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ABSTRACT

With the ongoing industrial revolution, the innovative approaches to marketing strategies are being intro-
duced, including the drones’ usage of online food delivery services. However, drone adoption involve into the food
delivery sector remains limited and has yet to take hold in Malaysia. While drones are already utilized in various
Malaysian industries—such as border security surveillance, aerial photography, and disaster relief operations, in-
cluding the delivery of critical supplies during floods—the food delivery industry has not yet embraced this technol-
ogy. This study seeks to prolong Technology Readiness and Acceptance Model (TRAM) by integrating delivery risk
as main independent variable to better understand individual behavior toward adopting emerging technologies.
Gaining deeper insights into these human factors can assist decision-makers and marketers in crafting strategies
that better align with customer expectations. Specifically, two new constructs—delivery risk and generation gap—
were incorporated into the model. The extended framework was empirically tested using a quantitative approach
within the Malaysian context. Out of 400 questionnaires distributed, 384 valid responses were obtained. The re-
sults indicated that respondents’ views did not fully align with the hypothesized relationships concerning the two
additional constructs and their influence on adoption intention, particularly regarding drone use in food delivery
services.
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1. Introduction

Drones delivering food represent an emerging tech-
nology that combines convenience, speed, and innova-
tion. By utilizing autonomous or remotely controlled
drones, food deliveries can reach consumers more
quickly and efficiently, particularly in areas with high
traffic congestion or challenging terrain. Companies
such as Uber Eats and Domino’s have already initiated
trials of drone delivery systems, providing a glimpse into
the future of food logistics.

The logistics industry faces both new challenges
and opportunities, driven by digitalization and the rapid
growth of e-commerce. The integration of artificial in-
telligence (Al) and autonomous flight technology marks
a significant advancement in drone capabilities. Look-
ing ahead, drones are expected to introduce greater cre-
ativity and efficiency across various industries!*. Fur-
thermore, these systems are projected to streamline
the transportation of a substantial portion of consumer
goods ordered on demand?!. Despite this potential, the
widespread use of drone delivery remains relatively lim-
ited due to factors such as public perception, regula-
tory restrictions, and technological challenges3l. How-
ever, several major U.S. companies have launched ini-
tiatives to expand drone deployment for delivery, ap-
proved by the Federal Aviation Administration (FAA).
These companies have also formed strategic partner-
ships with prominent retailers to extend their coverage
to larger geographical areas within the U.S. Additionally,
plans are underway to expand drone delivery operations
into six new European markets by 2023 [,

Several factors have driven the rising demand for
drones, including advancements in technology, shifting
consumer preferences, and an increasing need for faster
and more efficient delivery solutions. In particular, the
Covid-19 pandemic spotlighted the potential of drones’
usage in food delivery services. Drone-based package de-
livery systems are projected to grow substantially in the
global market from 2018 to 2030, reaching an estimated
value of USD 3.4 billion by 203001,
reduces dependence on human drivers, offering advan-

Utilizing drones

tages such as quicker delivery times and better preser-

vation of food during transit. Especially in suburban ar-

eas, drone-based delivery is expected to outperform tra-
ditional methods in terms of efficiency [°].

Moreover, the pandemic has accelerated demand
for delivery services as mobile robotic systems help
minimize direct human contact during parcel delivery.
Consequently, delivery drones have emerged as one of
the most innovative alternatives, capable of transport-
ing parcels via airl’l. The food service industry has
witnessed significant investment aimed at developing
drone delivery capabilities that not only promise rapid
delivery but also the ability to overcome traffic conges-
tion and geographic barriers.

The impact of COVID-19 has notably fueled growth
within the drone delivery sector, opening up substan-
tial opportunities in the logistics and delivery industries.
Data from Statista’s Global Consumer Survey®! reveals
varying levels of readiness for drone delivery technol-
ogy across countries. For example, an October 2021 sur-
vey found that 26% of respondents in China expressed
a preference for drone deliveries, whereas only 14% of
German respondents showed a similar willingness.

The emergence of drone delivery services in the
Malaysian food industry is a new phenomenon. Drone
delivery is a relatively new concept in Malaysia's market.
The use of drones as alast-mile courier service is a poten-
tially attractive method, but its uptake in the Malaysian
food-delivery sector is not encouraging yet. One of the
explanatory factors lies in the dearth of empirical stud-
ies that critically challenge how consumers react to such
devices. In comparison with the active scholarship car-
ried out in the United States®! and South Korea1%11] re-
search in Malaysia is humble in scale and depth. There-
fore, the participants of the nascent Malaysian market
have to deal with propositional uncertainty and reluc-
tance towards the implementation of drone-based plat-
forms.

The use of drones in food delivery in Malaysia is
clearly in its infancy. The development of such a sector is
accompanied by a range of obstacles, but one of the most
significant is the fact that empirical studies of customer
behavior in three-party logistics (3PL) environments in-
volving drones in the Malaysian marketplace are barely
existent. Compared with other studies regarding similar

food-delivery implementations in the United States and
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South Korea ['®!1], the current Malaysian state is lacking
in similar depth and scale. This lack of indigenous in-
formation may refresh doubt and reluctance among the
stakeholders deliberating the integration of drone tech-
nology within the Malaysian food-delivery system.

Drones have attempted to utilize marketing tactics
that are well studied in other fields, a need for more em-
pirical studies that utilize well-known and tested theo-
retical models to overcome knowledge gaps and better
present the factors behind drone delivery acceptance.
Proven theoretical frameworks and lenses for evaluating
social dynamics serve as the basis for quality research
in qualitative interpretive studies. However, drone’ re-
search has yet to meet these marketing knowledge bases
due to many models being developed for traditional mar-
keting environments. Given the current knowledge gaps,
there is an urgent need to conduct more empirical stud-
ies that utilize proven theoretical models to address
these knowledge gaps and better understand the ways
in which people accept drone delivery services.

The industrial revolution is pushing the search for
novel marketing methods all over the world, including
drone delivery of food. Drone adoption in Malaysia’s food
delivery market is low despite the high global acceptance
of drones. Drones have been used for a variety of in-
dustries in Malaysia, from border security surveillance to
aerial shots, food delivery, agriculture, topographic map-
ping (1213

cluding delivering flood aid packs*l. However, Malaysia

1 and an array of disaster relief activities, in-

has not embraced drone technology for food delivery
yet. In contrast, several other countries have successfully
embraced drone technology for food delivery, setting a
precedent for potential adoption in Malaysia.

The reliance on human riders in current food deliv-
ery services presents numerous challenges, particularly
concerning safety and ethical conduct. Statistics reveal a
troubling trend: in 2020, approximately 1600 fatalities
were reported among riders engaged in p-hailing ser-
vices for food and parcel delivery, highlighting the risks

151, Con-

associated with navigating congested trafficl
tributing to this issue is the pressure on riders to max-
imize their income, often resulting in reckless behavior
on the road. Research indicates that two-thirds of deliv-

eryriders disregard traffic regulations in their pursuit of

higher earnings, and one-third engage in serious safety
violations such as using mobile phones while riding, ig-
noring traffic signals, making illegal turns, and riding
against the flow of traffic[1¢].

The surge in demand for contactless services, such
as food delivery, creates an opportunity for the adoption
of drones in this sector. This shift also aligns Malaysia
with the Fourth Industrial Revolution (IR 4.0) by allow-
ing the accumulation of large amounts of raw data, inte-
grating software, leveraging Al, supporting autonomous
flight, facilitating machine learning, and connecting to In-
ternet of Things (IoT). These technologies make drones
integral components of this technological transforma-
tion. These technological developments are encourag-
ing Malaysian society to reassess its stance toward drone
innovation. The incorporation of drone technology into
Malaysia’'s innovation ecosystem aligns with the revolu-
tionary potential of Industry 4.0. This technology has the
potential to create a flexible, technologically literate pop-
ulace capable of adapting to changing consumer needs,
rather than just facilitating automation.

However, this excitement is tempered. Policymak-
ers face difficulties in assessing the technology’s practical-
ity and repercussions due to a lack of empirical and theo-
retical bases. Existing work, such as Chamata 7! and Nier
etal.['®], focuses mostly on drone use in logistics—specifi-
cally, warehouse surveillance and package delivery—
while the link between drone-assisted food delivery and
customer behaviour is relatively unknown. As important
issues remain, this study aims to provide the required, rig-
orous knowledge that the domain has lacked.

Researchers have suggested several ways to under-
stand why people start using new technologies. Some
of the most well-known theories include the Theory
of Reasoned Action (TRA), the Theory of Planned Be-
haviour (TPB), the Technology Acceptance Model (TAM),
and the Unified Theory of Acceptance and Use of Tech-
nology (UTAUT). Each of these offers a different angle,
blending both social and technical perspectives to ex-
plain what makes people comfortable with technology—
such as how much control they feel, what others think,
how easy they find it to use, and whether they think it’s
genuinely useful (%],

Among these approaches, the Technology Readiness
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and Acceptance Model (TRAM) has proven especially use-
ful for looking at how people might feel about using
drones in food delivery services. What makes TRAM
stand out is that it pulls together two key theories: TAM,
which looks closely at users’ opinions about specific tech-
nologies, and Technology Readiness (TR), which focuses
more broadly on how open someone is to technology in
general [?%], The Technology Readiness Index (TRI).

Compared to other models of technology accep-
tance, TRAM does a stronger job of predicting what peo-
ple will actually do. This edge comes from the way it
combines TAM’s focus on technology with TR’s broader
look at attitude; together, they build a fuller picture [?1],
Because TRAM brings these ideas together, it's espe-
cially good at forecasting and exploring whether people
are likely to accept and use drones for delivering food—
making it suitable for many types of research. For these
reasons, TRAM underpins this study due to its adaptabil-
ity and solid track record in predicting outcomes.

Beyond that, this research goes a step further by
adding new pieces to the TRAM framework to better ex-
plain how people behave. Specifically, it factors in de-
livery risk, which is expected to impact perceived use-
fulness, ease of use, and whether someone intends to
use drone delivery. It also considers generational differ-
ences, treating age as a variable that may change how the
rest of the model’s factors interact.

This report provided readers an overview of the
drone usage in Malaysia’s food delivery sectors. Follow-
ing this introduction, the study continue with reviewing
current literature on drone technology acceptability be-
fore developing our theoretical framework and research
proposals. We then discuss our methodological approach
and data gathering processes. Our empirical findings and
interpretation are presented in the next part, and the
study concludes with a discussion of limits, practical con-

sequences, and prospects for further research.

2. Literature Review

2.1. Technology Readiness and Acceptance
Model (TRAM)

When considering the framework (theoretical ar-

chitecture) that underpins scholarly research on the

topic of technology adoption, the Technology Readi-
ness and Acceptance Model (TRAM), as shown in Fig-
ure 1, is at the center stage. Integrating the Technol-
ogy Readiness Index (TRI) and the Technology Accep-
tance Model (TAM) models, TRAM provides a multidi-
mensional framework through which future behaviour
relative to the adoption of new technologies can be ex-
amined. The model assumes the primary importance of
lifelong inclinations of personality on the interaction of
an individual with the development of new systems, as
well as their acceptance of them. In particular, it cou-
ples the dispositional variables of TRI and the context-
specific-related perceptions of TAM, providing a predic-
tive mechanism better than analytical methods that only
exploit one of the two associated fields2%22], In practical
terms, both the human predispositions and situational
perceptions form the basis of integrating requisite prac-
tical strategies of initiating new technologies in applica-
tion.

In TRAM (Technology Readiness Acquisition Model)
construct, the critical postulation is that the level to which
an individual is ready technologically has a decisive im-
pact on two traditional constructs of the TAM model,
namely perceived usefulness and perceived ease of use.
This pressure is realised through four main facets.

The Technology Readiness Index (TRI) has the di-
mensions that are used in the Technology Readiness As-
sessment Model (TRAM) to assess to readiness of an in-
dividual in adopting emerging technologies. Scholars ob-
serve that these dimensions are antecedents of both per-
ceived usefulness — the amount to which adopters feel
that the system will positively influence performance at
work, and perceived ease of use — the lower amount to
which the system is believed to demand little effort to
use 24,

Fellow researcher, empirical usefulness and antici-
patory validity of the Technology Readiness Assessment
Model (TRAM) have been continuously established in
a multiplicity of research settings. As a case in point,
one can mention its use to predict the attitude toward
health and fitness apps and its deployment in predicting
the adoption of data standards in smart cities?®! and to
study the mobile banking adoption in developed and de-

veloping countries[?°].
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Figure 1. Technology Readiness and Acceptance Model (TRAM).

Source: Buyle et al. (231,

One of the most outstanding findings of this litera-
ture thatis quite consistent is that the chances of technol-
ogy adoption are greatly enhanced in a scenario where
usefulness and perceptions of ease of use are positive.
This has had the strength to make TRAM a good build-
ing block in studying drone technology in food delivery
as applied in Malaysia, as in the current investigation.

At the outset, we should locate where this schol-
arly endeavor finds theoretical origins within the four
dimensions of TRAM, that is, optimism, innovativeness,
discomfort, and insecurity and which is the scaffold of
our taxonomy. However, as the field of drone delivery
is quite a different topic, unlike many technology adop-
tion studies, there was a need to add extra constructs to
the TRAM outline to add to the predictive power of the
model.

Most importantly, is inclusion of the concept of at-
titude toward adoption is crucial to most theories of be-
haviour!?®l, In aliteral sense, attitude refers to the global
evaluation of a person towards the act of using and rely-
ing on drone delivery services, and it serves to act as a
central and primary antecedent to behavioral intention.
The model also pays tribute to the timeless pillars of
TAM: perceived usefulness and ease of use, whose effect
on adoption intention has been stringently confirmed in
the previous technology adoption literature 17241,

To explain the specifics of unmanned delivery sys-
tems, the current discussion proffers a new concept of
delivery risk. The existing literature lists the extent of
risks involved in drone activities, the most evident of
which are security risks, including hacking, hijacking[%7]

and physical risks regarding mid-air disasters[?8l. It puts
forward a hypothesis that perceptions of these risks will
have an inverse effect on adoption intentions.

The cornerstone of the analysis is that an under-
standable gap in research is perceived: the generation
gap is suggested as a relevant moderating variable. Even
though the empirical research into the generational at-
titudes to drone technology is at an early stage, current
evidence suggests clearly that these patterns of adoption
and individual perceptions of drone technology is much

s[2%1. The exploration of this as-

varied across age group
pectwill be crucial in determining how drone technology
will likely be adopted on a large scale in the delivery of

food.

2.2. Adoption Intention

In their seminal work, Venkatesh et al.[3% observe
that adoption intention constitutes the most direct and
immediate predictor of actual technology use, effectively
functioning as a critical mediator that links user per-
ceptions with subsequent behaviour. Empirical findings
consistently reveal that users’ intentions to adopt inno-
vations, such as Internet banking, directly correlate with
increased transaction volume and improved profitability
for banks 31,

The given theoretical framework is especially en-
lightening when it comes to the emergent practice of
food delivery through drones. In order to take full advan-
tage of the potential of this technology, it is necessary to

develop strong adoption intentions both on the side of

745



Research on World Agricultural Economy | Volume 07 | Issue 01 | March 2026

the customers and the service providers. The evidence
indicates that users’ intentions to adopt are positively
shaped by their perceptions of novelty and practical ben-
efits (321,

cost savings, delivery speed, and environmental friend-

In the specific case of drones, perceptions of

liness operate as salient motivating factors, resonating
well with contemporary consumers’ preferences for con-
venience and rapid service[°].

When evaluating the determinants of adoption in-
tention in digital services, we should note that func-
tional advantages do not reflect the entire range of mo-
tivations. Empirical work on online food delivery sys-
tems underscores the significance of psychological con-
structs such as attitudes, perceptions, and convenience-
related motives in fostering engagement with such plat-
forms[33], Likewise, social influence has been shown to
exert a decisive influence on technology uptake more
broadly (34, Within the drone-delivery domain, evidence
indicates that marketing initiatives, individual techno-
logical readiness, and personal innovativeness collec-
tively shape adoption intentions 3],

However, even though these are positive signs, the
potential acceptance of drone delivery is tempered by
the perceived risks. Yoo et al.[%! establish privacy, de-
livery reliability, systems performance, and operational
complexity as salient barriers. Consistent with this find-

[36] jdentify physical

ing, Knobloch and Schaarschmidt
hazards, financial losses, and data-security threats as
significant areas of concern, thereby underscoring the
imperative for service providers to implement rigorous
risk-management strategies. Therefore, although the ini-
tial response to drone-based food delivery is positive,
the overall adoption is only possible with the active elim-
ination of the risks described above. Through the imple-
mentation of strong privacy, security, and reliability pro-
tection measures, the stakeholders will be able to build
consumer confidence and increase the likelihood of a
wider market success.

2.3. Predictors of Adoption Intention in Us-
ing Drone Technologies

A wide range of factors impact people’s intentions
to embrace new technology, including personal traits

like education, experience, and demography, as well as

cognitive judgements of the technology itself. Given its
diverse character, a solid theoretical framework is re-
quired to carefully investigate the major factors of adop-
tion.

The Technology Acceptance Model (TAM) is one of
the most commonly recognised theories in this subject,
with several empirical investigations demonstrating its
TAM claims that an indi-

vidual’s desire to use technology is mostly determined

strong predictive potential.

by two key perceptions: perceived usefulness and per-

ceived ease of use >4,

According to this concept, adop-
tion is most likely when consumers feel the technology
would improve their performance with low effort. This
framework serves as a basis for examining adoption in-

tentions related to drone technology.

2.4. Antecedents of Perceived Ease of Use

Perceived Ease of Use (PEU) refers to the degree to
which a user believes that operating a technology will be
free of effort or difficulty (241, It reflects subjective evalua-
tions of a system’s simplicity and user-friendliness. PEU
has been consistently shown to influence technology ac-
ceptance and user behavior strongly 371,

The precise characteristics of PEU vary depending
on the scenario. In digital services, this comprises intu-
itive interfaces, clear communication, simplicity of navi-
gation, and quick access to information [*8]. For example,
Ozturk et al.[3%] identify PEU as a significant contributor
to loyalty intenttions in mobile hotel booking, with its
impact magnified when services are closely aligned with
user demands.

Beyond the user interface, PEU refers to opera-
tional ease throughout technology integration. Wang
and Ha-Brookshire[*" discovered that Chinese textile
manufacturers preferred technologies that were easy to
integrate into their operations and complemented em-
ployees’ existing expertise.

Introducing drones into the food delivery scenario
creates new operational needs for both suppliers and
customers, necessitating fresh skills and relationships
that differ from traditional logistics. To maintain safety
and efficiency, the human-machine interaction must be
intuitive throughout the flight control and package gath-

ering processes.
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Thus, knowing consumers’ expectations for the use-
fulness of drone delivery systems is crucial. The per-
ceived ease of use impacts consumers’ confidence and
competence; hence, PEU is an important factor in deter-
mining the usefulness of this technology in food delivery.

2.5. Antecedents of Perceived Usefulness

Within contemporary technological scholarship,
Perceived Usefulness (PU) is frequently defined as an in-
dividual’s judgment that the employment of a specific
technological artifact will improve task performance or

overall effectiveness 24,

Such judgment is grounded in
the assumption that the technology facilitates the com-
pletion of tasks in a manner that is either easier or more
efficient[*!], When users discern these advantages, their
attitudes toward adoption turn out to be appreciably
more favorable 2,

The salience of PU has been successfully proved in
many areas. Tahar et al. [43] demonstrate, for instance,
that PU substantially influences user adoption of e-filing
systems by streamlining tax-related activities. In a paral-
lel fashion, Singh and Sinha**l show that perceived ad-
vantages in security and convenience exert a strong influ-
ence on retailers’ use of mobile wallets. Following up on
these results, we expect that PU will also have an equally
positive effect on the intentions to use drone delivery,
as consumers have a strong tendency to use technology

that provides faster and more convenient food delivery.

2.6. Delivery Risk

Delivery risk refers to the potential loss associated
with the delivery process, encompassing issues such as
goods being lost, damaged, or delivered to the wrong lo-

451 1t also includes

cation after a transaction is madel
the risk of experiencing delays or not receiving the prod-
uct at all. Consumers are often concerned about deliv-
ery risks for several reasons. Firstly, they worry that
the firm may deliver the product late or not within the
promised time frame, which could be due to various cir-
cumstances ®l, Secondly, consumers fear that goods
may be damaged during transportation due to inade-
quate packaging. As an online retailer, it is crucial to

ensure that products remain undamaged and unexpired

during delivery and to provide efficient and accurate de-
livery services. When merchants can offer accurate de-
livery services to customers, it increases confidence in
placing orders and reduces perceived delivery risks 7],

Uncertainty about regulations is a fundamental is-
sue. Nguil*®l emphasised that drone delivery operates
in an uncontrolled and potentially unsafe environment.
The lack of a clear and rigorous legal framework might
lead to misunderstanding and increased concern among
potential adopters, deterring food service businesses
from investing in and incorporating drone technology
into their operations [,

Essentially, delivery risk highlights the possibility
that service providers may fail to fulfill their commit-
ments to customers—an issue that becomes particularly
pronounced when using drone or UAV technologies for
food delivery.

Drone systems have substantial technological and
operational weaknesses in addition to legislative con-
straints. Research has found multiple possible failure
sites, including hardware malfunctions such as sensor,
motor, or gearbox failures, software and logic system
problems, battery depletion, and fire threats[4>50, Ex-
ternal dangers to drones include accidents with obstruc-
tions and hostile attacks such as hacking or physical

491 These inherent technical risks necessi-

sabotage
tate the implementation of comprehensive contingency
plans and precautionary measures to ensure service re-
liability.

These dangers have a direct influence on user trust
and desire to adopt. Hwang and Choe?! discovered
that time-related, performance, and psychological risks
reduce perceived dependability of drone services, low-
ering adoption intentions across both consumers and
providers. This is supported by Khan et al.[>!l, who dis-
covered in Pakistan that a high level of perceived de-
livery risk was a major obstacle to shops shifting to
drone-based systems. Physical danger, financial loss,
data privacy breaches, noise pollution, and surveillance
concerns are among the many perceived hazards that
service providers must handle proactively 3¢,

To summarise, the research clearly indicates that
delivery risk is a significant and complicated obstacle

to the general deployment of drone technology in the
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food delivery business. While technology innovation is
critical to reducing technical failures[®?, a comprehen-
sive risk mitigation plan is required. To prevent service
failures, service providers must undertake comprehen-
sive risk assessments and adopt strategic strategies. Un-
derstanding how potential users perceive these complex
hazards is thus vital for forecasting adoption intentions
and nurturing the consumer trust necessary for market
acceptability.

2.7. Generation Gap

The concept of a generation gap refers to the dif-
ferences in values, beliefs, and behaviors that often sep-
arate one generation from another, potentially causing
misunderstandings and tension, especially within fami-
lies[>>>4, This gap has always existed, however, it has
increased significantly over the last few years as a result
of how fast the technological world is changing. How dif-
ferent age groups accept and adjust to new technologies
has added layers of communication challenges, making
the generation gap a crucial factor in studies about tech-
nology acceptance [°%1.

This is a gap that is evidently manifested in vari-
ous disciplines. In digital health, for example, older gen-
erations tend to be more cautious about online health
services compared to younger, tech-savvy groups, which
results in lower usage of e-Health platforms by the el-

(561 1ikewise, in the context of education technol-

derly
ogy, Generation Z instructors who have spent their child-
hood in a digital age tend to be more motivated and com-
fortable with such tools as generative Al. On the other
hand, Generation X educators, who encountered such
technologies later in life, approach them with more skep-
ticism due to their more limited early exposure[°7].
Studies conducted recently refute the idea that the
younger generations naturally adapt to technology than
older populations. Instead, adaptability is revealed as
the important variable impacting the use of technology
in all generations. It has been demonstrated that the
open and flexible individuals are more likely to adopt
technological changes irrespective of their age group.
This observation implies that the generational digital
divide can be overcome through training and positive

workplace cultures that would allow older adults to use

new technology as well as young people. These subtle
differences in generations and the element of adaptabil-
ity a crucial things to consider when analysing the adop-
tion of technology. Being conscious of the fact that ev-
ery generation possesses its own relationship with tech-
nology can assist in planning even more comprehensive
approaches that will be more accommodating to various
needs and experiences.

In general, the generational identity of a person
has a significant impact on attitudes toward new tech-
nologies and predetermines the degree of trust, enthusi-
asm, skepticism and resistance. It is due to this fact that
the present study has integrated the generation gap as a
moderating variable. It will seek to systematically inves-
tigate the role of generational differences on the readi-
ness to embrace drone technology and offer critical in-
formation on the inter-generational aspects that play an
important role in the adoption of novel food delivery so-
lutions.

2.8. Research Framework

Figure 2 shows a Proposed TRAM model for the
adoption intention of drone applications in food delivery

services.

2.9. Hypotheses Development

Based on the discussion above, the following hy-
potheses were formulated to test the direct and indi-
rect relationships between the constructs included in
the model.

2.9.1. Direct Relationships

H1. There is a significantly positive relationship between
perceived usefulness and adoption intention.

H2. There is a significantly positive relationship between

perceived ease of use and adoption intention.

H3. There is a significantly positive relationship between

delivery risk and adoption intention.

H4. There is a significantly positive relationship between
delivery risk and perceived usefulness.

H5. There is a significantly positive relationship between

delivery risk and perceived ease of use.
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2.9.2. Mediating Relationships

H6. The relationship between delivery risk and adoption
intention is mediated by perceived usefulness.

H7. The relationship between delivery risk and adoption

intention is mediated by perceived ease of use.

2.9.3. Moderating Relationships

H8. The relationship between perceived usefulness and
adoption intention is moderated by the generation gap.

H9. The relationship between perceived ease of use and

adoption intention is moderated by the generation gap.

PERCEIVED
USEFULNESS
ADOPTION
DELIVERY -
INTENTION
RISK
\‘ PERCEIVED /
EASE OF USE

GENERATION
GAP

Figure 2. Proposal TRAM model for adoption intention on drones’ application and usage in food delivery services.

3. Methodology

3.1. Research Design

Quantitative and qualitative research approaches
were used in this research design of this study. This
study adopted a quantitative cross-sectional data ap-
proach in the data collection process based on past stud-
ies.

Quantitative data is obtained through an online sur-
vey to accommodate COVID-19 pandemic restrictions.
This assisted us in obtaining information relating to be-
liefs, attitudes, perceptions, or even opinions from other
people in their natural environment. The online col-
lection method is conducted through social media plat-
forms such as WhatsApp, Facebook, and Instagram.

For the qualitative technique, telephone interviews
and online focus group discussions with selected food
delivery service providers and collaborators (Easyfly Au-
tonomous Solution Sdn Bhd and Civil Aviation Authority
of Malaysia) will be conducted.

3.2. Empirical Context

To measure delivery risk, three items were adopted

from Lopez-Nicolas and Molina-Castillo >8]

, reflecting
concerns about problems when delivering the product

to a customer (.

3.3. Research Method and Strategy

3.3.1. Sampling and Sample

This quantitative study targets customers as the
unit of analysis. A multi-stage sampling method was con-
ducted based on the generation gap and location. Gener-
ation was categorized into four groups: Baby Boomers,
Gen X, Millennials (Gen Y), and Gen Z. The rationale be-
hind selected generation gaps as a stratification factor
was grounded in the observed differences in technology
adoption levels among each generational cohort [>°],

The sample size was doubled to accommodate a low
response rate (Table 1). Thus, a sample size consisting of
384 or about 400 samples was needed in the study.
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Table 1. Malaysian consumers population and sample size (Quantitative Method).

Generation\Location Kuala Lumpur Selangor Johore Penang Total
Baby boomers 25 25 25 25 100
Gen X 25 25 25 25 100
GenY 25 25 25 25 100
Gen Z 25 25 25 25 100
Total sample size 100 100 100 100 400

3.3.2. Data Collection

For the quantitative method, a non-probability on-
line survey method is used. Several studies have been
conducted to validate the use of nonprobability sam-
pling for online surveys. For this study, 800 question-
naires were distributed online using social media plat-
forms such as WhatsApp, Facebook, and Instagram to
Malaysian consumers in Kuala Lumpur, Selangor, Johor,
and Penang.

For the qualitative method, the researchers con-
ducted telephone interviews with 15 selected food ser-
vice delivery providers in Malaysia. Also, telephone in-
terviews were conducted with the Civil Aviation Author-
ity of Malaysia (CAAM) and drone collaborator, Easyfly
Autonomous Solution Sdn Bhd, to interrogate informa-

tion regarding rules and regulations on drone aviation
policy.
3.3.3. Data Analysis

To analyze the data, NVivo software was used
for the qualitative component, while the Partial Least
Squares (PLS) method was applied for the quantitative
analysis. The quantitative analysis involved descriptive
statistics using the Statistical Package for the Social Sci-
ences (SPSS) version 20.0 and structural equation mod-
eling (SEM) using SmartPLS version 3.2.7. Hypothe-
sis testing was conducted with SmartPLS 3.2.7 to evalu-
ate the predictive power of the independent variables—
delivery risk—on the dependent variable, adoption in-
tention. This analysis also considered the mediating
roles of perceived usefulness and perceived ease of use,
along with the moderating effect of the generation gap.
The quantitative analysis addressed research objectives
three through seven (RO3-R0O7).

For the qualitative component, a verbatim analy-
sis of interview transcripts was carried out using NVivo,
with the aim of addressing research objectives one and
two (RO1-R0O2).

3.3.4. Validity and Reliability

Some tests were performed to confirm the reliabil-
ity and validity of the main variables in the study. The
variable of this study is adapted from relevant past stud-
ies (adoption intention of drone, perceived usefulness,
perceived ease of use, and delivery risk). All measure-
ments were tested to determine their reliability and suit-
ability for the drone sector using factor analysis through
a pilot study. All variables are measured using a 5-point
Likert Scale from 1-strongly disagree to 5-strongly agree
based on arguments from past studies. For the quali-
tative method, structured questions are designed to ac-
commodate RQ1 and RQ2. Additionally, structured ques-
tions are developed to tap information from focus group
discussions (FGD) with collaborators, such as Easyfly Au-
tonomous Solution Sdn Bhd and the Civil Aviation Au-

thority of Malaysia.

4. Results and Discussion

4.1. Assessment ofthe Measurement Model

Indicator item reliability was assessed by examin-
ing the outer loadings of each construct’s individual mea-
surement items[°0-¢31 | According to Hair Jr. et al.[%%, the
recommended threshold for retaining items is between
0.40 and 0.70. Based on this criterion, 7 out of 67 items
were removed due to loadings below 0.40. Consequently,
67 items were retained in the final model, with loads
ranging from 0.501 to 0.951. A summary of these results
is presented in Table 2.

Furthermore, internal consistency reliability refers
to the extent to which all indicators within a particular
(sub)scale consistently reflect the same underlying con-

struct[6465],

In organizational research, the most com-
monly used estimators for internal consistency are Cron-
bach’s alpha and the composite reliability coefficient ¢,

Despite ongoing debates regarding the most appropriate
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reliability metric, Cronbach’s alpha remains widely used,
although it may underestimate reliability[67:%8], How-

ever, in the context of PLS-SEM, composite reliability is

considered more robust and is therefore preferred(®].
In this study, composite reliability was used to evaluate

the internal consistency of the constructs.

Table 2. Indicator Loading, Internal Consistency Reliability and Convergent Validity.

Constructs Items Loading CR CA AVE
Adoption intention All 0.784 0.925 0.897 0.711
Al2 0.793
AlI3 0.887
Al4 0.878
AI5 0.867
Delivery risk DR1 0.772 0.892 0.873 0.547
DR2 0.519
DR3 0.669
DR4 0.752
DR5 0.860
DR6 0.724
DR7 0.828
Generation gap GG1 0.698 0.877 0.825 0.590
GG2 0.700
GG3 0.857
GG4 0.817
GG5 0.756
Perceived ease use PEU1 0.823 0.929 0.904 0.722
PEU2 0.855
PEU3 0.847
PEU4 0.855
PEU5S 0.869
Perceived usefulness PU1 0.828 0.923 0.894 0.705
PU2 0.864
PU3 0.876
PU4 0.750
PU5 0.874

As indicated in Table 2, the Average Variance Ex-
tracted (AVE) values range from 0.490 to 0.711, suggest-
ing an acceptable level of convergent validity.

4.2. Assessment of the Structural Model

Once the measurement model was established, at-
tention shifted to the structural model, which helps us
understand how all the elements in the research frame-
work connect and influence each other. Keeping up
with recent advances in research methods, this study fol-
lowed a two-step process for assessing and sharing the
results from the PLS-SEM path analysis, as outlined by
Henseler, Ringle, and Sinkovics 7],

To check if the links between variables were sta-
tistically significant, the structural model was exam-
ined using 1,000 bootstrap samples—a technique rec-
ommended by Hair Jr. and colleagues°? and Henseler et
al.7%, For testing the proposed hypotheses, the research

relied on partial least squares structural equation model-

ing (PLS-SEM), with data analysis done using SmartPLS
version 3.3.31621,

4.3. Direct Relationship

This section presents the findings gathered before
conducting the main mediation analysis by examining
how variables relate to each other both directly and
indirectly within the PLS structural model. When re-
searchers talk about indirect effects, they’re referring to
the combined influence that flows through both direct
connections and mediated pathways between two con-
cepts, as Streukens and Leroi-Werelds 7! explain. Hayes
and Preacher!”?! put it another way: an indirect effect
happens when an independent variable (X) influences a
dependent variable (Y) by working through a mediating
variable (M) that sits between them. In the context of
PLS modeling, it is essential to report total effects prior
to confirming mediation, as this offers a comprehensive

view of the mediating construct’s role and provides valu-
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able insights for practitioners regarding the underlying
cause-and-effect dynamics[®?l. The results of the indi-

rect effect analysis are presented in the following Table
3.

Table 3. Summary Direct Relationships.

Direct Relationships Decision

H3. Delivery risk has a positive and significant relationship with adoption intention. Not supported
H5. Delivery risk has a positive and significant relationship with perceived ease of use. Not supported
H4. Delivery risk has a positive and significant relationship with perceived usefulness. Not Supported
H2. Perceived ease of use has a positive and significant relationship with adoption intention. Supported
H1. Perceived usefulness has a positive and significant relationship with adoption intention. Supported

4.4. Mediation Results

This study used the PLS-SEM model through the
means of bootstrapping analysis with formulated hy-
potheses to elaborate on the mediating effect[®?]. This
study confirmed the mediating role of perceived useful-
ness on the positive influence of delivery risk towards
adoption intention; however, there is no mediation of
perceived usefulness between delivery risk on adoption
intention. Table 4 below summaries the mediation re-
sults.

Moreover, perceived ease of use mediates positively
between delivery risk with adoption intention in Smart
PLS 3.0 73 using the bootstrapping procedure with 5000

sub-samples and 400 cases. After including the mediator
construct, satisfactions in the model, the bootstrapping
result of 5000 samples.

4.5. Testing the Moderation Effect

The study was applied to test the strength of the
moderation effect. Table 5 details that no interaction of
the moderation generation gap on perceived usefulness.
Moreover, the generation gap does not moderate the re-
lationship between perceived ease of use toward adop-
tion intention was statistically not significant, indicating
that the Generation Gap cannot enhance to achievement
better higher intention for better adoption.

Table 4. Summary of Mediating Relationships.

Mediating Relationships Decision

He6. Perceived usefulness mediates the relationship between delivery risk and adoption intention. Supported

H7. Perceived ease of use mediates the relationship between delivery risk and adoption intention. Not Supported
Table 5. Summary of Moderation Results.

Moderating Relationships Decision

H8. Generation gap moderates the relationship between perceived usefulness and adoption intention. Not supported

H9. Generation gap moderates the relationship between perceived ease of use and adoption intention. Not supported

5. Discussion

5.1. The Secondary Role of Delivery Risk

Perhaps one of the most counter-intuitive findings
from this research is the relatively weak direct influence
of delivery risk on adoption intention. This suggests that
when potential users evaluate a service like drone food
delivery, their decision is not purely risk-averse. Instead,
the evidence points to a practical trade-off where imme-
diate, tangible benefits, namely speed, convenience, and

efficiency. Those are weighed more heavily than prob-

abilistic, abstract risks. This aligns with broader con-
sumer behavior literature, which suggests that a technol-
ogy’s core utility is often the primary driver of adoption
decisions 3074,

The role of trust appears critical in this dynamic.
The findings imply that trust acts as a foundational layer;
aslongasabaseline of confidence in the service provider
is established, users seem willing to tolerate a degree of
operational risk. In this view, risk doesn’t disappear as a
concern, but its power to deter adoption is significantly
muted when trust is present[’®]. It only becomes a pri-
mary barrier when that fundamental trust collapses.
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5.2. Rethinking the Generation Gap in Tech-
nology Adoption

Another significant finding is the rejection of the
hypothesis that generational differences moderate the
powerful effect of perceived usefulness on adoption in-
tention. In essence, the data shows that a drone’s util-
ity is just as persuasive for an older user as it is for a
younger one. The appeal of a genuinely useful technol-
ogy appears to be age-agnostic in this context.

Two main explanations for this emerge. First, the
value proposition of drone delivery is exceptionally clear
and practical. The benefit of receiving a meal quickly and
efficiently is a universal one, not confined to the unique
preferences of a single demographic. When a technology
solves a common problem so effectively, its appeal can
easily cut across generational lines. Second, we may be
seeing evidence of the broader normalization of technol-
ogy in society. As digital tools become ubiquitous, the
once-stark ‘digital divide’ has arguably become more of
a gentle slope. Older generations are increasingly com-
fortable with and reliant on new technologies, leading
them to evaluate innovations like drones on their prac-
tical merits rather than approaching them with a strong
generational bias.

This lack of a moderating effect helps explain the
wider finding that the generation gap, on its own, was
not a strong direct predictor of adoption intention. It
appears that powerful universal factors like usefulness
and social influence create a common ground for evalua-
tion that can override age-based predispositions7¢l. Of
course, this relationship may be sensitive to context; cul-
tural or regional factors could still produce different gen-
erational patterns in other settings””). Nevertheless, for
this study, the practical usefulness of the technology was
the dominant story. Future research should therefore be
cautious about assuming generational differences and
could instead explore other potential moderators, such
as socioeconomic or cultural factors.

The Technology Readiness and Acceptance Model
(TRAM) has proven especially useful for looking at how
people might feel about using drones in food delivery
services. What makes TRAM stand out is that it pulls
together two key theories: TAM, which looks closely at
users’ opinions about specific technologies, and Technol-

ogy Readiness (TR), which focuses more broadly on how
open someone is to technology in general (2?1, The Tech-
nology Readiness Index (TRI).

Results show that delivery risk had only a weak di-
rect effect on adoption Intention. Within TRAM, this sug-
gests that when delivery risk is present, individuals fo-
cus more on the perceived ease of use that mediates the
relationship between delivery risk and adoption inten-
tion (e.g., speed, convenience, efficiency), reducing the
weight of abstract risks[7°],

This indicates that TRAM’s contribution by show-
ing that adoption is determined less by delivery risk and
more by the combination of technology readiness and
perceived utility, highlighting a mechanism where per-
ceived ease of use transforms risk delivery into positive
adoption intention.

6. Limitations and Implications

6.1. Managerial Implications

The findings from this study offer more than aca-
demic insight; they provide a strategic roadmap for suc-
cessfully launching and managing drone delivery ser-
vices in a competitive market like Malaysia. For man-
agers and industry leaders, the key relationships uncov-
ered between user perceptions and adoption intention
translate into two critical imperatives:

First is engineer’s trust in the service design. The
significant impact of factors like delivery risk, discom-
fort, and insecurity reveals that user adoption is not just
about technological capability but about psychological
safety. Therefore, the first imperative is to move beyond
mere functionality and actively engineer trust into the
core user experience. This means implementing trans-
parent, real-time tracking systems, establishing robust
and responsive customer support for when issues arise,
and designing an interface that is so intuitive (perceived
ease of use) that it feels effortless and reliable. The goal
is to create an ecosystem of reliability where the ser-
vice’s performance directly addresses and neutralizes
user anxieties before they can become barriers to adop-
tion.

Second, shaping the narrative with proactive com-
munication. Therefore, it is for marketers to proactively

753



Research on World Agricultural Economy | Volume 07 | Issue 01 | March 2026

shape the public narrative around drone delivery. This
involves more than just advertising; it requires strate-
gic communication aimed at building confidence. Cam-
paigns should shift the focus from the novelty of the tech-
nology to its tangible benefits and reliability. By trans-
parently showcasing safety protocols, operational effi-
ciency (perceived usefulness), and positive user testimo-
nials, companies can build a narrative of trust and com-
petence, appealing to both enthusiastic innovators and
more cautious potential users alike.

In the fast-paced food delivery industry, success
will demand dynamic vigilance. Managers must continu-
ously monitor consumer sentiment and be agile enough
to adapt their service and messaging, ensuring they not
only meet but exceed user expectations to drive lasting
adoption.

6.2. Limitations and future studies

This study recognizes certain limitations in its rep-
resentation of the adoption process for the drone appli-
cation and usage intention model in food delivery ser-
vices, particularly due to the potential insufficiency of
the integrated external factors. Future research could
expand the model by incorporating additional variables
such as risk perception, mobile self-efficacy, perceived
anxiety, and perceived image, thereby offering a more
holistic understanding of the adoption process.

Moreover, future studies could consider including
a broader range of demographic variables, such as indi-
vidual cultural values, prior experience, education level,
and income. These factors may offer deeper insights into
the diverse influences on technology adoption behavior.

Another limitation of the current model is the ex-
clusion of actual usage behavior. Future research should
examine the relationship between behavioral intention
and actual usage to assess how effectively intentions
lead to real-world adoption of drone-based food delivery
technologies.

Lastly, the cross-sectional nature of this study re-
stricts its ability to observe changes in user perceptions
over time. Adopting a longitudinal approach in future
research could shed light on how adoption-related atti-
tudes and behaviors develop and change across different
time periods.

7. Conclusions

The study extends the Technology Acceptance
Model (TAM) by incorporating additional parameters
such as social influence, trust, and security/privacy into
the model. These parameters are found to be empirically
influential in the decision-making process of adopting
drones in delivery service technologies by consumers,
particularly patients. The TAM model is found to apply
to the domain of service delivery in a developing country
like Malaysia. This suggests that the foundational con-
structs of TAM, such as Perceived Ease of Use (PEOU)
and Perceived Usefulness (PU), remain relevant even in
unique contexts such as drone application and usage in
food delivery services in developing countries.

The study finds that cost perception is not a sig-
nificant factor in the acceptance of technology among
customers in Malaysia. This underscores the need for
a deeper understanding of the factors influencing tech-
nology adoption in specific cultural and socioeconomic
contexts. The study identifies age and gender as moder-
ators that have empirical significance in the adoption of
technology. This suggests that demographic factors may
interact with the core constructs of TAM in influencing

technology adoption behaviors.
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