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Abstract

The introduction of innovative information technol-
ogies is frequently pursued to improve the on-site deci-
sion-making and hence the effectiveness of emergency
response processes. Yet, the practical potential of inno-
vative firefighter information technologies hardly has
been investigated so far. In this paper, we present the
results of a study, in which we interviewed 21 members
of German fire departments about the potential of emer-
gency response information systems and drones. The re-
sults suggest that firefighters find both technologies to
deliver potential improvements. They also pointed to
several possible drawbacks and critical requirements,
however. The results of our study do not only provide a
multifaceted overview of the potential benefits and risks
that ought to be taken into account when introducing
emergency response information systems or drones for
firefighters. They also call for a systematic investigation
of the practical potential of firefighter information tech-
nologies in general.

1. Introduction

As a result of the ongoing rapid technological pro-
gress, several innovative information technologies have
been suggested to better support the emergency re-
sponse operations of firefighters. Emerging technolo-
gies such as drones, robots, smart clothing, or indoor
navigation approaches are supposed to support context-
dependent on-site decisions with new sources of real-
time information and hence bear a significant potential
to change traditional emergency response processes.
Both in scientific and practitioner literature, it is often
assumed that the adoption and use of such technologies
will increase the efficacy of emergency responses.

However, the adoption and use of new information
technologies also introduce additional complexities for
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the firefighters who operate and maintain them on site.
Any gain in functionality will thus have to be weighed
against the additional overload or restrictions that arise
for the users. Despite this challenge, the acceptance of
innovative information technologies for firefighters has
hardly been in the focus of research so far. As many of
the proposed technologies moreover are not yet wide-
spread in practice, little is known about their definite po-
tential to support the on-site decision making and to in-
crease the efficacy of emergency responses.

With the study presented in this paper, we intend to
gain insights into the practical potential of innovative
firefighter information technologies (FITs). To narrow
its scope, we decided to examine the practical potential
of unmanned aerial vehicles (UAVS, or drones) and
emergency response information systems (ERIS), which
are currently discussed in literature as two innovative
FITs. In particular, we address the following research
questions: “What is the practical potential of innovative
firefighter technologies? Which factors increase or limit
their potential in practice?”

To examine both research questions, we adopted a
qualitative, interview-based research design. Such a de-
sign allows us to gain rich insights into the context and
the reasons behind the results. Following this goal, we
interviewed 21 members of German fire departments
(FDs) about the potential of UAVs and ERIS. In an ex-
ploratory manner, we interpreted the results and derived
conclusions regarding the factors that increase or limit
the potential of the examined FITs in practice. Note that
we did not specifically examine the potential of the two
FITs to support extraordinary scenarios such as major
disasters, but analyzed their ability to support the prac-
tices of firefighters in general. In so doing, we gained
broader insights and were also able to study the potential
of the FITs to support the daily routines of firefighters.

The findings of our research contribute to explaining
the practical potential of emerging FITs. Emergency re-
sponse processes have specific characteristics regarding
time, effort, and complexity. If such characteristics are
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not identified and taken into account from the begin-
ning, FITs run a risk of missing the needs of the users.
In this context, the results of our study can provide an
initial step to develop specific theories that explain the
adoption of FITs. We proceed as follows: in section 2,
we discuss the background and related work. In section
3, we describe our research approach in detail. The re-
sults of our study are presented and discussed in section
4. We conclude by summarizing key findings and giving
an outlook on future research in section 5.

2. Background and Related Work

During the response to an emergency, firefighters
make time-critical, context-dependent decisions on site.
Their quality depends on the commanders’ situation
awareness [1]. The availability of information hence is
one of the major determinants of a successful operation
[2, 3]. Typically, however, commanders only have lim-
ited information about the status of casualties, the con-
ditions inside a burning house, the status of responding
units, etc. Consequently, decisions often have to be
made with a high level of uncertainty and risk. To im-
prove the situation awareness of firefighters, several
new FITs have been proposed in academia and practice.

2.1 Information Technologies for Firefighters

To get an overview of novel FITs, we reviewed the
literature following Webster’s and Watson’s [4] guide-
lines. We queried several databases including Google
Scholar, AIS Library, IEEE Xplore, and the ACM Dig-
ital Library using keywords such as “firefighter”, “fire
brigade”, “fire department”, or “firemen” together with
“information system”, “information technology”, or
specific keywords like “UAV”. We inspected the titles
and abstracts of the resulting articles to eliminate irrele-
vant results. The remaining articles were analyzed using
a narrative review method [5]. We also conducted back-
ward and forward searches. Note that we did not include
articles in practitioner outlets as they lack scientific ri-
gor and rather provide anecdotal evidence.

The results of our review show that considerable
work in the field is devoted to the analysis of and the
response to large-scale disasters [6-11]. In recent years,
especially social media and the inclusion of citizens into
the response process were discussed [12-15]. Such ap-
proaches concentrate on the use of technologies in the
specific event of major disasters, though. In contrast, we
examine the use of FITs in general and hence also focus
on their ability to facilitate the daily work of firefighters.

There also exist articles that treat FITs to support
daily routines [16-20]. These articles typically concen-
trate on introducing specific FITs, however. In addition,

they are typically technology-driven in nature. This
means that they focus on proposing new technologies
and discussing their theoretical potential based on their
features. Usually, they do not examine how firefighters
perceive such innovative technologies in practice. Liter-
ature on situation awareness shows that, in general, the
introduction of additional information technologies
might be beneficial. It also provides indications that the
situation awareness can be hampered due to additional
complexities and other disadvantages, though [21, 22].

Despite the unclear effects of novel FITs, we found
only one article that analyzes their potential and specif-
ically studies their perception in practice. In this article,
six types of emerging FITs were identified [23]: digital
plans/guides, ERIS, UAVs, unmanned ground vehicles,
intelligent protective clothing, and indoor positioning.
In a survey with over 900 responses, many of these tech-
nologies received a feedback that was contrary to the
expectations in literature. Moreover, the perception of
some technologies varied considerably indicating that
their use in practice might be dependent on specific fac-
tors. Due to the quantitative nature of the study, the au-
thors could not definitely identify reasons for the vary-
ing perception so that the results remained “controver-
sial” [23]. This was especially true for drones, which re-
ceived a surprisingly negative feedback. Their dissemi-
nation in practice was found to be limited, too. ERIS, on
the other hand, seemed to be more widespread in prac-
tice. Comparatively, they were also seen more positive
but nevertheless found to be too complex for smaller de-
partments. We hence decided to concentrate on these
two rather unexpectedly assessed technologies to evalu-
ate and identify possible causes for the perceptions.

2.2 Emergency Response Information Systems

ERIS aim at improving the coordination of emer-
gency responses by providing a platform to gather and
share relevant information on site (Figure 1). There are
several types of ERIS being proposed in literature and
practice. They differ in functionality and complexity.

board.net/en/fireboard/
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The different types of ERIS particularly vary with
respect to the way they obtain and utilize real-time data
from the site. The functionality of basic ERIS is limited
to the processing and presentation of information. The
input of information usually is done manually [24]. This
means that firefighters must feed the system with infor-
mation during a response to benefit from its use. Many
ERIS provided in practice can be assigned to this cate-
gory [25, 26]. Apart from such comparatively simple
systems, there also exist ERIS that capture real-time in-
formation using sensor networks [3, 27-31]. The cap-
tured information typically comprises the position of de-
ployed units, tank levels of engines, outside tempera-
ture, wind direction etc. A third category of ERIS fur-
thermore introduces decision support functionality [32,
33]. Those systems do not only present information to
users. They also calculate and suggest possible deci-
sions or commands based on the available information.

2.3 Unmanned Aerial Vehicles

To facilitate the exploration of an emergency site,
literature frequently emphasizes the potential of UAVS.
Both in academia and practice, various types of drones
have been proposed to support firefighters (Figure 2).

Figure 2. UAVs “TUB-H" [34] and “Phantom
3", cf. http://www.dji.com/phantom-3-pro

First, UAVs can be categorized by the tasks they are
supposed to execute. A main application area for UAVs
is the surveillance of the emergency site. Drones can,
for instance, be used to detect and observe forest fires
[35-39]. However, they can also be used for general re-
connaissance tasks, which are required in any type of
emergency operation [40, 41]. UAVs are also suggested
to improve the on-site communication, for instance by
establishing ad-hoc radio communication networks or
increasing the range of existing ones [42, 43]. Drones
can furthermore help during incidents with hazardous
materials [44]. To measure the concentration of poison-
ous substances in the air, they are supposed to be more
suitable than common on-ground measuring tools. An-
other task that is supposed to be supported is the search
of victims or injured firefighters [34]. All in all, UAVs
shall increase the commander’s situation awareness.

UAVSs can also be distinguished by their size and
type of construction. In literature, rather small drones

are supposed to be most suitable for FDs. They are typ-
ically designed as quad-, hexa-, or octocopters [44, 45].
Miniature helicopters are proposed as well [34, 37, 40].
In contrast, large drones - as used by the military - are
proposed for specific tasks only. These types of UAVs
resemble small planes [35]. A detailed categorization of
drones based on their size can be found in literature [46].
UAVs also differ with respect to the way they are
controlled by the user. On the one hand, there exist re-
motely controlled devices [36, 40]. They are piloted by
an operator, who must either keep them in his/her sight
or steer them by video transmission. On the other hand,
autonomous UAVs have been suggested [37, 41, 44].
Such devices are for example assigned to a certain spot
or area. A suitable route for reaching or covering this
area is then computed and followed automatically.
Lastly, the number of drones deployed can be distin-
guished. Often, a single UAYV is used [34, 36, 40], which
can only provide information from a single point of view
at any time. Other approaches require the deployment of
multiple UAVSs, so-called swarms [37, 39, 41, 44]. They
can provide information from multiple locations within
an area and are supposed to be especially suitable to sur-
veil large areas or the spreading of poisonous gases.

3. Research Method

In new and emerging fields where little is known
about the object of investigation, literature recommends
employing qualitative research designs [47]. As shown
in section 2, FITs mainly have been investigated from a
technology rather than from a user perspective so far.
Since little research exists that examines how FITs are
perceived by their users, we decided to adopt an explor-
atory, qualitative research design. Doing so allowed us
to gather in-depth insights into the perceived potential
of the technologies. This research design also allowed
us to gain an understanding of the reasons behind the
perceptions. As emerging technologies are continuously
adjusted and redeveloped, the reasons behind the per-
ceptions of users are of practical interest as well and
hence build an essential part of our research endeavor.
Since emerging technologies furthermore often exist in
different instantiations and not all participants might
have the same understanding of a technology, we used
the direct contact to the experts to make sure that they
had a common understanding of the subject matter.

We decided to conduct semi-structured face-to-face
interviews as they are considered the superior data col-
lection technique for qualitative study designs [48]. Fol-
lowing a common, standardized interview guideline,
semi-structured interviews shall ensure comparable re-
sults. But as the interviewer can adjust questions or ask
for explanations if necessary, this interviewing form
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provides a greater breadth of results than rigorously
structured interviews. Our interview guideline consisted
of three parts. First, we asked for demographic infor-
mation to gain insights into the interviewee’s back-
ground and the FD. For instance, we asked for the num-
ber of firefighters working in the FD, the number of op-
erations in one year, and the interviewee’s qualifica-
tions. In the second part, we introduced the FITs to en-
sure common understanding. Afterward, we asked how
the participants perceive the potential of the technolo-
gies. To identify positive and negative factors that influ-
ence the acceptance, we asked for perceived advantages,
disadvantages and properties of the FITs affecting com-
plexity. Also, we asked which requirements the FITs
need to fulfill to be usable. During the third part, open
questions were asked. For example, we wanted to know
which technologies were already in use or intended to
be introduced. Altogether, the interviews closely fol-
lowed the guidelines given by Myers and Newman [49].
All interviewees were experts in the field. Generally,
literature defines an expert as someone with privileged
knowledge about the subject matter [50]. Regarding our
research endeavor, an expert is someone who not only
knows about the examined FITs but also has an exten-
sive background in the way firefighters work and use
such technologies on site. As experts typically are able
to provide profound insights regarding the subject mat-
ter, their number can be rather low as long as they are
selected carefully [50]. We decided to interview experts
from the strategic, tactical, and operational command
level of different FDs. The strategic command level con-
sists of (assistant) fire chiefs responsible for principal
matters and leading large-scale responses. The tactical
command level is made of platoon leaders typically act-
ing as incident commanders. The operational command
level consists of squad leaders enforcing activities on
site. In the role of command assistants, they will also be
the ones to use the two examined technologies. With our
strategy, we could hence gather perceptions from multi-
ple perspectives and enhance the validity of the results.
In total, we interviewed 21 firefighters that were nomi-
nated as experts according to the above-mentioned cri-
teria by their FDs and had profound field experiences.
The interviews were conducted in seven FDs distributed
across Germany: two plant FDs, two professional FDs,
and three voluntary FDs. They consisted of 70 to 900
firefighters and had 200 to 25.000 operations a year.
The gathered interview statements were analyzed for
positive and negative perceptions as well as technology
requirements. First, we used open coding techniques to
identify recurrent statements that we grouped into top-
ics. We then used in-vivo codes to name each topic with
the denomination predominantly used by the experts. In
so doing, we identified several factors that seem to de-
termine the practical potential of ERIS and UAVs.

4. Results and Discussion

For each of the technologies, we describe the posi-
tive and negative factors as well as the existing require-
ments that have been emphasized by the interviewees.
Aspects that have been mentioned by at least 33% of the
participants are discussed in detail. To refer to individ-
ual interviewees, we numbered them consecutively.

4.1 Emergency Response Information Systems

Regarding the practical potential of ERIS, we iden-
tified seven positive, one neutral, 13 negative factors,
and eight general requirements (cf. Table 1).

Table 1. Assessment of ERIS

Factor n %
Informational advantage 14 67
Increased capacity / documentation 8 38

Q | Time advantage 8 38
% Accuracy 7 33
& | Load removal from radio 4 19
Compactness 2 10
Structuring 2 10
Neut. | Flexibility 6 29
Decision-making complexity 11 52
Costs 11 52

Loss of competences 10 48
Resistance to change 9 43
Training effort 8 38

£ | Lack of expressive power 7 33
§ Information overload 7 33
2 | Personnel effort 6 29
Limited range of application 3 14
Maintenance / updating effort 3 14
Organizational effort 3 14

Less communication 2 10
Weight 1 5
Intelligibility 18 86

2 Simplicity 17 81
S | Reliability 12 57
£ | Robustness 7 33
§ Legal issues / privacy 5 24
§ Time restriction 5 24
Flexibility 4 19

Long lifespans in FDs 2 10

Positive. 67% of the experts found that ERIS offer
an informational advantage: “A real benefit [...] will be
reached once | have an electronic situation report that
includes as much information as possible from systems
that exist anyway. [...] Of course, you could extend this
with sensor networks or decision support systems” (20).
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The automatic gathering of information using sensors is
also seen positively: “Being able to see who is where at
what point of time is an excellent basis to get an over-
view of an operation but also to assess the operation in
case of accidents and to study what didn’t work” (15).

An increased capacity and documentation was found
positive by 38%: “I can document the situation dynam-
ically. With flipcharts, 1 always have the problem of
changing or saving recordings” (3). “This would help
the commander with respect to documentation, which is
becoming ever more important due to legal issues” (7).

A time advantage was attested by 38%: “Such a soft-
ware is a wonderful supplement for a fast, transparent
situation report” (2). Especially for sensor networks, the
“real-time presentation” (20) was stated to be a benefit.

An increased accuracy was seen as advantageous by
33% of the experts: “The huge advantage is that your
situation reports are more accurate. So, | can coordi-
nate or brief my units more accurately, as well” (14).

Negative. While the before-mentioned informa-
tional advantage could facilitate the decision-making,
52% of the experts found that a vast amount of infor-
mation and a documentation of every decision could
also make decision-making more complex: “Too many
moving images in the decision-making room just ham-
per the decision-making” (20). “It documents every-
thing. [...] Afterward, if the district attorney comes to
investigate the cause of something that has gone wrong,
this data can, of course, be inspected and used to inter-
rogate or to hold responsible the decision-maker” (17).
In addition, the potential influence of decision support
systems was seen critically: “There is a danger that one
might rely on things proposed by the system too quickly
and that it is just an automated decision — but not nec-
essarily the right one. [...]. | see that as a danger” (8).

52% of the interviewees mentioned costs as a nega-
tive factor: “That will probably fail due to its cost” (10).
This concern also applies to sensor networks: “Sensor
technology would increase the costs of vehicles and
equipment, which will not prevail, | think” (18).

As a specific problem of decision support systems,
the potential loss of competences was addressed as a
problem by 48%: “For such things, | have my personnel.
My team at the front is supposed to estimate and tell me,
how things are going” (12). Introducing such systems
would mean “a qualitative shift since | already have a
manual assessment by the commander or the people in
charge that would fall away” (19).

Especially for decision support systems, 43% saw
the resistance to change in their departments problem-
atic: “This is a great thing, and you can see the tactical
necessity, also the benefit. But if you have someone say-
ing ‘I don’t want to use that’, then he will not use it. So,
you must convince your team to use the system” (2).

38% of the experts also stated an increasing training
effort: “The ones operating those systems must be
trained and experienced in operating them” (10).

33% also mentioned the lack of expressive power as
a drawback of sensor networks: “Sensors are built for a
certain physical unit. They can capture changes in those
units, but nothing else. They can, for example, not cap-
ture if someone is in stress. So, there is the danger of
getting values that are incomplete or do not necessarily
match the reality” (9). This concern also applies to de-
cision support systems: “There are so many parameters
to be considered. | don’t think that you could supply a
decision support system with all that information. You
will still need people with practical experience to esti-
mate the situation” (2).

According to 33% of the experts, information over-
load is another disadvantage of sensor networks and de-
cision support systems: “If there is a suggestion created
for everything, | will have no time for anything but say-
ing “yes’ or ‘no’ anymore” (10).

Requirements. 86% of the interviewees mentioned
the intelligibility of the displayed information as a re-
quirement: “[The display has to be organized] based on
common knowledge. [...] That is a basic requirement.
[...] The things displayed must look exactly as the things
we had on the blackboard or on paper before” (19). “It
needs to be organized in a way that you can process all
necessary information at a single glance” (1).

81% of the participants emphasized that ERIS must
be simple and intuitively usable: “Concerning the han-
dling, | demand that they are firefighter-proof” (13).
“They have to make use of technology, which is known
by nearly everybody” (4).

57% emphasized reliability as a requirement: “Soft-
ware solutions sometimes [...] don’t work failure-free,
which would be fatal during an operation” (3). “Equip-
ping all firefighters with sensors makes me think of this:
the more technology is built into a car, the more can
break down” (11). “You cannot blindly rely on such sys-
tems. Actually, you always have to act on the assumption
that such a system can crash” (21).

33% of the interview partners also addressed robust-
ness as an essential characteristic. Especially if devices
are to be carried on site, they must withstand outdoor
conditions: “You are not in an office, where everything
is clean. If it is raining, it must still be working” (5).

4.2 Unmanned Aerial Vehicles

Regarding the practical potential of UAVs, we iden-
tified four positive factors, twelve negatives, and eight
general requirements (cf. Table 2).

Positive. All experts found that UAVs can provide
an informational advantage by expanding the command-
ers’ perspective: “We are certainly lacking intelligence
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from above [...]. And that would definitely be benefi-
cial” (2). “I could have a live picture from the distance.
If I send in a firefighter, | can only hear what he reports
[...] and don’t have an overview of my own” (1).

57% of the interviewees stated that drones provide a
time advantage: “I’m probably faster with an UAV”
(17). “Often there are no access points to an object so
that you cannot see much from the ground. If you have
an aerial view or a thermal image from above, you get
a situational overview faster” (7).

38% of the participants emphasized the currentness
of data delivered by UAVs as another positive factor: “I
can capture the current situation with an UAV. And not
only the static situation, but the dynamic situation” (10).
“Commonly, you will use Google maps excerpts which
are one year, two years, perhaps only one day old. But
they don’t express the current situation” (13).

Table 2. Assessment of UAVs

Factor n %
o | Informational advantage 21 100
= | Time advantage 12 57
g Currentness of data 8 38
Safety 4 19
Personnel effort 14 67
Costs 13 62
Limited range of application 12 57
Training effort 12 57
o Ope_zration complexit_y 11 52
= Maintenance / updating effort 10 48
& | Organizational effort 10 48
< | Evaluation effort 4 19
Resistance to change 3 14
Space requirements 2 10
Information overload 2 10
Decision-making complexity 1 5
Robustness 17 81
2 Simplicity 17 81
S | Legal issues / privacy 10 48
g Opgrat_lr_lg time 8 38
'S | Reliability 6 29
§ Range 3 14
Loading capacity 2 10
Time restriction 1 5

Negative. 67% of the experts criticized the person-
nel effort to use UAVS: “If UAVs shall be available an-
ytime, you need several people on every shift who can
operate or fly these things. | see it in our department:
personnel is scarce. [...] The question is who operates
them” (17).

High costs were stated as another negative factor by
62%: “Acquisition costs and operating costs. Operating
adrone in an FD means providing multiple batteries for

switching, which is an expensive part of such a device”
(14). “If 1 wanted to make a safe aircraft out of it, the
thing would become so expensive that you couldn’t use
it for such purposes anymore” (9).

57% of the interviewees mentioned the limited range
of application as a negative aspect: ““I would [...] deploy
it selectively and would not let it take off during tasks
such as fighting room fires [...]. | don’t think that I
would rely on an UAV in those situations™ (10). “How
frequently will such a thing be deployed?” (5).

The high training effort required to operate UAVS is
criticized by 57% of the experts: “If you need people
who operate them — well then there will certainly be an
according training effort” (19). “I find that problematic:
not everyone can do that and you will definitely need
people who have trained it” (14).

52% of the interview partners also mentioned the op-
erational complexity as a problem: “Airspace security
must be considered. Especially in large-scale responses,
where police and rescue helicopters are on the scene as
well” (7). “Having smoke emission, | can easily get into
some blind spots. [...] So, I need to know where to move,
what the wind direction is, and so on” (13).

48% of the interviewees named the maintenance or
updating effort as a drawback: “If they are equipped
with several sensor technologies [...] it will not only be
an expensive, but also a high-maintenance device” (16).

The organizational effort was criticized by 48%:
“You would need to establish a distinct group of people
responsible for it” (1). Especially the deployment of au-
tonomous UAVs is seen critical: “They will need an al-
located air corridor; they will need a license” (8).

Requirements. Robustness was mentioned as a re-
quirement by 81% of the experts, since UAVs would
have to withstand weather and other extreme conditions
in the incident area: “It would have to be able to fly in
the rain [...] and it should be autonomous enough to
compensate wind drifts” (1). “How close can | fly above
a fire source without getting problems with the thermal
lift? These things don’t have much weight, so [...] they
will quickly get problems with thermal lift” (12).

81% stated simplicity as an essential factor since
UAVs have “to be operated easily” (6). In particular, a
certain degree of autonomy was desired: “l want to put
it on the ground, specify the point of the disaster [...]
and the flying altitude [...] and it should automatically
approach the destination and deliver the image” (7).

48% of the experts emphasized that legal issues and
privacy concerns must be solved before introducing
UAVs: “Legally unclear things like how | may use
drones or what’s happening with pictures | randomly
record which may restrict people in their privacy” (8).

38% demanded a long operating time: “Half an hour
at least. If I must patrol a sector once or multiple times,
it must stay in the air for quite some time” (5).
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4.3 Discussion

The interviewees found both FITs to deliver poten-
tial improvements. However, they also pointed to sev-
eral potential drawbacks and constraints, which have to
be fulfilled. All in all, each interview partner stated four
positive factors, eight negative factors, and six require-
ments. We hence observed a rather diverse attitude,
which contradicts unilaterally positive expectations that
are often found in literature. The results rather empha-
size that FITs are indeed delicate artifacts that have to
be designed carefully and with acceptance-related fac-
tors closely kept in mind from the beginning.

In particular, the identified requirements seem to be
critical success factors that ought to be fulfilled during
the design of ERIS or UAVs for firefighters. We sup-
pose that the acceptance of a specific technology can be
significantly facilitated if the design fulfills the identi-
fied requirements. If a design fails to meet the stated re-
quirements, its acceptance might be in jeopardy.

In comparison, it appears that the practical potential
of ERIS is perceived as somewhat more positive than
that of UAVs. Summing up the frequencies of positive
and negative factors, the data contains 45 mentions of
positive factors and 81 mentions of negative factors for
ERIS. For UAVs, the data contains 45 mentions of pos-
itive factors and 94 mentions of negative factors. The
ratio of positive and negative statements hence is
slightly more positive for ERIS. As we cannot quantita-
tively express the relative influence of each factor on the
acceptance, it only provides a first indication, though.

Table 3 shows factors that were mentioned both for
ERIS and UAVs and compares the frequencies of men-
tions. We can conclude that UAVs were primarily seen
as a means to gather information faster. However, they
appear to be also perceived as rather expensive, requir-
ing a high amount of personnel, and being limited in
their range of application. Besides, simplicity, robust-
ness and privacy were found to be important require-
ments that need to be fulfilled by UAVs. ERIS were
found to also deliver an informational advantage. The
added complexity during the decision-making process
and the risk of introducing an information overload were
found to be negative, though. We also found that the re-
sistance to change might be higher for ERIS than for
drones, which primarily support the gathering of data
while ERIS have a direct influence on critical decisions.
Accordingly, reliability and timing constraints were ut-
tered more prominently for ERIS than for UAVSs.

The results of our study corroborate and explain
findings of a quantitative study that was recently con-
ducted to examine the potential and the diffusion of
emerging FITs [23]. That study showed that ERIS were
both more widespread in use and perceived to have a
greater potential to expedite the emergency response

process than UAVs. The results of our study further-
more uncover the reasons behind these perceptions.

We also found indications that the attitude towards
FITs might be influenced by resistance to change, which
was mentioned for both technologies (Table 3). Obvi-
ously, firefighters are consciously reluctant to change
established practices that have proven to be reliable. To
some extent, this might explain why the FITs generally
were viewed rather skeptically and the frequency of
negative factors was higher than that of positive factors.

Altogether, the results indicate that introducing in-
novative FITs is a potentially complex topic. Even as-
pects which are perceived as beneficial at first might ul-
timately result in a drawback. For example, the most fre-
quently stated positive factor of both ERIS and UAVs
was an informational advantage. At the same time, how-
ever, it was feared that this advantage could lead to an
information overload or raise the decision-making com-
plexity. This shows that the design of innovative FITs
requires a high amount of user involvement. A thorough
evaluation by the users appears to be important to ensure
that the technology will indeed support the firefighters
during their work in the aspired way.

Table 3. Comparison of ERIS and UAVs

% %
Feel ERIS UAVs
g Informational advantage 67 100
o | Time advantage 38 57
Costs 52 62
Training effort 38 57
Personnel effort 29 67
£ | Limited range of application 14 57
‘g Maintenance / updating effort 14 48
Z | Organizational effort 14 48
Resistance to change 43 14
Decision-making complexity 52 5
Information overload 33 10
g Simplicity 81 81
"E’ Robustness 33 81
£ | Reliability 57 29
q—% Legal issues / privacy 24 48
X | Time restriction 24 5

4.4 Implications

The provided insights into the potential of ERIS and
UAVs have implications for academia and practice. Re-
garding academia, we provide a multifaceted overview
of the benefits and risks that affect the potential ac-
ceptance of ERIS and UAVSs. Next to that, we also iden-
tified requirements that the surveyed technologies have
to fulfill in order to be usable in a practical setting. From
a theoretical perspective, our results provide an initial
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set of acceptance factors for FITs. These factors can be
used to evaluate the acceptance of FITs in more detail in
quantitative studies. They furthermore contribute to the
building of acceptance theories in this field. To arrive at
a more general theory, future research will have to ex-
tend the amount of investigated FITs and to consolidate
the identified factors, though. Next, the possible influ-
ence of command levels and FD types on the assessment
of FITs should be investigated. A quantitative study
could furthermore provide insights into the relative in-
fluence of the factors in comparison to each other, for
instance by using path analyses or related methods.

Regarding practice, our work particularly has impli-
cations for FDs and FIT developers. The identified fac-
tors provide a means to assist FDs in contemplating the
right questions when deciding on the acquisition of a
FIT. For developers of FITs, our results can be em-
ployed as an instrument to evaluate their products and
better adapt them to the needs of the FDs. In this context,
the identified requirements might be of particular inter-
est because they describe how the FITs ought to be de-
signed to be more compatible to the way firefighters
work.

4.5 Limitations

We have taken several precautions to ensure the va-
lidity of our results. To obtain comparable, unbiased
data, we decided to conduct semi-structured interviews.
By interviewing experts from different command levels,
FD types, and regions, we tried to obtain a representa-
tive data set. During the coding stage, the team further-
more discussed the emerging codes repeatedly. Since
the results stem from an analysis of qualitative data, they
only constitute well-grounded assumptions, however.
Ideally, they should be verified quantitatively. So far,
we furthermore interviewed experts from German FDs
only. Since the organization and the processes of FDs
may differ, the results should not straightforwardly be
transferred to other countries. The generalizability of
our results instead remains to be validated, for instance
by interviewing experts from different countries. Fi-
nally, we discussed only two FITs. Although the results
of our study provide indications for relevant acceptance
factors, they are not general enough to formulate a uni-
versal theory on the acceptance of FITs. To achieve such
a goal, other types of FITs have to be examined as well.

At this stage, we also cannot yet say much about the
relative influence that the identified factors have on the
acceptance. The relative influence of the factors has to
be analyzed more closely in quantitative studies. It may
also vary depending on the scenario, in which a FIT is
used. When responding to a major disaster, for instance,
other factors might be important than during daily oper-
ations. Generally, researchers should also examine the

practices of firefighters more intensively and formulate
requirements and needs for FITs based on the identified
use cases. Such endeavors could lead to further insights
into desirable properties of FITs and complement the re-
sults of our study, which focused on evaluating FITs and
hence is somewhat technology-centric in nature, too.

5. Conclusion

Although it is repeatedly proposed in literature to
equip firefighters with innovative technologies, the
practical potential of emerging FITs hardly has been in
the focus of research. To contribute to the closure of this
research gap, we presented the results of a qualitative
study, in which we interviewed 21 German firefighters
about the practical potential of ERIS und UAVS.

From the gathered data, we obtained rich insights
into the aspects that facilitate or hinder the adoption of
these FITs as well as the existing requirements. The re-
sults of our study hence provide a unique overview of
factors that determine the acceptance of ERIS and
UAVs. In contrast to the expectations, the practitioners’
attitude towards these technologies appeared to be rather
cautious. In particular, we encountered several concerns
and constraints that can outweigh the expected benefits
in practice if they are not managed carefully during the
design and introduction of novel FITs.

While the presented results specifically apply to
ERIS and UAVs, they call for an in-depth analysis and
a more systematic consideration of acceptance-related
factors when designing new FITs in general. It appears
that emerging technologies are often arbitrarily used as
a means to create new functionalities for emergency re-
sponders because of their desirable features. Such tech-
nology-driven approaches run a risk of neglecting the
observation that information technologies are delicate
artifacts for emergency responders, for which tight con-
straints and requirements have to be met.

To provide further insights into this particular field
of application, future studies ought to verify our results
in other regions and contexts. They should also evaluate
the practical potential of additional emerging FITs such
as unmanned ground vehicles or intelligent protective
clothing. Based on such additional findings, it might be
conceivable to derive a theory that explains the ac-
ceptance of emerging FITs. We hope that the results of
our study can be a step into this direction.
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