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ABSTRACT 
We conduct a systematic literature review on wearable interactions 
for users with motor impairments and report results from a meta-
analysis of 57 scientific articles identified in the ACM DL and IEEE 
Xplore databases. Our findings show limited research conducted on 
accessible wearable interactions (e.g., just four papers addressing 
smartwatch input), a disproportionate interest for hand gestures 
compared to other input modalities for wearable devices, and low 
numbers of participants with motor impairments involved in user 
studies about wearable interactions (a median of 6.0 and average of 
8.2 participants per study). We compile an inventory of 92 finger, 
hand, head, shoulder, eye gaze, and foot gesture commands for 
smartwatches, smartglasses, headsets, earsets, fitness trackers, data 
gloves, and armband wearable devices extracted from the scientific 
literature that we surveyed. Based on our findings, we propose four 
directions for future research on accessible wearable interactions 
for users with motor impairments. 
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• Human-centered computing → Accessibility technologies; 
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1 INTRODUCTION 
Wearable devices are becoming mainstream as consumers increas-
ingly adopt and integrate them in their lives [11, 65, 78, 141]. Ac-
cording to an IDC report [53], global shipments of wearable devices 
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were of 345 million units in 2019 and forecast to reach 637 million 
units in 2024. Of these, smartwatches and wrist bands represented 
91 and 67 million units, respectively. Other types of wearables, such 
as smartglasses and head-mounted displays (HMDs), are gaining 
momentum with the increased interest for Virtual and Augmented 
Reality (VR/AR) technology [114]. Also, the global market for Blue-
tooth and NFC smart rings is projected to reach US$12.6 million by 
2027 according to a Global Industry Analysis report [42], enabling 
users with simple access authorization and contactless payments. 

In this context, getting the right design for wearable interactions 
is paramount for mobile users to be able to operate effectively small 
screens [3, 41], tiny buttons [1, 56, 130], eyes-free UIs [87], and be 
efficient with gesture input involving precise movements of the fin-
gers, hand, and head [66, 107, 135]. For example, touch interactions 
on the Samsung Galaxy Watch1 include taps and variations of taps, 
drag gestures, where the finger touches an on-screen target and 
moves across the screen at a constant speed, and the palm touch 
gesture, where the display is covered with the palm to deactivate 
the screen. Fitbit Sense2 features a small, 10mm-wide solid-state 
button that, when pressed for two seconds, gives quick access to 
applications. The Vuzix Blade AR glasses3 are operated via taps and 
swipes on the touch pad embedded in their right temple. The Myo 
armband,4 now a discontinued product yet employed in several of 
the systems identified in our literature review, enables several hand 
gestures, such as making a fist or spreading the fingers. 

1.1 Context for Wearable Interactions and 
Users with Motor Impairments 

Research on accessible wearable interactions for people with motor 
impairments has been scarce and mostly focused on rehabilita-
tion systems, e.g., we found just four papers [57, 71–73] examining 
accessibility challenges for touch, gesture, and voice input on smart-
watches, despite the large body of research available on smartwatch 
input in general [17, 65, 68] and the large worldwide adoption of 
these devices [53]. To put this finding into perspective, the focus on 
users with motor impairments has been overall disproportionate 
in the accessibility research community compared to addressing 
the needs of other user groups. For example, in their survey of 
506 accessibility papers published at CHI and ASSETS between 
2010 and 2019, Mack et al. [69] found that almost half of the papers 
addressed blind people or people with visual impairments, while 

1https://developer.samsung.com/galaxy-watch-design/interaction/touch.html
2https://help.fitbit.com/articles/en_US/Help_article/2086.htm
3https://www.vuzix.com/products/blade-smart-glasses-upgraded
4https://developerblog.myo.com/new-in-myo-connect-gesture-overlay-pointer-
color-and-more/ 
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motor or physical disabilities were discussed in just 72 of the papers 
they analyzed. In this context, it is no surprise that research on the 
niche topic of accessible wearable interactions has been scarce. 

1.2 Contributions 
We make the following contributions in this paper: 

(1) We report results from the first Systematic Literature Review 
(SLR) conducted on wearable interactions for users with mo-
tor impairments. Our findings show that only a small number 
of scientific papers has been published on this topic, e.g., only 
four papers about smartwatch input [57, 71–73], five papers 
about input on smartglasses [2, 71, 74, 75, 79], and only one 
paper on possible applications of smart rings [37] for users 
with motor impairments, while most of the wearable proto-
types from the literature were developed and discussed in 
the context of medical rehabilitation. 

(2) We compile an inventory of 92 interactions for wearables 
consisting of gestures performed with the fingers, hands, 
head, shoulders, and feet, which we extracted from a number 
of 57 papers addressing smartwatches, smartglasses, HMDs, 
fitness trackers, earsets, headsets, data gloves, and armbands. 

(3) We draw implications for future research on accessible wear-
able interactions and users with motor impairments. We 
identify four directions and propose the WISE framework 
(Wearable prototypes, Interaction techniques, Studies with 
users with motor impairments, and Expansion to other de-
vices and smart environments) to structure future scientific 
investigations and practical developments in this area. 

2 SCOPE AND METHOD 
We present the method employed in our SLR study to address two 
research questions (RQs) specifying our scope of investigation for 
accessible wearable interactions and users with motor impairments: 

RQ1: What categories of wearable devices have been considered 
in the scientific literature for users with motor impairments? 

RQ2: What types of wearable interactions have been proposed 
(designed, developed, evaluated, discussed, etc.) for users 
with motor impairments? 

The answer to RQ1 structures the landscape of contributions from 
the scientific literature from the perspective of their focus on spe-
cific types of wearables (e.g., smartwatches, smartglasses, etc.), 
while the answer to RQ2 is useful to understand the interactions 
that were proposed for these devices to inform future work. 

2.1 Scope 
We start by presenting our operational definition of wearable inter-
actions to delimit precisely the scope of our SLR. This delineation 
is important since wearables come in many flavors to address a 
variety of needs and present a wide range of functionality, from 
devices designed to track fitness and health [15, 76, 77] to notifi-
cation implementers [40, 108], navigation tools [31, 36], gaming 
devices and controllers [125], personal mobile computers [35, 85], 
and fashion accessories [54, 106]. In this context, examining wear-
ables as devices that were simply designed to be worn [4, 51] or 

Figure 1: Flow diagram specifying the scope of our investiga-
tion on wearable interactions and users with motor impair-
ments; see requirements Req1, Req2, and Req3 described in 
the text. 

incorporated into items of clothing and accessories [109] repre-
sents a definition too broad for our scope as it does not capture the 
interaction part—in fact, such a broad definition encompasses all 
devices, sensors, and electronics that, admittedly wearable, may 
not necessarily require interaction, e.g., medical sensors [5, 140]. 
Instead, a definition approach based on identifying relevant cate-
gories of wearables [105], their characteristics such as always-on 
operation and interactivity [51, 131], and design requirements for 
interactions, such as comfort, safety, usability, and satisfaction [32], 
is better suited to our scope. We are thus interested in all devices 
that can be worn, either directly or integrated into items that are 
worn, and that enable direct interaction on the device itself, such 
as tap input to read a smartwatch notification [24], or using the 
wearable for indirect interaction to control something else, such 
as performing a gesture with the finger wearing a smart ring to 
turn on the lights [38]. From this perspective, our operational defi-
nition for interactive wearables is specified by the following three 
requirements (see also Figure 1): 
Req1: The device is worn or integrated into an item that is worn. 

Examples include smartwatches [72], rings [37], fitness 
trackers [15], smartglasses [79], data gloves [33], HMDs for 
VR [82], but also sensors embedded into clothes, such as 
IMUs sewed onto a hat [8] or touch pads placed on the 
body [75]. 

Req2: The device enables direct interaction to operate the device 
itself or mediates interaction, e.g., to control a computer [49], 
a robot [18], a virtual world [30], or the electric-powered 
wheelchair [52]. A wearable may also be used to control an-
other wearable [43, 75]. Wearable devices that do not require 
interaction, such as heart rate sensors [45], are excluded. 

Req3: Our scope addresses people with motor impairments, i.e., 
with any impairment in the ability to move all or parts of the 
body. Thus, our third requirement specifies physical move-
ment of a part of the body to implement the interaction. 
For example, smartglasses that track head movement, ges-
tures performed with smart rings [37], touch input on smart-
watches [72] or on the body [75], earsets that require tilting 
and movement of the head [18], are relevant to our scope, 
whereas electroencephalography (EEG) neuroheadsets [62] 
are not, since they do not require physical movement. The 
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movement can be subtle, such as a small gesture of the finger 
wearing a ring [37], or more ample, such as rotating the wrist 
wearing a smartwatch to activate its screen. In general, the 
large muscle groups of a limb are expected to be involved 
in the interaction according to the design expectations of 
current wearable devices (see Section 1 for a few examples) 
and, consequently, this criterion excludes eye movements. 
With this requirement, we delimit our scope to wearables that 
involve a part of the body to implement the interaction and, 
because of this design expectation, may present accessibility 
challenges for people with motor impairments. 

Requirements Req1 to Req3 specify our scope of investigation 
precisely, while they are broad enough to encompass a variety of 
wearables (Req1) as long as the corresponding interactions (Req2) 
require motor skills (Req3); see Figure 1. For other categories of 
wearables and goals of wearable computing, we refer to Lara and 
Labrador’s [60] survey of wearable sensors for activity recognition, 
Thalman and Artemiadis’ [117] review of wearable assistive robots, 
Şiean et al. [111] for assistive technology involving mixed reality 
and ambient intelligence, Rose et al.’s [97] survey of VR for rehabili-
tation, Lazarou et al. [62] and Tiwari et al. [118] for brain-computer 
interfaces, and Pasqualotto et al. [88] for eye gaze input. 

2.2 Study Design 
There are many ways to conduct SLRs, which can be quantitative 
(like ours) or qualitative (e.g., narrative reviews) [10, 110]. In this 
work, we conduct a meta-analysis to structure numerically the 
landscape of research on accessible wearable interactions. We follow 
Siddaway et al.’s [110] Best Practice Guide and adopt PRISMA5 [63] 
for reporting meta-analyses; see Figure 2 for an illustration of the 
identification, screening, eligibility, snowballing, and inclusion stages 
of our study. In the following, we describe each stage in detail. 

2.2.1 Identification. The role of the identification stage is to locate 
work that addresses the research questions, a stage operationalized 
with search terms and queries in scientific databases. We chose 
the ACM DL6 and IEEE Xplore7 as two major databases for Com-
puter Science research and DBLP8 as a multi-publisher bibliography 
source to cover other publishers as well. After performing searches 
in these databases to familiarize ourselves with the literature, we 
concluded that by searching only through the titles of the articles, 
relevant references would be lost, while searching through the 
entire text would result in too many irrelevant results. Thus, we 
decided to search the abstracts as a compromise, and considered 
various categories of wearables to specify our keywords, such as 
“watch,” “glasses,” “bracelet,” etc. alongside the generic keyword 
“wear.” The ACM DL query was: 

"query": { 
Abstract: ((motor) AND (impair* OR disab*) AND 
(wear* OR worn OR watch* OR (fitness AND band*) OR 
ring* OR bracelet* OR jewel* OR 
glass* OR HMD* OR ("head" AND "mount*"))) 

} 
5The PRISMA acronym stands for Preferred Reporting Items for Systematic reviews 
and Meta-Analyses.
6https://dl.acm.org
7https://ieeexplore.ieee.org/Xplore
8https://dblp.org 

"filter": {NOT VirtualContent: true} 

and returned 79 results. For IEEE Xplore, the advanced search form 
did not allow searching with all the wildcards * in one query, so we 
split the query in two parts (Q1 and Q2), as follows: 

Q1: ("Abstract": motor) AND ("Abstract": impair* OR 
"Abstract": disab*) AND ("Abstract": wear* OR "Abstract": 
worn OR "Abstract": watch* OR "Abstract": glass* OR 
("Abstract": fitness AND "Abstract": band*)) 

Q2: ("Abstract": motor) AND ("Abstract":impair* OR "Abstract": 
disab*) AND ("Abstract": ring* OR "Abstract": bracelet* 
OR "Abstract": jewel* OR "Abstract": HMD* OR 
("Abstract": head AND "Abstract": mount*)) 

for which we obtained 192 and 37 results, respectively, but 12 were 
returned by both Q1 and Q2, so the total number of distinct results 
from IEEE Xplore was 217. The following form of the query: 

motor impair|disab wear|worn|watch|glass|fitness|band| 
ring|bracelet|jewel|HMD|head|mount 

returned 17 results from DBLP. All the queries were ran on Oct. 28th, 
2020. Overall, we identified a number of 313 articles; see Figure 2. 

2.2.2 Screening. We discovered 22 duplicates that we eliminated 
from our list, resulting in a total number of 291 unique titles. We 
read the abstracts to determine whether the identified references 
were relevant according to our scope. We excluded 60 references 
that did not address people with motor impairments, but for which 
the keyword “motor” appeared in the abstracts in conjunction with 
“impairments” to denote, for example, electric motors used to deliver 
vibrotactile feedback to people with visual impairments [55]. We 
excluded another 4 references that did not focus on humans, but 
addressed wearables for dogs or monkeys [47, 80]. Also, a number 
of 40 references did not match our definition of interactive wear-
ables: we excluded devices not designed to be worn, such as those 
integrated into wheelchairs, stretchers, robotic assistants, etc., and 
prototypes for which the operation was internal to the body, e.g., 
devices operated with the tongue [137] or designed to replace body 
parts, such as implants [112] and prosthetic limbs [119]. After the 
screening stage, we arrived at 187 references. 

2.2.3 Eligibility. We formulated the following eligibility criteria 
(EC) to further filter out work not relevant to our scope: 
EC1: Availability of full text. The full text of the work must be 

available and the work must be written in English. 
EC2: Peer-reviewed work. The work must be academic and peer 

reviewed, e.g., journal articles, conference papers, PhD dis-
sertations. Magazine articles, brochures, etc., are excluded. 

EC3: Focus on interactions. The wearable must enable interactions 
either to operate it or to control another device or system. 
From this perspective, medical rehabilitation devices [98], 
systems for mobility assistance [116], and sensors employed 
for the assessment of motor skills [22] were excluded. We 
refer readers interested in such topics to Avutu et al. [5] and 
Zhou and Hu [140] for surveys on smart devices and human 
motion tracking for rehabilitation, Thalman and Artemi-
adis [117] for wearable assistive robots, and Rose et al. [97] 
for a review of VR for rehabilitation. This eligibility criterion 
connects to Req2 specifying wearable interactions. 

https://dl.acm.org
https://ieeexplore.ieee.org/Xplore
https://dblp.org
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313 references 

returned by queries: 

• ACM DL (79) 
• IEEE Xplore (217) 
• DBLP (17) 

313 references 

Removed duplicates and 
screened title and abstract 

187 references 

60 refs. not about motor 
impairments were removed 

4 refs. not about humans 

 
40 refs. not about wearable 

devices were removed 
 

Applied eligibility criteria 
EC1 to EC4 

148 references were 
found not eligible: 

0 according to EC1, 5 EC2, 

113 EC3, and 31 according 

to criterion EC4 

57 references 

formed the dataset of 
academic works to 
analyze in our SLR 

Backward snowballing:  
9 more references  

were identified 

Forward snowballing 
(Google Scholar):  

10 more references  
were identified 

5 

38 references 

Figure 2: The PRISMA [63] diagram illustrating the results of the identification, screening, eligibility, snowballing, and inclu-
sion stages of our SLR study on the topic of wearable interactions for users with motor impairments. 

EC4: Focus on motor abilities. We excluded brain-computer inter-
faces (BCI) and mobile eye gaze tracking systems because, 
even though they represent devices designed to be worn, do 
not require motor abilities of the large muscle groups9 and, 
thus, act as mere sensors affixed to the body. We refer the 
interested reader to the literature on BCI [7, 62, 118] and 
eye gaze input [27, 70, 88] for results in these areas. This 
criterion connects to our requirement Req3 from Figure 1. 

By applying these eligibility criteria, we eliminated 149 references, 
leaving a subset of 38 papers relevant for our scope; see Figure 2. 

2.2.4 Snowballing. We used the 38 papers in two snowballing [134] 
procedures: backward snowballing (by looking at the lists of refer-
ences of the selected papers) and forward snowballing (the citations 
are considered). Backward snowballing identified 9 more relevant 
papers. By scrutinizing the 583 citations (Google Scholar) identified 
with the forward snowballing, we selected 10 more papers relevant 
for our scope. Our final set consists of 57 peer-reviewed scientific 
papers published between 2005 and 2020; see Figure 2. 

3 RESULTS 
We present results from a meta-analysis of the 57 papers identified 
on the topic of wearable interactions and users with motor impair-
ments. Figure 3 shows the distribution of these papers according 
to their publication year, starting with Moon et al.’s [52] work 
on wearable electromyography (EMG) control of electric-powered 
wheelchairs. A growing interest can be identified (R2=.439) for 
wearable interactions but, overall, the number of papers is small. 

3.1 Research Contributions 
To catalogue the contributions made by the papers identified in 
our SLR, we employed the seven categories of Wobbrock and 
Kientz [132]: (1) empirical research, (2) artifact, (3) methodological, 
(4) theoretical, (5) data set, (6) survey, and (7) opinion. We found that 

9Eye gaze input does represent physical movement, but it falls outside our scope, 
where we focus on motor abilities of larger muscle groups, such as finger touches on 
smartwatches, hand gestures for fitness trackers, or head movements for smartglasses 
and HMDs. Such types of movements are expected by the current designs of interac-
tions available for smartwatches, smartglasses, smart rings, etc. and, thus, they are 
likely to lead to accessibility challenges for users with motor impairments. 
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al., 2014) 

Figure 3: Number of papers from our SLR, shown per year. 
Several milestones are highlighted. 

the most frequent contribution was empirical research, which we 
identified in 51 of the 57 papers (89.5%), followed by artifact (71.9%) 
with application categories including rehabilitation [12, 19, 23, 115], 
assistive robot control [8, 18, 46, 59], games [29, 127], text en-
try [34, 89, 92], and wheelchair navigation [2, 39]. The other types 
of contributions were less or little represented. For example, we 
found just two articles (3.5%) contributing opinions: Mott et al. [81], 
who discussed opportunities and challenges of accessible VR, and 
Gheran et al.’s [37] position paper about smart rings as assistive 
devices. Two articles (3.5%) made theoretical contributions: Carring-
ton et al. [16] presented conceptual designs of devices integrating 
wheelchairs and Baldi et al. [8] described a method for tilt estimation 
using quaternions for their interface designed to control a robotic 
arm. We also identified three surveys (5.3%): Malu et al.’s [71] sum-
marizing their prior work on accessible wearable interactions for 
people with motor impairments, Dobosz et al.’s [25] overview of 
head-based text entry methods, and Ghovanloo and Huo’s [39] 
book chapter presenting an overview of wearable non-invasive 
assistive technology. To the best of our knowledge, no work has 
released datasets about wearable interactions and users with motor 
impairments. 

3.2 Types of Wearables and Input Modalities 
We examined the categories of wearables addressed by the papers 
identified in our SLR and extracted information about the body 
parts for which they were designed (see Table 1): 
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Table 1: Body parts for which wearables have been examined in the scientific literature for users with motor impairments, e.g., 
we found four devices designed for the ear [18, 100, 126, 127]. 

Worn on Freq.† % References 

head 

47.3% 
ear 

5.4% 

arm 

13.5% 

wrist 

13.5% 

hand 

9.5% 

finger 

2.6% 

foot 

2.6% 

shoulder 

1.4% 

thigh 

1.4% 

chest 

1.4% 

neck 

1.4% 

head 35 47.3 [2],[6],[8],[12],[14],[19],[23],[25],[26],[30],[39],[44],[46],[49],[59],[71],[74],[75],[79], 
[81],[82],[91],[93],[94],[95],[96],[99],[100],[113],[115],[127],[128],[129],[129],[138] 

wrist 10 13.5 [15],[28],[57],[71],[72],[73],[75],[76],[77],[113] 
arm 10 13.5 [20],[29],[52],[64],[67],[75],[84],[90],[123],[128] 
hand 7 9.5 [33],[34],[64],[75],[86],[91],[113] 
ear 4 5.4 [18],[100],[127],[126] 
finger 2 2.6 [37],[75] 
foot 2 2.6 [89],[92] 
thigh 1 1.4 [75] 
chest 1 1.4 [75] 
neck 1 1.4 [75] 
shoulder 1 1.4 [52] 
Total† 74 100% 

†Frequencies are reported cumulatively by considering all the devices reported in a paper, e.g., Wang et al. [129] described both a HMD for VR and a headset. 

Armbands 
12.2% 

Bracelets 
6.8% 

Connected 
glasses 
2.7% 

Earsets 
5.4% 

Foot-mounted 
devices 

2.7% Data gloves 
9.4% 

Headsets 
12.2% 

Passive glasses 
2.7% 

Smart clothing 
2.7% 

Rings 
1.4% 

Smart glasses 
6.8% 

Smartwatches 
5.4% 

HMDs for VR 
20.2% 

On-body 
touch pad, user- 

positioned 
(9.4%) 

Hand 
gestures 

41.6% 

Shoulder 
gestures 

1.3% Eye gaze 
13.0% 

Face 
gestures 

5.1% 

Head 
gestures 

23.4% 

Feet 
gestures  

2.6% 

Voice input 
13.0% 

Figure 4: Categories of wearables (left) and input modalities (right) identified in our SLR. Note: percentages reported in the 
left figure are computed with respect to the total number of devices identified in the papers from our SLR (see Table 1). 

(1) HMDs for VR represent the category with the largest fre-
quency of occurrence (20.2%). For example, Hansen et al. [44] em-
ployed a FOVE HMD to enable remote control of a robot with head 
and eye gaze input with video from the robot displayed in the HMD. 
Ferracani et al. [30] used an Oculus Rift HMD to deliver immersive 
experiences to people with motor impairments for museum visits 
in VR. Bortone et al. [12] evaluated a wearable prototype for haptic 
feedback in VR games for neuromotor rehabilitation and children. 
Mott et al. [82] conducted interviews with people with limited 
mobility to document their experiences with VR, and identified 
barriers related to the accessibility of VR devices. 

(2) Headsets were represented by 12.2% of the devices described 
in the papers from our SLR. Headsets can embed various sensors, 
such as IMUs [46, 94], electrodes for EEG [95], or magnetometers 
to track tongue movement [99], among others. 

(3) Glasses devices accounted for 12.2% of the wearables that we 
examined, for which we identified three subcategories: passive, con-
nected, and smartglasses. Passive glasses do not embed sensing, but 

are tracked by an external system, such as the glasses with infrared 
LEDs used by Honye and Thinyane [49] and Azmi et al. [6] tracked 
with the Wii Remote controller. Connected glasses embed sensors 
and can process or stream data to another device. Examples include 
the glasses used by Schäfer and Gebhard [100] with electrodes in 
the nose bridge and pads to measure the electrooculogram for con-
trolling a robot, and the glasses frame of Rodrigues et al. [96] with 
a built-in gyroscope and accelerometer to enable remote control 
of a computer via head movements. Unlike passive and connected 
glasses, smartglasses integrate a display, such as the Google Glass 
used in Malu and Findlater’s [74] and McNaney et al.’s [79] studies 
documenting accessibility challenges and the ORA-2 device used 
by Ajmi et al. [2] for AR navigation and wheelchair users. 

(4) Armbands were found in nine systems (12.2%) and were repre-
sented in the majority of the cases by Myo.10 Applications ranged 

10https://developerblog.myo.com 

https://developerblog.myo.com


ASSETS ’21, October 18–22, 2021, Virtual Event, USA Şiean and Vatavu 

from interactions in smart homes [123], robot navigation and con-
trol [67, 84], games for children with motor impairments [29], and 
controllers for VR games [127]. Moon et al. [52] developed a system 
for recognizing shoulder elevation gestures using EMG measure-
ments to control the electric-powered wheelchair, for which the 
processing unit was attached to the user’s forearm as an armband. 

(5) Data gloves (9.4%) were used to implement text-based com-
munication [33, 34], remote monitoring of physical rehabilitation 
of stroke patients [91], and multi-sensor gesture recognition [86]. 

(6) Earsets (5.4%) included EEG dry electrode sensors placed on 
top of the ears to detect eye movements and facial expressions [127, 
128], the ear-mounted laser pointer of Choi et al. [18] for the remote 
control of an assistive robot, and electrodes positioned on and 
around the ear for EMG on the posterior auricular muscle [100]. 

(7) Interactions with smartwatches were addressed by four papers 
representing just 5.4% of the wearables examined in our SLR. Malu 
et al. [72] assessed the accessibility of smartwatch gestures, such as 
taps, swipes, and drawing letters for text input, and conducted an 
end-user elicitation study [133] in which participants with motor 
impairments were asked to create their own gestures. In a follow-up 
study, Malu et al. [73] compared smartwatch touch and bezel input 
and found that touchscreen gestures were faster, but bezel input was 
more accurate. Kim et al. [57] described a smartwatch application 
designed to assist in accessing the functions offered by a smart 
campus, such as monitoring the temperature and illumination from 
a room, calling elevators, and unlocking doors. 

(8) Fitness trackers and bracelets (6.8%) were used to understand 
accessible health and fitness tracking practices for people with 
mobility impairments [76] and to provide implications for sharing 
activity data [77]. Carrington et al. [15] examined the inaccessibility 
of fitness trackers for wheelchair athletes. 

(9) Other types of wearables were found in just one or two 
papers, such as Gheran et al.’s [37] position paper about rings, 
Baldi et al.’s [8] and Kyrarini et al.’s [59] systems with motion 
sensors attached to a hat, and Rajanna’s [92] and Pedrosa and 
Pimentel’s [89] foot-mounted wearables. Malu and Findlater [75] 
documented the preferences of users with motor impairments for 
placing touch pads at various locations on their body—on the arm, 
wrist, hand, finger, thigh, chest, and neck—which we counted as 
seven types of location-dependent wearables (7/74=9.4%) enabling 
personalized on-body input; see Figure 4, left. 

We also analyzed the input modalities described in the papers 
identified in our SLR to implement wearable interactions. These 
included hand gestures (41.6%), movements of the head (23.4%), eye 
gaze input (13.0%), and voice input (13.0%). Other modalities, such 
as feet input, face gestures, and movement of the shoulders, were 
less represented; see Figure 4, right for an overview. 

3.3 User Studies 
A number of nine articles (9/57=15.8%) did not report user studies, 
while a number of eighteen articles (31.6%) reported studies con-
ducted solely with people without motor impairments. The rest of 
the works (54.4%) involved participants with motor impairments, 

for which the number varied from one [28, 46, 89, 100] and two par-
ticipants [8, 57, 92, 93] to a maximum of twenty [127] and twenty-
one11 [72], respectively, with a mean of 8.2 (SD=6.2) and a median 
of 6.0 participants with motor impairments per study. Of these, a 
number of fourteen studies (24.6%) involved both participants with 
and without motor impairments. In some of these studies, partic-
ipants without impairments acted as the control group [92, 115], 
while in others they were represented by therapists [15, 77] and 
clinicians [16]. For example, Carrington et al. [15] included ther-
apists in their study about the inaccessibility of fitness trackers 
for wheelchair athletes “to gain a perspective on the role and im-
pact of wearable technology from professionals who work with many 
wheelchair users” (p. 196), and Malu et al. [77] conducted “interviews 
with therapists [that] focused on understanding the opportunities and 
value of automatically tracked health and fitness data to therapy, 
while the interviews with people with mobility impairments focused 
on participants’ interest in sharing such data both with therapists and 
with peers who have similar impairments” (p. 138). 

Regarding the medical conditions of the participants with motor 
impairments involved in user studies, we found participants with 
cerebral palsy in 30.0% (9/30) of the studies [12, 72–76, 82, 93, 94], 
followed by people with spinal cord injury (6/30=20%) [14, 39, 74– 
77], muscular dystrophy [72, 73, 75, 76, 82], multiple sclerosis [18, 
59, 72, 76], and spinal muscular atrophy [73, 82], respectively. Note 
that not all of the papers with user studies presented this kind of 
information. 

The ratio between the participants with and without impair-
ments varied between 0.07 (1:15) and 14.0 (14:1) with a mean of 
1.66 (SD=3.62) showing that, on average, when both participants 
with and without motor impairments where involved in a study, the 
number of the former was larger. However, studies involving users 
with motor impairments and wearables are overall small-scale, a 
finding that we connect to Mack et al.’s [69] results from their sur-
vey of accessibility research published at CHI and ASSETS. In that 
study, Mack et al. reported a median sample size of 13 for disabled 
and older adult participant groups and of 10 (mean 15.3) for people 
with motor/physical impairments. By comparison, the studies on 
wearable interactions identified in our SLR have employed less 
participants. An explanation may be given by the nature of these 
studies: 30% were qualitative, 63.3% quantitative, and 6.7% reported 
both qualitative and quantitative results. 

3.4 An Inventory of Wearable Interactions 
We extracted a total number of 152 gesture commands from the 
57 articles identified in our SLR, representing 92 distinct ges-
tures. These include tap and touch input [28, 57], multitouch in-
put [72], pressing physical buttons on the device [49, 127], stroke 
gestures [74, 75], free-hand and mid-air gestures [28, 67, 84], head 
movement [46, 59, 127, 129], shoulder [52], face [129], and feet 
gestures [89, 92]. 

In the following, we structure this information according to the 
body parts involved in the interaction and consider: (i) interactions 
performed with the hand (Figure 5) and (ii) interactions performed 
with other body parts, such as the head or feet (Figure 6). In the 
first category, we found 67 distinct gestures representing poses and 

11Two studies are reported in [72] with 10 and 11 participants, respectively. 
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Figure 5: Interactions with wearables performed with the finger, hand, and wrist. 

gestures of the hand in mid-air (such as the victory sign [33, 34, 84] 
or thumbs-up [90]), on the device (e.g., a double tap [57], a force 
press [72] on the touchscreen, or rotating the crown button [72] 
of the smartwatch), movements of the wrist [20, 23, 84], and on-
body gestures detected by touch pads at various locations on the 

body [75]. In the second category, we found 25 distinct gestures 
representing nineteen movements of the head (e.g., move up and 
down [46, 59, 95]) and eye gaze input [127, 129], three gestures 
produced with the feet (i.e., rotations of the heel [89], press button 
with the foot [92]), and three movements of the shoulders [52]. 
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Figures 5 and 6 illustrate these results. For each gesture, we indicate 
the reference where that gesture was addressed, e.g., the “grasp” 
gesture was employed in [90] and [12], but also the device for which 
it was intended, such as an horizontal movement detected by a 
glove [23], a one-finger tap on the touchscreen of a smartwatch [72], 
extension of the wrist sensed by an armband [20], or a tap on 
the touch pad placed on the body to interact with a smartglasses 
display [75]. 

Besides gesture input, our analysis revealed voice commands and 
eye gaze input as two other modalities to implement interactions 
with wearables with equal representativeness (13.0% of the papers); 
see Figure 4, right. However, unlike gesture commands that were 
explicitly documented by most of the papers implementing them, 
interactions using eye gaze and voice have been less detailed. 

Eye gaze tracking was employed in the form of directional com-
mands [128] to perform selections on a remote screen [92] and 
for mapping eye gaze movements to control another device, such 
as a robot [44]. For instance, Wang et al. [128] described a sys-
tem to “control any camera-mounted robot (e.g., endoscopic camera, 
drone) in the first-person’s view to directly control the robot using 
eye movements. For instance, users can use: left, right, up and down, 
such eye movements to steer the robot (drone) in 2D direction” (p. 
370). Hansen et al. [44] described the eye gaze input modality as 
follows: “He [the user] now uses his gaze to mark a waypoint for 
that room on a digital map, which launches the telerobot to drive 
to this room autonomously” (p. 2). Figure 6 includes the eye gaze 
directional gestures extracted from these studies, even though eye 
movements were not part of our scope; see Section 2. We refer the 
interested reader to Majaranta and Räihä [70], Duchowski [27], and 
Pasqualotto et al. [88] for surveys on eye gaze input. 

Regarding voice input, commands were not explicitly specified 
either, e.g., “AR glasses allow users to have their hands free and to 
be able to interact with the system via voice command” [2] (p. 4042). 
In some cases, more details were provided regarding specific com-
mands or words that were implemented in the user interface. For 
example, in their preliminary exploration of Google Glass for per-
sons with upper-body motor impairments, Malu and Findlater [74] 
reported insights about accessibility challenges of voice commands, 
e.g., for one participant the device only successfully recognized 
the word “Google.” In a follow-up study [75], the authors provided 
more insights into users’ preferences for voice commands, including 
the preference of one participant to use head movements instead 
of voice input for interactions in public places. Other papers pre-
sented in detail the voice commands employed in their systems, 
but those commands were very simple. For example, Honye and 
Thinyane [49] employed five voice commands to control mouse 
events (left click, right click, double click, mouse press, and mouse 
release), which were uttered by the users to “control a two button 
mouse using spoken language as if they were transcribing to someone 
how to perform the same actions with the physical mouse” (p. 192). 
In other cases, voice commands were even simpler, e.g., “If the sub-
ject says voice command ’click,’ for instance, then a mouse click is 
made” [6] (p. 66). The most complex system and detailed description 
of a voice input recognition system is Ferracani et al.’s [30] that 
described a rule-based dynamic grammar employed to enable users 
to ask questions and express commands during virtual museum 
visits, e.g., “When concepts are inferred, the grammar is updated and 

rules added so that the user may ask additional questions such as 
’Which types of abstract art are present in the museum?’ or ’Is Jackson 
Pollock an abstract painter?”’ [30] (p. 1234). Based on these findings, 
we were not able to complement our set of wearable interactions 
with voice commands, but we refer readers to McNaney et al. [79] 
and Malu and Findlater [74, 75] for details regarding accessibility 
challenges for voice input on smartglasses. 

4 RESEARCH IMPLICATIONS FOR 
ACCESSIBLE WEARABLE INTERACTIONS 

Our results show that research on accessible wearable interactions 
for users with motor impairments has been scarce, focused on 
just few categories of wearable devices, addressing mostly hand 
gesture input, while about half of the papers that we examined in 
our SLR either did not conduct user studies or did not involve users 
with motor impairments among their study participants. Based 
on these findings, we formulate several directions to foster more 
work on designing and evaluating interactions for users with motor 
impairments in relation to our two research questions RQ1 and RQ2 
(Section 2) towards a diversity of wearables and input modalities 
adapted to users’ motor abilities. We structure these directions 
with our WISE framework regarding (1) Wearable devices and 
prototypes (relation to RQ1), (2) Input modalities and interaction 
techniques (RQ2), (3) Studies and evaluations involving users with 
motor impairments (RQ2), and (4) Extensions to other devices (RQ1). 
For each category we identify several opportunities for future work. 

4.1 Exploration of a Diversity of Wearables 
Our examination of the literature on wearable 
interactions for users with motor impairments 
has indicated a large focus on devices designed 
to be worn on the head, such as HMDs for 
VR [81, 82], smartglasses for AR [74, 75, 79], 
and various prototypes of glasses with embed-
ded sensors [6, 49, 96, 100], which we found 

to represent 44.6% of the devices examined in our SLR. Other cate-
gories of wearables, such as finger and foot augmentation devices, 
were found in just 4.1% of the cases; see Table 1. It is easy to observe 
a lack of proportion in the attention addressed to various types of 
wearables. Unfortunately, this state of things has prevented accu-
mulation of practical knowledge for a large spectrum of wearable 
devices, such as knowledge regarding how people with motor im-
pairments use smartwatches, rings, and armbands. For example, 
we found just four papers addressing smartwatch input for users 
with motor impairments [57, 71–73] despite the large adoption of 
these devices by the general public [53] and the large body of liter-
ature on input techniques for smartwatches [17, 65, 68]. Also, there 
has been an increasing interest in the HCI community for smart 
rings [38, 104, 107, 139], but we found just one position paper [37] 
pointing to the opportunities that smart rings may open for people 
with motor impairments. Thus, one important research direction in 
relation to our research question RQ1 (Section 2) is to understand 
usage patterns, user behavior, and accessibility challenges for a 
variety of wearable devices. Complementary to this goal, prototyp-
ing new wearables is recommended to address practical needs. For 
example, the athletes in wheelchairs from Carrington et al.’s [15] 
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Figure 6: Interactions with wearables performed with eye gaze, movements of the head, feet, and shoulders. 

study about the inaccessibility of fitness trackers expressed interest 
in tracking their physical activity, but the generic system functions 
of fitness trackers, such as step counting, need to be reconsidered, 
e.g., “What happens to a step counter when the user does not take 
steps?” [15] (p. 193). Moreover, multi-functional wearables that 
combine medical sensing for rehabilitation purposes (a category of 
wearables that fell out of scope for this work) and general-purpose 
wearables, such as smartwatches and glasses, may be interesting to 
explore in conjunction. 

4.2 Input Modalities and Techniques for 
Accessible Wearable Interactions 

Our analysis has unveiled a large number of 
interactions with wearables designed to be per-
formed using hand gestures (Figure 4, right), 
of which 28 gestures were designed to be per-
formed on a surface (e.g., a double tap on the 
touchscreen of the smartwatch [72]) and 31 
in mid-air (e.g., the “victory” emblematic ges-

ture [34] or waving the hand [67]); see Figure 5. Unfortunately, 
not all of these gestures have been evaluated with users with mo-
tor impairments and, consequently, their suitability to implement 
accessible wearable interactions is unknown. Instead, end-user elic-
itation studies [133], such as Malu et al.’s [72] study on smartwatch 

gestures, can give insights regarding interactions that are in accord 
with users’ preferences and motor abilities. Thus, one direction 
for future work regarding our research question RQ2 (Section 2) is 
designing interaction techniques that capitalize on such knowledge 
to maximize motor abilities for accessible, effective, and efficient 
wearable interactions. Another direction is represented by multi-
modal interactions, where different modalities can be employed 
depending on the context, e.g., voice input where the social context 
allows it and gesture input otherwise [79]. Validating the inven-
tory of wearable interactions in further studies with participants 
with motor impairments will result in a useful resource for practi-
tioners interested in designing new prototypes of wearables, new 
applications, and new interfaces for users with motor impairments. 

4.3 More User Studies and Evaluations 
The previous two research directions touched 
on the importance of user studies to inform 
design of wearables and to validate accessible 
interactions for such devices. In the following, 
we stress the need for such studies since 45.6% 
of the papers that we surveyed in our SLR ei-
ther did not conduct user studies or did not 

involve participants with motor impairments. For instance, Honye 
and Thinyane [49] introduced WiiMS, a system combining head 
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tracking and speech recognition to enable users with motor impair-
ments to control a laptop computer and performed an evaluation 
with ten participants. However, they noted: “Although the system 
was designed to help people with motor-impairments, able-bodied 
people were used as participants in this study. This was so because of 
the unavailability of motor-impaired users.” (p. 193). Another exam-
ple is Rodrigues et al. [96] that evaluated a low-cost head-tracking 
pointing device with ten participants without motor impairments, 
and concluded that “The metrics [...] prove the efficiency of the low-
cost IOM device evaluated. Obviously when the tests are done with 
the target audience, the motor disabled users, we must compare it 
to another tool that they have already had access to for the mouse 
movement.” (p. 161). Spicer et al. [113] evaluated their VR system 
designed for severe stroke upper limb motor recovery with twelve 
participants without motor impairments and noted that “future 
research will examine the feasibility and preliminary effectiveness 
of using REINVENT with older adults after stroke” (p. 386). Other 
studies mentioned having informed their wearable prototypes with 
insights gained from involving people with motor impairments, but 
performed the evaluation with participants without impairments; 
see, for instance, Pedrosa and Pimentel’s [89] foot-based text entry 
system: “Our design is informed by a man with a motor neuron dis-
ease and the Man-in-the-Barrel Syndrome. Unfortunately, he could 
not be introduced to the current version of the prototype [...]” (p. 963). 
Other studies were not explicit about whether their participants 
had any motor impairments. 

Not employing representative users in accessibility research is a 
well-known problem [103], and participant recruitment from the 
target user group can prove challenging [21, 61]. Nevertheless, the 
need to study representative users is an imperative for inclusive 
design technology to reach the desired impact [103]. Thus, one im-
mediate implication of our findings in relation to research question 
RQ2 (Section 2) is that more user studies are needed for accessi-
ble wearable interactions. Examples of relevant and informative 
user studies in this case are represented by interviews to under-
stand accessibility problems [15, 76, 82, 120], questionnaires [29], 
end-user elicitation [133] to understand preferences for input with 
interactive technology [72], participatory design approaches [76], 
and evaluation of user performance [12, 39, 73, 115] for specific 
wearables. Also, open data will be helpful to the community to 
advance knowledge and conduct replications. (Especially since the 
number of replication studies in HCI is overall low, of about 3% 
according to an estimation from Hornbæk et al. [50].) We did not 
find any work to release data about wearable interactions, while 
such data are, unfortunately, rarely published [69]. 

4.4 Extending Wearable Interactions to Other 
Computing Devices and Environments 

Conjoint utilization of multiple wearables may 
be beneficial for maximizing the use of motor 
abilities for effective wearable interactions. In 
their work about wearable IoT devices, Hire-
math et al. [48] mentioned the utilization of 
multiple wearables toward “the ability to de-
velop innovative services utilizing the storage, 

processing, connectivity and sensing capabilities available through 

multiple wearables,” where such devices formed a personal wearable 
network. We also position in this category research that combines 
wearables with other devices for cross-device input [13]. Examples 
include conjoint operation of the smartwatch and smartphone [58], 
smartwatch and smart ring [136], and smartglasses and the smart-
phone [24], respectively. Although such interaction techniques 
have been examined in the HCI community, they have not been 
considered for users with motor impairments, to the best of our 
knowledge. An exception is Malu et al. [75] that explored input 
on touch pads placed on a surface or on the body for controlling 
the display of smartglasses. Their results showed that, by taking 
advantage of personalized locations for touch pad input, e.g., on 
the arm, finger, neck, thigh, all the twelve participants with motor 
impairments from their study were successful in controlling the 
smartglasses display. Other examples of cross-device input could 
involve wearables and gesture input performed on smartphones 
and tablets [122, 124], wearables and large interactive displays [83], 
or wearables and remote controls [120]. Besides cross-device inter-
actions, interesting work is combining wearable input with interac-
tions in smart environments characterized by a heterogeneity of 
devices, platforms, and services [101]. For instance, the smartwatch 
could be used to turn on the TV set, while voice commands could 
also be picked up by the smart environment as an alternative input 
modality, giving users more choices for how to interact with vari-
ous devices, applications, and services from the smart environment 
they would like to access [121]. Moreover, such interactions could 
leverage information about user proximity [9] or take place at the 
periphery of user attention [102]. 

5 LIMITATIONS 
There are several limitations to our work. First, we conducted our 
SLR in the form of a meta-analysis of the scientific literature avail-
able on wearable interactions for users with motor impairments. 
Since ours represents the first survey on this topic, we considered 
useful to characterize numerically the landscape of the research 
contributions, devices, and interactions in order to provide a first 
overview on the state of the art in this area. A qualitative survey, 
however, such as a narrative review [10] to link studies conducted 
on different topics and support the interconnection of their find-
ings, will reveal further insights from a complementary perspective. 
Second, we conducted our search in just three scientific databases, 
but searching in others, such as Scopus and SpringerLink, will likely 
reveal other papers on the topic of accessible wearable interactions. 
We recommend such opportunities as future work. 

6 CONCLUSION 
We presented findings from a systematic literature review on acces-
sible wearable interactions for users with motor impairments. We 
examined the number and types of research contributions and the 
categories of wearables addressed by prior work, and compiled an 
inventory of 92 gesture-based commands for wearable interactions. 
Our findings revealed that more work is needed to understand ac-
cessibility challenges, usage patterns, interaction preferences, and 
user performance for a variety of wearable devices, for which we 
proposed four research directions with the WISE framework. We 
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hope that our contributions will foster new studies and develop-
ments in these directions towards wearable user interfaces and 
interactions adapted to various motor abilities. 

ACKNOWLEDGMENTS 
This work was supported by a grant of the Ministry of Research, 
Innovation and Digitization, CNCS/CCCDI-UEFISCDI, project no. 
PN-III-P2-2.1-PED-2019-0352 (276PED/2020), within PNCDI III. The 
icons depicting wearable devices from the legends of Figures 5 and 6 
were made by Freepick (https://www.flaticon.com/authors/freepik) 
from Flaticon (https://www.flaticon.com). 

REFERENCES 
[1] David Ahlström, Khalad Hasan, Edward Lank, and Robert Liang. 2018. 

TiltCrown: Extending Input on a Smartwatch with a Tiltable Digital Crown. 
In Proceedings of the 17th International Conference on Mobile and Ubiquitous 
Multimedia (Cairo, Egypt) (MUM 2018). ACM, New York, NY, USA, 359–366. 
https://doi.org/10.1145/3282894.3289726 

[2] Faiza Ajmi, Sawssen Ben Abdallah, Sarah Ben Othman, Hayfa Zgaya-Biau, and 
Slim Hammadi. 2019. An Innovative System to Assist the Mobility of People 
With Motor Disabilities. In Proceedings of the 2019 IEEE International Conference 
on Systems, Man and Cybernetics (SMC ’19). IEEE, Washington, DC, USA, 4037– 
4043. https://doi.org/10.1109/SMC.2019.8914332 

[3] Elgin Akpinar, Yeliz Yeşilada, and Selim Temizer. 2020. The Effect of Context on 
Small Screen and Wearable Device Users’ Performance - A Systematic Review. 
ACM Comput. Surv. 53, 3, Article 52 (2020), 44 pages. https://doi.org/10.1145/
3386370 

 

[4] Rasha M. Al-Eidan, Hend Al-Khalifa, and Abdul Malik Al-Salman. 2018. A 
Review of Wrist-Worn Wearable: Sensors, Models, and Challenges. Journal of 
Sensors 2018 (2018), 5853917. https://doi.org/10.1155/2018/5853917 

[5] Sateesh Reddy Avutu, Sudip Paul, and Dinesh Bhatia. 2019. Smart Rehabilitation 
for Neuro-Disability: A Review. In Application of Biomedical Engineering in 
Neuroscience, Sudip Paul (Ed.). Springer, Singapore, 477–490. https://doi.org/10.
1007/978-981-13-7142-4_24 

 

[6] Aqil Azmi, Nawaf M. Alsabhan, and Majed S. AlDosari. 2009. The Wiimote 
with SAPI: Creating an Accessible Low-Cost, Human Computer Interface for 
the Physically Disabled. IJCSNS International Journal of Computer Science and 
Network Security 9, 12 (2009), 63–68. http://paper.ijcsns.org/07_book/200912/
20091210.pdf 

 

[7] Annushree Bablani, Damodar Reddy Edla, Diwakar Tripathi, and Ramalin-
gaswamy Cheruku. 2019. Survey on Brain-Computer Interface: An Emerging 
Computational Intelligence Paradigm. ACM Comput. Surv. 52, 1, Article 20 (Feb. 
2019), 32 pages. https://doi.org/10.1145/3297713 

[8] Tommaso Lisini Baldi, Giovanni Spagnoletti, Mihai Dragusanu, and Domenico 
Prattichizzo. 2017. Design of a wearable interface for lightweight robotic arm for 
people with mobility impairments. In Proc. of the 2017 International Conference 
on Rehabilitation Robotics (ICORR ’17). IEEE, Washington, DC, USA, 1567–1573. 
https://doi.org/10.1109/ICORR.2017.8009471 

[9] Till Ballendat, Nicolai Marquardt, and Saul Greenberg. 2010. Proxemic In-
teraction: Designing for a Proximity and Orientation-Aware Environment. 
In ACM International Conference on Interactive Tabletops and Surfaces (Saar-
brücken, Germany) (ITS ’10). ACM, New York, NY, USA, 121–130. https:
//doi.org/10.1145/1936652.1936676 

 

[10] Roy F. Baumeister. 2013. Writing a Literature Review. In The Portable Mentor: 
Expert Guide to a Successful Career in Psychology, Mitchell J. Prinstein (Ed.). 
Springer-Verlag, New York, NY, USA, 119–132. http://dx.doi.org/10.1007/978-1-
4614-3994-3 

[11] Taryn Bipat, Maarten Willem Bos, Rajan Vaish, and Andrés Monroy-Hernández. 
2019. Analyzing the Use of Camera Glasses in the Wild. In Proceedings of the 
2019 CHI Conference on Human Factors in Computing Systems (CHI ’19). ACM, 
New York, NY, USA, 1–8. https://doi.org/10.1145/3290605.3300651 

[12] Ilaria Bortone, Daniele Leonardis, Nicola Mastronicola, Alessandra Crecchi, 
Luca Bonfiglio, Caterina Procopio, Massimiliano Solazzi, and Antonio Frisoli. 
2018. Wearable Haptics and Immersive Virtual Reality Rehabilitation Training 
in Children With Neuromotor Impairments. IEEE Transactions on Neural Systems 
and Rehabilitation Engineering 26, 7 (2018), 1469–1478. https://doi.org/10.1109/
TNSRE.2018.2846814 

 

[13] Frederik Brudy, Christian Holz, Roman Rädle, Chi-Jui Wu, Steven Houben, 
Clemens Nylandsted Klokmose, and Nicolai Marquardt. 2019. Cross-Device 
Taxonomy: Survey, Opportunities and Challenges of Interactions Spanning 
Across Multiple Devices. In Proceedings of the 2019 CHI Conference on Human 
Factors in Computing Systems (CHI ’19). ACM, New York, NY, USA, 1–28. https:
//doi.org/10.1145/3290605.3300792 

 

[14] M. Bureau, J. M. Azkoitia, G. Ezmendi, I. Manterola, H. Zabaleta, M. Perez, and 
J. Medina. 2007. Non-Invasive, Wireless and Universal Interface for the Control 
of Peripheral Devices by Means of Head Movements. In Proc. of the 2007 IEEE 
10th International Conference on Rehabilitation Robotics. IEEE, Washington, DC, 
USA, 124–131. https://doi.org/10.1109/ICORR.2007.4428417 

[15] Patrick Carrington, Kevin Chang, Helena Mentis, and Amy Hurst. 2015. "But, 
I Don’t Take Steps": Examining the Inaccessibility of Fitness Trackers for 
Wheelchair Athletes. In Proceedings of the 17th International ACM SIGACCESS 
Conference on Computers & Accessibility (ASSETS ’15). ACM, New York, NY, 
USA, 193–201. https://doi.org/10.1145/2700648.2809845 

[16] Patrick Carrington, Amy Hurst, and Shaun K. Kane. 2014. Wearables and 
Chairables: Inclusive Design of Mobile Input and Output Techniques for Power 
Wheelchair Users. In Proceedings of the SIGCHI Conference on Human Factors 
in Computing Systems (CHI ’14). ACM, New York, NY, USA, 3103–3112. https:
//doi.org/10.1145/2556288.2557237 

 

[17] Marta E. Cecchinato, Anna L. Cox, and Jon Bird. 2015. Smartwatches: The 
Good, the Bad and the Ugly?. In Proceedings of the 33rd Annual ACM Conference 
Extended Abstracts on Human Factors in Computing Systems (CHI EA ’15). ACM, 
New York, NY, USA, 2133–2138. https://doi.org/10.1145/2702613.2732837 

[18] Young Sang Choi, Cressel D. Anderson, Jonathan D. Glass, and Charles C. Kemp. 
2008. Laser Pointers and a Touch Screen: Intuitive Interfaces for Autonomous 
Mobile Manipulation for the Motor Impaired. In Proceedings of the 10th Interna-
tional ACM SIGACCESS Conference on Computers and Accessibility (ASSETS ’08). 
ACM, New York, NY, USA, 225–232. https://doi.org/10.1145/1414471.1414512 

[19] Chris G. Christou, Despina Michael-Grigoriou, and Dimitris Sokratous. 2018. 
Virtual Buzzwire: Assessment of a Prototype VR Game for Stroke Rehabilitation. 
In Proc. of the 2018 IEEE Conference on Virtual Reality and 3D User Interfaces (VR 
’18). IEEE, Washington, DC, USA, 531–532. https://doi.org/10.1109/VR.2018.
8446535 

 

[20] J. Guillermo Colli-Alfaro, Anas Ibrahim, and Ana Luisa Trejos. 2019. Design 
of User-Independent Hand Gesture Recognition Using Multilayer Perceptron 
Networks and Sensor Fusion Techniques. In Proc. of the IEEE 16th International 
Conference on Rehabilitation Robotics (ICORR ’16). IEEE, Washington, DC, USA, 
1103–1108. https://doi.org/10.1109/ICORR.2019.8779533 

[21] Marianne Dee and Vicki L. Hanson. 2016. A Pool of Representative Users for 
Accessibility Research: Seeing through the Eyes of the Users. ACM Trans. Access. 
Comput. 8, 1, Article 4 (Jan. 2016), 31 pages. https://doi.org/10.1145/2845088 

[22] Silvia Del Din, Shyamal Patel, Claudio Cobelli, and Paolo Bonato. 2011. Esti-
mating Fugl-Meyer clinical scores in stroke survivors using wearable sensors. 
In Proceedings of the 2011 Annual International Conference of the IEEE Engineer-
ing in Medicine and Biology Society. IEEE, Washington, DC, USA, 5839–5842. 
https://doi.org/10.1109/IEMBS.2011.6091444 

[23] Jose Dias, Ana I. Veloso, and Tania Ribeiro. 2019. "A Priest in the Air". In Proc. of 
the 14th Iberian Conference on Information Systems and Technologies (CISTI ’19). 
IEEE, Washington, DC, USA, 1–7. https://doi.org/10.23919/CISTI.2019.8760748 

[24] Tilman Dingler, Rufat Rzayev, Alireza Sahami Shirazi, and Niels Henze. 2018. 
Designing Consistent Gestures Across Device Types: Eliciting RSVP Controls 
for Phone, Watch, and Glasses. In Proceedings of the 2018 CHI Conference on 
Human Factors in Computing Systems. ACM, New York, NY, USA, 1–12. https:
//doi.org/10.1145/3173574.3173993 

 

[25] Krzysztof Dobosz, Dominik Popanda, and Adrian Sawko. 2020. Head-Based 
Text Entry Methods for Motor-Impaired People. In Man-Machine Interactions 
6, Aleksandra Gruca, Tadeusz Czachórski, Sebastian Deorowicz, Katarzyna 
Harężlak, and Agnieszka Piotrowska (Eds.). Springer International Publishing, 
Cham, 3–11. https://doi.org/10.1007/978-3-030-31964-9_1 

[26] Ivo R. Draganov and Ognian L. Boumbarov. 2015. Investigating Oculus Rift 
virtual reality display applicability to medical assistive system for motor disabled 
patients. In Proc. of the IEEE 8th International Conference on Intelligent Data 
Acquisition and Advanced Computing Systems: Technology and Applications, 
Vol. 2. IEEE, Washington, DC, USA, 751–754. https://doi.org/10.1109/IDAACS.
2015.7341403 

 

[27] Andrew T. Duchowski. 2002. A breadth-first survey of eye-tracking applications. 
Behavior Research Methods, Instruments, & Computers 34 (2002), 455–470. https:
//doi.org/10.3758/BF03195475 

 

[28] Silvia B. Fajardo-Flores, Laura S. Gaytán-Lugo, Gilberto Villagrana-Larios, and 
Pedro César Santana-Mancilla. 2019. Electronic Bracelet to Facilitate Navigation 
in Smartphones to People with Motor and Visual Impairment. In Proc. of the IX 
Latin American Conference on Human Computer Interaction. ACM, New York, 
NY, USA, Article 10, 4 pages. https://doi.org/10.1145/3358961.3358973 

[29] Flavia G. Fernandes, Alexandre Cardoso, and Renato de Aquino Lopes. 2020. 
Games Applied to Children with Motor Impairment using the Myo Wearable 
Device. Anais da Academia Brasileira de Ciencias 92 (2020), e20190273. http:
//dx.doi.org/10.1590/0001-3765202020190273 

 

[30] Andrea Ferracani, Marco Faustino, Gabriele Xavier Giannini, Lea Landucci, and 
Alberto Del Bimbo. 2017. Natural Experiences in Museums through Virtual 
Reality and Voice Commands. In Proceedings of the 25th ACM International 
Conference on Multimedia (MM ’17). ACM, New York, NY, USA, 1233–1234. 
https://doi.org/10.1145/3123266.3127916 

https://www.flaticon.com/authors/freepik
https://www.flaticon.com
https://doi.org/10.1145/3282894.3289726
https://doi.org/10.1109/SMC.2019.8914332
https://doi.org/10.1145/3386370
https://doi.org/10.1145/3386370
https://doi.org/10.1155/2018/5853917
https://doi.org/10.1007/978-981-13-7142-4_24
https://doi.org/10.1007/978-981-13-7142-4_24
http://paper.ijcsns.org/07_book/200912/20091210.pdf
http://paper.ijcsns.org/07_book/200912/20091210.pdf
https://doi.org/10.1145/3297713
https://doi.org/10.1109/ICORR.2017.8009471
https://doi.org/10.1145/1936652.1936676
https://doi.org/10.1145/1936652.1936676
http://dx.doi.org/10.1007/978-1-4614-3994-3
http://dx.doi.org/10.1007/978-1-4614-3994-3
https://doi.org/10.1145/3290605.3300651
https://doi.org/10.1109/TNSRE.2018.2846814
https://doi.org/10.1109/TNSRE.2018.2846814
https://doi.org/10.1145/3290605.3300792
https://doi.org/10.1145/3290605.3300792
https://doi.org/10.1109/ICORR.2007.4428417
https://doi.org/10.1145/2700648.2809845
https://doi.org/10.1145/2556288.2557237
https://doi.org/10.1145/2556288.2557237
https://doi.org/10.1145/2702613.2732837
https://doi.org/10.1145/1414471.1414512
https://doi.org/10.1109/VR.2018.8446535
https://doi.org/10.1109/VR.2018.8446535
https://doi.org/10.1109/ICORR.2019.8779533
https://doi.org/10.1145/2845088
https://doi.org/10.1109/IEMBS.2011.6091444
https://doi.org/10.23919/CISTI.2019.8760748
https://doi.org/10.1145/3173574.3173993
https://doi.org/10.1145/3173574.3173993
https://doi.org/10.1007/978-3-030-31964-9_1
https://doi.org/10.1109/IDAACS.2015.7341403
https://doi.org/10.1109/IDAACS.2015.7341403
https://doi.org/10.3758/BF03195475
https://doi.org/10.3758/BF03195475
https://doi.org/10.1145/3358961.3358973
http://dx.doi.org/10.1590/0001-3765202020190273
http://dx.doi.org/10.1590/0001-3765202020190273
https://doi.org/10.1145/3123266.3127916


ASSETS ’21, October 18–22, 2021, Virtual Event, USA Şiean and Vatavu 

[31] Alexander Fiannaca, Ilias Apostolopoulous, and Eelke Folmer. 2014. Headlock: 
A Wearable Navigation Aid That Helps Blind Cane Users Traverse Large Open 
Spaces. In Proceedings of the 16th International ACM SIGACCESS Conference on 
Computers & Accessibility (Rochester, New York, USA) (ASSETS ’14). ACM, New 
York, NY, USA, 19–26. https://doi.org/10.1145/2661334.2661453 

[32] Leire Frances-Morcillo, Paz Morer-Camo, María I. Rodriguez-Ferradas, and 
Aitor. Cazon-Martin. 2020. Wearable Design Requirements Identification and 
Evaluation. Sensors 20, 9 (2020), 2599. https://doi.org/10.3390/s20092599 

[33] Yu-Fen Fu and Cheng-Seen Ho. 2009. A Fast Text-Based Communication System 
for Handicapped Aphasiacs. In Proc. of the 5th Int. Conf. on Intelligent Information 
Hiding and Multimedia Signal Processing. IEEE, Washington, DC, USA, 583–594. 
https://doi.org/10.1109/IIH-MSP.2009.251 

[34] Yu-Fen Fu and Cheng-Seen Ho. 2010. Building Intelligent Communication 
Systems for Handicapped Aphasiacs. Sensors 10 (2010), 374–387. https://doi.
org/10.3390/s100100374 

 

[35] Brittany Garcia, Sharon Lynn Chu, Beth Nam, and Colin Banigan. 2018. Wear-
ables for Learning: Examining the Smartwatch as a Tool for Situated Science 
Reflection. In Proc. of the CHI Conference on Human Factors in Computing Systems. 
ACM, New York, NY, USA, 1–13. https://doi.org/10.1145/3173574.3173830 

[36] James Gay, Moritz Umfahrer, Arthur Theil, Lea Buchweitz, Eva Lindell, Li Guo, 
Nils-Krister Persson, and Oliver Korn. 2020. Keep Your Distance: A Playful 
Haptic Navigation Wearable for Individuals with Deafblindness. In The 22nd 
International ACM SIGACCESS Conference on Computers and Accessibility (Vir-
tual Event, Greece) (ASSETS ’20). ACM, New York, NY, USA, Article 93, 4 pages. 
https://doi.org/10.1145/3373625.3418048 

[37] Bogdan-Florin Gheran, Ovidiu-Ciprian Ungurean, and Radu-Daniel Vatavu. 2018. 
Toward Smart Rings as Assistive Devices for People with Motor Impairments: 
A Position Paper. In 15th International Conference on Human Computer Interac-
tion (RoCHI 2018), Adrian Sabou and Philippe A. Palanque (Eds.). Matrix Rom, 
Bucharest, Romania, 99–106. https://dblp.org/rec/conf/rochi/GheranUV18.bib 

[38] 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 

[39] Maysam Ghovanloo and Xueliang Huo. 2014. Chapter 7.3 - Wearable and Non-
Invasive Assistive Technologies. In Wearable Sensors, Edward Sazonov and 
Michael R. Neuman (Eds.). Academic Press, Oxford, 563–590. https://doi.org/
10.1016/B978-0-12-418662-0.00009-X 

 

[40] Wayne C.W. Giang, Huei-Yen Winnie Chen, and Birsen Donmez. 2017. Smart-
watches vs. Smartphones: Notification Engagement While Driving. Int. J. Mob. 
Hum. Comput. Interact. 9, 2 (April 2017), 39–57. https://doi.org/10.4018/IJMHCI.
2017040103 

 

[41] Hyunjae Gil, Hongmin Kim, and Ian Oakley. 2018. Fingers and Angles: Exploring 
the Comfort of Touch Input on Smartwatches. Proc. ACM Interact. Mob. Wearable 
Ubiquitous Technol. 2, 4, Article 164 (Dec. 2018), 21 pages. https://doi.org/10.
1145/3287042 

 

[42] Global Industry Analysts, Inc. 2020. Smart Rings. Global Market Trajectory 
& Analytics. https://www.researchandmarkets.com/reports/4845886/smart-
rings-global-market-trajectory-and#rela0-4431805 

[43] Aakar Gupta, Cheng Ji, Hui-Shyong Yeo, Aaron Quigley, and Daniel Vogel. 2019. 
RotoSwype: Word-Gesture Typing Using a Ring. In Proceedings of the 2019 CHI 
Conference on Human Factors in Computing Systems (Glasgow, Scotland Uk) (CHI 
’19). ACM, New York, NY, USA, 1–12. https://doi.org/10.1145/3290605.3300244 

[44] John Paulin Hansen, Alexandre Alapetite, Martin Thomsen, Zhongyu Wang, 
Katsumi Minakata, and Guangtao Zhang. 2018. Head and Gaze Control of a 
Telepresence Robot with an HMD. In Proceedings of the 2018 ACM Symposium 
on Eye Tracking Research & Applications (ETRA ’18). ACM, New York, NY, USA, 
Article 82, 3 pages. https://doi.org/10.1145/3204493.3208330 

[45] Meaghan Harraghy, Diane Calderon, Rebecca Lietz, James Brady, Fillia Makedon, 
and Eric Becker. 2019. A Review of Wearable Heart Rate Sensors in Research. In 
Proceedings of the 12th ACM International Conference on PErvasive Technologies 
Related to Assistive Environments (Rhodes, Greece) (PETRA ’19). ACM, New York, 
NY, USA, 315–316. https://doi.org/10.1145/3316782.3321550 

[46] Muhammad Abdul Haseeb, Maria Kyrarini, Shuo Jiang, Danijela Ristic-Durrant, 
and Axel Gräser. 2018. Head Gesture-Based Control for Assistive Robots. In 
Proceedings of the 11th PErvasive Technologies Related to Assistive Environments 
Conference (PETRA ’18). ACM, New York, NY, USA, 379–383. https://doi.org/
10.1145/3197768.3201574 

 

[47] Ryohei P. Hasegawa, Yukako T. Hasegawa, and Mark A. Segraves. 2009. Neural 
mind reading of multi-dimensional decisions by monkey mid-brain activity. 
Neural Networks 22, 9 (2009), 1247–1256. https://doi.org/10.1016/j.neunet.2009.
07.028 

 

[48] Shivayogi Hiremath, Geng Yang, and Kunal Mankodiya. 2014. Wearable Internet 
of Things: Concept, architectural components and promises for person-centered 
healthcare. In Proc. of the EAI 4th International Conference onWireless Mobile 
Communication and Healthcare (Mobihealth ’14). IEEE, Washington, DC, USA, 
304–307. https://ieeexplore.ieee.org/document/7015971 

[49] Sylvester Honye and Hannah Thinyane. 2012. WiiMS: Simulating Mouse and 
Keyboard for Motor-Impaired Users. In Proceedings of the South African Institute 
for Computer Scientists and Information Technologists Conference (SAICSIT ’12). 
ACM, New York, NY, USA, 188–195. https://doi.org/10.1145/2389836.2389859 

[50] Kasper Hornbæk, Søren S. Sander, Javier Andrés Bargas-Avila, and Jakob Grue Si-
monsen. 2014. Is Once Enough? On the Extent and Content of Replications in 
Human-Computer Interaction. In Proceedings of the SIGCHI Conference on Hu-
man Factors in Computing Systems (Toronto, Ontario, Canada) (CHI ’14). ACM, 
New York, NY, USA, 3523–3532. https://doi.org/10.1145/2556288.2557004 

[51] Polly Huang. 2002. Promoting Wearable Computing. In Enabling Society with 
Information Technology, Q. Jin, J. Li, N. Zhang, J. Cheng, C. Yu, and S. Noguchi 
(Eds.). Springer, Tokyo. https://doi.org/10.1007/978-4-431-66979-1_36 

[52] Inhyuk Moon, Myungjoon Lee, Junuk Chu, and Museong Mun. 2005. Wearable 
EMG-based HCI for Electric-Powered Wheelchair Users with Motor Disabilities. 
In Proceedings of the IEEE Int. Conference on Robotics and Automation. IEEE, 
Washington, DC, USA, 2649–2654. https://doi.org/10.1109/ROBOT.2005.1570513 

[53] International Data Corporation (IDC). 2020. Worldwide Wearables Market 
Forecast to Maintain Double-Digit Growth in 2020 and Through 2024, According 
to IDC. https://www.idc.com/getdoc.jsp?containerId=prUS46885820 

[54] Oskar Juhlin, Yanqing Zhang, Jinyi Wang, and Anders Andersson. 2016. Fashion-
able Services for Wearables: Inventing and Investigating a New Design Path for 
Smart Watches. In Proceedings of the 9th Nordic Conference on Human-Computer 
Interaction (NordiCHI ’16). ACM, New York, NY, USA, Article 49, 10 pages. 
https://doi.org/10.1145/2971485.2971505 

[55] Oliver Beren Kaul and Michael Rohs. 2016. HapticHead: 3D Guidance and Target 
Acquisition through a Vibrotactile Grid. In Proceedings of the 2016 CHI Conference 
Extended Abstracts on Human Factors in Computing Systems (CHI EA ’16). ACM, 
New York, NY, USA, 2533–2539. https://doi.org/10.1145/2851581.2892355 

[56] Frederic Kerber, Tobias Kiefer, Markus Löchtefeld, and Antonio Krüger. 2017. 
Investigating Current Techniques for Opposite-Hand Smartwatch Interaction. In 
Proceedings of the 19th International Conference on Human-Computer Interaction 
with Mobile Devices and Services. ACM, New York, NY, USA, Article 24, 12 pages. 
https://doi.org/10.1145/3098279.3098542 

[57] Jee-Eun Kim, Mesahiro Bessho, and Ken Sakamura. 2019. Towards a Smartwatch 
Application to Assist Students with Disabilities in an IoT-enabled Campus. In 
Proc. of the IEEE 1st Global Conference on Life Sciences and Technologies (LifeTech 
’19). IEEE, Washington, DC, USA, 243–246. https://doi.org/10.1109/LifeTech.
2019.8883995 

 

[58] Yuki Kubo, Ryosuke Takada, Buntarou Shizuki, and Shin Takahashi. 2017. Explor-
ing Context-Aware User Interfaces for Smartphone-Smartwatch Cross-Device 
Interaction. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol. 1, 3, Article 
69 (Sept. 2017), 21 pages. https://doi.org/10.1145/3130934 

[59] Maria Kyrarini, Quan Zheng, Muhammad A. Haseeb, and Axel Gräser. 2019. 
Robot Learning of Assistive Manipulation Tasks by Demonstration via Head 
Gesture-based Interface. In Proc. of the IEEE 16th International Conference on 
Rehabilitation Robotics. IEEE, Washington, DC, USA, 1139–1146. https://doi.
org/10.1109/ICORR.2019.8779379 

 

[60] Oscar D. Lara and Miguel A. Labrador. 2013. A Survey on Human Activity 
Recognition using Wearable Sensors. IEEE Communications Surveys & Tutorials 
15, 3 (2013), 1192–1209. http://dx.doi.org/10.1109/SURV.2012.110112.00192 

[61] Jonathan Lazar, Jinjuan Heidi Feng, and Harry Hochheiser. 2017. Chapter 16 
- Working with research participants with disabilities. In Research Methods in 
Human Computer Interaction (2nd Edition). Morgan Kaufmann, Cambridge, MA, 
USA, 493–522. https://doi.org/10.1016/B978-0-12-805390-4.00016-9 

[62] Ioulietta Lazarou, Spiros Nikolopoulos, Panagiotis C. Petrantonakis, Ioannis 
Kompatsiaris, and Magda Tsolaki. 2018. EEG-Based Brain-Computer Interfaces 
for Communication and Rehabilitation of People with Motor Impairment: A 
Novel Approach of the 21st Century. Front. Hum. Neurosci. 12, 14 (2018), 1–18. 
http://dx.doi.org/10.3389/fnhum.2018.00014 

[63] Alessandro Liberati, Douglas Altman, Jennifer Tetzlaff, Cynthia Mulrow, Peter 
Gøtzsche, John Ioannidis, Mike Clarke, P.J. Devereaux, Jos Kleijnen, and David 
Moher. 2009. The PRISMA Statement for Reporting Systematic Reviews and 
Meta-Analyses of Studies That Evaluate Health Care Interventions: Explanation 
and Elaboration. Journal of Clinical Epidemiology 62 (08 2009), e1–34. https:
//doi.org/10.1016/j.jclinepi.2009.06.006 

 

[64] Rastislav Lipovsky and Hugo A. Ferreira. 2015. Hand therapist: A rehabilitation 
approach based on wearable technology and video gaming. In Proc. of the IEEE 
4th Portuguese Meeting on Bioengineering. IEEE, Washington, DC, USA, 1–2. 
https://doi.org/10.1109/ENBENG.2015.7088817 

[65] Xing Liu, Tianyu Chen, Feng Qian, Zhixiu Guo, Felix Xiaozhu Lin, Xiaofeng 
Wang, and Kai Chen. 2017. Characterizing Smartwatch Usage in the Wild. 
In Proceedings of the 15th Annual International Conference on Mobile Systems, 
Applications, and Services (Niagara Falls, New York, USA) (MobiSys ’17). ACM, 
New York, NY, USA, 385–398. https://doi.org/10.1145/3081333.3081351 

[66] 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 (March 2020), 27 pages. https://doi.org/10.1145/3380984 

https://doi.org/10.1145/2661334.2661453
https://doi.org/10.3390/s20092599
https://doi.org/10.1109/IIH-MSP.2009.251
https://doi.org/10.3390/s100100374
https://doi.org/10.3390/s100100374
https://doi.org/10.1145/3173574.3173830
https://doi.org/10.1145/3373625.3418048
https://dblp.org/rec/conf/rochi/GheranUV18.bib
https://doi.org/10.1145/3196709.3196741
https://doi.org/10.1016/B978-0-12-418662-0.00009-X
https://doi.org/10.1016/B978-0-12-418662-0.00009-X
https://doi.org/10.4018/IJMHCI.2017040103
https://doi.org/10.4018/IJMHCI.2017040103
https://doi.org/10.1145/3287042
https://doi.org/10.1145/3287042
https://www.researchandmarkets.com/reports/4845886/smart-rings-global-market-trajectory-and#rela0-4431805
https://www.researchandmarkets.com/reports/4845886/smart-rings-global-market-trajectory-and#rela0-4431805
https://doi.org/10.1145/3290605.3300244
https://doi.org/10.1145/3204493.3208330
https://doi.org/10.1145/3316782.3321550
https://doi.org/10.1145/3197768.3201574
https://doi.org/10.1145/3197768.3201574
https://doi.org/10.1016/j.neunet.2009.07.028
https://doi.org/10.1016/j.neunet.2009.07.028
https://ieeexplore.ieee.org/document/7015971
https://doi.org/10.1145/2389836.2389859
https://doi.org/10.1145/2556288.2557004
https://doi.org/10.1007/978-4-431-66979-1_36
https://doi.org/10.1109/ROBOT.2005.1570513
https://www.idc.com/getdoc.jsp?containerId=prUS46885820
https://doi.org/10.1145/2971485.2971505
https://doi.org/10.1145/2851581.2892355
https://doi.org/10.1145/3098279.3098542
https://doi.org/10.1109/LifeTech.2019.8883995
https://doi.org/10.1109/LifeTech.2019.8883995
https://doi.org/10.1145/3130934
https://doi.org/10.1109/ICORR.2019.8779379
https://doi.org/10.1109/ICORR.2019.8779379
http://dx.doi.org/10.1109/SURV.2012.110112.00192
https://doi.org/10.1016/B978-0-12-805390-4.00016-9
http://dx.doi.org/10.3389/fnhum.2018.00014
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1109/ENBENG.2015.7088817
https://doi.org/10.1145/3081333.3081351
https://doi.org/10.1145/3380984


Wearable Interactions for Users with Motor Impairments: Systematic Review, Inventory, and Research Implications ASSETS ’21, October 18–22, 2021, Virtual Event, USA 

[67] Guan-Chun Luh, Heng-An Lin, Yi-Hsiang Ma, and Chien J. Yen. 2015. Intuitive 
muscle-gesture based robot navigation control using wearable gesture armband. 
In Proc. of the 2015 International Conference on Machine Learning and Cybernetics, 
Vol. 1. IEEE, Washington, DC, USA, 389–395. https://doi.org/10.1109/ICMLC.
2015.7340953 

 

[68] M. Machado Luna, F. Alphonsus Alves de Melo Nunes Soares, H. Alexandre 
Dantas do Nascimento, J. Siqueira, E. Faria de Souza, T. Horbylon Nascimento, 
and R. Martins da Costa. 2018. Text Entry on Smartwatches: A Systematic 
Review of Literature. In Proc. of the IEEE 42nd Computer Software and Applications 
Conference, Vol. 2. IEEE, Washington, DC, USA, 272–277. https://doi.org/10.
1109/COMPSAC.2018.10242 

 

[69] Kelly Mack, Emma McDonnell, Dhruv Jain, Lucy Lu Wang, Jon E. Froehlich, 
and Leah Findlater. 2021. What Do We Mean by "Accessibility Research"?: A 
Literature Survey of Accessibility Papers in CHI and ASSETS from 1994 to 2019. 
In Proceedings of the CHI Conf. on Human Factors in Computing Systems. ACM, 
New York, NY, USA, 1–18. https://dl.acm.org/doi/10.1145/3411764.3445412 

[70] Päivi Majaranta and Kari-Jouko Räihä. 2002. Twenty Years of Eye Typing: 
Systems and Design Issues. In Proceedings of the 2002 Symposium on Eye Tracking 
Research & Applications (ETRA ’02). ACM, New York, NY, USA, 15–22. https:
//doi.org/10.1145/507072.507076 

 

[71] Meethu Malu. 2018. Designing and Implementing Accessible Wearable Interac-
tions for People with Motor Impairments. SIGACCESS Access. Comput. Jan., 120 
(2018), 24–27. https://doi.org/10.1145/3178412.3178417 

[72] Meethu Malu, Pramod Chundury, and Leah Findlater. 2018. Exploring Accessible 
Smartwatch Interactions for People with Upper Body Motor Impairments. In 
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems. 
ACM, New York, NY, USA, 1–12. https://doi.org/10.1145/3173574.3174062 

[73] Meethu Malu, Pramod Chundury, and Leah Findlater. 2019. Motor Accessibility 
of Smartwatch Touch and Bezel Input. In Proc. of the 21st International ACM 
SIGACCESS Conference on Computers and Accessibility (ASSETS ’19). ACM, New 
York, NY, USA, 563–565. https://doi.org/10.1145/3308561.3354638 

[74] Meethu Malu and Leah Findlater. 2014. "OK Glass?" A Preliminary Exploration of 
Google Glass for Persons with Upper Body Motor Impairments. In Proceedings of 
the 16th International ACM SIGACCESS Conference on Computers & Accessibility 
(ASSETS ’14). ACM, New York, NY, USA, 267–268. https://doi.org/10.1145/
2661334.2661400 

 

[75] Meethu Malu and Leah Findlater. 2015. Personalized, Wearable Control of 
a Head-Mounted Display for Users with Upper Body Motor Impairments. In 
Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing 
Systems (CHI ’15). ACM, New York, NY, USA, 221–230. https://doi.org/10.1145/
2702123.2702188 

 

[76] Meethu Malu and Leah Findlater. 2016. Toward Accessible Health and Fitness 
Tracking for People with Mobility Impairments. In Proceedings of the 10th EAI 
International Conference on Pervasive Computing Technologies for Healthcare 
(PervasiveHealth ’16). ICST, Brussels, BEL, 170–177. https://dl.acm.org/doi/10.
5555/3021319.3021344 

 

[77] Meethu Malu and Leah Findlater. 2017. Sharing Automatically Tracked Activity 
Data: Implications for Therapists and People with Mobility Impairments. In 
Proceedings of the 11th EAI International Conference on Pervasive Computing 
Technologies for Healthcare (PervasiveHealth ’17). ACM, New York, NY, USA, 
136–145. https://doi.org/10.1145/3154862.3154864 

[78] Donald McMillan, Barry Brown, Airi Lampinen, Moira McGregor, Eve Hoggan, 
and Stefania Pizza. 2017. Situating Wearables: Smartwatch Use in Context. ACM, 
New York, NY, USA, 3582–3594. https://doi.org/10.1145/3025453.3025993 

[79] Roisin McNaney, John Vines, Daniel Roggen, Madeline Balaam, Pengfei Zhang, 
Ivan Poliakov, and Patrick Olivier. 2014. Exploring the Acceptability of Google 
Glass as an Everyday Assistive Device for People with Parkinson’s. In Proceed-
ings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’14). 
ACM, New York, NY, USA, 2551–2554. https://doi.org/10.1145/2556288.2557092 

[80] Ann Morrison, Rune Heide Møller, Cristina Manresa-Yee, and Neda Eshraghi. 
2016. The Impact of Training Approaches on Experimental Setup and Design of 
Wearable Vibrotactiles for Hunting Dogs. In Proceedings of the Third International 
Conference on Animal-Computer Interaction (ACI ’16). ACM, New York, NY, USA, 
Article 4, 10 pages. https://doi.org/10.1145/2995257.2995391 

[81] Martez Mott, Edward Cutrell, Mar Gonzalez Franco, Christian Holz, Eyal Ofek, 
Richard Stoakley, and Meredith Ringel Morris. 2019. Accessible by Design: An 
Opportunity for Virtual Reality. In Proc. of the 2019 IEEE International Symposium 
on Mixed and Augmented Reality Adjunct (ISMAR-Adjunct). IEEE, Washington, 
DC, USA, 451–454. https://doi.org/10.1109/ISMAR-Adjunct.2019.00122 

[82] Martez Mott, John Tang, Shaun Kane, Edward Cutrell, and Meredith Ringel Mor-
ris. 2020. “I Just Went into It Assuming That I Wouldn’t Be Able to Have the 
Full Experience”: Understanding the Accessibility of Virtual Reality for People 
with Limited Mobility. In The 22nd International ACM SIGACCESS Conference 
on Computers and Accessibility (ASSETS ’20). ACM, New York, NY, USA, Article 
43, 13 pages. https://doi.org/10.1145/3373625.3416998 

[83] Martez E. Mott, Radu-Daniel Vatavu, Shaun K. Kane, and Jacob O. Wobbrock. 
2016. Smart Touch: Improving Touch Accuracy for People with Motor Impair-
ments with Template Matching. In Proceedings of the 2016 CHI Conference on 

Human Factors in Computing Systems. ACM, New York, NY, USA, 1934–1946. 
https://doi.org/10.1145/2858036.2858390 

[84] Nadia Nasri, Francisco Gomez-Donoso, Sergio Orts-Escolano, and Miguel Ca-
zorla. 2019. Using Inferred Gestures from sEMG Signal to Teleoperate a Domestic 
Robot for the Disabled. In Advances in Computational Intelligence, Ignacio Ro-
jas, Gonzalo Joya, and Andreu Catala (Eds.). Springer International Publishing, 
Cham, 198–207. https://doi.org/10.1007/978-3-030-20518-8_17 

[85] Michael Nebeling, Alexandra To, Anhong Guo, Adrian A. de Freitas, Jaime 
Teevan, Steven P. Dow, and Jeffrey P. Bigham. 2016. WearWrite: Crowd-Assisted 
Writing from Smartwatches. In Proceedings of the 2016 CHI Conference on Human 
Factors in Computing Systems. ACM, New York, NY, USA, 3834–3846. https:
//doi.org/10.1145/2858036.2858169 

 

[86] A. Nelson, J. Schmandt, P. Shyamkumar, W. Wilkins, D. Lachut, N. Banerjee, 
S. Rollins, J. Parkerson, and V. Varadan. 2013. Wearable multi-sensor gesture 
recognition for paralysis patients. In SENSORS. IEEE, Washington, DC, USA, 
1–4. https://doi.org/10.1109/ICSENS.2013.6688531 

[87] Ian Oakley and Jun-Seok Park. 2007. Designing Eyes-Free Interaction. In Proceed-
ings of the 2nd International Conference on Haptic and Audio Interaction Design 
(Seoul, South Korea) (HAID’07). Springer-Verlag, Berlin, Heidelberg, 121–132. 
https://doi.org/10.1007/978-3-540-76702-2_13 

[88] Emanuele Pasqualotto, Tamara Matuz, Stefano Federici, Carolin A. Ruf, Mathias 
Bartl, Marta Olivetti Belardinelli, Niels Birbaumer, and Sebastian Halder. 2015. 
Usability and Workload of Access Technology for People With Severe Motor 
Impairment: A Comparison of Brain-Computer Interfacing and Eye Tracking. 
Neurorehabilitation and Neural Repair 29, 10 (November 2015), 950–957. https:
//doi.org/10.1177/1545968315575611 

 

[89] Diogo Pedrosa and Maria da Graça C. Pimentel. 2014. Text Entry Using a 
Foot for Severely Motor-Impaired Individuals. In Proc. of the 29th Annual ACM 
Symposium on Applied Computing (SAC ’14). ACM, New York, NY, USA, 957–963. 
https://doi.org/10.1145/2554850.2554948 

[90] L. Pomsar, N. Ferencik, M. Jascur, and M. Bundzel. 2019. Using surface elec-
tromyography for gesture detection. In Proc. of the IEEE 17th World Symposium 
on Applied Machine Intelligence and Informatics. IEEE, Washington, DC, USA, 
95–100. https://doi.org/10.1109/SAMI.2019.8782744 

[91] Octavian Postolache, D. Jude Hemanth, Ricardo Alexandre, Deepak Gupta, Oana 
Geman, and Ashish Khanna. 2020. Remote Monitoring of Physical Rehabilitation 
of Stroke Patients using IoT and Virtual Reality. IEEE Journal on Selected Areas 
in Communications 39, 2 (2020), 562–573. https://doi.org/10.1109/JSAC.2020.
3020600 

 

[92] Vijay Rajanna. 2016. Gaze Typing Through Foot-Operated Wearable Device. In 
Proceedings of the 18th International ACM SIGACCESS Conference on Computers 
and Accessibility (ASSETS ’16). ACM, New York, NY, USA, 345–346. https:
//doi.org/10.1145/2982142.2982145 

 

[93] R. Raya, J.O. Roa, E. Rocon, R. Ceres, and J.L. Pons. 2010. Wearable inertial mouse 
for children with physical and cognitive impairments. Sensors and Actuators A: 
Physical 162, 2 (2010), 248–259. https://doi.org/10.1016/j.sna.2010.04.019 

[94] R. Raya, E. Rocon, R. Ceres, J. M. Belda, and J. Laparra. 2013. Positive and 
negative motor signs of head motion in cerebral palsy an analysis based on a 
wearable inertial human computer interface. In Proc. of the 2013 ISSNIP Biosignals 
and Biorobotics Conference: Biosignals and Robotics for Better and Safer Living. 
IEEE, Washington, DC, USA, 1–5. https://doi.org/10.1109/BRC.2013.6487540 

[95] Ericka J. Rechy-Ramirez, Huosheng Hu, and Klaus McDonald-Maier. 2012. Head 
movements based control of an intelligent wheelchair in an indoor environment. 
In Proc. of the 2012 IEEE International Conference on Robotics and Biomimetics. 
IEEE, Washington, DC, USA, 1464–1469. https://doi.org/10.1109/ROBIO.2012.
6491175 

 

[96] Andreia Sias Rodrigues, Vinicius Kruger da Costa, Rafael Cunha Cardoso, Mar-
cio Bender Machado, Marcelo Bender Machado, and Tatiana Aires Tavares. 
2017. Evaluation of a Head-Tracking Pointing Device for Users with Motor 
Disabilities. In Proceedings of the 10th International Conference on PErvasive 
Technologies Related to Assistive Environments (PETRA ’17). ACM, New York, NY, 
USA, 156–162. https://doi.org/10.1145/3056540.3056552 

[97] Tyler Rose, Chang S. Nam, and Karen B. Chen. 2018. Immersion of virtual 
reality for rehabilitation - Review. Applied Ergonomics 69 (2018), 153–161. 
https://doi.org/10.1016/j.apergo.2018.01.009 

[98] E. Rovini, L. Fiorini, D. Esposito, C. Maremmani, and F. Cavallo. 2019. Fine Motor 
Assessment With Unsupervised Learning For Personalized Rehabilitation in 
Parkinson Disease. In Proceedings of the 2019 IEEE 16th International Conference 
on Rehabilitation Robotics (ICORR ’19). IEEE, Washington, DC, USA, 1167–1172. 
https://doi.org/10.1109/ICORR.2019.8779543 

[99] Md N. Sahadat, Nordine Sebkhi, Fanpeng Kong, and Maysam Ghovanloo. 2018. 
Standalone Assistive System to Employ Multiple Remaining Abilities in People 
with Tetraplegia. In Proc. of the 2018 IEEE Biomedical Circuits and Systems 
Conference (BioCAS). IEEE, Washington, DC, USA, 1–4. https://doi.org/10.1109/
BIOCAS.2018.8584688 

 

[100] Jeroen Schäfer and Marion Gebhard. 2019. Feasibility Analysis of Sensor Modal-
ities to Control a Robot with Eye and Head Movements for Assistive Tasks. In 

https://doi.org/10.1109/ICMLC.2015.7340953
https://doi.org/10.1109/ICMLC.2015.7340953
https://doi.org/10.1109/COMPSAC.2018.10242
https://doi.org/10.1109/COMPSAC.2018.10242
https://dl.acm.org/doi/10.1145/3411764.3445412
https://doi.org/10.1145/507072.507076
https://doi.org/10.1145/507072.507076
https://doi.org/10.1145/3178412.3178417
https://doi.org/10.1145/3173574.3174062
https://doi.org/10.1145/3308561.3354638
https://doi.org/10.1145/2661334.2661400
https://doi.org/10.1145/2661334.2661400
https://doi.org/10.1145/2702123.2702188
https://doi.org/10.1145/2702123.2702188
https://dl.acm.org/doi/10.5555/3021319.3021344
https://dl.acm.org/doi/10.5555/3021319.3021344
https://doi.org/10.1145/3154862.3154864
https://doi.org/10.1145/3025453.3025993
https://doi.org/10.1145/2556288.2557092
https://doi.org/10.1145/2995257.2995391
https://doi.org/10.1109/ISMAR-Adjunct.2019.00122
https://doi.org/10.1145/3373625.3416998
https://doi.org/10.1145/2858036.2858390
https://doi.org/10.1007/978-3-030-20518-8_17
https://doi.org/10.1145/2858036.2858169
https://doi.org/10.1145/2858036.2858169
https://doi.org/10.1109/ICSENS.2013.6688531
https://doi.org/10.1007/978-3-540-76702-2_13
https://doi.org/10.1177/1545968315575611
https://doi.org/10.1177/1545968315575611
https://doi.org/10.1145/2554850.2554948
https://doi.org/10.1109/SAMI.2019.8782744
https://doi.org/10.1109/JSAC.2020.3020600
https://doi.org/10.1109/JSAC.2020.3020600
https://doi.org/10.1145/2982142.2982145
https://doi.org/10.1145/2982142.2982145
https://doi.org/10.1016/j.sna.2010.04.019
https://doi.org/10.1109/BRC.2013.6487540
https://doi.org/10.1109/ROBIO.2012.6491175
https://doi.org/10.1109/ROBIO.2012.6491175
https://doi.org/10.1145/3056540.3056552
https://doi.org/10.1016/j.apergo.2018.01.009
https://doi.org/10.1109/ICORR.2019.8779543
https://doi.org/10.1109/BIOCAS.2018.8584688
https://doi.org/10.1109/BIOCAS.2018.8584688


ASSETS ’21, October 18–22, 2021, Virtual Event, USA Şiean and Vatavu 

Proceedings of the 12th ACM International Conference on PErvasive Technolo-
gies Related to Assistive Environments (PETRA ’19). ACM, New York, NY, USA, 
482–488. https://doi.org/10.1145/3316782.3322774 

[101] Ovidiu-Andrei Schipor, Radu-Daniel Vatavu, and Jean Vanderdonckt. 2019. Eu-
phoria: A Scalable, Event-Driven Architecture for Designing Interactions Across 
Heterogeneous Devices in Smart Environments. Information and Software Tech-
nology 109 (2019), 43–59. https://doi.org/10.1016/j.infsof.2019.01.006 

[102] Ovidiu-Andrei Schipor, Radu-Daniel Vatavu, and Wenjun Wu. 2019. SAPIENS: 
Towards Software Architecture to Support Peripheral Interaction in Smart 
Environments. Proc. ACM Hum.-Comput. Interact. 3, EICS, Article 11 (June 2019), 
24 pages. https://doi.org/10.1145/3331153 

[103] Andrew Sears and Vicki L. Hanson. 2012. Representing Users in Accessibility 
Research. ACM Trans. Access. Comput. 4, 2, Article 7 (March 2012), 6 pages. 
https://doi.org/10.1145/2141943.2141945 

[104] Sougata Sen and David Kotz. 2020. VibeRing: Using Vibrations from a Smart 
Ring as an out-of-Band Channel for Sharing Secret Keys. In Proceedings of the 
10th International Conference on the Internet of Things (IoT ’20). ACM, New York, 
NY, USA, Article 13, 8 pages. https://doi.org/10.1145/3410992.3410995 

[105] Suranga Seneviratne, Yining Hu, Tham Nguyen, Guohao Lan, Sara Khalifa, 
Kanchana Thilakarathna, Mahbub Hassan, and Aruna Seneviratne. 2017. A 
Survey of Wearable Devices and Challenges. IEEE Communications Surveys 
& Tutorials 19, 4 (2017), 2573–2620. http://dx.doi.org/10.1109/COMST.2017.
2731979 

 

[106] Teddy Seyed. 2019. Technology Meets Fashion: Exploring Wearables, Fashion 
Tech and Haute Tech Couture. In Extended Abstracts of the 2019 CHI Conference 
on Human Factors in Computing Systems (CHI EA ’19). ACM, New York, NY, 
USA, 1–5. https://doi.org/10.1145/3290607.3299075 

[107] Roy Shilkrot, Jochen Huber, Jürgen Steimle, Suranga Nanayakkara, and Pattie 
Maes. 2015. Digital Digits: A Comprehensive Survey of Finger Augmentation 
Devices. Comput. Surveys 48, 2, Article 30 (Nov. 2015), 29 pages. https://doi.
org/10.1145/2828993 

 

[108] Alireza Sahami Shirazi and Niels Henze. 2015. Assessment of Notifications on 
Smartwatches. 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 

[109] Prakash Shrestha and Nitesh Saxena. 2017. An Offensive and Defensive Exposi-
tion of Wearable Computing. ACM Comput. Surv. 50, 6, Article 92 (Nov. 2017), 
39 pages. https://doi.org/10.1145/3133837 

[110] Andy P. Siddaway, Alex M. Wood, and Larry V. Hedges. 2019. How to Do a Sys-
tematic Review: A Best Practice Guide for Conducting and Reporting Narrative 
Reviews, Meta-Analyses, and Meta-Syntheses. Annual Review of Psychology 70, 
1 (2019), 747–770. https://doi.org/10.1146/annurev-psych-010418-102803 

[111] Ionut-Alexandru Siean, Laura-Bianca Bilius, and Radu-Daniel Vatavu. 2021. 
Assistive Technology in the Synchrony between Ambient Intelligence and Mixed 
Reality for People with Motor Disabilities. In Proceedings of the 12th International 
Symposium on Ambient Intelligence (ISAmI ’21). Springer, Switzerland. 

[112] John Spensley. 2007. STIMuGRIP a new hand control implant. In Proc. of the 29th 
Annual Int. Conf. of the IEEE Engineering in Medicine and Biology Society. IEEE, 
Washington, DC, USA, 513–513. https://doi.org/10.1109/IEMBS.2007.4352336 

[113] Ryan Spicer, Julia Anglin, David M. Krum, and Sook-Lei Liew. 2017. REINVENT: 
A low-cost, virtual reality brain-computer interface for severe stroke upper limb 
motor recovery. In Proc. of the 2017 IEEE Virtual Reality. IEEE, Washington, DC, 
USA, 385–386. https://doi.org/10.1109/VR.2017.7892338 

[114] Statista. 2021. Forecast augmented (AR) and virtual reality (VR) market size 
worldwide from 2020 to 2024. https://www.statista.com/statistics/591181/
global-augmented-virtual-reality-market-size/ 

 

[115] Sandeep Subramanian, Christian Beaudoin, and Mindy F. Levin. 2008. Arm 
pointing movements in a three dimensional virtual environment: Effect of two 
different viewing media. In Proc. of 2008 Virtual Rehabilitation. IEEE, Washington, 
DC, USA, 181–185. https://doi.org/10.1109/ICVR.2008.4625157 

[116] Nomura Takumi, Shuji Kondo, and Takahiro Kagawa. 2019. Interlimb Parallel-
Link Powered Orthosis (IPPO) for Gait Assistance with Lateral Weight Bearing. 
In Proceedings of the 2019 IEEE International Conference on Cyborg and Bionic 
Systems (CBS ’19). IEEE, Washington, DC, USA, 30–35. https://doi.org/10.1109/
CBS46900.2019.9114466 

 

[117] Carly Thalman and Panagiotis Artemiadis. 2020. A review of soft wearable 
robots that provide active assistance: Trends, common actuation methods, 
fabrication, and applications. Wearable Technologies 1 (2020), e3. https:
//doi.org/10.1017/wtc.2020.4 

 

[118] Neha Tiwari, Damodar Reddy Edla, Shubham Dodia, and Annushree Bablani. 
2018. Brain computer interface: A comprehensive survey. Biologically Inspired 
Cognitive Architectures 26 (2018), 118–129. https://doi.org/10.1016/j.bica.2018.
10.005 

 

[119] G. Diego Felipe Ulloa, Neethu Sreenivasan, Paolo Bifulco, Mario Cesarelli, Gae-
tano Gargiulo, and Upul Gunawardana. 2017. Cost effective electro-resistive 
band based myo activated prosthetic upper limb for amputees in the developing 
world. In Proc. of the 2017 IEEE Life Sciences Conference (LSC). IEEE, Washington, 

DC, USA, 250–253. https://doi.org/10.1109/LSC.2017.8268190
[120] Ovidiu-Ciprian Ungurean and Radu-Daniel Vatavu. 2021. Coping, Hacking, 

and DIY: Reframing the Accessibility of Interactions with Television for People 
with Motor Impairments. In ACM International Conference on Interactive Media 
Experiences (Virtual Event, USA) (IMX ’21). ACM, New York, NY, USA, 37–49. 
https://doi.org/10.1145/3452918.3458802 

[121] Ovidiu-Ciprian Ungurean and Radu-Daniel Vatavu. 2021. Users with Motor Im-
pairments’ Preferences for Smart Wearables to Access and Interact with Ambient 
Intelligence Applications and Services. In Proceedings of the 12th International 
Symposium on Ambient Intelligence (ISAmI ’21). Springer, Switzerland. 

[122] Ovidiu-Ciprian Ungurean, Radu-Daniel Vatavu, Luis A. Leiva, and Réjean Pla-
mondon. 2018. Gesture Input for Users with Motor Impairments on Touch-
screens: Empirical Results Based on the Kinematic Theory. In Extended Ab-
stracts of the 2018 CHI Conference on Human Factors in Computing Systems 
(Montreal QC, Canada) (CHI EA ’18). ACM, New York, NY, USA, 1–6. https:
//doi.org/10.1145/3170427.3188619 

 

[123] Yurii Vasylkiv, Ali Neshati, Yumiko Sakamoto, Randy Gomez, Keisuke Nakamura, 
and Pourang Irani. 2019. Smart Home Interactions for People with Reduced 
Hand Mobility Using Subtle EMG-Signal Gestures. Studies in Health Technology 
and Informatics 257 (04 2019). https://pubmed.ncbi.nlm.nih.gov/30741236/ 

[124] Radu-Daniel Vatavu and Ovidiu-Ciprian Ungurean. 2019. Stroke-Gesture Input 
for People with Motor Impairments: Empirical Results & Research Roadmap. In 
Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems 
(Glasgow, Scotland Uk) (CHI ’19). Association for Computing Machinery, New 
York, NY, USA, 1–14. https://doi.org/10.1145/3290605.3300445 

[125] Florian Wahl, Martin Freund, and Oliver Amft. 2015. Using Smart Eyeglasses as a 
Wearable Game Controller. In Adjunct Proceedings of the 2015 ACM International 
Joint Conference on Pervasive and Ubiquitous Computing and Proceedings of 
the 2015 ACM International Symposium on Wearable Computers (Osaka, Japan) 
(UbiComp/ISWC’15 Adjunct). ACM, New York, NY, USA, 377–380. https://doi.
org/10.1145/2800835.2800914 

 

[126] Ker-Jiun Wang, Quanbo Liu, Soumya Vhasure, Quanfeng Liu, Caroline Yan 
Zheng, and Prakash Thakur. 2018. EXG Wearable Human-Machine Interface for 
Natural Multimodal Interaction in VR Environment. In Proc. of the 24th ACM 
Symposium on Virtual Reality Software and Technology (VRST ’18). ACM, New 
York, NY, USA, Article 49, 2 pages. https://doi.org/10.1145/3281505.3281577 

[127] Ker-Jiun Wang, Q. Liu, Y. Zhao, C. Y. Zheng, S. Vhasure, Q. Liu, P. Thakur, 
M. Sun, and Z. Mao. 2018. Intelligent Wearable Virtual Reality (VR) Gaming 
Controller for People with Motor Disabilities. In Proceedings of the 2018 IEEE 
International Conference on Artificial Intelligence and Virtual Reality (AIVR ’18). 
IEEE, Washington, DC, USA, 161–164. https://doi.org/10.1109/AIVR.2018.00034 

[128] Ker-Jiun Wang, Hsiao-Wei Tung, Zihang Huang, Prakash Thakur, Zhi-Hong Mao, 
and Ming-Xian You. 2018. EXGbuds: Universal Wearable Assistive Device for 
Disabled People to Interact with the Environment Seamlessly. In Companion of 
the 2018 ACM/IEEE International Conference on Human-Robot Interaction (HRI ’18). 
ACM, New York, NY, USA, 369–370. https://doi.org/10.1145/3173386.3177836 

[129] Ker-Jiun Wang, Caroline Yan Zheng, and Zhi-Hong Mao. 2019. Human-Centered, 
Ergonomic Wearable Device with Computer Vision Augmented Intelligence 
for VR Multimodal Human-Smart Home Object Interaction. In Proceedings 
of the 14th ACM/IEEE Int. Conf. on Human-Robot Interaction (HRI ’19). IEEE, 
Washington, DC, USA, 767–768. https://doi.org/10.1109/HRI.2019.8673156 

[130] Martin Weigel and Jürgen Steimle. 2017. DeformWear: Deformation Input on 
Tiny Wearable Devices. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol. 
1, 2, Article 28 (June 2017), 23 pages. https://doi.org/10.1145/3090093 

[131] Hendrik Witt. 2008. User Interfaces for Wearable Computers: Development and 
Evaluation. Vieweg+Teubner, Wiesbaden, Germany. https://doi.org/10.1007/978-
3-8351-9232-4 

[132] Jacob O. Wobbrock and Julie A. Kientz. 2016. Research Contributions in Human-
Computer Interaction. Interactions 23, 3 (April 2016), 38–44. https://doi.org/10.
1145/2907069 

 

[133] 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 (Boston, MA, USA) (CHI ’09). ACM, 
New York, NY, USA, 1083–1092. https://doi.org/10.1145/1518701.1518866 

[134] Claes Wohlin. 2014. Guidelines for Snowballing in Systematic Literature Studies 
and a Replication in Software Engineering. In Proceedings of the 18th Int. Confer-
ence on Evaluation and Assessment in Software Engineering (EASE ’14). ACM, New 
York, NY, USA, Article 38, 10 pages. https://doi.org/10.1145/2601248.2601268 

[135] Yukang Yan, Chun Yu, Xin Yi, and Yuanchun Shi. 2018. HeadGesture: Hands-
Free Input Approach Leveraging Head Movements for HMD Devices. Proc. 
ACM Interact. Mob. Wearable Ubiquitous Technol. 2, 4, Article 198 (Dec. 2018), 
23 pages. https://doi.org/10.1145/3287076 

[136] Hui-Shyong Yeo, Juyoung Lee, Hyung-il Kim, Aakar Gupta, Andrea Bianchi, 
Daniel Vogel, Hideki Koike, Woontack Woo, and Aaron Quigley. 2019. WRIST: 
Watch-Ring Interaction and Sensing Technique for Wrist Gestures and Macro-
Micro Pointing. In Proceedings of the 21st Int. Conference on Human-Computer 
Interaction with Mobile Devices and Services (MobileHCI ’19). ACM, New York, 
NY, USA, Article 19, 15 pages. https://doi.org/10.1145/3338286.3340130 

https://doi.org/10.1145/3316782.3322774
https://doi.org/10.1016/j.infsof.2019.01.006
https://doi.org/10.1145/3331153
https://doi.org/10.1145/2141943.2141945
https://doi.org/10.1145/3410992.3410995
http://dx.doi.org/10.1109/COMST.2017.2731979
http://dx.doi.org/10.1109/COMST.2017.2731979
https://doi.org/10.1145/3290607.3299075
https://doi.org/10.1145/2828993
https://doi.org/10.1145/2828993
https://doi.org/10.1145/2786567.2794338
https://doi.org/10.1145/3133837
https://doi.org/10.1146/annurev-psych-010418-102803
https://doi.org/10.1109/IEMBS.2007.4352336
https://doi.org/10.1109/VR.2017.7892338
https://www.statista.com/statistics/591181/global-augmented-virtual-reality-market-size/
https://www.statista.com/statistics/591181/global-augmented-virtual-reality-market-size/
https://doi.org/10.1109/ICVR.2008.4625157
https://doi.org/10.1109/CBS46900.2019.9114466
https://doi.org/10.1109/CBS46900.2019.9114466
https://doi.org/10.1017/wtc.2020.4
https://doi.org/10.1017/wtc.2020.4
https://doi.org/10.1016/j.bica.2018.10.005
https://doi.org/10.1016/j.bica.2018.10.005
https://doi.org/10.1109/LSC.2017.8268190
https://doi.org/10.1145/3452918.3458802
https://doi.org/10.1145/3170427.3188619
https://doi.org/10.1145/3170427.3188619
https://pubmed.ncbi.nlm.nih.gov/30741236/
https://doi.org/10.1145/3290605.3300445
https://doi.org/10.1145/2800835.2800914
https://doi.org/10.1145/2800835.2800914
https://doi.org/10.1145/3281505.3281577
https://doi.org/10.1109/AIVR.2018.00034
https://doi.org/10.1145/3173386.3177836
https://doi.org/10.1109/HRI.2019.8673156
https://doi.org/10.1145/3090093
https://doi.org/10.1007/978-3-8351-9232-4
https://doi.org/10.1007/978-3-8351-9232-4
https://doi.org/10.1145/2907069
https://doi.org/10.1145/2907069
https://doi.org/10.1145/1518701.1518866
https://doi.org/10.1145/2601248.2601268
https://doi.org/10.1145/3287076
https://doi.org/10.1145/3338286.3340130


Wearable Interactions for Users with Motor Impairments: Systematic Review, Inventory, and Research Implications ASSETS ’21, October 18–22, 2021, Virtual Event, USA 

[137] Behnaz Yousefi, Xueliang Huo, Emir Veledar, and Maysam Ghovanloo. 2011. 
Quantitative and Comparative Assessment of Learning in a Tongue-Operated 
Computer Input Device. IEEE Transactions on Information Technology in 
Biomedicine 15, 5 (2011), 747–757. https://doi.org/10.1109/TITB.2011.2158608 

[138] Guangtao Zhang, John Paulin Hansen, and Katsumi Minakata. 2019. Hand-and 
Gaze-Control of Telepresence Robots. In Proceedings of the 11th ACM Symposium 
on Eye Tracking Research & Applications (ETRA ’19). ACM, New York, NY, USA, 
Article 70, 8 pages. https://doi.org/10.1145/3317956.3318149 

[139] Tengxiang Zhang, Xin Zeng, Yinshuai Zhang, Ke Sun, Yuntao Wang, and Yiqiang 
Chen. 2020. ThermalRing: Gesture and Tag Inputs Enabled by a Thermal Imaging 
Smart Ring. In Proceedings of the 2020 CHI Conference on Human Factors in 

Computing Systems (Honolulu, HI, USA) (CHI ’20). ACM, New York, NY, USA, 
1–13. https://doi.org/10.1145/3313831.3376323 

[140] Huiyu Zhou and Huosheng Hu. 2008. Human Motion Tracking for Rehabilitation 
- A survey. Biomedical Signal Processing and Control 3, 1 (January 2008), 1–18. 
https://doi.org/10.1016/j.bspc.2007.09.001 

[141] Zhilan Zhou, Jian Xu, Aruna Balasubramanian, and Donald E. Porter. 2020. A 
Survey of Patterns for Adapting Smartphone App UIs to Smart Watches. In Proc. 
of the 22nd International Conference on Human-Computer Interaction with Mobile 
Devices and Services (Oldenburg, Germany) (MobileHCI ’20). ACM, New York, 
NY, USA, Article 2, 11 pages. https://doi.org/10.1145/3379503.3403564 

https://doi.org/10.1109/TITB.2011.2158608
https://doi.org/10.1145/3317956.3318149
https://doi.org/10.1145/3313831.3376323
https://doi.org/10.1016/j.bspc.2007.09.001
https://doi.org/10.1145/3379503.3403564

	Wearable Interactions for Users with Motor Impairments: Systematic Review, Inventory, and Research Implications 
	ABSTRACT 
	CCS CONCEPTS 
	KEYWORDS 
	ACM Reference Format: 

	1 INTRODUCTION 
	1.1 Context for Wearable Interactions and Users with Motor Impairments 
	1.2 Contributions 

	2 SCOPE AND METHOD 
	2.1 Scope 
	2.2 Study Design 
	2.2.1 Identification. 
	2.2.2 Screening. 
	2.2.3 Eligibility. 
	2.2.4 Snowballing. 


	3 RESULTS 
	3.1 Research Contributions 
	3.2 Types of Wearables and Input Modalities 
	3.3 User Studies 
	3.4 An Inventory of Wearable Interactions 

	4 RESEARCH IMPLICATIONS FOR ACCESSIBLE WEARABLE INTERACTIONS 
	4.1 Exploration of a Diversity of Wearables 
	4.2 Input Modalities and Techniques for Accessible Wearable Interactions 
	4.3 More User Studies and Evaluations 
	4.4 Extending Wearable Interactions to Other Computing Devices and Environments 

	5 LIMITATIONS 
	6 CONCLUSION 
	ACKNOWLEDGMENTS 
	REFERENCES 




