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Abstract

Purpose — Mountaineering and related activities are increasingly becoming popular and are accompanied by
an increase in medical incidents. Emergency operations in mountainous terrain are time-critical and often pose
major logistical challenges for rescuers. Drones are expected to improve the operational performance of
mountain rescuers. However, they are not yet widely used in mountain rescue missions. This paper examines
the determinants that drive the behavioral intention of mountain rescuers to adopt drones in rescue missions.
Design/methodology/approach — This is a behavioral study that builds upon an extended model of the
unified theory of acceptance and use of technology (UTAUT) and investigates the relationship between
individual attitudes, perceptions, and intentions for drone adoption. Original survey data of 146 mountain
rescuers were analyzed using moderated ordinary least squares (OLS) regression analysis.

Findings — Results indicate that the behavioral intention to use drones in mountain rescue missions is driven
by the expected performance gains and facilitating conditions. Favorable supporting conditions and
experience with drones further moderate the relationship between performance expectancy and behavioral
intention. The effects for effort expectancy, social influence, and demonstrations were not significant.
Practical implications — Rescue organizations and stakeholders are recommended to consider the identified
determinants in the implementation of drones in emergency logistics. Drone manufacturers targeting mountain
rescue organizations are advised to focus on operational performance, provide sufficient support and training,
and promote the gathering of practical experience.

Originality/value — A tailored-model that provides first empirical results on the relevance of personal and
environmental factors for the acceptance of drones in emergency logistics is presented.
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1. Introduction
Human life is far more important than just getting to the top of a mountain. (Sir Edmund P. Hillary)

In recent years, mountaineering and outdoor activities in mountainous regions have
increased heavily as these regions are becoming more easily accessible, even for
nonprofessionals (Apollo, 2017). However, with the rising number of people conquering the
mountains, medical emergencies have also become more frequent (Mort and Godden, 2011;
Mubhar et al., 2007; Ciesa et al.,, 2014). In the European Alps and in North America, the number
of rescue missions has steadily increased over several decades (Lischke ef al, 2001; Heggie,
2008). This development presents additional challenges for mountain rescuers as responding
to emergencies is complicated due to logistics challenges, including heavy terrain and
adverse weather conditions. Furthermore, the diversity and complexity of response missions
pose major challenges (Yarwood, 2010; Blancher ef al., 2018). Infrastructural barriers (Pietsch
et al., 2019) can prevent aerial response by helicopters. Thus, the time-consuming ascent of
mountain rescuers on foot is the only viable option.

With the available equipment on hand, response teams today often reach their
performance limits, putting their own lives at risk to save the lives of others (Shimansky,
2008). Hence, rescue organizations have started to realize that aside from investments into
training and command, the adoption of technological innovations can increase response
teams’ operational performance and extend their scope of action. Among the technological
innovations of recent years, such as the RECCO rescue system for radar-based avalanche
victim search, unmanned aerial vehicles (UAV) or drones are expected to provide remarkable
emergency logistics and operational performance improvements (Mangiaracina et al, 2019;
Kakaes et al., 2015; Anbaroglu, 2019). Drones can traverse areas that are inaccessible for land-
based transportation at lower cost and risk compared to traditional means of transport
(Kharb, 2015; Skrinjar ef al, 2018). In particular, drones can assist in damage assessment,
emergency items delivery, and search and rescue (SAR) missions (Hayajneh et al, 2018; Cui
et al, 2015; Doherty and Rudol, 2007; Camara, 2014; Rabta et al, 2018; Kiss Leizer, 2018).
Recently, drones have already been used for SAR and disaster mapping, for instance, in the
2015 earthquake in Nepal (Balasingam, 2017). In mountainous regions, drones can be of
paramount importance as they can increase the probability to safely reach isolated places even
in heavy terrain, which is of particular relevance in SAR of missing people and the provision of
urgently-needed medical items. Nonetheless, drone usage for mountain rescue missions is still
in its infancy, but lately, leading organizations such as the International Commission for
Alpine Rescue (ICAR) have started to promote the technology actively (ICAR, 2019).

Despite these potential benefits, our knowledge of the determinants that facilitate the
adoption of drones by mountain rescuers is limited. Behavioral studies that examine the
individual expectations and beliefs of mountain rescuers and, ultimately, their intention to
adopt drones are missing. Adoption literature posits that technology adoption is driven by
personal and institutional factors (Venkatesh ef al, 2003; Holzmann et al., 2020). We assume
that the individual expectations of the gains in operational performance and the required
efforts to use drones are essential. Further, the intention to adopt drones may be shaped by
societal influence or the perception of the surrounding conditions. We also assume that
individual experiences with drones can influence adoption.

Having a deeper understanding of the drivers of mountain rescuers’ intention to adopt
drones is of paramount importance to realize the associated performance improvements. We
aim at contributing to the discussion by answering the following research question: What
factors determine the behavioral intention of mountain rescuers to use dromes in rescue
missions?

We build upon the unified theory of acceptance and use of technology (UTAUT)
(Venkatesh et al., 2003) and analyze data of 146 mountain rescuers. Results indicate that



expected performance gains, favorable facilitating conditions, and drone experience
determine the behavioral intention. Facilitating conditions and experience further
moderate the relationship between performance expectations and intention. Thereby, we
contribute to the limited body of literature on drone acceptance in emergency logistics and the
adoption of live-saving technology. We further broaden the horizon of mountain rescue
organizations and drone manufacturers by highlighting which levers are most promising to
promote drone usage in mountain rescue operations. Building on this, we further seek to
understand how drone manufacturers can facilitate the use of drones among mountain
rescuers.

2. Literature review

2.1 Drone assistance in mountain rescue missions

Recent research found that the use of drones is beneficial in SAR missions and emergency
items delivery. In particular, results indicate that drones allow quicker rescue missions
(McRae et al, 2019) because they can decrease the time to arrival at the emergency site,
increase the total search area, and the area searched per minute (Karaca et al,, 2018). Further
studies revealed that drone assistance can provide safety benefits for mountain rescue teams
in difficult and hazardous terrain (van Tilburg, 2017). Drone imaging can further support
route planning (Karak and Abdelghany, 2019).

Existing SAR processes often combine terrestrial and aerial interventions. Aerial support
is advantageous because SAR missions usually have to cover large areas, as information
about the location is often inaccurate, but this support is often prevented, for example, by
adverse weather conditions. Mountain rescuers searching an area by foot are often exposed to
external risks such as rock slides. Drone implementation can address these challenges and
allows faster and secure searching of the area from a distance. Camera-equipped drones can
overfly inaccessible areas and provide a quick, safe, and detailed overview of traces of a
missing person (Cacace et al, 2016). In the case of avalanches, drones can complement
existing SAR interventions by quickly scanning the area for RECCO signals (Karaca
et al., 2018).

Besides increasing the efficiency in mountainous SAR, drones can also facilitate the rapid
supply of automated external defibrillators (AED) (Silvagni et al, 2017; Wankmuiller et al,
2020). Sudden cardiac arrest (SCA) is very time-sensitive and inevitably leads to death if the
response time is too long. First empirical results confirm the practicability of drones for AED
delivery (Sanfridsson ef al, 2019).

2.2 Drone adoption in logistics
In commercial and emergency logistics there is a vivid discussion on drones’ performance
potentials (Mangiaracina et al, 2019; Kakaes ef al, 2015; Anbaroglu, 2019), but our
understanding of the acceptance of drones for logistics applications is vague. Boucher (2016)
identifies a pressing need to generate more insights about the public acceptance of drones for
delivery applications and presents several boundaries (e.g. privacy, operational benefits) for
drone acceptance. The relevance of privacy and safety concerns and functional performance
for consumers’ attitude toward drone delivery services is confirmed by further research
(Ramadan et al, 2017; Khan et al, 2019). Scholars further stress the need for intensified
research on human factors that determine adoption and report that drone acceptance differs
among user groups. While laypeople fear the violation of their privacy, pilots see the risk of
drone accidents that negatively affect adoption (Lidynia et al. (2017).

In emergency logistics, potential performance gains through drone use have been a primary
subject of interest (Hayajneh et al, 2018; Cui et al, 2015; Camara, 2014; Rabta et al, 2018),
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but research remained silent about the drivers of acceptance that support efficient and effective
implementation. We contribute to this infant stream by presenting the drivers of adoption and
their impact on the behavioral intention of mountain rescuers to adopt drones.

3. Research model

The intention to use and the actual usage of new technology have been prominent subjects of
scholarly investigations. Among the various theoretical models proposed, the UTAUT
(Venkatesh et al., 2003) raised considerable interest as it was empirically demonstrated that
UTAUT is able to substantially improve the account of variance explained and thus more
adequately predicts the acceptance and use of new technology compared to other models.
UTAUT draws on essential elements of previous models, for instance, from the theory of
reasoned action (TRA) (Fishbein and Ajzen, 1975), the technology adoption model (TAM)
(Davis, 1989; Davis et al., 1989), the theory of planned behavior (TPB) (Ajzen, 1991), and the
innovation diffusion theory (IDT) (Moore and Benbasat, 1991) and aims at unifying the
prevalent different and fragmented perspectives through comprehensive comparison. TRA
draws on social psychology and assumes that the behavioral intention to adopt new
technology is influenced by the individual’s attitude toward behavior and the prevailing
subjective norms. TAM was initially developed to predict the acceptance of information
technology with the core measurements perceived usefulness and perceived ease of use. TPB
builds on TRA and adds the perceived behavioral control construct. It has been applied
successfully to predict the acceptance of different technologies (Mathieson, 1991; Ramadan
etal,2017).IDT is rooted in sociology and includes, among others, relative advantage, ease of
use, and visibility.

In their seminal paper, Venkatesh et al (2003) introduced performance expectancy, effort
expectancy, and social influence as the main predictors for the acceptance of new technology.
We draw on the UTAUT and IDT and develop a model that considers the research context’s
novelty and particularities. We assume that potential gains in operational performance are a
strong driver for the behavioral intention to adopt drones since saving lives is the primary
objective of mountain rescuers. We also believe that the easier the mountain rescuers perceive
the use of drones, the higher the intention to adopt. Mountain rescuers rely on and trust each
other. Therefore, we assume that social factors such as the opinion of important others are
relevant. Drawing on recent literature (Venkatesh et al, 2012; Holzmann et al., 2020), we
further assume that favorably perceived facilitating conditions can foster adoption intention.
Due to drones’ novelty in the context of mountain rescue missions, we further expect that
drone experience is essential. We assume that facilitating conditions and experience each
moderate the performance expectancy—intention relationship and effort expectancy—
intention relationship. We also controlled for the effects of technological anxiety and
attitude toward using technology, job tenure in years, gender, and working hours per month

(Figure 1).

3.1 Performance expectancy

Performance expectancy (PE) is defined as the degree of an individual’s belief that using the
technology will enhance the individual job performance (Venkatesh et @/, 2003). PE is rooted
in TAM’s perceived usefulness (Davis, 1989; Davis ef al, 1989) and IDT’s (Moore and
Benbasat, 1991) relative advantage constructs and assumes that individuals strive to
increase their performance through technology usage. Recent studies confirm that high PE
positively affects new technology adoption decisions in emergency scenarios (Kim and
Chung, 2019; Hermanns, 2013; Chen and Lin, 2019). For the purpose of this study, we define
PE as the belief of mountain rescuers that using drones will lead to operational performance
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gains. Mountain rescuers aim at saving the lives of others and regularly put their own lives at
risk. Efficiency and efficacy of operations are crucial as mistakes often have fatal
consequences. Drones promise to provide important operational performance gains as they
are, for instance, able to accelerate SAR missions and the urgent delivery of emergency
supplies, e.g. by shortening the time to arrival and expanding the search area. Thus, they can
also increase the safety of mountain rescuers. We propose:

HI. Performance expectancy positively influences the behavioral intention to use drones.

3.2 Effort expectancy

Effort expectancy (EE) refers to the degree of ease that an individual associates with using a
specific technology (Venkatesh et al, 2003). EE draws on constructs such as TAM’s (Davis,
1989; Davis et al, 1989) perceived ease of use and IDT’s (Moore and Benbasat, 1991) ease of
use. Venkatesh ef al. (2003) theorize that the easier and clearer the use of technology is
perceived, the higher the behavioral intention (BI) to use the technology. Emergency logistics
studies found that ease of use is a determining factor for adopting novel wearable location
systems (Kwee-Meier et al., 2016) and the adoption of drones (Hermanns, 2013). We define EE
as a mountain rescuer’s belief about the perceived ease of using drones, reflecting the extent
to which they feel comfortable using drones in response missions. Mountain rescue
operations are risky and dangerous with potentially serious negative consequences. Thus,
mountain rescuers must be comfortable using supportive technologies. A high effort required
to master technology may outweigh its potential performance benefits and result in the
technology not being used (Davis, 1989). Drones and their control can increase the complexity
of rescue operations, and mountain rescuers are often volunteers that can devote only limited
time to mastering new technologies. We, thus, suggest that the easier the use of drones is
perceived to be, the higher their acceptance and propose:

H2. Expectancy of low effort required positively influences the behavioral intention to
use drones.
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3.3 Social influence

Social influence (SI) is theorized as the degree to which an individual perceives that important
others believe that they should use a technology (Venkatesh et al, 2003). SI is referred to as
subjective norm in TRA (Fishbein and Ajzen, 1975), TAM/TAM2 (Davis, 1989; Davis et al,
1989) and TPB (Ajzen, 1991), in IDT (Moore and Benbasat, 1991) it is represented as image. SI
is theorized to positively influence BI (Venkatesh et al., 2003), which is also confirmed in the
context of security-enhancing technology and drones (Kwee-Meier et al., 2016; Sun et al., 2013;
Kim and Chung, 2019). For the purpose of this study, SI refers to how an individual perceives
the opinion of important others toward drone usage in mountain rescue missions. Mountain
rescuers work in teams that are characterized by comradery, mutual trust, and shared values
among team members. However, mountain rescue organizations are also characterized by an
inherent hierarchy. Experienced rescuers are respected and trusted and can thus serve as
influential role models. If the opinion of important others on drones is positive, it will increase
technology acceptance. Consequently, we propose:

H3. Social influence positively influences the behavioral intention to use drones.

3.4 Facilitating conditions

Facilitating conditions (FC) refer to the degree to which an individual believes that there is a
supporting organizational and technical infrastructure that eases adoption (Venkatesh et al.,
2003) and are theorized to drive Bl (Venkatesh ef al., 2012). Empirical evidence confirms that a
favorable perception of FC positively affects the BI to adopt new technology (Halassi et al.,
2019; Kapser and Abdelrahman, 2020). We define FC as an individual’'s perception of the
supportiveness of the organizational and technical infrastructure provided by the mountain
rescue organization. Drones are new in mountain rescue and require new specific capabilities
that are different from those required for traditional response processes. We assume that
rescuers are more willing to adopt drones if they expect that the rescue organization will
provide access to expertise, specific training, and infrastructure that eases adoption. Thus,
we assume that rescuers’ belief about the existence of a supportive environment positively
affects their BI to use drones and suggest:

H4a. Facilitating conditions positively influence the behavioral intention to use drones.

Recent research calls for further clarification of the relationships between FC, PE and EE
(Nordhoff et al, 2020). Taking a person-context interaction perspective, we propose that the
relevance of the PE and EE for building the BI to adopt drones depends upon the FC. The
motivating effect of individual PE on BI is supposed to be stronger when FC are more
favorable, e.g. if the drone equipment is always ready for use and access to troubleshooting
assistance during drone missions is provided. In favorable contexts, rescuers will perceive it
as more likely to achieve personal productivity gains in their rescue mission and thereby
more likely intent to adopt the technology. In contrast, the motivating effect of perceived
individual PE on the BI to adopt drones will be weakened if rescuers perceive themselves to
be in an unfavorable organizational context, e.g. no assistance or technical support. Such a
context might make it more difficult to achieve personal productivity gains and thereby
hamper the impact of PE on BI to adopt drones.

Similarly, we expect that the FC moderates the EE-BI relationship. The motivating effect
of requiring little effort to master the use of drones in rescue missions on the Bl is supposed to
be stronger for rescuers in an organizational context from which proper training
opportunities and the provision of easy-to-use drone equipment are expected. In contrast,
the motivating effect of perceiving low personal effort on the BI will be lower when the
rescuer believes that the organizational context lacks support for learning how to use drones
or might even impose organizational hurdles that need to be overcome. Thus, we propose:



H4b. The positive relationship between performance expectancy and behavioral
intention is stronger when facilitating conditions are perceived as favorable.

H4c. The positive relationship between effort expectancy and behavioral intention is
stronger when facilitating conditions are perceived as favorable.

3.5 Experience

IDT maintains that the provision of individual experience affects the decision to adopt novel
technology (Rogers, 2010; Ajzen and Fishbein, 2005). EXP is theorized as a direct reflection
that results from an individual’s interaction with the technology in question (Hamilton and
Thompson, 2007). Technologies that can be tried on are more likely to be adopted (Rogers,
2010). EXP in this study refers to the experience of having flown a drone. Today, drones have
not been constantly used in mountain rescue missions, thus, many mountain rescuers are
unfamiliar with the technology and have limited knowledge about what efforts and
performance to expect. This uncertainty may negatively affect the intention to adopt (Liu
et al, 2020; Rogers, 2010). On the other hand, we assume that mountain rescuers with drone
experience have a higher BI and suggest:

Hba. Experience with drones positively influences the behavioral intention to use drones.

We believe that EXP allows assessing drones’ potential performance gains in mountain
rescue missions more accurately. We expect that the motivating effect of PE on BI will be
stronger for mountain rescuers with drone experience. In contrast, we expect that due to the
novelty of the technology in this context, the motivating effect of PE on BI will be weaker for
mountain rescuers without drone experience.

Further, and in line with the theoretical assumptions, we expect that EXP will moderate
the effects of EE on BI (Venkatesh et al, 2003). EXP enables a more accurate assessment of the
required efforts to use drones during response missions. EXP can reduce the associated
uncertainties and enhance the perceived ability to control and master the new technology
(Subramaniam et al, 2012). Thus, we assume that the effect of EE on BI will be stronger for
mountain rescuers with drone experience and weaker for those without. Consequently, we
Propose:

H5b. The positive relationship between performance expectancy and behavioral
intention is stronger (weaker) for mountain rescuers with (without) drone
experience.

Hb5c¢. The positive relationship between effort expectancy and behavioral intention is
stronger (weaker) for mountain rescuers with (without) drone experience.

3.6 Field test

Observability is a key attribute in IDT and is defined as the degree to which the results and
benefits of an innovation are visible (Rogers, 2010). Or, put differently, the degree to which
others who successfully apply the innovation can be observed (Plouffe ef al, 2001).
Observability in this study was achieved through field tests (FT) that aimed at demonstrating
the benefits of drones in mountain rescue missions. Drones are new in mountain rescue and
demonstrations are an effective means as they enable participants to observe and assess the
technological advantages. Increased visibility and exposure can also reduce uncertainties
(Baer et al, 1977). FT are found to enhance the knowledge and capabilities of rescuers and
thus the overall quality of response (Schaafstal ef al,, 2001). FT of drones help to gather more
insights on their effectiveness to support SAR and to save lives more efficiently. We expect
that FT positively influence BI and propose:
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Hé6a. Field test participation positively influences the behavioral intention to use drones.

We assume that FT can demonstrate the potential performance gains of drones in mountain
rescue missions. Thus, we expect that the motivating effect of PE on BI will be stronger for
mountain rescuers who participated in FT. In contrast, we expect that the motivating effect of
PE on BI will be weaker for mountain rescuers without FT participation.

We further expect that FT will moderate the relationship between EE and BI. Through
observation, the effort required to use drones can be estimated more realistically. Thus,
uncertainties can be reduced and the perceived ability to control and master drones can be
enhanced through FT participation. Consequently, we assume that the effect of EE on BI will
be stronger for mountain rescuers who participated in FT and weaker for those who did not
and suggest:

H6b. The positive relationship between performance expectancy and behavioral
intention is stronger (weaker) for mountain rescuers with (without) field test
participation.

Hé6c. The positive relationship between effort expectancy and behavioral intention is
stronger (weaker) for mountain rescuers with (without) field test participation.

4. Methods

4.1 Data collection

The study was part of the INTERREG project START (Smart Test for Alpine Rescue
Technology) in the Alps-region, including Tyrol, South Tyrol, and Carinthia. One objective
was to identify, evaluate, and implement innovative technology that increases the
performance of rescuers in challenging mountain rescue missions (Bergrettung Tirol,
2019). Drones were identified as a promising technology in this regard.

Since some of the hypotheses explore the relevance of observations, field tests that
comprised the delivery of AEDs by drones using parachute systems, SAR with
thermographic camera equipped drones, and long-distance drone flights were organized
between September and October 2019. Besides the field tests, an emergency response training
exercise took place in September 2019. The authors participated in each event and collected
the data from the participants on-site using a paper-based questionnaire. To capture data from
rescuers that did not participate in the tests, an online version of the survey was distributed
among a control group. We contacted high-ranking functionaries within the mountain rescue
organizations who agreed to distribute the questionnaire among their members via their
internal e-mailing list. Due to potential self-selection bias, the sample might not be fully
random. Thus, we tested potential nonresponse bias by comparing the answers of the early
and late quartile of respondents. Results demonstrate that there are no significant differences.

4.2 Sample and methodology
At the time of the study, 5542 mountain rescuers were active in the project region (Tyrol:
3727; South Tyrol: 1010; Carinthia: 805). Drawing on statistical power analysis (Cohen, 1992),
the required sample size to detect medium effect sizes of > 0.15 when considering a 5%
probability of error, the commonly used level of statistical power of 80%, and 13 predictors
(the regression model with the highest number of predictors) of the dependent variable was
calculated as of at least 131 required cases.

Data were collected from the voluntary participants of the field test and a control group of
mountain rescuers that did not participate in the field test. Both groups included respondents
from all regions. In total, 90 field test participants provided responses, of which 8 had to be



removed from the final sample due to missing values in the core constructs. The randomly
selected mountain rescuers of the control group provided 81 responses, 64 provided all
answers. The final sample size of 146 rescuers exceeds the desired target size required to
assess the proposed model based on statistical power analysis. In addition, we gathered data
on the average age of the rescuers’ population in the three regions, which closely matched the
age structure represented in the sample. Sample characteristics are reported in Table 1.
Due to the study’s nature of investigating the relationship between individual attitudes,
perceptions and intentions, which are difficult to observe by others, the individual respondent
was selected as informant for all items. Several a priori measures suggested by Podsakoff
et al (2003) were implemented to reduce the probability of common method bias. First, the
respondents were assured anonymity of their responses and asked to answer honestly to
reduce biases caused by social desirability. Second, the items were short, focused, and simple
so that respondents did not need to think long about their answers. Third, the statements
were formulated as fact-based statements (e.g. I have the resources necessary to use drones)
that respondents could agree or disagree with, which are less associated with such a bias.
Ex-post, we applied Harman’s single-factor test to investigate potential common method
variance. We performed an exploratory factor analysis, including all multi-items. The
unrotated solution extracted six factors with eigenvalues greater than one and none of them
accounted for the majority of variance. However, results of the Harman’s test do not rule out
potential common method bias entirely, which is further discussed in the limitations.

4.3 Measurement

We used reflective multi-item measures with seven-point Likert-type scales (1 — strongly
disagree to 7 — strongly agree) for multivariate constructs, which are provided in the
Table Al. For the main model constructs Bl, PE, EE, SI, and FC, we used the original UTAUT
items from Venkatesh et al. (2003), slightly adapting the items to fit the study context. Higher
EE scores, for instance, express that an individual expects lower efforts (i.e. I would find

Number Percentage Number Percentage

Gender Employment type
Male 131 89.7 Voluntary 38 26.0
Female 15 10.3 Paid 80 54.8

No answer 28 192
Age Job tenure (years)
<21 9 6.2 1-10 51 349
21-30 31 212 11-20 36 24.7
31-40 24 164 21-30 25 17.1
41-50 32 219 >30 22 15.1
>50 50 34.2 No answer 12 82
Position Working hours (per month)
Operational staff (non leading) 62 425 <40 41 28.1
Operational staff (leading) 66 452 40-99 21 14.4
Officials (high-ranking) 7 48 100-160 13 89
Other 8 55 >160 54 37.0
No answer 3 2.1 No answer 17 11.6
Drone experience Field test participation
No 79 54.1 No 64 438
Yes 67 459 Yes 82 56.2

Note(s): n = 146
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drones easy to use). Experience with drones and participation in the field test were captured
with dichotomous single items.

Several covariates were included to control for the effects of further individual factors that
might affect the adoption of new technologies. Drawing on Venkatesh et al. (2003), we added
multi-item measures to capture anxiety and attitude toward using new technologies to the
model. Furthermore, we integrated job tenure (in years) and the number of rescue hours per
month to capture work experience-related aspects that might affect adoption. Finally, we also
controlled for gender.

4.4 Scale properties

We performed a set of tests to assess the validity and reliability of the applied scales.
Cronbach’s alpha coefficients range between 0.74 and 0.97 and are satisfactory. Composite
reliability scores were calculated, which also inform about the internal consistency but are
less biased toward the number of items (Netemeyer et al., 2003). With scores between 0.85 and
0.98 this measure also supports internal consistency. Next, we conducted principal
component analyses with varimax rotation, including each construct’s items separately to
test the scales’ unidimensionality (Hair et al, 2014) . Each exploratory factor analysis only
extracted one factor with eigenvalues greater than one and thereby demonstrated
unidimensionality (Hair et al, 2014).

Next, confirmatory factor analysis (CFA) (maximum likelihood estimation), including all
reflective multi-item measures was performed. All factor loadings were significant (p < 0.001)
and the average variance extracted is > 0.50 for all constructs, which demonstrates
convergent validity. The y?/df ratio is 2.065, the comparative fit index (CFI) is 0.91, and the
root mean square error of approximation (RMSEA) is 0.086, which are also within the
boundaries recommended by Hu and Bentler (1998). Furthermore, discriminant validity at
the indicator level is supported as the correlation of each item with its corresponding
construct was greater than its correlation with the other constructs, and as cross-correlations
do not exceed 0.40. At the construct level, discriminant validity was established. The results
of the square root of each latent variable’s average variance extracted are greater than the
highest correlation with all other constructs (Fornell and Larcker, 1981). Finally, we assessed
potential multicollinearity by calculating the variance inflation factors (VIF). The scores for
all variables in the model are clearly below the recommended threshold of 5 (Hair et al., 2014).

The means, standard deviations, correlations, and alpha coefficients are reported in
Table 2. The CFA results, including loadings, significance, average variance extracted and fit
indices are reported along with the used reflective items in the Table Al.

5. Results
5.1 Main model
We applied ordinary least squares regression analysis with behavioral intention (BI) as the
dependent variable to assess the proposed relationships. Table 3 summarizes the results.
The baseline model with the covariates (base model) shows that only the attitude toward
using technology has a positive effect on BI, and the effect becomes nonsignificant once the
main predictors are added in the main model. Next, the direct effects of the predictors on BI
were added to the model (main model). PE (5 = 0.19; p = 0.016), FC (8 = 0.31; p < 0.001), and
EXP with drones (# = 0.32; p < 0.001) have positive effects on BI, which supports hypotheses
1,4a,and 5a. EE (8 = —0.01;p = 0.962), SI (8 = 0.01;p = 0.938) and FT participation (8 = 0.12;
p = 0.08) do not show a direct impact on BI. Therefore, hypotheses 2, 3 and 6a are rejected by
the data. In total, the model explains 57% (Adj. RZ = 0.54) in BI's variance, which is an
increase of 27% from the base model, and the model fit increases significantly with the newly
added predictors (AF = 14.11, p < 0.001).
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Ex post analysis of the main model shows that multicollinearity is not an issue (highest
VIF = 271), and the normal distribution of the residual of the regression variate
(skewness = 0.201; kurtosis = 0.399; Shapiro-Wilk Test p = 0.303) supports the notion that
the regression results can be meaningfully interpreted.

5.2 Moderation effects

To test the proposed moderation hypotheses, we extended the main model by integrating
interaction terms for each of the proposed moderation effects. The interaction terms were
calculated based on the mean-centered variable scores to allow for meaningful interpretation
of the results (Aiken ef al., 1991). Therefore, the single-item score of FT and EXP with drones
and the construct score of FC were multiplied with the construct scores of PE and EE,
resulting in the required six interaction terms. The moderation analyses were performed
separately for each moderator to prevent potential multicollinearity issues. The results are
summarized in Table 3 in moderation models 1 to 3.

When adding the two interaction terms in moderation model 1 to assess the moderating
effects of FT participation, the effects of the main model remain the same, but no interaction
effect is significant and neither explained variance nor model fit changed. Thus, hypotheses
6b and 6¢ are rejected by the data. In moderation model 2, we investigated the moderation
effect of EXP with drones. While the effects of the main model are similar, the interaction term
testing whether the PE-BI relationship is contingent upon the EXP with drones is positive
and significant ( = 0.16; p = 0.012). The EE-BI relationship is not moderated by EXP
(B = 0.06; p = 0.349). Thus, the empirical data support hypothesis 5b but reject 5c. The
identified moderation term explains 3% in additional variance in BI and the model fit
increases significantly (AF = 4.34, p < 0.015). Moderation model 3 investigates the
contingency effect of FC. The PE-BI relationship is contingent upon FC is positive and
significant (8 = 0.17; p = 0.007). However, the EE-BI relationship is not moderated by FC
(B = —0.01; p = 0.923). The significant moderation explained 2% in additional variance in BI
and the model fit increases significantly (AF = 3.90, p < 0.023). Thus, the data support
hypothesis 4b but reject 4c.

Figure 2 depicts the plots of the simple slope analyses to graphically illustrate the strength
of PE’s effect on Bl regarding the low (mean minus one standard deviation) and high (mean
plus one standard deviation) moderator levels of the two significant moderation effects.
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6. Discussion and conclusions

6.1 Theoretical implications

This the first study shedding light on the determinants that influence mountain rescuers’
behavioral intention to use drones. We developed a framework that presents novel insights
on personal and environment-related factors influencing the adoption of new technology to
save lives. We add to the emerging stream of research on drone use in emergency logistics.
Previous research primarily discussed drones’ potential contributions to increase logistics
performance (Thiels et al, 2015; Tatham et al, 2017; Wankmiiller et al, 2020), neglecting that
these advantages can only be achieved if the technology is actually adopted. Only recently,
scholars called for intensified research on the drivers of drone acceptance for logistics
purposes (Boucher, 2016; Lidynia et al, 2017). We complement and extend existing
knowledge by revealing the relevant determinants that facilitate adoption.

Our results confirm the relevance of performance expectancy for technology acceptance.
This implies that rescuers’ beliefs to being able to increase their operational performance
through drones are critical. Mountain rescuers primarily aim to save lives, but they regularly
face major challenges, as rescue operations require fast response times, quick decisions under
uncertain conditions and targeted cooperation to rescue people in distress effectively.
Technology that contributes to mitigating these challenges and improves performance is
thus appreciated. Increased performance can also be associated with a lower risk of being
injured and being in control of the situation (Subramaniam et al, 2012), which can further
encourage adoption.

Effort expectancy was not significant, indicating that it is not important for mountain
rescuers’ behavioral intention to use drones even if associated with less effort. This finding
contradicts the theoretical considerations (Venkatesh et al, 2003), but it is consistent with
previous results on firefighters applying new technology for emergency medical service
(Chen and Lin, 2019). Mountain rescuers aim at saving lives and the required effort appears
subordinate and accepted. Furthermore, rescuers regularly apply a broad set of assistive
technologies, resulting in an overall high level of technological understanding that may ease
the adoption. We thus argue for a reconsideration of the role of effort expectancy in life saving
contexts.

Our results indicate that social influence seems to have no significant effect on the
behavioral intention to adopt new technology in lifesaving contexts. This finding is not
consistent with the original UTAUT (Venkatesh et al, 2003), which only concluded that social
influence might be less relevant in voluntary settings. In rescue missions, supporting
technologies must increase operational performance, personal attitudes, and preferences
might be secondary. Thus, mountain rescuers opinion on a new technology may depend
primarily on its performance and is not influenced by the opinion of peers. This underlines
that the technology used is secondary in rescue missions. Personality dispositions potentially
provide a further explanation for the nonsignificance of social influence, as rescuers score
high in extraversion (Wagner ef al, 2009) and are assumed to develop their own strong
opinions on technology independent of others.

The results reveal that facilitating conditions positively influence behavioral intention,
indicating that rescuers who perceive their rescue organization as supportive in introducing
drones have a stronger intention to adopt. The provision of necessary resources, knowledge,
support, and training ease the development of own capabilities. Drones and their control are
complex and operational performance gains can only be realized if they are used
appropriately. This requires intensive training, otherwise drones may not increase
performance or even be harmful. Our findings underline the crucial role of facilitating
conditions for building behavioral intention to adopt novel technology (Venkatesh et al, 2012).

Experience has a significant direct positive influence on the behavioral intention to adopt
drones. Experience enables the effective application of capabilities even in emergency



situations (Ford and Schmidt, 2000), thus, increasing operational performance and reducing
risk. Practical experience with drones can increase self-efficacy and can help to assess the
performance of drones more accurately. Demonstrations (field test) as observations of the
operational benefits appear to be not suitable to trigger intention. Performance
demonstrations might be intimidating for rescuers, in particular for inexperienced
rescuers. Field tests are often designed to demonstrate the maximum performance.
However, this might cause apprehensions of not being able to use the technology to its full
potential. Indeed, field test participants have higher anxiety scores than other rescuers.

Besides our contributions to the emergency logistics literature, we also add to the extant
literature on technology acceptance, particularly in rescue and live-saving contexts. In
contrast to the theoretical assumptions (Venkatesh et al,, 2003), our results indicate that the
role of effort expectancy and social influence seems to be less critical in such contexts and may
need to be revisited. We provide empirical evidence that when rescuing people is the ultimate
goal performance expectancy and facilitating conditions are the primary drivers of intention to
adopt. Specifically, our results suggest that facilitating conditions that have so far received
less attention play a central role as they directly affect the behavioral intention and appear to
be also moderating the performance expectancy—intention relationship. We further contribute
to the literature by proposing that the role of prior experience may needs to be extended as our
results show that experience has a direct effect on behavioral intention. Prior research
considered experience only to be a relevant moderator (Venkatesh et al, 2003). Our results add
to existing knowledge by revealing that prior drone experience also moderates the relationship
between performance expectancy and behavioral intention as the effect of performance
expectancy becomes stronger for experienced mountain rescuers. These findings emphasize
the importance of prior technological experiences by highlighting that these experiences exert
direct and indirect effects on behavioral intention. Furthermore, we contribute to a more
nuanced understanding of the relevance of prior experiences for new technology acceptance
by differentiating between own experiences and demonstrations via field tests by highlighting
that the latter appears to be not sufficient to drive behavioral intention.

6.2 Practical implications

Drones are expected to provide crucial operational performance gains in mountain rescue
missions, but the technology is currently not widely used. Drone manufacturers can draw on
our results to facilitate adoption in rescue contexts by focusing on three central aspects:
(1) operational performance is of paramount importance. Manufacturers are thus advised to
point out the existing performance benefits clearly and strive for further improvements;
(2) support rescue organizations in drone implementation. Special trainings, education, and
the provision of test material can contribute to establishing favorable facilitating conditions;
(3) actively promote personal drone experience.

Rescue organizations are advised to design drone trainings in accordance with the a priori
communicated performance expectations of rescuers. Instructors should openly address
drone performance and the efforts required to enable accurate assessments. Further,
comprehensive guidelines for rescuers that contain precise information on drones’
performance and limitations are needed. Standard mission protocols that allow rescuers
detailed documentation of drone usage may further ease adoption.

6.3 Limitations and future research

This study has limitations that arise due to the study’s novelty and context-specific issues
concerning the sample but potentially pave the way for future research. There is no public
register of mountain rescuers available. The selection of respondents might not be fully
random, and potential self-selection bias could not be avoided systematically. Drones are not
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widely implemented in mountain rescue missions. Thus, our study emphasized the frontend
of the adoption process by investigating the behavioral intention to use drones in future.
Even though prior research confirmed that intention is the closest proxy for actual use, future
research should clarify whether this also applies in this context. Further, this study uses data
obtained from a single-informant survey, which has been explained to be driven by the
investigated relationships between attitudes, perceptions, and intentions of the individual.
Although we took several measures to reduce potential common method bias, this bias could
still not be ruled out entirely. Future research might apply a longitudinal design and assess
actual and thereby observable adoption behavior instead of adoption intention as the
dependent variable to overcome this issue.

Experience with drones was measured using a dichotomous variable. As a result, we can
only report that experience positively affects the adoption intention. However, we are unable
to determine whether more experience also leads to a higher adoption propensity or if more
experience will eventually be detrimental. Future research could further investigate this
relationship. The sample is restricted to mountain rescuers in the European Alps. We assume
that these determinants are not specific to this region, but we cannot completely preclude a
regional or cultural influence that provides an opportunity for future research. Further, the
number of female respondents in our sample is limited. Even though this corresponds to the
small number of female mountain rescuers, it prevents the further investigation of potential
gender differences. Future research is thus advised to strive for more gender-balanced
samples.
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Appendix

Factor

Construct/source Items loading AVE
Behavioral intention 093
Source: Venkatesh ef @l Iintend to use drones in the next 6 months 097  HF*
(2003) I predict I would use drones in the next 6 months 096 ke

I plan to use drones in the next 6 months 096 FE*
Performance expectancy 0.68
Source: Venkatesh ef L. I would find drones useful in my job 088  kwx
(2003) Drones enable me to accomplish tasks more quickly 080  ***

Drones increase my productivity 080
Effort expectancy 0.70
Source: Venkatesh ef al. My interaction with drones would be clear and 064 F**
(2003) understandable

It would be easy for me to become skillful at using drones ~ 0.86  ***

I would find drones easy to use 094  Hxx

Learning to operate drones is easy for me 086
Social influence 0.62
Source: Venkatesh et al.  People who influence my behavior think that I should use ~ 0.88  ***
(2003) drones

People who are important to me think that I should use 088 ¥

drones

The head of operations in my organization has been helpful ~ 0.47  *¥*

in the use of drones
Facilitating conditions 0.50
Source: Venkatesh ef al. I have the resources necessary to use drones 072 ***
(2003) I have the knowledge necessary to use drones 085 ***

A specific person (or group) is available for assistance with ~ 0.49  *¥*

drone difficulties
Anxiety 0.69
Source: Venkatesh ef al. 1 feel apprehensive about using drones 081 kEx
(2003) It scares me to think I could crash the drone by pressinga 084  *¥*

wrong button

I hesitate to use drones for fear of making mistakes I cannot 084  ***

correct

Drones are somewhat intimidating to me 083
Attitude toward using technology 0.62
Source: Venkatesh ef al. 1 like working with drones 097
(2003) Drones make work more interesting 072 kEx

Working with drones is fun 089 %

Using drones is a good idea 047  Fxx

Note(s): *“AVE, average variance extracted. Global Fit Indices: )(2 = 47701, df = 231, xz/df = 2.065; p <0.001;
CFI = 0.91; NFI = 0.84; IFT = 0.91; SRMR = 0.081; RMSEA = 0.086. *** p < 0.001. (two-tailed). » = 146
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