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Abstract: This study aims to identify the factors associated with the adoption of drone delivery in
Medellín, Colombia, in the context of the COVID-19 pandemic. For that purpose, it implemented
the Diffusion of Innovation (DOI) theory and the Technology Acceptance Model (TAM), which have
constructs that complement each other to determine the decision to accept a given technology. A
survey was administered to 121 participants in order to validate the model proposed here, which is
based on variables that reflect the perceived attributes and risks of this innovation and individuals’
characteristics. The results indicate that the factors Performance Risk, Compatibility, Personal
Innovativeness, and Relative Advantage of Environmental Friendliness have the greatest influence
on Intention to Use Drone Delivery (mediated by Attitude Towards Drone Delivery). This paper
offers relevant information for the academic community and delivery companies because few other
studies have investigated this topic. Additionally, the proposed technology adoption model can be a
benchmark for other emerging economies in similar social, economic, and technological conditions.

Keywords: drones; drone delivery services; contactless delivery strategies; COVID-19; pandemic

1. Introduction

In a globalized and competitive world, innovation becomes a strategy for companies
to remain in the market [1]. However, some factors limit their success; for example, end
consumers are still reluctant to migrate to some new technologies or trends and question
whether it is advisable or not to adopt them because they are satisfied with the services they
have traditionally received and feel that adopting these new technologies is irrelevant [2].
In the present day, companies adopt technologies to improve production, sales, and logistics
processes due to their multiple advantages. The number of logistics operations of delivery
services has been increased by the growing volume of online orders. As a result of this
expansion and the different alternatives in the market, customers raise their expectations
regarding high-quality, faster delivery, for which they are willing to pay a premium price [3].

Consequently, companies are constantly investing in the search for innovative solu-
tions to improve their delivery systems that enhance their effectiveness and are environ-
mentally friendly [4]. For example, they have explored electric vehicles, artificial vision,
and machine learning for autonomous vehicles [5]. Taking into account the current context
of COVID-19 pandemic, the use of drones for parcel delivery is expected to increase in the
foreseeable future [6]. This is especially true considering that the current crisis is generated
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by the COVID-19 virus, which spreads mainly through the respiratory system of infected
individuals and has led to social distancing as a strategy to reduce the risks of spreading
it [7]. Thus, autonomous vehicles such as drones present a great opportunity for food
or even drug delivery, offering a possible solution to the current problems caused by the
presence of COVID-19 [8]. For instance, drones have been shuttling medicine and samples
from suspected COVID-19 patients for testing [9] to difficult-to-access areas in developing
countries, such as Ghana [10].

During the 2020–2021 COVID-19 lockdowns in Medellín, Colombia, a startup company
called Rappi developed a special way of delivering its orders. It deployed a fleet of robots,
built by Kiwibot, to deliver takeout food to people in lockdown [11]. In the same city,
drones have been used to generate landslide risk mitigation strategies in low-income
settlements [12] and as support for the thermal analysis of urban environments, facilitating
the analysis of urban heat islands [13]. This reflects the recent acceptance and adaptation
of drones in different services in Medellín. Therefore, we should analyze the issue of
merchandise delivery employing these technologies in said city.

Due to the crisis generated by the COVID-19 pandemic, Medellín faced challenges in
different sectors, but especially in health care services. For example, during the contingency,
medicine and pharmaceutical care were provided in person. However, at the same time,
mobility restrictions were imposed, the demand for medicine increased, and there was a
countrywide shortage of medical products. Thus, the national government established
vulnerability criteria, prioritization strategies, and restrictions for the general population.
In such situations, it was necessary to establish new home care channels or models to
strengthen self-care supported by technological tools [14].

In a more global context, it has become necessary to generate mechanisms to prevent
contagion in everyday activities, such as studying, working, or buying from home, which
are possible thanks to recent technological developments [15]. Regarding online purchasing,
recent data from 2022 [16] indicate a significant growth in the volume of scientific literature
on the logistics of e-commerce. Approximately 56% of the articles about this topic have
been published in the last three years.

Due to the growth of e-commerce, the logistics market is being confronted by chal-
lenges and requirements brought about by digitization [17]. For example, according to
Statista (2019) as cited in [18], worldwide e-commerce sales reached 3.53 trillion US dollars
in 2019. To deliver that volume of orders, drivers and service providers strive to provide
adequate customer service [19]. However, difficulties arise on a daily basis (e.g., delayed or
broken packages, stressed employees, and angry customers).

Consumers have become more demanding regarding these inconveniences, and, due
to their faster pace of life, they require delivery that is timely (among other characteris-
tics) [20]. Therefore, companies that use e-commerce seek to meet their expectations by
ensuring responsiveness, while optimizing their resources in terms of costs and time [21].
Technological advances present both good and bad aspects, but as mankind adapts itself
and interacts with them and the technology is improved, they turn out to be beneficial [22].

Different technologies can be implemented to respond to these challenges in delivery
services, and drones are one of them. A drone is an aircraft that can be remotely flown
without a human pilot [21]. The use of drones has advantages and disadvantages perceived
by both user companies and end consumers [23]. However, this type of technology has a
high potential for the commercial sector due to its qualities in terms of speed, cost, safety,
and minimal human intervention [24]. In the context of the COVID-19 pandemic, Euchi [8]
identified advantages in drones, such as disinfection (which reduces the risk of contagion)
and social distancing (because they are remotely controlled). They can also transport
samples of suspected COVID-19 patients, once again contributing to social distancing [25].

Jiang and Ren (2020) [20] proposed a prospect theory that takes into account the factors
that support the superiority of drones over manned aircrafts. Such factors include delivery
distance, degree of rider delay, pickup time, and consumer attitudes towards drone delivery.
However, it is clear to them that this is a very vast field yet to be explored [26]. For example,
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the weather can pose a threat to their normal operation, and the layout of drone airports
should be further analyzed. Raj and Sah (2019) [21] consider it important to investigate the
critical success factors for this kind of technology in the logistics sector, its technical aspects,
availability of skilled workforce, and government policies.

During the pandemic due to the outbreak of the COVID-19 virus, drones were pro-
posed as an innovative tool with a vast potential to reduce the risk of contagion in that
exceptional context marked by social distancing. Thus, to bridge the gaps produced by
physical separation, drones have been employed to respond to specific challenges related
to the pandemic (e.g., disinfection, delivery, and surveillance) [27] in several countries, but
not necessarily everywhere or in the same way.

For example, in India a mechanism was proposed to effectively improve the process of
treating COVID-19 patients by implementing drone services to reduce the risk of infection
of doctors or other medical staff, thus preventing the spread of the infection [28]. In Spain, a
study [29] evaluated the possibility of using drones for disinfection tasks in outdoor public
service areas to reduce virus transmission. In Ireland, these systems have been used to
combat COVID-19 through monitoring and detection, social distancing, disinfection, data
analysis, and delivery of goods and medical supplies [30]. In Turkey, since the virus can be
easily transmitted from person to person, retailers have started testing drones to deliver
products ordered online. Therefore, drones are indeed an alternative delivery system that
could solve some of these problems in different regions [31].

Although drone delivery during the pandemic has been researched in some developed
countries [7,31,32], few studies have addressed this phenomenon in Latin America. There-
fore, as stated above, this study aims to (1) analyze the factors associated with the adoption
of drones for goods delivery in the context of the COVID-19 pandemic in Medellín and
(2) present an overview of how this service is perceived in a developing economy.

2. Narrative Literature Review

Using drones as vehicles for cargo delivery is an opportunity for economic and environ-
mental development and establishes a new sustainable business model [33]. Drone delivery
is based on machine learning and artificial intelligence technologies that require a high
initial investment in terms of skilled workforce, technicians, and fulfillment centers [21], as
well as the construction of infrastructure known as drone airports [34].

One of the main advantages perceived by end consumers in drone delivery is envi-
ronmental protection through environment-friendly products and the reduction in air and
noise pollution, for which they are willing to pay a higher price [21]. The environmental
friendliness of this technology is a key factor influencing and motivating its adoption [35].
Therefore, it is very important to raise consumer awareness in this regard based on research
on their behavior in terms of values, beliefs, and social norms [36]. The environmental
education of consumers is a step toward ensuring the preservation of the environment [37].

In addition to ecological advantages, drones offer benefits such as cheaper, faster
shipping [38], safety, speed, environmental friendliness, and convenience. Thus, they could
replace traditional transportation in parcel delivery services [39]. Drones are not affected
by traffic jams or heavy traffic on roads. They are operated by a computer system that
can reduce labor costs, which is a clear advantage for sustainability [37]. However, in the
post-COVID-19 period, consumers may radically change their behavior in terms of their
attitude towards and intention to use drones for the delivery of goods such as food or
medicine [7].

The advantages of drones over traditional means in logistics are evident, especially
their significant reduction in package delivery time and increased reliability, efficiency,
security, and stability. However, as explained by Sah et al. (2021) [40], the widespread
implementation of this disruptive logistics technology is not yet visible. The most relevant
barriers for the implementation of drones in logistics are related to a greater extent to
the regulations of each country and the threats they might pose to individual privacy
and security. Other barriers include public perception and environmental, technical, and
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economic aspects. Additionally, not all types of suppliers can use drones to provide their
logistics services. Thus, it may be impractical to implement a finely differentiated delivery
strategy [41] because, for that purpose, logistics providers should cooperate more intensely,
and the flow of goods needs to be further consolidated [42].

Despite the potential advantages of drones, users also perceive their risks and disad-
vantages. For example, as they are remotely controlled by computers, they are exposed to
cyberattacks. Also, people fear for their privacy due to the possibility of being recorded or
attacked by drones [43]. Therefore, detailed user knowledge of drones and their functions is
a key factor for their adoption [21]. Consumer reactions to drone delivery indicate that they
resist the change and the adoption of new technologies because of their strong belief that
the traditional system is safer. However, the credibility of certain brands and consumers’
trust in them influences the adoption and acceptance of drones [3].

To use drones for food delivery services, we should consider different risks associated
with it. As explained by Mathew et al. (2021) [44], consumers may perceive risk in a new
technology-mediated product/service due to ambiguity or lack of credibility. Three main
types of risks are evident in food delivery: performance, delivery, and privacy. Thus, the
image of drone food delivery services tends to be affected by perceived risks stemming
from concerns about the use of new technologies. Said concerns also refer to financial and
psychological risks. Performance risk reflects consumers’ concerns about losses incurred
when the service does not work as expected, especially in times of COVID-19; thus, they
cannot make accurate performance decisions before using the service [45,46].

Other perceived disadvantages regarding the functionality of drones are their batteries
and flight duration, due to which logistics centers or airports would have to be built at
certain distances. Their maximum weight capacity is also a limiting factor for the provision
of the delivery service because it is usually 5 kg [3]. In addition, some other external factors
may cause accidents, such as falling from heights; colliding with trees, buildings, animals,
power lines [38], or drones from other companies; and weather conditions that prevent
the provision of the service [5–7]. As a result, designating special airways for drones is
essential. Nevertheless, some countries lack national policies to regulate drone logistics for
delivery services [47].

Companies have found physical and financial risks in drones that result in drawbacks
for their adoption. In addition, end consumers have expressed that social interaction
(which they would not have with drones) is important in the provision of the service [17].
Such beliefs regarding the risks of product delivery methods vary among consumers.
According to Zhu (2019) [48], exploring consumer behavior and profiles and conducting
communication campaigns contribute immensely to the acceptance of commercial drone
delivery. In general, the estimates of user acceptance range between great skepticism and
exaggerated optimism.

Although some companies are already using autonomous vehicles in pilot tests of
delivery services for e-commerce [5], safety and privacy are still a concern for end con-
sumers. Therefore, it is necessary to inquire about their intention to adopt or oppose the
use of this kind of service, especially in the context of a pandemic in which precisely social
distancing was encouraged to reduce the risks of spreading COVID-19 [7]. The business
world is actively considering the use of drones for delivery to increase efficiency and
respond to current customer needs. Consequently, consumer reactions to and perceptions
of this new delivery method should also be analyzed. According to Farah et al. (2020) [3],
despite efforts to position and consolidate drones as delivery service devices, consumers
are skeptical about this innovation. Therefore, we should study how behavioral intentions
towards drone food delivery services are formed after the COVID-19 outbreak [7,31].

2.1. Model and Hypotheses

Drones have shown great potential for parcel delivery both before [7] and after the
pandemic [31,32]. However, the application of drones in food delivery services is not yet
widely commercialized, as it is considered a novel technology in an emerging stage [32].
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In the literature, the public acceptance of drones for goods delivery has been researched
adopting the Diffusion of Innovation (DOI) theory and the Technology Acceptance Model
(TAM) [31,49]. The DOI theory was proposed by Rogers (1983) [50] to understand why
consumers adopt innovative technologies. He identified five attributes of innovations
that could affect people’s decision to adopt them: relative advantage, compatibility, com-
plexity, observability, and trialability. Nevertheless, relative advantage, compatibility, and
complexity have been the most commonly used [31].

Many times, the DOI theory has been applied in combination with the TAM proposed
by Davis (1989) [51]. The TAM aims to explain how users come to accept the use of a
certain technology based on a series of factors that influence their decision about how
and when they will use it (e.g., perceived ease of use and usefulness as determinants
of attitude (which in turn determines use) and external variables) [52]. Thanks to their
similar constructions, the DOI and the TAM can complement each other. Furthermore, the
attributes of innovation have often been considered to be determinants of attitude toward
and intention to adopt certain technologies [53].

Yoo et al. (2018) [49] proposed a model that applies the DOI and TAM to formulate
theoretical constructions and hypotheses. From Rogers’ model (1983) [50], they took relative
advantage, compatibility, complexity, and personal innovation as perceived technological
factors. From Davis’ model (1989) [51], they took the constructions attitude and intention
to use. Finally, they evaluated perceived risks as an additional variable to those of the DOI
and the TAM.

2.1.1. Relative Advantages

Relative advantage refers to the degree to which the consumer perceives that an inno-
vation provides more benefits than the traditional tool or technology [54], in other words,
its perceived superiority over the status quo and other options (e.g., for home package
delivery). Nevertheless, said advantage can change due to different spatial characteristics
or between cultures, beliefs, values, and other social dimensions. According to Rogers
(1983) [50], this advantage is associated with a cost-benefit analysis to determine how
convenient it is to adopt an innovation.

It has been found that the adoption of drones could be largely a matter of cost in
relation to, e.g., helicopters [55] or traditional logistics systems [31]. Therefore, consumers
perceive that drone delivery provides a relative advantage, which influences their attitude
to adopt it thanks to its speed and environmental friendliness [31,49]. Park et al. (2018) [56]
claim that the use of drones for food delivery is appropriate because they are fast and
offer environmental benefits. Based on this information, this study proposes the first
two hypotheses:

Hypothesis 1. The relative advantage of speed positively affects attitude toward drone delivery.

Hypothesis 2. The relative advantage of environmental friendliness positively affects attitude
toward drone delivery.

2.1.2. Complexity

Complexity is defined as consumers’ perception of technological advances and the
ease of use of technologies [31,57]. According to Rogers (1983) [50], complexity is the
extent to which an innovation is perceived by users as easy to use and understand. From a
general point of view, innovations that are easier for consumers to use will be adopted more
quickly; conversely, complex technologies may take longer or be rejected as they require
new knowledge and development of skills [58]. The trialability of drones provides testing
buffer prior to adoption, but their potential complexity is a concern that could hinder said
adoption [22]. Therefore, a more generalized perception of less complexity in the use of
drones for package delivery would influence their adoption [49]. As a result, the following
hypothesis is proposed:
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Hypothesis 3. Lower complexity positively affects attitude toward drone delivery.

2.1.3. Compatibility

Compatibility is a fundamental measure to predict or facilitate innovation, and it
is defined depending on particular needs, values, and user experience [59]. Hence, it is
assumed that people who find technologies to be compatible with their existing routines and
needs are more likely to use them [60]. Regarding drone delivery, compatibility influences
attitude, which plays an important role in the formation of behavioral intentions [61]. This
is because when consumers evaluate new technologies, the overlap of perceived usefulness
with perceived ease of use in the past positively affects their perceived compatibility and
attitude toward new technologies [31]. Therefore, the following hypothesis is proposed:

Hypothesis 4. Compatibility positively affects attitude toward drone delivery.

2.1.4. Perceived Risks

Perceived risks have been used in a systematic way to try to explain and analyze the
behavior of consumers in the face of new technologies; for instance, their anxiety in the
face of unpleasant situations that they may experience when they buy new products or
acquire new services, which are generally found in emerging fields [62].

Performance risk reflects consumers’ concerns about losses incurred when a ser-
vice does not work as expected; thus, they cannot make accurate performance decisions
before using the service [45]. Consumers perceive a high performance risk in new prod-
ucts/services due to their lack of experience, which negatively affects their attitude toward
them [62]. Thus, the following hypothesis is proposed:

Hypothesis 5. Performance risk negatively affects attitude toward drone delivery.

Delivery risk also reflects people’s concerns about not getting a package delivered for a
variety of reasons, such as an accident, damage, or theft of a drone carrying the package [45].
In addition, it is believed that drones might malfunction, perform inaccurate deliveries,
or not find a place to land at residences [63]. Based on this, the following hypothesis
is proposed:

Hypothesis 6. Delivery risk negatively affects attitude toward drone delivery.

Privacy risk refers to how much people value the confidentiality of their information,
which directly influences their adoption of technologies. In the context of drone deliv-
ery, privacy is a driver of concern given the sensitivity of the information that may be
collected [64]. This risk is related to the feeling of insecurity that individuals experience
when they have to share personal data such as credit card number, address, and phone
number [46]. Therefore, the following hypothesis is proposed:

Hypothesis 7. Privacy risk negatively affects attitude toward drone delivery.

2.1.5. Individual Characteristics

In general, individual characteristics are determinants of attitudes toward a technol-
ogy [65], and individual innovativeness is a predominant factor in attitudes toward drone
delivery [50,66]. This factor represents the degree to which a person feels open to using
new technologies. Consequently, those with a great capacity for personal innovativeness
are more likely to easily adopt new technologies and thus overcome the uncertainties that
are generated in these processes. According to Ciftci et al. (2021) [66], this is a personality
trait that drives an individual’s initial intention to try innovations. Thus, the following
hypothesis is proposed:
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Hypothesis 8. Personal innovativeness positively affects attitude toward drone delivery.

Communication channels are especially useful to raise innovation awareness [67].
Mass media channels (e.g., the internet, television, radio, advertisements, and newspa-
pers [49] inform individuals about new technologies [68]. During the pandemic, communi-
cation channels (especially social media) determined the acceptance and use of drones [69].
Thus, the following hypothesis is formulated:

Hypothesis 9. Mass media channels positively af fect attitude toward drone delivery.

Over time, consumers’ environmental awareness has increased, motivating the adop-
tion and use of environmentally friendly—also called green—technologies. In the literature,
environmental concerns have been related to the collective awareness of current environ-
mental problems, according to Wu et al. (2019) [70], which can be indicated by the attitude,
recognition, and response of individuals towards environmental problems. In particular,
the adoption of drone delivery offers potential benefits for green consumers who believe
that, by using this type of technology, are reducing their carbon footprint [64]. Therefore,
the following hypothesis is proposed:

Hypothesis 10. Environmental concern positively affects attitude toward drone delivery.

2.1.6. Attitude and Intention

In the literature, it has been proposed and proven that attitude influences behavioral
intentions, which is based on the ideas in the TAM. Consequently, behavioral intentions
measure the probability of performing a certain action, such as adopting a technology [32].
Attitude refers to a person’s positive or negative evaluation of a behavior, which has a
direct effect on their intention to use [51]. In the case of drones, attitude is the negative or
positive evaluation of their delivery service [31]. Based on this, the following hypothesis
is presented:

Hypothesis 11. Attitude toward drone delivery positively affects intention to use it.

These eleven hypotheses (taken from [49]) compose the theoretical model adopted in
this study to determine and analyze the factors that affect attitude toward drone delivery
in Medellín, which in turn affects the intention to use said delivery in that city during the
COVID-19 pandemic.

3. Materials and Methods

A survey was administered to 121 participants (15 and older) in Medellín. The
participants were in different occupations and had knowledge of the existence of drones
and some of their functions. The goal was to analyze the factors that affect their adoption
of drone delivery in 2020 after the WHO declared a pandemic due to the outbreak of the
COVID-19 virus. At that time, organizations were looking for service delivery strategies to
face social distancing and lockdowns imposed to prevent the spread of the virus.

First, respondents were presented with the objective of this study. It was made
clear to them that the survey was anonymous, they would not be paid or charged for
participating in it, and they could be withdrawn from the study at any time. In the survey,
drone delivery was connected to different significant sectors: food (home delivery), health
(medicine delivery), and, in general, home delivery of online orders. The first part of
its questionnaire included a total of 28 items designed to characterize the sample using
open-ended questions about their interest in using drone delivery. The second part of the
survey was a series of statements that participants rated on a Likert scale to measure the
following constructs: Relative Advantage of Speed, Relative Advantage of Environmental
Friendliness, Compatibility, and Complexity.
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The first aim of this study was to apply and validate a model to examine the adoption
of drone (unmanned aircraft) delivery in Medellín (a city in Colombia). The variables
investigated here were selected from the model proposed by Yoo et al. (2018) [49], which
includes the following eleven constructs: Attitude Towards Drone Delivery (ADD), Com-
plexity (CX), Mass Media Channel (MMC), Compatibility (CM), Intention to Use Drone
Delivery (IUD), Personal Innovativeness (PI), Delivery Risk (DR), Privacy Risk (PVR),
Performance Risk (PMR), Relative Advantage of Environmental Friendliness (RAEF), and
Relative Advantage of Speed (RAS). We designed the variables to extract the most useful
information and thus achieve the aims of this study (see Table 1).

Table 1. Constructs and variables in the proposed model. The constructs were taken from [30].

Construct Variable

Attitude Towards Drone Delivery (ADD)
Drone delivery is easy to use.

Using drones suits my lifestyle.

Complexity (CX)

My interaction with drone delivery is clear and understandable.

Drone delivery can provide me with a better service.

Using drone delivery fulfills my delivery service expectations.

Mass Media Channel (MMC)
I have a lot of information from the media about drone delivery.

The media have helped me to better understand drone delivery.

Compatibility (CM)
Drones emit less carbon dioxide during delivery.

Using drone delivery is compatible with all the aspects of my work.

Intention to Use Drone Delivery (IUD)
Using the drone delivery technology is a good idea.

Receiving parcels delivered by drones is something that will happen in the long term.

Personal Innovativeness (PI)
I have often seen articles about drone parcel delivery.

Drone delivery is desirable.

Delivery Risk (DR)
The package carried by the drone can be stolen.

The package carried by the drone can be damaged by others.

Privacy Risk (PVR)
Drone delivery will result in a loss of my privacy.

Drone delivery might be used in a way that violates my privacy.

Performance Risk (PMR)
The package carried by the drone might arrive late or be incomplete.

Drone delivery will make me lose control over my privacy.

Relative Advantage of Environmental
Friendliness (RAEF)

Drone delivery helps the environment.

Drone delivery allows me to receive products in an environmentally friendly way.

Relative Advantage of Speed (RAS)
Drone delivery is a fast way to deliver packages.

Drone technology is useful for fast goods delivery.

Source: Yoo et al. [50].

In the survey, 45% of the participants were 30 or older, 31% were between 26 and 29,
and the remaining percentage were between 16 and 25 years old. Additionally, 75% of those
surveyed had never operated a drone in their lives, and the remaining 25% claimed that
they had had an “excellent” or “very good” experiences with them. Among the participants,
55% would recommend buying a drone to their relatives and 68% thought that using drones
is safe.

4. Results

IBM SPSS software was used to analyze and calculate the correlation statistics. Other
values were also calculated: sampling adequacy measure, Bartlett’s test of sphericity,
standardized factor loadings, reliability of the measurement scale, and correlation between
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the constructs in the model. The validity of the measurement scale was determined based
on the analyses of convergent validity and discriminant validity. Such analyses had two
aims: (1) to establish the reliability of the model based on the observable items and their
impact on a latent variable and (2) to be able to claim that the measures of a single construct
were valid; that is, that they were highly correlated to each other and could be discriminated
from the measures proposed for a different construct [71].

4.1. Convergent Validity and Discriminant Validity

Principal component analysis was used for feature extraction. The factor loadings were
obtained to interpret the function of every variable and define each one of the factors. The
significant values reported in Table 2 determine that each variable adequately represents the
factor that contains it. The guidelines to identify significant factor loadings were based on
the sample size (121 participants), which accepts up to 0.50 in the value of each variable [72].

Table 2. Factor loadings of constructs in the proposed model.

Factor Item Standardized Factor Loading Average of Standardized
Factor Loadings

Attitude Towards Drone Delivery (ADD)
ADD1 0.812

0.812
ADD2 0.812

Complexity (CX)

CX1 0.838

0.870CX2 0.909

CX3 0.863

Mass Media Channel (MMC)
MMC1 0.928

0.928
MMC2 0.928

Compatibility (CM)
CM1 0.761

0.761
CM2 0.761

Intention To Use Drone Delivery (IUD)
IUD1 0.900

0.900
IUD2 0.900

Personal Innovativeness (PI)
PI1 0.872

0.872
PI2 0.872

Delivery Risk (DR)
DR1 0.951

0.951
DR2 0.951

Privacy Risk (PVR)
PVR1 0.955

0.955
PVR2 0.955

Performance Risk (PMR)
PMR1 0.731

0.731
PMR2 0.731

Relative Advantage of Environmental
Friendliness (RAEF)

RAEF1 0.886
0.886

RAEF2 0.886

Relative Advantage of Speed (RAS)
RAS1 0.967

0.967
RAS2 0.967

Created using IBM® SPSS® Statistics.

Regarding the correlation between variables, Bartlett’s test of sphericity and the Kaiser-
Meyer-Olkin (KMO) measure of sampling adequacy were calculated, and the fit of the
model was determined to carry out a factor analysis. The KMO is a statistical test that
detects the correlation between variables and returns the probability that the correlation
matrix contains significant values. Its p-value must be lower than the critical levels (0.05 or
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0.01). Note that this test is very sensitive to increases in sample size because the larger the
sample, the easier it is to find significant correlations [73].

Furthermore, the value of the KMO sampling adequacy measure (between 0 and 1) is
defined as an index that compares the magnitudes of the observed correlation coefficients
with those of the partial correlation coefficients. It characterizes those values on a scale
in which KMO measures from 0.90 to 1.00 are marvelous; from 0.80 to 0.89, meritorious;
from 0.70 to 0.79, middling; from 0.60 to 0.69, mediocre; from 0.50 to 0.59, miserable; and
from 0.00 to 0.50, unacceptable [74]. Table 3 shows that the coefficients obtained by SPSS
for each of the factors meet the criteria mentioned above, indicating that the data reduction
technique can be applied.

Table 3. Sampling adequacy and Bartlett’s test of sphericity of the factors in the proposed model.

Factor KMO Value Bartlett Value Meets Criteria

Attitude Towards
Drone Delivery 0.500 0.000 Yes

Complexity 0.697 0.000 Yes

Maas Media Channel 0.500 0.000 Yes

Compatibility 0.500 0.000 Yes

Intention to Use Drone Delivery 0.500 0.000 Yes

Personal Innovativeness 0.500 0.000 Yes

Delivery Risk 0.500 0.000 Yes

Privacy Risk 0.500 0.000 Yes

Performance Risk 0.500 0.000 Yes

Relative Advantage of
Environmental Friendliness 0.500 0.000 Yes

Relative Advantage of Speed 0.500 0.000 Yes

Created using IBM® SPSS® Statistics.

The discriminant validity is evaluated in Table 4, which provides evidence of the
confidence intervals of the model. Discriminant validity is one of the most common criteria
used to evaluate scales for measuring latent constructs in social sciences. To prove the
discriminant validity of the measures, those of the same construct must be highly correlated,
and this correlation must be greater than that existing with respect to the measures proposed
for any different construct [75].

Table 4. Confidence intervals of the variables in the model.

ADD CX MMC CM IUD PI DR PVR PMR RAEF RAS

A
D

D

. . .

C
X [0.179;0.576] . . .

M
M

C

[0.209;0.616] [0.256;0.626] . . .

C
M [0.367;0.684] [0.208;0.579] [0.075;0.493] . . .

IU
D [0.318;0.622] [0.115;0.516] [0.220;0.556] [0.411;0.706] . . .

PI [0.312;0.687] [0.261;0.631] [0.489;0.754] [0.325;0.656] [0.274;0.595] . . .

D
R [0.406;0.030] [0.263;0.141] [0.292;0.088] [0.094;0.505] [0.077;0.328] [0.063;0.397] . . .

PV
R

[0.152;0.567] [0.065;0.338] [0.143;0.483] [0.111;0.489] [0.021;0.415] [0.139;0.263] [0.094;0.312] . . .
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Table 4. Cont.

ADD CX MMC CM IUD PI DR PVR PMR RAEF RAS

PM
R

[0.712;0.345] [0.200;0.218] [0.194;0.557] [0.115;0.554] [0.164;0.559] [0.002;0.440] [0.473;0.751] [0.473;0.751] . . .

R
A

EF [0.260;0.606] [0.016;0.377] [0.036;0.391] [0.430;0.717] [0.121;0.506] [0.126;0.527] [0.082;0.471] [0.099;0.319] [0.013;0.445] . . .

R
A

S

[0.127;0.555] [0.184;0.603] [0.126;0.306] [0.187;0.618] [0.127;0.507] [0.208;0.603] [0.206;0.227] [0.027;0.379] [0.042;0.406] [0.227;0.641] . . .

Created using IBM® SPSS® Statistics.

In this study, the discriminant validity analysis was carried out by confirming that the
confidence interval in the estimate of the correlation between each pair of factors did not
contain a value of one [76].

4.2. Realiability

Next, we established the reliability of the measurement scale and verified the ex-
planatory power of the model; for that purpose, we calculated the Cronbach’s alpha of
the respective scales of each construct. This procedure is necessary because Cronbach’s
alpha is an index used to measure the reliability of the internal consistency of a scale [77].
Its value ranges between 0 and 1, where numbers closer to 1 indicate a greater internal
consistency of the items under analysis [78]. As shown in Table 5, the measurement instru-
ment seems to have an adequate reliability of the internal consistency of the measurement
scale because the value of the coefficients is within the range recommended by the authors
mentioned above.

Table 5. Reliability coefficient.

Factor Cronbach’s Alpha

Attitude Towards Drone Delivery 0.811

Complexity 0.910

Mass Media Channel 0.943

Compatibility 0.745

Intention to Use Drone Delivery 0.912

Personal Innovativeness 0.890

Delivery Risk 0.963

Privacy Risk 0.964

Performance Risk 0.707

Relative Advantage of Environmental Friendliness 0.896

Relative Advantage of Speed 0.973

Created using IBM® SPSS® Statistics.

4.3. Hypothesis Testing

At the conceptual level, a factor analysis starts with previous hypotheses based on
a given model. Then, the hypotheses are tested to determine the influence that certain
variables have over others. The model proposed in this study was estimated to identify
the determiners of the adoption of drone delivery in Medellín. The hypotheses formulated
here were included in said model, and their degree of association was measured using
Somers’ D statistic.

Somers’ D, which was used for this validation stage, is a measure that determines the
strength and direction of the association between an ordinal dependent variable and an
ordinal independent one. Thus, these ordinal variables contain a natural order that was
measured on a Likert scale [79]. In this regard, the measure took values between −1 and 1,
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where those close to 1 indicate a strong relationship between two variables (i.e., all pairs of
the variables agree), and those close to −1 indicate that there is a week or no relationship
between the constructs (i.e., all pairs of the variables disagree) [80].

Figure 1 presents the model proposed here and the Somers’ D values obtained for the
association between its constructs (i.e., variables). According to the theory reviewed in
this study, we can conclude that the association coefficients calculated for the hypothetical
relationships in the model present positive and significant values, which shows a high
correlation between the variables evaluated in this analysis. In addition, SPSS provided the
Somers’ D coefficient and placed it in a cross tabulation to indicate the degree of association
between the factors that were part of the hypotheses and those that were not. This enabled
us not only to verify the degree of association of the hypothesized relationships but also to
compare it with that between other constructs in the model.
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5. Discussion

The results obtained for these hypothetical relationships show that Performance Risk
has a significant correlation with Attitude Towards Drone Delivery, which is the strongest
relationship in the model. This indicates that the possibility of an inconvenience in the
provision of the service is a reason for consumers to perceive that the technical staff does
not have complete control of the device when they send packages. This risk can generate
great uncertainty in users and become a factor against the adoption of drones as a channel
for goods delivery. These results coincide with those obtained by Yaprak et al. in 2021 [31]
in the context of the COVID-19 pandemic. However, the construct Performance Risk can
also be the key to change or improve perceptions of drone delivery because, if customers
perceive its speed and efficiency, their satisfaction with the service is likely to increase and,
thus, their attitude towards drone adoption is likely to improve.

The construct Personal Innovativeness has a strong association with Attitude Towards
Drone Delivery, which is evidence that an individual’s interest, level of curiosity, and
conception of the delivery process have a positive impact on their Attitude Towards Drone
Delivery. This construct is often one of the most influential in attitude towards drone
delivery in emerging economies after the COVID-19 pandemic [44,81]. This is in line with
Hwang et al. (2021) [82], who found that, under moderating effects, after the COVID-19
outbreak, consumers who were motivated to use drone food delivery services showed
more favorable attitudes toward that new technology encouraged by social innovation.
Consequently, organizations that provide drone delivery services should identify the
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specific aspects that motivate consumer innovativeness in order to improve the efficiency
of their services.

This claim is supported by the study of Yoo et al. (2018) [49], where the relative
advantages of drone delivery, usability, perceived risks, and personal innovativeness
were the main determinants of attitude towards drone delivery. Similarly, the results
of the analysis by Kim et al. (2021) [7] highlighted the fundamental role of perceived
innovativeness in the construction of consumer attitudes towards drone delivery services
in the context of the COVID-19 pandemic.

Compatibility also exhibits a high level of association with Attitude Towards Drone De-
livery. This result, which is supported by previous research [83], highlights the importance
of compatibility for the adoption of flight technologies as means of packet transport. Hence,
the organizations that support the implementation of delivery drones should further em-
phasize their compatibility on different media [84]. Therefore, Compatibility, an important
factor according to the literature [85], influences Attitude Towards Drone Delivery.

Drones’ Relative Advantage of Environmental Friendliness also presents a strong
relationship with consumers’ Attitude Towards Drone Delivery. The green image that
delivery drones project (in terms of a small impact on the environment) favors a positive
attitude towards their implementation. Likewise, previous studies have confirmed the
advantages of environmentally friendly practices for shaping customers’ attitude and,
therefore, their intention to use drone delivery in emerging countries [44]. This may
indicate that more and more people are transferring the principles of their lifestyle and
their ethical and moral values to their decision-making process. If something deviates from
their beliefs, they may not consider or approve it.

If individuals do not perceive that drone delivery contributes to the environment,
their interest in using it may be reduced, and programs or actions that promote it may be
undermined. Nevertheless, previous studies [8] have shown that drones will be able to
optimize the way of eliminating contamination with a very high percentage (through the
reduction of human contact) with the increase of the flexibility of the flight (reaching the
less accessible regions every hour of the day).

Another significant relationship in the model was found between Attitude Towards
Drone Delivery and Intention to Use Drone Delivery, which shows that the use of drone
delivery technology should be associated with a positive feeling. These results are con-
sistent with those of previous studies on consumer perception during the COVID-19
pandemic [31,82], which confirmed a positive relationship between attitude towards drone
delivery service and intention to use that service. Individuals who are more inclined to
be in favor of this technology consider that drone delivery is a good idea in the long term.
However, prospective users should also feel that this technological reality is part of their
lifestyle and not simply a utopian scenario they cannot be part of or benefit from in terms
of product delivery.

Finally, the model presented a low correlation between the constructs Delivery Risk
and Attitude Towards Drone Delivery. This indicates that, if their expectations are fulfilled
and their needs are met, users tend to be more satisfied and motivated to continue using
the services offered by drone delivery companies [31].

According to [31], there is a limited number of studies on order delivery using drones
in times of the pandemic. Moreover, many studies on drone delivery have been conducted
in developed economies, but only a few in their emerging counterparts [44], particularly
in Latin America. The difference between this study and previous research is the context
examined here, i.e., Medellín during lockdowns due to the COVID-19 pandemic declared
by the WHO in 2020. This study revealed differences between findings obtained before and
after the pandemic in developed economies and their emerging counterparts, but it focused
on Medellín, Colombia, an emerging economy in Latin America. For that purpose, it tested
the relationships between relative advantages, complexity, compatibility, perceived risks,
individual characteristics, attitude, and intention in said city.
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Before the pandemic, Yoo et al. (2018) [49] found that, in a developed country, relative
advantage of speed, relative advantage of environmental friendliness, complexity, perfor-
mance risk, privacy risk, and personal innovativeness were all significant predictors of
attitude toward drones. In contrast, in this study, the most significant predictors were per-
formance risk, compatibility, personal innovativeness, relative advantage of environmental
friendliness, and control over the order. This indicates that, in an emerging economy (i.e.,
Medellín), the factors that influence drone delivery adoption are fast delivery, environmen-
tal friendliness, compatibility with lifestyles, performance of the technology device, home
and personal data privacy, and orientation towards the use of innovative technologies.
Contrary to the case analyzed by Yoo et al. (2018) [49], where customers were concerned
about delivery speed, in Latin America they are more concerned about lack of control and
product loss or damage caused by the drones during transport.

In the study by Yaprak et al. (2021) [31], the compatibility of drones was not influential
in the context of the pandemic. This could be because the lifestyles of many people changed
during the lockdowns, and new ways to meet people’s daily needs were adopted. Other
authors have paid attention to consumers in developed economies and their perception of
the benefits and risks of drones. In emerging economies, personal innovativeness tends
to be ranked higher than consumer attitudes and environmental friendliness with respect
to drone adoption [44]. Considerable attention has also been paid to opinion passing
and perceived privacy risk [83], and the results largely coincide with those obtained
in this study.

Regarding theoretical implications, the results of this study provide empirical evidence
of the robustness of the model proposed by Yoo et al. (2018) [49]. They also indicate that
Performance Risk, Compatibility, Personal Innovativeness, and Relative Advantage of
Environmental Friendliness are the most influential factors on Intention to Use Drone
Delivery (mediated by Attitude Towards Drone Delivery). In addition, this study paves
the way for future research in this area in Latin America after the pandemic because
drones have become an innovative technology for parcel delivery and have proven to be
very useful in the context of a pandemic. Indeed, not many studies have been published
in this field. Therefore, this study contributes to the emerging line of research on the
adoption of drone delivery in emerging economies in Latin America. Furthermore, it
highlights the relevant role of performance risk, compatibility, innovativeness, and relative
advantage of environmental friendliness in a positive attitude toward the use of drones.
Participants’ decisions are greatly influenced by concerns about theft or damage, lifestyles,
early adoption of innovations, and the trend of environmentally friendly technologies.
Although these results are not unexpected, they provide additional information about
a lockdown scenario that was not considered in the original TAM. Future studies could
address other important factors in the literature (e.g., ease of use and perceived usefulness)
in other cities in Colombia or other Latin American countries.

In terms of practical implications, this paper can provide an input for decision-making
by companies interested in adopting this technology for commercial purposes. Thus, they
can consider the factors that affect user attitudes to refine their drone delivery systems.
Based on the results obtained, organizations can find a way to promote the use of this
type of service so that customers have reason to believe that drone package delivery is
innovative, safe, and environmentally friendly. They can also identify the perceived risks
that generate the greatest concern in consumers to act and disseminate relevant information
on the matter. Thus, to enjoy these benefits and scale business drone operations after the
pandemic, drone delivery services should be geared towards improving convenience with
proper packaging, tracking, and trouble-free deliveries, as well as faster delivery times,
lower costs (to attract a larger number of consumers), and environmental advantages. In
general terms, this study is valuable for decision-makers at organizations that provide
online shopping services and are working on the implementation of drone delivery as a
means of transporting packages.
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The limitations of this study are present in three aspects. First, it is necessary to con-
sider the current lack of knowledge of all the different possible uses of drones, especially
for goods distribution, which could greatly affect the adoption of this type of technology.
Second, trust is important for drone delivery, especially in developing countries. Con-
sequently, distrust due to security and privacy issues may delay drone adoption in the
delivery market in said countries. Third, the sample size was not large enough to generalize
the findings to the overall adoption of drones to distribute goods in Medellin. A larger
sample is needed to obtain more generalizable results.

Investigating the adoption of a technology implementing technology acceptance mod-
els reduces technical, operational, and organizational uncertainty for developer companies.
Technology adoption was accelerated during the COVID-19 pandemic and much more so
in the post-pandemic context. This pressing need is forcing different sectors to acknowl-
edge emerging technological capabilities. For instance, drones have potential to transform
industries and improve productivity. Importantly, the data collected in this study highlight
key elements to foster innovation.

Innovative initiatives combine research, collaborative work, needs, resources, and the
market, among other aspects. Thus, identifying the particular factors that influence the
adoption of drones for goods delivery reduces uncertainty for organizations because they
can use specific constructs to guide product development or corporate process innovation.

This study presented theoretical information about drone delivery adoption, but
knowledge generation in this field is still limited. Participants in the survey were concerned
about technical aspects of drones; however, they were open and willing to use drone
delivery if it improves their quality of life. Finally, they were also concerned about drones’
performance risk, which means that knowledge dissemination campaigns should be imple-
mented to highlight the advantages and possible integration of drone delivery services.

6. Conclusions

The COVID-19 pandemic has generated the need to reduce the risk of infection using
various self-care strategies such as social distancing. Even after the pandemic, some changes
that were implemented as preventive measures will remain in force. Such is the case of
drone delivery, which was already being developed before the outbreak and had attracted
the interest of scholars and companies that provide this commercial service.

Multiple organizations have made efforts to implement contactless delivery strategies,
but users’ attitude is vital in the implementation of these technologies as a means of
delivery. Therefore, the aim of this study was to apply and validate a model to identify the
determinants of the adoption of drones (unmanned aircraft) to deliver goods in Medellín
in the context of the COVID-19 pandemic. The knowledge of the consumer attitudes that
influence the acceptance of these technologies has positive applications in academic and
commercial contexts.

This study proposed and applied a model in which relative advantage is a multidimen-
sional construct. It also investigated the determinants that directly influence consumers’
attitude towards and intention to adopt drone delivery services by using three types of
variables: (1) perceived attributes, (2) perceived risks, and (3) individual characteristics.
Compatibility and Relative Advantage of Environmental Friendliness (perceived attributes);
Performance Risk (a perceived risk); and Personal Innovativeness (an individual character-
istic) exhibited the strongest influence on Attitude Towards Drone Delivery in this model
applied in the context of the COVID-19 pandemic in Medellín.
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