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ABSTRACT 
Wearables are a potentially vital mechanism for individuals to moni-
tor their health, track behaviors, and stay connected. Unfortunately, 
both price and a lack of consideration of the needs of low-SES com-
munities have made these devices inaccessible and unusable for 
communities that would most substantially beneft from their afor-
dances. To address this gap and better understand how members 
of low-SES communities perceive the potential benefts and bar-
riers to using wearable devices, we conducted 19 semi-structured 
interviews with people from minority, high crime rate, low-SES 
communities. Participants emphasized a critical need for safety-
related wearable devices in their communities. Still, existing tools 
do not yet address the specifc needs of this community and are out 
of reach due to several barriers. We distill themes on perceived use-
ful features and ongoing obstacles to guide a much-needed research 
agenda we term ’Equityware’: building wearable devices based on 
low-SES communities’ needs, comfortability, and limitations. 

CCS CONCEPTS 
• Human-centered computing → Empirical studies in ubiq-
uitous and mobile computing. 
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1 INTRODUCTION 
Recent advancements in mobile computing have enabled the growth 
of wearable technologies. Wearables are electronic devices with 
computational capability that can be worn as accessories (smart 
watches, wristbands), embedded in clothing (e-textiles), implanted, 
used as skin patches, and even tattooed on the body. The num-
ber of wearable devices is expected to reach 1 billion by the end of 
2022 [86]. Although wearable devices can improve the lives of many, 
low-SES and racial/ethnic minority communities that would beneft 
the most from the health and safety benefts that wearables provide 
have been largely overlooked [11, 19, 49, 101]. Low-income minori-
ties refer to the group of people who live at or below the poverty 
threshold [15] and who have been disenfranchised and historically 
oppressed in the United States due to race, class, ability, sexual 
orientation or identity, or citizenship [43]. The ongoing COVID-19 
pandemic crisis has further increased the divide, with poverty in-
creasing in Black and Brown low-income communities [1, 48] and 
access to healthcare/insurance decreasing [8, 32]. Economic, health, 
and social inequities have increased signifcantly in recent years. 

We see similar inequities in technology development. The low-
SES and racial/ethnic minority population has "traditionally been 
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marginalized in technological design" [34]. The exclusion of these 
groups in technological design is not new [5, 12, 30, 34]. Recent 
work has shown how discrimination is perpetuated in technology 
among Black and Brown communities [13, 46, 59, 102]. For exam-
ple, photoplethysmographic PPG sensors are embedded in popular 
wearables like the Apple Watch and Fitbit to measure heart rate. 
These sensors do not accurately read and "may not work at all" 
on people with darker skin tones [24, 82]. Consequently, in their 
current state, wearables have not been designed with/by low-SES 
or marginalized community members. This not only decreases their 
utility, but also makes them actively harmful. 

We propose and coin the term "Equityware" as a research 
agenda for creating wearable technologies with and for marginal-
ized communities in response to the harmful efects of modern 
wearables on low-socioeconomic (low-SES) and racial/ethnic mi-
nority individuals. As an initial step, we conducted an empirical 
study to understand the barriers and facilitators for equity, inclu-
sivity, and utility in the design of wearables for minority low-SES 
individuals living in high crime rate neighborhoods in the United 
States. Through these interviews, we found that a central need 
and focus for community members was safety, leading us to work 
with participants to consider what role wearable devices could play 
in addressing their safety concerns. We found that participants’ 
most prevalent safety concerns involved gang-related activity, lack 
of infrastructure and services, and gender-based violence. We en-
gaged in co-design to elaborate on possible future wearable device 
modalities and requirements. Prior work has focused on design-
ing software tools to mitigate the detrimental efects of crime on 
low-SES communities from violent neighborhoods[9, 28, 39, 74, 75]. 
We extend this approach by evaluating the potential benefts of co-
designing wearables with these communities through a hardware 
perspective. Current software tools can only go so far in preventing 
crime, whereas hardware tools can ofer capabilities such as using 
sensors to capture evidence of a crime or warning potential victims 
of possible suspicious activities before a crime takes place. To this 
end, we elaborate on participants’ most important safety needs and 
ideas for using wearable tools for safety. 

Our contributions include: 
(1) We describe the daily safety concerns of participants living 

in low-SES, high-crime communities. 
(2) We describe participants’ perceptions of wearable devices, 

including existing harmful features, valuable features, and 
new ideas proposed by participants. 

(3) We defne Equityware as a research agenda for co-creating 
wearable devices with, by, and for members of marginalized 
communities. 

(4) We develop a framework of Equityware design requirements, 
and an example hardware/software system design as a dis-
tillation of participants feedback. 

2 BACKGROUND AND RELATED WORK 

2.1 The Digital Divide 
The COVID-19 pandemic exacerbated digital inequities. As in-
person conversations became replaced by online interactions, peo-
ple relied on technology to facilitate remote life and maintain con-
nections. Thus, this period of time brought forth great technological 

innovations, with some characterizing this era as “the great acceler-
ator” of digitization. However, the increased reliance on technology 
also exaggerated the disparity between low-SES communities and 
those with access to advanced devices, internet, and other digital 
technologies [11, 66]. 

In low-SES communities, many do not have access to home in-
ternet or dedicated computing devices (laptop, desktop); instead, 
they often have to resort to using low-end smartphones to perform 
complex tasks such as fnding jobs or doing homework [66]. The 
lack of access to technology in low-SES communities can be attrib-
uted to digital redlining– the systematic denial of equal access to 
digital tools. Namely, internet service providers have been known 
to exclude low-income communities from receiving internet [67], 
which restricts access to online learning, safe job opportunities, and 
digital health services. This has contributed to a higher mortality 
rate from COVID-19 in low-SES communities and an educational 
gap in children from low-SES background [66]. 

Research has shown that technology– as it continues to advance– 
fails to address its damage to marginalized people of color. Bias has 
been built into systems through discriminatory machine learning 
algorithms based on unrepresentative data [60]; as these biased mod-
els [53] and unrepresentative data propagate through the pipeline 
to form the foundation for infuential and high-stakes processes in 
society– from identifying criminal suspects to governing search 
engine results– AI’s propensity to discriminate based on factors 
such as race can endanger the lives of racial minorities [4, 14, 65] 
and perpetuate harmful stereotypes [71]. In response, a few have 
explored how machine learning needs to change to protect vul-
nerable groups in areas such as healthcare [53] while addressing 
privacy concerns with sensitive data [94]. 

Wearables, which ofer signifcant and important social and 
health information to their users, also contribute to the dispar-
ities caused by technology. Studies have shown that wearables, 
though helpful for physical activity tracking, are currently not serv-
ing the people who would beneft the most, such as vulnerable 
marginalized groups [101], and as noted, are comprised of sensors 
and software systems (i.e., PPG) that are less accurate on those with 
darker skin, limiting access to accurate health information that can 
be used to detect heart arrhythmia, energy expenditure, and a host 
of other markers [82]. 

It is imperative that ongoing eforts continue to carefully ad-
dress each of the accessibility barriers listed above and expand the 
adoption of wearable devices to more closely represent the broader 
population. Without such actions, systemic inequities will continue 
to pervade the digital realm. 

2.2 Designing with Marginalized Communities 
In recent years, we have seen an increase in HCI research looking 
at the technology needs of low-SES individuals [63]. For example, a 
study in a major US city found that technology that satisfes several 
themes, including staying connected, having mobile telephony, 
and allowing access to information and social networks, have the 
potential to beneft homeless populations [63]. A co-design study 
on human-drone interaction in Sub-Saharan Africa indicated that 
integrating cultural relevance and stakeholder input could enhance 
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participant safety with drones while maintaining freedom of use 
and privacy [103]. 

Participatory design [69] and community-based participatory 
research [81, 98] have been used as methods to do work with his-
torically marginalized communities. These collaborative research 
methods share the common goal of “incorporating the perspec-
tives and needs of intended end users into technology design” [93]. 
Community based participatory research (CBPR) is conducted “for, 
with, and by communities rather than on communities [31, 37, 62], 
whereas traditional research uses an outsider observer that studies 
subjects from a distance [62]. CBPR has been used to develop health 
resources for pregnant and postpartum women in frst-nation and 
Metis communities in Canada [25], to develop devices designed 
to aid marginalized children with prosthetic limbs walk through 
mud in Cambodia [55], and to expand on the possible benefts of us-
ing e-health technology in low-income Hispanic communities [40]. 
Harrington et al. also explored the potential of community-based 
design workshops that engage participants in the design process 
by co-designing health solutions for low-income African-American 
individuals. Through this process, they found that such workshops 
empowered their participants to take ownership over the workshop-
ping process and their health choices and inspired more community-
based activism, showing that the co-designing process is a useful 
and insightful tool for understanding the perspectives of people 
from low-SES communities [45]. Another study worked on examin-
ing the barriers that the African-American and Latinx communities 
face when encountering city technologies and generated solutions 
to these challenges but also warned that participatory design is 
often a White and afuent activity that can lack connection with 
the lived experiences of marginalized groups and even lead to un-
intentional harm [44], which suggests that workshops conducted 
by members of the same community are valuable. 

Though participatory and co-design methods have been applied 
in mobile and computer applications [17, 25, 28, 68, 85, 88, 90, 95] 
and websites [40, 41, 89] to help low-SES communities, these ap-
proaches have not been widely applied to wearable devices as they 
relate to low-SES communities. One notable study focusing on wear-
ables for low-SES caregivers and their children found that tracking 
tools for physical activity revealed the interconnectivity between 
community members’ environment and their ability to use physical 
tracking applications. [79]. This work motivates the need for more 
research on how wearable technologies can be designed for the 
environmental and social contexts of low-SES communities. 

2.3 Receptiveness to Wearable Devices 
Approximately 30% of people in the U.S. use wearables, such as 
smartwatches or ftness trackers [19]. For low-SES communities, 
the use of wearable technologies drops to approximately 12% of 
those whose annual household income falls below $30,000 [97]. 
Past work has identifed several barriers that make wearables less 
accessible to low-SES communities, including lack of privacy, high 
power demands, high cost, and an absence of nuanced cross-culture 
communication [19, 52]. 

Privacy concerns have been central to the general outlook on 
wearables, as users have expressed hesitation over using wear-
ables that can record or otherwise invade their privacy [22, 100]. 

Research on wearables that included, but did not focus on low-
SES individuals, found that people were also worried about data 
privacy and policies [54]. Battery life and cost are also prevalent 
barriers. Prior work has also found that battery life hinders the ac-
ceptability of wearables. Most wearables, especially high powered 
wearables [42, 73], have limited battery life and are inconvenient to 
charge [18, 96]. In response, a few have explored energy harvesting 
or increasing device efciency [7, 51]. Further, there have been 
some eforts made to design cheaper wearables [64]. 

A fnal core issue limiting accessibility of wearables is a lack 
of nuanced cross-cultural communication surrounding wearable 
devices. For example, in a study that interviewed 1007 adult patients 
at six Federally Qualifed Health Centers [52], researchers sought to 
better understand the perception of ftness trackers within diferent 
populations. They found that the word ‘trackers’ elicited concerns 
from many Spanish-speaking participants; such terminology gen-
erates misunderstanding of the intended use of wearables, causing 
distrust and active resistance among some users [52]. 

Thus, while several barriers limiting the acceptance of wear-
able devices have been identifed, the current research agenda does 
not focus on the complex needs and challenges faced by people in 
low-SES neighborhoods. As we will show, community members 
identifed additional barriers that need to be addressed to make 
wearable technologies usable within these neighborhoods, and fur-
ther these members identifed highly desirable attributes, features, 
and applications for future wearable devices. 

3 METHODS 
We conducted an exploratory study to understand the needs of 
low-SES communities that infuence adoption and use of wearable 
devices. An initial round of interviews revealed a strong focus on 
safety concerns. This informed a second round of data collection 
focusing on participants perspectives, reactions, and recommenda-
tions for the design of safety-based wearable devices. This study 
was conducted from December 2021 to March 2022 amidst the rise 
of the COVID-19 Omicron variant. All interviews were conducted 
in English over a Zoom video call. Anonymized Institutional Review 
Board approved the study protocol. 

3.1 Recruitment 
We were interested in working with low-SES community members 
from metropolitan cities. We recruited participants by posting fy-
ers on the research team’s social media sites, such as Instagram 
and Facebook. The eligibility criteria for this study and a link to an 
online screening survey were posted on these fyers. Eligibility was 
determined if participants identifed as (1) over the age of 18, (2) 
BIPOC,1 and (3) low-income. Interested participants completed a 
screening survey that asked for basic demographic information (e.g., 
race, education level, household income, and the number of persons 
in the household) to determine eligibility. We determined that a 
person passed criteria three if their income levels fell below the 
low-income threshold according to their county’s Department of 

1The term BIPOC refers to individuals that identify as Black, Indigenous, and People of 
Color. As opposed to "POC" People of Color, the term BIPOC is used to acknowledge 
that not all people of color face equal levels of injustice. We acknowledge that this 
term is specifc to the United States. 
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# of Persons 
in Household ID: Gender Age Range Education Income Range Owns Wearables 

P1: F 18-29 Bachelors <26K 3+ No 
P2: M 18-29 Two year / some college <26K 1 No 
P3: F 18-29 Two year / some college 26-50K 2 Apple Watch 
P4: M 18-29 Bachelors 26-50K 2 Apple Watch 
P5: F 30-44 High School 26-50K 2 Samsung Galaxy Watch 
P6: F 30-44 Bachelors <26K 1 No 
P7: M 18-29 Bachelors 26-50K 1 No 
P8: M 18-29 Bachelors 26-50K 1 No 
P9: F 30-44 Two year / some college 26-50K 2 No 
P10: F 18-29 High School <26K 1 No 
P11: F 18-29 Bachelors 26-50K 3+ Apple Watch 
P12: F 18-29 Two year / some college <26K 1 Apple Watch 
P13: F 18-29 Two year / some college <26K 2 No 
P14: F 18-29 Bachelors <26K 1 No 
P15: M 30-44 Two year / some college 50-75K 2 No 
P16: F 30-44 Two year / some college 50-75K 3+ No 
P17: F 45-54 Two year / some college 50-75K 2 Fitbit (previously) 
P18: F 30-44 Bachelors 26-50K 3+ Apple Watch 
P19: F 18-29 High School 26-50K 1 Fitbit (previously) 

Table 1: Participant demographics. All participants belong 
to Hispanic/Latinx groups. 

Housing and Community Development2. For instance, in Los Ange-
les county, a household of two or more is categorized as low-income 
if their income is below $75,700. Eligible persons were contacted 
via email to participate in the study, and eligible participants then 
provided written consent via email. 

We recruited 19 adults from low-SES communities in two met-
ropolitan cities in the United States (see Table 1 for participant 
demographics). For the preliminary investigation, participants (P1-
P8) were recruited from December 2021 to January 2022, and among 
the participants, two identifed as members of the LGBTQ+ commu-
nity. Participants (P9-P19) from the secondary investigation were 
recruited from mid to late March 2022. All participants identifed as 
Hispanic/Latinx 3 and low income. Additionally, according to FBI 
crime statistics, all participants lived in communities with crime 
rates that are at least double the national average. It was not our 
intention to recruit individuals from high crime rate neighborhoods, 
but we felt compelled to highlight this aspect as the lived experience 
from these individuals have often been excluded [34, 44]. 

3.2 Data Collection 
3.2.1 Preliminary Investigation: Understanding Community Needs. 
After obtaining signed consent forms, the lead author conducted 45-
60 minute virtual semi-structured interviews via Zoom. Participants 
were compensated with a $40 gift card at the end of the study. In 
these initial sessions, we sought to understand if and how wearable 
devices might beneft members of low-SES communities and to 
learn about participants’ opinions regarding wearable technology. 
Our full interview guide can be found in the appendix under A.1. 

From this preliminary investigation, participants strongly em-
phasized a critical need for safety-related devices in their communi-
ties that have been widely overlooked by mainstream technologists 
and developers. The high number of safety concerns raised by 
participants in these low-SES neighborhoods led us to perform a 
second round of data collection to more meaningfully understand 

2In the United States, the Department of Housing and Community development 
uses State Income Limits provided by the U.S. Department of Housing and Urban 
Development. https://www.huduser.gov/portal/datasets/il.html
3Latinx is a gender-neutral term that refers to individuals who identify as or relate 
to Latin American heritage. We acknowledge that this term is specifc to the United 
States, and not all Latin Americans use the term Latinx to identify themselves. 

Cruz, et al. 

participants’ safety concerns and the opportunities for wearable 
tools to help. 

3.2.2 Secondary Investigation: Considering Technologies for Safety. 
This second phase of research focused on discussions on partici-
pants’ safety concerns and perceptions of wearable devices. Inter-
views were again scheduled over Zoom and lasted 45-60 minutes. 
Participants received a $40 gift card at the end of the study. 

With safety as a theme of focus, we began with a 10 to 15 minute 
semi-structured interview. Interview questions addressed safety 
concerns, participants’ perceptions of wearable devices, and recom-
mendations for safety-based wearable devices. The full interview 
guide can be found in the appendix under A.2. 

Once we completed the semi-structured interview portion, a 
series of storyboards [26, 91, 105] were employed. We used sto-
ryboards because participants needed more familiarity in the pre-
liminary investigation to understand how wearables function. For 
instance, a couple of participants needed help understanding the 
concept of a sensor or how they are utilized in a wearable system. 
However, once the researcher described what a sensor could do, par-
ticipants then mentioned scenarios in their everyday life in which 
a wearable could be helpful for safety, such as when walking home 
or running errands alone at night. 

The storyboards, therefore, allowed us to introduce the concept 
of safety wearables (Board 1), elicit what participants think safety 
wearables could or should do (Board 2), evoke feedback on cur-
rent features found in safety-related wearable devices (Boards 3 
and 4), and explore potential future applications/comfort with the 
technology (Boards 5 and 6). A limitation of this method is that 
we cannot incorporate every feature found in existing wearable 
devices. Therefore, we selected a few features based on prelimi-
nary discussions and common of-the-shelf wearable devices in the 
media highly commercialized around safety so that participants in 
the secondary investigation could then challenge, investigate, and 
draw on their lived experience. 

The storyboards consisted of six slides, as shown in Figure 1, and 
were presented one at a time. Each storyboard presented a scenario 
related to safety and the use of a wearable device. After reading each 
storyboard, participants were asked if they felt positive, negative, 
or neutral toward each storyboard and to explain why they felt that 
way about the scenarios presented. We then asked participants if 
there was anything they would change about the scenario or the 
wearable device and why. We continued to do this for all six slides. 
As part of the data collection, we noted participants’ likes, dislikes, 
barriers of use, and what they would add or change to the safety 
wearable device presented to them in each scenario. 

Participants were introduced to the character Tasha in the frst 
storyboard. Tasha feels unsafe walking to her home at night but 
feels safe knowing she has a safety wearable device. The second 
storyboard is a continuation of storyboard one, except in the sec-
ond storyboard participants were explicitly asked what the device 
should do to help Tasha feel safe at night. Participants were then 
asked how they think Tasha feels after having a device that includes 
the features they recommended. The third storyboard introduces a 
device that detects motion and uses an alarm to ward of a potential 
threat. We refer to this device as "Locoalert" for the rest of this pa-
per. The motion detection feature was inspired by the participants 

https://www.huduser.gov/portal/datasets/il.html
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Figure 1: This fgure displays the storyboards presented to participants that show Tasha and her use of wearable technology 
for safety. We used the storyboards as a starting point for discussions with participants on barriers and desirable features of 
wearables. 

in the preliminary study who mentioned they wanted a wearable 
feature that senses their surroundings. The alarm function of this 
device was inspired by she’s birdie4. Storyboard four uses Locoalert 
and is mounted on a headband. However, in this scene, Locoalert 
has more capabilities, such as automatically sending a signal to 
the police that she is in danger. This additional feature is inspired 
by Invisawear5. Storyboard fve presents Locoalert as a small and 
versatile wearable device that can be placed on diferent places of 
a person’s body. This storyboard was infuenced by participants 
in the preliminary study who mentioned they did not want fashy 
and bulky devices. Lastly, in storyboard six, Tasha feels like she is 
being stalked. Participants were introduced to a new device that 
helps Tasha record her surroundings as she walks and saves images 

4she’s birdie is an existing, highly commercialized wearable device aimed to be used 
as a safety tool by individuals https://www.shesbirdie.com/. It is designed in the form 
of a key-chain and when pulled it emits a loud sound to scare of a perpetrator.
5Invisawear is a highly commercialized wearable device that is intended to be used for 
safety purposes. It is designed to be fashionable and less apparent. When the button 
on the device is pressed it sends an alert to the ADT companty, an alarm monitoring 
service based in the United States. https://www.invisawear.com/ 

on her phone. Tasha brings evidence to the police so that they can 
look into her case. Postscapes6 inspired the features in the device 
highlighted in this storyboard. 

3.2.3 Data Analysis. Audio recordings of the interviews were tran-
scribed, resulting in a total of 21 hours of interviews. Data from 
both studies were combined and analyzed together. The research 
team analyzed the data using a grounded theory approach [21]. 

Preliminary investigation: The lead author and two other co-
authors performed open coding on the transcripts and identifed 
initial themes. The research team, which consisted of two more 
authors, then reviewed the transcripts and collaboratively discussed 
associated codes to look for consistencies and diferences in the 
data. Based on group discussions, themes were iteratively refned 
by the research team. After coding, the themes found in this portion 
of the study were: gender-based violence, lack of infrastructure and 
services, fashy wearable devices, powering and charging devices, 

6Postscapes is a life-logging camera designed to help capture moments in time 
https://www.postscapes.com/lifelogging-device/# 

https://www.postscapes.com/lifelogging-device
http:https://www.invisawear.com
http:https://www.shesbirdie.com


CHI ’23, April 23–28, 2023, Hamburg, Germany Cruz, et al. 

small and versatile design, increased awareness of surroundings, 
and location sharing. These codes motivated the design of the 
storyboards in the secondary investigation. 

Secondary investigation: After the lead author and two other 
authors performed open coding on the transcripts and identifed 
themes, the research team once again reviewed the transcripts and 
collaboratively discussed associated codes to look for consistencies 
and diferences in the data. Once again, based on group discussions, 
themes were iteratively refned by the research team. Three au-
thors then used the refned themes to code the full dataset. Two 
more authors from the research team then reviewed the codes to 
check for any discrepancies. In addition to the themes found in 
the preliminary investigation, the themes found in the secondary 
investigation are: prevalent safety concerns, critical barriers and 
harmful features, accepted or valuable features, and participant 
proposed features. In the results section, we discuss the fndings in 
each theme more in-depth. 

3.2.4 Positionality Statement. We are committed to studying how 
wearable technology has failed to address the needs of low-SES 
communities in the United States, with a focus on how wearables 
can harm or add value to these communities. The frst author is 
a member of the communities examined in this study. The frst 
and second authors identify as Latinx of Central American descent 
and have lived experience growing up as members of minority 
low-SES communities. The frst author conducted all interviews 
and was involved in the study design, data collection, and analysis. 
The second author was involved in the study’s data collection and 
analysis process. Following the concept of intersectionality, we 
recognize that we only capture the perspectives of a small sample 
of the Latinx community within the United States. We acknowledge 
that other groups that identify as Latinx, such as Afro-Latinx, in 
the United States were not represented in this study sample and 
may face additional challenges or have unique experiences that are 
not reported in this study. 

4 RESULTS 
In this section, we will describe how participants’ experiences and 
personal situations color how they think about wearables. We also 
describe their expectations and goals for future tools. Importantly, 
we found that this contextual information provides the actual design 
space wherein any digital technology must live; as participants’ 
constraints and concerns remove from consideration nearly 
any type of commercially available wearable. 

4.1 Prevalent Safety Concerns 
Every participant discussed safety issues within their community, 
recalling numerous instances where crime and violence afected 
their lives. In this section, we discuss the prevalent safety issues 
within these communities that have been steadily increasing each 
year. 

4.1.1 Gang Violence. Participants (n=12) described traumatic events 
and concerns related to gang activity. P18 described an incident 
where her brother was mugged at knife-point by a gang member 
and said that “luckily only his phone was stolen, better the phone 
than him getting hurt”. P11 recalled three instances where a direct 

family member was robbed at gunpoint by a gang member back 
when she was a student in elementary school. 

Participants also mentioned that because of the gang activity 
in their neighborhood, they constantly need to be aware of their 
surroundings. P17 stated that “even if it was daytime I felt, like, 
insecure. . . like I would have to be more mindful of my surroundings 
[because of gang activity].” P17’s fear was shared by twelve other 
participants. For example, P16 stated: 

P16: Defnitely a night was like the worst where you 
saw people get beat up. You know it’s like very heavy 
with gangs around... I would always be afraid to walk 
to my car, like I would run. 

Thus, we found that gang-related activity was one of the most 
pressing safety concerns among participants. Participants expressed 
concern about both targeted and random violence. Participants 
indicated that gang violence worsens at night, and these issues have 
only been exacerbated due to the COVID-19 pandemic. Dickinson 
et al.’s violence prevention mobile application for street outreach 
workers and Erete’s exploration of community crime-prevention 
technologies show the potential of using technology to reduce 
violence without police intervention, which we extend by exploring 
wearables as another form of technology to support community 
safety [28, 35]. It is important to highlight these issues so that 
wearable technology designers can be mindful of how to design 
future wearables for low-SES communities. We discuss the dilemma 
of designing wearables in neighborhoods where gang violence and 
theft are prevalent in section 4.2.1. 

4.1.2 Lack of Infrastructure and Services. Participants also described 
a number of safety concerns related to the lack of safety infrastruc-
ture and services, such as street lights, and trustworthy emergency 
response professionals. Participants (n=13) mentioned they were 
scared of being out at night. Nonexistent or faulty street lights only 
increased their fear: 

P13: I think the neighborhood is dark. Also, it’s not very 
well lit, so I do feel more unsafe. Then again, I try to, 
like, I always look behind me to see if there’s somebody 
walking and then [if it’s] just [a] guy walking behind 
me I walk slower so that he gets ahead of me and so I’m 
the one behind him. You know, I just do little things like 
that. 

Here, P13 suggests the lack of proper streetlights makes them 
feel more unsafe in their neighborhood and mentioned that they 
try to take control of the situation by making sure they walk be-
hind a person. Even though participants feel unsafe due to the lack 
of proper lighting in their neighborhoods and increased criminal 
activity, they do not feel compelled to alert authorities. All partici-
pants are from neighborhoods predominantly comprised of people 
of color, and there is a history of mistrust between people in these 
neighborhoods and the police. P18 talked about why they don’t go 
to authorities after a crime: 

P18: We just didn’t notify them [(the police)] because 
they just never come. They never show up. My sister has 
called. We have some neighbors who, I don’t know, for 
some reason this house attracts people who get involved 
in domestic violence. And my sister called the police 
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once and they never showed up. Then we recently had 
another event. Well, I shouldn’t say event, but another 
incident like a domestic violence incident and then the 
police asked me like why didn’t you call? I was like well 
because the last time we called, nobody showed up. 

Similarly, P14 expressed her frustration with authorities and said 
“I mean, come on, [in] places where it’s not safe. Like for instance in 
[redacted], the police doesn’t show up and if they show up, instead 
they’ll arrest you”. In these quotes, P18 and P14 share that alerting 
police and other frst responders is useless. Participants indicated 
that the police have a history of not showing up to incidents in 
low-SES neighborhoods. P14 also expressed their concern that if 
they were to alert the police about a crime, the police would just 
come and arrest the innocent victims or bystanders. 

In situations where authorities do show up, participants stated 
that authorities should be able to do more to ensure the safety of 
victims. As P15 shared: 

P15: I drive for Uber so I had a passenger who had, who 
told me they just got raped and she was surrounded by 
like 6 diferent sherifs and not one of them took her 
home. 

In this quote, P15 shares their frustration towards authorities. 
They felt that the sherifs were very insensitive towards a woman 
who experienced a horrifc crime and felt more care should have 
been taken. P13 expanded on this issue, describing a more system-
atic concern with authorities. 

P13: Well, there’s just a lot of racism and issues that’s 
systemic that need to be, you know, dealt with... At 
the same time do you really want a police force in a 
neighborhood where it’s like, people of color? Not really, 
because of the way that they treat people of color, you 
know, like the people don’t trust police, you know. 

Here, P13 relates mistrust of police with the way police have his-
torically mistreated people of color. People from these communities 
feel scared because they feel they cannot turn to anyone. 

The lack of street lights and police mistrust were the most com-
mon infrastructural issues impacting participants’ communities. 
Previous research has shown that unlit places increase women’s 
fear, especially in areas that are known to be unsafe [2, 10, 58]. 
While other work in the literature report how people from commu-
nities of color avoid reporting incidents to law enforcement due 
to mistrust and power imbalance [27, 77, 84]. Dickinson similarly 
noted the insufciencies in infrastructure and absence of police 
support in low-SES communities but focused on the possibility of 
developing civic technologies for community advancement rather 
than the development of devices to support personal safety [29]. As 
people from low-SES communities continue to face systemic issues 
that prevent them from feeling safe and protected in their environ-
ments, targeted solutions that can help increase personal safety 
are needed. As we will discuss later, wearable technologies may be 
able to help individuals circumvent some of these infrastructural 
limitations, but thus far have failed to consider such community 
needs directly. 

4.1.3 Gender based violence. Amongst the female participants (n 
= 14), gender-based violence was a common experience. Gender-
Based violence refers to “harmful acts directed at an individual 
based on their gender. It is rooted in gender inequality, the abuse of 
power and harmful norms” [36]. Nine participants said they experi-
enced instances of harassment and stalking. All female participants 
(n=14) shared concerns about “getting raped, mugged, or kidnapped.” 
P14 reported: 

P14: Being raped is [a concern] as a female. Another one 
would be getting attacked or robbed for the things that 
you have on you. There are a lot of people out here who 
still carry— who carry guns and they carry knives too. 
So then for them to be able to assault you is very, very 
easy, especially if you’re not someone who is like, I guess 
big in stature or in height, or like in weight or mass. 
Whatever, you wouldn’t be able to protect yourself alone 
if you’re female. 

Getting kidnapped was a common concern amongst the female 
participants. P16 had the courage to share their experience of sur-
viving an attempted kidnapping: 

P16: I was once, this is in the daytime too in [redacted], 
and there was like these two guys that wanted to kidnap 
my cousin and I. For me, I think it’s very traumatic. And 
I do not like, I just, I’m just afraid at night, like, you 
just never know what could happen. 

P16 explicitly mentioned that this experience traumatized her 
for life. She mentions later in her interview that she shouted for 
help but no one came to her rescue. Even though she is older now 
and thinks she might be able to put up a fght, she fears it wouldn’t 
be enough to help her survive if such a situation repeated itself. 
Another participant, P19, shares her own experience and feelings 
of helplessness: 

P19: I used to come home from work like at like 4:00 
PM and like a guy on a bike would be following me 
and I’d be like really? [L]ike in the afternoon? Or [there 
are] people on like a curb and they’re just like hey, hey, 
hey. ... Luckily nothing has ever happened to me. Knock 
on wood, but I mean I know people that are like ‘oh 
yeah, like the other day I got stopped,’ or like, or you 
know, ‘they try to rob me’ and I’m like God like that 
really sucks because like, it’s like we really can’t do 
anything, especially as girls. We really can’t go 
out in the day or the night, like, we live in fear 
forever. 

In this quote P19 talks about situations where she was stalked and 
catcalled. Day and night women feel unsafe in their neighborhoods, 
and as a woman, she feels she lives in constant fear that something 
worse might happen to her. 

Gender-based violence is a major issue that signifcantly worsens 
the quality of life of individuals from low-SES communities. The 
ubiquity of this issue forces those most vulnerable to operate under 
continuous fear and vigilance. Blom et al. report similar fndings 
in their work with females in urban cities located in India and the 
United States[10]. 
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Overall, these safety issues cause extreme distress in individuals 
from low-SES communities that lead to the reduction of quality of 
life. Gang-related activities, such as robbery and assaults, cause par-
ticipants to feel insecure in their neighborhoods and force them to 
remain constantly vigilant. The lack of infrastructure and services, 
such as faulty street lighting and mistrust in authorities, perpetuate 
dangerous living conditions in their communities. Finally, gender-
based violence was often brought up by participants due to its 
propensity to adversely afect women’s ability to recreate and live 
their lives. Safety is all too time-consuming; they cannot focus on 
anything else. There is a clear need for safety tools that are tailored 
to them and their communities. Yet, while safety tools are of utmost 
importance, there is a lack of research understanding and designing 
for the safety concerns of these communities. 

4.2 Perceptions and Reactions to Wearable 
Devices 

While most participants did not own a wearable device, an aim of 
this research was to understand perceptions and reactions toward 
these types of technologies. Participants’ perceptions and reactions 
toward wearable devices were surprisingly positive. All partici-
pants mentioned that they were aware of wearable devices. A few 
participants already owned wearables, see Table 1, but only one 
participant (P18) mentioned specifcally using the device for safety 
purposes. P18 mentioned that they press the SOS alarm button 
on their Apple Watch if they felt they were in danger. All other 
participants (n= 11) revealed that they would consider owning a 
wearable device if they were not too expensive. Interestingly P3, 
who works at a cellular service provider in a predominantly Latinx 
low-SES neighborhood said: 

P3: Working at T-Mobile (I’ve worked there for four 
years), I would sell wearables, and honestly, even if 
people can’t aford it, they still buy it. . . it’s kind of a 
symbol. 

This quote displays a growing interest in wearable technology 
amongst the low- SES communities in this study. As P3 mentioned, 
having a wearable device is akin to a status symbol, despite the 
fnancial burden. In the following sections, we dive deeper into the 
critical barriers, accepted features, and participants’ proposed new 
features for safety wearables. 

4.2.1 Critical Barriers and Harmful features. We found that existing 
wearable tools often created confict by incorporating features that 
were considered both acceptable and unacceptable by community 
members. In this section, we discuss the unacceptable features that 
were seen as either barriers to adoption or actively harmful. We 
will review the features perceived more positively by participants 
in the section 5.2.2. 

Invasion of Privacy: Storyboards were at times met with concern 
and criticism, guiding rich discussion on wearable features that 
would serve as barriers to adoption and use in the community. The 
most controversial feature was the use of cameras. Participants 
(n=11) felt cameras were too privacy invasive, but only two par-
ticipants were completely against using cameras. In the following 
quote, P18 shares how she feels about the use of cameras: 

P18: I mean. It is and it isn’t right. I mean one thing is 
because it’s like for your safety. But also, I mean I, if 
it’s for my safety, I wouldn’t mind having someone like 
record me unless I’m like doing some other stuf you 
know... I guess like an invasion of privacy, just because, 
you know if it detects someone who’s just walking by 
you and not like essentially a predator, uhm, you know 
those people might be upset or I don’t know like. You 
know they might say something like hey, why is your 
wearable device taking a picture of me or something 
like that? 

This quote shows P18’s concerns around a camera focused wear-
able. P18 mentions that a camera actively flming them can violate 
the privacy of the people around them. Though the cameras made 
several participants feel uncomfortable, they did see the benefts of 
using the camera as a tool to gather evidence from a perpetrator. 

Potential Discrimination: In addition to privacy concerns, par-
ticipants discussed that cameras can be used to perpetuate discrim-
ination against people of color. 

P15: It [the camera] might discriminate against people, 
like, people of color. So it might send out the wrong 
signal and cause... cause something to be more than it 
needs to be. So instead of difusing the situation, it just 
enhances it and might end somebody’s life. 

P15 expressed concern over having cameras on wearable devices. 
Even though having a camera might be used for good intentions, 
cameras can reinforce discrimination against innocent people of 
color [4, 14, 65]. If authorities were wrongly notifed and drastic 
actions were taken, it could potentially lead to the arrest of an 
innocent person or worse, an end to that innocent person’s life. 
It is important that wearable tech designers and researchers keep 
in mind there are many ways that this technology can negatively 
afect the people it’s supposed to serve. 

Lack of control over device features: Participants (n=10) felt 
uncomfortable due to the lack of control over the device features 
we presented in the storyboards. When referring to Locoalert, the 
device introduced in the storyboards, participants felt they would 
not use the device unless they had more control over it. P11 said 
the following about Locoalert: 

P11: You know, if it’s not that loud, it’s not really gonna 
scare anyone. If anything, they’ll probably do it [vio-
lence] faster before, you know, it actually calls out for 
help or something. I’d like for it to vibrate because then 
it’s at your discretion and you can decide what to do 
discreetly without letting the other person know that 
you know. 

This quote illustrates P11’s disinterest in Locoalert unless it 
allows the user to fne tune the control of the device. All participants 
in the second group (n=11) felt they liked Locoalert’s intention but 
would prefer additional controls. 

In storyboard 4, Locoalert is attached to a headband and Tasha, 
the character in the storyboard, signals the police for help. All 
participants in the second group felt that signaling to the police 
was too excessive, misused resources, and felt the police had better 
things to do. However, participants liked the idea of a device to 
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help increase their awareness of their surroundings. We discuss 
participants’ positive reactions toward Locoalert in section 4.2.2. 

Flashy Wearable Devices: Having an expensive looking device 
in a high-crime area may put the wearer at risk. A device that is 
too “fashy” can easily make them a target for getting robbed. All 
participants articulated that if they would use a wearable device, 
they would rather it be small and inconspicuous as possible. P1 
explains their reasoning on not wanting a fashy wearable device: 

P1: I don’t like something very fashy, expensive [that] 
I’m gonna get jumped with. Of course some people like 
showing of. . . If you go for younger generations, they’re 
like ‘I’ll wear that. Even if I get mugged, I’m ready to 
survive.’ So whether we want to be really scientifc, we 
can’t be really scientifc when we’re living our lives. 
You know in the streets, we gotta be ready, we gotta be 
aware. 

Even though P1 expresses interest in a wearable device, if they 
had to choose, they would rather have a wearable device that is 
not too “fashy”. If the device is too fashy, a wearer is putting 
themselves at risk for getting “jumped” or “mugged” . P1 mentions 
that younger generations in her neighborhood might be willing 
to wear a conspicuous wearable device, but they will always have 
to be “ready” and “aware” of their surroundings. It is important 
that wearable tech designers keep in mind that the more concealed 
a wearable device can be, the better it would be for members of 
a low-SES community to use. Members from these communities 
should not have to sacrifce their safety by trying to wear a piece 
of technology that they feel they can beneft from. 

Additionally, P6 mentions their fear of having a wearable get 
stolen and the further concern that their personal digital informa-
tion would also be lost along with the device. 

P6: I wouldn’t wanna get it stolen huh? ’cause then I 
would need my information and my information would 
get lost with the device. Yeah, then I had to get a whole 
new sensor and retrain it again. 

Powering and Charging Devices: The ability to power a device is 
another barrier for people from low- SES communities. Batteries are 
generally the most expensive part of a wearable device, the most 
expensive to maintain due to their short lifespan, and the most 
burdensome since they have to constantly be recharged. Having 
to constantly recharge a wearable device is a hindrance to many 
members from low-SES communities because power is not always 
available to them. Participants mentioned that their neighborhoods 
are prone to frequent power outages. P1 explains how they respond 
to this predicament. 

P1: I have portable chargers for the fear of power out-
ages. . . So [I] charge my phone just in case because of 
blackouts and things like that so you never know. And 
then I have like fve portable batteries. 

P1 revealed that due to the frequent blackouts their neighbor-
hoods face, they have to rely on portable battery chargers for their 
home. Power outages are a common concern in low-SES house-
holds [80]. Though we did not directly ask participants if they 
faced power outages in their neighborhoods, participants (n=5) 
mentioned power outages in conversation. P1 also mentioned in 

their interview that they live in a household of six people, so charg-
ing their technologies is all the more difcult. Participants who 
owned a wearable device (n=6) described charging their devices as 
a nuisance. 

Charging a wearable device is not just burdensome; the battery 
life of a wearable is directly tied to people’s well-being when it 
comes to safety-related technologies. A safety wearable device 
would render itself useless if it had poor battery life. Wearable 
devices need a fundamental rethinking of the way they are currently 
built. It is imperative that future wearables are able to function on 
ultra-low power platforms or even be batteryless. 

4.2.2 Accepted or Valuable features. Though participants identifed 
critical barriers that would impede them from obtaining a wearable 
device, there were also features that participants viewed as impor-
tant. In this section, we describe the features participants liked and 
how these features could help members in their communities. 

Automatic evidence capture: Though most participants felt un-
comfortable wearing cameras, participants acknowledged that cam-
eras could be a valuable tool to help capture evidence in case they 
were in a situation where they felt unsafe. P19 explains: 

P19: It’s good to have as a feature because, you know, if 
you don’t have proof— like let’s say you go to the police 
and you’re like "oh somebody’s stalking me", they really 
wouldn’t, uhm, I think they wouldn’t feel, like, OK, it’s 
a valid story or anything. But if you have proof then, 
you know, it’s more likely to become a case where they 
can assist you. 

A camera would facilitate the capture of evidence that a victim 
could present to authorities to establish a case against the stalker. 
Without evidence, P19 feels that authorities would not be willing or 
able to assist or protect the stalking victims. Participants also noted 
that it would be helpful to include a camera in a wearable so that 
they can have the ability to capture any wrongdoing authorities 
infict on innocent people of color. Police brutality occurs frequently 
in low-SES communities. As technology has advanced, more people 
of color have used the cameras on their phones to capture incidents 
of police brutality. 

Interestingly, P9 shares that the use of a camera would be help-
ful in providing additional evidence for people who experience a 
traumatic event. P9 says the following: 

P9: OK, I’m defnitely a lot more positive on this one 
because they actually have evidence that you can use. 
Cause for the most part I feel like when something hap-
pens I guess your brain automatically triggers like a 
blackout where they don’t want you to remember those 
traumatic experiences. So having something that can 
do that for you is a little bit more reassuring. 

P9’s comment highlights an interesting perspective. While the 
way in which an individual processes and is afected by a stressful 
event is unpredictable, extensive research has deduced that the 
hippocampus, the brain’s learning and memory epicenter, is partic-
ularly sensitive to trauma. In some cases, such events may induce 
heightened retention and uncontrolled fashbacks, other times indi-
viduals experience dissociative amnesia [87]. In the latter, victims 
are often left with feelings of anxiety and depression associated 
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with the trauma but are unable to remember exact details from 
the event [78]. In situations such as this, P9 feels that having a 
wearable camera would be helpful because it can serve as a tool for 
reassurance. 

For the most part, participants (n=9) said they would like a wear-
able device with a camera on board so long as it was small and gave 
the user control of when to turn it on and of. They also agreed with 
P19 and P14 that having a camera can help prove that someone has 
been stalked, experienced an assault, or as proof of police brutality 
towards people of color. Seventeen participants liked this feature 
and found it valuable. All of these participants were also aware that 
a camera feature can pose an invasion of privacy towards them-
selves and others. Participants agreed that due to the privacy issue, 
the user needs to have easy control of when the camera is on or 
of. In addition, participants who accepted the camera feature all 
mentioned that it could possibly be misused, as it can also perpetu-
ate discrimination towards people of color. If cameras were to be 
integrated into a safety-based wearable device, designers should 
be aware that though cameras can be helpful, they can also cause 
harm in low- SES communities that people of color predominantly 
represent. 

SOS alarm/ Sensing Surroundings/motion detection: In sub-
section 4.2.1, we learned that participants were reluctant toward 
Locoalert, the device we presented in the storyboards that consisted 
of a motion detection sensor, an alarm to ward of perpetrators, and 
that automatically sends a signal to authorities. Though they did 
not like that Locoalert automatically sends a signal to the police and 
is constantly on, participants mentioned they would be willing to 
use Locoalert if the user could control when the feature was active, 
the mechanisms of feedback and alert, and if they could re-purpose 
Locoalert to make them more aware of their surroundings. 

P19 and P17 said they would like the device to have a setting 
that lets them choose whether they want Locoalert to vibrate or 
emit a loud noise. P14 mentioned “if we were given the opportunity 
to just, I guess, choose our own beep or our own alarm that would be 
another [helpful feature]". Give us the option to do so and also how 
loud we want it to be”. Participants (n=11) agreed with P19 and 
P17 that it was important for them to have control over the device 
(vibration, volume) so they can turn it on or of when needed and 
not make a spectacle out of the situation. If they feel unsafe, they 
can use the loud sound for help, or else they can take control of the 
situation and keep on going with their day. 

Participants (n=11) said that Localert is a valuable tool because 
it would help increase their awareness of their surroundings and 
potentially catch a perpetrator of guard in the event they are in 
danger, a feature not seen in current wearables. 

Small and versatile: Participants (n=19) mentioned that they 
would want a wearable device that was small enough to be hidden. 
We presented participants with a versatile wearable device that can 
be placed anywhere on the body in board 5. Participants 11 and 12 
were the only ones who opposed having a wearable device that can 
be placed anywhere, and they preferred something more stationary 
that can stay in one place on your body. Interestingly, both P11 
and P12 already owned an Apple watch, so they preferred to use a 
wearable device that is always on their wrist like the Apple watch. 
All other participants in the second group liked having a non-fashy, 

small, versatile device that can be put anywhere on your body and 
would buy a device like this, if afordable. 

Removing dependance on power: Ultra Low Power or Bat-
teryless device: As mentioned in the previous section, charging a 
wearable device can be a hindrance for members of low-SES com-
munities that were examined in this study. This issue leads to less 
adoption of wearable devices amongst individuals from these com-
munities. We asked participants about acceptance if charging were 
not an issue. Participants seemed excited and interested when asked 
what their thoughts were on batteryless wearables, which would 
require no charging (but could have other usability considerations). 
We asked if a hypothetical batteryless wearable device existed that 
relied on motion to harness energy to power the device itself but 
was prone to power failures, would they still be interested in pur-
chasing a device? Would they instead wait until the technology 
got better and was not prone to power failures? Or were they not 
interested at all? 

From the frst group, all participants, including P7 and P8, were 
interested in using a low-power or batteryless energy harvesting 
device because they felt it would encourage them to be more active 
throughout the day since the device’s function would rely on their 
motion. In the second study, six participants brought this up when 
asked what their thoughts were on the current state of wearable 
devices. Amongst the previously mentioned participants (n=6), we 
asked them the same questions since they brought up the nuisance 
of charging a device. P15 said the following: 

P15: Oh yeah of course, so it runs on kinetic energy? 
Using the energy to charge the battery? Yeah, yeah, for 
sure I would defnitely buy it just because I don’t have 
to worry about charging it. 

Participants said they liked the idea of having a low power or 
batteryless device because it would encourage them to be more 
active and would not have to worry about charging their device. 
However, participants mentioned that a lot of people, particularly 
older generations who do not have much experience with technol-
ogy, would probably not be interested in a batteryless wearable 
device. As P19 said “It would be a hard sell for older people in this 
community”. Other participants mentioned that older folks, partic-
ularly in the communities examined, do not like interacting with 
current technology because the user interfaces are hard for them 
to use. Past literature has shown that older adult populations have 
similar complaints (i.e. unreadable screens) when using wearable 
technology [50, 92]. 

In summary, participants identifed several features that they per-
ceived as useful and/or necessary that they would want integrated 
into a wearable device. Namely, participants found that automatic 
evidence capture could help them collect evidence in unsafe situa-
tions and that motion detection could be valuable if they had control 
over appropriate responses. Further, the majority of participants 
preferred small, versatile, and discreet wearables, and younger par-
ticipants were interested in ultra low power/batteryless devices. 
All of these preferences should be taken into consideration when 
developing wearables for low-SES communities, as their unique 
needs translate to specifc features and design elements that can be 
implemented into wearable devices. 
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4.2.3 Participant Proposed Features. Participants also added new 
ideas in response to the storyboards– technologies not proposed by 
researchers. In this section we discuss the tools/features participants 
independently came up with and identifed as useful, helping to 
show their values. 

Locations Sharing: When asked what is an essential feature that 
should be included in a safety wearable device, thirteen participants 
said they wanted the ability to share their location with a friend 
or a family member so that they can have the reassurance that 
someone is looking out for them or have someone know what their 
last location was. For example, P14 shared: 

P14: I would like her device to notify a friend of hers or 
a family member saying that she’s walking home. So 
when she arrives home or like to show her on some type 
of map showing her route. 

P14 takes their idea a little further by saying that having a map 
to share with a family member would be benefcial so that their 
family member or whom she chooses to share her location can 
track her route. 

A total of 13 participants proposed that a location-sharing solu-
tion feature would be essential in a safety-based wearable device. 
Participants mentioned that sharing their location provides reas-
surance that someone was looking out for them on the way home. 
Participants also indicated their desire to have their device inform 
their loved ones when they begin their commute home and arrive 
home safely. 

Microphone/ Voice Recognition: Participants (n=7) proposed 
the use of microphones for voice recognition. Participants were 
aware of the potential harms that using a microphone can bring, 
but said they can be useful in case you need to call in an emergency. 
For instance, P11 said: 

P11: Voice recognition is a good one. In case there’s an 
emergency, you know OK, help me call 911 or something. 
Like emergency contacts [or]emergency services. 

Further, P10 elaborates on how voice recognition might help in 
providing evidence that someone has been stalking or following 
them: 

P10: In terms of stalking, maybe if the person has had a 
conversation with you before I guess [the device] could 
analyze their voice in diferent situations. It [could] 
also show that you aren’t making it up. Maybe you’ve 
told people like ‘oh, I feel like someone is following me’. 
You’ve had these thoughts [of feeling stalked] for a while 
and [you are] not making it up. 

This quote illustrates P10’s concern about people not understanding 
or believing her claims about being stalked. P10 mentions that 
having a microphone would be benefcial to have on a wearable 
device so that it can help analyze the voice of a stalker, and having 
that evidence would help her convince people to believe her. 

Night Vision: Due to the lack of lighting in their neighborhoods, 
participants (n=7) explicitly mentioned that if cameras were to be 
used in a wearable device, having night vision would be extremely 
benefcial. P14 exclaimed “You know what would also be a very good 

idea to have [the camera] have some type of night vision”. Similarly 
P18 reported the following: 

P18: Is [the camera]gonna be good enough to [record] 
like in the dark, ’cause you know how sometimes like 
in some areas there’s no lighting. Like you know if you 
go to like [ anonymized neighborhood], they don’t have 
any streetlights. Is it going to take a good picture of the 
predator if it’s just like dark? 

As highlighted earlier, lack of street lights or faulty street lights are a 
prevalent concern amongst participants. Since most crimes happen 
at night, participants who said they would like the camera to have 
night vision capabilities to help capture evidence of perpetrators. 
A camera’s usefulness would be severely handicapped without the 
ability to record usable footage at night. 

Ethics Acknowledgment: We acknowledge that using micro-
phones and cameras brings ethical concerns, especially when con-
cerning children and tracking. We discuss these issues in section 
5.2 as a tension in technical literacy of the population. 

5 DISCUSSION 
The fndings presented in this paper help describe the perceptions of 
wearable devices amongst individuals from low-SES neighborhoods. 
We found that there was a strong interest in using wearables for 
safety amongst members from low-SES communities. We learned 
that participants experience daily safety concerns such as gang vio-
lence, lack of infrastructure and services, and gender-based violence. 
Despite these fears, participants must continue to live their daily 
lives. Participants expressed interest in having wearable devices 
that can help mitigate their sense of fear. 

5.1 Barriers Needed to be Addressed by 
Equityware Technology 

Prior work aims to understand the perceptions of wearables in 
other low-SES areas, especially internationally [6, 70, 72]. However, 
these works primarily focused on wearables for healthcare purposes. 
By conducting more exploratory research, the issues of crime and 
safety became central to this research. In this research, participants 
living in low-SES communities shared critical barriers that lim-
ited their use of wearables, features of wearable technologies that 
they found acceptable, and proposed new ideas for wearable safety 
devices. We summarize these fndings in Table 2. Participants de-
scribed signifcant barriers that make wearable devices unusable 
and even harmful, which were concerns we did not fnd in prior 
research. These included access to power, the harms that can arise 
from fashy, conspicuous, and expensive-looking wearables, lack 
of control over device features, and a nuanced understanding of 
privacy regarding cameras. We discuss these new fndings that 
motivate new research in critical areas: 

Access to power. In our work, we discovered that access to power 
limits wearable adoption for individuals from low-SES communities 
in developed countries. Our work supports some conclusions of 
previous work that found that wearables are annoying to recharge. 
We found that participants were more willing to adopt wearables 
that needed to be recharged less by harvesting energy or operating 
with less power. However, participants mentioned that access to 
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Harmful features & 
Critical Barriers 

Gang violence 
Lack of infrastructure 
Gender-based violence 

Camera (automatic evidence capture
SOS alarm + Surround sensing 
Small size 
Versatility 
Ultra-low power or batteryless 

) Privacy invasive cameras 
Racial Discrimination 
Lack of design control 
Afordability 
Flashiness 
Short battery-life 

Location Sharing 
Microphone\Voice recognition 
Flashlight 
Night vision camera 

Safety Concerns Helpful Features Proposed Features 

Table 2: This table presents participants’ safety concerns, the critical barriers/harmful features of wearable devices we presented 
to them in the storyboards, the accepted and valuable features, and participants’ proposed features. 

power was an issue that went beyond annoyance, as they face 
infrastructural barriers in the form of frequent neighborhood/home 
power outages, which is a concern not addressed in prior work. 

This second concern is even more pervasive in developing coun-
tries, where power outages are widespread. Previous work has 
measured this unreliability and how it afects residents: [61] de-
ployed large sensor networks to measure power outages and quality 
in Ghana; [57] measured power unreliability in Tanzania; [23] asked 
participants to measure power usage; and [104] reported on how 
power unreliability afects the utility of mobile phones in Kenya. 
Our work builds on these by investigating how power access afects 
the safety benefts of wearables. Just as our participants experienced 
disproportionately high power outages, we argue that individuals 
in developing countries without access to stable power would have 
difculty recharging wearable devices. While our approach and 
setting is unique — we work with a marginalized community liv-
ing in a highly developed country — technology improvements 
which beneft these communities may also help communities in 
developing countries. 

“Flashy” wearable devices. Wearing conspicuous, expensive look-
ing wearables was another concern amongst participants. All partic-
ipants mentioned that they would choose to use a wearable device 
that was more subtle to not attract the attention of potential mug-
gers. Current wearables in the market such as smartwatches have 
big screens and are expensive and bulky, making them too con-
spicuous for individuals in low-SES communities to use in their 
neighborhoods. We propose making future wearables smaller and 
more modular as seen in Figure 2. 

Lack of contextual reconfgurability of device features. Par-
ticipants noted multiple times that if they could only change one 
thing about general-purpose wearables, the devices might be per-
fect. However, the “one thing” often would need to be updated 
depending on the context, such as when a tool should connect with 
authorities or record to capture evidence. Because these devices 
cannot be changed instantly, a user from this community would 
have to use multiple wearables and switch them out as needed, 
which is a high burden, high cost non-option. Future wearable de-
vices must therefore be multi-purpose but also reconfgurable on 
the go to provide high amounts of contextual usage. 

However, we found that this population had a nuanced, and at 
times conficting viewpoints on privacy, as technologies like cam-
eras were seen as helpful at times, especially in extreme, violent 
circumstances. While other populations might view the cameras’ 
invasion of privacy as the main motivating factor to not use a 
surveillance device, fear and safety were the overriding concerns 
we found that motivated participants to wear a camera due to its 
utility for evidence capture. Despite adverse reactions towards cam-
eras as in other populations, we found that participants were willing 
to accept the use of cameras as they relate to safety to help capture 
evidence of a bad situation. 

These tensions show how wearables do not currently address 
the needs and barriers of the community and present opportunities 
forward. Based on these fndings, we introduce Equityware as a feld 
of research focused on co-designing inclusive wearable technology 
that can beneft the lives of those who have been left on the margins. 

5.2 Where do we go from here? Setting an 
Equityware Agenda 

To date, most HCI research has focused on co-designing software 
systems with low-SES communities. We see an important opportu-
nity, and even a mandate, to co-design hardware/software systems 
with low-SES communities. The barriers we discussed above neces-
sitate techniques beyond what is possible with software, especially 
regarding safety, as the capabilities, features, and context require 
rethinking the physical capabilities of wearables. Collaborations 
between HCI and systems researchers can bridge this gap. For in-
stance, as systems researchers make hardware advancements that 
overcome physical barriers of current devices, HCI methods can 
be used to understand how low-SES community members want to 
interact with these devices. Now that low-cost, custom designed 
hardware has become more available in the past decade, this type 
of iterative hardware/software co-design is much more feasible for 
academic-led research. Based on the fndings laid out in this paper, 
we believe these community-focused collaborations can greatly 
change the landscape of wearable devices for low-SES communities. 
We therefore term the phrase Equityware to refer to the equitable 
democratization of computing technologies. The Equityware re-
search agenda aims to create wearable technologies, with and for 

Nuanced understanding of cameras and privacy. Cameras marginalized communities in response to the harmful efects of mod-
raised privacy concerns about perpetuating the discrimination of ern wearables on low-socioeconomic (low-SES) and racial/ethnic 
people of color, which has been studied in related work [4, 14, 65]. minority individuals. We present an exemplar system co-design 

distilled from our discussions with participants in Figure 2 and 
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our recommendations for the feld of Equityware below. While the 
authors intend to focus their research on wearable technologies, 
the principles and concepts of Equityware must broadly expand 
to other branches of computing research to ensure an equitable 
future. 

We designed a prototype system (shown in Figure 2) that could 
integrate the major themes and features participants suggested and 
overcome many barriers to usage participants presented. The core 
of the design embraces the idea of contextual reconfgurability 
in hardware and software. Participants can mix and match various 
types of single feature devices and connect them in ways that can 
be unobtrusive and hidden or highly visible. The concept could be 
further enhanced by a coordinating smartphone application that 
helps users to understand what they are combining and give insight 
on utility. Below, we discuss our recommendations alongside this 
new concept. 

At the Hardware Level: Recent work has shown the glaring need 
to design wearable and ubiquitous technology from the ground up 
that co-designs for minority populations– the most notable being 
studies on SPO2 and optical heart rate sensors that are less accurate 
for darker skin pigmentation [11, 24, 82]. While this example is 
compelling, fxing individual sensors or components to be less 
biased is not enough. We must focus on full hardware systems and 
the features that (as we have shown) do not consider minority or 
HRCM low-SES communities– for example, lack of audio alerts, 
location-based sharing, or a hidden camera. As researchers, we must 
make sure that the technology we develop, even in the hardware 
components that make up a full system, is equitable and does not 
perpetuate discrimination towards people of color, especially as 
wearables are emerging as critical care and telehealth devices [33, 
83]. 

Involving marginalized groups in the design process of future 
computing technologies, such as wearables, helps highlight diverse 
perspectives and specifc needs. For instance, our study found that 
participants face multiple power outages in their neighborhoods 
throughout the year, leading to much lower adoption of wearable 
technology due to the inability to charge a wearable device con-
sistently. Even when power is available, outlets and charging may 
not be available due to crowded housing. Hence a question to the 
research feld is, how do we design around the environmen-
tal constraints that individuals from low- SES communities 
face? Designing around these resource constraints, such as limited 
power availability, requires a fundamental rethinking of how wear-
ables are developed. Possible solutions to address these resource 
constraints include developing computing techniques and hardware 
systems that require little or no power. Instead of building expen-
sive, high-performance wearable devices with multi-core CPUs and 
graphics processors (and short battery lifetime), we could instead 
use low-performance (but still capable) MCUs that may not ofer 
bleeding edge performance to play the newest games but would 
provide small, discreet, and capable computation on-body for long 
periods without charging. This approach repurposes hardware that 
focuses on performance above all else to now be applied to users’ 
concerns above all. 

Additionally, this approach will help reduce the power consump-
tion in future wearable technologies and open the door for en-
ergy harvesting applications that may lead to batteryless technolo-
gies—implementing environmental sensing capabilities that are not 
as invasive as cameras can be another solution. For instance, acous-
tic sensing can help with localizing and environmental sensing and 
help address safety issues as Locoalert does. 

There is very little research in the HCI community that involves 
co-designing with low-SES communities at the hardware level, let 
alone studies that involve co-designing a wearable device with 
members of these communities. We call the HCI community to take 
part in helping to democratize wearables and fnd diferent ways 
that hardware systems can help address resource constraints in 
low-SES communities. 

At the Software Level: For wearable devices, designing the soft-
ware and hardware must take place in parallel. We see a clear lack 
of research that includes the input of low-SES individuals from the 
start of the ideation and creation stage and considers both the form 
factor and the ways individuals want to interact with these form 
factors. Rather, most research in this area either asks for input from 
low-SES communities retrospectively on fnished devices or simply 
highlights the issues that low-SES communities have with existing 
wearables, which overlooks the specifc problems or needs that 
these groups may have. As a result, the potential for wearables for 
low-SES groups is not fully understood and explored. 

Prior work on safety interfaces ofers useful guidance for Equity-
ware research. For example, Right to Be, 7 allows people to report 
harassment encounters. The Citizen App8 allows communities to 
share real-time information about criminal activity in their neigh-
borhoods. We see an opportunity to consider integrating wearable 
devices with these applications. For example, a person could use 
one of the modular features shown in Figure 2) to enable the Citizen 
App automatically and capture evidence or even integrate a hidden 
camera module in a button or earring that the Citizen App could 
trigger. Alternatively, functions of the Hollaback application could 
be enhanced by location sharing, evidence capture, and even wear-
able physiologic data for memory recall. This is one way we can 
fuse HCI, software, and hardware systems research to help support 
the safety needs of low-SES communities. 

As new capabilities are added to hardware, software systems 
must adapt to make use of them. For example, developers responded 
by creating richer touch interfaces and denser information displays 
when enhanced graphical abilities emerged in smartwatches (i.e., 
high-resolution, bright displays). Similarly, we expect software sys-
tems to respond to the Equityware research agenda and hardware 
proposals by embracing contextual reconfgurability, which par-
ticipants often discussed: essentially, how can software systems 
enable fast reconfgurability and response as context and situations 
change for the wearable user? Other issues include how to encapsu-
late nuanced notions of privacy with cameras in software while 
allowing for evidence capture; can the users navigate this tension 
while also keeping in mind the other constraints identifed? For 

7Right to be, previously known as Hollaback! is a non-proft organization that raises 
awareness on harassment both online and in-person, and trains people to respond, 
intervene, and heal from harassment.
8https://citizen.com/ 

http:8https://citizen.com
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Figure 2: This fgure shows the outcomes from the storyboards, and the paper authors attempt to distill the design requirements, 
context, and conversations over the course of the study into a cohesive wearable system for multi-faceted safety in HRCM 
low-SES communities. By providing a mechanism that afords wearing in diferent forms and on varied body parts (i.e., 
necklace versus ring versus backpack), a user can have the ability to reconfgure their device at will, to adjust and navigate 
tensions around stigma, visibility, and pride/fashion, as well as adapt to requirements for various situations (i.e., going to 
the club versus walking alone outside). We expect that each “feature” device can be attached to each other and put on the body 
at will and that these devices could be made low power with long battery life, without a need for connectivity, to ease burden. 

example, long battery life is essential, so how does one minimize the 
energy usage of always-on camera systems? Potentially this could 
be via triggering mechanisms or user-initiated actions (i.e., an alert 
gesture or voice command), but these options must be explored and 
validated within the community. 

We encourage researchers to develop software intervention tools 
that closely embrace new capabilities for wearables discussed that 
require minimal interface interaction. For instance, known machine 
learning models/algorithms for motion/activity sensing can be com-
bined with sensors that measure a user’s predetermined distinctive 
gesture that signals the user’s distress and notifes those with whom 
they share their location. Similarly, activity/motion sensing can 
activate cameras, turn on SOS alarms, and trigger a light source em-
anating from a wearable device. Regardless of the mode by which 
features are activated, the interactive gesture should be easy to 
learn and intuitive so that a user can utilize the safety features 
reliably in response to criminal activity. 

At the Research Level: The fndings from this work point to inter-
esting research questions and open research opportunities for the 
feld. Recent studies have shown that technology can be utilized as 
safety tools to prevent and deescalate violent crime. Dickinson et 
al co-designed a mobile application to help street outreach workers 
prevent violence in their communities [28]. Patton et al built a tool 
that uses NLP to detect the nuances and complexities of language 
within social media posts of Black youth in Chicago in hopes of 
violence prevention eforts [76]. Blandfort et al used machine learn-
ing models to build a tool that contextualizes social media posts to 
detect and prevent gang-involved crime [20]. Our research expands 
on this work by investigating the potential of wearables as a safety 
tool by determining the hardware features that low-SES commu-
nity members feel they need to protect themselves from crimes and 
violence. 

Participants in our study were strongly focused on address-
ing their immediate safety needs within their communities. More 
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broadly, there may be opportunities to engage people in addressing 
these systemic injustices in other ways. For example, in our fnd-
ings, people mentioned wanting to capture evidence of crime and 
police brutality. 

Evidence gathering by individuals, when captured at scale, gives 
grassroots community-driven advocates crucial data to push for 
accountability of law enforcement and other public ofcials. Ad-
ditionally, this evidence gathering may be useful for community 
domestic violence prevention organizations to build cases on behalf 
of domestic violence victims. These are only two examples; we 
expect researchers to further explore ways that wearables can not 
only address immediate safety needs but also allow community 
members to voice the kind of problems and changes they want to 
see within the community. 

This research is a frst step in developing Equityware as a long-
term research agenda. We acknowledge that our work is executed 
through a U.S. centric perspective. However, we recognize the 
international need for Equityware, especially given the HCI4D 
and ICT4D work around safety technologies targeted to increase 
women’s safety [2, 3, 10, 58] that parallels our fndings. For instance, 
fear of being in unlit areas [10, 58], feeling unsafe in areas that are 
known to be dangerous [10, 58], women feeling unsafe walking 
alone or being around unfamiliar men [2, 10, 58], and avoiding 
calling the police to report incidents due to mistrust and power 
imbalances [56, 58] have been reported. We see opportunities to 
consider how wearable technology needs may be diferent for low-
income communities in other countries and cultures. 

Lastly, due to the limitations of the methods we incorporated, 
we see the opportunity for researchers to develop new methods to 
engage community members in co-designing wearable technologies. 
Storyboards can be a limiting method [26, 91, 105]; we can only 
show so many ideas and bias participants. We need new methods 
to help engage community members from low-SES communities in 
brainstorming on how wearables and hardware can support them 
when they have limited experience with them. 

Education: Participants brought up ideas that at times overlooked 
the known negative impacts of these features on marginalized 
communities. For example, some participants proposed having mi-
crophones on a safety wearable device. While microphones may 
potentially help beneft the community, there are potential criminal 
consequences for recording conversations without consent. Partici-
pants also proposed location-sharing features in a wearable device, 
but prior work shows [38] how these technologies can cause harm. 
As we work on creating tech for communities, we need to make 
sure they have the opportunity and resources to educate themselves 
on these potential harms, similar to recent work developing clinical 
computer security education [38, 47]. 

6 LIMITATIONS 
We acknowledge that this study has sampling limitations, and our 
report only focuses on low-SES neighborhoods that are predom-
inantly Latinx from two metropolitan cities in the United States. 
Further, we acknowledge that the Latinx community is not a mono-
lith [99]. Participants were predominantly of Mexican and Central 
American descent; therefore, this study looks at a small sample 
of a larger group with diferent heritages and cultural practices 

[16]. Lastly, we acknowledge that safety concerns afect all women 
regardless of race or class, not just Latinas from low-SES neighbor-
hoods. Further research on how women from diferent races and 
classes afect their experience and access to safety tools and their 
limitations would be an interesting topic for future work. 

Further, we acknowledge that safety concerns afect all genders, 
and members of the LGBTQ+ community may experience addi-
tional challenges and concerns. Understanding how members of 
the LGBTQ+ community use current tools as they relate to safety 
also poses an interesting topic for future work. 

7 CONCLUSION 
Current wearable devices fail to address the safety needs of the low-
SES participants we interviewed. This paper discusses the increas-
ing need to develop wearable technologies for low-socioeconomic 
status communities. We found that there are prevalent safety con-
cerns and barriers that prevent the adoption of wearables in low-
SES communities. The prevalent safety concerns amongst partici-
pants were gang violence, lack of infrastructure and services, and 
gender-based violence. The barriers to adopting wearables among 
participants were access to power, the conspicuousness of a wear-
able device and the harms that emerge from using them, lack of 
control over device features, and a nuanced understanding of pri-
vacy regarding cameras. We introduced the Equityware research 
agenda to highlight opportunities for HCI and systems researchers 
to collaborate at three levels: hardware, software, and education. 
Interdisciplinary research and development will be key to address-
ing these communities’ complex safety concerns and limitations. 
This study is the frst of its kind to work on co-designing safety 
wearables directly with individuals living in low-SES, high crime 
neighborhoods. 
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A INTERVIEW QUESTIONS 

A.1 Preliminary Investigation Questions: 
Understanding Community needs 

(1) Do you own a mobile phone? 
(2) Do you rely on other facilities to have access to Wi-Fi (ex. 

cofee shop, school, library? If Wi-Fi is not available, what 
are other wireless connectivities do you have access to (e.g., 
cellular data?) 

(3) Are you able to charge your phone in your home or do you 
rely on other facilities to charge your phone? 

(4) What are your resource constraints if you have any? 

Cruz, et al. 

(5) What are your thoughts on wearable technology? Are people 
willing to adopt this technology or is it frowned upon? 

(6) Do you own a wearable device? If so, what is it? How often 
do you use it? What applications do you use it for? 

(7) Would you be comfortable using wearable technology? 
(8) What would make a wearable device feel uncomfortable for 

you? How would the size and/or weight of a wearable device 
impact your decision on whether you fnd it comfortable 
or not? What about the cost of a wearable device? Would 
you fnd expensive wearable devices too intimidating to use? 
What about appearance? 

(9) If you could design a wearable device that would ft your 
needs, what functionalities would you want it to have? How 
would you want it to look like? 

(10) Do you think people in your community would beneft from 
this wearable device? 

A.2 Secondary Investigation Questions: 
Considering technologies for safety 

(1) Can you tell me a bit about the neighborhood or area you 
live in? Are there things you like and dislike about it? 

(2) What activities do you feel safe doing in your neighborhood? 
(Like going for a walk, hanging out at a park, etc.) Are there 
activities you don’t feel safe doing in your neighborhood 
area? 

(3) How do you feel about walking alone around your neigh-
borhood? What about when you’re walking alone at night 
versus during the day? What concerns do you have, if any, 
about what could happen to you or someone you know when 
walking alone? 

(4) Have you ever felt unsafe in your area or in unfamiliar places 
(like other neighborhoods, stores, bars, or when doing things 
like going shopping, visiting other people, etc.)? What do 
you do when you’re feeling unsafe? Do you carry anything 
with you to help you feel more safe? 

(5) Have you or someone you know ever been harassed or at-
tacked in your neighborhood or unfamiliar area? If you’re 
comfortable sharing, could you tell me a bit more about what 
happened? 

(6) Were authorities like police or some other 3rd party notifed? 
How did you feel about that experience or hearing about 
what happened? 

(7) What advice do you or would you give to a loved one who 
was going to be walking alone in an unfamiliar or unsafe 
area? 
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