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Abstract: Sustainability has gained significant importance in e-commerce, as it impacts both consumer
behavior and company success. This paper contributes to the literature on sustainability in e-
commerce by studying the perceived sustainability of three common last-mile delivery methods
(home delivery, parcel lockers, and click and collect) and other drivers of consumers’ acceptance of
each delivery method (perceived costs, convenience). Based on a review of the relevant literature,
a conceptual model integrating key determinants of consumers’ attitudes to delivery methods and
their intention to use them is derived and tested using a sample of 536 German online buyers. The
results demonstrate that perceived ease of use and perceived usefulness increase the acceptance of
the delivery methods, whereas perceived costs constrain it. The findings reveal significant influences
of perceived sustainability on the acceptance of the delivery methods, which vary between its three
components (environmental, economic, and social) and regarding the delivery method. Retailers and
collaborating parcel delivery services are advised to continue making last-mile delivery methods
more convenient. However, they are also advised to implement standards in terms of environmental
and social sustainability and inform customers about their efforts regarding sustainable last-mile
delivery to build a competitive advantage in omni-channel retailing.

Keywords: perceived sustainability; last-mile delivery; delivery methods; sustainable delivery;
omni-channel retailing; home delivery; click and collect; parcel lockers

1. Introduction

According to retailers and logistics providers, sustainability (56%) and improved
delivery options (65%) are the most important drivers of future success [1]. The growth
of e-commerce [2] increases the number of parcels and the transport volume [3]. Last-
mile logistics is, therefore, considered a challenging dynamic sector [4,5], which requires
innovative delivery concepts [6]. Last-mile delivery also deserves great attention as it is
expensive and a crucial cost driver in e-commerce. In 2020, global parcel delivery costs
were estimated to account for USD 70 billion [1]. In particular, the delivery methods offered
by retailers and logisticians have a major impact on the entire supply chain [7]. The growth
of omni-channel retailing, i.e., the increasing integration of brick-and-mortar stores and e-
commerce, brings about new opportunities for the transfer of goods both for the companies
and for the consumers [8]. A survey performed among supply chain executives across the
globe found that 44% already offer click and collect (C&C), while 46% use home delivery,
and 11% offer collection points (11%) [1].

As a result of this importance and the various alternatives, the efficiency and sus-
tainability of last-mile delivery have become an important area of research, which has
to simultaneously address consumers’ demands, economic profitability, and sustainabil-
ity [9]. Researchers also call for further studies into last-mile delivery [10]. In particular,
Bjørgen et al. [11] and Rita and Ramos [12] pointed out the need for further research in
the field of sustainable options for the last-mile. Furthermore, Ignat and Chankov [13]
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emphasized the lack of research on the perceived sustainability of current delivery methods
from a consumer’s point of view. This focus on consumers’ perceptions is important,
as it is likely that, similar to the differences between perceived costs and actual costs
for a product [14], there are differences between perceived sustainability and objective
sustainability. Furthermore, the consumers’ perspective of sustainability considers the
consumer as the driving force when it comes to the purchasing or usage of products and
services [15]. This also applies to the choice of an online retailer, which depends on the
delivery methods offered [16]. Moreover, it is important to consider the cultural context,
as attitudes towards sustainability, sustainability awareness, and actual behavior depend
on many factors, including age and the cultural context [17]. For example, a study by
Berglund, Gericke, Boeve-de Pauw, Olsson, and Chang [18] shows that there is a significant
difference in sustainable behavior between Taiwanese consumers and Swedish consumers,
with Taiwanese consumers expressing themselves more strongly in sustainable behavior.

Studies examining the relationship between sustainability and its impact on purchase
decisions are, therefore, considered very valuable [19]. Perceived sustainability should,
thereby, consider all of the three dimensions introduced by Elkington [20] and include
people, planet, and profit [12]. This comprehensive sustainability model helps to establish
and mediate the concerns of the public and the relations between business and society [21].
Differentiating the components of sustainability contributes to the knowledge of last-mile
sustainability and allows for in-depth insights and more targeted actions [22]. Therefore, it
is essential to close the gap in research in terms of customer acceptance and the relationship
to specific delivery methods in order to derive recommendations for retailers and logistics
providers in their strategic orientation. This research, thereby, not only looks at vehicle-
based delivery methods, as has been achieved in the past [23], but also provides insights
into consumer acceptance of the currently dominating delivery methods in omni-channel
retailing. In this research, we investigate the influence of perceived sustainability on
consumers’ acceptance of three alternative delivery methods (home delivery, parcel lockers,
C&C). Thereby, we include key drivers of both the attitude towards a specific delivery
method and the intention to use it. In particular, we consider three characteristic aspects
of the delivery methods and their impacts, as well as their relationships to each other:
(1) perceived sustainability, (2) perceived costs, and (3) perceived ease of use and perceived
usefulness, derived from the widely accepted technology acceptance model (TAM).

While the last-mile is often looked at from an efficiency and cost perspective, the
analysis of perceived sustainability is crucial for understanding the importance of sus-
tainability from a consumer perspective. Our study, therefore, extends the traditional
literature that examines cost, efficiency, convenience, and, in the more recent literature,
environmental factors in the last-mile. We consider the proposed three-dimensionality
of sustainability and examine the extent to which environmental, social, and economic
sustainability influence acceptance behavior. As costs regularly impact consumer behavior,
we integrate perceived costs to supplement the relevance of the sustainability dimensions
with a traditional monetary perspective. Thus, we are able to both shed light on the specific
influence of each of the determinants of delivery method acceptance and draw comparisons
between the three alternative delivery methods studied (home delivery, parcel lockers, and
C&C). As a result, our research aims at targeted recommendations for last-mile delivery
both for retailers and logistics providers.

The present study is structured as follows. First, we introduce the three delivery
methods studied in this research (home delivery, parcel lockers, and C&C) and outline the
main drivers and determinants of consumers’ preferences for last-mile delivery methods.
Thereafter, we present relevant insights into the sustainability of last-mile delivery. Subse-
quently, we introduce a conceptual framework and derive a structural model that studies
the main drivers of attitude towards a specific delivery method and the intention to use it.
The conceptual model is empirically tested using an online survey of German consumers.
Based on our empirical findings, we derive managerial and academic implications for
improving the sustainability of last-mile delivery and discuss avenues for future research.
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2. Last-Mile Delivery in E-Commerce and Sustainability in Last-Mile Delivery
2.1. Last-Mile Delivery Methods

The last-mile is defined as “the last stretch of a business-to-consumer (B2C) parcel
delivery service where goods move from the order penetration point to the final consignee’s
preferred destination point” [24]. The objective underlying last-mile logistics is to deliver
as quickly as possible, with the highest possible profit, while achieving customer satisfac-
tion [4]. For retailers, it is becoming increasingly complex to manage the flood of parcels
in cities by means of last-mile logistics, along with the demands for and complexity of
omni-channel retailing [25]. Studies assume that the last-mile accounts for half of the
total logistics costs and, thus, is the biggest cost driver of the supply chain [12]. It is also
considered to be responsible for the greatest amount of pollution and a corresponding
negative environmental impact [4,26]. Depending on several assumptions and context-
specific determinants, between 13% and 75% of the total supply chain costs are related
to the last-mile [6,12]. However, for online retailers, the last-mile not only constitutes a
relevant cost factor but also has significant potential for generating high levels of customer
satisfaction and strengthening the customer relationship [8,27]. For the majority of online
retailers, who do not vertically integrate their business towards the end customers and
do not completely run last-mile delivery on their own, they rely on third-party logistics
service providers and transportation carriers to increase their potential, as the experience
with a logistics provider can impact the intent to purchase from the retailer [28].

Last-mile delivery methods can be differentiated into secured and unsecured delivery,
and a distinction can also be made regarding the place of delivery (home, collection point,
etc.) and the type of delivery (home delivery, parcel lockers, reception boxes) [6,29]. An
important distinction can be made between (1) home delivery and (2) collection points [7].
The latter commonly include collection points, box deliveries, and parcel lockers. There is
also a (3) click and collect (C&C) option, as it is regularly stated by omni-channel retailers
that their brick-and-mortar stores constitute a very specific kind of collection point [6,16].
The present research subsequently focuses on and studies these three most common delivery
methods, whereas more advanced, but not widely established, concepts such as crowd
logistics, where consumers themselves take on the role of logistics providers [30], are not
further discussed.

2.1.1. Home Delivery

Home delivery is a widespread and popular delivery method whereby parcels are
delivered directly to consumers’ homes; i.e., consumers receive their parcel at a specific
address they provide to the retailer [31,32]. Home delivery accounts for the majority of
last-mile delivery in most Western countries (e.g., 55% in the UK, 52% in Germany) [33] and
is the most frequently used option in last-mile delivery [32]. Dispatching from the carrier
depots is followed by delivery using a van or other vehicles [31]. The drop-off commonly
takes place in the form of attended delivery or unattended delivery, i.e., redelivery or parcel
drop-off at a neighbor’s home [6]. Therefore, home delivery involves different stakeholders,
such as consumers, logistics providers, and retailers [34].

Consumers particularly appreciate home delivery because of the associated time
savings and convenience [11], as consumers are least involved in the delivery process [32].
An important issue in home delivery is unsuccessful delivery attempts [16,35]. A failed
delivery attempt requires either trying to deliver the parcel again or the consumers having
to pick up their parcels individually at collection points, which will both lead to higher
costs and additional carbon emissions [31]. More precise announcements of the delivery
and a tighter time window increase the rate of successful delivery but also complicate the
routing process and increase transport costs [4,6]. Unsuccessful delivery attempts, waiting
times, and the need to stay at home negatively impact the home delivery experience for
consumers [34]. From the logistics providers’ point of view, transport costs for home
delivery heavily depend on delivery time windows and consumer density [36]. From
the perspective of sustainability, especially the large environmental impact of delivery
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and transport costs have to be taken into account [11]. Consequently, a balance between
convenience, costs, and environmental impact that simultaneously considers consumer
needs, the companies’ economical demands, and environmental impact must be achieved.

2.1.2. Collection Points, Box Deliveries, and Parcel Lockers

Collection points have been established as a convenient unattended delivery method,
which provides consumers with the option to pick up their parcels at specific locations [31].
Consumers can either collect their parcels from the retailer or at a post office (manned types
of delivery), or they can use package boxes or parcel lockers (unmanned delivery) [6,16].
Parcels are usually stored for several days until the consumer collects them [37]. Collection
points can be close to the consumer’s home or distant from it, and are often located in con-
venient, easily accessible locations [4,38]. Common types of collection points include parcel
lockers as a form of self-service technology, i.e., unmanned collection points (automated
parcel lockers), and pick-up points, i.e., manned collection points [34]. Parcel lockers are
opened by a pin code or a QR code that can be accessed via smartphone, and the user
has the option of tracking during the shipment process [39]. The option of 24/7 pick-up
constitutes an advantage of parcel lockers compared to manned collection points, where
the pick-up is restricted to opening times [4].

Consumers regularly use collection points in a responsible way on their way to work
or during other daily activities, which helps to improve environmental aspects [16,40],
but additional trips to collection points also sometimes have to be made [32]. Therefore,
the convenience compared to home delivery results in a pricing that is attractive and
a pick-up at a time that fits the needs of the consumer best [32]. The expansion of the
network of collection points is, therefore, considered to be key to increasing environmental
friendliness [41]. A walking distance of less than 10 min from the home, office, or a central
area (such as a shopping center) is seen as an effective way to improve accessibility [32].

From the logistics provider’s point of view, the availability of parcel lockers offers
advantages in terms of cost reduction due to shorter distances, the better use of capacities,
delivery consolidation, reduced workload for the distributor, and reduced redelivery trans-
port costs [8,34,41]. The above-mentioned advantages of parcel lockers may come with
environmental benefits [10,41]. Thus, parcel lockers satisfy consumers’ needs for flexibility
and retailers’ and logistics providers’ demands for efficiency and cost effectiveness. Com-
pared to standard home delivery, collection point deliveries with a nearly 100% hit rate can
save between 25% and 70% of costs, according to a calculation of [26] based on an average
density population in Belgium.

2.1.3. Click and Collect

C&C is an established delivery method for retailers with a brick-and-mortar store
network whereby customers complete the purchase process online and subsequently pick
up the goods in a physical store within a specified period of time [39,42]. Particularly for
grocery shopping, retailers can also set up drive-ins to offer a very convenient means for the
collection of the purchases [8]. Thus, C&C transfers the responsibility for the last-mile to the
customers [43]. Established alternative types of C&C include in-store pick-up (or in-store
fulfilment), where consumers pick up their goods from an existing store, near-store pick-up
(or near-store fulfilment), where a drive-in near the store and linked to the warehouse
enables pick-up, and stand-alone pick-up (or stand-alone fulfilment), which operates with
its own warehousing and stocking independently of the store [43,44].

C&C can increase the competitiveness of omni-channel retailers [34]. Moreover, de-
livery to stores is more cost-efficient than home delivery or shipping to parcel lockers
(according to Hübner, Kuhn, and Wollenburg [8], C&C can reduce transport costs by
up to 70%). Therefore, C&C offers retailers the opportunity to compete more effectively
with e-commerce [42]. While C&C has been considered as a differentiator that increases
sales by bringing together brick-and-mortar stores and e-commerce, it has increasingly
become a standard for big omni-channel retailers. Consumers can benefit from the ad-
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vantages of online shopping and brick-and-mortar retailing to enable additional sales
to be generated in-store [45]. Using C&C, consumers can save shipping fees and might
benefit from faster availability [43,46]. Vyt, Jara, Mevel, Morvan, and Morvan [44] further
highlighted the important role of different facets of convenience for C&C usage. Gielens,
Gijsbrechts, and Geyskens [43] also emphasized the convenience of the different C&C
types (in-store, near-store, and stand-alone fulfilment) and demonstrated that the shift in
online consumer spending (and spill-over to brick-and-mortar stores) differs between the
three types, depending on shopper characteristics. Recent studies also revealed several
sustainability-related findings pertaining to C&C. For instance, Cotarelo et al. [47] showed
that offering the option of C&C as a sustainable delivery method encourages a positive
attitude and loyalty towards retailers. Moreover, Milioti, Pramatari, and Kelepouri [46]
found that consumers who perceive C&C to be environmentally friendly are more likely to
use and pay for C&C.

2.2. Sustainability in Last-Mile Delivery

A common definition of sustainability is “development that meets the needs of
the present without compromising the ability of future generations to meet their own
needs” [48], p. 8. The triple bottom line [20], which includes the dimensions people,
planet, and profit, is an established conceptualization of sustainability and is considered
an appropriate measurement of consumer perceptions of sustainability [15]. However,
previous academic research has predominantly focused on economic sustainability and
environmental sustainability, whereas research on social sustainability and its effects is still
limited [49]. Sustainability has been shown to be a significant determinant of the consumer
decision-making process [50–52]. Previous research further demonstrates that consumers,
in general, attach more importance to the environmental component of sustainability than
to social and economic sustainability [53]. These studies illustrate the relevance of a multi-
dimensional measurement approach to sustainability, as the three-dimensional approach
allows for the identification of the relative importance of each aspect in a specific context.

In the area of last-mile logistics, Lauenstein and Schank [54], in their literature review,
found that sustainability in this context is often limited to social and environmental aspects,
whereas the economic component is considered to be given by the fact that retailers and
logistics providers alike operate as profit-oriented players in the market. In line with this
finding, other authors call for a holistic view of last-mile delivery, as the focus on individual
dimensions lacks comprehensiveness in covering the objectives of stakeholders [12,55].
However, research with such a comprehensive view of the last-mile is limited [49,56].

In their literature review of the most popular last-mile vehicles, Oliveira, Albergaria
De Mello Bandeira, Vasconcelos Goes, Schmitz Gonçalves, and D’Agosto [23] found that
environmental sustainability is mainly related to a reduction in carbon emissions. The
authors further highlighted that social sustainability in the context of the last-mile especially
focuses on creating jobs, promoting health, and improving the quality of life, and that
economic sustainability involves cost reduction, delivery times, energy consumption, and
avoiding traffic congestion. The review, thus, sums up insights from various studies that
consider transport as the most important determinant of environmental sustainability
in last-mile logistics, e.g., [57]. The last-mile is also seen as the most energy-inefficient
part of the supply chain, with huge potential for different options that can provide more
sustainable logistics management [58]. The transport of packages in the last-mile affects
the environment as well as social and economic areas [59]. Researchers regularly point
to negative environmental impacts from last-mile logistics in urban areas [60,61]. Carbon
emissions and traffic jams can be observed as consequences of transport logistics, leading
to the inefficient use of resources [39,62]. Perboli et al. [63] further investigated freight
transport in urban environments and were able to show in a simulation that the adoption
of environmentally friendly vehicles affects all three dimensions of sustainability, can
save carbon emissions, and can reduce delivery times of time-sensitive deliveries. Still,
studies generally show that the narrower the time window of the deliveries, the more
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environmentally damaging the delivery [6]. The delivery time and the sustainability impact
of the last-mile are interrelated, and there is a need to operate with longer delivery times to
become more efficient and carbon-efficient and improve working conditions [26,64].

Recently, the consumer perspective of sustainability in e-commerce logistics has gained
attention, e.g., [16,65,66] Consumers have a limited influence on green delivery methods.
They largely depend on the retailers’ shipping options and the sustainability of the logis-
tics service providers’ deliveries and suffer from information asymmetries and limited
sustainability-related communication [67]. However, scholars agree that consumers’ accep-
tance to pick up ordered products at the retailer’s store and collection points, as well as
the improved organization of returns, offers retailers great potential to organize logistics in
a more sustainable way [34]. Ignat and Chankov [13] also proposed altering consumers’
last-mile preferences based on the delivery methods’ sustainability instead of just satisfying
their demands. Indeed, research demonstrates that their willingness to accept longer deliv-
ery times for home delivery increases, if carbon emissions can be compensated [66]. Ignat
and Chankov [13] also found that consumers are willing to wait longer for a shipment, pay
more per shipment, and choose a less convenient collection point if it means achieving
greater environmental and social sustainability.

Leveraging the potential of both the companies’ and the consumers’ contributions
regarding the improvement of last-mile sustainability requires relevant knowledge about
the sustainability of the specific delivery methods. The majority of early studies consider
home delivery as the worst alternative in terms of sustainability, whereas collection points
and C&C can be more sustainable in their impact on the environment [34]. However,
there are various aspects to be considered, such as the situational factors, distance to the
stores/collection points, the product category, the geographical aspects (e.g., urban vs.
rural area), and the type of vehicle used, which influence the environmental impact of each
delivery method [35]. Undoubtedly, single trips to brick-and-mortar stores or collection
points will lead to much higher carbon emissions than a delivery by a carrier with route
optimization. For instance, Edwards et al. [68] estimated that a trip to a brick-and-mortar
store via individual transport emits over twenty times more carbon than an average home
delivery. Moreover, home delivery in the grocery sector can reduce individual trips to
stores to a considerable extent [11].

Parcel lockers display a rather more eco-friendly character, as long as there are no addi-
tional journeys made by individual transport using vehicles with high CO2 emissions [16].
An appropriate network of collection points to pick up parcels in the case of failed first-time
deliveries can also help to decrease carbon emissions [35]. Similarly, returns that are handed
in at parcel lockers (ideally when picking up a new parcel) may avoid empty runs or longer
distances [68].

The development of zero-carbon emission alternatives for the last-mile, such as electric
vehicles and cargo bikes, can be seen as a solution, especially in urban areas, in order to
save carbon emissions and enhance people’s quality of life [39]. New technologies and
innovations expand the possibilities of parcel delivery and, thus, lead to improvements
for retailers, logistics providers, and consumers [49]. New technologies make it possible
to create more sustainability in an urban ecosystem and provide higher value for services.
In the context of the last-mile, integrating customer preferences, increasing monitoring of
the delivery services offered, and shortening delivery times are ways to achieve this [69].
Moreover, by increasing productivity [70], they can help to improve the sustainability of
the last-mile and reduce carbon emissions [5].

3. Drivers and Determinants of Delivery Method Choice

A review of the relevant literature identifies various important aspects that influence
consumers’ acceptance of the delivery methods and their decision on (a) home delivery,
(b) collection points, or (c) C&C. The main factors include (1) convenience, (2) delivery
costs, and (3) environmental impact (see Appendix A).
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Convenience in terms of delivery speed is a crucial determinant of customers’ experi-
ence [24], their online purchasing behavior [65], and their choice of delivery method [71].
Convenience as a key factor determines the intention to use delivery methods [72]. Conve-
nience also includes the customer’s demands for short, precise delivery windows [36,37]
and fast turnaround times [12]. Saving time is perceived by consumers mainly in terms of
not traveling to a brick-and-mortar store; instead, responsibility for the last-mile is taken
over by the retailer and logistics provider [8]. Bjørgen, Bjerkan, and Hjelkrem [11] bring
further empirical evidence related to this generic perspective in the context of grocery home
delivery, finding that saving time and reducing organizational planning and stress are more
important than economic aspects. Home delivery is perceived as a convenient delivery
method and convenient location compared to pick-up stations [62,71,73], so the process of
picking up parcels is seen as an additional expense that costs time [73]. Additional time
must be spent traveling to parcel stations or C&C pick-up locations [8]. The motivation
to use parcel lockers lies in the ability to individually decide when to pick up the parcel,
and not primarily in time savings or faster delivery times [27]. For C&C, the consumer
can choose an individual pick-up time within the opening hours and, thus, increase the
possibilities to efficiently plan their daily schedule [44].

Delivery costs play a major role in the choice of delivery method [40]. Customers
regularly expect free shipping [12], and several studies emphasize consumers’ limited
willingness to pay for delivery services [6,8]. Moreover, studies demonstrate that consumers
accept longer delivery times in return for a reduction in delivery fees, which may help
retailers to implement more efficient logistics processes [74]. In line with these findings,
smaller time windows usually come with a more expensive delivery [36]. For consumers
who want to avoid waiting times and have quick access to the product, brick-and-mortar
stores and C&C are considered valuable options [32]. More flexible delivery options, such
as using pick-up points, decrease costs and, thus, increase the attractiveness of alternative
delivery methods [7].

Amongst the most recent factors discussed as relevant drivers of consumers’ choice of
delivery method, emerging research focuses on the sustainability and the environmental
impact of the fulfilment option. For instance, Nogueira, de Assis Rangel, and Shimoda [65]
found that environmental information significantly impacts consumers’ decisions regard-
ing the last-mile, even though delivery speed and delivery costs are much more important.
Home delivery is perceived as the most unsustainable delivery choice compared to parcel
lockers and C&C, which perform better under certain conditions [9]. Parcel lockers and
C&C contribute to environmental sustainability by reducing emissions, offering opportuni-
ties for last-mile delivery in the future [46,62].

Adding the dimensions of social and economic sustainability, Hausladen et al. [75]
found that parcel lockers are favorable in terms of sustainability over freight transportation.
Manerba et al. [76] investigated the factors influencing sustainability, finding that, in
addition to convenience in terms of fast delivery, distance, fuel, and vehicle type are also
relevant with regards to sustainability. In addition to sustainability, consumer service
level and efficiency are of particular importance in the scientific literature on last-mile
delivery [77].

Convenience, delivery costs, and sustainability, as key determinants of the choice of
delivery method, are context-specific and depend on individual factors and situational
aspects. For instance, the higher convenience of home delivery, parcel lockers, and C&C
depends on personal life situations and the importance of certain attributes for consumer
groups to take on the last leg of the last-mile themselves [71,72].

Furthermore, consumer density, infrastructure, and multi-drop routing also influence
the delivery costs and other relevant characteristics of delivery methods [36,37]. A low
consumer density increases the costs of the delivery, and vice versa [6]. Higher delivery
costs in rural areas can, thus, make unattended delivery more advantageous [36]. Moreover,
the delivery methods offered and vehicle used influence the related costs, convenience, and
environmental sustainability [6,68]. Accepting less convenience with longer delivery times,
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for example, can have a positive impact on the environment and reduce costs at the same
time [66].

4. Conceptual Framework and Hypothesis Development

To study the drivers of the acceptance and usage of specific delivery methods among
consumers, it is necessary to focus on the consumers’ perspective of sustainability, as the
perceived sustainability of last-mile delivery might differ from the above-outlined findings.
In the subsequent chapter, therefore, we will derive a conceptual model that studies the
relevance of the perceived sustainability of a specific delivery method to its acceptance
and usage. Based on our previous findings, the core components of this model are (1) the
convenience of the delivery method (represented by the perceived ease of use and the
perceived usefulness, derived from the widely used TAM), (2) the perceived sustainability
of the delivery method, and (3) its perceived costs. These hypotheses equally apply to each
of the three delivery methods of (a) home delivery, (b) parcel lockers, and (c) C&C.

4.1. The Effect of Convenience of the Delivery Method in the Context of the Technology
Acceptance Model

As outlined in the review of the drivers of consumer choice of delivery method
(Section 2.2.), the convenience of a delivery method plays a major role in its acceptance and
use. Therefore, our conceptual model draws on the well-established TAM and focuses on
perceived ease of use and perceived usefulness as generic alternative measures of conve-
nience. The TAM studies the acceptance of technological innovations (usually measured by
the consumers’ attitude towards this innovation and their usage intention) and considers
perceived ease of use and perceived usefulness as the main determinants. It has successfully
been established both in the field of sustainability-related research [50–52,78,79] and in
the field of consumer behavior in e-commerce [80,81]. In the context of sustainability, the
TAM, for instance, has been successfully applied in studying the acceptance of sustain-
able products, such as energy-efficient appliances [52] or building energy management
systems [78]. These studies confirm the suitability of perceived ease of use and perceived
usefulness as determinants of an individual’s attitude, i.e., the “person’s general feeling of
favorableness or unfavorableness toward some stimulus object” [82], p. 216. The studies
also substantiate previous research demonstrating the positive effects of attitudes on inten-
tion to use, which, thus, increases the subjective probability of use [83]. In the context of
last-mile delivery, a study conducted by Wang, Yuen, Wong, and Teo [38] demonstrated
that consumer attitudes positively impact consumers’ usage of parcel lockers. The TAM
has been applied successfully to provide insights into the acceptance behavior towards
drone delivery and delivery through autonomous vehicles [84–87]. Moreover, Rosenberg,
Balouka, Herer, Dani, Gasparin, Dobers, Rüdiger, Pete Pättiniemi, Portheine, and van
Uden [73] highlighted the relevance of convenience, simplicity, and comprehensibility,
i.e., elements that are covered by perceived usefulness and perceived ease of use, for the
successful implementation of sustainable delivery methods for the last-mile. Therefore, we
propose the following hypotheses:

Hypothesis 1 (H1). The higher the perceived ease of use of the delivery method, the more positive
the attitude towards the delivery method.

Hypothesis 2 (H2). The higher the perceived ease of use of the delivery method, the more positive
the perceived usefulness of the delivery method.

Hypothesis 3 (H3). The higher the perceived usefulness of the delivery method, the more positive
the attitude towards the delivery method.

Hypothesis 4 (H4). The higher the perceived usefulness of the delivery method, the more positive
the intention to use the delivery method.
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Hypothesis 5 (H5). The better the attitude towards the delivery method, the greater the intention
to use the delivery method.

4.2. The Effect of Perceived Sustainability on Attitude

Consumers’ perception of sustainability can have an effect on consumers’ behav-
ior [88]. The environmental component of sustainability positively influences consumer
attitudes and behavioral intention in relation to green buying behavior [89]. This positive
relationship between environmental aspects and attitude is confirmed by several studies in
various contexts, including the sharing economy [90,91], building-attached photovoltaic
equipment [92], ride sharing [93], second-hand clothing [94], and upcycled products [95].
Similarly, Ho, Wang, and Yen [50] extended the TAM to show that the environmental
concern of the respondents influences their attitudes towards the use of smart cards at their
university. Environmental concern in terms of online shopping is a predictor of attitude in
the field of fast fashion [96] and autonomous delivery in the last-mile [97]. These findings
are enhanced by the influence of environmental image, which has a positive influence on
attitude and acceptance behavior, as has been investigated in the context of drone delivery
in the food sector [98]. Choi and Ng [99] extended these findings on the environmental
dimension of sustainability and demonstrated that consumers favor sustainability in both
the environmental dimension and the economic dimension of sustainability by giving
positive evaluations of the company and purchase intent.

In addition, the relevance of the third dimension, social sustainability, was em-
phasized by Belanche et al. [100], who demonstrated that the working conditions of
food delivery services influence consumer attitude and purchase intention. In line with
this finding, Toussaint et al. [101] showed that insufficient social sustainability, such
as the breach of minimum standards, negatively impacts the purchase decisions of in-
formed consumers. As a result, social sustainability activities are considered to have a
signaling effect, which constitutes a surplus value for consumers [102]. Using informa-
tion regarding environmental and social sustainability in advertisements has, therefore,
been shown to have a positive effect both on attitudes toward the advertisement and,
indirectly, on attitudes toward the brand [53]. Moreover, Bhattacharya and Sen [103]
demonstrated a positive impact on consumers’ attitudes towards the respective company
of both environmental activities (e.g., environmentally friendly products, hazardous
waste management) and social activities (job security, employee involvement, regional
relations). With regard to autonomous vehicles in last-mile delivery, perceived environ-
mental sustainability was determined by the reduction in both emissions and fuel as
a factor influencing acceptance behavior [86]. Finally, Ignat and Chankov [13] showed
that, for last-mile delivery, displaying the environmental and social impacts influences
consumers’ behavior and alters it in favor of more sustainable last-mile delivery. To sum
up, a positive influence on consumer attitudes has been found for all three dimensions
of sustainability, which leads to the following hypotheses:

Hypothesis 6 (H6). The higher the perceived economic sustainability of the delivery method, the
more positive the attitude towards the delivery method.

Hypothesis 7 (H7). The higher the perceived environmental sustainability of the delivery method,
the more positive the attitude towards the delivery method.

Hypothesis 8 (H8). The higher the perceived social sustainability of the delivery method, the more
positive the attitude towards the delivery method.

4.3. The Effect of Perceived Sustainability on Perceived Costs

Everyday consumption habits are characterized by convenience and especially by
monetary aspects such as price, which makes perceived costs an important factor [104].
From a managerial perspective, costs for last-mile logistics comprise “the total last-mile
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logistics costs per unit delivered” [26]. In contrast, as our research takes the consumers’
perspective, we focus on the notion of perceived costs, which represent an assessment
of the personal financial costs for purchasing or using the technology in comparison to
alternative technologies [105]. This means that the perceived costs are not necessarily the
actual monetary costs of the product or service. Similar to perceived prices, consumers
consider what they have to give up or sacrifice to obtain a product and base perceived
prices (and perceived costs) on different product attributes [14].

Consumers consider sustainability as a cost driver, which also impacts sales prices [19].
The higher prices determined by sustainable development are perceived by consumers as a
barrier to purchasing [106]. Due to consumers’ high price sensitivity for delivery services [8],
eco-conscious consumers consider costs as the most important decision determinant [107].
Moreover, consumers link practices to increase the product sustainability of packaging with
price increases [108]. The perceived sustainability of packaging design also leads to higher
financial costs (and, thus, indirectly has a negative impact on purchase intention) [109].
Consumers are not generally willing to pay a surcharge for delivery methods in order to
support sustainability-related aspects [9]; particularly, in younger target groups, the desire
for convenience and low prices dominates sustainability motives [16,110]. Concerning
social sustainability improvements in last-mile delivery, higher sustainability can lead to
higher costs [111]. Therefore, consumers expect higher perceived costs for the considered
delivery method. These considerations lead to the following hypotheses:

Hypothesis 9 (H9). The higher the perceived economic sustainability of the delivery method, the
higher the perceived costs of the delivery method.

Hypothesis 10 (H10). The higher the perceived environmental sustainability of the delivery
method, the higher the perceived costs of the delivery method.

Hypothesis 11 (H11). The higher the perceived social sustainability of the delivery method, the
higher the perceived costs of the delivery method.

4.4. The Effect of Perceived Costs on Attitude and Behavioral Intention to Use

Ozaki [112] also postulated that, in addition to convenience aspects, consumers’
perceptions of higher costs for a sustainable choice are an important factor in consumer
decision-making. Higher prices for a product or service negatively influence consumer
preferences and reduce the probability of a purchase decision [101]. In the context of
sustainability, costs negatively affect consumer attitudes [113], and lower perceived
costs have been shown to increase purchase intention, e.g., [114]. Price perception is
crucial for new technologies that are adopted in the last-mile, such as electric vehicles,
meaning that higher price acceptance leads to higher usage intention [115]. Studying the
acceptance of electric vehicles, Park et al. [116] and Jayasingh et al. [117] demonstrated a
negative influence of perceived costs on intention to use. In line with these findings, we
propose the following:

Hypothesis 12 (H12). The higher the perceived costs of the delivery method, the less positive the
attitude towards the delivery method.

Hypothesis 13 (H13). The higher the perceived costs of the delivery method, the less positive the
intention to use the delivery method.

Figure 1 sums up the proposed hypotheses and provides an overview of the structural
model of this research.
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Figure 1. Proposed model.

5. Method
5.1. Sample Selection and Data Collection

The structural model shown in Figure 1 was empirically tested with the help of a
quantitative online survey in which each respondent had to answer the questions on
one of the three delivery methods of (a) home delivery, (b) parcel lockers, and (c) C&C.
These three delivery methods were selected because of their dominance in e-commerce
and consumer awareness [1]. Consumers were initially asked which of the three delivery
methods they knew and whether they had already used it. They were then randomly
assigned to one of the three delivery methods, creating three separate groups in each of
which only respondents who knew and had already used the respective delivery method
answered the questions about their assigned delivery method. The questionnaire was tested
using a sample of German consumers. We deliberately focus on one specific country to
acknowledge the cultural differences in the understandings and practices of sustainability
around the globe, which are also present in last-mile delivery, where, for example, the
need for security can create differences in the consumers’ perceptions and acceptance
behaviors [118,119]. German (and Italian) consumers have also been shown to be willing
to pay more for sustainable delivery compared to other countries in the European Union
and have a need for customized last-mile delivery offers [33]. Likewise, the sustainable
consumer behavior of German consumers has been less focused on in the literature [120].
To address this, our data provide insight into the acceptance behavior of last-mile delivery
methods of younger consumers [121] who have high environmental awareness [122] and
an affinity for e-commerce that is more developed than that of older generations [123].

Respondents were invited by mail and online posts to participate in a self-response
online questionnaire using a snowball procedure. The data collection took place at the
beginning of 2021 and resulted in a total sample of 536 cases.
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5.2. Measurement Instruments

Existing scales were utilized and adapted to represent the constructs of interest. The
latent variables were measured with a multi-item measurement using 7-point Likert scales
(1 = “strongly disagree”, 7 = “strongly agree”). The items on perceived usefulness were
taken from Johar and Awalluddin [80], those on perceived ease of use from Lee, Park,
Kwon, and Del Pobil [51], and those on attitude from Bagozzi [124]. Intention to use was
adapted from Sung, Kim, and Lee [90]. The items to measure the environmental, economic,
and social dimensions were derived from Moisescu [88], Fombrun et al. [125], Hamari,
Sjöklint, and Ukkonen [91], and Sung, Kim, and Lee [90]. Perceived cost was derived from
a scale of Park and Kwon [126]. A detailed list of the items used in this study is provided
in Appendix B.

5.3. Preliminary Analyses

The distribution of demographic data shows a reasonable distribution of the overall
sample in terms of gender (56.3% female; 43.5% male; 0.2% diverse) and age (1.0% under
18; 56.1% from 18–25; 26.9% from 26–35; 16.0% above 35). The 536 responses were split into
three groups, home delivery (N = 177), parcel lockers (N = 170), and C&C (N = 189). The
initial descriptive analysis of the data revealed that the groups demonstrated a significantly
different evaluation of the single-item overall assessment of the sustainability of each of the
three delivery methods (F = 84.5; p < 0.01): on a 7-point Likert scale ranging from “1 = not
sustainable at all” to “7 = absolutely sustainable”, home delivery (mean = 2.99) was rated
significantly worse than parcel lockers (4.52) and C&C (4.47).

Since the constructs in our research concern consumers’ perceptions, attitudes, and
intentions, self-reporting is clearly appropriate. To counteract a possible common method
bias, we separated the measurement of the predictor and the criterion variables, used
already established scales, and completely anonymized the data [127]. Furthermore, we
tested for a potential common method bias with the help of Harman’s single-factor test [128].
The corresponding explorative factor analysis demonstrated that there was not a single
general factor explaining most of the variance in the sample (a one-factor solution explained
25.22% of the total variance). Therefore, we considered common method bias not to be a
threat to our study [127]. In our study, we tested for a non-response bias. The participants
in the study were divided into two groups (early responders and late responders) [129].
Using a Mann–Whitney U test, we compared the values of the two groups and found no
significant differences, meaning that a non-response bias is not an issue in this study.

The subsequent analysis of the measurement models and the structural model was
conducted using the partial least squares structural equation modeling (PLS-SEM) ap-
proach, using the software SmartPLS 3.3.9 (https://www.smartpls.com/, accessed on
19 October 2022) [130]. PLS-SEM is particularly appropriate for this research, as several of
its strengths fit the conditions of this research; PLS-SEM can estimate complex structural
models with many constructs, cope with small sample sizes, and conduct multi-group
comparisons [131].

6. Results
6.1. Evaluation of Measurement Models

We first conducted an exploratory factor analysis for each construct to check for
unidimensionality. For all constructs, a one-factor solution was retrieved (Kaiser-Meyer-
Olkin (KMO) values > 0.6, Bartlett test for sphericity < 0.001), and Cronbach’s al-
pha values exceeded 0.7. The subsequent analysis of the measurement models using
SmartPLS followed the established standards for variance-based structural equation
models [131,132].

All indicator loadings were significant (p < 0.01) and, with a few exceptions, above
the threshold of 0.7 (see Appendix B). The two loadings below this threshold were close to
this value and kept for reasons of comparability and validity and because the composite
reliability (CR) and average variance extracted (AVE) were not significantly improved

https://www.smartpls.com/
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as a result of a potential elimination of both items [132]. For the construct perceived
social sustainability, both CR (between 0.6 and 0.9) and AVE (>0.5) settled above the
threshold values and were, therefore, included in the analysis [132]. Convergent validity
is assessed via CR and AVE. The estimates of these criteria passed the recommended
values of 0.7 (CR) and 0.5 (AVE). Finally, discriminant validity (see Table 1), which
examines whether the indicators of one construct are sufficiently different from another,
is ensured by checking both the cross-loadings and the discriminant validity criterion of
Fornell and Larcker [133]. An inspection of the cross-loadings illustrated that all items
had their greatest loading on the corresponding construct. Moreover, the Fornell–Larcker
criterion was fulfilled, as for all constructs, the square root of the AVE was higher than
the correlation with any other construct. Table 1 provides an overview of the relevant
psychometric properties.

Table 1. CR, AVE, and discriminant validity.

CR AVE 1. 2. 3. 4. 5. 6. 7. 8.

1. Attitude 0.925 0.803 0.896
2. Intention to use 0.954 0.837 0.607 0.915
3. Perceived costs 0.930 0.815 −0.093 0.053 0.903
4. Perceived ease of use 0.895 0.741 0.443 0.446 0.006 0.861
5. Perceived economic sustainability 0.908 0.712 0.122 0.130 0.134 0.133 0.844
6. Perceived environmental sustainability 0.958 0.851 0.108 0.190 −0.342 −0.091 0.000 0.922
7. Perceived social sustainability 0.805 0.517 0.098 0.250 0.252 0.100 0.186 0.097 0.719
8. Perceived usefulness 0.903 0.699 0.503 0.549 0.291 0.510 0.185 −0.202 0.284 0.836

Note: Diagonal represents the square root of the AVE. The values below are the correlations between the constructs.

Furthermore, we examined the variance inflation factor (VIF) to control for the problem
of multicollinearity in our data. VIF values must be <10 [132]. In our study, we found VIF
values below 2, suggesting no issue with multicollinearity (see Table 2).

Table 2. Variance inflation factors.

1. 2. 3. 4. 5. 6. 7. 8.

1. Attitude 1.462
2. Intention to use
3. Perceived costs 1.328 1.193
4. Perceived ease of use 1.403 1.0
5. Perceived economic sustainability 1.067 1.036
6. Perceived environmental sustainability 1.217 1.01
7. Perceived social sustainability 1.208 1.046
8. Perceived usefulness 1.626 1.584

6.2. Structural Equation Model

For each group ((a) home delivery, (b) parcel lockers, (c) C&C), the structural model
was estimated separately. This was to reveal the group-specific results and possible differ-
ences. This means, for all three groups, we individually calculated estimates for the path
coefficients, their significance, and other relevant criteria for the evaluation of the struc-
tural model [132]. Significance levels were estimated using the bootstrapping approach
with 2000 bootstrap samples. Table 3 and Appendix C provide an overview of the path
coefficients and the coefficients of determination R2.

The results of the structural model indicate a reasonable predictive capacity of the
three structural models. The R2 values of the key target variables for delivery method
acceptance were calculated. In particular, for attitude, the R2 values range from 0.254
to 0.451, and for intention to use, they range from 0.241 to 0.524; thus, these values are
moderate to substantial [134].
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Table 3. Summary of PLS-SEM path analysis.

Home Delivery
(a)

Parcel Lockers
(b)

C&C
(c)

PLS-
MGA

Hypothesis Path
Coeff.

Path
Coeff.

Path
Coeff.

Sig.
Diff.

H1: Perc. ease of use→ Attitude 0.153 * 0.155 * 0.285 **
H2: Perc. ease of use→ Perc. usefulness 0.391 ** 0.458 ** 0.462 **
H3: Perc. usefulness→ Attitude 0.309 ** 0.484 ** 0.397 **
H4: Perc. usefulness→ Intention to use 0.257 ** 0.369 ** 0.231 **
H5: Attitude→ Intention to use 0.339 ** 0.438 ** 0.536 **
H6: Perc. economic sustainability→ Attitude −0.058 n.s. 0.056 n.s. 0.046 n.s.
H7: Perc. environmental sustainability→ Attitude 0.220 ** 0.175 * 0.050 n.s.
H8: Perc. social sustainability→ Attitude −0.172 * −0.030 n.s. 0.065 n.s. A-C
H9: Perc. economic sustainability→ Perc. costs 0.024 n.s. 0.182 * −0.132 n.s. B-C

H10: Perc. environmental sus→ Perc. costs −0.074 n.s. −0.157 n.s. −0.239 **
H11: Perc. social sustainability→ Perc. costs 0.192 * 0.344 ** 0.244 **
H12: Perc. costs→ Attitude −0.206 * −0.133 n.s. −0.146 *
H13: Perc. costs→ Intention to use 0.086 n.s. −0.066 n.s. 0.047 n.s.

R-Square
Perc. usefulness 0.153 0.210 0.213
Perc. costs 0.036 0.149 0.088
Attitude 0.254 0.431 0.451
Intention to use 0.241 0.524 0.471

Note. Bootstrapping results (N = 2000): ** p < 0.01; * p < 0.05; n.s. not significant.

The check for collinearity among the constructs, which is necessary to make sure it
does not bias the regression results, demonstrated that all variance inflation factors (VIF)
range between 1 and 2 and, thus, are below the recommended threshold of 3.5 [131]. Table 3
shows that there is support for the positive influence of perceived ease of use on both
attitude (H1: βa = 0.153, pa < 0.05; βb = 0.155, pb < 0.05; βc = 0.285, pc < 0.01) and perceived
usefulness (H2: βa = 0.391, pa < 0.01; βb = 0.458, pb < 0.01; βc = 0.462, pc < 0.01) for all three
delivery methods. There is a positive influence of perceived usefulness on both attitude
(H3: βa = 0.309, pa < 0.01; βb = 0.484, pb < 0.01; βc = 0.397, pc < 0.01) and intention to use
(H4: βa = 0.257, pa < 0.01; βb = 0.369, pb < 0.01; βc = 0.231, pc < 0.01). In line with this,
the positive impact of attitude on intention to use (H5: βa = 0.339, pa < 0.01; βb = 0.438,
pb < 0.01; βc = 0.536, pc < 0.01) provides support for H1 to H5, such that the TAM functions
as a basic model in our research context.

In relation to perceived economic, environmental, and social sustainability, and their
hypothesized positive impact on attitude, for the delivery method of home delivery, aside
from perceived environmental sustainability (H7: βa = 0.220, pa < 0.01), perceived social
sustainability (in contrast to our initial hypothesis) has a significant negative impact on
attitude (H8: βa = −0.172, pa < 0.05), and there is no significant path coefficient of economic
sustainability on attitude (H6: βa = −0.058, pa = 0.484). These results provide support for
home delivery for H7, but do not support H6 and H8. When considering the delivery
method of parcel lockers, we could not find a significant effect of either the economic
(H6: βb = 0.056, pb = 0.397) or the social dimension of sustainability (H8: βb = −0.030,
pb = 0.701), whereby we demonstrate a positive impact of perceived environmental sus-
tainability on attitude, supporting H7 (β b = 0.175, pb < 0.05). No significant impact of
perceived economic (H6: βc = 0.046, pc = 0.496), environmental (H7: βc = 0.050, pc = 0.422),
and social sustainability (H8: βc = 0.065, pc = 0.335) on attitude could be found for C&C
as a delivery method. In the C&C group, there is evidence for the significant negative
impact of environmental sustainability on perceived costs (H10: βc = −0.239, pc < 0.01),
which is opposed to the positive relationship we proposed in H10. For both home delivery
(H10: βa =−0.074, pa = 0.533) and parcel lockers (H10: βb =−0.157, pb = 0.058), the negative
estimates of the path coefficients of this relationship are not confirmed by the bootstrap re-
sults. Therefore, we reject H10 for the groups home delivery and parcel lockers. Regarding
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perceived economic sustainability, only in the case of parcel lockers is there a significant
positive impact on perceived costs (H9: βb = 0.182, pb < 0.05), providing no support for
H9 concerning home delivery (βa = 0.024, pa = 0.786) or C&C (βc = −0.132, pc = 0.164). In
addition to this, a significant positive impact of social sustainability on perceived costs
was found for all three delivery methods (H11: βa = 0.192, pa < 0.05 for home delivery;
βb = 0.344, pb < 0.01 for parcel lockers; βc = 0.244, pc < 0.01 for C&C).

The negative impact of perceived costs on attitude provides support for both home
delivery and C&C, but not for parcel lockers, therefore, undermining H12 (βb = −0.133,
pb = 0.059) and supporting H12 for home delivery (βa = −0.206, pa < 0.05) and C&C
(βc = −0.146, pc < 0.05). The negative impact of perceived costs on intention to use cannot be
demonstrated for all three delivery methods, thus, undermining H13 (βa = 0.086, pa = 0.277;
βb = −0.066, pb = 0.200; βc = − 0.146, pc = 0.015).

Finally, we conducted a PLS multi-group analysis [132] to reveal differences between
the path coefficients for each delivery method. For the impact of economic sustainability on
perceived costs, a significant difference between the delivery methods parcel lockers and
C&C was found (t-value = 2.388, p < 0.05). Furthermore, the influence of social sustainability
on attitude was significantly different for the delivery methods of home delivery and C&C
(t-value = 2.225, p < 0.05).

Table 4 sums up the total effects on the key target constructs of the acceptance of a
specific delivery method, attitude to the delivery method, and intention to use it. Our results
show that environmental sustainability is a relevant factor in the consumers’ decision to
use last-mile delivery methods, along with traditional factors, such as perceived usefulness,
perceived ease of use, and perceived costs. In particular, we found that some of the
perceived sustainability could be translated into attitude and usage intention.

Table 4. Total effects on attitude and intention to use.

Home Delivery (a) Parcel Locker (b) C&C (c)

Attitude Intention to
Use Attitude Intention

to Use Attitude Intention
to Use

Perc. ease of use 0.274 ** 0.193 ** 0.377 ** 0.334 ** 0.469 ** 0.358 **
Perc. usefulness 0.309 ** 0.362 ** 0.484 ** 0.581 ** 0.397 ** 0.443 **
Perc. economic sustainability −0.063 n.s. −0.019 n.s. 0.031 n.s. 0.002 n.s. 0.065 n.s. 0.029 n.s.
Perc. environmental sustainability 0.235 ** 0.073 * 0.196 * 0.096 * 0.085 n.s. 0.034 n.s.
Perc. social sustainability −0.211 * −0.055 n.s. −0.075 n.s. −0.056 n.s. 0.029 n.s. 0.027 n.s.
Perc. costs −0.206 * 0.016 n.s. −0.133 n.s. −0.124 * −0.146 * −0.031 n.s.
Attitude 0.339 ** 0.438 ** 0.536 **

Note. Bootstrapping results (N = 2000): ** p < 0.01; * p < 0.05; n.s. not significant.

7. Discussion and Conclusions
7.1. Findings and Contribution

The results of our study contribute to the literature on sustainability perceptions in
last-mile delivery and illustrate the relevance of convenience, sustainability, and costs
for the acceptance of three common delivery methods. Therefore, the TAM and the triple
bottom line of sustainability serve as the foundational concepts of our study, supplementing
the traditional economic approach.

Our research confirms the suitability of the TAM for the context of our study and
makes several important contributions to the literature.

First, in relation to the specific delivery methods of home delivery, parcel lockers, and
C&C, the drivers of consumers’ acceptance were integrated using the TAM, thus, contribut-
ing to the literature on last-mile delivery. Thus, the important roles of perceived usefulness,
perceived ease of use, perceived sustainability, and perceived costs in explaining the inten-
tion to use were more effectively demonstrated. Second, we integrated sustainability into
research on the last-mile. Therefore, we provide detailed insights into perceived sustain-
ability by adding the consumers’ viewpoints, as measured in three dimensions: economic,
environmental, and social. Since most studies have only investigated consumers’ general
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awareness of sustainability [79,92], our study adds value by examining the perceptions of
sustainability and its three dimensions in the last-mile context. Third, the integration of the
cost perspective, in the form of perceived costs, allowed us to study sustainability in terms
of the effect on perceived costs, thus, complementing the traditional literature [109,110].

By bringing together sustainability and other determinants of the choice of delivery
method including aspects of convenience (represented by perceived ease of use and per-
ceived usefulness) and costs in a comprehensive model, our research allowed us to assess
the relative importance of each of these components. Characteristics such as convenience,
speed of delivery, and accessibility are more important than sustainability for the intention
to use a specific delivery method. Perceived usefulness is also crucial for forming consumer
attitudes towards the last-mile, which is in line with previous findings [50]. As a result, we
demonstrate that despite the influence of environmental aspects (for home delivery and
parcel lockers) and social aspects (for home delivery) on the acceptance of these delivery
methods, perceived ease of use and perceived usefulness are paramount.

Referring to sustainability as a driver in last-mile delivery, perceived environmental
sustainability constitutes the most important dimension of sustainability. This environ-
mental dimension has a positive influence on delivery method attitudes in terms of home
delivery and parcel lockers, confirming previous findings on the positive influence of
environmental sustainability [40,94], and complementing studies that have identified envi-
ronmental awareness as a positive influencing factor in the purchase decision process [46].
Economic sustainability has no direct influence on the acceptance of any of the three deliv-
ery methods. These findings support and extend previous research [13] and are in line with
the findings of Choi and Ng [99], who also found a stronger influence of environmental
factors compared to economic sustainability.

Regarding perceived costs, it is striking that perceived environmental sustainability
was not associated with an increase in costs for all three delivery methods (significantly
for C&C), whereas the economic sustainability of parcel lockers and social sustainability
of all three delivery methods were associated with higher perceived costs. This could be
due to the fact that consumers are more aware of the environmental dimension [135], and
that environmental improvements are already being implemented by logistics companies.
Given these innovations, limiting carbon emissions in the delivery sector is also associated
with cost reductions [5,56], which could be felt by consumers in terms of perceived costs.

Notably, for home delivery, there is a negative effect of perceived social sustainability
on attitude. These results contradict our corresponding hypothesis and the findings of Lee,
Park, Kwon, and Del Pobil [51], wherein social and economic sustainability had no negative
effect on the purchasing process. One explanation for this surprising finding could lie in the
role of increasing costs, which results from making home delivery more socially sustainable
and mediate the negative correlation between the perceived social sustainability of home
delivery and the attitude towards it. The other explanation could be due to the dominance
of regional aspects in the measurement of social sustainability and a personal characteristic
of the respondents such as “regional consciousness” or “regional identity”, which we did
not consider in this research. A higher regional focus could negatively impact attitude
towards home delivery, as this method particularly stands for (inter)national actors. This
could also explain the bigger path coefficients for the influence of social sustainability on
attitude for parcel lockers (which are a physical part of the region) and the even bigger
coefficient for C&C (where stores and staff are an important part of the region).

Our research on the three delivery methods partly contradicts previous findings that
more sustainable products are not associated with increased costs [136]. According to
our findings, perceived costs for parcel lockers increase with higher levels of economic
sustainability, and for C&C, higher levels of social sustainability bring about higher costs.
Perceived costs influence attitudes towards a delivery method (significant for home delivery
and C&C) and, thus, play a part in the purchase decisions and choice of delivery method.
While we did not find a significant direct effect of perceived costs on the intention to use
a delivery method, the total effects demonstrate that, for parcel lockers, higher perceived
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costs decrease their usage. This supports the findings of the previous literature, which also
found no direct effect of perceived costs on intention to use [137].

7.2. Managerial Implications

The observed total effects of both perceived environmental and social sustainability
raise the possibility for retailers and logistics providers to differentiate themselves from
others. It also supports the idea of further investments in sustainability as a whole, which
is in line with previous findings [12]. This means that higher revenues can be achieved
by carrying out sustainability-related activities and communicating them to consumers,
as insecurities are dispelled by positive sustainability and demand is, thus, generated
in the future [102]. This could also help to build a competitive advantage and attract
new consumers. However, this also might involve altering the logistics to win against
competitors, as well as additional costs [16]. While activities focused on the environmental
sustainability of delivery methods in the short-term counteract the profit orientation of the
companies, their positive impact on attitude and usage behavior indicates their importance
for sustainable long-term success. This corroborates research that considers it worthwhile
for companies to invest in social sustainability, because this leads to higher stock returns, as
consumers value this in the long-term [138]. Hence, it is important for retailers and logistics
providers to continually enhance their delivery methods to achieve more sustainability.

Our findings indicate that consumers might worry about the rising costs of greater
sustainability and, therefore, might question the trend towards greater social sustainabil-
ity. Therefore, consumers need to be better informed to make more favorable purchasing
decisions in terms of sustainability. This can be achieved by communicating sustainable
activities to consumers, which is important to generate a positive attitude leading to pur-
chase intention [99]. However, the communication of sustainability to consumers remains
challenging for both logistics providers and retailers [47]. Frequently, consumers are not
well-informed about how their choice can trigger an improvement in the sustainability
of parcel delivery [65]. Highlighting environmental consequences increases consumer
awareness. Therefore, helping them to choose the more environmentally friendly delivery
method can make consumers accept inconveniences in favor of the environmental advan-
tages of a delivery method [66]. Moreover, more transparency in sustainability activities
is also important given the risk of being perceived to be greenwashing [101]. Moreover,
certifications and the interactions of stakeholders can help raise consumers’ awareness,
improving the level of information [101].

Our findings further demonstrate that perceived ease of use and perceived usefulness
play a major role in the choice of delivery method. Retailers and logistics providers are
advised to ensure easy use of the delivery methods and a well-structured and smooth
transfer of goods. This will also require a close collaboration between the retailers and
the parcel delivery services. Another strategy to ensure a high quality of the delivery
methods could be efforts towards vertical integration by online retailers. Amazon’s strong
investments in last-mile delivery in recent years could be seen as such a strategy. Moreover,
consumers play an important role in the sustainability of the last-mile. Issues such as
how long consumers are willing to wait for a parcel in the name of carbon emissions
reduction, and how reduced delivery fees can be used as an incentive for picking up at
collection points [13], can be used to change the choice of delivery method and strengthen
sustainability. In this respect, our implications are twofold: Communication must take
place in a transparent and open way to create the basic conditions for a sustainable last-mile.
However, the starting point is not limited to the retailers and logistics providers; therefore,
consumers can actively promote sustainability with their choices and demands. In this
respect, retailers are responsible for clearer communication and the widespread availability
of delivery methods, because information can also make a difference in usage intention.

Finally, our results reveal significant relationships between sustainability, convenience,
and the acceptance of the three delivery methods of interest in this research. Retailers and
logistics providers, therefore, need to work on sustainability while also focusing on low
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delivery costs. Especially for parcel lockers, our findings reveal the potential to change
consumer behavior using monetary incentives, i.e., parcel locker usage could be increased
by lowering shipping costs.

Regarding consumers, a change in thinking must take place, both in the choice and
use of delivery methods, such that consumers use services in a holistic, sustainable manner.
Changing digital consumer behavior is a driver of sustainable digital transformation,
creating cost-saving potential through improved automation [139]. Therefore, engaging
consumers in the change process offers the opportunity to strengthen all three areas of
sustainability, in addition to bringing economic monetary benefits for companies, and to
establish environmental benefits and social sustainability, thus, making the last-mile more
sustainable in the long-term. These objectives will be closely linked in the future in the
face of digital development. Strategies for digital transformation need to be developed
according to the characteristics of the respective industry in order to avoid inefficient
policy caused by the digital gap [70] and creating more sustainability [69]. In addition to
complex types of supply chains, the supply chain in e-commerce can also use blockchain
technology to expand possibilities such as real-time information and transparency in the
delivery process and, thus, have a positive effect on operational performance [140]. The
connection of blockchain functions to the last-mile and consumer perception offers potential
for further research.

For companies, technological innovations (e.g., electric vehicles, mobile apps) and
their external communication might help to improve all impact factors of delivery method
acceptance studied in this research simultaneously.

7.3. Academic Implications

Our research makes several innovative contributions to the scientific literature. First,
we extend previous knowledge on the sustainability of last-mile delivery by adding the
consumers’ viewpoint to better understand what consumers are concerned about in the
last-mile, and how their acceptance of specific delivery methods is affected by their sustain-
ability. Therefore, we demonstrate that beyond the sustainability of purchased products
and the sustainability of the sellers of these products, sustainability is also attributed to
last-mile delivery methods, which ultimately also influence purchase decisions. Second,
we differentiate and study the three dimensions of sustainability in the context of last-mile
delivery. The varying effects of each dimension on the acceptance of the three delivery
methods—the social dimension only has a significant influence on attitude towards home
delivery—demonstrate that a multidimensional perspective of sustainability provides
researchers with a more nuanced view. Third, we integrated perceived economic, environ-
mental, and social sustainability into a structural model that also includes the perceived
ease of use, the perceived usefulness, and the perceived costs as drivers of the acceptance
of a delivery method. The quantitative analysis differentiates between the delivery meth-
ods of home delivery, parcel lockers, and C&C and provides insights into how perceived
sustainability plays a role, and to what extent it influences attitudes towards the delivery
method and the intention to use it. Thus, complex structural models—such as the one
in this research—can help researchers to identify the specific relevance of various deter-
minants of last-mile delivery. While our study indicates the usefulness of this approach,
it also encourages researchers to include additional moderators, personal characteristics,
environmental awareness, or geographical aspects to obtain a more nuanced picture. This
might also help to gain additional insights into industry-specific characteristics of the
last-mile that researchers call for [65].

The COVID-19 pandemic has recently boosted e-commerce and changed consumer
behavior in terms of sustainability, whereby long-term effects cannot be assessed yet [141].
Attitudes towards sustainability and sustainability awareness have increased among con-
sumers, as consumers pay more attention to environmental impacts when shopping [106,142].
Such crisis-induced changes in consumer behavior have also been reflected in the design
and use of last-mile delivery (e.g., an increased use of apps) [143]. In line with these devel-
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opments, our research demonstrates the value of these efforts and encourages researchers
to implement such changes in consumer behavior and macro-environmental aspects.

7.4. Limitations and Future Research

This study has several limitations. First, while our study has made a first step into the
direction of a multidimensional consumer perspective of sustainability in last-mile delivery,
it is based on cross-sectional data from younger consumers from one country (Germany).
Considering the socio-economic and cultural complexity stemming from different under-
standings and practices of sustainability around the globe, similar studies using different
samples from other countries and age groups could help to gain a better understanding
for specific consumer groups and draw comparisons. A more specific analysis also seems
to be important, as even within a specific country, relevant characteristics (e.g., prices of
the specific last-mile delivery methods, employment, store opening hours, convenience
orientation) may vary between rural and urban areas.

Second, the further development of digitalization and improved delivery methods
will progress and alter the drivers of acceptance studied in this research. Furthermore,
innovations in last-mile delivery (e.g., crowd delivery, drones, autonomous self-driving
vehicles) are about to become more widely established and will represent new delivery
methods that need to be explored.

Third, the influence of convenience, sustainability, and costs can be altered depending
on the product category because consumers’ preferences are dynamic [74]. Therefore, for
hedonic products, consumers expect a fast delivery [144]. Considering the context of the
product category and the characteristic of impulse buying behavior, further studies can
provide interesting insights.
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Appendix A

Table A1. Drivers and determinants of delivery method choice.

Authors Convenience Delivery Costs Environmental Impact

Bjørgen, Bjerkan, and Hjelkrem [11] x
Boyer, Prud’homme, and Chung [36] x
Cárdenas, Beckers, and Vanelslander [61] x x
Edwards, McKinnon, and Cullinane [68] x x
Gawor and Hoberg [71] x x
Gevaers, Van de Voorde, and Vanelslander [26] x x x
Gevaers, Van de Voorde, and Vanelslander [6] x x
Goebel, Moeller, and Pibernik [27] x x
Hausladen, Dachsel, and Haas [75] x x x
Jiang et al. [145] x x x
Kim, Park, and Lee [72] x x
Kämäräinen, Saranen, and Holmström [7] x x
Ko, Cho, and Lee [3] x x
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Table A1. Cont.

Authors Convenience Delivery Costs Environmental Impact

Manerba, Mansini, and Zanotti [76] x x x
Milioti, Pramatari, and Kelepouri [46] x x x
Nguyen, de Leeuw, Dullaert, and Foubert [74] x x
Nogueira, de Assis Rangel, and Shimoda [65] x x
Ostermeier, Heimfarth, and Hübner [5] x x
Punakivi et al. [146] x x
Song, Cherrett, McLeod, and Guan [35] x x x
Visser, Nemoto, and Browne [34] x x x

Count 17 19 11

Appendix B

Table A2. Measurement items and loadings.

Construct/Item Loadings
(Complete Sample)

Loadings
(Home Delivery)

Loadings
(Parcel Lockers)

Loadings
(C&C)

Attitude (Bagozzi [124])
bad/good 0.907 ** 0.888 ** 0.923 ** 0.912 **
unfavorable/favorable 0.878 ** 0.849 ** 0.870 ** 0.907 **
negative/positive 0.903 ** 0.919 ** 0.926 ** 0.906 **
Intention to use (adapted from Sung, Kim, and
Lee [90])
All in all, I am often willing to use delivery
method a/b/c in the future. 0.904 ** 0.869 ** 0.915 ** 0.898 **

I will use delivery method a/b/c again in
the future. 0.935 ** 0.895 ** 0.934 ** 0.952 **

I will use delivery method a/b/c more often
if possible. 0.900 ** 0.831 ** 0.955 ** 0.945 **

I will often use delivery method a/b/c in the
future if it is offered. 0.920 ** 0.865 ** 0.942 ** 0.925 **

Perceived costs (adapted from Park and
Kwon [126])
I think delivery method a/b/c is more
expensive than that of other
delivery methods.

0.877 ** 0.876 ** 0.918 ** 0.906 **

I think the logistics costs of delivery method
a/b/c are more expensive than that of other
delivery methods.

0.912 ** 0.694 ** 0.892 ** 0.919 **

I think the usage of delivery method a/b/c is
more expensive than that of other
delivery methods.

0.919 ** 0.871 ** 0.949 ** 0.946 **

Perceived ease of use (adapted from Lee, Park,
Kwon, and Del Pobil [51])
Using delivery method a/b/c does not
require lots of mental effort. 0.778 ** 0.789 ** 0.682 ** 0.774 **

I find delivery method a/b/c easy to use. 0.920 ** 0.850 ** 0.926 ** 0.938 **
The use of delivery method a/b/c is clear
and understandable. 0.878 ** 0.859 ** 0.921 ** 0.885 **

Perceived economic sustainability (adapted from
Moisescu [88], Fombrun, Gardberg, and
Sever [125])
Delivery method a/b/c strives to maximize
long-term profits for the actors involved. 0.867 ** 0.613 * 0.812 ** 0.821 **

Delivery method a/b/c increases the profits
for the actors involved. 0.875 ** 0.902 ** 0.848 ** 0.878 **
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Table A2. Cont.

Construct/Item Loadings
(Complete Sample)

Loadings
(Home Delivery)

Loadings
(Parcel Lockers)

Loadings
(C&C)

Delivery method a/b/c is profitable from the
point of view of the actors involved. 0.749 ** 0.890 ** 0.739 ** 0.870 **

Delivery method a/b/c results in high
revenues for the actors involved. 0.878 ** 0.943 ** 0.864 ** 0.851 **

Perceived environmental sustainability (adapted
from Hamari, Sjöklint, and Ukkonen [91], and
Sung, Kim, and Lee [90])
Delivery method a/b/c helps save
natural resources. 0.904 ** 0.885 ** 0.820 ** 0.889 **

Delivery method a/b/c produces less CO2
than other delivery methods. 0.935 ** 0.821 ** 0.905 ** 0.911 **

Delivery method a/b/c is
environmentally friendly. 0.932 ** 0.918 ** 0.919 ** 0.836 **

Delivery method a/b/c is ecological. 0.919 ** 0.939 ** 0.865 ** 0.805 **
Perceived social sustainability (adapted from
Moisescu [88])
The use of delivery method a/b/c contributes
to economic development in the region. 0.504 ** 0.833 ** 0.680 ** 0.801 **

The use of delivery method a/b/c contributes
to the quality of life of the people in
the region.

0.659 ** 0.715 ** 0.629 ** 0.817 **

The use of delivery method a/b/c creates and
sustains jobs in the region 0.809 ** 0.837 ** 0.851 ** 0.822 **

The use of delivery method a/b/c supports
other actors involved in the delivery process. 0.852 ** 0.636 ** 0.839 ** 0.667 **

Perceived usefulness (adapted from Johar and
Awalluddin [80])
Delivery method a/b/c enables me to save
more time. 0.876 ** 0.805 ** 0.852 ** 0.852 **

Delivery method a/b/c is convenient. 0.876 ** 0.739 ** 0.877 ** 0.851 **
Delivery method a/b/c allows me to receive
any item more quickly. 0.826 ** 0.709 ** 0.846 ** 0.785 **

Delivery method a/b/c improve my online
shopping options. 0.762 ** 0.647 ** 0.741 ** 0.733 **

Note: ** p < 0.01; * p < 0.05.
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