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Abstract

Since its introduction, the 9-1-1 emergency call system has served
as a critical lifeline for individuals in urgent crises. However, the
traditional audio-only model has limitations in supporting effective
communication between callers and call takers. In this paper, we
present a mixed-methods study—including a survey, interviews,
and participatory design workshops—to examine the challenges
and unmet needs of callers during medical emergencies, as well
as their visions for the next generation of 9-1-1 communication.
Our findings highlight key pain points, including difficulties in
conveying precise location and contextual information, language
and cultural barriers, a lack of transparency regarding dispatch,
and challenges in providing medical history when calling on behalf
of others. The study also revealed design opportunities, such as
multimodal communication, Al-assisted triage and translation, mo-
bile applications for frequent ambulance riders, and features that
prioritize both informational clarity and emotional support. We
conclude by discussing the design implications of these findings.

CCS Concepts

« Human-centered computing — Collaborative and social
computing devices; Empirical studies in collaborative and
social computing.
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1 Introduction

Since its introduction in the late 1960s in North America, the 9-
1-1 emergency call system has served as the critical first point of
contact for individuals in need of urgent medical, police, or fire
assistance [67]. Typically, when an individual witnesses or experi-
ences an emergency, they dial 9-1-1 to connect with a call center,
where a trained call taker asks a series of protocol-driven ques-
tions, evaluates the situation, and decides the appropriate level of
emergency response (e.g., dispatching first responders and ambu-
lances) [20, 35]. Traditionally relying on audio-only communication,
the system has remained largely unchanged for decades, even as
multimedia communication has become standard in everyday life
[54]. These limitations of the current 9-1-1 infrastructure often
cause communication breakdowns between callers and call takers,
hindering the rapid exchange of accurate information [59, 66].

In recent years, policymakers have called for the transition to a
"next generation 9-1-1 system" that supports multimedia communi-
cation [45, 46]. In particular, video calling has received particular
attention in recent HCI research [10, 11, 47, 48, 59]. Prior work
has demonstrated that video can help callers better describe or
illustrate the emergency situations they face [51, 59] and, on the
other hand, allow call takers and first responders to better under-
stand and assess the severity and context of emergencies, and make
timely and appropriate decision on the types of support needed
[10, 11, 47, 48, 48]. However, despite this growing body of work,
most studies to date have primarily focused on the design and user
perceptions of video calls alone. There remains a lack of compre-
hensive research examining the broader challenges of the 9-1-1
call experience and exploring alternative technological approaches
beyond video calls.

This paper addresses this gap through a mixed-methods study
that integrates surveys, interviews, and participatory design (PD)
workshops. Focusing on medical emergencies—among the most
time-sensitive and physically and emotionally challenging con-
texts where clear communication can directly affect patient out-
comes—we investigated the following three research questions: RQ
1) What major challenges are faced by callers who have previously
called 9-1-1 for medical emergency reasons? RQ 2) What are callers’
preferences and visions for new technologies to enhance the 9-1-1
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experience? and RQ 3) What concerns and socio-technical con-
siderations must be addressed to ensure wide adoption of these
technologies?

In this paper, we report the most essential design insights that
emerged from our studies. In particular, our findings highlight
key pain points such as difficulties in conveying precise location
and contextual information, language and cultural barriers, a lack
of transparency regarding dispatch, and challenges in providing
medical history when calling on behalf of others. The study also re-
vealed design opportunities, including multimodal communication
(video, text, and audio), Al-assisted triage and real-time translation,
caregiver-integrated mobile applications for “frequent ambulance
riders”, and features that prioritize both informational clarity and
emotional support (e.g., making the dispatch process more transpar-
ent and reassuring for callers while they wait for help to arrive). Our
work makes three main contributions to the HCI field: (1) Identifies
the major challenges faced by callers during medical emergencies;
(2) Explores design opportunities for the next generation of 9-1-1
systems that extend beyond video calls; and (3) Highlights socio-
technical considerations that may arise when adopting advanced
technologies in emergency 9-1-1 calls.

2 Related Work

2.1 Challenges in Communication and
Coordination during 9-1-1 Calls

Supporting communication and coordination in time-critical, high-
stakes settings has long been a central focus in HCI research (e.g.,
[4, 26, 28, 41, 57, 62, 69, 73]). Within this large body of work, emer-
gency call and dispatch centers have received particular attention
(e.g., [10, 27, 40, 74, 75]). Studies in this domain have primarily
focused on understanding the challenges faced by call takers and
the role of technology in supporting—or failing to support—their
work. One common issue is the ambiguity or incompleteness of
information provided by callers. For example, Forslund et al. [20]
found that callers often struggle to articulate key details about the
emergency, leading to gaps that make effective triage and dispatch
decision-making difficult. Another well-documented challenge is
linguistic barriers, which can prevent critical information from
being communicated clearly [37, 51]. In these situations, call tak-
ers often rely on ad hoc strategies or translation services, both
of which can introduce significant delays in emergency response.
Beyond informational and linguistic challenges, call takers also
face emotional distress and workload pressures. Because they are
frequently exposed to traumatic content while working under in-
tense time constraints, call takers are at risk of stress, burnout, and
even compassion fatigue [58]. This emotional burden affects not
only their well-being but also the quality and consistency of the
support they provide to callers. Collectively, these challenges are
exacerbated by the limitations of current communication technolo-
gies (e.g., voice-only phones), which constrain effective information
exchange between callers and call takers.

While much research has focused on call takers, callers them-
selves also face considerable barriers when engaging with the 9-1-1
system. For many, the first primary challenge lies in describing the
emergency clearly and accurately. Under stress, callers may omit
important details, misjudge the severity of the incidents, or fail

to provide relevant information [37]. Language is another signifi-
cant barrier. For instance, Ong et al. [51] conducted a qualitative
study with limited English proficiency (LEP) adults and found that
language difficulties, negative perceptions of emergency service
providers, cost concerns, and lack of familiarity with protocols of-
ten deterred individuals from calling 9-1-1. Even when LEP callers
did make contact, the fear of being misunderstood could create hes-
itation and slow down the exchange of vital information [19, 65]. In
addition, cultural and socioeconomic factors play a role in shaping
caller behavior. Prior work has shown that individuals from disad-
vantaged neighborhoods are often less likely to report emergencies
due to mistrust of authorities, fear of legal repercussions, or con-
cerns about financial burden [3, 21, 44, 70]. These barriers mean that
the populations most in need of emergency assistance may also face
the greatest difficulties in accessing it effectively. Despite this body
of research, the perspectives of callers themselves—particularly in
medical emergencies—remain underexplored. To address this gap,
our study adopts a mixed-methods approach to develop a compre-
hensive understanding of callers’ challenges and to explore design
opportunities for addressing them.

2.2 Emerging Technologies for Supporting 9-1-1
Calls

In response to the reported challenges in literature, researchers have
investigated how emerging technologies might improve caller—call
taker interaction. One major body of work has focused on inte-
grating video capabilities into the 9-1-1 system. Steen-Tveit et al.
[61] investigated the use of live video in Norwegian command and
control centers and found that it enhanced situational awareness in
multi-agency operations, particularly during ambiguous incidents.
However, they also noted that the benefits of video must be weighed
against the increased manual workload it introduces, which can
cause delays in time-sensitive scenarios. Neustaedter et al. [47]
conducted ethnographic studies at Canadian call centers and found
that while video calling offers valuable situational awareness, it
also introduces concerns around privacy, liability, and disruptions
to existing workflows. Their findings suggest that future systems
must support multiple visual modalities and provide call takers
with control over when and how video is used. In later studies
[10, 11], they developed a multimedia-enabled 9-1-1 prototype for
call takers. Based on situational needs, the system allowed call tak-
ers to control interactive features, such as enabling video sharing.
Through evaluations, they found that while call taker-controlled
video interfaces improved information accuracy and supported sit-
uational awareness [11], they also introduced usability challenges
for callers, such as confusion from loss of interface control [10].
From the caller’s perspective, one study [59] interviewed 17 prior
callers and found that video could help convey emergencies more
effectively—by allowing them to “show rather than tell” their sit-
uations, enabling dispatchers to make more accurate assessments
of severity. However, participants expressed concerns about con-
sent, anonymity, and discomfort with being recorded. These studies
emphasize that video calling for emergencies is not simply an ex-
tension of everyday video communication but requires new design
paradigms tailored to high-stress contexts and caller needs.
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A few studies have also examined the technical implementation
specifics for video-based and multimedia-enabled 9-1-1 systems.
Transitioning toward such advanced systems requires extensive
infrastructure and system-level changes, such as integrating diverse
communication channels into dispatch workflows [36], enabling
information sharing across emergency response teams [25, 29, 48],
incorporating multimedia displays into the systems already used
in call centers [10, 47], while enhancing the accuracy of cell phone
location data detection [12, 71], and leveraging IP-based network
hubs to enable combined audio-video calls [36].

Taken together, this body of work has largely centered on video-
based 9-1-1 communication and the design of camerawork to bal-
ance the needs of callers and call takers. However, little research has
examined how a broader range of technologies—beyond video com-
munication—could better support callers during urgent and emo-
tionally stressful moments. Moreover, few studies have employed
user-centered approaches to explore how diverse emergency com-
munication features should be designed, adapted, and integrated
into the 9-1-1 system from the caller’s perspective. Our study ad-
dresses these gaps by foregrounding the experiences and design
visions of callers themselves.

3 Methods

In this work, we used a mixed-methods approach consisting of
surveys, semi-structured interviews, and participatory design (PD)
workshops to investigate user requirements for the next genera-
tion of the 9-1-1 system. These three studies were designed to be
sequential and integrative, with earlier phases informing follow-up
studies. More specifically, we first conducted a web-based survey
and follow-up interviews to gain a holistic understanding of callers’
experiences, challenges, and unmet needs when calling 9-1-1 for
medical emergencies, as well as the new technologies they would
like to see integrated into the system. Building on the insights
from these studies, we then conducted a series of PD workshops
to generate design concepts for the future 9-1-1 call system and to
elicit potential user concerns and socio-technical considerations
surrounding the adoption of new technologies. This study was ap-
proved by the Institutional Review Board (IRB) of the first author’s
university.

3.1 Data Collection

3.1.1  Survey. We began our study with a web-based survey created
and deployed using Qualtrics. Participants were recruited through
Prolific and Amazon Mechanical Turk, two widely used platforms
for survey recruitment. To be eligible for taking the survey, the
potential respondents must be older than 21 years old, have the
cognitive ability to sign the consent form, and have called 9-1-1
previously in the United States for medical emergency reasons. We
used screening questions to determine the eligibility of potential
respondents. In total, 253 individuals completed our survey, and
their characteristics are summarized in Table 1. In brief, most of
the participants were male (166/253, 65.6%), White (195/253, 77%),
aged between 25 and 34 years (117/253, 46%), had a bachelor’s or
higher degree (213/253, 84.18%), and self-reported having above
medium health literacy (154/253, 60.8%) and technology proficiency
(172/253, 68%).
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Informed by prior work [59], the survey was developed in an
iterative manner by the researchers and pilot-tested with a small
group of people (n=20) to ensure the clarity and appropriateness of
the questions. In the survey, we emphasized assessing three areas:
(1) participants’ sociodemographic characteristics, (2) participants’
experiences with the 9-1-1 call system during the encounter of a
medical emergency, and (3) participants’ preferences on the tech-
nology that could be used to enhance the 9-1-1 system. Some of
the questions can be found in Table 2. Participants’ characteristics
collected included age, gender, race/ethnicity, language spoken,
education, health literacy (assessed using a validated single-item
screener) [7, 8], and technology proficiency (measured via par-
ticipants’ self-rated comfort with smartphones, web, and mobile
applications). Participants’ experiences included the circumstances
under which they called 9-1-1, the critical nature of the medical
emergency, the effectiveness of their communication with the 9-1-1
call taker, and the challenges they encountered. To assess partici-
pants’ preferences for enhancing the 9-1-1 call system, we asked
them to indicate which new features they would like to see added
and whether they had privacy concerns about those features. These
feature ideas were informed by prior literature [11, 22, 51, 59] and
were iteratively developed by the authors in collaboration with
subject matter experts (e.g., emergency response experts).

We directed participants to answer survey questions based on
their most recent experience of calling 9-1-1 during the encounter of
medical emergencies. Toward the end of the survey, we invited them
to participate in a follow-up interview study. Potential participants
were instructed to email researchers to arrange a suitable time for
the interview. The survey took about 10 minutes to complete, and
the respondents received US $2 after they completed the survey.

3.1.2  Semi-structured Interviews. To gain an in-depth understand-
ing of callers’ challenges and unmet needs, following the survey, we
conducted semi-structured interviews with 12 individuals who had
prior experience calling 9-1-1 for medical emergencies. Of these,
five had participated in the earlier survey, while seven were newly
recruited through social media. The interviews were conducted via
Zoom by two trained researchers and lasted between 30 minutes
and one hour. To protect participants’ privacy and avoid triggering
traumatic memories, participants were asked to briefly describe
their past experiences calling 9-1-1 without disclosing medical de-
tails. We then probed with follow-up questions about the challenges
they faced, their perceptions of communication with call takers,
their informational needs, and other unmet needs during the call. In
particular, participants were invited to share their thoughts on how
the 9-1-1 call experience could be improved and whether emerging
or existing technologies might help achieve that goal. After the
interviews, all participants received a US $30 gift card as compen-
sation.

3.1.3  Participatory Design (PD) Workshops. PD is a user-centered
design approach that actively involves end-users in the design pro-
cess to co-create technology solutions that align with their needs,
values, and expectations [43]. We conducted five PD workshops
with a total of 12 participants. The inclusion criteria for participa-
tion are the same as for the survey and interviews. Although we
aimed to recruit three participants per workshop, several experi-
enced last-minute scheduling conflicts, resulting in groups of two or
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Table 1: Characteristics of Survey Participants (N=253)

Participant Characteristics

Participants, n(%)

Participant Characteristics Participants, n(%)

Age (years)
18-24 7 (2.8%)
25-34 117 (46.2%)
35-44 81 (32.0%)
45-54 28 (11.1%)
55-64 15 (5.9%)
65 or older 5 (2.0%)
Gender
Male 166 (65.6%)
Female 87 (34.4%)
Race/Ethnicity
Asian or Pacific Islander 21 (8.3%)
Black/African American 11 (4.3%)
Hispanic/Latino 14 (5.5%)
American Indian/Native American 11 (4.3%)
White/Caucasian 195 (77.2%)
Other 1 (0.4%)

Education Background

High school degree or equivalent 29 (11.5%)
Associate degree 10 (4.0%)
Bachelor’s degree 162 (64.0%)
Master’s degree 47 (18.5%)
Doctorate degree 3(1.2%)
Other 2(0.8%)

Health Literacy
Low 0 (0.0%)
Low to Medium 7 (2.8%)
Medium 92 (36.4%)
Medium to High 108 (42.6%)
High 46 (18.2%)
Technology Proficiency
Low 1(0.4%)
Low to Medium 10 (4.0%)
Medium 70 (27.6%)
Medium to High 110 (43.5%)
High 62 (24.5%)
English Fluency
Very fluent 222 (87.7%)
Somewhat fluent 29 (11.5%)
Not too fluent 1(0.4%)
Not fluent at all 1(0.4%)
Language Spoken
English 246 (97.2%)
Other 7 (2.8%)

three participants. Among the 12, three had also participated in our
earlier survey and interview studies. Their continued involvement
allowed them to build on their prior reflections and provide continu-
ity across study phases, offering particularly informed perspectives
on whether the challenges and expectations they previously ar-
ticulated were addressed by the proposed design concepts. Three
workshops were conducted online as the participants were located
in different places. Each workshop lasted approximately two hours
and was roughly structured into four activities: (1) storytelling,
(2) storyboard critique, (3) individual design, and (4) group design.
All workshop discussions were audio-recorded. Each participant
received a US $40 gift card as compensation.

In the storytelling session, participants shared their previous
experiences with calling 9-1-1. To maintain a safe and respectful
environment, participants were advised not to disclose personal or
sensitive information, as they were part of a group setting and may
not know other participants. Next, in the storyboard critique activ-
ity, we presented four technology concepts—video calling, location
sharing, real-time translation, and ambulance tracking—as design
probes for discussion. These concepts were informed by insights
from our earlier survey and interview studies (e.g., challenges in
calling 9-1-1 and desired technology features to enhance the sys-
tem) and reflect directions highlighted in prior HCI and emergency
communication literature as promising yet underexplored in the
9-1-1 context [11, 22, 51, 59]. Participants were asked to reflect on
each technology concept, considering the problems it aimed to solve
as well as its potential benefits and limitations. These reflections

were discussed using the Rose, Thorn, Bud framework, through
which participants identified positive aspects (Rose), challenges or
concerns (Thorn), and opportunities for improvement (Bud) (Fig-
ure 1A). Participants also ranked each feature on a three-point
scale: "Very Useful”, "Good to Have, but Not Necessary", and "Not
Useful at All". Rather than evaluating these as fixed solutions, the
probes were intended to elicit reflection on broader design princi-
ples—such as transparency, accessibility, and flexibility—that could
inform new ideas. For example, while discussing ways to improve
location sharing, participants proposed adding a text-based com-
munication channel to make the system more accessible for certain
populations and to extend communication beyond a single modal-
ity, envisioning a more adaptive 9-1-1 infrastructure. Participants
were also encouraged to suggest any other technology features
they believed could improve the 9-1-1 experience.

In the individual design phase, each participant was invited to
create rough sketches or mockups for both the presented features
and any new ideas they had (Figure 1B). After completing their de-
signs, participants shared them with the group and explained their
design rationale. Finally, in the group design session, participants
collaborated to synthesize their ideas and create one or more collec-
tive designs that reflected their shared values and preferences. Each
group was encouraged to co-develop at least one design solution,
but they were also welcome to propose multiple features if desired
(Figures 1C and 1D). Participants of the online workshops were
asked to either use a digital tool or draw on paper and then send
their drawings to the researchers.
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Table 2: Survey Respondents’ Experiences and Needs with Calling 9-1-1 for Medical Emergency (Note: participants can select
more than one option for those questions with an asterisk (*))

9-1-1 Call Experiences and Encountered Challenges

Participants, n(%)

Who was the medical emergency call for?
Yourself

185 (73.1%)

Someone else 68 (26.9%)
How critical was the situation?

Very critical 67 (26.5%)

Somewhat critical 169 (66.8%)

Not critical 17 (6.7%)
How would you rate the communication quality with the call taker?

Excellent 76 (30.0%)

Good 147 (58.1%)

Fair 25 (9.9%)

Poor 4 (1.6%)

Terrible 1(0.4%)

How much time did the call taker take to understand your situation?
Understood and found the solution right away

160 (63.2%)

Took some time to understand and find a solution 90 (35.6%)
Took too long to understand the address the emergency 3(1.2%)
What challenges did you encounter during the 9-1-1 phone call?”
Difficulty in verbally explaining the emergency situation 78 (28.8%)
Difficulty in describing the location of the emergency 81 (29.9%)
Language barrier 45 (16.6%)
The call taker did not understand the emergency situation 41 (15.1%)
It took too long for help to arrive 34 (12.5%)
Incorrect ambulance services for the emergency situation arrived 14 (5.2%)
I experienced no challenges 74 (27.3%)
Other 0(0.0%)
What new features would you like to see added to the 9-1-1 calling experience?”
Video Calling (video chat with the 9-1-1 call taker) 92 (24.1%)

Text Chat (text chat with the 9-1-1 call taker in case you are not able to speak)
Location Sharing (automatically share your exact location with the 9-1-1 call taker)

131 (34.4%)
178 (46.7%)

Real-time Translation (convert audio or text to preferred language) 69 (18.1%)
View estimated time of arrival (ETA) of ambulance 77 (20.2%)
No changes 6 (1.6%)
Which new feature could trigger privacy concerns?”
Video Calling 82 (27.4%)
Text Chat 96 (32.1%)
Location Sharing 117 (39.1%)
Real-time Translation 57 (19.1%)
View estimated time arrival (ETA) of ambulance 27 (9.0%)

Are you open to using a mobile application dedicated to calling 9-1-1?
Yes
No

235 (92.9%)
18 (7.1%)

3.2 Data Analysis

For the survey data, we first used descriptive statistics to summarize
participants’ responses to each question, such as the number of
participants who selected each option. Additionally, to examine
how different participant characteristics and experiences influenced
their perceptions of 9-1-1 technology features, we conducted a se-
ries of bivariate statistical analyses. Relationships between variables

were analyzed using Chi-square tests or Fisher’s Exact tests, as ap-
propriate, with a significance threshold set at & = 0.05. These tests
were used to determine whether statistically significant associa-
tions existed between demographic or contextual variables (e.g.,
English fluency, health literacy, prior experiences) and outcomes
such as perceived communication quality or preferences for new
9-1-1 features.
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Figure 1: Example of design artifacts created during PD workshops. (A) Participants used the Rose, Thorn, Bud framework to
evaluate the proposed location-sharing feature, identifying positive aspects (Rose), concerns (Thorn), and areas for improvement
(Bud). (B) In the individual design phase, a participant sketched an interface to help callers identify and receive details about
the dispatched units (e.g., an ambulance). (C) In one group design session, participants worked together to sketch a concept for
sharing patient information with 9-1-1 using a mobile application. (D) Another example of group design shows a sketched idea
for improved location-based information sharing, including a feature that allows callers to confirm and correct their current

location.

We conducted a descriptive, codebook-based thematic analysis
to identify patterns across the interview and workshop data. Rather
than adopting a fully interpretive, reflexive approach, our goal was
to capture surface-level themes that reflected participants’ articu-
lated challenges, needs, and perceptions. This analytic stance aligns
with established guidance on structured thematic analysis [5, 23].
To that end, we first immersed ourselves in the data by reviewing
all transcripts to develop an overall understanding of the context.
Next, transcripts were imported into NVivo (QSR International),
a qualitative data analysis software, to support systematic coding
and organization. Following established guidance for structured
thematic analysis [5, 23], two researchers independently reviewed

a small subset of transcripts (two interview transcripts and one
workshop transcript) and generated initial codes. Through iterative
discussion, we developed a shared codebook that included code
definitions and example excerpts. To assess inter-rater reliability,
both researchers then independently coded an additional subset of
transcripts using the developed codebook. The level of agreement
between coders was evaluated using Cohen’s kappa coefficient [9].
Upon achieving substantial agreement, the two researchers pro-
ceeded to code the remaining transcripts independently. Any new
codes that emerged during this process were added to the codebook.
Discrepancies in coding were discussed and resolved during weekly
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group meetings with the full research team. Once coding was com-
plete, the final codes were organized into higher-level categories to
identify overarching themes.

It is worth noting that during analysis, quantitative and qualita-
tive data were synthesized to develop the final themes. Quantitative
patterns (e.g., frequency of caller challenges) provided a descriptive
overview of how common particular issues were across the sam-
ple. Qualitative interviews and workshop discussions then offered
explanatory depth, illustrating why these challenges occurred and
how participants envisioned addressing them through design. For
example, survey findings about callers’ uncertainty during long
wait times were contextualized by interview accounts describing
emotional distress and by workshop feedback emphasizing the
value of real-time status updates. Integrating these datasets enabled
triangulation across study phases and strengthened the robustness
of the reported themes.

4 Results

In this section, we report the major design insights that emerged
through all three studies. For each design insight, we detail the
specific challenges it seeks to address, the design ideas discussed by
participants, and the associated user concerns and design consider-
ations. We include participants’ quotes where appropriate, using I#
to denote interview participants and PD# to denote PD workshop
participants. A summary of these findings is presented in Table 3.

4.1 Overcoming Difficulty and Uncertainty in
Communicating Caller Location

4.1.1 Challenges and Caller Needs. A major recurring theme across
the survey, interviews, and PD workshops was the challenge of
clearly and accurately conveying the caller’s location during a med-
ical emergency. Survey data revealed that nearly 30% of participants
encountered difficulty communicating their location, making it the
most frequently encountered challenge compared to other issues
(see Table 2, under the question "What challenges did you encounter
during the 9-1-1 phone call?"). While the current 9-1-1 system can
approximate a caller’s location using GPS, participants noted that
this information is too imprecise to be relied upon exclusively, espe-
cially in unfamiliar environments (e.g., public spaces); for example,
cell phone locations are often triangulated through cell towers and
can be inaccurate by up to half a kilometer [49, 63]. As one partici-
pant explained: “When I called, the first thing they asked was, ‘Where
are you located? What are the cross streets?” But I had just moved to
New York City, and I didn’t really know the area well. I could see the
name of one street from the subway station, but when they asked for
the other cross street, I had to really look around to figure it out. In an
emergency, that felt overwhelming.” [PD#4]

Additionally, the location details required to dispatch emergency
responders (e.g., ambulances) are often more complex than raw GPS
coordinates [10, 59]. For instance, if a caller is at a large venue or
in an outdoor environment, GPS may provide a rough location but
fail to specify the exact section or place (e.g., "near the red bridge
on the east trail") where assistance is needed. Due to these issues,
many participants expressed concern that responders might not be
able to locate them in a timely manner: ‘T actually had somebody at
my apartment go stand outside and wait. It’s just that the subdivision
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I'live in is hard to describe, and it’s difficult to explain how to get to
where I am living. So I had somebody standing outside to make sure
they found it as quickly as possible.” [I#1]

Precise location sharing was consistently identified as the most
critical and widely desired feature across our study. Nearly 47% of
survey respondents (see Table 2, under the question "What new fea-
tures would you like to see added to the 9-1-1 calling experience?") and
all PD workshop participants (12 out of 12) rated location sharing
as a necessary and highly beneficial feature. This finding highlights
the central role of location accuracy in emergency response, making
it the top-priority feature over all other proposed/discussed ideas.

4.1.2  Design Ideas. To properly design the desired location-sharing
feature, participants in the PD workshops were prompted to brain-
storm ways to improve the process of communicating a caller’s
location to 9-1-1 call takers—particularly in situations where basic
GPS detection may fall short. One solution that emerged from these
discussions focused on sending a text message to the caller’s phone,
which would contain a link enabling them to share additional loca-
tion information with call takers after the call (Figure 1D). In addi-
tion to confirming or adjusting their GPS location, callers would
have the option to upload images of nearby landmarks—such as
storefronts, street signs, intersections, or building facades—to help
call takers more accurately verify their surroundings, especially
when spoken descriptions are difficult or unreliable: “Sometimes
Jjust dropping a pin isn’t enough, like if you're in a huge apartment
complex or a park. It would be really helpful if I could just snap a
photo of a nearby sign or building and send it through a text link.
That way, the dispatcher knows exactly what I'm seeing and where I
am.” [PD#1]

Participants also highlighted the benefits of using text messag-
ing as a medium for sharing more detailed information about the
caller’s location. They noted that text messaging is nearly univer-
sally supported across mobile devices and that almost everyone
is familiar with this mode of communication. Additionally, unlike
voice calls, which may drop or become unintelligible due to poor
reception, text messages provide a stable, asynchronous channel
for communication. This method was seen as technically feasible,
user-friendly, and inclusive, especially for individuals who may be
hard of hearing or simply unable to speak clearly: "Sometimes it’s
Jjust easier to type it out. A text message works on any phone, and if
I'm panicking or the call drops, at least they still get my location. Plus,
for someone who can’t speak well, it’s a lifesaver." [PD#8]

4.1.3  User Concerns, Design Considerations, and Suggestions. While
participants generally considered location sharing via text messag-
ing as a viable and valuable feature, user concerns were raised about
its practicality across different emergency scenarios. For example,
tasks such as taking and sending photos of nearby landmarks were
seen as potentially too complex for users who are not digitally
savvy, posing a barrier to effective use: "I think it’s a great idea,
but not everyone knows how to take a picture and send it, especially
older folks. My mom wouldn’t even know where to start, she doesn’t
use smartphones like we do." [PD#12] In addition, participants em-
phasized that in high-stress or physically incapacitating situations,
even simple phone interactions could become difficult or impos-
sible. For example, holding a phone steady to take a photo may
not be feasible for callers who are injured, panicked, or otherwise
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Table 3: Summary of Major Design Themes, Challenges to Address, Design Ideas, and User Concerns

Major Design | Current Challenges Proposed Design Ideas User Concerns
Themes
Overcoming difficulty | Callers often struggle to de- | Enable sharing of precise loca- | Difficult for callers in high-

and uncertainty in
communicating caller
location

scribe their exact location,
especially outdoors or in un-
familiar areas

tion information (e.g., photos of
landmarks) via a text-link sent
by call takers

stress or incapacitating sit-
uations; Potential privacy
concerns

Enable real-time video with call
taker—controlled camerawork
and visual prompts for guidance

Privacy concerns; Network
instability; Difficulty fram-
ing the correct camera
view

Visual communi- | Voice-only  calls  limit
cation for shared | callers’ ability to convey
understanding of | injuries or scene details
emergencies

Reassuring  callers | Uncertainty about ambu-

through transparency
and feedback during
responder dispatch

lance arrival causes anxiety
while waiting for respon-
ders

Provide real-time ambulance
updates (e.g., ETA); Enable lim-
ited two-way messaging be-
tween callers and dispatched re-
sponders for status updates

Few concerns beyond cy-
bersecurity and data pro-
tection

Bridging language | Language barriers delay or | Use Al to detect spoken lan-| Concerns about accuracy,
barriers in high-stakes | distort critical information | guage and provide real-time | especially for medical
communication exchange transcription/translation with | terms or dialects

both languages displayed for

verification
Supporting  callers | Frequent 9-1-1 callers or | Offer a dedicated mobile app to | Usability challenges for
with  ongoing or | caregivers struggle to con- | preload health data and emer- | older adults and users with

dependent care needs

vey complete medical histo-
ries under stress

gency contacts; Include a large
one-tap “SOS” button and auto-
matic caregiver notification

limited digital literacy

Add text messaging as an alter-
native mode, with pre-defined
message templates for faster in-
teraction

Typing may be slow and
error-prone during emer-
gencies; Risk of misuse or
incomplete message

Expanding commu- | Voice communication may
nication modalities | be unsafe or impractical
through text-based | in certain situations or for
chat some populations

Leveraging Al for call | High volumes or duplicate

screening and triage

calls during large-scale in-

Use Al to detect, group, and pri-
oritize calls by urgency or loca-

Requires call taker over-
sight to prevent misclassifi-

cidents can overwhelm call
takers

tion

cation and ensure account-

unable to use their device effectively: "If someone’s hurt or panicking,
they might not be able to even unlock their phone, let alone take a
picture. In that moment, you just want help, you don’t have time
to figure things out.” [PD#12] Finally, although not raised during
interviews or PD workshops, it is noteworthy that nearly 39% of
survey respondents reported that location sharing could trigger
privacy concerns—making it the top-ranked feature most likely to
raise such concerns (see Table 2, under the question "Which new
feature could trigger privacy concerns?").

ability
4.2 Making Emergencies Visible: Visual
Communication for Shared Understanding
of the Context
4.2.1 Challenges and Caller Needs. Another recurring theme across

all data sources was the difficulty callers face in accurately describ-
ing emergencies (e.g., injury location and severity). Interview partic-
ipants frequently mentioned that solely relying on verbal explana-
tions was often challenging and inefficient. Survey data supported
this finding, with 28.8% of respondents reporting difficulty verbally
explaining the emergency—making it the second most frequently
encountered challenge—while 15.1% indicated that the call taker
did not understand the situation (see Table 2, under the question
"What challenges did you encounter during the 9-1-1 phone call?").
By examining the association between callers’ demographics (e.g.,
age, health literacy, education) and the challenges they faced, our
analysis using Fisher’s Exact test revealed that callers with lower
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self-rated health literacy levels were more likely to experience diffi-
culty verbally explaining the medical emergency they encountered
(p = 0.028).

During both interviews and PD workshops, participants ex-
pressed strong support for incorporating video calling into the
9-1-1 system, highlighting its potential to facilitate the communica-
tion of contextual information with call takers. Specifically, 10 out
of 12 workshop participants described this feature as "very useful",
while the remaining two rated it as "good to have". They envisioned
scenarios in which live video could be used not only to show the
condition of the patient or the surrounding environment but also
to receive guided instructions from call takers for life-saving inter-
ventions: ‘T think that definitely could be helpful. So that you could
maybe actually show the operator the situation that’s happening, and
then they can see and better guide you during CPR, or you know, tell
you what to do if they can see it. I think that would be very helpful in a
lot of situations.” [I#1] Additionally, several participants noted that
being able to see a calm call taker through video could make them
feel less alone and less stressed: “A voice is helpful, but a face makes
you feel supported. It’s like, okay, I'm not doing this by myself.” [I#3]
Such reflections reveal the dual value of video: while it primarily
enhances informational clarity, it also fosters a sense of presence
and empathy between callers and call takers.

4.2.2  Design Ideas. Several compelling ideas for designing the
video call feature were discussed during the workshops. For exam-
ple, to better support callers who face technological challenges or
are unable to switch to video calls, participants suggested giving
call takers the ability to remotely activate a caller’s phone camera.
This functionality would relieve callers of the burden of navigat-
ing different functionalities during moments of distress. However,
participants emphasized that such a feature must respect user au-
tonomy. They highlighted the importance of clear, user-friendly
prompts requesting consent and the inclusion of options for callers
to decline, pause, or end the video stream at any time: "IfI'm stressed
out, it would be a relief if the dispatcher could just take over...only if I
say yes, of course. Sometimes even opening the camera feels like too
much when everything’s going wrong.” [PD#11]

4.2.3  User Concerns, Design Considerations, and Suggestions. De-
spite strong support for the video calling feature, participants voiced
several practical concerns regarding its feasibility and appropri-
ateness. A primary concern was network and data connectivity.
Participants noted that in places like subways, basements, or rural
areas, cellular reception may be weak or unavailable, and even with
basic coverage, video calls can be unstable, bandwidth-intensive,
and prone to disconnection. This raised doubts about whether call
takers could reliably assess situations if the video stream was dis-
rupted or of low clarity: "I’ve been in places where I barely had one
bar. There’s no way a video call would’ve worked. If the dispatcher
is depending on video to understand what’s going on, and the call
cuts out or freezes, that could actually make things worse." [I#10] To
address connectivity limitations, participants suggested enabling
callers to capture and send short video clips via the same text links
used for location sharing, giving them flexibility to share visual de-
tails after the call rather than struggling with unstable live streams.

Additionally, participants noted a practical challenge, that is,
callers may struggle to provide the right camera angle or visual
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information, especially under stress or in noisy environments. To ad-
dress this, they suggested overlaying simple, intuitive icons on the
video interface (e.g., arrows for “move left/right” or zoom controls
like “pan closer/zoom out”). These visual prompts would allow call
takers to guide camerawork through visual cues, reducing reliance
on verbal instructions that may be misheard or misinterpreted due
to distorted audio or background noise: “If the dispatcher could just
put an arrow on my screen telling me to move the camera left or closer,
that would be so much easier than trying to figure it out in all the
noise. A picture prompt is faster than words when you’re stressed.”
[PD#3]

Finally, privacy also emerged as a concern—for example, whether
video calls would be recorded or might inadvertently expose family
members or private settings (e.g., evidence of drug use). Notably,
27.4% of respondents indicated that they were worried about privacy
when using video calling (Table 2).

4.3 Reassuring Callers Through Transparency
and Feedback During Ambulance
Dispatching

4.3.1 Challenges and Caller Needs. One of the major sources of

anxiety reported by participants during medical emergencies was

the uncertainty surrounding ambulance arrival, which could add
significant stress to an already high-pressure situation: "I guess the
number one concern at that moment is whether they’re going to arrive
in time. Every second matters." [1#5] To mitigate this concern, partic-
ipants envisioned features that would provide continuous updates
after the initial call. The most frequently discussed solution was
allowing callers to track dispatch status in real time, keeping them
informed throughout the waiting period and helping to improve
transparency while reducing uncertainty and anxiety: "If the app or
interface could allow people to interact with it in real time, just having

something that shows the ambulance is on the way would mean a

lot." [I#5] This user preference was supported by survey data: 20.2%

of respondents selected “View estimated time of arrival (ETA) of

ambulance” as a top feature they would like to see integrated into
the system. Additionally, all 12 workshop participants rated this
feature as "very useful”.

4.3.2 Design Ideas. As illustrated in Figure 1B, several workshop
participants recommended that the tracking interface display not
only the ETA information but also live traffic conditions and the
remaining distance, to help set realistic expectations for arrival
time: “If I could see where the ambulance is, like how far away they
are and if they’re stuck in traffic, that would help a lot... because then
you’re not just sitting there wondering what’s happening.” [PD#2] Be-
yond one-way updates, participants expressed interest in enabling
limited two-way communication between callers and emergency
responders during transit. For example, if a patient’s condition
worsened or their location changed, callers could use the inter-
face to send quick updates to the ambulance team. This could help
responders better prepare before arriving on the scene: “Another
feature that could be helpful is relaying information to the ambulance
itself so that the ambulance comes prepared in real time.” [PD#7] Fi-
nally, some participants suggested an integrated system that would
combine real-time tracking with other features—such as location
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sharing—accessible through the same text message or link initially
sent by the call taker: “So, if I get a text with a link for them to see
my location, maybe that same link can also show me the ambulance,
like where they are. That way I don’t have to open multiple things.”
[PD#2]

4.3.3  User Concerns, Design Considerations, and Suggestions. Par-
ticipants generally expressed little concern about the feature of
real-time ambulance tracking, which was also reflected in the sur-
vey—only 9% of respondents indicated that this feature could raise
privacy concerns (Table 2). However, one participant with a back-
ground in homeland security and cybersecurity worried that real-
time tracking could expose ambulance vehicles to malicious attacks
if not properly secured: "There have been cities attacked by ran-
somware. If there were a way to track all the ambulances, it could be
hacked. Those ambulances could be taken out or distracted. I'm very
conscious of the risks." [1#7]

4.4 Bridging Language Barriers in High-Stakes
Communication

4.4.1 Challenges and Caller Needs. Language barriers pose a criti-
cal obstacle during emergency calls, especially for individuals with
limited English proficiency (LEP). Even though the current 9-1-1
system offers language support by connecting callers with a transla-
tor, it often takes time for call takers to identify the caller’s language
and connect them with the appropriate interpreter. This limitation
of current practice was also echoed by one of our interview partici-
pants: “T wonder about the timing on that, particularly for languages
that are maybe less common in the United States, you know, it can
take like 15 minutes to get connected to an actual translator. So that
would be my concern.” [1#6]

In our survey, 16.6% of respondents identified language barriers
as a challenge they faced during their 9-1-1 interaction. Statisti-
cal analysis confirmed a significant association between English
fluency and communication quality (p < 0.05), as well as between
lower fluency and the likelihood of encountering language barriers
(p < 0.05). Callers who were fluent in English were significantly
more likely to report excellent or good communication with the
call taker and were less likely to experience difficulties related to
language. Participants in interviews and PD workshops further
emphasized that language barriers can significantly hinder commu-
nication with call takers, potentially delaying urgent care. Several
shared personal or family experiences, such as relying on children
to interpret during emergencies. One participant recalled assisting
her grandmother during a medical crisis: "If my grandma had to call
9-1-1 by herself, she wouldn’t be able to. She doesn’t speak English. I
ended up talking to them instead.” [1#6]

4.4.2 Design ldeas. To address the language barriers, participants
across both interviews (5 out of 12 participants) and workshops
(7 out of 12 participants) proposed integrating Al-powered real-
time translation into the 9-1-1 system. Rather than relying solely
on human translators—whose involvement can be delayed by the
time it takes call takers to identify the caller’s language—an Al
system could automatically detect the spoken language and either
connect with the appropriate translator or offer instant translation
support: “T’ve seen cases where the person calling can’t explain what’s

happening because of language problems. It slows things down. If
the dispatcher had a way to see and understand directly, maybe with
translation, that would save time.” [1#5]

Another design idea involves overlaying both the original spoken
words and translated text directly onto the screen during a video-
based 9-1-1 call (Figure 2A). Displaying the caller’s words alongside
the translation allows users to verify accuracy, spot mistranslations,
and clarify them before they affect the emergency response. This
approach is especially valuable when callers speak regional dialects
or less common language variants, where errors are more likely. For
instance, a caller speaking a dialect of Chinese could quickly confirm
whether the generated Chinese characters accurately represent
what they just said. In this way, the system helps ensure that critical
details are not lost in translation: ‘Tt makes a lot of sense to use voice-
to-text during a 9-1-1 call—especially if it can display what you’re
saying in your own language and convert it into English for the other
side to see. If that translated text just shows up right on the screen, it
would really help both people follow the conversation." [PD#1]

4.4.3 User Concerns, Design Considerations, and Suggestions. De-
spite strong support for incorporating real-time Al translation into
9-1-1 systems, nearly all participants voiced the same concern—
accuracy. In particular, they were concerned about the system’s
ability to accurately interpret medical terminology, slang, or dialect-
specific expressions. Even minor translation errors were seen as po-
tentially dangerous, with risks ranging from misidentifying symp-
toms to delaying dispatch or sending inappropriate emergency
resources. One participant emphasized this risk: “If the system mis-
understands what I'm saying, that could delay the help or send the
wrong response.” [1#10]

4.5 Supporting Callers with Ongoing or
Dependent Care Needs

4.5.1 Challenges and Caller Needs. A recurring challenge high-
lighted by participants—particularly those calling 9-1-1 on behalf
of someone else (about one-third of survey respondents reported
doing so; see Table 2)—was the difficulty of providing accurate and
complete medical history (e.g., chronic conditions or current medi-
cations) to call takers: ‘T remember being nervous about the questions
they were going to ask me about my grandma. There were a lot of
questions about her medical history. And with the stress I was going
through, I was not able to answer any of that.” [PD#12]

4.5.2 Design Ideas. To address these challenges, our participants

envisioned a mobile application tailored for “frequent riders”—individuals

who may need to call 9-1-1 more frequently than the general popu-
lation due to age, disability, or chronic conditions. Survey data also
reflected this need, with 92.9% of respondents expressing interest
in using a dedicated mobile app for individuals who may require
ambulance services frequently (see Table 2, under the question "Are
you open to using a mobile application dedicated to calling 9-1-1?").
The envisioned mobile application would include a patient informa-
tion repository containing key health records, medication lists, and
emergency contacts (Figure 2B). When an emergency call is placed,
this information could be automatically shared with call takers and
subsequently relayed to dispatched responders, enabling faster and
more appropriate delivery of emergency medical services: “If there
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Figure 2: Participant-generated sketches illustrating design ideas. (A) A real-time translation overlay that transcribes and
translates spoken language on the video feed during a video-based 9-1-1 call. (B) A form to pre-populate patient information
(e.g., age, medical conditions, images) within the mobile application, which can then be shared with call takers once a call is
initiated and relayed to responders dispatched to the scene. (C) A large, one-tap SOS button prominently displayed on the
mobile application’s landing page to enable rapid 9-1-1 call initiation.

were a way to proactively update or upload the person’s health status,
you wouldn’t have to explain to the operator in a strained moment
what all their health issues were. It’s impossible to distill all that in a
short time.” [I#5]

Another highly recommended feature was an easily accessible
"SOS" button on the application’s landing page (Figure 2C). As
one participant explained, this feature would allow users to call
9-1-1 with a single tap, without navigating menus or searching for
options: ‘T think there should just be a big red button right on the
main screen, no menus, no scrolling. You open the app and boom, it’s
right there to call 9-1-1 instantly. In an emergency, you don’t have
time to think or search around.” [PD#4] Participants emphasized that
it was not merely a convenience but a lifesaving necessity, since
even minor delays caused by navigating an application during high-
stress emergencies could have severe consequences.

Finally, participants suggested that the application support rapid
notification of pre-designated emergency contacts whenever the
SOS button is pressed. Family members or caregivers could receive
immediate alerts via text or automated calls, informing them that
the user has contacted 9-1-1. This functionality was seen as espe-
cially valuable for older adults living alone or users with limited
mobility, where timely family involvement is critical: "So, I would
also like to add one more feature. So there could be a feature wherein
all your friends and family who are located within a particular radius
are notified when an emergency happens." [PD#2]

4.5.3 User Concerns, Design Considerations, and Suggestions. While
participants were generally enthusiastic about the idea of a dedi-
cated mobile application for frequent 9-1-1 callers, they also voiced
concerns about its usability and accessibility—particularly for the
populations who would benefit most (e.g., older adults), who may
not own smartphones or may lack the digital literacy needed to use
such an application. Participants noted that entering and maintain-
ing accurate medical information may require caregiver support, as
older adults often rely on family members to manage digital tools.
This highlights the need for the application to support caregiver
involvement through a dual-user model, allowing both the user and
their caregiver to access and manage the same account in different
ways. For example, the caller-facing version could remain simple
and streamlined, while the caregiver-facing version could provide
advanced functions such as updating medical histories or setting
up pre-designated emergency contacts: "My mom wouldn’t know
how to use an app like that on her own, she still asks me how to
turn on the flashlight. If there’s a way for the family to help manage
it without making it too complicated for her, that would be really
helpful" [PD#11]
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4.6 Other Design Considerations: Expanding
Communication Modalities and Intelligent
Assistance

Participants also discussed other features that could help, including
multimodal communication with text-based features and using
artificial intelligence (Al) to screen and collect call information.

4.6.1 Multimodal Communication with Text-Based Features. Sev-
eral participants emphasized the importance of integrating multiple
communication modalities—especially text-based options—into the
9-1-1 system. This idea aligns with the survey responses, which
indicated that the ability to communicate with 9-1-1 call takers via
text was the second most preferred feature—selected by approx-
imately 34.4% of respondents as a functionality they would like
to see added to the 9-1-1 call system (Table 2). Participants noted
that traditional voice calls do not meet the needs of all users or
emergency contexts. In medical situations, for example, callers may
be physically unable to speak, such as when experiencing severe
respiratory distress. As one participant put it: “There are situations
where you literally can’t talk. Imagine trying to speak while you’re
choking. Text could be a lifesaver.” [1#9] Beyond medical scenarios,
participants also pointed to other situations where text-based com-
munication with call takers would be beneficial—such as domestic
violence or home intrusions, where speaking aloud could alert a
perpetrator and escalate danger, or for individuals with speech or
hearing impairments. For these populations, relying solely on ver-
bal communication could either increase their risk or delay timely
and effective access to emergency services.

While text-based communication offers essential accessibility,
especially for individuals with speech impairments or in situations
where speaking is unsafe, participants raised concerns about its
efficiency in emergencies. They noted that typing can be signifi-
cantly slower than speaking, particularly under physical or emo-
tional duress. In such high-stress contexts, users may struggle to
formulate coherent messages or make typing errors, leading to
miscommunication or delays in receiving help. Additionally, par-
ticipants worried that text-based 9-1-1 features could be misused
or inefficient in practice—some individuals might abuse the system
by sending inappropriate or non-urgent messages, while others
might send abrupt or incomplete texts and fail to respond promptly,
leaving call takers uncertain about the severity of the situation.
This uncertainty could lead to unnecessary escalation or delays in
dispatching the needed help: “Texting could be helpful, but only if
it’s managed carefully. People might just send a quick ‘help’ and then
go silent, and 9-1-1 folks have no idea how serious it is.” [PD#7]

4.6.2 Using Al to Screen and Prioritize Incoming Calls. As emer-
gency call volumes rise—particularly during large-scale events such
as natural disasters or mass casualty incidents—participants empha-
sized the importance of using Al to triage and manage incoming
9-1-1 calls more efficiently. For instance, multiple individuals may si-
multaneously report the same event, such as a flood, mass shooting,
or building fire. In such situations, regional 9-1-1 call centers can
quickly become overwhelmed by a large number of calls reporting
the same incident or requesting help. Al-powered screening could
detect similarities across incoming calls—based on location or event
descriptions—and group them as referring to a single incident. AI

systems could also categorize cases by urgency, identifying those re-
quiring immediate intervention (e.g., cardiac arrest, active bleeding)
and prioritizing them ahead of less critical cases. This capability
would allow call takers and call centers to make quicker decisions,
maintain situational awareness, allocate resources more efficiently,
and avoid redundant dispatches to the same caller: “When a major
accident happens, everyone starts calling 9-1-1 at once. But it’s the
same incident. If there were a way to group those calls, the dispatcher
wouldn’t waste time or send too many ambulances to the same place.”
[PD#6]

Participants also discussed key limitations and concerns regard-
ing such Al-driven triage systems. They cautioned that misclas-
sification or algorithmic errors could delay urgent responses or
overlook atypical emergencies, especially when contextual cues are
subtle. As one participant explained: “I’d be nervous if Al decided
what’s urgent without a person double-checking it. Machines don’t al-
ways pick up on context, like someone who sounds calm but is actually
having a heart attack.” [PD#9] Several participants questioned how
accountability would be ensured if an Al system made an incorrect
judgment, emphasizing that such tools should support rather than
replace human decision-making: “If the AI makes a mistake, who’s
responsible? At the end of the day, a person should still be the one
making the final call.” [PD#8] Consistent with this view, participants
underscored that Al triage systems must operate under the direct over-
sight of trained call takers, who can monitor flagged cases, validate Al
assessments, and intervene when needed to ensure accuracy, fairness,
and public trust in emergency response.

5 Discussion

5.1 "Am I Being Helped?" Supporting Callers’
Informational and Emotional Needs

Our study highlights the importance of designing 9-1-1 systems
that not only facilitate efficient information exchange but also ad-
dress callers’ informational and emotional needs throughout the
emergency response process. A common theme across participant
feedback was the anxiety and uncertainty associated with the “black
box” nature of current 9-1-1 systems. After making a call and provid-
ing initial details, callers are frequently left without any indication
of what happens next—whether help (e.g., ambulance) is on the
way and how long it might take to arrive. This lack of transparency
can affect callers’ experience, especially during emergencies where
every minute feels critical. To mitigate this, participants advocated
for systems that provide real-time status updates regarding ambu-
lance dispatch, including ETA and any changes in the response
status. This design insight aligns with findings from prior work
[32], which emphasized the importance of procedural transparency
in community safety platforms—users who received timely and
informative updates about their reports felt more secure, supported,
and engaged.

In addition to informational clarity, participants in our study
also emphasized the emotional burden that often accompanies
emergency situations. Callers experiencing traumatic or emergency
events may exhibit what Whalen and Zimmerman [68] describe as
“emotional pain”. However, delivering emotional support is by no
means easy. Participants noted that several design features could
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play a crucial role in reducing caller anxiety and stress during emer-
gencies. For instance, real-time updates about dispatched respon-
ders were particularly valued for their ability to create reassurance
and reduce feelings of panic while waiting for help. Similarly, par-
ticipants highlighted the importance of human connection during
crises: even being able to see a calm and empathetic dispatcher
through a brief video-based interaction could offer reassurance
and a sense of presence that voice alone might not convey. At the
same time, participants recognized that technology alone cannot
replace human empathy. Call takers play a vital role in providing
emotional stability during crises. Prior research suggests that clear,
direct instructions and verbal reassurances can help calm distressed
callers [53, 68], while techniques such as repetitive persistence and
gentle redirection effectively help de-escalate emotional outbursts
[18]. These insights underscore the need for training in empathetic
and adaptive communication, ensuring that call takers can effec-
tively integrate supportive technologies with compassionate and
strategic interaction to deliver timely and reassuring assistance to
emotionally overwhelmed 9-1-1 callers.

5.2 Multimodal Communication and
Interaction between Callers and Call Takers

The traditional 9-1-1 system has long relied on audio-only com-
munication between callers and call takers. However, our findings
highlight a growing need to expand this modality to better accom-
modate the needs of diverse users and varied emergency contexts.
Multimodal interaction—including video and text—was consistently
described as a promising approach to making 9-1-1 systems more
inclusive, accessible, and resilient [11]. More specifically, aligning
with prior work [10, 47], video-based communication was seen as
a valuable enhancement for conveying visual context, which could
help call takers assess the situation more accurately and tailor emer-
gency response accordingly. For example, real-time video might
allow a call taker to visually confirm if the patient is unconscious,
bleeding heavily, or surrounded by potential hazards. Additionally,
text-based communication was considered a crucial supplement
to voice calls, especially in situations where speaking is unsafe,
impossible, or impractical [15, 24]. This form of communication
has been implemented in community safety reporting [31, 32], but
it remains underdeveloped in 9-1-1 call systems [14].

Despite the promising benefits of this multimodal approach,
participants also raised several concerns. For text-based commu-
nication, delays in typing under physical or emotional distress,
risks of ambiguity or misspellings, and the slower pace compared
to spoken dialogue were noted as potential drawbacks. In high-
pressure moments, even composing a coherent message can be
challenging. To effectively integrate a text-based approach into the
9-1-1 system, thoughtful design considerations are essential. It may
be useful to incorporate predefined text templates (e.g., one-touch
responses) into the text messaging interface to reduce typing ef-
fort. For example, a text-based interface could display large, clearly
labeled one-touch buttons such as “Chest Pain”, “Difficulty Breath-
ing”, “Fire”, or “Car Accident”. When the caller taps Chest Pain,
the system could automatically send a standardized message to the
call taker (e.g., “Caller reports chest pain. Requesting immediate
medical assistance”), eliminating the need to type out details in a
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high-stress situation. Intelligent auto-suggestions or emoji-based
shortcuts could further streamline the exchange. Another major
concern with text-based communication is the potential for misuse.
To address this, texting should function primarily as a follow-up
channel after an initial call. For example, if a caller is unable to
speak or is in danger, a call taker could initiate a text exchange to
maintain contact and gather essential details.

For video calls, aligned with prior work [10, 11,47, 59], our partic-
ipants emphasized that, to avoid overwhelming callers, call takers
need the ability to guide a caller’s camera work (e.g., enabling or
disabling video functions). Because distressed callers often struggle
to frame scenes effectively and noisy or chaotic environments can
further hinder communication, call takers should be able to provide
structured guidance (e.g., pan, zoom, hold steady) through visual
prompts or overlays [10, 11]. Moreover, even though not raised
directly by our participants, prior work suggests that call takers
should also have the flexibility to toggle video on or off at their
discretion to reduce information overload and mitigate exposure
to traumatic or inappropriate visuals, while not being required
to share their own video [11]. Finally, in situations with limited
bandwidth, systems could offer alternative modes—such as sending
still frames at intervals, short video clips, or reduced-resolution
streams—instead of continuous live video.

5.3 Designing for Both Frequent and Infrequent
9-1-1 Callers

Calling 9-1-1 for emergency medical service is relatively rare for
the general population, often occurring only a few times, if ever,
in a person’s lifetime. For these infrequent callers, every interac-
tion is likely to be high-stakes, stressful, and unfamiliar, meaning
that the system must be simple, intuitive, and consistent with well-
established norms (e.g., voice-based calls). In contrast, there are
groups of individuals for whom calling 9-1-1 is far more common.
These include older adults, individuals with chronic health con-
ditions, people living with disabilities, and those who regularly
experience medical emergencies—commonly referred to as “fre-
quent riders”. For these populations, 9-1-1 calling is not only more
routine but also shaped by recurring challenges, such as the need
to repeatedly report location, communicate complex medical histo-
ries, describe symptoms, or coordinate with caregivers and family
members. The disparity between infrequent and frequent callers
highlights a key design challenge: a one-size-fits-all approach may
fail to meet the needs of either group. Infrequent callers require
a system that minimizes confusion during a stressful and unfa-
miliar moment, while frequent riders benefit from tailored tools
that reduce redundancy, lower communication burdens, and pro-
vide seamless integration of medical history and support networks
[13, 17].

Our study reveals strong support for a dedicated mobile appli-
cation tailored to the "frequent riders". At its core, such an app
should include a secure, pre-populated repository of essential med-
ical information—covering chronic conditions, medications, and
treatment preferences—that can be automatically shared with call
takers and responders once a 9-1-1 call is initiated. Participants
stressed the importance of accessibility, particularly for older adults
who make up a large proportion of ambulance users [16]. They
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also recommended a simple, intuitive interface with prominently
displayed, clearly labeled buttons (e.g., a large "SOS" button) and
single-tap access to critical functions. Participants also valued an
integrated alert system that would automatically notify caregivers
or trusted contacts whenever a 9-1-1 call is placed, with options for
caregivers to join the call to provide supplementary information or
communication support.

5.4 Accounting for Language and Cultural
Needs during Caller-Dispatcher Interaction

As emergency response systems strive to become more equitable
and effective, a critical area for improvement lies in supporting
multicultural and multilingual populations. Both our study and
prior research [22, 51] highlight how language barriers can signifi-
cantly delay critical care during emergencies. Several participants
in our study recounted moments when they or their loved ones
struggled to communicate symptoms, conditions, or urgent details
to call takers. To address these challenges, participants strongly
supported integrating Al-powered, real-time translation into 9-1-
1 systems. Such technology could automatically detect a caller’s
spoken language, provide live transcription and translation, and
facilitate smoother communication with call takers. This approach
may reduce delays caused by language barriers, which prior stud-
ies show can significantly increase dispatch times—sometimes by
over 30%—due to interpreter connection delays [38]. At the same
time, participants emphasized concerns about accuracy. Even minor
misinterpretations can lead to inappropriate triage, resource misal-
location, or delayed responses. Accordingly, Al-driven translation
should function as an initial support layer. For example, automat-
ically recognizing the caller’s spoken language or dialect could
allow call takers to quickly connect with the most suitable human
interpreter.

Beyond Al-facilitated translation, prior work highlights the im-
portance of institutional and organizational practices in shaping the
quality of language support. A Swedish study of multilingual emer-
gency care found that interpreter use was often inconsistent, with
ambulance services frequently relying on ad hoc solutions such as
family members [34]. These inconsistencies underscore the need for
formalized, system-wide protocols to ensure reliable and equitable
access to trained interpreters in emergency contexts. Similarly, pol-
icy research in the U.S. recommends recruiting and retaining multi-
lingual call takers, along with providing voice and accent sensitiv-
ity training to reduce misunderstandings with callers from diverse
backgrounds [64]. Finally, linguistic support cannot be separated
from cultural sensitivity. The populations with LEP and low socio-
economic status may hesitate to contact 9-1-1 at all [3, 21, 44, 51, 70].
Addressing these barriers requires more than technical solutions—it
also involves community outreach and the development of cultur-
ally sensitive protocols [52]. These insights highlight that the 9-1-1
system is a complex socio-technical infrastructure requiring mul-
tiple complementary approaches—technological, organizational,
and cultural—to become both linguistically inclusive and culturally
responsive.

5.5 Leveraging Al to Enhance the 9-1-1
Experience: Opportunities and Design
Considerations

AT has been explored to expedite medical emergency responses,
particularly in clinical settings [39] and during public health emer-
gencies [33]. Our study revealed that this novel technology also
holds great potential for enhancing the effectiveness and accessibil-
ity of the 9-1-1 emergency response system, especially in situations
where human resources are limited or caller communication is con-
strained. In large-scale emergencies—such as natural disasters or
mass casualty events—call volumes can spike beyond the capacity
of available call takers, making it difficult for callers to connect
in real time. In such instances, people are forced to turn to social
media to make requests for help, potentially causing delays in re-
ceiving timely assistance [55, 56]. To address these challenges, Al
can serve as a triage mechanism by analyzing incoming calls to
detect signs of urgency, extracting relevant details, and prioritizing
them for immediate human intervention. Additionally, when text-
based 9-1-1 reporting is available, Al—especially conversational
agents (CAs)—can automate the collection of key event details (e.g.,
location, time, nature of emergency), minimizing miscommunica-
tion, ensuring comprehensive and systematic data collection, and
reducing the overall burden on the 9-1-1 system [32, 42, 77].

However, designing Al systems for 9-1-1 contexts presents sig-
nificant challenges and requires careful consideration of social,
emotional, and operational dynamics. As highlighted in prior work
on community-based text-reporting systems [32], automating dis-
patchers’ responses in emergency contexts can exacerbate user
uncertainty if the system lacks transparency. Users often do not
understand what happens after they submit a report or send a text
message to 9-1-1, and this “invisible backend” can erode trust. In
our study, participants expressed similar concerns. If Al is used
to screen, interpret, or prioritize emergency calls, users must be
given timely and understandable feedback—such as automated ac-
knowledgment of receipt, confirmation that a human dispatcher
is reviewing their case, or updates on estimated response time—so
they do not feel abandoned or de-prioritized. To enhance callers’
trust and acceptance of Al involvement, systems must also be ex-
plicit and honest about when an Al chatbot is collecting information,
while clearly offering immediate escalation to a human call taker
upon request. Participants emphasized that knowing “a real person
is still there” was essential for upholding the relational expectations
of emergency communication.

While Al-driven systems can streamline communication and en-
hance response efficiency, they must not overlook the critical role of
emotional support in emergency interactions. Automation cannot
replace human empathy. Our findings underscore the importance
of dispatcher oversight in all Al-assisted processes. Prior research
has shown that Al systems (e.g., CAs) lacking emotional awareness
often struggle to establish rapport, leading to awkward or ineffec-
tive exchanges [42, 76]. In contrast, emotion-aware CAs can gain
users’ trust more quickly, helping to elicit accurate information and
offering reassurance in high-stress situations [30, 31]. During med-
ical emergencies or emotionally charged incidents, such systems
should be capable of detecting signs of distress, responding with
calming language, and offering supportive resources, while also
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ensuring that a baseline level of assistance is consistently provided
[31, 32].

Finally, in emergency situations, even minor delays in commu-
nication can have severe consequences, making it essential that
Al-mediated interactions remain rapid and seamless. Although au-
tomated systems can standardize information gathering and triage,
participants expressed concerns that such systems may introduce
delays or misclassifications, especially in atypical or ambiguous
medical emergencies where subtle contextual cues are difficult
for algorithms to interpret. These risks highlight the need for a
human-AI collaboration model, where automated systems are used
to gather essential initial information (e.g., location, immediate
medical conditions) using straightforward, predetermined ques-
tions, and then seamlessly transfer the call to call takers for more
nuanced interaction. Advances in pre-trained language models with
domain-specific tuning can further strengthen AI’s ability to de-
tect varied emergencies and interpret critical contextual cues [72].
However, such collaboration also requires careful attention to dis-
patcher workload. While AI may reduce repetitive screening, it
can simultaneously introduce new responsibilities, such as validat-
ing algorithmic outputs or correcting errors under time pressure,
creating a “monitoring burden” that contributes to cognitive fa-
tigue. Ensuring that Al tools integrate smoothly into existing 9-1-1
call-taking workflows is therefore essential to prevent call taker
burnout and support reliable, equitable emergency response.

5.6 Balancing the Tension between Privacy
Concerns and Safety Needs

While new multimedia features promise to improve emergency
response, they also raise significant privacy concerns. For example,
location data—though critical for rapid dispatch—can reveal highly
sensitive information such as home addresses or frequented places.
Participants in our study identified this as the primary feature that
triggered privacy concerns. Such worries align with prior work
showing that the public often weighs the safety and convenience of
location-based technologies against potential intrusions on privacy
[2, 60]. Similar concerns arose regarding video calling, which aligns
with prior work reporting that, while callers recognized the benefits
of sharing live or recorded video with call takers, they were often
uncomfortable with the possibility of inadvertently exposing family,
friends, or bystanders without consent [10].

To mitigate unintended exposure, features such as automatic
background blurring, selective redaction, or camera cropping that
focuses solely on the injured individual could help protect the pri-
vacy of both callers and bystanders [1, 6, 50]. Our findings highlight
the relevance of these approaches and underscore the need for a
balanced design strategy—one that provides call takers with suf-
ficient situational visibility while respecting callers’ dignity and
privacy. Designing for this tension requires privacy-adaptive mech-
anisms that can adjust to the urgency of the situation. For example,
systems could support graduated sharing modes, enabling callers
to start with minimal-exposure options (e.g., blurred or partially ob-
scured video) and transition to clearer visibility during life-critical
moments. After immediate danger has passed, callers could scale
back what information remains visible or shared. Such adaptive
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controls acknowledge that privacy needs are dynamic during emer-
gencies and must be flexible rather than fixed. Future research
should explore how these boundaries shift across cultural contexts
and emergency types to inform best practices for privacy-conscious
design in next-generation 9-1-1 systems.

5.7 Study Limitations and Future Work

This study is not without limitations. For example, our participant
pool included limited engagement from vulnerable populations
who are among the most frequent users of 9-1-1, including older
adults, individuals with LEP or disabilities, and residents of socioe-
conomically disadvantaged communities. These groups often face
unique challenges—such as lower digital literacy, accessibility bar-
riers, or mistrust of authorities—that may shape how they interact
with new technologies in emergency contexts. As a result, some
of our design implications may not fully capture the needs and
constraints of these populations. Ensuring their perspectives are
more systematically included will be essential for designing equi-
table and inclusive next-generation 9-1-1 systems. In addition, this
study focused exclusively on the perspectives of callers. While this
provides important insight into user needs, many of the proposed
design solutions—such as Al-assisted triage, video calling, text mes-
saging, or mobile applications—will need to be validated with call
takers and tested for feasibility within existing 9-1-1 workflows and
infrastructure. Future research should therefore engage both callers
and call takers, as well as emergency service agencies, to ensure
that innovations can be effectively and sustainably integrated into
practice.

6 Conclusion

Through surveys, interviews, and participatory design workshops,
this study illuminated the challenges callers face during medical
emergencies and their expectations for next-generation 9-1-1 com-
munication. We identified persistent pain points—including difficul-
ties conveying location and context, language and cultural barriers,
lack of post-dispatch transparency, and challenges in communi-
cating medical history when calling on behalf of others. At the
same time, participants envisioned new possibilities, such as multi-
modal communication, Al-assisted triage and translation, caregiver-
integrated applications for frequent ambulance riders, and features
that combine informational clarity with compassionate support.
Taken together, these insights underscore the importance of design-
ing 9-1-1 as a socio-technical system—one that integrates techno-
logical innovation with cultural sensitivity, organizational practices,
and human support to meet the complex realities of emergency
care.
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