body computing paradigm,

but little examination of interactive computer systems at the con-

junction of these two areas. Next, we introduce a formalization of

fingerhints as on-finger kinesthetic output.

3 FORMALIZATION OF ON-FINGER

KINESTHETIC NOTIFICATIONS

We introduce in this section “fingerhints,” our mathematical formal-

ization and design space for on-finger kinesthetic notifications. To

this end, we consider three dimensions along which finger move-

ments can be described (see Figure 2 for illustrations):

(1) Flexion and extension are the primary movements of the fin-

gers. Flexion is movement that decreases the angle between

the two adjacent bones of a joint, e.g., between the phalanx

and the metacarpal bone at the metacarpophalangeal (MCP)

joint, as the finger moves toward the palm. Extension is the

opposite of flexion, where the angle between the two adja-

cent bones increases as the finger moves away from the palm.

We specify flexion and extension with changes in the angle

measured between phalanges; see the vertical axis 𝜃 in Fig-

ure 2a and Figure 2b for the anatomical terminology. Finger

extensions at angles 𝜃>0◦ are also called hyper-extensions.
(2) Abduction and adduction are finger movements performed

at the MCP joint. Abduction occurs when the finger moves

away from the midline of the hand (i.e., abduction spreads

the fingers), while during adduction the finger moves toward

the midline (i.e., adduction brings the fingers together). We

measure abduction and adduction with the 𝜙 angle defined

with respect to the axis of the phalanx aligned with the

metacarpal (MC) bone; see Figure 2a.

(3) Figure 2a also shows a time axis, along which 𝜏 specifies the

dwell timewhile the finger is kept in the pose (𝜃, 𝜙) at a given
joint, e.g., a 500ms-long 10

◦
extension and 5

◦
abduction of

the index finger at the MCP joint.

Angles 𝜃 and 𝜙 specify a diversity of poses at each finger joint and,

along with 𝜏 , movements of different duration between those poses.

By adopting these dimensions, we build on top of hand modeling

approaches used to specify gestures for input in HCI [72,76,93] and
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manipulation aspects of robot motion [51], which we apply from

the new perspective of on-body interaction [11]. We refer readers

to [5,10,31,35] for the physical limits of finger movement, e.g., Jones

and Lederman [35] reported maximum flexion of 85
◦
at the MCP

joint, extension of about 30
◦−40◦, and a combined abduction and

adduction range of 30
◦
for the index finger. Using the formalism of 𝜃 ,

𝜙 , and 𝜏 , we define on-finger kinesthetic notifications as movements

that put the finger into a series of 𝑛 poses at joints 𝑗 :

𝛾 =
{(
𝜃𝑖, 𝑗 , 𝜙𝑖, 𝑗 , 𝜏𝑖, 𝑗

)
| 𝑖 = 1..𝑛, 𝑗 ∈ {𝑀𝐶𝑃, 𝑃𝐼𝑃, 𝐷𝐼𝑃}

}
(1)

For example, a simple fingerhint leverages an external force to put

the index finger into the pose (𝜃1, 𝜙1)=(30◦, 0◦) at the MCP joint

with a dwell time of 𝜏1=500ms, after which the force stops and the

finger is free to resume its previous state. The corresponding de-

scription is 𝛾1= {(30◦, 0◦, 500ms)}; see Figure 2a. A more complex

fingerhint puts the index finger into the pose (𝜃2, 𝜙2)=(20◦, 10◦) at
MCP for 𝜏2=500ms and to (𝜃3, 𝜙3)=(40◦, 5◦) for 𝜏3=750ms. The cor-

responding fingerhint is 𝛾2= {(20◦, 10◦, 500ms), (40◦, 5◦, 750ms)};
see the polyline representation in Figure 2a. Next, we present an

experiment designed to evaluate the user experience of fingerhints

specified as sets of individual states (𝜃, 𝜙, 𝜏).

4 EXPERIMENT #1: THE USER EXPERIENCE

OF FINGERHINTS

We conducted a controlled experiment to measure the user percep-

tion of fingerhints delivered by a custom-made finger-augmentation

device as well as to elicit preferences for suitable fingerhints corre-

sponding to common notification types.

4.1 Participants

Twenty-one people (14 male and 7 female), aged between 20 and

37 years old (M=23.9, SD=4.4), participated in our experiment fol-

lowing recruitment via mailing lists and convenience sampling. All

participants were smartphone users and some were also using wear-

ables, e.g., 38% reported using smart earbuds frequently, and 33%

owned smartwatches or fitness trackers; see Figure 3 for detailed

demographics about our sample of participants.

4.2 Apparatus

We developed a finger-augmentation device that puts a finger into a

controllable state of hyper-extension. The device can be used with

any finger, and we placed it on the index finger in our experiment.
1

The largest part of the device is a 3D-printed platform affixed with

velcro straps to the dorsal surface of the hand to ensure a steady

fit for hands of different sizes; see Figures 1 and 4. A Hitec HS-422

servomechanism
2
(3.3kg/cm maximum torque and 0.21s/60

◦
speed

at 4.8V), connected with a nylon thread to a 3D-printed support

for the distal phalanx, implemented fingerhints as series of (𝜃, 𝜙, 𝜏)
poses at the MCP joint with 𝜙=0. We chose nylon due to its high

Young’s modulus with a breaking strength of 10kgf (98.07N). We

1
We chose the index finger because of its multiple functions and large dexterity

compared to the other fingers of the human hand, such as its frequent use for pointing,

active touch, and prehensile movements [35]. From this perspective, where the index

finger is an everyday important interface of the human body with the real world, the

perceptions measured in our experiment will likely represent a lower bound of the

user experience with fingerhints.

2
https://hitecrcd.com/products/servos/analog/sport-2/hs-422/product

modified the servomechanism by adding a wire to the internal po-

tentiometer for reading its position in order to control the 𝜃 angles

with ≤1◦ precision. The assembly was driven by an Arduino Nano

(16MHz CPU, 32KB, 45mm×18mm). For safety reasons, 𝜃 angles

did not exceed the minimum between 30
◦
and each participant’s

maximum extension of their index finger; see Figure 3b. The device

weights 71g, mostly due to the servomechanism (45.5g).

4.3 Procedure

Our experiment consisted of four steps with a total duration of

approximately one hour, as follows.

4.3.1 Step #1. Participants filled out a questionnaire about their

use of mobile and wearable devices, general attitudes towards noti-

fications, and completed personality, creativity, and index-finger

dexterity tests; see Figures 3a to 3g.

4.3.2 Step #2. We placed the device on the participant’s dominant

hand and performed a calibration procedure to (i) adjust the length

of the nylon wire connecting the fingertip to the servomotor and (ii)

enter the participant’s maximum finger extension angle, measured

in Step #1, in the software running on our device as a safety mea-

sure. The default pose of the index finger while wearing the device

corresponds to 𝜃=0◦; see Figure 4a. We then ran a prerecorded,

3-minute long sequence of fingerhints to demonstrate various ex-

tension angles and dwell times. We calibrated the duration of this

sequence based on prior work on kinesthetic feedback (five minutes

for the red hand game played with Pose-IO [43]) and the constraint

to keep the total duration of the experiment reasonable for partici-

pants (sixty minutes in total, as in Muscle-IO [22]). The sequence

was replayed under different conditions: the hand resting on a

table (Figure 4a), standing up with the hand alongside the body

(4b), holding the smartphone (4c), holding a large object with both

hands (4d), resting the head in the hand wearing the device (4e), and

shaking hands with the experimenter (4f), representative of a vari-

ety of everyday interactions involving the hand [23,42,45,53,65,84].

The order of these conditions was randomized per participant. Af-

ter each condition, we administered a short questionnaire with a

mixture of user experience measures.

4.3.3 Step #3. At the half of our experiment, once the participants

had formed an understanding of the capabilities of our finger-

augmentation device, we asked them to think about suitable finger-

hints, described as extensions 𝜃 of the index finger and dwell times 𝜏 ,

for several notification types, e.g., text message, news, social media,

etc. For comfort purposes, participants rested their hands on a table

as shown in Figure 4a. We instructed participants to propose fin-

gerhints they thought were intuitive, comfortable, and memorable,

and evaluate those characteristics using Likert scales. This part of

our experiment represents an end-user elicitation study [89,91].

4.3.4 Step #4. The participants filled out a final questionnaire con-

taining measures about the overall perceived usability, social ac-

ceptability, and wearable comfort of fingerhints.

4.4 Design

Our experiment was a within-subjects design with one main inde-

pendent variable, Notification-Type, nominal with ten conditions

https://hitecrcd.com/products/servos/analog/sport-2/hs-422/product
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Figure 4: Activities involving the hand, during which fingerhints were delivered to the participants: the hand rests on a table

(a), alongside the body (b), holds the smartphone (c) and a large object (d), supports another body part (e), hand shaking (f).
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Figure 5: Perceptions of fingerhints: the overall experience (a-d) and the effect of the Activity involving the wearing hand (e).

(text/instant message, email, social media, calendar and reminders,
advertisement, news, health and fitness, notification about phone
calls, system notification, and games and entertainment), which we

selected from previous work on mobile notifications [14,17,41,56,

69,70,83,86]. By adopting the terminology of the end-user elicita-

tion method [89,91], these conditions were the “referents” to elicit

fingerhints in Step #3. Other independent variables were of local

importance only: Activity in Step #2 (six conditions, see Figure 4),

and Audience and Location used in Step #4 to evaluate the social

acceptability [61] of fingerhints, and are discussed in their respec-

tive subsections alongside the dependent variables.

4.5 Statistical Analysis

We used RM ANOVA to analyze the effect of Notification-Type,

Activity, Audience, and Location in our within-subjects design,

generalized eta squared
3
for effect sizes, and Bonferroni corrections

for multiple comparisons. We also used Pearson’s 𝑟 (and Kendall’s 𝜏

for binary variables) to unveil interrelationships between dependent

variables. Since 𝑟 and 𝜏 are effect sizes, we interpret their statistical

significance with bootstrapped (n=2,000) 95% CIs [20, p. 20].

4.6 Results: The Experience of Fingerhints

We start our analysis with the overall perception of the fingerhints

experience, and we progressively focus on more specific aspects. In

3
A measure preferred to partial eta squared for repeated measures designs [6], for

which we used Bakeman’s [6, p. 383] recommendations for interpreting the magnitude

of the effect, i.e.,𝜂2
𝐺

= .02, .13, and .26 for small, medium, and large effects, respectively.

our final questionnaire, we collected information about the overall

experience of perceived usability [13,25], wearable comfort [37], so-

cial acceptability [61], and technology creepiness of fingerhints [92];

see Figure 5 for an overview of our results.

4.6.1 Perceived usability. We measured Usability with SUS
4
[13]

and UMUX
5
[25]. The mean SUS score was 67.4 (SD=13.7), repre-

senting marginally acceptable usability close to “good,” according

to Bangor et al.’s [8] acceptability ranges and adjective ratings for

interpreting SUS scores; see Figure 5a. This result is encouraging

given the novelty of fingerhints to our participants, the preliminary

nature of our prototype, and the conspicuous intrusiveness of a

device worn on a large portion of the hand. The usability level was

independently confirmed by UMUX (M=62.5, SD=16.7).

4.6.2 Perceived creepiness. We evaluated fingerhints with the Per-

ceived Creepiness of Technology Scale (PCTS) [92], a tool for mea-

suring how creepy (e.g., intimidating, scary, unpleasant, uneasy) a

new technology appears to users in an initial encounter. Follow-

ing [92], we evaluated Creepiness on three subscales—Implied-

Malice, Undesirability, and Unpredictability —with 7-point

Likert items from “strongly disagree” (1) to “strongly agree” (7), and

4
SUS [13] consists of ten statements that elicit the degree of agreement using 5-point

Likert scales with items from “strongly disagree” (1) to “strongly agree” (5). Answers

are aggregated into a score between 0 (low usability) and 100 (perfect).

5
UMUX [25] is the short variant of SUS [13], used in Step #2 to quickly evaluate

participants’ perception of fingerhints under various activities. We re-administered

UMUX in Step #4 to confirm, by direct comparison with SUS, the validity of our

measurements from Step #2 on fewer dimensions of SUS.
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normalized scores in [0,100]; see Figure 5b. Perceived Creepiness

varied between 9.3 and 50.9 (M=25.1, SD=11.2), revealing a large

range of first impressions with a significant difference among the

subscales (Greenhouse-Geisser 𝜖=.889, Mauchly’s𝑊 =0.876 (𝑝>.05),

𝐹 (2,40)=5.442, 𝑝=.008, medium effect 𝜂2
𝐺
=.138). There was lower

Implied-Malice (M=15.5, SD=17.5) compared to Unpredictability

(M=29.9, SD=15.8) and Undesirability (M=29.9, SD=19.0), with a

significant difference (𝑝=.008) between Implied-Malice and Un-

predictability (Bonferroni corrections applied at 𝛼=.05/3=.0167).

4.6.3 Social acceptability. Following [61], we evaluated Social-

Acceptability by considering Audience (nominal variable, six

conditions: alone, partner, friends, colleagues, strangers, family) and
Location (nominal, six conditions: home, sidewalk, driving, passen-
ger on bus/train, restaurant, workplace), which participants rated

with 5-point Likert scales [3] from “very socially uncomfortable” (1)

to “uncomfortable,” “”neutral,” “comfortable” to “very socially com-

fortable” (5); see Figure 5c. We found positive ratings for both Lo-

cation (M=3.4, SD=0.7) and Audience (M=4.0, SD=0.6) and signifi-

cant effects of Location (𝜖=.725,𝑊 =0.326 (𝑝>.05), 𝐹 (5,100)=12.386,
𝑝<.001, large effect𝜂2

𝐺
=.259) andAudience (𝜖=.610,𝑊 =0.178 (𝑝<.01),

𝐹 (3.049,60.989)=7.478, 𝑝<.001, medium effect 𝜂2
𝐺
=.157). Perceived so-

cial acceptability was significantly higher when alone (M=4.5) or

with family (M=4.2) than with strangers (M=3.2), and also higher

when at home (M=4.3) compared to driving, bus, restaurant, and
workplace (𝑝<.001, Bonferroni corrections at 𝛼=.05/(6·5/2)=.0033).

4.6.4 Wearable comfort. We evaluated Wearable-Comfort using

Knight et al.’s [37] Wearable Comfort Rating Scale with six dimen-

sions: Emotion (concerns about appearance and relaxation), At-

tachment (physical feel of the device on the body), Harm (physical

effect, damage to the body), Change (feeling physically different),

Movement (the device physically affects movement), and Anxiety

(worry about the device, safety, and reliability). Following [75], we

used 11-point Likert items from “low” (1) to “high” (11) to collect

ratings on each subscale; see Figure 5d. We found a significant dif-

ference among subscales (𝜖=.677,𝑊 =0.301 (𝑝>.05), 𝐹 (5,100)=21.963,
𝑝<.001, large effect 𝜂2𝑝=.383): higher Attachment (M=8.1, SD=2.4),

Change (M=5.2, SD=2.0), and Movement (M=5.9, SD=2.3) com-

pared to Emotion (M=4.4, SD=2.0), Anxiety (M=3.7, SD=2.4), and

Harm (M=3.0, SD=1.9) with significant differences (𝑝<.001) be-

tweenAttachment and all other subscales, and Change andMove-

ment with Harm and Anxiety (𝛼=.05/(6·5/2)=.0033).

4.6.5 The effect of hand activity. During Step #2, we asked partici-

pants to rate their perceptions of fingerhints when the handwearing

the device was involved in various activities, illustrated in Figure 4.

To prevent administration of long questionnaires,
6
we evaluated

Usability with UMUX [25] and used only the Emotion, Change,

and Movement subscales of Wearable-Comfort [37] and Unde-

sirability of Creepiness [92]; see Figure 5e. We did not find sig-

nificant effects of Activity on Emotion (𝜖=.701,𝑊 =0.203 (𝑝<.05),

𝐹 (3.506,70.118)=1.640, 𝑝>.05, 𝑛.𝑠.) and Change (𝜖=.718, 𝑊 =0.365

(𝑝>.05), 𝐹 (5,100)=1.249, 𝑝>.05, 𝑛.𝑠.). However, we found signifi-

cant, small to medium effects on Undesirability (𝜖=.701,𝑊 =0.307

6
Because we administered a questionnaire after each Activity, we aimed for a compro-

mise between the parsimony of questionnaire items and the diversity of the information

we could collect from our participants on the various dimensions of user experience.

(𝑝>.05), 𝐹 (5,100)=3.922, 𝑝=.003, 𝜂
2

𝐺
=.072) and Movement (𝜖=.808,

𝑊 =0.808 (𝑝>.05), 𝐹 (5,100)=4.479, 𝑝<.001, 𝜂
2

𝐺
=.087), since some of

the Activity conditions required physical movement of the hand.

Post-hoc 𝑡-tests detected significant differences between the hand

alongside the body vs. the hand on the table and holding the

smartphone for Movement, and between large object and shaking

for Undesirability (Bonferroni corrections applied at the level

𝛼=.05/(6·5/2)=.0033). More perceived Movement was equally re-

flected in different perceptions of Usability, revealed by a sig-

nificant effect of Activity on UMUX (𝜖=.774,𝑊 =0.775 (𝑝>.05),

𝐹 (5,100)=4.272, 𝑝<.001, small to medium effect 𝜂2
𝐺
=.099).

4.6.6 The effect of previous use of mobile and wearable devices.
During Step #1, participants specified ownership and rated the

frequency of use of various categories of mobile and wearable

devices—smartphone, tablet, smartwatch, fitness tracker, smart arm-
band, smartglasses, smart earbuds, and smart ring—using 5-point

Likert scales with items from “never” to “rarely,” “sometimes,” “of-

ten” to “always”; see Figure 3d. We found no statistically significant

correlations between the frequency of use of mobile/wearable de-

vices and the experience of fingerhints, most likely because of the

new form factor and technology of our fingerhints device, different

from anything that our participants experienced before our study.

4.6.7 The effect of attitudes towards notifications. Following other

studies [14,48,56,69,70], we also measured in Step #1:

• Preferred-Modality, in response to the question “How do

you prefer receiving notifications on your devices?,” with

multiple selections possible: visual (on screen), visual (flash
light), sound, vibration, and none (mute).

• Reaction-Speed, in response to “How long before you re-

act to a notification?” with the following options: instantly,
within minutes, within 30 minutes, within 1 hour, within a
few hours, within a day, and I don’t react.

• Importance, as the level of agreement with the statement

“Notifications are important to me,” using a 5-point Likert

scale from “strongly disagree” (1) to “strongly agree” (5).

• Usefulness, “Notifications are useful to me,” measured with

the same 5-point Likert scale.

• Disruptiveness, “Notifications are disruptive to me,” mea-

sured with the same 5-point Likert scale.

• Control, “I feel that I have enough control over when/how

often I receive notifications,” the same 5-point Likert scale.

These results are summarized in Figure 3: our participants consid-

ered notifications important, useful, yet somewhat disruptive, and

were overall feeling in control over how often and when they were

receiving notifications. We found that participants who felt more

in Control of when and how they received notifications provided

higher Usability ratings (𝑟 (𝑁=21)=.566, CI95%=[.251, .803] with
SUS and 𝑟 (𝑁=21)=.472, CI95%=[.007, .770] with UMUX), and lower

ratings of Creepiness (𝑟 (𝑁=21)= − .484, CI95%=[−.721,−.064]). At
the same time, participants who rated higher the perceived Dis-

ruptiveness of mobile notifications, also rated higher the Implied-

Malice dimension of fingerhints Creepiness (𝑟 (𝑁=21)=.478, CI95% =

[.150, .724]). These findings suggest that appropriate mechanisms

for managing fingerhints, similar to those employed on mobile

and wearable devices by the participants who felt in control of



CHI ’23, April 23–28, 2023, Hamburg, Germany Catană and Vatavu

their notifications, can render fingerhints usable, not disruptive.

Also, the large majority (81%) of our participants reported their

Preferred-Modality for receiving notifications on mobile de-

vices via vibrations; see Figure 3e. We found a significant negative

relationship between this preference and the Unpredictability

of fingerhints (𝜏 (𝑁=21)= − .448, CI95%=[−.670,−.188]), which sug-

gests that transition to kinesthetic feedback could be facilitated by

combining it with vibrotactile feedback.

4.6.8 The effect of personality traits. During Step #1, we adminis-

tered Johnson’s [34] personality test using an online tool.
7
The test

reports levels of Neuroticism (tendency to experience negative

feelings), Extroversion (engagement with the external world),

Openness (a cognitive style that distinguishes imaginative and cre-

ative from down-to-earth, conventional people), Agreeableness

(people that value getting along with others, cooperation, and social

harmony), and Conscientiousness (how impulses are controlled),

which we normalized in [0..100]. Our decision to administer a per-

sonality test was inspired by Mehrotra et al.’s [48] findings on

the relationship between users’ personality traits and their smart-

phone notification-related behavior. Correlation analyses revealed

that high Usability ratings were provided by participants with

Extroversion traits (𝑟 (𝑁=21)=.497, CI95%=[.076, .763] with SUS),

i.e., people that tend to be enthusiastic, action-oriented, like to talk,

assert themselves, draw attention to themselves, and say “Yes” to

opportunities. Although this finding could be attributed to extrovert

people being overall open to newness, including new technology,

we also found a significant positive correlation between Conscien-

tiousness and SUS (𝑟 (𝑁=21)=.437, CI95%=[.015, .697]), where con-
scientious individuals are known to be prudent, wise, cautious, and

fond of purposeful planning. The participants with higher Consci-

entiousness levels rated fingerhints lower on Unpredictability

(𝑟 (𝑁=21)= − .459, CI95%=[−.761,−.033]) and socially acceptable in

front of various Audience types (𝑟 (𝑁=21)=.480, CI95%=[.093, .751]).
These results indicate that the positive user experience of finger-

hints (see Figure 5 for an overview) is not a mere effect of tech-

nology novelty. Moreover, the participants with Agreeableness

traits, i.e., people that are overall considerate, friendly, helpful, and

concerned with cooperation and social harmony, provided high

ratings for the Social-Acceptability of fingerhints according to

both Audience (𝑟 (𝑁=21)=.637, CI95%=[.333, .844]) and Location

(𝑟 (𝑁=21)=.690, CI95%=[.491, .844]), which strengthens our confi-

dence in the high perceived acceptability of fingerhints.

4.7 Results: Preferences for Fingerhints

In Step #3, we elicited preferences for fingerhints in response to

the conditions of the Notification-Type independent variable. We

video recorded the sessions and measured the extension angles 𝜃

using a goniometer, from which we computed:

• Length of fingerhint 𝛾 as the number of poses 𝑛 specifying

the underlying finger movement from Eq. 1.

• Duration of fingerhint 𝛾 as the sum of the dwell times of

the constitutive finger poses,

𝑛∑︁
𝑖=1

𝜏𝑖 .

7
Big Five Personality Test, https://bigfive-test.com.

• Extent as the maximum of the extension angle of the fin-

gerhint, max

𝑖=1..𝑛
{𝜃𝑖 }.

We also collected the following measures, specific to end-user elici-

tation studies, which we adapted from [27,52,91,94]:

• Goodness of the association with the notification type, mea-

sured on a 7-point Likert scale from “strongly disagree” (1) to

“strongly agree” (7) in response to “The fingerhint I picked is

a good match for its intended purpose.”

• Comfortability, measured on a 7-point Likert scale in re-

sponse to “The fingerhint I picked is comfortable.”

• Memorability, measured on a 7-point Likert scale in re-

sponse to “The fingerhint I picked is easy to remember.”

Following recommendations to use the “computer model” of agree-

ment analysis [82], we defined a dissimilarity function 𝛿 for finger-

hints. We considered that fingerhints 𝛾𝑝 and 𝛾𝑞 proposed by the

𝑝-th and 𝑞-th participants were equivalent or substantially similar,

a relation denoted with 𝛾𝑝 𝛼 𝛾𝑞 [82], if they had the same number

of constitutive poses, 𝑛𝑝=𝑛𝑞 , and the average differences in their 𝜃

angles and 𝜏 dwell times were smaller than thresholds 𝜖𝜃 and 𝜖𝜏 :

𝛾𝑝 𝛼 𝛾𝑞 =



1 𝑛𝑝 = 𝑛𝑞 = 𝑛 and

1

𝑛

𝑛∑︁
𝑖=1

|𝜃𝑝
𝑖
− 𝜃

𝑞

𝑖
| ≤ 𝜖𝜃

and

1

𝑛

𝑛∑︁
𝑖=1

|𝜏𝑝
𝑖
− 𝜏

𝑞

𝑖
| ≤ 𝜖𝜏

0 otherwise

(2)

Based on this definition, we computed the agreement rate AR [82]

for each Notification-Type as:

AR =
2

𝑁 (𝑁 − 1)

𝑁−1∑︁
𝑝=1

𝑁∑︁
𝑞=𝑝+1

[𝛾𝑝 𝛼 𝛾𝑞 = 1] (3)

where 𝑁 is the number of participants and [·] is Kronecker’s delta
that evaluates to 1 when the inner expression is true and 0 other-

wise. Our choice for 𝜖𝜃 was 10
◦
, corresponding to an average differ-

ence in extension angles of about one fifth of the Max-Extension

range observed in our measurements (Figure 3b). We approximated

𝜖𝜏=250ms according to the average reaction time for visuomotor

human performance.
8
AR takes real values in the [0, 1] interval.

4.7.1 Agreement analysis. Figure 6a shows very low AR values

(M=.047, SD=.047), which indicate different user preferences for

fingerhints. To verify that our results were not caused by employing

too conservative criteria [79] when evaluating fingerhints similar-

ity, we recomputed ARs with thresholds twice as large, 𝜖𝜃=20
◦
and

𝜖𝜏=500ms, but still found little agreement (M=.110, SD=.038). A

possible explanation is that people tend to propose highly individu-

alized commands for new interactive technology with which they

do not have any previous experience [49]; see Gheran et al. [27] for

a similar observation from their end-user elicitation study about

gestures performed with smart rings. The supplementary resources

accompanying our paper present all of the 210 elicited fingerhints

(=21 participants × 10 notification types) for future examination in

the community. Next, we characterize the elicited fingerhints using

several objective and subjective measures.

8
Reaction time statistics from over 81 million reaction time clicks, https://

humanbenchmark.com/tests/reactiontime/statistics.

https://bigfive-test.com
https://humanbenchmark.com/tests/reactiontime/statistics
https://humanbenchmark.com/tests/reactiontime/statistics
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Figure 6: End-user elicitation results for fingerhints corresponding to common notification types.

4.7.2 Characteristics of the elicited fingerhints. We found a signifi-

cant effect of Notification-Type on the Length (𝜖=.584,𝑊 =0.032

(𝑝>.05), 𝐹 (9,180)=3.479, 𝑝<.001, 𝜂
2

𝐺
=.137) and Extent (𝜖=.622,𝑊 =

0.019 (𝑝<.05), 𝐹 (5.598,111.961)=3.054, 𝑝<.01, 𝜂
2

𝐺
=.103) of the elicited

fingerhints, but not on their Duration (𝜖=.628,𝑊 =0.045 (𝑝>.05),

𝐹 (9,180)=0.555, 𝑝>.05, 𝑛.𝑠.); see Figures 6b to 6d. Our participants

proposed fingerhints of few poses (M=2.69, SD=0.73) with an aver-

age extension of 27.89
◦
(SD=4.85

◦
), lasting about 1.47s (SD=0.28s).

While the significant differences in Length and Extent can be

attributed to differences in Notification-Type, Duration reveals

a consensus among our participants, irrespective of Notification-

Type, that fingerhints should last at least 1s to be noticeable, but

generally no more than 2s to prevent disruption.

4.7.3 Perceptions of the elicited fingerhints. Participants considered
their fingerhints comfortable (M=5.40, SD=0.34), easy to remember

(M=5.46, SD=0.42), and a good fit (M=5.35, SD=0.32) to the corre-

sponding notifications; see Figures 6e to 6g. We did not find signifi-

cant effects of Notification-Type on Goodness (𝜖=.608,𝑊 =0.048

(𝑝>.05), 𝐹 (9,180)=1.635, 𝑝>.05, 𝑛.𝑠.) or Comfortability (𝜖=.552,

𝑊 =0.014 (𝑝<.01), 𝐹 (4.969,99.380)=1.425, 𝑝>.05, 𝑛.𝑠.), but we detected
a significant effect on Memorability (𝜖=.563,𝑊 =0.008 (𝑝<.001),

𝐹 (5.069,101.389)=2.435, 𝑝=.012, small to medium effect size 𝜂2𝑝=.076).

4.7.4 Effect of finger dexterity. We used a caliper and a goniome-

ter to measure participants’ Finger-Length (mm) between the

MCP and the tip of the index finger, Finger-Diameter (mm) at

the MCP joint, and Max-Extension (degrees) as the maximum

extension angle of the index finger. We also evaluated Finger-

Dexterity with a measure from NEPSY [38] as the time dur-

ing which the index finger taps the thumb as fast as possible for

thirty-two times in a row (lower values indicate higher dexter-

ity); see Figure 3b. We found that the participants with higher

Finger-Dexterity rated higher the Goodness of their finger-

hints (𝑟 (𝑁=21)=.451, CI95%=[.025, .724]), while participants that

could extend their index finger more, leveraged this dexterity ad-

vantage to propose fingerhints with larger Extent (𝑟 (𝑁=21)=.421,
CI95%=[.020, .706]); see Figures 6d and 6e. This result, corroborated

with the low agreement rates reported previously, has implications

on personalizing fingerhints to match both users’ preferences and
dexterity abilities to feel comfortable on the finger.

4.7.5 Effect of creativity. Since one of the goals of the end-user elic-
itation model in HCI [82] is to inform design representative of user

behavior, we wanted to learn whether our participants’ creativity

may have influenced the diversity of the elicited fingerhints. We

administered Olson et al.’s [54] test of creativity,
9
which reports

scores in [0..200].10 Our decision to administer a creativity test was

inspired by the practice of previous elicitation studies [27,46] that

analyzed participants’ proposals in relation to their creativity levels.

Our participants’ Creativity scores varied between 68 and 84 (Fig-

ure 3c), whereas average creativity falls between 75 and 80 [54]. We

found a significant negative relationship between Creativity and

Extent (𝑟 (𝑁=21)= − .405, CI95%=[−.705,−.024]), i.e., more creative

individuals preferred fingerhints with smaller extensions of the

index finger, an interesting finding to examine in future work.

4.8 Summary

Our multi-faceted examination of the user experience of fingerhints

revealed good perceived usability, low technology creepiness, and

moderate to high social acceptability, all encouraging results given

the preliminary nature and conspicuousness of our fingerhints de-

livery device. Contextualization of these findings with respect to

our participants’ personality traits and general attitudes towards

notifications excluded a bias of technology novelty on their pos-

itive ratings of the fingerhints experience. Although agreement

rates were too low to compile a consensus set of fingerhints for

common notification types, the individual perceptions of comfort-

ability, memorability, and goodness of fit were high, suggesting

user-dependent customization of fingerhints. Next, we evaluate our

device relative to other finger- and hand-augmentation devices.

9
Divergent Association Task, https://www.datcreativity.com/task.

10
According to Olson et al. [54], scores commonly range in practice from 65 to 90 and

almost never exceed 100. Scores under 50 are poor, scores between 75 and 80 denote

average performance, and scores above 95 are very high.

https://www.datcreativity.com/task
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Figure 7: Fingerhinter compared to FADs [68,81], gloves [21], and proprioceptive I/O devices [43] in the large family of

wearables [50,55] designed for the fingers and hand. Note how data gloves are the devices most similar to Fingerhinter.

5 EXPERIMENT #2: THE FINGERHINTS

DEVICE IN THE CONTEXT OF FINGER AND

HAND-AUGMENTATION DEVICES

We conducted a follow-up experiment to complement the findings

about the user experience of fingerhints with perceptions of our

device—referred in the following as Fingerhinter—in the context of

other finger- and hand-augmentation devices. We start with a dis-

cussion of peer devices to which Fingerhinter is directly comparable

in terms of form factor and features.

5.1 A Context for Our Fingerhints Device

Fingerhinter is a device that we prototyped to understand the user

experience of on-finger kinesthetic feedback for on-body comput-

ing and interaction. While we adopted the application of notifica-

tion delivery due to the prevalent use of notifications on mobile

and wearable devices, Fingerhinter is not directly comparable to a

smartphone or smartwatch, because of its contrasting form factor

and output modality. Thus, to conduct an equitable comparison

of Fingerhinter in context, it is key to identify its peers. To this

end, we start from its main characteristics: (1) a wearable for the

index finger and dorsal surface of the hand that (2) delivers kines-

thetic feedback (3) meant to interfere with user agency in order to

induce kinesthetic awareness. The first characteristic places Fin-

gerhinter in the large family of wearables, so we used Motti and

Caine’s [50] systematic literature review of human factors for wear-

ables and Ometov et al.’s [55] survey of wearable technology to

identify wearables designed for the fingers and hand: smartwatches,
bracelets/wristbands, rings, and gloves.11 Rings and gloves represent

specific instances of finger-augmentation devices (FADs), which

led us to Shilkrot et al.’s [68] survey, from where we also identified

gloves that support FADs, and to Vatavu and Bilius’ [81] review of

ring-based gestures, from where we identified ring-like (FADs that
do not resemble a ring, but feature ring gestures) and ring-ready de-

vices (FADs that can also be worn as rings). Finally, we considered

proprioceptive I/O devices in the sense of Lopes et al. [43]. Figure 7

shows these classes of devices and how they position with respect

11
Other form factors considered in [50], but not relevant for Fingerhinter, included:

anklet, armband, belt, bra, contact lenses, chest mounted, earring, earpiece, glasses,

headphone, head mounted, necklace, shirt, shoe. From [55], we focused on “wrist-worn

and handheld wearables” category according to the placement of the wearable on the

user’s body: smart rings, wrist bands, smartwatches, and gesture control devices.

to the three characteristics of Fingerhinter. Following this analysis,

Fingerhinter is at the intersection of FADs [68], gloves [21], and pro-

prioceptive I/O devices [43], of which the closest form factors are

data gloves since most of the proprioceptive I/O devices have used

EMS on the forearm [22,43,44,64,77]. Having established devices

directly comparable to Fingerhinter, we designed an experiment to

collect perceptions of our device in the context of its peers.

5.2 Participants

We recruited eleven participants (8 male, 3 female), aged between

19 and 50 years old (M=27.3, SD=10.8), using the same procedure

as in the first experiment. All of the participants were smartphone

users, 46% reported using smartwatches or fitness trackers, and 46%

smart earbuds. None of them participated in the first experiment.

5.3 Apparatus

We used the following four commercially available finger- and hand-

augmentation devices: (1) 5DT Data Glove Ultra,
12

a lightweight

glove for measuring finger flexion and abduction (Figure 8a); (2)

Perception Neuron Lite,
13

a motion capture finger-augmentation

device with a hand strap form factor (Figure 8c); (3) Pinch Glove,
14

an iconic VR data glove that senses index-to-thumb pinches (Fig-

ure 8d); and (4) Somatosensory Glove,
15

a mechanical exoskeleton

designed to sense finger and hand movements for control applica-

tions (Figure 8e). Although these devices form just a small sample

of the available finger- and hand-augmentation devices, they pro-

vide a good comparison basis for Fingerhinter due to their different

weights, sizes, form factors, materials, and hand coverage; see Fig-

ure 8, bottom for details about these characteristics.

5.4 Procedure

The participants wore each device during two activities: manip-

ulation of a small object (smartphone) and large objects (boxes);

see Figure 8. Devices were turned off since we wanted participants

to focus on aspects of wearability only and not be distracted by

functionality, which was different for each device. Each activity

12
https://5dt.com/5dt-data-glove-ultra

13
https://cgicoffee.com/blog/2017/01/perception-neuron-lite-quick-test-review

14
https://www.ultimate3dheaven.com/pinchglove.html

15
https://www.amazon.com/LXSWY-Somatosensory-Wearable-Mechanical-

Control/dp/B0BC15VRCL

https://5dt.com/5dt-data-glove-ultra
https://cgicoffee.com/blog/2017/01/perception-neuron-lite-quick-test-review
https://www.ultimate3dheaven.com/pinchglove.html
https://www.amazon.com/LXSWY-Somatosensory-Wearable-Mechanical-Control/dp/B0BC15VRCL
https://www.amazon.com/LXSWY-Somatosensory-Wearable-Mechanical-Control/dp/B0BC15VRCL
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Figure 8: Finger and hand-augmentation devices from our experiment. Notes: all of the devices were worn during two activities:

manipulation of a small object (smartphone) and large objects (boxes); devices are shown in increasing order of their weight.
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Figure 9: Wearable-Comfort (a) and Creepiness (b) ratings for each combination of Device × Activity.

lasted 3 minutes to keep the total duration of the experiment reason-

able, of about one hour. For the small object condition, participants

interacted with their smartphones. For the large object condition,

the participants moved boxes between two marked locations in-

side a building. Overall, the participants wore the devices for 30

minutes = 5 (devices) × 2 (activities) × 3 (minutes) and, after each

combination of Device × Activity, filled out a questionnaire. The

order of Device and Activity was randomized per participant.

5.5 Experiment Design and Statistical Analysis

Our experiment was a within-subjects design with two independent

variables: Device (nominal, five conditions) and Activity (nomi-

nal, two conditions); see Figure 8. The dependent variables were

Wearable-Comfort [37] and Creepiness [92], also used in our

first experiment. Since the devices expose different functionality,

we were not interested in comparing their Usability. We employed

the same statistical tests and procedures as in the first experiment.

5.6 Results

Wearable-Comfort evaluations ranked Fingerhinter in the 3rd or

4th places—not the best, but not the worst either—in our sample of

devices, where 5DT (the lightest device from our sample made of

flexible lycra) scored best and Somato (the heaviest, hard materials)

scored worst; see Figure 9a. We detected significant effects of De-

vice on Emotion (𝐹 (2.208,22.083)=4.113, 𝑝<.01, 𝜂
2

𝐺
=.114), Attach-

ment (𝐹 (4,40)=5.968, 𝑝<.001, 𝜂
2

𝐺
=.147), Harm (𝐹 (2.205,22.051)=2.918,

𝑝<.05, 𝜂2
𝐺
=.071), Change (𝐹 (2.067,20.669)=5.154, 𝑝<.005, 𝜂

2

𝐺
=.109),

Movement (𝐹 (2.309,23.088)=5.576, 𝑝<.001, 𝜂
2

𝐺
=.175), and Anxiety

(𝐹 (1.174,11.741)=2.991, 𝑝<.05, 𝜂
2

𝐺
=.116), but no effect of Activity

and no Device×Activity interaction (𝑝>.05,𝑛.𝑠.). Post-hoc 𝑡-tests

(Bonferroni corrected at 𝛼=.05/4=.0125 for contrasting Fingerhin-
ter against its peer devices) showed significant differences with

5DT and Neuron for Movement, and with 5DT for Change. These

results are positive given that Fingerhinter is only a prototype, yet it

fared well against commercial devices: low Emotion (M=3.4), Harm
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(M=2.1), Change (M=3.7), Anxiety (M=1.6), and low to moderate

Attachment (M=4.7) and Movement (M=4.1), respectively.

Perceived Creepiness was low in terms of Implied-Malice

(M=5.7 on the 0−100 scale), low to moderate for Undesirabil-

ity (M=29.8), and moderate for Unpredictability (M=44.4); see

Figure 9b. Although these results rank Fingerhinter in the 4th

or 5th place in our sample of devices, we did not detect signifi-

cant effects of Device on Implied-Malice or Unpredictability

(𝑝>.05, 𝑛.𝑠.). We did find a significant effect on Undesirability

(𝐹 (2.293,22.928)=6.890, 𝑝<.001, 𝜂
2

𝐺
=.171), but post-hoc 𝑡-tests (Bon-

ferroni corrected at 𝛼=.05/4=0125) revealed a significant difference
only with respect to 5DT, the lightest device in our sample with

the softest material. There was no effect of Activity and no in-

teraction Device × Activity (𝑝>.05, 𝑛.𝑠.). These results are very

encouraging, showing that Fingerhinter does not elicit more creepy

(intimidating, unpleasant, uneasy [92]) reactions than commercial

devices designed for finger and hand augmentation.

5.7 Summary

Despite its preliminary nature, Fingerhinter fared well in terms of

perceived wearable comfort and creepiness compared to a wide

range of commercial devices. Next, we provide insights on the social

acceptability and usability of Fingerhinter from the experience

reported by a user who wore it for eight hours while engaging in

his everyday activities.

6 PRELIMINARY INSIGHTS FROM USING

FINGERHINTS IN THEWILD

To complement the findings of our in-lab experiments, we con-

ducted a supplementary study “in the wild” [62] to gain insights

following more prolonged use of fingerhints than the one-hour

exposure from our first two experiments. To this end, we recruited

a new participant, James (25 years old, male, pseudonym used for

anonymity purposes), which we asked to wear our Fingerhinter

for eight hours continuously while carrying out his usual daily ac-

tivities. Although studies with one participant only are very small

scale, they are nevertheless informative and have been used in HCI,

including for wearables [2,30,95]. While we use the insights gained

from this study to complement and strengthen our findings about

the user experience of fingerhints, an extended in-the-wild study

with more participants is recommended in future work.

6.1 Procedure

We introduced James to the concept of fingerhints and demonstrated

Fingerhinter. We then told him that he would receive fingerhints

periodically during the day and, after each, he had to send us a pho-

tograph of his whereabouts via WhatsApp. We implemented three

types of fingerhints: one finger pose ({(30◦, 250ms)}, Length=1,
Duration=250ms), two finger poses ({(10◦, 500ms), (30◦, 500ms)},
Length=2, Duration=1000ms), and a complex fingerhint of three

poses ({(30◦, 500ms), (10◦, 750ms), (20◦, 1000ms)}, Length=3, Du-
ration=2250ms), respectively, informed by the findings of our

elicitation experiment (Figures 6b-6d). Fingerhints were presented

in a random order and at random times during the day with an

average of four notifications per hour.
16

There was no specific in-

formation for James associated to the notifications, which were

just finger movements. We met again with James after 8 hours and

asked him to evaluate the Usability and Social-Acceptability of

fingerhints, two measures that we did not evaluate in our second

experiment, and we debriefed him in an informal discussion.

6.2 Results

Fingerhints were delivered in a variety of situations: mostly in the

workplace (Figure 10a-d), but also while James was taking a coffee

break (10e), walking on the sidewalk (10f), having lunch at a pizza

restaurant (10g) in company (10h), arriving home (10i), and dur-

ing his dentist appointment (10j). James reported inconveniences

caused by wearing Fingerhinter while performing activities involv-

ing the hand and index finger, such as typing on the keyboard,

writing with a pen, and unlocking his phone, which were expected

given the preliminary, bulky form factor of our prototype. Regard-

ing the latter, James suggested a form factor for the index finger

only, not the hand. He also reported an unusual feeling of surprise

when fingerhints were delivered, “At some point I was walking on

the street and felt like someone had grabbed my hand,” for which

he suggested fingerhints that would start slower not to feel sudden

and prompt anticipation, “I got used to wearing it [the device], but

the movements should be slower, when they are sudden it [the

device] scares you.” However, he also considered fingerhints “fun”

and “useful” for messages that come from an important contact, are

urgent, or require immediate action: “When I’m absorbed in my

work, but need to leave not to be late for a meeting, the feeling of

someone tugging on my finger would be really helpful.”

James’ evaluation of the Usability of fingerhints revealed an

SUS score of 50, lower than the average 67.4 found in our first

experiment, but nevertheless in the range [42.5,95.0] representing

our participants’ individual SUS evaluations; see Figure 5a. The

UMUX score was 62.5, exactly the average observed in our first

experiment. These results, following an in-the-wild experience,

strengthen the confidence in our in-lab evaluations of the perceived

usability of fingerhints. Regarding the social acceptability of Fin-

gerhinter, James reported having noticed reactions from curious

people in public places, such as in the restaurant when “everyone

was looking at the device,” and an inquiry from the dentist about the

reason why he was wearing the device but, overall, James did not

feel uncomfortable by these social interactions. His average ratings

of Social-Acceptability were 3.0 according to Audience (alone,
partner, friends, colleagues, strangers, and family) and 2.8 according

to Location (home, sidewalk, driving, bus, restaurant, workplace),
which are slightly lower than the scores obtained in our first exper-

iment, yet they fall in the ranges [3.0,5.0] and [2.3,4.3] representing

our participants’ individual evaluations for Audience and Loca-

tion; see Figure 5c. When we measured Social-Acceptability

only for the situations actually experienced by James during his

day, we still found an average of 3.0 for Audience (alone, partner,
colleagues, strangers), but an increase from 2.8 to 3.3 for Location

(home, sidewalk, restaurant, workplace).

16
In total, 31 notifications were delivered during the 8-hour duration of the experiment,

a value that we informed from the scientific literature reporting on the number of

notifications received daily by users, e.g., 63.5 according to Pielot et al. [56].
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Figure 10: Photographs taken by James after receiving fingerhints (selected from a total of 31 fingerhints
16

delivered during 8

hours): at the workplace (a-d), taking a break (e), walking (f), at the restaurant (g,h), at home (i), and at the dentist (j).

Overall, James’ experience of prolonged use of fingerhints was

mixed, primarily because Fingerhinter was not meant for deploy-

ment in real life. Further technical improvements, including minia-

turization and other form factors, are envisaged in the future, but

were not the scope of this work. Even so, the Usability and Social-

Acceptability results summarizing James’ experience with fin-

gerhints are similar to and, thus, strengthen the findings from our

controlled in-lab experiments. Next, we capitalize on our findings

to propose implications for on-finger kinesthetic feedback.

7 DISCUSSION

We present implications for fingerhints and suggest opportunities

for future work in the context of the on-body computing and inter-

action paradigm. We also present limitations of our work and ways

to address them in the future.

7.1 Recommendations for Researchers and

Practitioners

Based on our findings, we outline practical implications for re-

searchers and practitioners of on-body interaction.

7.1.1 Fingerhints design guided by quality properties. Our partic-
ipants preferred fingerhints that were fast (between 1s and 2s),

simple (composed of 1 to 3 finger poses), and with easily perceptible
extensions (25

◦
to 30

◦
), large enough to induce the perception of

change, yet comfortable to prevent harm and anxiety. The elicited

fingerhints were also highly personalized. These empirical findings

inform a set of practical quality properties—fast, simple, highly per-

ceptible, comfortable, personalizable—to guide fingerhints design,

for which we provide corresponding quantitative ranges of the first

four properties, as reported above, while personalization should be

offered as an application feature; see next.

7.1.2 Fingerhints that match users’ preferences, personality traits,
and motor abilities. The analysis of the elicited fingerhints revealed
low consensus, which suggests (i) designer-defined fingerhints that

would form a standard or (ii) applications that enable users to

personalize/define their own fingerhints similar to how vibration

and auditory feedback can be personalized on smartphones.
17

The

quantitative ranges of the quality properties identified for finger-

hints, e.g., one to three finger poses for simple fingerhints, can be

used as guidelines to assist users during the definition and per-

sonalization of their own fingerhints. The correlations between

personality traits and measures of the fingerhints experience sec-

ond a recommendation from [48], proposed for smartphones, for

building personality-dependent interruptibility models for groups

of users sharing the same personality traits toward intelligent noti-

fication delivery. Moreover, since different users have different

fine motor skills, personalization could also be addressed with

ability-based [90] and ability-mediating [80] design. For example,

the availability principle of ability-based design recommends using

technology that is affordable and available, which suggests future

work for integrating on-finger kinesthetic feedback in commer-

cial wearables, such as electronic rings. The mediation principle of

ability-mediating design fosters perception amplification to sup-

port new skills, e.g., processing on-finger notifications with little

cognitive load at the periphery of attention [7] or even by-passing

17
Change message notifications on iPhone, https://support.apple.com/guide/iphone/

change-notifications-iph62faab6a4/ios.

https://support.apple.com/guide/iphone/change-notifications-iph62faab6a4/ios
https://support.apple.com/guide/iphone/change-notifications-iph62faab6a4/ios
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conscious awareness altogether via automatic perception-action

processes [19].

7.1.3 Integration of fingerhints in natural user behavior. Fingerhints
are inextricably integrated with the hand, which may be involved

in various activities, as examined in our experiments. Thus, a sixth

quality property—harmonious integration—could be considered for

fingerhints devices with the capability to understand context [85]

and aspects of personal and social interruptibility [36]. An inter-

esting implication concerns fingerhints delivery when users em-

ploy other devices, e.g., the smartphone. Since such a cross-device

task received the lowest usability rating (UMUX=50.2) in our ex-

periment, a practical implication is delivering fingerhints as com-

plementary feedback when the smartphone is put away, e.g., in

the user’s pocket, by leveraging “phoneprioception” [87]. In this

vein, we draw inspiration from Lee et al. [40], who distinguished

between “watch-preferable” and “phone-preferable” notifications

according to the action expected from the user, and we suggest

“finger-preferable” notifications when the smartphone is not avail-

able or encumbrance affects smartwatch use [71]. Mixed delivery

of fingerhints and smartphone/smartwatch notifications should be

examined for facilitating gradual transition from mobile to on-body

notifications in the context of the on-body computing paradigm.

7.1.4 Choice of technology for fingerhints. Body output can be

implemented with different technology, of which EMS has been

receiving increasing interest in HCI [22,43,44,64,77]. In this work,

we preferred a technical solution involving a servomechanism,

which was convenient to present participants with identical exten-

sions of the finger at specific angles, e.g., 𝜃=20◦, in our controlled

experiment, but also meant wearing a bulky device on the hand

compared to EMS-based solutions. We expect that other technology

and design choices, e.g., miniaturization of our prototype with a

servomechanism of a smaller size, its potential integration into

a ring-like device [81] or a smartwatch, or applying EMS to the

forearm, are likely to have a positive impact on the perception of

fingerhints and the fingerhints delivery device.

7.1.5 Perception of agency and body ownership. Kinesthetic signals,
next to vision and touch, are important to create the perception of

body ownership [60]. Fingerhints, however, challenge agency and

affect this perception for the moving body part. Unlike mobile noti-

fications that are outside the body, fingerhints feel inside and part

of the user by hijacking the fingers for output. Nevertheless, unlike

kinesthetic feedback involving larger body parts, for which reports

revealed perceived loss of control, body hacking, and scariness [77],

fingerhints can be discreet due to the locale and amplitude of the

underlying movement. Two practical recommendations are design-

ing fingerhints to feel calm and comforting following therapeutic

rhythmic tapping [73] and integrating the quality characteristics of

subtle interaction [58], e.g., fine movements, low embarrassment,

low attentional and small space requirements. These recommenda-

tions are in line with our participants’ preferences for fingerhints

with extent angles of moderate magnitude (Figure 6d) that are per-

ceived comfortable (Figure 6f). The need for calm fingerhints was

equally felt during the prolonged use of the fingerhints device in our

third study. An implication of these findings is that calm fingerhints

(e.g., small to moderate extent, slowly starting, subtle, non-sudden

movements) are likely to be accepted by users and integrated with

the perception of agency instead of creating a tension between the

user and computer demanding control over the same body [77].

Fingerhints as subtle interaction could elegantly mitigate this tension

to avoid technology acceptance barriers for on-body feedback [66].

In this context, we recommend examination of design options that

complement, not challenge user agency.

7.2 Limitations and Future Work

There are several limitations to our experiment, for which we pro-

pose future work to address them. First, our Fingerhinter device

was large, bulky, and worn on the index finger and, because of

that, we believe that our results represent the lower bound of the

user experience with fingerhints. Future iterations of lighter, less

conspicuous devices, including for other fingers, could elicit higher

usability, comfortability, and acceptability ratings. Second, we did

not explore the abduction/adduction dimension in our experiments

because a second servomechanism would have made the device

even bulkier; instead, we preferred to reduce the scope of our analy-

sis to perceptions of finger extensions only. Future work, involving

a miniaturized servomechanism and form factor or a different tech-

nology, such as EMS, is recommended to this end. Also, future

designs of fingerhints delivery devices that use servomechanisms

should consider ways to reduce the noise produced by their mechan-

ical parts. Although of small intensity (i.e., an average of 27.9dB

for Fingerhinter,
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similar to that of a soft whisper [16]), noise re-

duction techniques would improve the delivery of subtle, discreet

fingerhints in public places. Third, we measured the perception of

fingerhints for the index finger only due to the distinctive qualities

of this finger: its frequent use for pointing as an attention-directing

gesture [4] and, during precision grips, the index finger is the first

digit to make contact with the target and eye gaze is always directed

toward its contact point [15]. However, examination of fingerhints

delivered via other fingers may lead to interesting new findings,

as would bimanual fingerhints, where devices are worn on both

hands. We leave such interesting explorations for future work.

8 CONCLUSION

We reported the first examination of the user experience of on-

finger kinesthetic feedback, for which we adopted the application

area of notifications delivery. Our empirical findings revealed an

overall positive user experience of fingerhints, which encourages

their further examination for other practical applications in the

on-body computing and interaction paradigm. To foster such future

work, wemake our dataset of 210 elicited fingerhints freely available

at http://www.eed.usv.ro/~vatavu, together with R code that reads

the data and computes the measures reported in this paper.

ACKNOWLEDGMENTS

This work was supported by a grant of the Ministry of Research,

Innovation and Digitization, CNCS/CCCDI-UEFISCDI, project num-

ber PN-III-P4-ID-PCE-2020-0434 (PCE29/2021), within PNCDI III.

18
Measured from a distance of 1m from the servomechanism in motion using the

Sound Meter app and a Samsung S20FE smartphone. The peak noise level was 32dB

and the average 27.9dB in a quiet laboratory room with a background noise of 21dB.

http://www.eed.usv.ro/~vatavu


Fingerhints: Understanding Users’ Perceptions of and Preferences for On-Finger Kinesthetic Notifications CHI ’23, April 23–28, 2023, Hamburg, Germany

REFERENCES

[1] Bruce Adams. 2016. The Decline and Fall of Notification Culture? Retrieved Janu-

ary 2023 from https://www.linkedin.com/pulse/decline-fall-notification-culture-

bruce-adams

[2] Adrian Aiordăchioae and Radu-Daniel Vatavu. 2019. Life-Tags: A Smartglasses-

Based System for Recording and Abstracting Life with Tag Clouds. Proc. ACM
Hum.-Comput. Interact. 3, EICS, Article 15 (2019), 22 pages. https://doi.org/10.

1145/3331157

[3] Fouad Alallah, Ali Neshati, Yumiko Sakamoto, Khalad Hasan, Edward Lank,

Andrea Bunt, and Pourang Irani. 2018. Performer vs. Observer: Whose Comfort

Level Should We Consider When Examining the Social Acceptability of Input

Modalities for Head-Worn Display?. In Proceedings of the 24th ACM Symposium
on Virtual Reality Software and Technology (VRST ’18). ACM, New York, NY, USA,

10:1–10:9. https://doi.org/10.1145/3281505.3281541

[4] Atsunori Ariga and Katsumi Watanabe. 2009. What is Special About the Index

Finger?: The Index Finger Advantage in Manipulating Reflexive Attentional Shift.

Japanese Psychological Research 51, 4 (2009), 258–265. https://doi.org/10.1111/j.

1468-5884.2009.00408.x

[5] Gregory I. Bain, N. Polites, B.G. Higgs, R.J. Heptinstall, and A.M. McGrath. 2015.

The Functional Range of Motion of the Finger Joints. Journal of Hand Surgery (Eu-
ropean Volume) 40, 4 (2015), 406–411. https://doi.org/10.1177/1753193414533754

[6] Roger Bakeman. 2005. Recommended Effect Size Statistics for Repeated Measures

Designs. Behavior Research Methods 37 (2005), 379–384. https://doi.org/10.3758/

BF03192707

[7] Saskia Bakker, Doris Hausen, and Ted Selker. 2016. Peripheral Interaction: Chal-
lenges and Opportunities for HCI in the Periphery of Attention (1st ed.). Springer,

Cham. https://doi.org/10.1007/978-3-319-29523-7

[8] Aaron Bangor, Philip Kortum, and James Miller. 2009. Determining What Individ-

ual SUS Scores Mean: Adding an Adjective Rating Scale. Journal of Usability Stud-
ies 4, 3 (2009), 114–123. https://uxpajournal.org/determining-what-individual-

sus-scores-mean-adding-an-adjective-rating-scale

[9] Charlton H. Bastian. 1887. The "Muscular Sense"; Its Nature and Cortical Locali-

sation. Brain 10, 1 (1887), 1–89. https://doi.org/10.1093/brain/10.1.1

[10] Jeff C. Becker and Nitish V. Thakor. 1988. A Study of the Range of Motion of

Human Fingers with Application to Anthropomorphic Designs. IEEE Transactions
on Biomedical Engineering 35, 2 (1988), 110–117. https://doi.org/10.1109/10.1348

[11] Joanna Bergström and Kasper Hornbæk. 2019. Human–Computer Interaction

on the Skin. ACM Comput. Surv. 52, 4, Article 77 (2019), 14 pages. https:

//doi.org/10.1145/3332166

[12] Arpit Bhatia, Dhruv Kundu, Suyash Agarwal, Varnika Kairon, and Aman Parnami.

2021. Soma-Noti: Delivering Notifications Through Under-Clothing Wearables.

In Proc. of the CHI Conference on Human Factors in Computing Systems (CHI ’21).
ACM, New York, NY, USA, 221:1–221:8. https://doi.org/10.1145/3411764.3445123

[13] John Brooke. 1996. SUS: A ’Quick and Dirty’ Usability Scale. In Usability
Evaluation in Industry, Patrick W. Jordan, B. Thomas, Ian Lyall McClelland,

and Bernard Weerdmeester (Eds.). CRC Press, London, UK, 189–194. https:

//doi.org/10.1201/9781498710411-35

[14] Graeme Bruce. 2021. How Consumers Feel about Push Notifications in 2021.
YouGov. Retrieved September 2022 from https://today.yougov.com/topics/

technology/articles-reports/2021/06/04/how-consumers-feel-about-push-

notifications-2021

[15] Cristiana Cavina-Pratesi and Constanze Hesse. 2013. Why Do the Eyes Prefer

the Index Finger? Simultaneous Recording of Eye and Hand Movements During

Precision Grasping. J. of Vision 13, 5 (2013), 15. https://doi.org/10.1167/13.5.15

[16] Center for Hearing and Communication. 2023. Common Noise Levels - How

Loud is Too Loud? Retrieved January 2023 from https://noiseawareness.org/info-

center/common-noise-levels

[17] Yung-Ju Chang, Yi-Ju Chung, and Yi-Hao Shih. 2019. I Think It’s Her: Investigat-

ing Smartphone Users’ Speculation about Phone Notifications and Its Influence

on Attendance. In Proceedings of the 21st International Conference on Human-
Computer Interaction with Mobile Devices and Services (MobileHCI ’19). ACM, New

York, NY, USA, 14:1–14:13. https://doi.org/10.1145/3338286.3340125

[18] Fulvio Corno, Luigi De Russis, and Teodoro Montanaro. 2019. XDN: Cross-Device

Framework for Custom Notifications Management. Computing 101, 11 (2019),

1735–1761. https://doi.org/10.1007/s00607-018-0686-6

[19] Marco Cristani, Alessandro Vinciarelli, Cristina Segalin, and Alessandro Pe-

rina. 2013. Unveiling the Multimedia Unconscious: Implicit Cognitive Pro-

cesses and Multimedia Content Analysis. In Proceedings of the 21st ACM Interna-
tional Conference on Multimedia (MM ’13). ACM, New York, NY, USA, 213–222.

https://doi.org/10.1145/2502081.2502280

[20] Geoff Cumming. 2014. The New Statistics: Why and How. Psychological Science
25, 1 (2014), 7–29. https://doi.org/10.1177/0956797613504966

[21] Laura Dipietro, Angelo M. Sabatini, and Paolo Dario. 2008. A Survey of Glove-

Based Systems and Their Applications. Trans. Sys. Man Cyber Part C 38, 4 (2008),

461–482. https://doi.org/10.1109/TSMCC.2008.923862

[22] Tim Duente, Justin Schulte, Max Pfeiffer, and Michael Rohs. 2018. MuscleIO:

Muscle-Based Input and Output for Casual Notifications. Proc. ACM Interact.
Mob. Wearable Ubiquitous Technol. 2, 2, Article 64 (2018), 21 pages. https://doi.

org/10.1145/3214267

[23] Rachel Eardley, Anne Roudaut, Steve Gill, and Stephen J. Thompson. 2018. Inves-

tigating How Smartphone Movement is Affected by Body Posture. In Proceedings
of the CHI Conference on Human Factors in Computing Systems (CHI ’18). ACM,

New York, NY, USA, 202:1–202:8. https://doi.org/10.1145/3173574.3173776

[24] Edward V. Evarts. 1981. Sherrington’s Concept of Proprioception. Trends Neurosci.
4 (1981), 44–46. https://doi.org/10.1016/0166-2236(81)90016-3

[25] Kraig Finstad. 2010. The Usability Metric for User Experience. Interact. Comput.
22, 5 (2010), 323–327. https://doi.org/10.1016/j.intcom.2010.04.004

[26] Pascal E. Fortin, Elisabeth Sulmont, and Jeremy Cooperstock. 2019. Detecting

Perception of Smartphone Notifications Using Skin Conductance Responses. In

Proceedings of the CHI Conference on Human Factors in Computing Systems (CHI
’19). ACM, New York, NY, USA, Article 190, 9 pages. https://doi.org/10.1145/

3290605.3300420

[27] Bogdan-Florin Gheran, Jean Vanderdonckt, and Radu-Daniel Vatavu. 2018. Ges-

tures for Smart Rings: Empirical Results, Insights, and Design Implications. In

Proceedings of the Designing Interactive Systems Conference (DIS ’18). ACM, New

York, NY, USA, 623–635. https://doi.org/10.1145/3196709.3196741

[28] Chris Harrison, Hrvoje Benko, and Andrew D. Wilson. 2011. OmniTouch: Wear-

able Multitouch Interaction Everywhere. In Proceedings of the 24th Annual ACM
Symposium on User Interface Software and Technology (UIST ’11). ACM, New York,

NY, USA, 441–450. https://doi.org/10.1145/2047196.2047255

[29] Chris Harrison, Shilpa Ramamurthy, and Scott E. Hudson. 2012. On-Body Inter-

action: Armed and Dangerous. In Proceedings of the 6th International Conference
on Tangible, Embedded and Embodied Interaction (TEI ’12). ACM, New York, NY,

USA, 69–76. https://doi.org/10.1145/2148131.2148148

[30] Steve Hodges, Lyndsay Williams, Emma Berry, Shahram Izadi, James Srinivasan,

Alex Butler, Gavin Smyth, Narinder Kapur, and Ken Wood. 2006. SenseCam:

A Retrospective Memory Aid. In Proceedings of UbiComp 2006 (Lecture Notes
in Computer Science, vol. 4206). Springer, Berlin, Heidelberg, 177–193. https:

//doi.org/10.1007/11853565_11

[31] Mary C. Hume, Harris Gellman, Harry McKellop, and Robert H. Brumfield. 1990.

Functional Range of Motion of the Joints of the Hand. The Journal of Hand
Surgery 15, 2 (1990), 240–243. https://doi.org/10.1016/0363-5023(90)90102-W

[32] Nuwan Janaka, Chloe Haigh, Hyeongcheol Kim, Shan Zhang, and Shengdong

Zhao. 2022. Paracentral and Near-Peripheral Visualizations: Towards Attention-

Maintaining Secondary Information Presentation on OHMDs during in-Person

Social Interactions. In Proceedings of the CHI Conference on Human Factors in
Computing Systems (CHI ’22). ACM, New York, NY, USA, 551:1–551:14. https:

//doi.org/10.1145/3491102.3502127

[33] Seungwoo Je, Minkyeong Lee, Yoonji Kim, Liwei Chan, Xing-Dong Yang, and

Andrea Bianchi. 2018. PokeRing: Notifications by Poking Around the Finger. In

Proceedings of the CHI Conference on Human Factors in Computing Systems (CHI
’18). ACM, New York, NY, USA, Article 542, 10 pages. https://doi.org/10.1145/

3173574.3174116

[34] John A. Johnson. 2014. Measuring Thirty Facets of the Five Factor Model with a

120-item Public Domain Inventory: Development of the IPIP-NEO-120. Journal of
Research in Personality 51 (2014), 78–89. https://doi.org/10.1016/j.jrp.2014.05.003

[35] Lynette A. Jones and Susan J. Lederman. 2006. Human Hand Function. Ox-

ford University Press, New York, NY, USA. https://doi.org/10.1093/acprof:

oso/9780195173154.001.0001

[36] Nicky Kern and Bernt Schiele. 2003. Context-Aware Notification for Wearable

Computing. In Proceedings of the 7th IEEE International Symposium on Wearable
Computers (ISWC ’03). IEEE Computer Society, USA, 223–230. https://doi.org/10.

1109/ISWC.2003.1241415

[37] James F. Knight, Chris Baber, Anthony Schwirtz, and Huw W. Bristow. 2002.

The Comfort Assessment of Wearable Computers. In Proceedings of the 6th
International Symposium on Wearable Computers. IEEE, USA, 65–72. https:

//doi.org/10.1109/ISWC.2002.1167220

[38] Marit Korkman, Ursula Kirk, and Sally Kemp. 1998. NEPSY: A Developmental
Neuropsychological Assessment. The Psychological Corp., San Antonio, TX, USA.

[39] May Jorella Lazaro, Sungho Kim, Jaeyong Lee, Jaemin Chun, and Myung-Hwan

Yun. 2021. Interaction Modalities for Notification Signals in Augmented Reality.

In Proceedings of the International Conference on Multimodal Interaction (ICMI ’21).
ACM, New York, NY, USA, 470–477. https://doi.org/10.1145/3462244.3479898

[40] Jemin Lee, Uichin Lee, and Hyungshin Kim. 2020. PASS: Reducing Redundant

Notifications between a Smartphone and a Smartwatch for Energy Saving. IEEE
Transactions on Mobile Computing 19, 11 (2020), 2656–2669. https://doi.org/10.

1109/TMC.2019.2930506

[41] Tzu-Chieh Lin, Yu-Shao Su, Emily Helen Yang, Yun Han Chen, Hao-Ping Lee,

and Yung-Ju Chang. 2021. "Put It on the Top, I’ll Read It Later": Investigating

Users’ Desired Display Order for Smartphone Notifications. In Proceedings of the
CHI Conference on Human Factors in Computing Systems (CHI ’21). ACM, New

York, NY, USA, 520:1-520:13 pages. https://doi.org/10.1145/3411764.3445384

[42] Mingyu Liu, Mathieu Nancel, and Daniel Vogel. 2015. Gunslinger: Subtle Arms-

down Mid-Air Interaction. In Proceedings of the 28th Annual ACM Symposium
on User Interface Software & Technology (UIST ’15). ACM, New York, NY, USA,

63–71. https://doi.org/10.1145/2807442.2807489

https://www.linkedin.com/pulse/decline-fall-notification-culture-bruce-adams
https://www.linkedin.com/pulse/decline-fall-notification-culture-bruce-adams
https://doi.org/10.1145/3331157
https://doi.org/10.1145/3331157
https://doi.org/10.1145/3281505.3281541
https://doi.org/10.1111/j.1468-5884.2009.00408.x
https://doi.org/10.1111/j.1468-5884.2009.00408.x
https://doi.org/10.1177/1753193414533754
https://doi.org/10.3758/BF03192707
https://doi.org/10.3758/BF03192707
https://doi.org/10.1007/978-3-319-29523-7
https://uxpajournal.org/determining-what-individual-sus-scores-mean-adding-an-adjective-rating-scale
https://uxpajournal.org/determining-what-individual-sus-scores-mean-adding-an-adjective-rating-scale
https://doi.org/10.1093/brain/10.1.1
https://doi.org/10.1109/10.1348
https://doi.org/10.1145/3332166
https://doi.org/10.1145/3332166
https://doi.org/10.1145/3411764.3445123
https://doi.org/10.1201/9781498710411-35
https://doi.org/10.1201/9781498710411-35
https://today.yougov.com/topics/technology/articles-reports/2021/06/04/how-consumers-feel-about-push-notifications-2021
https://today.yougov.com/topics/technology/articles-reports/2021/06/04/how-consumers-feel-about-push-notifications-2021
https://today.yougov.com/topics/technology/articles-reports/2021/06/04/how-consumers-feel-about-push-notifications-2021
https://doi.org/10.1167/13.5.15
https://noiseawareness.org/info-center/common-noise-levels
https://noiseawareness.org/info-center/common-noise-levels
https://doi.org/10.1145/3338286.3340125
https://doi.org/10.1007/s00607-018-0686-6
https://doi.org/10.1145/2502081.2502280
https://doi.org/10.1177/0956797613504966
https://doi.org/10.1109/TSMCC.2008.923862
https://doi.org/10.1145/3214267
https://doi.org/10.1145/3214267
https://doi.org/10.1145/3173574.3173776
https://doi.org/10.1016/0166-2236(81)90016-3
https://doi.org/10.1016/j.intcom.2010.04.004
https://doi.org/10.1145/3290605.3300420
https://doi.org/10.1145/3290605.3300420
https://doi.org/10.1145/3196709.3196741
https://doi.org/10.1145/2047196.2047255
https://doi.org/10.1145/2148131.2148148
https://doi.org/10.1007/11853565_11
https://doi.org/10.1007/11853565_11
https://doi.org/10.1016/0363-5023(90)90102-W
https://doi.org/10.1145/3491102.3502127
https://doi.org/10.1145/3491102.3502127
https://doi.org/10.1145/3173574.3174116
https://doi.org/10.1145/3173574.3174116
https://doi.org/10.1016/j.jrp.2014.05.003
https://doi.org/10.1093/acprof:oso/9780195173154.001.0001
https://doi.org/10.1093/acprof:oso/9780195173154.001.0001
https://doi.org/10.1109/ISWC.2003.1241415
https://doi.org/10.1109/ISWC.2003.1241415
https://doi.org/10.1109/ISWC.2002.1167220
https://doi.org/10.1109/ISWC.2002.1167220
https://doi.org/10.1145/3462244.3479898
https://doi.org/10.1109/TMC.2019.2930506
https://doi.org/10.1109/TMC.2019.2930506
https://doi.org/10.1145/3411764.3445384
https://doi.org/10.1145/2807442.2807489


CHI ’23, April 23–28, 2023, Hamburg, Germany Catană and Vatavu

[43] Pedro Lopes, Alexandra Ion, Willi Mueller, Daniel Hoffmann, Patrik Jonell, and

Patrick Baudisch. 2015. Proprioceptive Interaction. In Proceedings of the ACM
Conference on Human Factors in Computing Systems (CHI ’15). ACM, New York,

NY, USA, 939–948. https://doi.org/10.1145/2702123.2702461

[44] Pedro Lopes, Doăa Yüksel, François Guimbretière, and Patrick Baudisch. 2016.

Muscle-Plotter: An Interactive System Based on Electrical Muscle Stimulation

that Produces Spatial Output. In Proceedings of the 29th Annual Symposium on
User Interface Software and Technology (UIST ’16). ACM, New York, NY, USA,

207–217. https://doi.org/10.1145/2984511.2984530

[45] Yiqin Lu, Bingjian Huang, Chun Yu, Guahong Liu, and Yuanchun Shi. 2020.

Designing and Evaluating Hand-to-Hand Gestures with Dual Commodity Wrist-

Worn Devices. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol. 4, 1, Article
20 (2020), 27 pages. https://doi.org/10.1145/3380984

[46] Nathan Magrofuoco, Jorge-Luis Pérez-Medina, Paolo Roselli, Jean Vanderdonckt,

and Santiago Villarreal. 2019. Eliciting Contact-Based and Contactless Gestures

With Radar-Based Sensors. IEEE Access 7 (2019), 176982–176997. https://doi.org/

10.1109/ACCESS.2019.2951349

[47] Denys J.C. Matthies, Simon T. Perrault, Bodo Urban, and Shengdong Zhao. 2015.

Botential: Localizing On-Body Gestures by Measuring Electrical Signatures on

the Human Skin. In Proceedings of the 17th International Conference on Human-
Computer Interaction with Mobile Devices and Services (MobileHCI ’15). ACM, New

York, NY, USA, 207–216. https://doi.org/10.1145/2785830.2785859

[48] Abhinav Mehrotra, Veljko Pejovic, Jo Vermeulen, Robert Hendley, and Mirco

Musolesi. 2016. My Phone and Me: Understanding People’s Receptivity to Mobile

Notifications. In Proceedings of the CHI Conference on Human Factors in Computing
Systems (CHI ’16). ACM, New York, NY, USA, 1021–1032. https://doi.org/10.1145/

2858036.2858566

[49] Meredith Ringel Morris, Andreea Danielescu, Steven Drucker, Danyel Fisher,

Bongshin Lee, m. c. schraefel, and Jacob O. Wobbrock. 2014. Reducing Legacy

Bias in Gesture Elicitation Studies. Interactions 21, 3 (2014), 40–45. https:

//doi.org/10.1145/2591689

[50] Vivian Genaro Motti and Kelly Caine. 2014. Human Factors Considerations

in the Design of Wearable Devices. Proceedings of the Human Factors and Er-
gonomics Society Annual Meeting 58, 1 (2014), 1820–1824. https://doi.org/10.1177/
1541931214581381

[51] Richard M. Murray, Zexiang Li, and S. Shankar Sastry. 1984. A Mathematical
Introduction to Robotic Manipulation (1st ed.). CRC Press, Boca Raton, FL, USA.

https://doi.org/10.1201/9781315136370

[52] Miguel A. Nacenta, Yemliha Kamber, Yizhou Qiang, and Per Ola Kristensson. 2013.

Memorability of Pre-Designed and User-Defined Gesture Sets. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems (CHI ’13). ACM,

New York, NY, USA, 1099–1108. https://doi.org/10.1145/2470654.2466142

[53] Alexander Ng, Stephen A. Brewster, and John H. Williamson. 2014. Investigating

the Effects of Encumbrance on One- and Two- Handed Interactions with Mobile

Devices. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems (CHI ’14). ACM, New York, NY, USA, 1981–1990. https://doi.org/10.1145/

2556288.2557312

[54] Jay A. Olson, Johnny Nahas, Denis Chmoulevitch, Simon J. Cropper, and Mar-

garet E. Webb. 2021. Naming Unrelated Words Predicts Creativity. Proceed-
ings of the National Academy of Sciences 118, 25 (2021), e2022340118. https:

//doi.org/10.1073/pnas.2022340118

[55] Aleksandr Ometov, Viktoriia Shubina, Lucie Klus, Justyna Skibińska, Salwa Saafi,

Pavel Pascacio, Laura Flueratoru, Darwin Quezada Gaibor, Nadezhda Chukhno,

Olga Chukhno, Asad Ali, Asma Channa, Ekaterina Svertoka, Waleed Bin Qaim,

Raúl Casanova-Marqués, Sylvia Holcer, Joaquín Torres-Sospedra, Sven Casteleyn,

Giuseppe Ruggeri, Giuseppe Araniti, Radim Burget, Jiri Hosek, and Elena Simona

Lohan. 2021. A Survey on Wearable Technology: History, State-of-the-Art and

Current Challenges. Computer Networks 193 (2021), 108074. https://doi.org/10.

1016/j.comnet.2021.108074

[56] Martin Pielot, Karen Church, and Rodrigo de Oliveira. 2014. An In-Situ Study of

Mobile Phone Notifications. In Proceedings of the 16th International Conference
on Human-Computer Interaction with Mobile Devices & Services (MobileHCI ’14).
ACM, New York, NY, USA, 233–242. https://doi.org/10.1145/2628363.2628364

[57] Martin Pielot and Luz Rello. 2017. Productive, Anxious, Lonely: 24 Hours without

Push Notifications. In Proceedings of the 19th International Conference on Human-
Computer Interaction with Mobile Devices and Services (MobileHCI ’17). ACM, New

York, NY, USA, 11:1–11:11. https://doi.org/10.1145/3098279.3098526

[58] Henning Pohl, Andreea Muresan, and Kasper Hornbæk. 2019. Charting Subtle

Interaction in the HCI Literature. In Proceedings of the CHI Conference on Human
Factors in Computing Systems (CHI ’19). ACM, New York, NY, USA, 418:1–418:15.

https://doi.org/10.1145/3290605.3300648

[59] Uwe Proske and Simon C. Gandevia. 2012. The Proprioceptive Senses: Their

Roles in Signaling Body Shape, Body Position and Movement, and Muscle Force.

Physiological Reviews 92, 4 (2012), 1651–1697. https://doi.org/10.1152/physrev.

00048.2011

[60] Uwe Proske and Simon C. Gandevia. 2018. Kinesthetic Senses. Comprehensive
Physiology 8, 3 (2018), 1157–1183. https://doi.org/10.1002/cphy.c170036

[61] Julie Rico and Stephen Brewster. 2010. Usable Gestures for Mobile Interfaces:

Evaluating Social Acceptability. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (CHI ’10). ACM, New York, NY, USA, 887–896.

https://doi.org/10.1145/1753326.1753458

[62] Yvonne Rogers and Paul Marshall. 2017. Research in the Wild. Springer, Switzer-
land. https://doi.org/10.1007/978-3-031-02220-3

[63] Thijs Roumen, Simon T. Perrault, and Shengdong Zhao. 2015. NotiRing: A

Comparative Study of Notification Channels for Wearable Interactive Rings. In

Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing
Systems (CHI ’15). ACM, New York, NY, USA, 2497–2500. https://doi.org/10.1145/

2702123.2702350

[64] Stefan Schneegass and Rufat Rzayev. 2016. Embodied Notifications: Implicit

Notifications through Electrical Muscle Stimulation. In Proceedings of the 18th
International Conference on Human-Computer Interaction with Mobile Devices and
Services Adjunct (MobileHCI ’16). ACM, New York, NY, USA, 954–959. https:

//doi.org/10.1145/2957265.2962663

[65] Marcos Serrano, Barrett M. Ens, and Pourang P. Irani. 2014. Exploring the Use of

Hand-to-Face Input for Interacting with Head-Worn Displays. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems (CHI ’14). ACM,

New York, NY, USA, 3181–3190. https://doi.org/10.1145/2556288.2556984

[66] Ambika Shahu, Philipp Wintersberger, and Florian Michahelles. 2022. Would

Users Accept Electric Muscle Stimulation Controlling Their Body? Insights from

a Scenario-Based Investigation. In Extended Abstracts of the CHI Conference on
Human Factors in Computing Systems (CHI EA ’22). ACM, New York, NY, USA,

236:1–236:7. https://doi.org/10.1145/3491101.3519693

[67] Charles Scott Sherrington. 1907. On the Proprio-Ceptive System, Especially in its

Reflex Aspect. Brain 29, 4 (1907), 467–482. https://doi.org/10.1093/brain/29.4.467

[68] Roy Shilkrot, Jochen Huber, Jürgen Steimle, Suranga Nanayakkara, and Pattie

Maes. 2015. Digital Digits: A Comprehensive Survey of Finger Augmentation

Devices. ACM Comput. Surv. 48, 2, Article 30 (nov 2015), 29 pages. https:

//doi.org/10.1145/2828993

[69] Alireza S. Shirazi and Niels Henze. 2015. Assessment of Notifications on Smart-

watches. In Proceedings of the 17th International Conference on Human-Computer
Interaction with Mobile Devices and Services Adjunct (MobileHCI ’15). ACM, New

York, NY, USA, 1111–1116. https://doi.org/10.1145/2786567.2794338

[70] Alireza S. Shirazi, Niels Henze, Tilman Dingler, Martin Pielot, Dominik Weber,

and Albrecht Schmidt. 2014. Large-Scale Assessment of Mobile Notifications. In

Proc. of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’14).
ACM, New York, NY, USA, 3055–3064. https://doi.org/10.1145/2556288.2557189

[71] Gaganpreet Singh, William Delamare, and Pourang Irani. 2018. D-SWIME:

A Design Space for Smartwatch Interaction Techniques Supporting Mobil-

ity and Encumbrance. In Proceedings of the CHI Conference on Human Fac-
tors in Computing Systems (CHI ’18). ACM, New York, NY, USA, 634:1–634:13.

https://doi.org/10.1145/3173574.3174208

[72] Srinath Sridhar, Anna Maria Feit, Christian Theobalt, and Antti Oulasvirta. 2015.

Investigating the Dexterity of Multi-Finger Input for Mid-Air Text Entry. In

Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing
Systems (CHI ’15). ACM, New York, NY, USA, 3643–3652. https://doi.org/10.1145/

2702123.2702136

[73] Elizabeth L. Stegemöller, Thomas D. Ferguson, Andrew Zaman, Paul Hibbing,

Patricia Izbicki, and Olave E. Krigolson. 2021. Finger Tapping to Different Styles

of Music and Changes in Cortical Oscillations. Brain and Behavior 11, 9 (2021),
e2324. https://doi.org/10.1002/brb3.2324

[74] Jürgen Steimle. 2016. Skin–The Next User Interface. Computer 49, 4 (2016), 83–87.
https://doi.org/10.1109/MC.2016.93

[75] Christina Strohrmann, Holger Harms, Gerhard Tröster, Stefanie Hensler, and

Roland Müller. 2011. Out of the Lab and into the Woods: Kinematic Analysis

in Running Using Wearable Sensors. In Proceedings of the 13th International
Conference on Ubiquitous Computing (UbiComp ’11). ACM, New York, NY, USA,

119–122. https://doi.org/10.1145/2030112.2030129

[76] Tomoichi Takahashi and Fumio Kishino. 1991. Hand Gesture Coding Based on

Experiments Using a Hand Gesture Interface Device. SIGCHI Bull. 23, 2 (1991),
67–74. https://doi.org/10.1145/122488.122499

[77] Emi Tamaki, Takashi Miyaki, and Jun Rekimoto. 2011. PossessedHand: Tech-

niques for Controlling Human Hands Using Electrical Muscles Stimuli. In Pro-
ceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI
’11). ACM, New York, NY, USA, 543–552. https://doi.org/10.1145/1978942.1979018

[78] Janet L. Taylor. 2009. Proprioception. In Encyclopedia of Neuroscience, Larry R.

Squire (Ed.). Academic Press, USA, 1143–1149. https://doi.org/10.1016/B978-

008045046-9.01907-0

[79] Radu-Daniel Vatavu. 2019. The Dissimilarity-Consensus Approach to Agreement

Analysis in Gesture Elicitation Studies. In Proceedings of the CHI Conference
on Human Factors in Computing Systems (CHI ’19). ACM, New York, NY, USA,

224:1–224:13. https://doi.org/10.1145/3290605.3300454

[80] Radu-Daniel Vatavu. 2022. Sensorimotor Realities: Formalizing Ability-Mediating

Design for Computer-Mediated Reality Environments. In Proceedings of the 21st
IEEE International Symposium on Mixed and Augmented Reality (ISMAR ’22). IEEE,
USA, 685–694. https://doi.org/10.1109/ISMAR55827.2022.00086

https://doi.org/10.1145/2702123.2702461
https://doi.org/10.1145/2984511.2984530
https://doi.org/10.1145/3380984
https://doi.org/10.1109/ACCESS.2019.2951349
https://doi.org/10.1109/ACCESS.2019.2951349
https://doi.org/10.1145/2785830.2785859
https://doi.org/10.1145/2858036.2858566
https://doi.org/10.1145/2858036.2858566
https://doi.org/10.1145/2591689
https://doi.org/10.1145/2591689
https://doi.org/10.1177/1541931214581381
https://doi.org/10.1177/1541931214581381
https://doi.org/10.1201/9781315136370
https://doi.org/10.1145/2470654.2466142
https://doi.org/10.1145/2556288.2557312
https://doi.org/10.1145/2556288.2557312
https://doi.org/10.1073/pnas.2022340118
https://doi.org/10.1073/pnas.2022340118
https://doi.org/10.1016/j.comnet.2021.108074
https://doi.org/10.1016/j.comnet.2021.108074
https://doi.org/10.1145/2628363.2628364
https://doi.org/10.1145/3098279.3098526
https://doi.org/10.1145/3290605.3300648
https://doi.org/10.1152/physrev.00048.2011
https://doi.org/10.1152/physrev.00048.2011
https://doi.org/10.1002/cphy.c170036
https://doi.org/10.1145/1753326.1753458
https://doi.org/10.1007/978-3-031-02220-3
https://doi.org/10.1145/2702123.2702350
https://doi.org/10.1145/2702123.2702350
https://doi.org/10.1145/2957265.2962663
https://doi.org/10.1145/2957265.2962663
https://doi.org/10.1145/2556288.2556984
https://doi.org/10.1145/3491101.3519693
https://doi.org/10.1093/brain/29.4.467
https://doi.org/10.1145/2828993
https://doi.org/10.1145/2828993
https://doi.org/10.1145/2786567.2794338
https://doi.org/10.1145/2556288.2557189
https://doi.org/10.1145/3173574.3174208
https://doi.org/10.1145/2702123.2702136
https://doi.org/10.1145/2702123.2702136
https://doi.org/10.1002/brb3.2324
https://doi.org/10.1109/MC.2016.93
https://doi.org/10.1145/2030112.2030129
https://doi.org/10.1145/122488.122499
https://doi.org/10.1145/1978942.1979018
https://doi.org/10.1016/B978-008045046-9.01907-0
https://doi.org/10.1016/B978-008045046-9.01907-0
https://doi.org/10.1145/3290605.3300454
https://doi.org/10.1109/ISMAR55827.2022.00086


Fingerhints: Understanding Users’ Perceptions of and Preferences for On-Finger Kinesthetic Notifications CHI ’23, April 23–28, 2023, Hamburg, Germany

[81] Radu-Daniel Vatavu and Laura-Bianca Bilius. 2021. GestuRING: A Web-Based

Tool for Designing Gesture Input with Rings, Ring-Like, and Ring-Ready Devices.

In Proceedings of the 34th Annual ACM Symposium on User Interface Software and
Technology (UIST ’21). ACM, New York, NY, USA, 710–723. https://doi.org/10.

1145/3472749.3474780

[82] Radu-Daniel Vatavu and Jacob O. Wobbrock. 2022. Clarifying Agreement Calcu-

lations and Analysis for End-User Elicitation Studies. ACM Trans. Comput.-Hum.
Interact. 29, 1, Article 5 (2022), 70 pages. https://doi.org/10.1145/3476101

[83] Aku Visuri, Niels van Berkel, Tadashi Okoshi, Jorge Goncalves, and Vassilis

Kostakos. 2019. Understanding Smartphone Notifications’ User Interactions and

Content Importance. International Journal of Human-Computer Studies 128 (2019),
72–85. https://doi.org/10.1016/j.ijhcs.2019.03.001

[84] Chat Wacharamanotham, Kashyap Todi, Marty Pye, and Jan Borchers. 2014.

Understanding Finger Input above Desktop Devices. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems (CHI ’14). ACM, New York,

NY, USA, 1083–1092. https://doi.org/10.1145/2556288.2557151

[85] Dominik Weber, Alexandra Voit, Philipp Kratzer, and Niels Henze. 2016. In-Situ

Investigation of Notifications in Multi-Device Environments. In Proceedings of
the ACM International Joint Conference on Pervasive and Ubiquitous Computing
(UbiComp ’16). ACM, New York, NY, USA, 1259–1264. https://doi.org/10.1145/

2971648.2971732

[86] Tilo Westermann, Sebastian Möller, and Ina Wechsung. 2015. Assessing the

Relationship between Technical Affinity, Stress and Notifications on Smartphones.

In Proceedings of the 17th International Conference on Human-Computer Interaction
with Mobile Devices and Services Adjunct (MobileHCI ’15). ACM, New York, NY,

USA, 652–659. https://doi.org/10.1145/2786567.2793684

[87] Jason Wiese, Scott T. Saponas, and Bernheim A.J. Brush. 2013. Phoneprioception:

Enabling Mobile Phones to Infer Where They Are Kept. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (CHI ’13). ACM, New

York, NY, USA, 2157–2166. https://doi.org/10.1145/2470654.2481296

[88] Andrew D. Wilson and Hrvoje Benko. 2010. Combining Multiple Depth Cameras

and Projectors for Interactions on, above and between Surfaces. In Proceedings of

the 23nd Annual ACM Symposium on User Interface Software and Technology (UIST
’10). ACM, New York, NY, USA, 273–282. https://doi.org/10.1145/1866029.1866073

[89] Jacob O. Wobbrock, Htet Htet Aung, Brandon Rothrock, and Brad A. Myers.

2005. Maximizing the Guessability of Symbolic Input. In Proceedings of the CHI
Extended Abstracts on Human Factors in Computing Systems (CHI EA ’05). ACM,

New York, NY, USA, 1869–1872. https://doi.org/10.1145/1056808.1057043

[90] Jacob O. Wobbrock, Shaun K. Kane, Krzysztof Z. Gajos, Susumu Harada, and Jon

Froehlich. 2011. Ability-Based Design: Concept, Principles and Examples. ACM
Trans. Access. Comput. 3, 3, Article 9 (2011), 27 pages. https://doi.org/10.1145/

1952383.1952384

[91] Jacob O. Wobbrock, Meredith Ringel Morris, and Andrew D. Wilson. 2009. User-

Defined Gestures for Surface Computing. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (CHI ’09). ACM, New York, NY, USA,

1083–1092. https://doi.org/10.1145/1518701.1518866

[92] Paweł W. Woźniak, Jakob Karolus, Florian Lang, Caroline Eckerth, Johannes

Schöning, Yvonne Rogers, and Jasmin Niess. 2021. Creepy Technology: What Is

It and How Do You Measure It?. In Proceedings of the CHI Conference on Human
Factors in Computing Systems (CHI ’21). ACM, New York, NY, USA, 719:1–719:13.

https://doi.org/10.1145/3411764.3445299

[93] Erwin Wu, Ye Yuan, Hui-Shyong Yeo, Aaron Quigley, Hideki Koike, and Kris M.

Kitani. 2020. Back-Hand-Pose: 3D Hand Pose Estimation for a Wrist-Worn

Camera via Dorsum Deformation Network. In Proceedings of the 33rd Annual
ACM Symposium on User Interface Software and Technology (UIST ’20). ACM, New

York, NY, USA, 1147–1160. https://doi.org/10.1145/3379337.3415897

[94] Ionut-Alexandru Zaiţi, Ştefan Gheorghe Pentiuc, and Radu-Daniel Vatavu. 2015.

On Free-Hand TV Control: Experimental Results on User-Elicited Gestures with

Leap Motion. Personal and Ubiquitous Computing 19, 5-6 (2015), 821–838. https:

//doi.org/10.1007/s00779-015-0863-y

[95] Liting Zhou, Zaher Hinbarji, Duc-Tien Dang-Nguyen, and Cathal Gurrin. 2018.

LIFER: An Interactive Lifelog Retrieval System. In Proceedings of the 2018 ACM
Workshop on The Lifelog Search Challenge (LSC ’18). ACM, New York, NY, USA,

9–14. https://doi.org/10.1145/3210539.3210542

https://doi.org/10.1145/3472749.3474780
https://doi.org/10.1145/3472749.3474780
https://doi.org/10.1145/3476101
https://doi.org/10.1016/j.ijhcs.2019.03.001
https://doi.org/10.1145/2556288.2557151
https://doi.org/10.1145/2971648.2971732
https://doi.org/10.1145/2971648.2971732
https://doi.org/10.1145/2786567.2793684
https://doi.org/10.1145/2470654.2481296
https://doi.org/10.1145/1866029.1866073
https://doi.org/10.1145/1056808.1057043
https://doi.org/10.1145/1952383.1952384
https://doi.org/10.1145/1952383.1952384
https://doi.org/10.1145/1518701.1518866
https://doi.org/10.1145/3411764.3445299
https://doi.org/10.1145/3379337.3415897
https://doi.org/10.1007/s00779-015-0863-y
https://doi.org/10.1007/s00779-015-0863-y
https://doi.org/10.1145/3210539.3210542

	Abstract
	1 Introduction
	2 Related Work
	2.1 Kinesthesia and Proprioception
	2.2 On-Body, Proprioceptive, and Kinesthetic Interaction
	2.3 User Behavior and Attitudes Toward Notifications
	2.4 Summary

	3 Formalization of On-Finger Kinesthetic Notifications
	4 Experiment #1: The User Experience of Fingerhints
	4.1 Participants
	4.2 Apparatus
	4.3 Procedure
	4.4 Design
	4.5 Statistical Analysis
	4.6 Results: The Experience of Fingerhints
	4.7 Results: Preferences for Fingerhints
	4.8 Summary

	5 Experiment #2: The Fingerhints Device in the Context of Finger and Hand-Augmentation Devices
	5.1 A Context for Our Fingerhints Device
	5.2 Participants
	5.3 Apparatus
	5.4 Procedure
	5.5 Experiment Design and Statistical Analysis
	5.6 Results
	5.7 Summary

	6 Preliminary Insights from Using Fingerhints in the Wild
	6.1 Procedure
	6.2 Results

	7 Discussion
	7.1 Recommendations for Researchers and Practitioners
	7.2 Limitations and Future Work

	8 Conclusion
	Acknowledgments
	References

