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Abstract
Fatal overdoses are a common symptom of the opioid epi-
demic which has been devastating communities throughout
the United States for decades. Philadelphia has been par-
ticularly impacted, with a drug overdose death rate of 46.8
per 100,000 individuals, far surpassing other large cities’
rates. Despite city and community efforts, this rate contin-
ues to increase, indicating the need for new, more effective
approaches aimed at mitigating and combating this issue.
Through a human-centered design process, we investigated
motivators and barriers to participation in a smartphone-
based system that mobilizes community members to ad-
minister emergency care for individuals experiencing an
overdose. We discuss evidence of the system’s feasibil-
ity, and how it would benefit from integration with existing
community-based efforts.
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Introduction
The U.S. opioid epidemic is claiming a staggering number
of lives every year (see Figure 1). This public health crisis
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has been particularly devastating in Philadelphia, where
in addition to the increasing annual death toll, thousands
of non-fatal overdoses burden the city’s hospitals, emer-
gency medical services, and fire department [11]. Access
to the purest heroin in the United States is thought to be as-
sociated with the large population of heroin users found in
Philadelphia, which is estimated to be at least 70,000 indi-
viduals [11].

United States

Rate of drug overdose
deaths involving opioids:
15.6% increase; 9.0 deaths
per 100,000 in 2014 to 10.4
deaths per 100,000 in 2015
[9].

Burden on medical ser-
vices: 1.1 million emergency
department visits for drug
poisoning between 2008-
2011 [1].

Philadelphia

Overdose deaths in
Philadelphia: 907 deaths
in 2016, a 30% increase from
2015 [11].

Presence of fentanyl:
Increasing presence of fen-
tanyl, a synthetic opioid 50
to 100 times stronger than
morphine, is thought to exac-
erbate death rates [11].

Impacted demographics:
All demographics and so-
cioeconomic groups are
affected by the epidemic,
although non-Hispanic, white
males have been impacted
the most [11].

Figure 1: Opioid epidemic facts

Naloxone is an opioid antagonist drug which can reverse
the effects of an opioid overdose if administered in a timely
manner. Currently, in Pennsylvania, a standing order issued
by the PA Physician General1 allows medical professionals
to prescribe naloxone to laypersons, and any individual is
allowed to request naloxone at pharmacies which carry the
medication [4]. Local opioid prevention programs provide
training for non-medical opioid users (NMOU) and other
community members on how to recognize and respond
to an opioid overdose [13]. In 2016, approximately 5,500
doses of naloxone were distributed from syringe exchange
programs [11].

Given the availability of naloxone and bystanders’ willing-
ness to intervene during opioid overdoses, an emergency
response community (ERC) may be a viable solution to miti-
gate opioid-involved overdose deaths [13]. In an ERC, com-
munity members within a certain distance of the overdose
may be called upon to provide naloxone or other forms of
response to the victim via a smartphone-based network
consisting of members who are carriers and/or potential
users of a specific medication [10]. To explore the design
of such a system and understand potential challenges, we
investigated the following research questions:

1Standing Order DOH-002-2016: Naloxone Prescription for Overdose
Prevention.

RQ1: What is the feasibility of an ERC for opioid over-
doses?
RQ2: How can a smartphone-based ERC for opioid over-
doses be designed to facilitate sustained participation?
RQ3: What are the primary barriers to responding to an
overdose via ERC?

Our research focused on the design of a smartphone-based
ERC system for opioid overdoses. Through a human-centered
approach we gathered end-user and stakeholder input to
inform the design of the smartphone application and the
system at large. Previous research on overdose events, in-
terpersonal relationships among NMOUs, and technological
characteristics of underserved populations were also taken
into consideration.

Related Work
Smartphone use among relevant populations
A limited number of studies have examined smartphone
use among individuals who inject drugs. In one study, 28.6%
of participants reported owning a smartphone [3]. Con-
cerns about smartphone use included how drug dealers
might react to discovering that they are carrying a location-
tracking device [6]. Other studies have focused on smart-
phone use among homeless populations, which have a dis-
proportionately high rate of substance abuse [2]. 70.7%
of homeless individuals owned cell phones (43.2% owned
smartphones), and identified lack of connectivity to internet
or text-based services, often resulting from financial con-
straints, as major barriers to their effective use [7].

Bystander willingness to respond to overdose
There is ample evidence that NMOUs and other commu-
nity members are willing to help overdose victims, possibly
as a result of social norms surrounding drug sharing and
use, or a shared identity with the victim [13]. An aversion



to calling for emergency medical services is found consis-
tently among studies examining bystander response be-
haviors to opioid overdoses [8, 12]. Other potential barriers
to responding include the effects of intoxication, bystander
attitude and personality, and the physical and social envi-
ronment [8, 12].

Based on past work with
NMOUs and ERCs, the fol-
lowing requirements were
used to guide the design
process:

• Must automatically notify
EMS

• Must connect individuals
with naloxone

• Must facilitate navigation
to the incident

• Must not lead to anyone’s
arrest

Figure 2: Basic system
requirements

Emergency response communities
Previous research has examined the roles of community
members, including bystanders, emergency responders,
and physicians within an ERC [10]. Simulations performed
by an ERC Effectiveness Modeler, which bases its results
on parameters such as population density and availability
of the medication, suggested that the simulated efficacy of
ERCs, in the case of anaphylaxis and epinephrine, tend to
increase with population density [5]. Other research has
pointed to regulatory, safety, and privacy concerns as sig-
nificant factors to consider during the development and
launch of such a system [10]. The researchers proposed
that within an ERC, diffused responsibility and shared iden-
tity behavioral models will mix, resulting in a hybrid model
wherein these two impulses moderate each other [10]. Sim-
ilar technologies have been studied, however, ERCs employ
a proximity-based response which does not require a dis-
patcher.

NMOUs: Misuse of heroin
and/or prescription opioids at
least 10 times within the past
30 days.

Community members:
Know active, former, or de-
ceased NMOUs.

All participants: Must own a
smartphone with a data plan.

Figure 3: Inclusion criteria

Our work contributes to the scarce research on developing
mobile health services for homeless or NMOU populations.
Moreover, our research will support the development of
future ERC systems given that there are currently no exam-
ples of real-world ERC implementations. Through a human-
centered approach, leveraging expert knowledge and first-
hand accounts from community members and NMOUs, we
developed detailed insights to inform the system and app’s
design, and determine its feasibility.

Methods
Using a human-centered design approach, we contribute
to the design of the first ERC system for real-world use by
building on prior work. Starting with the basic system re-
quirements in Figure 2, we performed rapid prototyping to
explore our research questions focused on feasibility and
usability. The design team included public health experts on
substance use and abuse, and HCI experts on designing
for marginalized and vulnerable populations.

Semi-structured interviews with 5 NMOUs and 3 commu-
nity members were then conducted to validate the design
concept, investigate its feasibility, and understand poten-
tial unintended consequences. Participants were recruited
and interviewed in a neighborhood known for high rates of
naloxone administration and opioid overdoses. Recruitment
took place on through street intercepts or at an overdose
prevention program. Interview topics included smartphone
usage, personal experiences with overdose events, barriers
to responding to overdoses, attitudes toward the ERC con-
cept, and concerns about participating in an ERC. Interview
data were analyzed using open coding, axial coding, and
selective coding. Inter-rater reliability was measured, to en-
sure consistent application of codes, using Cohen’s Kappa
(K=0.652, substantial agreement).

Findings
Our findings indicate that a smartphone-based ERC sys-
tem may be an appropriate and effective approach for ad-
dressing the high rate of opioid-involved overdose deaths in
Philadelphia. Reactions to the concept were positive over-
all. Participants reported they would be willing and able to
respond through such an app, and that the system would
be useful in combating the epidemic.



Feasibility of an ERC for opioid overdoses
Unlimited data and an ability to maintain phone service
were common among participants, though two NMOUs re-
ported having limited data plans. Accessibility of data ser-
vices among smartphone owners indicates that a smartphone-
based ERC would be appropriate.

NMOU Count 5

Age
18-24 1
24-35 3
35+ 1

Sex
Female 1
Male 4

Race/Ethnicity
Hispanic 1
White 4

Table 1: Participant demographics
of non-medical opioid users
(NMOUs)

CM Count 3

Sex
Female 2
Male 1

Race/Ethnicity
Hispanic 0
White 3

Table 2: Participant demographics
of community members (CMs)

Participants shared prior experiences with overdosing them-
selves (N=5), responding to overdoses (N=5), and admin-
istering naloxone (N=3). The prevalence of these experi-
ences within our sample matched our expectations, given
the high rate of opioid overdoses concentrated within the lo-
cal neighborhood. Most participants reported that they typ-
ically carry naloxone (N=5) and know where to get it (N=4),
and the three participants who did not carry it expressed
willingness to do so.

Half of the participants (N=4) described how easy it was for
them to identify when an overdose is occurring. Those who
had responded to overdoses cited an interest in helping
victims, the importance of saving a life, and feelings of grati-
fication or responsibility associated with doing so as motiva-
tors. Three participants also cited reciprocity as a motivator,
wanting others to do the same for them or a loved one.

"I guess euphoria, you know, it makes you feel
good, you know. Just knowing that something
that I prepared for came through, you know
what I mean? And, I mean, like, just to take
that precaution–I wish somebody would do it
for me if the roles were reversed." -Ed (NMOU)

ERC participation and sustainability
Participants highlighted three areas where the ERC could
have the greatest potential for impact: facilitating training
so that more members of the community are prepared to

respond, connecting individuals to nearby organizations
where they can obtain naloxone (especially after adminis-
tration, reminding them to refill), and promoting social sup-
port and a sense of community.

Most participants were familiar with a local nonprofit orga-
nization focused on harm reduction, which we will call The
Center. The Center was a well known and trusted resource
for naloxone and other services (N=5). Participants spoke
about experiencing the stigma of a NMOU, having challeng-
ing relationships with law enforcement and even medical
personnel–but The Center was exclusively mentioned as a
safe haven where participants felt they could receive sup-
port while being treated with dignity. ERC design should
elicit the same feelings in order to foster participation, and
have a sustainable impact in the community. Participants
agreed that effective implementation of an ERC could in-
clude facilitation of in-person community building.

"The community comes out, we could talk to
them about [naloxone]. ... We could tell them
how to get it. ... We can help them get it. And I
just think the more education we put out there,
and the more we explain to people, the better
off we’ll be." -Lori (CM)

Response training for ERC members could improve respon-
ders’ confidence and likelihood of responding. Six partici-
pants identified a need for social support focused on cop-
ing, response techniques, and building connections with
other community members. Finally, three participants indi-
cated that ease of obtaining naloxone as an ERC member
would be beneficial.

Recognition for one’s efforts and particular app features
were also discussed as factors that may impact participa-



tion. Recognition for one’s contributions within the ERC, the
pride associated with it, as well as insight into how the ERC
is doing in general, were often cited as incentives for con-
tinued participation (N=5). Finally, participants expressed a
need for the app to be quick, simple, and easy to use (N=3),
and to contain a variety of real-time communications and
updates (N=8), the most crucial being navigation (N=5).

Barriers to responding to an overdose via ERC
Lack of trust in law enforcement and unease related to pri-
vacy and information sharing were common concerns. De-
spite Good Samaritan laws, which protect individuals who
call the police from arrest, and examples of positive expe-
riences with police and emergency medical services, par-
ticipants were generally distrustful and uncomfortable with
police (N=6), and held a clear preference for emergency
medical services if authorities needed to be involved (N=6).
Moreover, four participants pointed out the potential for ma-
licious use of the app.

"Predators who rob people and stuff would
know exactly where you are... say you’re at
your family’s house or something, and then
somebody knows exactly where your family
lives, and can roll up on you." -Charlie (NMOU)

Nonetheless, most participants were comfortable with location-
tracking (N=7), and receiving basic information about the
victim, bystander, or responder (N=6).

Personal safety was also a significant concern for some
participants, as they generally reported they would be un-
comfortable responding to an overdose in an unsafe area,
such as an abandoned building or a similar gathering lo-
cation for NMOUs (N=5). One participant worried that re-
sponding in areas containing so many opioids may trigger

a relapse in former NMOUs. Finally, responders’ physical
or emotional well-being may be negatively impacted by the
stress of responding to overdoses (N=2), and the poten-
tial for irritability, anger or violence among revived victims
(N=6).

Conclusion
Based on interviews with eight individuals residing in one of
the opioid epidemic’s epicenters, we found high feasibility
of adapting an ERC system for opioid overdose response
and naloxone administration within an urban setting. To
ensure effective implementation of this ERC, its design will
be driven by needs and barriers we have identified, and
extend beyond the in-app experience, facilitating related
efforts in response to the epidemic, such as training, social
support, and naloxone accessibility.
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