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ABSTRACT

This case study examines collaborative information seeking in a public-safety answering point during a 911 call
surge that occurred when a man fired an assault rifle at police officers and evaded capture for nearly an hour in
March 2020. Overwhelmed by questionable and imprecise reports from 911 callers, telecommunicators and on-
scene responders began working together to conduct broad and deep searches for the shooter. Whereas broad
searches improved the scope of information gathering by identifying multiple, albeit questionable and imprecise,
reports of the suspect’s location, deep searches improved the quality of information gathering by investigating
911 callers’ reports using drone, helicopter, and patrol units. These findings suggest requirements for collaborative
information seeking in public-safety answering points, including capabilities to conduct broad and deep searches
using next-generation 911 technologies, and command and control requirements for triaging these search tasks
within inter-organizational emergency response systems.
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INTRODUCTION

Emergency communications work in public-safety answering points (PSAP) is historically overlooked in studies
of emergency response and management (Gardner & McEntire, 2003; Gillooly, 2021). However, ongoing changes
to the sociotechnical infrastructure and work practices of PSAPs maotivates research on collaborative information
seeking (CIS): activities in which multiple people work together to seek information needed to accomplish a
shared goal (Karunakaran et al., 2013). In the context of emergency communications, CIS focuses attention on
emerging practices of team-based emergency call taking and supplemental information seeking that can enhance
the timeliness and quality of situational awareness information dispatched to first responders during an
emergency.

Studies of CIS in PSAPs are needed for two reasons. First, emergency communications work increasingly requires
telecommunicators to seek information from multiple sources, including traditional telephone calls and
supplemental, Next-Generation 911 (NG911) reporting and situational awareness channels. Telecommunicators
now answer non-voice reports received from emergency (e.g., text-to-911) and non-emergency text messages
(Grace & Sinor, 2021). Early adopter PSAPs also access supplemental situational awareness information from
traffic and building cameras, advanced location services such as RapidSOS, personal safety devices (i.e., Apple
watch), vehicle telematics (i.e., OnStar), building alarms (i.e., ASAP-to-PSAP), various restricted and public
databases, and open sources such as social media.
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Second, seeking information from multiple, NG911 sources requires telecommunicators to work as teams during
mass emergencies. Some PSAPs now assign telecommunicators to work as communication specialists alongside
telecommunicators working as traditional call takers and dispatchers (Grace & Potts, 2022). Communication
specialists are responsible for gathering information from NG911 sources to provide situational awareness
information that fills gaps in information gathered from 911 callers. Consequently, work practices inside PSAPs
involve CIS when cross-functional teams of call takers, dispatchers, and communications specialists seek
information from multiple sources to improve the efficiency and effectiveness of emergency communications and
response operations.

Despite changes to the infrastructure and work practices of PSAPs, existing research focuses on traditional voice
communication between call takers and 911 callers for emergencies involving a single person or small group (e.g.,
home burglary) that are reported by an involved party (e.g., homeowner who calls 911). While these studies
highlight the critical role call takers play in extracting, interpreting, and classifying information from 911 callers
that shapes subsequent citizen-responder interactions (Gillooly, 2021; Gillooly et al., 2020; Lum et al., 2020),
they do not examine how teams of telecommunicators gather information during mass emergencies that generate
a surge of 911 calls from multiple involved and non-involved parties, as well as streams of supplemental data
from multiple NG911 sources. As a result, gaps persist in our understanding of CIS in emergency communications
work inside PSAPs and, more broadly, command-and-control centers in crisis management. Specifically, we do
not understand the triggers and tasks of team-based CIS during 911 call surges, or the sociotechnical requirements
for supporting CIS during mass emergencies.

To address these gaps in the literature, this paper presents a case study of CIS during a 911 call surge generated
when a man fired an assault rifle at police officers and evaded capture for nearly an hour in Chandler, Arizona. The
case study shows that an overload of noisy, unverified, inconsistent, and imprecise 911 calls triggered CIS among
telecommunicators who shifted from working as a co-acting group to a collaborative team capable of performing
interdependent search tasks. Working as a collaborative team, telecommunicators and on-scene responders
performed broad and deep searches to efficiently discover suspect locations reported across incoming 911 calls
and improve the quality of location information reported by callers, respectively, These findings suggest that CIS
in command-and-control centers like PSAPSs requires sociotechnical systems that support the performance and
coordination of broad and deep search tasks among members of intra- and inter-organizational teams.

THEORETICAL FRAMEWORK

Studies of collaborative information seeking (CIS) focus on the i) domain-specific triggers that motivate people
to work together to seek information, ii) interdependent information search, retrieval, and sharing tasks people
perform to address an information need, and iii) coordination of these tasks within work groups or teams. Whereas
studies often examine information seeking among citizens during disasters such as earthquakes and floods (Rivera,
2021), studies of CIS among professional responders have mostly focused on the work of doctors and nurses in
hospital emergency departments (Karunakaran et al., 2013; Reddy et al., 2009).

Triggers of Information Seeking

Information seeking is triggered by events that arise in work contexts. Whereas individual information seeking
(11S) is triggered by a lack of information, studies observe that IS shifts to CIS when people encounter the
following triggers (Reddy et al., 2008):

e Complex, time-critical information needs that require people to gather multiple information objects in
short periods of time.

o Lack of domain expertise that requires people to seek information from other actors within or outside an
organization.

e Lack of accessible information that requires people to work together to locate and access sources of
needed information.

o Fragmented information that require people to work together to seek information from multiple,
distributed systems and disconnected datasets.

These “triggers” characterize actors’ information needs, capabilities, and environments, and, at a high level, define
the situations in which CIS is required to accomplish work objectives.

Although there exists a “wide variety of triggers depending on the domain and context” (Reddy et al., 2008),
triggers of CIS have not been examined in emergency communications work during mass emergencies. Prior
studies focus on the IS of call takers who follow question-and-answer scripts to gather information from 911
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callers. For example, research investigates characteristics of 911 caller behavior that can indicate deception, such
as when a person makes a false police report (Miller et al., 2020), or health conditions, such as the onset of a
stroke, that require an emergency medical response (Buck et al., 2009). Identifying these triggers for 1IS can
improve the procedures and decision-support systems that help call takers efficiently gather information from
callers or supplemental sources that can improve emergency response outcomes (Spangler et al., 2020). However,
as PSAPs adopt new systems and new personnel (i.e., communications specialists) to use these systems, it is
necessary to understand the needs, capabilities, and environments that trigger call takers, dispatchers, and
communications specialists to work together to seek information during an emergency, and the requirements for
systems that can support team-based emergency communications work.

Tasks of Information Seeking

Like triggers, information seeking tasks are intrinsic to work practices and vary widely depending on the work
domain and context. In general, Karunakaran et al. (2013) understand CIS as consisting of search, retrieval, and
sharing tasks, where “search” is often understood as a low-level task in comparison to the high-level activity of
information seeking (Wilson, 2000). However, concepts of search emerge in various literatures that offer insight
into the information seeking tasks of emergency communications work.

First, frameworks of information seeking distinguish between what we will refer to as broad and deep searches.
A broad search gathers diverse information required to refine a general need by expanding the scope of relevant
sources and information. Examples of broad search tasks appear in studies that examine information workers’
(scientists, engineers, analysts, etc.) practices of surveying (e.g., identifying key people in a field), chaining (e.g.,
following chains of citations) and browsing (e.g., scanning abstracts or tables of contents) (Ellis & Haugan, 1997).

In contrast, a deep search gathers precise or high-quality information required to address a specific need by
narrowing the scope of relevant sources and information. Rather than browsing, deep searches find actors using
well-defined search queries to filter results and retrieve specific information (objects) (Ellis & Haugan, 1997).
Importantly, actors” understanding of the information need changes across the information seeking process, such
that broad, “exploratory” searches help refine the scope of relevance for conducting deep or “focused” searches
for information (Kuhlthau, 2004). Simply put, while broad searches help actors refine general questions, deep
searches answer specific questions.

Second, Hertzum and Simonsen (2019) distinguish between search tasks performed be healthcare professionals
in uncertain situations and equivocal or ambiguous situations inside emergency departments. Some search tasks,
such as patient triage, often occur in uncertain situations in which team members seek new information to answer
well-defined questions, i.e., reduce uncertainty. In contrast, in ambiguous situations, such as when diagnosing a
rare disease, teams must first define the situation and information needs by reviewing existing information and
sharing differing interpretations. Consequently, uncertain situations involve forward-looking searches guided by
known questions, whereas ambiguous situations require information gathering that supports sensemaking and
coordination to define questions for subsequent searches (Pirolli & Card, 2005).

Together, these concepts offer insight into the evolving information seeking tasks of emergency communications.
Typically, call taking is highly structured around procedures for uncertain situations: telecommunicators ask 911
callers incident-specific “where”, “what”, and “who” questions and relay their answers to emergency responders
(Kropczynski et al., 2018). However, when a 911 caller fails to provide requested information, communication
specialists using NG911 sources stand to conduct deep searches for missing information that can reduce
uncertainty during an emergency (Grace & Potts, 2022). Additionally, mass emergencies reported by numerous
involved and non-involved 911 callers can create ambiguous situations in which telecommunicators must
determine the nature of the incident so they can then follow procedures for addressing “where,” “what,” and “who”
information needs. Here broad searches across numerous 911 calls and supplemental NG911 sources are likely
necessary to make sense of the emergency so that telecommunicators can refine information needs and perform
(deep) search tasks required during the response.

Teamwork and Information Seeking

In emergency communications, CIS can involve call takers, dispatchers, communications specialists, and first
responders who work together to accomplish (inter-)organizational emergency dispatch and response objectives.
Such work groups or teams have been conceptualized in different ways (Kozlowski & Bell, 2013), but are
commonly understood as consisting of two or more people who perform interdependent tasks in pursuit of a
common goal (Baker et al., 2006). Additionally, studies distinguish between two types of teams: Co-acting groups
involve members who work in parallel and independently to contribute aggregate outputs, while members of
collaborative teams perform interdependent tasks that contribute to synthetic outputs (Hackman & O’Connor,
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2004). Although both accomplish organizational work objectives, they differ in the interdependence and required
coordination of work tasks (i.e., loosely coupled vs tightly coupled) and the nature of their collective outputs.

Factors related to team performance and effectiveness have been frequently studied (Salas & Rosen, 2008),
especially in high-reliability organizations like PSAPs (Baker et al., 2006). These include the knowledge, skills,
and attitudes of team members, as well as factors such as composition, context, and organizational culture that
influence how teams work together (Salas et al., 2015). Related to the triggers of CIS, studies of teamwork
highlight individual cue recognition during situation assessment—information gathering and interpretation that
informs situation awareness—as the precondition for adaptive team performance. That is, teams can change how
they work together if team members recognize and communicate threats to the team’s mission (Burke et al., 2006).
In the following case study, we examine triggers recognized by telecommunicators during a 911 call surge that
led to adaptive team performance.

Research Questions

To address gaps in the literature related to the triggers and tasks of CIS in emergency communications during
mass emergencies, this paper addresses the following research questions:

1. What triggers CIS among telecommunicators during a 911 call surge?

2. What CIS tasks do telecommunicators perform during a 911 call surge?

RESEARCH DESIGN

This paper presents a case study of CIS during a 911 call surge that occurred when a man in Chandler, Arizona
fired an assault rifle at police officers and evaded capture for nearly an hour in March 2020. The paper therefore
follows the research design appropriate for an “in-depth inquiry into a specific and complex phenomenon (the
‘case’), set within its real-world context” (Yin, 2013, p. 321). Below we describe the phenomenon of inquiry or
“case” and describe the methods of data collection and analysis that resulted in the thick description of the
relationship between the case and its context presented in the Results section (Yin, 2013).

Incident Summary

The “case” examined in this case study involves an incident that occurred at approximately 23:45 on March 23,
2020, when a man using an AR-15 rifle began firing into the air outside his apartment building in Chandler,
Arizona, a city southeast of Phoenix (Curtis, 2020). Responding to a surge of 911 calls received by the Chandler
Police Department Emergency Communications Center (hereafter the Chandler PSAP), police officers arrived at
the scene near the intersection of E. Commonwealth Avenue and S. Hamilton Street. The suspect fired on the first
police vehicle that entered the apartment parking lot, striking the passenger-side body and windshield of the
vehicle.

The Chandler PSAP continued to gather reports from 911 callers and dispatch updates to the on-scene incident
commander (IC) who coordinated an air and ground search for the shooter. Unable to quickly locate the suspect
in the dark, the IC directed police officers to establish a perimeter and launch an uncrewed aerial vehicle (UAV).
A police helicopter arrived and, based on reports from 911 callers, located the suspect with its searchlight around
500 meters east from the apartment complex. At approximately 00:45, the suspect surrendered to police after
firing over 100 rounds from two weapons. No one was injured during the incident.

Data Collection and Analysis

In partnership with the Chandler PSAP, we gathered audio data for 911 calls (n=136) and the radio traffic that
occurred between dispatchers and police units over the one-hour period of the incident. These data were
transcribed, anonymized, and call metadata was recorded to describe the call time, approximate caller location,
number of call taker questions and concurrent calls, and information extracted for each call. This research received
institutional review board approval. Overall, the incident generated 136 calls lasting approximately 184 minutes
(avg. = 64.8 seconds per call) during which call takers asked a total of 534 questions (avg. = 3.9 questions per
call) which resulted in dialogues in which 19,883 words were spoken (avg. = 146.2 words per call).

Additionally, we examined and classified the quality and accuracy of information gathered from 911 callers. First,
we classified 911 calls as informative if callers provided any “who” information related to the whereabouts and/or
description of a potential suspect (Kropczynski et al., 2018). Calls were classified as uninformative if callers only
reported hearing shots fired, i.e., “what,” and their location, i.e., “where.” These classifications align with general
call handling standards published by the Association of Public-Safety Communications Officials (APCO, 2018),
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and specific instructions for call handling during shots fired, assault, and active shooter incidents (IAED, 2012).
As we describe in the results, informative (i.e., high quality) calls were rare: most people called 911 to report the
sound of gunshots.

Second, we classified informative 911 calls as accurate if the “who” information reported the whereabouts and/or
description of the correct suspect. Calls were classified as inaccurate if callers reported information about persons
other than the correct suspect. Determining accuracy was possible using the radio communications of first
responders and media reports about the incident (Curtis, 2020). In the former, police officers confirm or deny the
accuracy of 911 information dispatched from the PSAP throughout the emergency response.

RESULTS

The following describes four stages—dispatch, surge, lull, and capture—of CIS performed by responders during
the incident. Across these stages, telecommunicators shifted from working as a co-acting group to a collaborative
team in response to the overload of information from 911 callers. At the same time, telecommunicators worked
together with on-scene ground and aerial units to investigate questionable and imprecise information gathered
from callers.

Dispatch (11:45-11-46 PM)

At approximately 11:45 PM, a call taker in the Chandler PSAP answers the first of 136 calls reporting gunshots
near the intersection of East Commonwealth Avenue and North Hamilton Street:

911, where is your emergency?

Hi, it’s on the crossroads of Commonwealth Avenue and Hamilton Street.
Do you need the police or paramedics there, ma’am?

We heard some shots and there’s a man screaming.

How many shots did you hear?

Uh, probably I heard like 3 to 4.

Ok, you heard 3-4 gunshots and a man screaming?

Yes, there’s a man still screaming. Oh my gosh. He’s nearby, he’s nearby.
He’s near your house?

He’s outside. He'’s outside of our home.

What do you see, ma’am? What do you hear?

He is on Commonwealth Avenue. We are in apartment [#].

Can you tell what he is wearing?

No, no, no, we can’t. It’s right behind us. We hear it really close.

Ok, just stay there. We have a lot of officers on the way...

Telecommunicators work as normal to answer seven more calls over the first minute of the incident. As in most
PSAPs, telecommunicators work as a co-acting group by independently entering gathered information from 911
callers into a Computer-Aided Dispatch (CAD) system which a separate telecommunicator, the dispatcher, then
radios to on-scene first responders.

Also as normal, the PSAP’s call routing system assigns incoming 911 calls reporting gunfire to available
telecommunicators who are responsible for answering each call within 20 seconds and gathering priority “where”
and “what” information for dispatch within 60 seconds (APCO, 2018). To efficiently gather this information,
telecommunicators follow a standardized question-and-answer script which, for reports of gunfire, includes
questions about the description and precise location of the shooter. So, when Call 6 arrives 46 seconds after Call
1, it is routed to another telecommunicator who answers with the same questions:

[Call taker] 911, where is your emergency?
[Caller] Yes, there is a gun shooting outside in my apartment complex.

Where do you live? Where do you live?
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1live at 651 E. Commonwealth Avenue...

Ok, is it in your complex or nearby?

Yes. It is in my complex downstairs.

What unit do you live in?

I live in apartment [#]. It's like at apartment [#], | think.
And you think it’s near apartment [#]?

Yes. I think it’s the guy downstairs... he was banging on one of the cars and he was yelling and cussing
and screaming and banging on the hood of the car like crazy.

Do you know what he looks like?

I’'m not exactly sure. I was asleep and it woke me...
Are you hearing gunshots right now?

Yes.

Does it sound like it’s directly downstairs from you?
Itis. I know where he’s at. He is right downstairs...

Can you tell me anything at all about his description, scruffy hair, beard? Anything? Dark or light
clothing??

He has dark clothing on.
Could you tell if he had a gun in his hand like a handgun? Shotgun?
I didn 't see the gun. | just know he was banging on the car.

Ok, you guys stay as safe as you can. | have more calls coming in, so | have to answer those but call if
you hear anything else or if you know of anyone that gets hurt.

Ok.
Ok, we’ve got help on the way, ok?
Thank you.

Although the details are sparse—male, dark clothing, screaming—this call provides the only eyewitness account
of the suspect out of 136 calls the PSAP will receive over the next hour. In contrast, and in response to the identical
call handling script followed by call takers, most 911 callers provide redundant “where” and “what” information
about the sound of gunfire at the apartment complex at 651 E. Commonwealth Avenue.

The CAD system aggregates incident-related information entered by call takers for the dispatcher to radio to police
units in the area:

Sound of shots heard in the area of Commonwealth and Hamilton... 3-4 shots heard then a male
screaming. RP [reporting party] said they also heard tires screeching after the sound of shots was heard.

Police units in the area acknowledge the dispatch and begin radio communications while en route to the scene.
“In the area and didn’t hear anything,” radios the nearest police officer who, seconds later, confirms “shots fired.
Lots of shots going off.”

After information from Call 6 is entered into CAD, the dispatcher radios police officers the update:

We have somebody in unit [#] at 651 E..Commonwealth Ave. stating she thinks someone is near unit [#]
shooting. This RP is positive. We have someone who is banging on a door near unit [#] prior to hearing
the gunshots.

The first police car that enters the apartment complex comes under fire: “We’re getting shot at, someone from the
south just hit the vehicle.” The dispatcher immediately drops a tone over the radio to report shots fired and multiple
police units begin converging on the apartment complex, including the officer who assumes command of the
response. The incident commander (IC) instructs arriving officers to put on helmets and body armor and, via the
dispatcher, requests ground and aerial units, including a Phoenix Police Department helicopter and UAV that will
launch from a patrol car near the scene.

After the first minute of the incident, telecommunicators in the PSAP have gathered redundant “where” and
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“what” information from Calls 1-8, and the above “who” details from Call 6 (Figure 1). With police units at the
apartment complex under fire and establishing a perimeter around the block, telecommunicators urgently need to
identify and locate the shooter.
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Figure 1. Information gathered from 911 calls received by the PSAP during the incident.
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Surge (11:46-11:55 PM)

Over the next nine minutes, 66 incoming 911 calls overwhelm telecommunicators at the Chandler PSAP and
overflow to PSAPs in the neighboring cities of Mesa and Phoenix. Inundated by callers reporting only the sound
of gunfire (Figure 2), telecommunicators begin working as a collaborative team to efficiently gather reports from
people who can see the shooter or possible victims. To do so, telecommunicators monitor CAD for information
already gathered by telecommunicators working in the PSAP and adapt the call handling script to prioritize
questions that address police officers’ remaining information needs: the location and description of the suspect.

While continuing to answer calls on a first come, first served basis, call takers now immediately ask 911 callers
if they can see the shooter. Call 15, answered at 11:47 PM, is illustrative:

911, where is your emergency?

Yes, there is, | believe, like twenty gunshots coming from around Folley Park off of Arizona [Avenue].
Commonwealth and Hamilton?

Yeah.

Ok, do you see anything ma’am or are you only hearing it?

No, I am hearing it and it’s gunshots.

Ok, we are already there. Thank you so much.

Alright, thank you.

When a telecommunicator adapts the call handling script in response to information gathered by another call taker,
work inside the PSAP shifts from independent tasks performed by individual members of a co-acting group to
interdependent tasks performed among telecommunicators working together as a collaborative team. Although
call takers continue to answer calls on a first-come, first-served basis, seeking information from callers to address
dynamic information needs represents a shift to CIS triggered by the 911 call surge.
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Figure 2. LBE:ations of 911 callers repor?ing the sound of gunfire (blue) and details about the shaoter (green). The
diamond and square represent locations where the suspect started shooting and was captured, respectively.

Around 11:47 PM, three more calls arrive from the apartment complex, each reporting screaming and the sound
of gunfire:
911, where is your emergency?
I am in Chandler.
Where do you live?
651 E. Commonwealth...
We have lots of help in the area, what are you hearing or seeing?
I don’t know. I don’t know what that is.
Ok, that is gunshots, ma’am. What apartment are you in?
Apartment [#].
Ok, is everyone accounted for in your apartment?

Yes. | cracked the door a little bit because | heard some screaming and then | heard a gunshot and then
1 kept the door shut...

These are promptly dispatched as they are entered into CAD: “We had several people saying it was 651 E.
Commonwealth... Unit [#]... Confirms suspect is reported in the southwest corner.” However, as the dispatcher
reiterates, “No one has a visual [description of the shooter].”

The IC directs the newly arrived UAV unit to launch and surveil the southwest corner of the apartment complex.
“Drone is up. I’'m over the target location,” radios the UAV pilot, “Nothing seen so far.” The helicopter also
arrives and illuminates the rooftop of the apartment buildings as “He may have an elevated position.” These
searches fail to locate the suspect: “We are not seeing anything on the roof or the air conditioning,” radios the
helicopter observer. “I do have the windows on the second level but I'm not seeing any movement or heat
signatures there.” After ten minutes, the PSAP has now processed 74 calls, of which only 8 callers (11%) have
provided any suspect information, and none have led to a confirmed description and location of the suspect.

Lull (11:55 PM-12:20 AM)
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For a few seconds around 11:56 PM, call takers are no longer speaking with 911 callers for the first time since the
start of the incident (Figure 1). The decrease in 911 call volume corresponds with a pause in gunfire. “There is a
lull now,” radios an officer north of the apartment complex, “No one has a visual.” During this period, the
Chandler PSAP receives fewer 911 calls (n=35) than during the preceding 10 minutes. However, while these calls
are more informative, 23% (n=8) report locations of possible suspects, they are also less accurate. None of the
911 calls over the next 25 minutes lead to the suspects’ identification or capture.

Since arriving on scene, the IC has been triaging ground and aerial search tasks based on the perceived accuracy
of 911 callers’ reports. Hearing the dispatch for Call 40, “[#] E. Commonwealth residents advising that someone
is in their backyard... Someone might be in the shed,” the IC sends two ground units to contain the residence and
“work on a plan to clear it.” With the helicopter now over the apartment complex, the IC also instructs the UAV
pilot to move to the residence and support the search of the backyard. However, when the dispatch arrives for Call
59, “We also had a worker at [#] E. Fry and Hidalgo [Roads] hearing noises at his property.” The IC declines to
send units to the area. “Okay, Hidalgo is a little far away.”

Around 11:57 PM, the IC begins receiving dispatches of new suspect locations reported by 911 callers (Table 1).
The dispatches describe multiple suspects with different descriptions at imprecise locations. Call 97, for example,
suggests the suspect is somewhere inside an 18-building apartment complex on South Elizabeth Way. As
searching these locations requires allocating limited on-scene units, the 1C continues to triage search tasks based
on sparse details such as the time (i.e., latency) and location of the report, or indicators such as the sight of a
weapon. However, despite searching multiple locations, responders fail to find the shooter during the lull in
gunfire.

Time Dispatcher Incident Commander

11:57 PM  We have an RP at [#] E. Erie 64 hearing footsteps ~ Still a little far away. Our officers are on scene
on the roof of trailer. (Call 81) where they are receiving fire.

12:00 AM  Male riding north on Exeter and believes he What was the time delay on that? That’s gonna be
might be holding a weapon. (Call 92) outside the perimeter where we are at... I don’t

think that’s gonna be the guy.

12:05 AM  We’re receiving a report from [#] North Naco 2Paull7, your GPS is showing you’re on
Way, someone pounding on the door there, not McQueen, can you go over to that Naco
expecting someone and can’t see who is outside. address... 3Paull7, can you go over to the Naco
(Call 95) address with 2Paull17.

12:08 AM  We have someone calling in now from Building If we have any non-essential personnel, | need
[#], [#] S. Elizabeth Way, saying a man jumped them to move the perimeter to Fry and Kingston.
the wall wearing black clothing and glasses. (Call Can we have the air unit check 250 S. Elizabeth
97) Way... It’s an entire complex you’re lighting up

right now.”

12:13 AM  Same time as the lady from [#] S. Elizabeth Way, Copy. 3Sam18, you’re in that neighborhood, do
we had another caller saying a Hispanic male, you have eyes on anything running through [#] S.
dark blue shirt, tan shorts, black shoes running Hamilton?
southbound past [#] S. Hamilton near Unit [#].

(Call 101)

12:14 AM  We have a homeowner at [#] S. Robbin stating Copy. 2Paul5, the suspect running southbound on
that a subject ran past their home eastbound on Robbin toward Butler, he should come towards
Butler but couldn’t provide a description. (Call you if you can keep eyes up Kingston.

104)
12:14 AM  We also had a worker at [#] E. Fry at Old Castle Copy. [IC does not direct units to search the

hearing noises at his property about 10 minutes
ago. (Call 105)

property].

Table 1. Radio communications from the dispatcher and incident commander (11:55 PM-12:20 AM)

Capture (12:20-12:45 AM)

The Chandler PSAP processes 27 more calls during the final 25 minutes of the incident. Of these calls, 10 (37%)
are informative and 5 (19%) report accurate, albeit coarse-grained, locations of the suspect. Continuing to operate
as a collaborative team, telecommunicators work together to identify the suspect’s location from a second surge
of 911 calls that allows the helicopter unit to investigate a location half a kilometer east of the apartment complex.
Near 12:30 AM, the helicopter observer spots the suspect in an empty field southwest of the intersection of E.
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Commonwealth Avenue and McQueen Road, and guides ground units to the location where they take the suspect
into custody.

Around 12:21 PM, a new surge in 911 calls reports more gunfire, this time along the unpaved stretch of E.
Commonwealth Avenue that forms an alley behind the row of homes that stretch past the Commonwealth Avenue
apartment complex to McQueen Road. Working together, call takers continue to follow the modified call handling
script to search for the suspect’s location:

Call taker: 911, where is your emergency?

Caller: There’s gunshots happening right behind my house

Is it right at this minute or a little while ago?

Nope, right at this minute.

What is your address?

[#] East Boston Street. | have a huge empty field right behind my house.

[#] East Boston Street and Chandler? And how many did you say you heard?

I just heard six [gunshots] and there goes two more. There [gunshots in the background] —they keep
coming. | hear the helicopter.

Don’t go outside. Did you see anything other than just hearing it?
1 didn’t see anything. I mean I'm nine-months pregnant, so I'm hunkered down on the floor.

Ok, we just want everyone to be safe. We have officers that are still in the area. We are getting more
reports of it as well.

Ok.
Ok, Thank you. Bye-bye. (Call 112; 12:24 AM)

This call is followed by three more calls also reporting renewed shooting "on Commonwealth in the back alley"
(Call 118; 12:25 AM). Although this small surge in 911 calls provides coarse-grained location information, the
multiple reports of active gunfire offer the most reliable information since the initial calls reporting the outbreak
of shooting at the apartment complex.

As the IC receives these dispatches, units at the intersection of E. Commonwealth Place and McQueen Road also
report shots fired near their location. The IC directs the helicopter crew to search this location and the observer
spots the suspect “under the power lines just east of McQueen.” Providing a series of instructions to nearby ground
units, the observer helps them navigate to the location where they identify and take the suspect into custody. The
incident has lasted nearly an hour and ends without casualties.

DISCUSSION

This case study describes collaborative information seeking (CIS) among telecommunicators and first responders
during a surge of 911 calls received by a PSAP outside of Phoenix, Arizona. In view of the adoption of NG911
technologies that allow PSAPs to gather information from diverse sensor systems (Grace, 2021; Grace & Potts,
2022), the findings suggest that mass emergencies require telecommunicators and first responders to work as
collaborative teams to perform broad and deep searches within complex information environments.

The findings of the case study compare with prior studies that find that CIS begins with triggers related to complex,
time-critical information needs and the capabilities of teams performing information seeking tasks (Karunakaran
etal., 2013; Reddy et al., 2008). Regarding the latter, the case study highlights the inaccessibility of supplemental
NG911 sources among telecommunicators limited to answering 911 calls who, as a result, needed to collaborate
with on-scene ground and aerial units to investigate tips reported by 911 callers.

However, in addition to these needs and capabilities, the case study identifies triggers of CIS that characterize the
complex information environments:

o Information overload: Telecommunicators needed to work together to efficiently process the volume,
velocity, and variety of incoming 911 calls.

e Fragmented information: Telecommunicators and first responders worked together to gather relevant
information from numerous sources, including 911 callers and UAV and helicopter cameras.
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e Questionable information: Telecommunicators needed to work with on-scene units to verify inconsistent
and unconfirmed 911 caller reports of suspect locations.

e Imprecise information: Telecommunicators needed to work with on-scene units to locate the suspect
within course-grained areas reported by 911 callers.

Given the needs and capabilities of responders, these triggers caused a shift from 1IS to CIS among
telecommunicators and first responders who began performing interdependent broad and deep search tasks.

Unsure of the description or location of the shooter(s), telecommunicators worked together to conduct a broad
search for information that would reduce uncertainty in the situation. Whereas telecommunicators typically work
as a co-acting group by performing independent search tasks (i.e., call taking), the call surge saw
telecommunicators work as a collaborative team to improve the efficiency of the broad search required to identify
the 25 (18%) of 136 callers who could help identify and locate the shooter. Telecommunicators collaborated by
modifying their call taking scripts based on “where” and “what” information already gathered by other
telecommunicators, to focus on “who” questions that could quickly determine whether subsequent callers saw the
shooter or only heard the sound of gunfire. From these 25 callers, telecommunicators identified 15 suspect
locations that reduced uncertainty by helping the Incident Commander (I1C) to refine information needs: a set of
locations that needed to be searched to identify the suspect.

To conduct deep searches to investigate these locations, telecommunicators identified and dispatched 15 suspect
locations to the IC who, limited by time constraints and available assets, triaged, and assigned eight search tasks
to on-scene patrol, UAV, and helicopter units. Seven of the follow-up searches failed to locate the suspect, but
one saw the helicopter crew locate the shooter and direct ground units to his precise location. Over the hour-long
response, telecommunicators and first responders worked as a collaborative team to conduct deep searches that
reduced ambiguity by verifying caller’s reports and acquiring precise information needed to apprehend the
suspect.

Requirements for CIS and Command and Control

The case study shows that CIS in the Chandler PSAP, like most PSAPs in the United States, was limited to
gathering information from 911 callers. At the time of the incident, the PSAP could not seek information from
multiple, heterogenous sources now accessible through NG911 technologies. Consequently, the case study
suggests requirements for supporting CIS and command and control in PSAPs across the US and Europe that are
now incorporating NG911/112 systems within their operations (Lumbreras, 2022).

Support broad and deep searches across multiple, heterogenous sources

The adoption of NG911 technologies allows PSAPs to seek information from multiple, heterogenous sources,
including traffic and building cameras, gunshot detectors and other sensors, various databases, and open sources
such as social media (Grace, 2021; Grace & Potts, 2021). This case study suggests that conducting broad and deep
searches across these sources will also require new coordination mechanisms that support CIS among
telecommunicators.

First, the case study suggests opportunities for dynamic call-handling protocols that telecommunicators adapt to
address evolving information needs. When one telecommunicator gathers information satisfying a need (i.e.,
“what”), other telecommunicators can question callers to efficiently address remaining needs (i.e., “who). In
addition to changes in organizational procedures that allow for task-self assignment (Zhang & Sarcevic, 2018),
decision-support systems such as ProQA—software that guides call takers through questions-and-answer
scripts—can support CIS by building dynamic protocols that help telecommunicators focus on time-critical
information needs during mass emergencies.

Second, Al applications can support telecommunicators using NG911 tools (e.g., communications specialists) to
search multiple sources to address broad, unrefined information needs. For instance, to identify the location of an
unknown suspect, telecommunicators might search video data from area cameras for the presence of a “weapon,”
“shooting,” or other semantic queries that can retrieve relevant instances over a specified time interval. Similarly,
to identify the location of a specific suspect, telecommunicators might search the same video data for persons
matching a description reported by a 911 caller. Future work in this direction, such as conducted in the beAWARE
project (Schenk, 2019), can provide PSAPs with capabilities to conduct broad and deep searches for information
across multiple NG911 sources during emergencies.

Coordinate and triage search tasks within emergency response systems
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The case study also highlights the need to coordinate search tasks among intra- and inter-organizational teams of
responders. Again, the adoption of NG911 technologies stands to emphasize this need as it creates opportunities
for telecommunicators and first responders to perform interdependent broad and deep search tasks during an
emergency response. In particular, the case study suggests that triaging information seeking tasks is critical for
the effective coordination of information seeking within and across teams of responders.

First, PSAPs might triage 911 calls by routing calls originating from locations near an incident to the primary
PSAP while routing calls from remote locations to PSAPs with lower call volumes. When a mass emergency
generates a 911 call surge, the first-come, first-served call routing model results in calls overflowing from one
PSAP to another. In these situations, 911 calls might be temporarily triaged by routing calls relevant to the
emergency to the responsible PSAP, while routing all other calls to neighboring PSAPs. Relevance might be
predicted by call location: the case study shows that callers who reported suspect-related information were
geographically proximate to the site of the incident (Figure 2). Temporarily routing 911 calls based on proximity
would allow one PSAP to concentrate on the emergency response while neighboring PSAPs process simultaneous,
but unrelated, calls for service.

Second, the case study suggests the challenge of coordinating deep search tasks among telecommunicators inside
a PSAP and first responders at the scene of an emergency. This coordination may take several forms based on the
roles defined for telecommunicators. PSAPs can make communications specialists responsible for using NG911
technologies to gather supplemental information alongside call takers and dispatchers or ask call takers to use
these tools when 911 callers fail to provide requested information. In either case, however, triaging time-critical
search tasks among telecommunicators will become necessary when a surge of 911 callers report numerous
unverified and imprecise events, suspects, or victims.

Lastly, the case study suggests the challenge of coordinating inter-organizational search tasks among
telecommunicators and first responders. In the case study, the IC prioritized locations reported by 911 callers for
search by ground and aerial units. As NG911 technologies will allow PSAPs to support on-scene responders by
monitoring areas using camera systems or searching for personal identifying information using various databases
and open sources (Grace & Potts, 2022), an IC will have more capabilities but also greater demands for
coordinating search tasks among telecommunicators and on-scene responders.

In this regard, exercises can help train teams of responders to perform and coordinate broad and deep search tasks.
These exercises also provide opportunity to deploy and evaluate various material and immaterial coordination
mechanisms supporting CIS (Zhang & Sarcevic, 2018), including common operational picture tools such as CAD
that can help telecommunicators and ICs triage broad and deep search tasks (Borglund, 2017). Such exercises
require careful logistical and operational planning and should leverage frameworks for evaluating performance
and reporting recommendations that promote organizational learning (Nordstrom & Johansson, 2019). However,
future work is required to define key performance indicators and other evaluation criteria for assessing the breadth,
depth, and completeness of information collaboratively gathered by cross-functional teams of responders working
with remote sensor systems such as UAVS.

CONCLUSION

This case study examines CIS during a 911 call surge generated when a man fired an assault rifle at police officers
and evaded capture over a one-hour period. Overwhelmed by questionable and imprecise reports from 911 callers,
telecommunicators and on-scene responders conducted broad and deep searches to locate the shooter. While broad
searches improved the scope of information gathering by identifying multiple, albeit questionable and imprecise,
reports of the suspect’s location, deep searches improved the quality of information gathering by investigating
911 callers’ reports using UAV, helicopter, and patrol units. These findings suggest requirements for supporting
CIS in PSAPs that are incorporating NG911 systems within their operations.
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