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Abstract 

Background: The steady growth of the e-commerce sector and the associated logistical 

challenges in the last mile, as well as the equally increasing expectations of 

consumers for parcel delivery call for innovation in the last mile. Drones and 

robots seem to be a reasonable alternative delivery option to meet these 

challenges. Before these technologies are used as means of transport in the last 

mile, it is necessary to investigate whether it will be accepted by potential 

consumers. 

Purpose: This thesis aims to identify the factors influencing conumser’ acceptance of  

autonomous delivery vehicles for delivery in Germany. To determine the 

behaviour of potential consumers, the Technology Acceptance Model was 

extended by several factors from different acceptance models that seemed 

relevant from a consumer perspective. 

Method:  In order to investigate consumer acceptance, a quantitative approach was 

conducted using questionnaires. The propsed hypotheses were tested using 

structural equation modelling. Further, a multi-group analysis was conducted to 

indentify sociodemographic differences. 

Conclusion:  The results show that price sensitivity, perceived usefulness, hedonic motivation, 

and perceived ease of use influence the behavioural intention of consumers in 

Germany to use autonomous delivery vehicles, whereas privacy security and 

facilitating conditions do not have a significant effect. Further no significant 

differences were found in the multigroup analysis.  



 

 ii

Acknowledgement 

Our deepest gratitude goes first and foremost to our supervisor Mohammad Eslami, who guided 

us through the entire thesis process by always providing us professional advice and valuable 

feedback. We also express our appreciation to our seminar group for providing meaningful 

feedback as well. We would also like to thank all participants in our survey and especially those 

who actively distributed the questionnaire. 

 

Katharina Bogatzki & Jessica Hinzmann 

Jönköping, May 2020 

 

  



 

 iii

Table of Contents 

1. Introduction ....................................................................................... 1 

1.1 Background ......................................................................................................... 1 

1.2 Research Problem................................................................................................ 3 

1.3 Research Purpose and Research Question .......................................................... 4 

1.4 Delimitations ....................................................................................................... 5 

1.5 Thesis Structure ................................................................................................... 5 

2. Literature Review ............................................................................. 7 

2.1 The Last Mile and the Consumer ........................................................................ 7 

 Last Mile ......................................................................................................... 7 

 Consumer in the Last Mile ........................................................................... 12 

2.2 Autonomous Delivery Vehicles ........................................................................ 13 

 Delivery Drones ........................................................................................... 13 

 Delivery Robots ............................................................................................ 16 

2.3 Technology Acceptance .................................................................................... 18 

 Consumers’ Technology Acceptance ........................................................... 18 

 Technology Acceptance Models .................................................................. 19 

2.4 Hypothesis Development .................................................................................. 23 

3. Methodology .................................................................................... 32 

3.1 Research Philosophy ......................................................................................... 32 

3.2 Research Approach ........................................................................................... 33 

3.3 Research Design ................................................................................................ 34 

 Literature Research ....................................................................................... 35 

 Survey Design .............................................................................................. 36 

3.4 Data Collection.................................................................................................. 37 

 Questionnaire ................................................................................................ 37 

 Pre-test .......................................................................................................... 40 

 Sampling ....................................................................................................... 41 

3.5 Data Analysis .................................................................................................... 41 

 Descriptive and Inferential Statistics ............................................................ 42 

 Factor Analysis ............................................................................................. 42 

 Model Fit Indices .......................................................................................... 43 



 

 iv

 Structural Equation Modelling ..................................................................... 44 

 Validity and Reliability ................................................................................ 45 

 Multigroup Analysis ..................................................................................... 46 

3.6 Research Quality ............................................................................................... 47 

3.7 Research Ethics ................................................................................................. 48 

4. Data Analysis and Empirical Findings ......................................... 50 

4.1 Descriptive Results............................................................................................ 50 

4.2 Measurement Model.......................................................................................... 51 

4.3 Structural Model................................................................................................ 56 

4.4 Mediation Analysis ........................................................................................... 60 

4.5 Multigroup Analysis ......................................................................................... 61 

5. Conclusion ....................................................................................... 64 

6. Discussion ........................................................................................ 66 

6.1 Discussion of Results ........................................................................................ 66 

6.2 Theoretical and Practical Contribution ............................................................. 69 

 Theoretical Contribution .............................................................................. 69 

 Practical Contribution ................................................................................... 70 

6.3 Limitations and Future Research ...................................................................... 71 

References .................................................................................................. 73 

Appendix .................................................................................................... 84 

  



 

 v

Figures 

Figure 1 Technology Acceptance Model (TAM) by Davis et al. (1989) ................... 20 

Figure 2 Autonomous Delivery Vehicles Acceptance Model (ADVAM) ................. 31 

Figure 3 Example of a reduced MTMM matrix, showing the HTMT ratio ............... 46 

Figure 4 Cook's Distance Test .................................................................................... 57 

Figure 5 Results of the Structural Equation Model .................................................... 59 

 

Tables 

Table 1 Literature Search Strings ............................................................................... 36 

Table 2 Summary of Constructs and Items ................................................................ 39 

Table 3 10 Principles of Research Ethics ................................................................... 48 

Table 4 Demographic Characteristics ........................................................................ 51 

Table 5 Results of Internal Consistency and Convergent Validity ............................ 53 

Table 6 Results of Discriminant Validity after Adjustment ....................................... 54 

Table 7 Results of Heterotrait-monotrait ratio ........................................................... 55 

Table 8 Model Fit Indices of the Measurement Model .............................................. 56 

Table 9 Results of Structural Model Assessment ....................................................... 58 

Table 10 Model Fit Indices of the Structural Model .................................................. 60 

Table 11 Mediation Effects in the Structural Model .................................................. 60 

Table 12 Formed Groups for the Multigroup Analysis .............................................. 61 

Table 13 Results of Multigroup Measurement Invariance Analysis .......................... 62 

Table 14 Results of Multigroup Path Analysis .......................................................... 63 

 

Appendix 

Appendix 1 Questionnaire .......................................................................................... 84 

Appendix 2 Confirmatory Factor Analysis in SPSS Amos ........................................ 90 

Appendix 3 Path Analysis in SPSS Amos ................................................................. 91 

  



 

 vi

List of Abbreviations 
 

ADV Autonomous Delivery Vehicle 

ADVAM Autonomous Delivery Vehicles Acceptance Model 

AVE Average Variance Extracted 

CEP Courier, Express, and Parcel 

CFA Confirmatory Factor Analysis 

CFI Comparative Fit Index 

CR Composite Reliability 

DF Degree of Freedom 

DOI Diffusion of Innovation 

EFA Exploratory Factor Analysis 

H Hypothesis 

HTMT Heterotrait-monotrait 

MSV Maximum Shared Variance 

(N)NFI (Non) Normed Fit Index 

RMT Resource Matching Theory 

RQ Research Question 

SEM Structural equation modelling 

TAM Technology Acceptance Model 

TLI Tucker-Lewis Index 

UAV Unmanned Aerial Vehicle 

UTAUT Unified Theory of Acceptance and Use of Technology 

 

 

 



 

 

 

 

1

1. Introduction 

______________________________________________________________________ 

The following chapter introduces the current state of the last mile and how autonomous 

delivery vehicles and consumer acceptance affects it. The chapter starts with the 

background explaining the need for further development in the last mile due to several 

challenges, the importance of the consumer perspective and the potential of autonomous 

delivery vehicles to solve these challenges. Based on that, the research problem as well 

as the research purpose and research question are explained. Finally, the structure of the 

thesis is described. 

1.1 Background 

The last mile is and remains the Achilles’ heel of the delivery industry (Weiss & Onnen-

Weber, 2019). An ever-increasing number of parcels must be transported through 

congested cities and delivered to consumers in time. This situation makes the last mile 

vulnerable for disruptions (Joerss, Neuhaus, et al., 2016; Joerss, Schröder, et al., 2016; 

Weiss & Onnen-Weber, 2019). The importance of the last mile further increases 

considering the ongoing penetration of e-commerce and the presence of online shopping. 

With a steady growth of the German online retail sector by 8.8% within nine months in 

2019, the tense situation in the last mile becomes more acute (Destatis, 2019; O’Grady & 

Kumar, 2020). The need to redesign and optimize the last mile is particularly obvious 

with 28% of a product’s value being allocated to the costs of the last mile (Hochfelder, 

2017). According to a McKinsey report, a 40% reduction in delivery costs can lead to a 

15-20% increase in profit margin, resulting in a price decrease of 15-20% (Joerss, 

Neuhaus, et al., 2016). The rising expectations of the consumer towards a flexible and 

more convenient execution of the delivery present the next challenge in the last mile to 

be solved (Hypermotion, 2019; Vakulenko et al., 2019). Consumers expect ever shorter 

delivery times as well as free shipping while receiving and returning more deliveries than 

ever (Vakulenko et al., 2019). Customisation in the delivery service requires new levels 

of speed and flexibility in mobility to meet consumers’ expectations (Müller et al., 2019). 

Further, growth in the urban areas (Szymczyk & Kadłubek, 2019) in combination with an 

increasing number of logistics service providers executing tasks of the last mile (Allen et 

al., 2018), displays another challenge for the last mile. Those two facts congest cities 
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further. From a managerial perspective, the last mile is a crucial part of a company to stay 

competitive, but further optimization is greatly challenging without intervening deeply in 

the business processes of a company (O’Byrne, 2017). Trying to cope with these problems 

and the fast-changing business environment, pushes logistics companies – whether they 

are small or large – to their limits (Joerss, Schröder, et al., 2016).  

These introduced challenges lead to the assumption that without a reinvention within the 

last mile, the needed capabilities to address these challenges seem to be limited. Hence, 

it is necessary to explore alternative means of transportation to avoid a standstill in the 

last mile development. In addition to the wide spread of self-collection postal services 

such as automatic parcel stations (Yuen et al., 2018), which enable consumers to cover 

the last mile themselves, autonomous aerial and ground vehicles are another promising 

method to execute the delivery (Joerss, Schröder, et al., 2016). Based on the range of 

application, as for instance surveillance or extinguishing fires, and the increasing number 

of application in the commercial sector, drones represent a promising solution to address 

the challenges of the last mile (Blades et al., 2020; Goldman Sachs, 2016). Also, ground 

vehicles like robots find increasingly application in the food industry, health industry, and 

in the last mile sector (Clausen & Schaudt, 2018). Both modes of transportation are 

auspicious, as they can use the existing infrastructure, i.e. roads and airspace. They could 

provide answers to the challenges in the last mile as they are found to reduce the cost per 

delivery and delivery time on the one hand and increase consumer satisfaction through 

enhanced service quality on the other hand (Aurambout et al., 2019; Joerss, Schröder, et 

al., 2016; Mangiaracina et al., 2019; Müller et al., 2019). Several pilot tests have shown 

that the consumer is excited when it comes to the interaction with those vehicles (IEEE 

Innovation, 2019). In addition, figures from the International Data Cooperation confirm 

the increasing popularity of robot systems and drones. With an increase of 17.1% over 

the previous year, global spending on these is expected to reach $128.7 billion in 2020 

(IDC, 2020), whereof the market of delivery robots is expected to exceed $34 billion by 

2024 (Wiggers, 2019).  

As the consumers are the stakeholder to be satisfied in the last mile, it is necessary to 

consider their perspective when it comes to accepting new means of transportation. On 

behalf of several pilot tests in North America and Europe, the consumers’ interaction with 
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those delivery forms was examined (Clausen & Schaudt, 2018). And just recently, the 

first robot delivery service worldwide was launched in the UK at the end of 2019, 

delivering parcels to consumers’ front doors (Jee, 2019). Considering the characteristics 

of drones and robots, they seem to be viable technologies for last mile delivery. 

In summary, these autonomous delivery vehicles (ADVs) can provide the last mile with 

an innovative solution interesting for both providers and consumers. It can be further 

assumed that logistics will be faced with far-reaching changes in the coming years due to 

the use of ADVs (Grazia Speranza, 2018). 

1.2 Research Problem 

Research shows that the last mile requires an alternative means of transport to meet the 

challenges of last mile delivery and rising consumer expectations (Allen et al., 2018; 

Joerss, Schröder, et al., 2016; Prümm et al., 2017). Several solutions in form of last mile 

execution (e.g. self-collection systems) have already been extensively described in the 

literature (Vakulenko, Hellström, & Hjort, 2018; Wang, Yuen, Wong, & Teo, 2018, 

2019). However, these could not solve all challenges. To address the current challenges 

of the last mile and reduce consumer dissatisfaction with parcel delivery (Prümm et al., 

2017), ADVs seem to be a good alternative for last mile delivery. In the field of ADVs, 

aspects such as advantages over other means of transportation, technical possibilities, and 

safety aspects have already been examined (Aurambout et al., 2019; Humphreys, 2012; 

Moshref-Javadi et al., 2020). Due to their limited possibilities in terms of range and 

efficiency, research went a step further and investigated multimodal delivery models 

combining conventional means of transportation with new technologies (Boysen et al., 

2018; Moshref-Javadi et al., 2020). Additionally, pilot tests have been carried out to test 

drones and robots as delivery options, which has shown positive results in terms of 

delivery execution and consumer interaction (Clausen & Schaudt, 2018; IEEE 

Innovation, 2019). Hence, it can be assumed that they will soon be used to deliver 

consumers. Despite the extensive investigation of solutions for last mile delivery, 

literature did not address consumer acceptance of these technologies so far. Although it 

was found that new technologies entering the market must be accepted by consumers to 

be successful (Taherdoost, 2018), surprisingly little is discussed about the acceptance of 

drones and robots as a delivery option in the last mile, considering their popularity. Only 
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one article by Kapser and Abdelrahman (2020) examined the acceptance of ADVs in 

Germany. However, they only considered ground vehicles and did not specify which kind 

of ADVs are examined. Therefore, the acceptance of autonomous delivery drones and 

autonomous delivery robots will be investigated for the first time in the context of a 

technology acceptance model. With the last mile being a consumer-oriented business with 

a strong behavioural component (Collins, 2015), it is decisive for marketers to fulfil the 

needs and expectations of the consumers (Taherdoost, 2018). Consequently, the question 

raises whether consumers accept delivery drones and delivery robots as a new means of 

transportation to get their orders delivered. To answer this, different technology 

acceptance models were investigated (Davis, 1985; Kulviwat et al., 2007; Rogers, 1962; 

Venkatesh et al., 2003, 2012). The Technology Acceptance Model (TAM) seemed 

suitable as a framework, however, insufficient for the context of this thesis. The results 

of various studies have shown that different factors play a role in acceptance for different 

technologies. Consequently, the TAM needs to be expanded by factors that are 

particularly relevant for the acceptance of delivery drones and delivery robots. 

1.3 Research Purpose and Research Question 

Since consumer acceptance could be an obstacle to the use of ADVs in the last mile, it is 

of great relevance to research the consumer perspective towards ADVs within the 

framework of technology acceptance models. Based on the discussed challenges and 

existing shortcomings of the literature, the purpose of this study is to investigate the 

factors that are important for potential users when facing autonomous delivery vehicles 

in the last mile and whether it would be accepted or not. For this, the TAM was extended 

and hence, the Autonomous Delivery Vehicles Acceptance Model (ADVAM) proposed. 

With the application of this model, consumer acceptance will then be investigated by 

conducting a quantitative study. In summary, this leads to the following research 

questions: 

RQ1: Which factors influence consumer acceptance of ADVs as a delivery option in the 

last mile? 

RQ2: To what extent are these factors influencing consumer acceptance of ADVs as a 

delivery option in the last mile? 
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The results of the thesis aim to provide insights that can serve as a basis for enterprises 

when integrating ADVs as a delivery option in the last mile. Since the consumer is the 

one who ultimately decides whether or not to accept a technology (Taherdoost, 2018), it 

is intended to help companies understand consumers’ perceptions and behavioural 

responses towards delivery drones and delivery robots, enabling them to fulfil the needs 

and expectations of consumers. By doing so, customer satisfaction can be increased, and 

challenges of the last mile can be overcome by using ADVs. Also, knowing which factors 

are relevant can protect against malinvestments and wrong decisions (Taherdoost, 2018). 

1.4 Delimitations 

Concerns relating the current state of legal aspects (e.g. liability, traffic laws) of 

autonomous delivery vehicles, as well as technical aspects (e.g. infrastructure, and 

requirements towards logistic service providers), are not a subject of the research 

conducted in this thesis. The results of this thesis aim to provide insights to understand 

consumer needs when integrating alternative means of transportation into their delivery. 

Furthermore, the geographical focus towards the acceptance of consumers is on Germany. 

This is because the level of development of delivery drones and delivery robots varies in 

different countries. Some countries already have specific laws on the regulation of these 

technologies, whereas other countries only have very general rules or even ban the use of 

ADVs completely (Hoffmann & Prause, 2018). In terms of area-wide application, Great 

Britain is using delivery robots for the last mile as the first country (Jee, 2019), while 

other countries are in the stage of only carrying out pilot tests (Clausen & Schaudt, 2018). 

Since the conditions and circumstances are so different, the focus was therefore placed 

on one country only. Germany was chosen since various pilot tests have already been 

carried out successfully, and it can be assumed that delivery drones and delivery robots 

will soon be used as a delivery option for the last mile. 

1.5 Thesis Structure 

After introducing the topic and developing the research questions, a literature review is 

conducted. The literature review aims to provide a theoretical background and basic 

understanding of the topics of last mile logistics, ADVs, and consumers’ technology 

acceptance. The current trends and challenges of the last mile are presented, as well as 
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delivery drones and delivery robots as alternative means of transport to meet these 

challenges. Further, the consumers’ perspective in the last mile, the technology 

acceptance of consumers is investigated, and the theoretical framework of the TAM 

introduced. On that basis, the ADVAM is developed and hypotheses proposed, in order 

to examine the research questions. The third chapter deals with the chosen methodological 

framework in which the research philosophy, research approach, and research design are 

discussed. Also, the data collection procedure, as well as the data analysis approach, are 

presented. The final part of the methodology deals with the research quality and research 

ethics of this thesis. In the following chapter, the data is analysed, and hypotheses are 

tested. In chapter 5, the empirical findings of the analysis are summarized and the research 

questions answered. Based on the outcome of the data analysis a discussion takes place. 

It discusses the results and summarizes the theoretical and practical contributions of the 

thesis. Finally, the limitations of the study are outlined, and future research questions are 

defined.   
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2. Literature Review 

______________________________________________________________________ 

The purpose of this chapter is to provide the theoretical background to the research 

questions. Existing literature on the topics of last mile logistics, i.e. current challenges, 

trends and innovations as well as unmanned autonomous vehicles, i.e. delivery drones 

and delivery robots, as an alternative transport mode in the last mile are discussed. Also, 

literature about technology acceptance of consumers was reviewed in order to contribute 

to a greater understanding of the acceptance of autonomous delivery vehicles as last mile 

delivery option. After setting the theoretical framework for the research the Autonomous 

Delivery Vehicles Acceptance Model is proposed. 

2.1 The Last Mile and the Consumer 

This chapter provides a summary of the current challenges, trends, and innovations in the 

last mile. The introduced aspects provide insights into the current state of the last mile. It 

will further link the insights from the last mile with the change of expectations from the 

consumers’ point of view.  

 Last Mile 

With the last mile being a decisive part of logistics, its presence is clearly visible in the 

last segment of the delivery process itself (Lim et al., 2018). It is referred to as the segment 

of the downstream supply chain that constitutes the link between the logistic service 

provider and the consumer (Lim & Winkenbach, 2019), which involves the physical 

handover of the purchased goods. As the last mile delivery includes all three stakeholders, 

namely the seller, the intermediary, and the end consumer itself (Hoffmann & Prause, 

2018), it is the part of the logistics where the most possible disruptions arise. Those can 

occur in the form of widely scattered consumers (He et al., 2019), the complexity based 

on the number of stakeholders included (Homme & Chung, 2009), and requested services 

for the delivery, like specific delivery windows (Lim & Winkenbach, 2019). Furthermore, 

the last mile is traditionally the most cost-intensive part of the supply chain (Lim & 

Winkenbach, 2019; Vakulenko et al., 2019). It is responsible for 40% to 50% of the costs 

that occur in the logistics parts of the supply chain within the CEP (courier, express and 
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parcel) industry (Joerss, Schröder, et al., 2016; Moshref-Javadi et al., 2020; Weiss & 

Onnen-Weber, 2019).  

E-commerce has an unsolicited influence on the last mile as it has altered the way in 

purchasing and resulted in a boom of parcel-delivery (Weiss & Onnen-Weber, 2019). 

Previous research has found that growth in e-commerce and the latest developments in 

the retail industry are not only interrelated but also motivate each other (Euromonitor 

International, 2018; Vakulenko et al., 2019). An increasing consumption through online 

channels such as internet and mobile shopping naturally enhances the growth of delivery 

services (Ko et al., 2018). Those services try to win the last mile through timely 

customised and cost-effective deliveries (He et al., 2019). This leads to continuous growth 

and competition in B2C (business to customer) deliveries (BIEK, 2019; Joerss, Neuhaus, 

et al., 2016; Kapser & Abdelrahman, 2020). Only in 2019, 3.52 billion CEP deliveries 

have been sent within Germany. In the next four years, a growth of up to 4.7% per year 

is expected (BIEK, 2019). However, research has exposed that purchasing via e-

commerce and home delivery is five to 23 times more expensive for the retailer than in-

store purchases (Allen et al., 2018). The cost of delivery represents another major factor 

in the decreasing profit margins of retailers with its mismatch between what the consumer 

is willing to pay for the provided service and the cost of it. (Allen et al., 2018). According 

to a recent study, the consumers’ willingness to pay is low which results that retailers and 

logistic service providers pay the additional cost of delivery (Joerss, Schröder, et al., 

2016). Therefore, decisions to provide ‘free’ delivery options are practised to attract 

consumers which has, in turn, resulted in low pricing models requested from the logistics 

service provider (Allen et al., 2018). However, these free delivery options root in the non-

transparent calculation of the logistics service provider and retailers as they already 

combine the delivery costs in their price calculation of the product. This opacity encloses 

the real costs from the consumer view and results in the expectation of ever faster and 

more responsive delivery arrangements (Allen et al., 2018). This additional competitive 

burden increases not only the pressure within the trade-offs between capacities of 

production, service to competitive conditions, and environmental aspects on the 

producer’s side (Szymczyk & Kadłubek, 2019). 
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It also creates new tensions between logistics service providers and consumers in the 

execution of the service. Not only the costs but also customisation and service 

expectations, such as flexible and narrow delivery windows, as well as changes of 

delivery addresses, are crucial elements in the expectation of consumers’ e-commerce 

experience (Joerss, Neuhaus, et al., 2016; Vakulenko et al., 2019). In addition to the 

information that accompany the delivery of an online order, such as lead time, delivery 

speed, and delivery costs, further services are requested to satisfy the consumer. Those 

include extensive delivery information, real-time order tracing, and options in delivery 

customisation as they are more important than ever (Mangiaracina et al., 2019; Nguyen 

et al., 2019). With this comes a variety of delivery time windows available for the 

consumer to choose from. With 25% of the consumers willing to pay significantly more 

for the privilege of instant delivery, same-day delivery options are increasingly attractive 

(Joerss, Neuhaus, et al., 2016). Nonetheless, the failure rates for home delivery are 

significantly high because of consumers not being at home (Lim & Winkenbach, 2019; 

Zhou et al., 2020). These resulting considerations mainly refer to identifying the right 

trade-off between the time expectations, the level of customisation, and cost-effective 

deliveries (He et al., 2019). In other words, for a perfect delivery, the offered delivery 

options and the lifestyle of the consumer (e.g. daily routine) must match (Wang et al., 

2018).  

With the boom in e-commerce, the structure of cities forms a further challenge within the 

last mile. Growing economies, as well as population growth and rising employment, 

attracts more people to live in urban areas, which positively enhances the demand for 

goods and services to be delivered within this area (Allen et al., 2018). With their denser 

urban situations and limitations towards the usage of delivery trucks like providing not 

enough loading and unload zones (BIEK, 2019), the last mile transportation mode needs 

to consider those restrictions (Allen et al., 2018; Kapser & Abdelrahman, 2020). To meet 

the increased demand for deliveries, the usage of light good vehicles has grown 

significantly (Allen et al., 2018). This upward trend in motorised traffic results in burden 

urban areas and ultimately in time loss due to congested road networks (Allen et al., 2018; 

Cleophas et al., 2019). A study shows that an increase in traffic delays results in a decrease 

in overall road network capacity (Allen et al., 2018) affecting not only consumers and last 

mile operators but the overall urban area with each stakeholder. With this dense structure 
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of cities not being enough, peak pressures like Black Friday or Cyber Monday as well as 

seasonal peaks in tourism increase the effect on congestion in the last mile (Allen et al., 

2018; Weiss & Onnen-Weber, 2019). Thus, to meet and improve those conditions, a 

substantial investment must be made to ensure reliable, fast, and convenient delivery 

services (Allen et al., 2018) while considering the inner-city development (Szymczyk & 

Kadłubek, 2019).  

With the congestion in cities go along the concerns towards environmental impacts within 

the last mile (Joerss, Schröder, et al., 2016; Kapser & Abdelrahman, 2020; Mangiaracina 

et al., 2019; Szymczyk & Kadłubek, 2019). The effects of the growth in e-commerce are 

the growth of energy usage and the waste generated (Mangiaracina et al., 2019). With the 

development in providing more delivery services and the execution of those through 

extensive usage of light good vehicles, home deliveries impose a variety of social costs. 

The increased number of delivery vehicles, especially in residential areas, contribute to 

the noises and CO₂ emissions that residents are exposed to (Kapser & Abdelrahman, 

2020; Müller et al., 2019). Currently, transportation modes do not seem suitable to cope 

with the balancing act of environment friendly, and time and service efficient delivery 

(Joerss, Schröder, et al., 2016; Kapser & Abdelrahman, 2020). 

Based on those challenges, the last mile brought forth further innovations. Previous 

innovations mainly concerned digital innovations like electronic data interchange, cross- 

docking, radio frequency identification, forecasting, and replenishment (Wang et al., 

2018). More recent innovations focus on the way of delivery itself (Euromonitor 

International, 2018; Kapser & Abdelrahman, 2020; Mangiaracina et al., 2019; Vakulenko 

et al., 2018; Weiss & Onnen-Weber, 2019). These innovations range between home 

delivery and consumer pickup (He et al., 2019). While connecting new modes of delivery 

with further digitalisation, it is expected to increase the delivery rate (Weiss & Onnen-

Weber, 2019). It is important to consider the nature of the products being delivered. In 

Germany, fashion and consumer electronics are responsible for half of the turnover in 

online trading (Handelsverband Deutschland, 2019). The nature of product needs to be 

considered when it is packed and shipped to the consumer. Research shows that only 8% 

of parcels and packages are deliverable as the others do not fit into the standard sized 

letterbox (Allen et al., 2018). Concluding from this, large parcels, expensive deliveries, 
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and products which are in need of on-site delivery services are problematic within the last 

mile (Mangiaracina et al., 2019). The successful delivery depends on the consumer being 

at home to receive perishable products that cannot be dropped in the provided facilities. 

Therefore, promising alternative delivery modes like self-collection postal systems, for 

example automated parcel stations, deliveries to the workplace or crowd shipping, have 

already found application in the last mile (Wang et al., 2018). Self-collecting postal 

systems leave the execution of the last mile to the consumer themself as they must pick-

up the parcel from there (Cleophas et al., 2019). With these systems being available 24/7, 

they provide a higher flexibility; however, studies show that consumers not appeal to 

them (Joerss, Neuhaus, et al., 2016; Joerss, Schröder, et al., 2016). As extensive research 

towards the acceptance of using self-collection postal systems has been conducted, it will 

not be further researched (Castillo et al., 2018; Yuen et al., 2018, 2019; Zhou et al., 2020). 

Another way of last mile execution can be done through micro depots, where parcels are 

collected in one central destination and then transported to the costumer or crowdsourced 

last mile logistics, where a private person collects the parcels from a store and performs 

the delivery while driving to several consumers (Castillo et al., 2018). This approach 

eliminates time dissipated while searching for parking space through shared drop zones 

or walking to the consumer. Those last mile alternatives aim to reduce infrastructure 

problems as it reduces the number of ligth good vehicles and eventually the pollution 

when implemented on a grand scale (Allen et al., 2018). In order to be able to coordinate 

the freight vehicle movements of each provider and to function properly, it requires an 

extensive coordination plan with dividing the delivery and services equally among 

represented providers (Allen et al., 2018; Weiss & Onnen-Weber, 2019). Although it 

provides a more environmental aspect, with this high level of collaboration required and 

the competitive background around the last mile, it remains questionable whether it finds 

application. Another innovation within the execution of the delivery concerns the way of 

delivery. With the use of ADVs, the possibilites of electric freight vehicles for delivery 

seem infinite (Wang et al., 2018). It is even expected that mobility as a service concept, 

for example in form of air taxis, will be part of future transportation (Joerss, Schröder, et 

al., 2016).  

To summarise the current challenges and innovation imposed on the last mile like 

handling increasing delivery volumes motivated through the e-commerce boom, the need 
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for cost- and time-effective delivery, low environmental impact solutions, providing 

solutions for operational challenges like dealing with congestions, and the increasing 

consumer expectations, requires a rethinking of the last mile. Rethinking of the last mile 

can mainly be done through implementing innovations. Their success rate however is 

depending on the consumer in the last mile.  

 Consumer in the Last Mile 

The reason why the consumers perspective towards the last mile need to be considered is 

rooted in what kind of convenience and flexibility the last mile can offer towards them 

(Lim & Srai, 2018). In general, the consumer demands a solution that makes its life easier 

(Euromonitor International, 2018). When delivery is fulfilled through another means of 

transportation, it is found that e-commerce consumers expect that the use of a new 

delivery option will overcome problems of the previous solution. This includes the price, 

the level of transparency, as well as the execution of the delivery (Vakulenko et al., 2019). 

Therefore, the business characteristics around the last mile should be paring innovation 

with behavioural components towards a consumer-oriented solution (Collins, 2015; 

Faughnan et al., 2013). Therefore, the execution of the last mile depends on the 

interdependencies of ongoing service innovations, the change in consumer behaviour, and 

the consumer expectations based on the technological changes (Vakulenko et al., 2019). 

Considering changes in consumer behaviour, research has shown that consumer expect 

satisfaction not only while shopping online but also from the execution of last mile 

delivery services (Vakulenko et al., 2019). The change in consumption leads to the point 

that people in Germany buy more and more online (Destatis, 2019). With no differences 

between time-poor consumer (Lim & Srai, 2018) and general consumer, both types value 

home delivery (Joerss, Schröder, et al., 2016). Recent research on the satisfaction of 

consumers within the delivery process revealed that 48.3% are frustrated due to the 

delivery service. Additionally, 23% of the consumers are frustrated when deliveries are 

delayed (He et al., 2019). However, these articles lack explanations why the consumer is 

frustrated. Other research has found that the frustration is due to consumers not being at 

home to receive the order (Lim & Winkenbach, 2019). 
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The overall expectations towards those services is a faster execution of the delivery, high 

reliability and a more convenient delivery (Allen et al., 2018; Moshref-Javadi et al., 

2020). Further consumers demand more personalisation through flexible options in terms 

of place and time window to receive the parcel (Vakulenko et al., 2019). From the service 

providers point of view, the immediate respond towards consumers requests and inquiries 

result in benefits in terms of consumer loyalty and market share (Moshref-Javadi et al., 

2020). However, without providing an additional advantage like reduced waiting times, 

the willingness of the consumer to use charged delivery service is low. This suggests that 

there is a strong correlation between consumer satisfaction and the execution of the 

delivery (Moshref-Javadi et al., 2020). Again, these findings stress how important it is to 

match the consumer with the right delivery service (Wang et al., 2018). 

2.2 Autonomous Delivery Vehicles 

Based on the current state of the literature, an innovative transportation solution should 

be integrated that addresses the challenges of the last mile, considering the traffic 

environment and congestion, safety and energy savings, and interests of consumers 

(Aurambout et al., 2019). This chapter focuses on delivery drones and delivery robots. 

They can move independently on the ground and in the air, as they do not require a pilot 

on board (Vantsevich & Blundell, 2015). These technologies were chosen because they 

address the discussed challenges in the last mile and since they are already developed and 

pilot tests have been carried out in which customers were delivered by using drones and 

robots (Amazon Inc., 2018; Clausen & Schaudt, 2018; Jee, 2019). As these tests were 

successful, these technologies are likely to be used in the last mile soon. 

 Delivery Drones 

Urban mobility could be improved by moving goods from the ground to the air, and using 

unmanned aerial vehicles, also denoted as drones, for transportation (Ha et al., 2018). 

They can be pre-programmed for autonomous flights and the control functions are either 

onboard or remotely controlled (Dalamagkidis, 2015). Today, drones find a wide range 

of application in the private and commercial sectors. Although they are still used 

extensively for military purposes, they are also used for firefighting and surveillance of 

agricultural land and traffic, disaster response and relief operations, photography and 
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filming, or simply as toys (Altawy & Youssef, 2017; Giones & Brem, 2017; Rabta et al., 

2018; Vantsevich & Blundell, 2015). But also, they are used more often for delivery in 

the last mile. For example, various social and commercial organizations use drones to 

deliver medicines to remote locations in order to deliver products anytime and anywhere 

(Strandhagen et al., 2017). 

Delivery drones are an interesting alternative for last mile delivery because they address 

many of the challenges of the last mile which cannot be handled with existing means of 

transportation. As stated in the previous chapter, consumers are, on the one hand, less 

willing to pay for deliveries, but on the other hand, delivery costs are high (Allen et al., 

2018). As drones are operated without a human pilot and work electrically, they have 

reduced consumption of resources as no fuel and drivers are needed (Mangiaracina et al., 

2019; Müller et al., 2019). Thus, unmanned electric means of transport have advantages 

in terms of operating costs over a manned ground vehicle with fuel and labour costs for 

drivers, and the potential to decrease delivery costs (Aurambout et al., 2019). By moving 

in the airspace, they can also use straight-line routes and avoid traffic jams, which allows 

more constant and higher speeds for deliveries (Moshref-Javadi et al., 2020). In addition, 

greenhouse gas emissions and energy use can be reduced due to the low consumption of 

resources (Stolaroff et al., 2018). But also, drones can relief traffic, which was discussed 

earlier to be a big problem especially in larger cities. Avoiding traffic jams and using 

straight-line routes brings advantages from the consumer's point of view as well. Due to 

the avoidance of traffic, there are usually hardly any delays in drone deliveries 

(Aurambout et al., 2019). As a result, the delivery window is much smaller and more 

accurate, allowing consumers to plan better and miss fewer deliveries (Aurambout et al., 

2019). Drone delivery in combination with mobile phone applications would also ensure 

traceability and termination conditions to meet the highest consumer demand probability 

(Aurambout et al., 2019). In addition, drones facilitate same-day delivery (Ulmer & 

Thomas, 2018), which plays an important role for consumers nowadays: A study by 

Joerss et al. (2016) shows that almost 25% of consumers are willing to pay significant 

price advantages for delivery services such as same-day delivery or immediate delivery. 

This proportion is likely to increase further in the future, as this preference is particularly 

evident among younger consumers (Joerss, Schröder, et al., 2016). 
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However, the competitiveness of drones is limited in certain areas. Due to current battery 

technology, the geographical range of drones is limited to 30 to 40 min of travel per 

dispatch (Moshref-Javadi et al., 2020). It can be concluded that the drones are only 

suitable for shorter distances and cannot be used for long distances. This would mean that 

they could be used primarily in cities. Thus, to allow for a shorter distance, it would be 

necessary to relocate distribution centres closer to the consumers or to build new ones 

(Murray & Chu, 2015). A patent filed by Amazon Technology Inc. for a fulfilment centre, 

which intends to enable the landing and take-off of unmanned aircraft in densely 

populated areas, seems to confirm that the industry is considering use them and that 

delivery drones could be deployed soon (Aurambout et al., 2019; Curnlander et al., 2017). 

Further, drones are usually limited in terms of packages per shipment (Boysen et al., 2018; 

Moshref-Javadi et al., 2020). Due to the extremely high number of parcels that must be 

delivered daily, thousands of drones would be necessary to handle the parcel volume. For 

this reason, multimodal delivery models combining conventional means of transport with 

drones are increasingly being investigated (Boysen et al., 2018; Moshref-Javadi et al., 

2020). By doing so, a greater geographical reach can be created and the number of drones 

be reduced (Moshref-Javadi et al., 2020). But not only technical and operational problems 

pose challenges in the use of delivery drones. Criminal activities could also become a 

problem that is already being investigated in research (Faughnan et al., 2013; Humphreys, 

2012). Civilian GPS signals were developed as an open standard, freely accessible to all, 

which could have a major drawback: they can easily be counterfeited or spoofed 

(Humphreys, 2012). This could allow criminals to take control of a drone through cyber-

attacks without the drone operators being aware of a security breach. To avoid this, further 

technologies such as alarm systems would be necessary to minimize such risks (Faughnan 

et al., 2013). It is argued that reasonable cost-effective spoofing defences exist, which 

would make it more difficult for criminals, once it is implemented (Humphreys, 2012). 

However, the extent to which criminal practices would occur need to be determined by 

long-term tests.  

In the last mile, delivery drones are not yet a common means of transportation, but this 

could change soon. Companies such as the Chinese e-commerce titan Alibaba and the 

online retailer Amazon have already experimented with potential drone delivery and 

piloted small packages to consumers. Amazon, for example, has delivered small packages 
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within half an hour after the order was placed (Amazon Inc., 2018). Nevertheless, 

problems and challenges may only become apparent and can be fully assessed if they are 

used outside pilot tests as a full means of transport. Before they can be used commercially, 

their use must still be regulated. In Germany, drones are subject to the general air traffic 

law (LuftVG). Since April 2018, an ordinance on the regulation of the operation of 

unmanned aerial vehicles has also come into force (BMVI, 2020). However, these laws 

are very general and do rather focus on drones in private use. Specific rules are therefore 

still needed before drones and robots can be used for delivery. 

Overall, however, it can be said that delivery drones represent a new level of quality in 

terms of technology and organisation for e-commerce merchants and especially for 

consumers (Müller et al., 2019).  

 Delivery Robots 

Another promising alternative to standard delivery vehicles are pedestrian-sized ground-

based delivery robots that deliver items to consumers without requiring delivery persons 

(Jennings & Figliozzi, 2019). Hossain and Ferdous (2015) define them as mechanical 

devices that are programmable and multi-task, being able to move freely in the 

environment and overcome obstacles without assistance. Delivery robots that travel on 

sidewalks find application in three main areas (Clausen & Schaudt, 2018). One area of 

application are express deliveries and deliveries with a narrow time window. Further, 

these robots are used for the delivery of fresh food and beverages as they can keep them 

warm or cool. Lastly, they can bring home groceries from a supermarket (Clausen & 

Schaudt, 2018). 

The German CEP market is one of the biggest in Europe (Clausen & Schaudt, 2018). 

Recent numbers show that express deliveries in Germany are steadily increasing due to 

growing e-commerce, resulting in delivery robots gaining importance (BIEK, 2019). 

Delivery robots present an innovative technology that is able to relieve the couriers 

(Clausen & Schaudt, 2018). Also, due to several advantages that will be mentioned in the 

following, they can offer a solution for retailers and logistics companies to increase 

supply chain efficiency and reduce costs (Boysen et al., 2018; Hoffmann & Prause, 2018). 
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Delivery robots have advantages from a consumer perspective as well. The robot delivery 

provides a 15 to 20-minute time window, whereas traditional delivery usually only 

specifies the day of delivery (Hoffmann & Prause, 2018). Considering the rising 

expectations of consumers such as faster and more reliable delivery services (Allen et al., 

2018), these can be satisfied by offering timed delivery windows through delivery by 

robots. Consumers must not fear that the parcel will be stolen on its way. According to 

Jennings & Figliozzi (2019), theft may not be an issue since delivery robots are equipped 

with cameras and GPS trackers, as well as sensors to weight the cargo and lockers, why 

it is possible to track what cargo was removed when and where. 

Moreover, the robots have a decisive advantage over conventional means of transport 

such as trucks or vans, as they can reduce traffic and thus congestion (Hoffmann & 

Prause, 2018). However, it must also be considered that traffic on sidewalks is increasing 

instead (Jennings & Figliozzi, 2019). Also, they emit less CO₂ - the robots themselves 

emit no CO₂, but the electric power plants do if no regenerative energy sources are used 

(Hoffmann & Prause, 2018). 

However, delivery with robots usually requires interaction with vans, which is also due 

to their limited range of up to 3 kilometres (Clausen & Schaudt, 2018). A van of a car 

manufacturer can, for example, serve up to eight robots as a mobile loading and transport 

hub (Daimler, 2017). The van drives with the robots on board to a specified location, for 

example, the city centre, where the robots are unloaded. From there, they drive to the 

respective consumer with their freight and then return to the van. The deliveries can be 

monitored by the consumers with their mobile phones, and the locked loading space can 

be opened with it (Boysen et al., 2018). At present, however, the robots need human 

assistance to drop off freight. This means that the technology is limited to attended home 

delivery. In the future, however, this is expected to change with the help of smart lock 

technologies such as Amazon Key (Boysen et al., 2018). 

It must also be considered that the usage of delivery robots by the parcel delivery industry 

on a large scale may be promoted but also hindered by regulations, depending on the 

decisions of policymakers (Jennings & Figliozzi, 2019). Whereas some countries such as 

Estonia allow delivery robots and have adapted traffic laws regarding the shared space on 

sidewalks, San Francisco published a law that bans delivery robots from most sidewalks 
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(Hoffmann & Prause, 2018). Currently, there is no law in Germany regarding the use of 

robots. Besides, size and weight limits of the robots, as well as speed limits of around 6 

km/h may decrease the effectiveness of delivery robots (Clausen & Schaudt, 2018; 

Jennings & Figliozzi, 2019). 

At this point, the subject of delivery robots has only been marginally investigated, which 

is probably because robots have not been on the market for very long compared to drones 

(Boysen et al., 2018; Hoffmann & Prause, 2018; Jennings & Figliozzi, 2019; Moshref-

Javadi et al., 2020). However, a considerable number of start-ups are involved in the 

development of autonomous delivery robots (Hoffmann & Prause, 2018). The Estonian 

start-up Starship Technologies Ltd. is currently the world’s leading autonomous delivery 

service, developing and producing them (Starship Technologies, 2019). One of the first 

field tests was starting only in September 2016 (Clausen & Schaudt, 2018). Still, the 

world’s first robot delivery service was launched already at the end of 2019 in the UK. 

Parcels are sent to a depot and residents are notified about their arrival. They can then 

choose a time of arrival and the parcels get delivered to their door by the robots (Jee, 

2019). 

2.3 Technology Acceptance 

 Consumers’ Technology Acceptance 

Acceptance can be defined as “antagonism to the term refusal and means the positive 

decision to use an innovation” (Simon, 2001, p. 179). Potential consumers play a decisive 

role when it comes to the acceptance of innovations and new technologies (Taherdoost, 

2018). The attitude of consumers towards innovation is the most influential factor 

determining the intention of not only accepting but also adopting a new technology (Wang 

et al., 2018). After all, it is the consumer who decides whether accept and use a certain 

technology (Taherdoost, 2018). When new technologies are introduced, consumers can 

not only accept them for their benefits but also experience them. Technologies may be 

rejected even though they bring benefits to consumers (Kulviwat et al., 2007). The reason 

for this is that they are afraid of being overwhelmed by the technology, which is also 

known as the "technology paradox", where consumer experiences contradictory 

emotional reactions (Mick & Fournier, 1998). Therefore, Mick & Fournier (1998) argue 
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that marketers taking emotions into account, are usually more successful in designing and 

marketing high-tech products. Consumers experience a range of reactions (e.g. boredom, 

joy) towards the innovation when being confronted with it (Keeling et al., 2006; 

Vakulenko et al., 2019). These responses can be critical. Since innovations often involve 

a change in the familiar service structure, this leads to a certain degree of uncertainty in 

the business to customer relationship, which in turn can lead to a negative reaction (e.g. 

reluctance) if the consumer is not satisfied with the change (Keeling et al., 2006; 

Vakulenko et al., 2019). Another important aspect of consumer acceptance is the personal 

characteristics of users, such as skills and abilities. These include characteristics like 

experience, personal skills, and education, which can also influence the consumer's 

decision for a certain system (Pantano & Di Pietro, 2012). It can be assumed that the 

consumer's confidence in their technology-related skills and knowledge will serve as a 

basis for personal judgement on how easy or difficult a new system will be to operate if 

they do not have direct system experience (Pantano & Di Pietro, 2012). Since this is 

difficult to foresee, it seems right to examine the acceptance of potential consumers before 

the technology is introduced. It is also difficult to predict whether consumers are willing 

to pay more for a particular technology. After all, consumers may be reluctant to buy a 

technology if they think the costs are too high (Pantano & Di Pietro, 2012). Thus, these 

factors and issues influencing the decision of potential users to accept a technology should 

be known and therefore be examined when introducing a new technology. 

 Technology Acceptance Models  

The Technology Acceptance Model (TAM) was introduced by Davis in 1985, aiming to 

model user acceptance of computer-based information systems. And also, to provide a 

general explanation of the determinants of computer acceptance that can explain user 

behaviour in a wide range of end-user computer technologies and user populations, while 

being parsimonious and theoretically justified (Davis, 1985; Davis et al., 1989). 1n 1989, 

the TAM was published by Davis et al. (1989) as an adaptation of the Theory of Reasoned 

Action by Fishbein & Ajzen (1975). It has been applied in various technological settings 

such as the use of smartwatches, virtual reality hardware, e-commerce, and e-learning 

(Abdullah & Ward, 2016; Fayad & Paper, 2015; Kim & Shin, 2015; Manis & Choi, 2019). 
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The TAM (see Figure 1) assumes that the overall attitude of a potential user towards using 

a particular system is an important determinant of whether a potential user actually uses 

it (Davis, 1989). It can be defined as the overall affective reaction of an individual to use 

a system (Venkatesh et al., 2003). The attitude toward using is, in turn, a function of the 

two main principles perceived usefulness and perceived ease of use. Perceived usefulness 

is defined as the extent to which people tend to use a new technology or not, depending 

on how much they believe it will improve their performance (Davis et al., 1989). 

Perceived ease of use is defined as "the degree to which a person believes that using a 

particular system would be free of effort" (Davis et al., 1989, p. 320). The TAM also 

postulates that computer use is determined by behavioural intention, which is in turn 

determined by the person's attitude towards using the system and the perceived usefulness 

(Davis et al., 1989). Warshaw & Davis (1985, p. 214) defined behavioural intention as 

“the degree to which a person has formulated conscious plans to perform or not perform 

some specified future behaviour”. 

 

Figure 1 Technology Acceptance Model (TAM) by Davis et al. (1989) 

Source: Own figure based on Davis et al. (1989) 

 

However, the TAM has often been criticised, which is why it has been expanded and 

redefined several times in the literature (Kulviwat et al., 2007; Manis & Choi, 2019; 

Venkatesh et al., 2003; Venkatesh & Davis, 2000). Kulviwat et al. (2007) argues that 

most studies using the model have focused on cognition (how consumers think) rather 

than affect (how consumers feel). The emphasis on cognition is appropriate for an 

organisational context where adoption is mandatory since employees usually cannot 

decide whether or not to use, for example, a new software. For consumer contexts, 
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however, it would be an insufficient explanation, as potential users are free to adopt or 

reject new technologies (Taherdoost, 2018). Although few studies have included a limited 

form of affect, a model is needed that integrates affect and cognition in one model 

(Kulviwat et al., 2007). Gao & Bai (2014) are criticizing the TAM model for employing 

only two user beliefs to explain the consumer acceptance (i.e. perceived ease of use and 

perceived usefulness). Various studies found that other factors affect user acceptance as 

well, such as facilitating conditions, social influence, and hedonic motivation (Venkatesh 

et al., 2003, 2012). The different studies extending the TAM show that these relevant 

factors can differ depending on the technology, showing different results of influence 

(Kulviwat et al., 2007; Manis & Choi, 2019; Venkatesh et al., 2003; Venkatesh & Davis, 

2000). 

To expand the TAM by factors significant for ADVs, relevant technology acceptance 

models were examined. Among them the Unified Theory of Acceptance and Use of 

Technology (UTAUT) by Venkatesh et al. (2003), that aimed to explain the intention of 

users to utilize an information system. The model was developed by empirically 

comparing eight models of previous research and formulating a unified model integrating 

elements across these models. It consists of four key constructs: performance expectancy, 

effort expectancy, social influence, and facilitating conditions (Venkatesh et al., 2003). 

To understand individual acceptance and use of information technology, Venkatesh et al. 

extended the UTAUT in 2012 to UTAUT2 by incorporating the constructs hedonic 

motivation, price value, and habit. For the proposed model of this study, three constructs 

of the UTAUT2 seemed relevant: facilitating conditions, hedonic motivation, and price 

value. Facilitating conditions “refer to consumers' perceptions of the resources and 

support available to perform a behaviour” (Venkatesh et al., 2012, p. 159). Since the 

delivery by drones and robots usually requires interaction of the consumer with technical 

devices that have access to the internet (e.g. mobile phones), this aspect is seen relevant 

for the acceptance (Aurambout et al., 2019; Boysen et al., 2018). As not only cognition 

but also affect is predicted to play an important role when it comes to consumer 

acceptance, hedonic motivation was selected as a further factor (Kulviwat et al., 2007). It 

refers to the fun or pleasure that arises from the use of a technology (Venkatesh et al., 

2012) and is suggested to be included by marketers to be successful when introducing 

new technologies (Mick & Fournier, 1998). In this study, attitude toward using is 
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substituted by hedonic motivation, since the items of the constructs were found similar 

and partly overlapping in an extension by the same researcher (Venkatesh et al., 2003, 

2012). The construct price value is relevant to include monetary aspects. To adapt it to 

the context of ADVs, the modified construct price sensitivity was chosen. The construct 

reflects how consumers of a new technology react to certain price levels and price changes 

(Goldsmith et al., 2005). The construct was chosen based on the literature review, 

highlighting that price is an important factor for the consumer, especially as the last mile 

market is highly competitive (BIEK, 2019; Joerss, Neuhaus, et al., 2016). Venkatesh et 

al. (2003) argue that performance expectancy pertains to the construct perceived 

usefulness (TAM). Since perceived usefulness was already chosen as a construct, 

performance expectancy will not be included in the proposed model. Effort expectancy 

captures the concept of perceived ease of use, which is why this construct was not 

included as well (Venkatesh et al., 2003). Lastly, social influence was not chosen since it 

is argued that different social constructs were found not significant in voluntary contexts 

(Venkatesh et al., 2003). 

Another model relevant for this study is the Diffusion of Innovation (DOI) theory 

developed by Rogers in 1962. It is one of the oldest social science theories and aims to 

explain how an innovation spreads over time. According to Rogers (1995), there are five 

main factors that influence the adoption of an innovation: relative advantage, 

compatibility, complexity, trialability, observability. To examine the acceptance of 

ADVs, compatibility seems to be a relevant construct for investigating consumer 

acceptance of ADVs. A new technology is seen compatible if it is aligned with the 

person’s lifestyle, values, past experiences, and needs (Rogers, 1995). It is suggested that 

it also applies to ADVs. These may not be accepted if they appear to be incompatible with 

the consumer. It is argued that relative advantage resembles perceived usefulness, which 

is why this construct was not included (Davis et al., 1989; Venkatesh et al., 2003). 

Complexity is also seen relevant for this study, however, it is similar to perceived ease of 

use and thus not included either (Davis, 1989). Trialability describes the degree to which 

an individual can experiment with an innovation on a limited basis (Rogers, 2003). It was 

not considered a decisive factor for the acceptance of ADVs, as this is primarily 

interesting for software, games, music titles, etc., that may be acquired afterward. ADVs 

are not a technology that is purchased itself, but rather a service that can be used as 
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needed. Observability refers to the extent to which a result of a new technology is visible 

to others, which may increase the willingness to adopt it (Rogers, 2003). Since ADVs in 

the last mile are currently not a market option in Germany, this factor is relevant. 

Lastly, the construct privacy security originates from the Resource Matching Theory 

(RMT) which aims to explain the dependencies between the cognitive responses and their 

impact on how resources are used (Anand & Sternthal, 1990; Chen et al., 2018). In the 

context of intention towards using a new technology, the resource matching theory is used 

to explain how addressing concerns towards privacy security leads to a higher acceptance 

towards the use of a certain technology (Yuen et al., 2019). Since privacy issues were 

found to be a key concern of many internet users, it is assumed that it also plays a 

significant role in the acceptance of ADVs (Miyazaki & Fernandez, 2001). 

2.4  Hypothesis Development 

The TAM was expanded to include constructs explicitly responsible for modelling user 

acceptance of ADVs. Therefore, the developed Autonomous Delivery Vehicle 

Acceptance Model (ADVAM) combines eight established constructs from the introduced 

models that are considered relevant in the context of accepting delivery robots and 

delivery drones (see Figure 2). 

 

Perceived Ease of Use and Perceived Usefulness 

Research suggests that two determinants in particular play an important role in 

determining which variables could influence the use of new systems (Davis, 1989). One 

of them is perceived ease of use. It was found that complexity has a consistent significant 

relationship across many different new technologies, which parallels perceived ease of 

use (Davis, 1989; Tornatzky & Klein, 1982). The construct is tied to the personal 

assessment of the effort involved in learning and using a new technology (Davis, 1985; 

Kulviwat et al., 2007). Easy handling of a technology is in turn correlated to the outcome 

of expected performance improvements for consumers (e.g. time savings) as it requires 

less effort (Davis, 1985). It was found in the context of information systems that perceived 

ease of use has a positive effect on perceived usefulness (Davis, 1989; Kulviwat et al., 

2007; Venkatesh & Davis, 2000). This can also be applied to the acceptance of delivery 
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drones and robots. If new delivery options are considered to be advantageous for the 

potential user but are the same in their ease of use compared to the prior technology, it 

can be assumed that they are considered more useful. So, it is hypothesized that:  

H1: Perceived ease of use positively influences perceived usefulness. 

 

Perceived Ease of Use, Perceived Usefulness and Hedonic Motivation 

According to Davis et al. (1989), TAM distinguishes two basic mechanisms, self-efficacy 

and instrumentality, through which perceived ease of use influences attitudes and 

behaviour. The easier a technology is to use, the greater the feeling of effectiveness and 

the personal control the consumer has over ability to perform the behavioural sequences 

required to operate the technology. It is assumed that effectiveness works independently 

of instrumental behavioural determinants and therefore does not directly influence 

behavioural intention. However, perceived ease of use influences affect, effort 

persistence, and motivation due to innate drives for competence and self-determination. 

Effectiveness is one of the main factors theoretically underlying intrinsic motivation. The 

relationship between perceived ease of use and attitude towards using should capture this 

intrinsically motivating aspect of perceived ease of use (Davis et al., 1989). These 

considerations confirm the change made in the study that attitude towards using has been 

replaced by hedonic motivation. Several studies share similar considerations as Davis et 

al., (1989) and suggest that the personal assessment of the effort involved in learning and 

using a new technology influences the consumers’ intention to use it (Davis, 1985; Koul 

& Eydgahi, 2018; Kulviwat et al., 2007) and that people are more likely to adopt a new 

technology when they feel that it is easy to use (Gao & Bai, 2014). These considerations 

can also be applied to the acceptance of ADVs. With the consumer requesting more 

convenient delivery solutions, ADVs as a delivery option should be, same as other 

technologies, effortless to use. Then, it is assumed that consumers are more likely to 

accept delivery drones and delivery robots, increasing their motivation due to the feeling 

of effectiveness and personal control. Conversely, this means that if users find the usage 

of delivery drones and delivery robots more cumbersome than previous delivery options, 

their motivation toward the use is likely to decrease. Consequently, the following 

hypothesis is proposed: 
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H2: Perceived ease of use positively influences hedonic motivation. 

 

As stated before, perceived usefulness refers to the extent to which consumers use a new 

technology or not, depending on how much they believe it will improve their performance 

(Davis, 1989). Thus, it refers to the functional result, for example, time savings and being 

more efficient, as a consequence of the use of the technology (Kulviwat et al., 2007). It 

is shown in the research of TAM that perceived usefulness is a strong determinant of user 

acceptance (Davis, 1985; Taylor & Todd, 1995). Davis et al. (1989) argue that through 

learning and affective-cognitive consistency mechanisms, outcomes that are assessed 

positively often increase the effect of an individual on the means of achieving them, which 

is why perceived usefulness influences a user’s attitude toward using, respectively 

hedonic motivation. In the context of this study, the performance improvement refers to 

addressing the challenges of the last mile, and from a consumer perspective, addressing 

the consumer dissatisfaction with parcel delivery (Prümm et al., 2017) by, for example, 

receiving parcels faster. Perceived usefulness is therefore seen as a significant 

determinant of hedonic motivation as consumers may be more likely to make use of a 

new technology if it goes along with advantages in their daily life, such as time savings 

or simplifying a process. Contrasting, this means that if this is not the case, there is a 

higher chance that it negatively affects the consumers hedonic motivation. It is therefore 

particularly important that a clear benefit is communicated to potential users when the 

new technology is introduced (Gao & Bai, 2014). 

H3: Perceived usefulness positively influences hedonic motivation.  

 

Hedonic Motivation and Behavioural Intention to Use 

In this study behavioural intention to use is understood as the deliberate intention of a 

potential user to adopt ADVs as a delivery option. Studies found that behavioural 

intention is the key predictor of actual usage and mediates the effects of any other 

construct (e.g. perceived usefulness, hedonic motivation) in the model (Davis et al., 1989; 

Venkatesh et al., 2003, 2012; Venkatesh & Davis, 2000). During the acceptance process, 

as experience increases, the effect of behavioural intention to use on the actual usage of 
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technology will decrease (Venkatesh et al., 2012). This can be explained by how new the 

technology is for the consumer and how natural the technology is handled. In this study, 

behavioural intention to use reflects the effects of all other factors and to examine what 

factors influence consumers’ acceptance of ADVs. 

It is suggested that hedonic (emotional) or affective dimensions in predicting technology 

acceptance should not be underestimated (Kulviwat et al., 2007; Thong et al., 2006). As 

mentioned earlier, it was found that a technology-paradox can occur, where consumers 

experience contradictory emotional reactions, which is why marketers should take 

emotions into account to be more successful (Mick & Fournier, 1998). A study by S. A. 

Brown & Venkatesh (2005) has shown hedonic motivation to play a crucial role in 

determining technology acceptance and use. Further, studies have examined its effect on 

technology acceptance as well as the actual usage in the context of information 

technology, where it was also found to be vital (S. A. Brown & Venkatesh, 2005; Thong 

et al., 2006; Van Der Heijden, 2004). Since ADVs have only been tested in pilot tests and 

field studies, and are not yet commonly in use, their actual usage cannot be investigated. 

However, the influence on the behavioural intention to use ADVs can be examined. It is 

assumed in this study that people who have fun and pleasure receiving orders delivered 

by ADVs are more likely to accept them and further adapt them into their life. One reason 

for this is that people who believe that ADVs and dealing with them are fun are more 

open-minded towards these modes of transportation (Kapser & Abdelrahman, 2020). 

Especially considering the fact ADVs contain artificial intelligence, the interaction with 

such technology may be exciting which is seen to be stimulating for consumers. This 

leads to the following hypothesis: 

H4: Hedonic motivation positively influences behavioural intention to use. 

 

The core principle of the Theory of Reasoned Action is that beliefs do not have a direct 

effect on intention but are fully mediated by attitudes (Fishbein & Ajzen, 1975). Beliefs 

refer to the subjective probability of an individual that using a certain technology results 

in a specific consequence (Davis et al., 1989). According to Fishbein & Ajzen (1975), the 

attitude towards a behaviour, respectively using a technology, is determined by an 

individual’s salient beliefs about consequences of performing a behaviour and their 
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evaluation of the consequences. This, in turn, means that the beliefs about the perceived 

ease of use und perceived usefulness determine the attitude toward using, respectively 

hedonic motivation, instead of behavioural intention to use directly. However, Davis et 

al. (1989) state that direct relationships between beliefs and intention have been observed 

before and found that perceived usefulness also has a direct effect on behavioural 

intention to use. Nevertheless, it is assumed that hedonic motivation acts as a mediator 

between perceived ease of use and behavioural intention to use as well as perceived 

usefulness and behavioural intention to use. 

H4a: Hedonic Motivation mediates the effect of perceived ease of use on behavioural 

intention to use. 

H4b: Hedonic Motivation mediates the effect of perceived usefulness on behavioural 

intention to use. 

 

Perceived Usefulness and Behavioural Intention to Use 

It is not only suggested that perceived usefulness positively affects attitude toward using. 

Davis et al. (1989) found in their study that the attitude toward using does not fully 

mediate the effect of perceived usefulness on behaviour, and that perceived usefulness 

thus directly affects behavioural intention to use as well. Venkatesh et al. (2003) confirm 

these findings and found, that it is the strongest predictor of behavioural intention to use. 

Further studies also suggest perceived usefulness to influence behavioural intention to 

use (Davis et al., 1989; Kulviwat et al., 2007; Venkatesh & Davis, 2000). It is also 

assumed in the context of this study that perceived usefulness positively influences the 

intention of a potential user to adopt ADVs as a delivery option. As performance 

improvements in terms of reacting to the dissatisfaction of consumers may directly 

influence the behavioural intention, for example by delivering parcels faster and more 

flexible. Thus, the following hypothesis is made: 

H5: Perceived usefulness positively influences behavioural intention to use. 
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Facilitating Conditions and Behavioural Intention to Use 

Facilitating conditions describe the degree to which consumers believe that infrastructure 

exists to support the use of the investigated technical system (Venkatesh et al., 2003). In 

the context of this study it refers to necessary resources like smartphones or laptops, as 

well as human support if required when receiving parcels; and describes the degree to 

how the existing infrastructure favours the potential consumers’ choice in using ADVs. 

Venkatesh et al. (2003) suggested that facilitating conditions have an effect on the actual 

usage of a technology by assuming that it is determined by having the necessary resources 

available or not. It was only found significant when it was examined in combination with 

age and experience as moderating effects. In this study, the actual usage cannot be 

examined since ADVs are, except for pilot tests, not yet in use for last mile delivery in 

Germany. Thus, the effect on behavioural intention to use will be examined. Venkatesh 

et al. (2012) state that consumers with a lower level of facilitating conditions result in 

having a lower intention to use a technology. These factors may vary between consumers 

but will nevertheless influence the behavioural intention to adopt a new technology 

(Venkatesh et al., 2008; Zhou et al., 2020). In the context of this study, it also assumed 

that the behavioural intention of consumers increases when facilitating conditions are 

present. This is because it is assumed that consumers who do not have access to, for 

example, the internet will find ADVs rather unattractive as a delivery alternative as they 

do not meet the requirements to use them. Conversely, this means that the behavioural 

intention to use ADVs decreases if consumers do not have technical devices to interact 

with delivery drones and delivery robots. The following hypothesis is therefore stated: 

H6: Facilitating conditions positively influence behavioural intention to use. 

 

Price Sensitivity and Behavioural Intention to Use. 

As the investigated issue of autonomous vehicles as a delivery option is relatively new 

and has not yet reached marketability, the consumer perspective in terms of price 

sensitivity is considered to be important for the investigation of consumer acceptance. A 

new technology is usually associated with a financial outlay, which justifies investigating 

this factor. As described above, the construct defines how a potential user reacts to prices 
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and price changes (Goldsmith et al., 2005). Consumers that are price sensitive seek low 

prices, whereas consumers that are price robust are willing to pay higher prices 

(Goldsmith et al., 2005). In the context of technology acceptance, this issue has been less 

researched. However, it was included in the UTAUT2 as the construct price value 

(Venkatesh et al., 2012), which corresponds to price sensitivity in our study. Venkatesh 

et al. (2012) state that the cost and pricing structure of a new technology may impact a 

consumers’ acceptance of technology use significantly. When a consumers’ benefit of 

using a technology is perceived to be greater than the cost, the price value is positive and 

thus has a positive impact on behavioural intention to use and vice versa (Venkatesh et 

al., 2012). The results of the study by Venkatesh et al. (2012) have proven price value to 

influence the behavioural intention to use. Due to the fact that ADVs are not yet 

commonly in use, no statement can be made about the actual price of delivery by drones 

or robots. However, since the price is found to influence the consumer's decision, it is 

important to know whether consumers would be willing to pay a possible (sur)charge for 

this form of delivery before it is introduced into the market. This can also be derived from 

the fact that consumers are increasingly demanding and expect free delivery (Vakulenko 

et al., 2019). This leads to the following hypothesis: 

H7: Price Sensitivity positively influences behavioural intention to use. 

 

Privacy Security and Behavioural Intention to Use 

Security and privacy in e-commerce are of great importance to consumers, as breaches of 

security allow unauthorised use of confidential information of consumers (Featherman et 

al., 2010). A study found that a key concern of internet users while shopping online are 

privacy issues (Miyazaki & Fernandez, 2001). Users are concerned about the appropriate 

use of personal information (Zhou et al., 2020). It must be assumed that consumers also 

attach importance to this not only online when placing orders but also in associated areas, 

such as the following delivery. In the context of this study, privacy security is understood 

as the control that consumers have about the way their personal information is treated 

(Yuen et al., 2019) and their individual perception of risk. With the adoption of a new 

technology, consumer thus may consider not only the advantages which go along with it 

but also potential threats (Kapser & Abdelrahman, 2020). Due to the technical complexity 
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of drones and robots as well as the associated features such as cameras and GPS, privacy 

risks may exist here in particular. Especially during the operation of deliveries through 

ADVs, it can come to reservations towards the use. Measures like validating the reception 

of delivery through identification checks need to be implemented in order to increase the 

feeling of security for the consumer (Yuen et al., 2018). If the reservations towards the 

trust of handling private data are not resolved, they result in a negative influence of the 

behavioural intention to use and vice versa. Yuen et al. (2019) found in the context of 

smart-lockers that privacy security effects negatively consumers’ transaction costs, 

whereas transaction costs mediate its effect on consumers’ intention to use. Other studies 

of technology acceptance have shown that it is also a negative direct determinant of 

behavioural intention (Choi & Ji, 2015; H. Liu et al., 2019; P. Liu, Yang, et al., 2019), 

whereas other tested it to have no significant effect (P. Liu, Xu, et al., 2019). These 

contrasting results show that the influence strongly depends on the technology. However, 

the theoretical findings justify an influence of privacy security on behavioural intention 

to use in the context of AVDs. Due to the positive formulation of the questions within the 

construct, a positive influence is assumed in this study. 

H8: Privacy security positively influences behavioural intention to use. 

 

Compatibility and Behavioural Intention to Use 

Compatibility describes the extent to which a consumer perceives an innovation as 

consistent with its own existing values, past experiences, and needs (Rogers, 2003). It 

differs among individuals, cultures, and countries (Yuen et al., 2018). The more 

compatible a technology is for the consumer, the less uncertain it is, and the better it fits 

the lifestyle of the consumer (Rogers, 2003). Accordingly, the consumer is more likely to 

accept the new technology (Rogers, 1995). However, a technology can also be 

incompatible with a consumer’s values and beliefs, ideas, and/or needs for a new 

technology, which causes the consumer to block it (Rogers, 2003). According to Yuen et 

al. (2018), some individuals may favour privacy at home, which means in regard to ADVs 

that these potential consumers may favour autonomous delivery options compared to 

delivery by a postman. Also, it may be inconvenient for consumers if the parcel is arriving 

during the day but they do not know at what time exactly. ADVs have the advantage that 
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the time window for delivery can be kept very small (Hoffmann & Prause, 2018), 

allowing consumers to plan better. If it does not suit their lifestyle (e.g. no trust in 

technology, environmental concerns), they may reject these technologies. This 

consideration has already been confirmed. Studies have found that compatibility has a 

positive influence on behavioural intention to use in the context of self-collection services 

and mobile shopping websites (Lu & Su, 2009; Yuen et al., 2018). This relationship is 

also assumed in this study. Thus, the following is proposed: 

H9: Compatibility positively influences behavioural intention to use. 

 

Figure 2 Autonomous Delivery Vehicles Acceptance Model (ADVAM) 

 

Theoretical Framework 
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3. Methodology 

______________________________________________________________________ 

The following chapter describes the research methodology of the thesis and its 

consequences. It explains the chosen research philosophy, research approach and 

research strategy. Further, it gives detailed information about the type of data collection 

and analysis as well as the research ethics and research quality applied. 

According to Lincoln and Guba, (1985), research consists of four elements: methodology, 

ontology, epistemology, and axiology. One decisive aspect of research is choosing an 

adequate methodology for the scientific investigation. Methodology itself can be 

understood as the combination of techniques that are used to examine a specific context 

(Easterby-Smith et al., 2015). The selected methodological principles determine how the 

research will be conducted. Therefore, understanding the coherence of the underlying 

theories ensures that the correct derivations are made (Lincoln & Guba, 1985).  

3.1 Research Philosophy 

The basis of a solid grounded academic research is the appropriate identification of the 

framework parameters under which the topic is to be researched. Based on that, the 

outline of the research philosophy is derived. Overall, research philosophy can be defined 

as the “system of beliefs and assumptions about the development of knowledge“ 

(Saunders et al., 2015, p. 124). As part of the research, the ontology and epistemology 

principles need to be chosen.  

Ontology can be understood as the assumptions made upon the nature of reality and 

existence (Easterby-Smith et al., 2015; Saunders et al., 2015). Based on the topic of this 

thesis and the field investigated, this thesis can be placed in the realistic position of 

research. On the one hand, it combines characteristics of the internal realism position 

which refers to facts being concrete but cannot be accessed directly by the researcher. On 

the other hand, this study topic shows traits from the relativistic approach since it is 

assumed that the response to the research question differs among countries, age groups, 

and the level of technological progress. Furthermore, the suggested model is highly 

dependent on the time and context of the research and is expected to alter through time 

with further enhancement in technology. Contrary, the relativistic approach in ontology 
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suggests that scientific interrelations are created by people. This means in other words, 

that there are many truths in which the facts depend on the viewpoint of the observer 

(Easterby-Smith et al., 2015).  

After the perspective of this thesis is defined, the approach in the epistemological layer, 

concerning the research in the physical and social world, is explained. Epistemology can 

be defined as the nature of knowledge (Easterby-Smith et al., 2015). Within the field of 

epistemology, the theoretical assumptions about how acceptable, valid, and legitimate 

knowledge is are constituted, and how this knowledge can be communicated to others 

(Burrell and Morgan, 1979). In a positivistic approach, researchers are independent 

observers that draw a generalisation of the proposed hypotheses through statistical 

probability. Although a non-obvious implication for action is attributed as one of the 

weaknesses in the positivistic approach, it is the chosen approach for this thesis. As the 

acceptance towards the use of ADVs as a delivery option for the last mile by potential 

consumers is the object of research, hypotheses are proposed which are translated into a 

theoretical model that is further tested through data derived from potential consumers. 

Also, the aim of the positivistic approach fits the nature of the study, as it intends to 

provide justification of its validity on the basis of broad coverage of the population 

(Easterby-Smith et al., 2015). As the nature of reality in the positivistic approach is the 

fact that knowledge is based on experience, acceptance of new technologies is closely 

linked to the confrontation, which creates an experience with a new technology. Since 

this study aims to investigate factors influencing the acceptance of ADVs, it will apply 

the positivistic epistemological approach.  

3.2 Research Approach 

The research approach underpins the assumptions made based on the selected 

methodology (Easterby-Smith et al., 2015). It distinguishes between three approaches 

regarding the way theory is developed: deductive, inductive, and abductive. Deductive 

reasoning is a logical conclusion and aims to test a theory. Results are predicted based on 

statements or premises derived from theory. Consequently, hypotheses are built to form 

a theory. The conclusion is true if all premises are true. The inductive approach aims to 

build theory by collecting and analysing data in order to create a conceptual framework. 

Opposing to the deductive approach, it moves from specific observations to broad 
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generalizations (Saunders et al., 2019). Lastly, the abductive approach combines the 

deductive and inductive approach by moving back and forth between theory and data. 

Abductive reasoning begins with the observation of phenomena, whereupon it works out 

a plausible theory to explain their occurrence (Bell et al., 2019; Suddaby, 2006). 

The research strategy follows a deductive approach which is linked to the positivism 

philosophy of this study (Saunders et al., 2019). The thesis is based on existing theoretical 

frameworks (i.e. TAM, UTAUT2, DOI, RMT), developed through previous academic 

research and expanded to the context of this study. In the next step, hypotheses are 

developed to form a model about the acceptance of ADVs by potential consumers and 

examine the relationships between the different factors. To test the premises, data was 

collected by conducting a survey, using a quantitative mono-method research approach. 

Subsequently, it was statistically evaluated and analysed. The results served as a large 

sample to generalize them to a wider population. According to Saunders et al. (2019), 

deduction has further important characteristics such as explaining causal relationships 

between concepts and variables. 

3.3 Research Design 

To transpose the thesis adequately, the outline of the research must be designed based on 

the chosen research methodology and approach. Research design itself can be defined as 

organizing the necessary activities around the research (Easterby-Smith et al., 2015). This 

includes how the literature review, the survey, the data collection, and the data analysis 

are designed in order to achieve the answer to the research question and fulfilling the 

research purpose (Easterby-Smith et al., 2015). The underlying positivistic principle has 

an impact on the design. To test the proposed model, several hypotheses are developed. 

Quantitative approaches are known for their wide coverage of the researched topic with 

the possibility to give relevant insights contributing to the topic (Easterby-Smith et al., 

2015). Conducting a survey for data collection is a typical way of the quantitative 

approach, as it is the dominant research method in positivism. The primary reason for 

choosing surveys in a quantitative approach is that they are time- effective in gaining a 

representative insight into the populations opinion about a topic (Saunders et al., 2008).  
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 Literature Research  

The literature review at the beginning of the thesis outlines the current state of research 

and identifies gaps in research (Easterby-Smith et al., 2015). It aims to develop a general 

understanding of the topic and serves as a basis for the research. Also, existing theoretical 

frameworks are examined to find an appropriate model to be fitted to the context of this 

study. To identify appropriate literature, a systematic approach was applied, with the main 

focus on reviewing academic articles. For the literature search, the databases Web of 

Science, Science Direct, and Primo were used. Based on the proposed topic, the search 

words mainly connected the following and subsequently listed keywords: “last mile”, 

“logistic”, “autonomous vehicles”, “consumer”, and “technology acceptance”. When 

identifying literature, the focus was on peer-reviewed and highly cited articles from the 

ABS list. This mainly applied for articles related to technology acceptance models and 

the last mile. Due to the actuality of the topic nature, this applied mainly for the fields of 

ADVs. Also, the research background of the articles not only focuses on logistics, 

transportation, and economics but also on psychology. The different areas were chosen 

to provide a comprehensive overview of the main challenges and trends in the last mile, 

delivery vehicles, and consumer acceptance. Since especially the current challenges and 

trends of last mile and delivery vehicles were of interest, it was searched for articles 

published within the past five years in these two areas. Since the area of technology 

acceptance is very extensive and the number of search results was huge, we also 

specifically searched for further articles in this area outside the search engines, which we 

encountered during our research in other articles and which were relevant to the topic. 

The same procedure was applied for literature related to ADVs, as the results in the search 

engines were very limited and not enough for a comprehensive overview. Finally, 75 

articles were selected depending on the suitability of their abstracts including the articles 

that were additionally found. The results of the literature search in the databases are 

summarized in Table 1. 
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Table 1 Literature Search Strings 

 

 

 Survey Design 

As introduced in the research approach, the detached perspective of the research allows 

for different kinds of surveys: factual or descriptive, inferential or explanatory, and 

exploratory surveys (Bell & Bryman, 2007; Easterby-Smith et al., 2015). Factual or 

descriptive surveys are used to portray accurate scenarios based upon a respondence 

group, defined in advance, to collate factual conclusions. Exploratory studies strive to 

classify new findings into patterns, attempting to draw general conclusions valid for a 

universal set of members (Easterby-Smith et al., 2015; Saunders, Lewis, & Thornhill, 

2008). In the context of acceptance towards ADVs, the mode of transportation is 

relatively new to academic research. As the theoretical framework is based on the 

established TAM, the explanatory nature of the survey allows the researcher to identify 

causal relationships between the different factors of acceptance. Based on the survey 

outcome, the formulated hypotheses and the relationships between variables can be 

confirmed. 

Also, the time horizon had to be considered. Overall, valid results have to be available 

within a time horizon of three months. The time horizon can be differentiated between 

longitudinal design, where repeated measurements are taken over a longer period in order 

to understand processes of change; and the cross-sectional survey type, which makes 
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underlying relationships accessible through measuring simultaneously multiple factors 

(Easterby-Smith et al., 2015). Within the survey of the study, a cross-sectional approach 

was chosen, which generally belongs to positivist positioning and enables to describe the 

attitude of many people (Easterby-Smith et al., 2015), consequently towards ADVs in this 

study. The nature of a cross-sectional time horizon allows researchers also to assess 

different groups within the same model and to evaluate these findings. 

3.4 Data Collection 

Data can be collected by either using primary data sources or secondary data sources, 

whereas primary data is collected directly by the researchers and secondary data is already 

produced or collected by others (Easterby-Smith et al., 2015). Primary data is a real-time 

data gathered through surveys, observations, questionnaires, interviews, etc., and useful 

when aiming to find an answer or solution to the specific needs of the researchers (Ajayi, 

2017). Secondary data is past data and can be found in government publications, books, 

websites, journal articles, etc., and has a good and efficient accessibility (Ajayi, 2017). 

As no secondary data exists to address the topic of this study, primary data was collected 

by distributing questionnaires that investigated the behavioural intention of potential 

users towards ADVs. 

 Questionnaire 

A questionnaire is an observational technique comprising a series of items in written form 

(Ajayi, 2017), which is predominantly applied in explanatory and descriptive research 

(Saunders et al., 2008). Since the thesis aims to answer which factors influence the 

acceptance of ADVs by potential consumers, an explanatory approach is suitable 

(Saunders et al., 2008). The questions in the questionnaire can either be open-ended, 

where participants can answer questions their own way, or closed-ended, where they can 

choose between pre-defined answers (Saunders et al., 2008). The latter method was 

chosen as it allows an easy comparison of the responses due to being predetermined 

(Saunders et al., 2008), but also seems more appropriate for analysing the relationship 

between variables. They can be classified as self-completion questionnaires and 

interview-administered questionnaires (Easterby-Smith et al., 2015). For this study, the 

former was chosen as it is time and cost- saving and fits better to the closed-ended 
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questions. Self-completion questionnaires can be conducted postal or web- based. 

(Easterby-Smith et al., 2015). Web-based self-completion questionnaires allow to reach 

a large number of participants within a short time horizon (Saunders et al., 2008). A large 

sample size is aspired to be able to picture the general opinion of the population. Also, it 

works best with closed-ended questions as the interpretation of the questions is most 

likely to be understood similar by the participants (Saunders et al., 2008). To ensure 

further equality of the German and English questionnaire, it was translated from English 

into German and back to English again, following the back-translation practice. This is 

an important step to ensure that both versions are identical in their meaning and cannot 

be understood differently by participants (Brislin, 1970). 

The questionnaire (Appendix 1) was divided into five parts, wherein the first part included 

the welcome and introduction to the questionnaire. The participants received information 

about the background of the survey, duration of participation, and the handling of their 

data. This part aimed to gain the respondent’s trust and dismantle reservations on how the 

data is used. The second part contained questions about the demographic profile of the 

participants (i.e. gender, age, country of residence, the population of the city of residence, 

and current occupation). Based on this information, a conclusion can be drawn if and how 

the demographic profile influences the acceptance of ADVs, which is investigated in the 

multi-group analysis. Also, as the focus is on respondents residing in Germany, this part 

of the questionnaire supports the data cleaning process. The third section of the 

questionnaire consists of chosen standard information on ADVs for the participants to 

provide background knowledge and to avoid uninformed response, which could reduce 

the reliability of the data (Saunders et al., 2008). In the fourth section, participants are 

asked whether they already had experience with delivery robots or delivery drones, and 

if so, what their experience was and whether they would use it again or not. When 

analysing this section, differences in the acceptance before and after using ADVs can be 

identified. The following and main section of the questionnaire contains the questions 

from the chosen constructs that are assumed to influence the behavioural intention of the 

participants to use ADVs delivery drones and delivery robots (see Table 2). In this 

section, the responses of the participants for each item is measured with a five-point Likert 

scale, ranging from 1 (“strongly disagree”) to 5 (“strongly agree”). Finally, an 

acknowledgement towards the participants is addressed and participants had the 



 

 

 

 

39

possibility to leave comments or feedback. Also, they were free to leave their e-mail 

address in case they want to receive the results of this study, which was taken up by many 

participants.  

 

Table 2 Summary of Constructs and Items 

Construct  Item  Adapted from 

Behavioural 
Intention to 

Use 

 

 BI1: 
  
 BI2: 

 
 BI3: 

 

I intend to use autonomous delivery vehicles as a delivery option 
in the future. 

I would always try to use autonomous delivery vehicles as a 
delivery option in my daily life when available in the future. 

I plan to use autonomous delivery vehicles frequently when 
available in the future. 

Kapser & 

Abdelrahman, 

2020 

Perceived 
Ease of Use 

 

 PE1: 
 PE2: 

 
 PE3: 

 PE4: 
 PE5: 

 

I think learning to use the ADVs would be easy for me. 
I believe my interaction with an ADV would be clear and 

understandable. 
I think it would be easy for me to become skilful at using ADVs. 
I believe ADVs are easy to use. 
I would find it easy to get ADVs to do what I want it to do. 

Davis et al., 

1989 

Compatibi-
lity 

 

 C1: 
 
 C2: 
 
 C3: 
 
 C4: 

 

I feel receiving my parcel via autonomous delivery vehicles 
would fit into my lifestyle. 

I feel receiving parcels via autonomous delivery vehicles would 
be compatible with my needs. 

I feel receiving my parcel via autonomous delivery vehicles 
would fit well with the way I like to receive my parcel. 

I feel receiving my parcel via autonomous delivery vehicles 
would be compatible with my current situation. 

Yuen et al., 

2018 

Facilitating 
Conditions 

 

 FC1: 
 
 FC2: 
 
 FC3: 
 
 FC4: 

 

I have the resources necessary to use autonomous delivery 
vehicles. 

I have the knowledge necessary to use autonomous delivery 
vehicles (e.g. usage of smartphone, handling of robot). 

Autonomous delivery vehicles are compatible with other 
technologies I use (e.g. smartphone, smart watch). 

I could get help from others when I have difficulties using 
autonomous delivery vehicles. 

Venkatesh et 

al., 2012 

Perceived 
Usefulness 

 

 PU1: 
 
 PU2: 
 
 PU3: 
 
 PU4: 

 

Using autonomous delivery vehicles would allow me to receive 
parcels faster. 

Using autonomous delivery vehicles to receive parcels would 
increase my productivity. 

Using autonomous delivery vehicles would deliver parcels more 
effectively. 

Autonomous delivery vehicles would be a useful means of 
delivery. 

Herrenkind et 

al., 2019 

Price 
Sensitivity 

 

 PS1: 
  
 PS2: 
 
 PS3: 
  
 
 

 

I would not mind paying more to try out autonomous delivery 
vehicles as a delivery option. 

I would not mind spending a lot of money for getting my orders 
delivered by autonomous delivery vehicles. 

I would be less willing to pay for autonomous delivery vehicles as 
a delivery option if I thought it to be high in price. 

Kapser & 

Abdelrahman, 

2020 
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 PS4: 
 
 
 PS5: 
  
 PS6: 
 

If I knew that autonomous delivery vehicles as a delivery option 
were likely to be more expensive than conventional delivery 
options, that would not matter to me. 

A really great delivery option would be worth paying a lot of 
money for. 

The price or cost of delivery is important to me. 

Hedonic 
Motivation 

 

 HM1: 
 HM2: 
 HM3: 

 

Using autonomous delivery vehicles would be fun. 
Using autonomous delivery vehicles would be enjoyable. 
Using autonomous delivery vehicles would be entertaining. 

Venkatesh et 

al., 2003, 2012 

Privacy 
Security 

     

 S1: 
 S2: 
 
 
 S3: 
   

 

I would feel secure to use autonomous delivery vehicles.  
I feel that using autonomous delivery vehicles would not increase 

the chances that my personal information will be used for other 
purposes. 

I feel that using autonomous delivery vehicles would not lead to a 
loss of privacy for me because my personal information would 
be treated confidentially. 

Yuen et al., 

2019 
 

 

 Pre-test 

To ensure that the questionnaire is straight forward and comprehensible, a pre-test was 

conducted. The pre-test was sent to five participants each for the English and the German 

version of the survey. To get a full picture and gain an overview of the comprehensibility 

of the survey, a diverse pre-test group consisting of professionals, non-professionals, 

academics, and non-academics was selected. After filling out the survey, the pre-testers 

were asked to leave feedback. The feedback returned with suggestions towards small 

changes such as wording, shortening the information text about ADVs, and changing the 

five-point Likert scale to a six-point Likert scale. The wording was adjusted accordingly 

to make the corresponding sentences or questions more understandable. The information 

text was shortened in order to avoid that participants abort the questionnaire early due to 

the length of the text. However, no relevant information was taken out. The five-point 

Likert scale was retained, as it seemed to make more sense for the study to give the 

participants the opportunity to adopt a neutral stance, as it was expected that the majority 

of participants have not yet interacted with ADVs as a delivery option. They could, 

therefore, be neutral and impartial towards delivery drones and delivery robots on certain 

points. After the feedback has been incorporated, the final versions of the questionnaires 

were implemented into the survey creator tool of “esMaker” and made available through 

the platform in German and English language.  
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 Sampling 

As it is impossible to withdraw opinions from the whole population, sampling is required 

to gain insights into the topic of interest (Saunders et al., 2015). Depending on the nature 

of the research, the sampling method – probability or non-probability sampling – has to 

be chosen (Easterby-Smith et al., 2015). In probability sampling, the likelihood that a unit 

is part of the sample can be clearly derived. Based on the chosen research topic, non-

probability sampling, which cannot reproduce the probability of being sampled, was 

chosen (Easterby-Smith et al., 2015). One reason for this is that the focus of the research 

is to include participants based in Germany only, whereas other participants are left 

unconsidered for the study. With the geographical focus on Germany and due to the 

COVID-19 pandemic with its associated restrictions on social contact, the survey was 

spread mainly via the social network of the researchers (Xing, LinkedIn, Facebook, 

WhatsApp, and Instagram), which resulted in a combination of convenience sampling 

and snowball sampling. The survey was further distributed 32 times in total by 

participants in the social media networks LinkedIn (3), Facebook (22), and Instagram (7). 

This facilitated to achieve a wider network. Using social media is suitable for 

investigating the acceptance of ADVs, as the respondents are using internet applications 

and are thus potential consumers for the delivery options. During the time the survey was 

accessible, the results were closely monitored. Here specific sociodemographic groups 

were contacted and asked to distribute the survey further within their own group. Those 

initiator participants for further distributing the survey were chosen based on their age 

group, occupation, living in Germany, and gender, to represent a broad layer of the 

population. These traits of snowball sampling resulted in applying it in order to prevent a 

too narrow insight and biased view.  

3.5 Data Analysis 

To derive meaningful conclusions from both valuable and robust data, it is important that 

the data fulfils the quality criteria and that an appropriate analytical method is chosen to 

analyse this data (Easterby-Smith et al., 2015). 

The data was provided by 556 returned questionnaires of the conducted survey. 129 

additional questionnaires were started and subsequently cancelled or not sent out. The 

survey results were downloaded from esMaker and imported directly into the software 
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IBM SPSS Statistics. The data was then being cleaned. Since this study only examines 

acceptance in Germany, the data sets of participants not living in Germany had to be 

excluded. 508 questionnaires were completed by participants living in Germany. The 

remaining 48 questionnaires are distributed among participants living in a total of 16 

different countries that are not covered by this thesis. These were sorted out in the 

cleaning process. All returned questionnaires were fully completed and no further data 

had to be excluded. Consequently, there were 508 questionnaires to be used for the 

analysis. 

 Descriptive and Inferential Statistics 

Descriptive statistics serve as the starting point for analysing the data set and allows the 

researcher to gain a first understanding of the data by organizing and summarizing it 

(Holcomb, 2016). In this part, not only the distribution of the answers on the Likert-Scale 

is summarized but also the sociodemographic distribution of the participants in order to 

recognize patterns within the data. A first overview of the results provided esMaker itself, 

for further descriptive statistics, the software IBM SPSS was used. Inferential statistics 

are used to derive generalisations from samples to a whole population (Holcomb, 2016). 

For this, IBM SPSS Amos (Analysis of Moment Structures) was used. Structural equation 

modelling (SEM) was used to test the hypotheses. Lastly, in order to understand the 

influence of sociodemographic characteristics, different groups were formed and 

analysed in a multigroup analysis. 

 Factor Analysis 

The factor analysis can be divided into Exploratory Factor Analysis (EFA) and 

Confirmatory Factor Analysis (CFA). The EFA is applied to reveal what constructs 

underly a set of measures and to cluster them accordingly (Easterby-Smith et al., 2015). 

In this study, the constructs to be measured are already known. However, EFA is 

conducted to increase the reliability by confirming the fit of the items to the constructs 

and assuring the adequacy of the data matrix. One of the measurements within the EFA 

is Cronbach’s alpha coefficient. Cronbach’s alpha measures the consistency in a 

composite variable by combining the scores on a set of items, whereby all these items 

measure the inter-relatedness of each other (Easterby-Smith et al., 2015; Tavakol & 
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Dennick, 2011). The CFA is applied when the constructs to be measured are already 

known and are to be confirmed (Easterby-Smith et al., 2015). It is commonly used in 

social science and is a technique of SEM, in which the fit between the observed data 

compared to a priori model is assessed (Mueller & Hancock, 2001). The CFA was applied 

in this study to evaluate the validity and reliability of the proposed ADVAM, including 

for example the composite reliability, average variance extracted and cross-loadings (see 

chapter 3.5.5). Also, the model fit of the measurement model was being evaluated.  

 Model Fit Indices 

Model fit indices measure discrepancies between observed correlation and model-implied 

correlation and can be distinguished as absolute fit indices and relative fit indices (Stanley 

& Edwards, 2016). Due to every index presenting a certain aspect of the model fit, 

multiple indices are needed to assess the fit of the proposed model and to avoid limited 

information (Raykov & Marcoulides, 2006). Also, as the proposed ADVAM combines 

eight constructs, it is rather a complicated model which is why several measurements 

were chosen. 

Absolute fit indices indicate how well a model matches the sample data (McDonald & 

Ho, 2002). The absolute fit can be determined by the Chi-square (χ2) and the root mean 

square error of approximation (RMSEA) (Hooper et al., 2008). Chi-square is a popular 

measure to evaluate the overall model fit (Hooper et al., 2008) and measures the 

discrepancy between expected and observed covariances in the data (Rappaport et al., 

2020). However, since Chi-square is a statistical significance test, it is sensitive to sample 

size, which means that it almost always rejects the model for large samples (Bentler & 

Bonett, 1980), which could pose a problem in this study. CMIN/DF, also known as 

normed Chi-square, is the minimum discrepancy per degree of freedom and divides the 

chi-square by DF (Degree of Freedom) (χ2/DF), norming the Chi-square and making it 

less dependent on sample size (Kline, 2011; Marsh & Hocevar, 1985). For this reason, 

this index was used instead to evaluate the model fit. The RMSEA reflects the fit 

considering multivariate model relations (Rappaport et al., 2020) and indicates how well 

the model would fit the covariance matrix of the population with unknown but optimally 

chosen parameter estimates (Hooper et al., 2008). The index is sensitive to the number of 
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parameters and more suitable for models with a smaller number of parameters (Hooper 

et al., 2008). 

Relative fit indices, also called incremental or comparative fit indices, do not use the Chi-

square itself but compare its value to a null model (Hooper et al., 2008). The relative fit 

can be measured by using the Normed Fit Index (NFI), Tucker-Lewis Index (TLI), or 

Comparative Fit Index CFI (Stanley & Edwards, 2016). The NFI compares the χ2 value 

of the proposed model to the χ2 of the null model which is the “worst-case” scenario since 

it assumes that there are no correlations at all between the variables (Hooper et al., 2008). 

A disadvantage of the index is however that it is sensitive to sample size, whereas the TLI 

(also called Non-Normed Fit Index) rectifies this problem for smaller sample sizes 

(Hooper et al., 2008). Since the sample size of this study is rather large, this index does 

not seem appropriate either. The CFI takes into account the sample size and is a revised 

form of the NFI (Hooper et al., 2008), also comparing the proposed model with the null 

model (Raykov & Marcoulides, 2006). The index is among the most reported fit indices 

as it is one of the indices least affected by sample size (Hooper et al., 2008), why it was 

used for evaluating the model fit. 

 Structural Equation Modelling 

SEM is a multivariate data analysis technique to test hypotheses, which analyses 

interrelated dependency relationships between multiple variables by combining multiple 

regression, CFA, and analysis of variance (Bacon, 1997; Dell’Olio et al., 2017; Hoyle, 

1995). It makes multiple regression models more flexible and less restrictive since it 

allows the integration of measurement errors in the dependent variables and in the 

independent variables (Dell’Olio et al., 2017; Hoyle, 2012). A SEM comprises two 

evaluations: the evaluation of the measurement model and the structural model (T. A. 

Brown, 2015). The measurement model analyses the relations between a set of observed 

variables and the unobserved hypothetical constructs they are supposed to measure 

(Easterby-Smith et al., 2015; Hoyle, 1995). It can be assessed in terms of internal 

consistency, convergent validity, and discriminant validity (Hulland, 1999; McDonald & 

Ho, 2002). The structural model maps the relationships between the constructs in a path 

model (Hair et al., 2014). In this step, the established hypotheses are tested by modelling 
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the proposed ADVAM in SPSS Amos and measuring the path coefficients and 

significance of relationships.  

 Validity and Reliability 

Before assessing the results of the study, the validity and reliability of the questionnaire 

have to be measured with its constructs and items, which ensures that high research 

quality is achieved (Heale & Twycross, 2015). Further, assessing the measurement model 

is one of the two main parts of SEM, by making sure that quality criteria are fulfilled 

before continuing with the structural model (T. A. Brown, 2015). This is done by 

assessing the internal consistency, convergent validity, and discriminant validity. The 

internal consistency of the ADVAM can be evaluated by measuring the previously 

introduced Cronbach’s alpha coefficient and the composite reliability (CR) (Joe F. Hair 

et al., 2014). The CR measures the internal consistency of items in a scale as well 

(Netemeyer et al., 2012). Convergent validity of the model is present when the 

measurements of a construct are consistent with different measurement procedures 

(Campbell & Fiske, 1959). It can be evaluated by conducting a CFA in SPSS Amos and 

measuring the factor loadings and the average variance extracted (AVE). Factor loadings 

within the factor analysis estimate the link between items and constructs, whereas the 

AVE indicates the average variance shared between two constructs of the model (Hulland, 

1999). Lastly, discriminant validity indicates to what extent a construct differs from other 

constructs within the model and thus is unique (Hulland, 1999). It can be evaluated by 

cross-loadings and the Fornell-Larcker criterion. The latter assumes that an AVE of a 

latent construct to be estimated shares on average a higher proportion of variance than 

with any other latent construct within the model (Fornell & Larcker, 1981). Cross-

loadings indicate the extent to which a particular item affects the other factors. Recently, 

however, the cross-loading approach and the Fornell-Larcker criterion have been 

criticized. Henseler et al. (2014) have shown in their paper that neither of the two 

approaches allows determining the discriminatory validity of their measures. Therefore, 

the heterotrait-monotrait (HTMT) ratio was additionally calculated in this study to assess 

the discriminatory validity. The authors suggest assessing the HTMT ratio of the 

correlations in order to determine discriminant validity (see Figure 3). It calculates the 

average of the heterotrait-heteromethod correlations, which is the correlations of 
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indicators across constructs measuring different phenomena, relative to the average of the 

monotrait-heteromethod correlations, which is the correlations of indicators within the 

same construct (Henseler et al., 2014).  

 

Figure 3 Example of a reduced MTMM matrix, showing the HTMT ratio 

 

Source: Henseler et al. (2014) 

 

 Multigroup Analysis 

The multigroup analysis is referred to as the simultaneous analysis of various samples, 

which can either be categorised by a timely manner or by different groups (Blunch, 2008). 

In the study of acceptance of ADVs, the investigated samples are based on the differences 

within groups. Therefore, multigroup analysis is used to examine if the paths also called 

relationships between variables would vary across different groups which have a 

moderating effect on the outcome (Her et al., 2019). Preceding this, the model has to be 

tested for measurement invariance to ensure that the underlying constructs, items, and the 

path diagram are understood similarly across each group. If not, research suggests 

proposing different models based on the groups derived from the findings in the 

measurement invariance (Cieciuch & Davidov, 2015). However, as the analysis of the 

differences between groups in the context of acceptance towards ADVs provides too little 

theoretical background, the possible differences are pointed out, but overall do not result 

in different models. However, it still provides valuable insights as it gives an indication 
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of how stable the model is and whether significant differences can be detected within 

groups.  

3.6 Research Quality 

The research quality and credibility of research activities require reliable and valid survey 

data (Easterby-Smith et al., 2015; Saunders et al., 2008). Reliable research can be 

achieved through the constant and unchanging way of measuring items by assigning 

values defined for each item, which further indicates that reliable research must be 

reproductive (Easterby-Smith et al., 2015). Measures have to yield the same results on 

other occasions and reach similar observations by other observers (Easterby-Smith et al., 

2012). Validity is understood to be the exact representation of the results described by the 

measurements and research findings of this study (Easterby-Smith et al., 2015).  

The Cronbach’s alpha coefficient is also for the multigroup analysis a common index to 

calculate the reliability of a questionnaire (Easterby-Smith et al., 2015). For this reason, 

the reliability of the constructs was examined through Cronbach’s alpha. Part of the 

research quality is to consider a participant bias. It can impair reliability as participants 

may feel indirectly influenced (Saunders et al., 2008). Since the topic is considered to be 

neutral, which does not have an impact on the participants' professional life or family 

relationships, for example, it can be assumed that the participants do not feel exposed to 

any danger. To increase this, the survey was conducted anonymously.  

Validity was ensured by involving several pre-testers working through the questionnaire, 

confirming that the survey consists of valid measures and that the questions are 

comprehensibly formulated and easily understood. Previously conducted pre-tests with 

potential participants were ensuring a common understanding of the survey by 

researchers and participants. Moreover, the used survey questions originated from 

previous studies addressing technology acceptance through potential consumers and were 

adapted to the context of ADVs. Internal validity was increased by using the introduced 

control variables, to ensure that representatives of different groups are equally included 

and addressed in the study.  
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3.7 Research Ethics 

Axiology refers to the ethical questions that must be considered within the research 

process. It takes into account the philosophical approach to making decisions of value or 

making the right decisions; and includes questions about how researchers themselves deal 

with both their own values and those of their research participants. Research ethics are of 

great importance because research results should be credible (Kivunja & Kuyini, 2017; 

Saunders et al., 2015). Bell and Bryman (2007) have examined the ethical principles of 

nine professional associations in the social sciences and compiled those that were applied 

by at least half of the associations. They identified the following ten principles, 

summarized in Table 3. 

 

Table 3 10 Principles of Research Ethics 

 

Source: Adapted from Bell & Bryman (2007) 

 

The standards of conduct for scientific research are governed in this study by the 

observance of the ethical principles mentioned above. The first five principles protect the 

research participants. These principles are addressed by providing the participants with 

sufficient information about the study which allowed them to participate fully informed. 

The participants were free to decide whether to participate in the survey and had the 

option to cancel their participation anytime while participating in the survey. Further, the 
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questionnaire was conducted anonymously by using the software esMaker, respecting the 

privacy of the participants. The personal data was restricted to questions relevant to the 

study. Also, gender identification included “others” to not discriminate against anyone. 

The confidentiality of the research data is ensured by handling, storing, and sharing the 

data appropriately and securely. Information about the research was communicated open 

and honest throughout the survey to all parties. There are no professional or personal 

affiliations that could have influenced the research. In addition, conflicts of interest can 

be precluded, as there was no sponsorship or other financing of the research. 
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4. Data Analysis and Empirical Findings 

______________________________________________________________________ 

In the following chapter the data set is analysed by conducting SEM and a multigroup 

analysis. In a first step of the SEM, the data set is evaluated, followed by testing and 

verifying the validity and reliability of the measurement model. The structural model is 

assessed in order to test the proposed hypotheses. To test the mediations, a Mediation 

Analysis was conducted. Lastly, the multigroup analysis examines the influence of 

sociodemographic characteristics on the constructs. 

4.1 Descriptive Results  

After the introduced cleaning process in chapter 3.4.1, 508 questionnaires remained and 

were analysed. In the survey, participants were asked for their demographic information, 

including their gender, age, occupation as well as the country of residence and the number 

of inhabitants in which the participants live. The data set consists of 60.6% female, 39.2% 

male participants and 0.2% indicated “other” as gender. 40.4% and thus the majority of 

the participants belong to the age group 25-34. The second-largest share (20,5%) is in the 

age group of 50-64. Participants aged 24 years or younger represent 19.1% of the 

participants, whereas the smallest share is in the age group 65+ (3.7%). The majority of 

participants come from cities with 10,000 to 1,000,000 inhabitants (27.6%), and 2,000 to 

20,000 inhabitants (24.4%). In terms of occupational status, more than half of the 

participants stated to be employed (58.7%). Students accounted for the second-largest 

share of the study with 15.6%. Table 4 provides a more detailed insight into the 

demographic distribution of the participants. Also, at the beginning of the survey, the 

participants were asked whether they already had the opportunity to test delivery drones 

or delivery robots in the past. Only one out of the 508 participants had experience with 

delivery by drone or robot. 
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Table 4 Demographic Characteristics 

 

 

4.2 Measurement Model 

To ensure the validity and reliability of the ADVAM, the measurement model was 

assessed in terms of internal consistency, convergent validity, and discriminant validity. 

For this purpose, the EFA and CFA (see Appendix 2) were carried out in SPSS Amos. 

The internal consistency was evaluated by Cronbach’s alpha and the CR. For the items to 

be reliable, a value greater than 0.70 is needed for the Cronbach’s alpha (Easterby-Smith 

et al., 2015). Table 5 shows that the value of each construct is greater than 0.70. Hence, 

the items within the constructs are highly correlated which implies high consistency and 

reliability (Cronbach, 1951). The CR should also have a value greater than 0.70 (Hair, 

Joseph F. Jr. et al., 2017) to have the items sharing at least 49% in common variance. The 

results in Table 5 show that the items’ values are all well above 0.70 as well. 

Criteria Characteristics n %

Gender Female 308 60,6%

Male 199 39,2%

Other 1 0,2%

Age   < 18 years 35 6,9%

18-24 years 62 12,2%

25-34 years 205 40,4%

35-49 years 83 16,3%

50-64 years 104 20,5%

  ≥ 65 years 19 3,7%

City size ≤ 2.000 51 10,0%

(Inhabitants) 2.001 - 20.000 124 24,4%

20.001 - 100.000 91 17,9%

100.001 - 1.000.000 140 27,6%

> 1.000.000 102 20,1%

Occupation Pupil 33 6,3%

Apprentice 14 2,7%

Student 81 15,6%

Employed 305 58,7%

Self-employed 31 6,0%

Job seeking 4 0,8%

Retired 26 5,0%

Other 26 5,0%



 

 

 

 

52

Consequently, the items measure what they are supposed to measure and the quality 

criteria of internal consistency are fulfilled. The convergent validity was evaluated by 

conducting a CFA in SPSS Amos and measuring the factor loadings as well as the AVE. 

Convergent validity is supported if the factor loadings are greater than 0.60 and the AVE 

are greater than 0.50 (Hair et al., 2014). Two items from the construct price sensitivity 

(PS3, PS6) and one item from the construct facilitating conditions (FC4) showed very 

small factor loadings of 0.183, 0.288, and 0.448. To ensure convergent validity, those 

items were excluded. Since the constructs still contained enough items, this did not 

present a problem for the further procedure and the construct could be further considered 

in the structural model. Another item of the construct privacy security (S1) showed a 

relatively low factor loading of 0.577. However, literature suggests that items with factor 

loadings of 0.50 are considered practically significant (Joseph F Hair et al., 2010) and be 

kept if the AVE is still greater than 0.50. Since this is the case, the item was kept. All 

other items have a factor loading greater than 0.60. Also, the AVE threshold was fulfilled 

by all items, with a value being greater than 0.50. Thus, convergent validity was tested 

positive. Table 5 summarizes the results of the internal consistency and convergent 

validity of the model. 
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Table 5 Results of Internal Consistency and Convergent Validity 

 

Notes: CR = Composite Reliability, AVE = average variance extracted 

 

Lastly, the discriminant validity was evaluated by measuring the cross-loadings and 

checking the Fornell-Larcker criterion. The loadings within a construct should be greater 

than the loadings in other constructs, which is the case for each construct (see Table 6). 

Construct Item Cronbach's α Factor Loading CR AVE

Behavioral Intention BI1 0.926 0.865 0.929 0.813

BI2 0.900

BI3 0.938

Perceived Ease of Use PE1 0.897 0.861 0.899 0.643

PE2 0.861

PE3 0.892

PE4 0.721

PE5 0.649

Compatibility C1 0.930 0.866 0.931 0.771

C2 0.893

C3 0.903

C4 0.850

Facilitating Conditions FC1 0.802 0.743 0.853 0.661

FC2 0.847

FC3 0.842

Perceived Usefulness PU1 0.857 0.742 0.859 0.607

PU2 0.666

PU3 0.821

PU4 0.872

Price Sensitivity PS1 0.830 0.776 0.834 0.559

PS2 0.812

PS4 0.715

PS5 0.683

Hedonic Motivation HM1 0.919 0.883 0.903 0.757

HM2 0.915

HM3 0.806

Privacy Security S1 0.773 0.577 0.803 0.583

S2 0.846

S3 0.835
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For the Fornell-Larcker criterion to be fulfilled, the AVE of each construct must be greater 

than the maximum shared variance (MSV). However, the square root of the AVE for the 

construct perceived usefulness was less than the absolute value of the correlation with the 

construct compatibility. Therefore, the construct compatibility did not pass the 

discriminant validity test and had to be excluded. The results of Table 6 show that the 

criterion is fulfilled for all other constructs. Due to recent criticism by Henseler et al. 

(2014) on the cross-loading approach and the Fornell-Larcker criterion, the HTMT 

(heterotrait-heteromethod) ratio was assessed as well by calculating the correlations of 

each pair of constructs and accordingly the ratio of heterotrait-heteromethod correlations 

to monotrait-heteromethod correlations. The threshold value of HTMT is controversial in 

the literature. Some authors suggest a value of 0.85 (Clark & Watson, 1995; Henseler et 

al., 2014; Kline, 2011), whereas other authors suggest a threshold of 0.95 (Gold et al., 

2001; Henseler et al., 2014; Teo et al., 2008). The values of the constructs in this study 

are all below the lower value of 0.85 and thus meet the requirements (see Table 7). 

 

Table 6 Results of Discriminant Validity after Adjustment 

 

Notes: AVE = average variance extracted, MSV = maximum shared variance, BI = behavioural intention, PE = 
perceived ease of use, FC = facilitating conditions, PU = perceived usefulness, PS = price sensitivity, HM = hedonic 
motivation, S = privacy security 

 

 AVE MSV BI PE FC PU PS HM S

BI 0.813 0.518 0.902

PE 0.644 0.570 0.394 0.802

FC 0.661 0.570 0.281 0.755 0.813

PU 0.607 0.518 0.720 0.497 0.459 0.779

PS 0.559 0.331 -0.575 0.015 0.026 -0.381 0.748

HM 0.757 0.497 0.703 0.450 0.430 0.705 -0.373 0.870

S 0.583 0.249 0.452 0.341 0.316 0.499 -0.358 0.443 0.763
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Table 7 Results of Heterotrait-monotrait ratio 

 

Notes: BI = behavioural intention, PE = perceived ease of use, FC = facilitating conditions, PU = 
perceived usefulness, PS = price sensitivity, HM = hedonic motivation, S = privacy security 

 

The Common Method Bias was evaluated since many researchers agree that common 

method variance can be a problem in behavioural research. It exists if the variance is 

rooted in the measurement method and not based on the constructs that represent the 

measurements (Podsakoff et al., 2003). Harman’s single factor score was calculated to 

ensure that the variations in the answers were the result of the respondents' actual 

predispositions. All items were loaded into a common factor. The total variance for a 

single factor resulted in 35.67% and is far below the threshold of 50% (Söhnchen, 2007). 

As a consequence, a common method bias was not found and did not influence the results 

of this study. 

In the final step, the model fit was assessed (see Table 8). Instead of the Chi-square, the 

normed Chi-square is being reported to avoid the sample size bias (Kline, 2011). Authors 

recommend different ratios ranging from 2 to 5 (Marsh & Hocevar, 1985), where 

CMIN/DF<3 indicates an acceptable fit between the hypothetical model and the sample 

data (Kline, n.d.), and CMIN/DF<5 indicating a reasonable fit (Schumacker & Lomax, 

2004). Also, the p-value must be significant (p<0.05), which was with 0.000 the case for 

the proposed model. Therefore, the CMIN/DF of 3.667 was accepted. As stated earlier in 

the study, the indices NFI and NNFI will not be considered due to being sensitive to 

sample size (NFI) and being preferable for smaller sample sizes (NNFI) (Hooper et al., 

2008). Instead, the CFI was applied due to being less affected by sample size (Hooper et 

al., 2008). The index CFI should be greater than 0.90 in order to indicate a good fit 

(McDonald & Ho, 2002; Raykov & Marcoulides, 2006). The proposed model has a CFI 

of 0.922, indicating a good fit. Lastly, the RMSEA was measured. The recommendations 

 BI PE FC PU PS HM S

BI

PE 0.433

FC 0.417 0.744

PU 0.754 0.602 0.458

PS -0.571 -0.039 0.010 -0.413

HM 0.693 0.448 0.432 0.678 -0.362

S 0.604 0.506 0.440 0.668 -0.380 0.529
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for its threshold vary in the range of 0.05 to 0.10 as an indication of a fair fit (Hooper et 

al., 2008). However, an RMSEA with a value of less than 0.08 can be accepted 

(McDonald & Ho, 2002). The RMSEA value of the model has a value of 0.073 and is 

therefore acceptable. 

 

Table 8 Model Fit Indices of the Measurement Model 

 

 

4.3 Structural Model 

After assessing the measurement model, the structural model was assessed to test the 

proposed relationships between the constructs. Before doing so, the data set was scanned 

for eventual outliners, which could have a leveraging effect on the outcome, since the 

underlying data influences the structural model (Zhu et al., 2007). For this, the Cook’s 

distance test was applied by using SPSS. It assesses the effect of each variable on the 

latent variable in order to find influential outliners. As shown in Figure 4, none of the 

single records uniquely identified by their date stamp comes close to the threshold of 1 or 

higher (Joseph F Hair et al., 2010). Therefore, all data points were retained. 

 

CMIN/DF CFI RMSEA

3.667 0.922 0.073
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Figure 4 Cook's Distance Test 

 

After assessing the measurement model, the structural model was assessed in order to 

tests the proposed relationships between the constructs. For this, a path analysis was 

carried out to measure the relationships, and the validity of the structural model was 

examined to evaluate the model fit. 

Table 9 presents the results of the path analysis. It includes the proposed hypotheses, path 

coefficients, t-values, p-values, and the results of the proposed hypotheses. The path 

coefficients indicate the hypothesized relationships between two latent constructs and 

reflect the direct effect from one construct to another (Joe F. Hair et al., 2014). Its values 

can range from -1 to +1, whereas -1 indicates a strong negative relationship and +1 

indicates a strong positive relationship (Joe F. Hair et al., 2014). Values closer to those 

thresholds are more likely to have a significant relationship. Except for H6, which shows 

a very low negative relationship, all other relationships of the proposed hypotheses are 

positive. The relationships of H6 (-0.021) and H8 (0.034) are the weakest ones and not 

significant. Further, the t-values and p-values were calculated for each of the hypotheses 

for measuring significance. The critical t-value is -1.96 or +1.96, which represents a 

significance level of 5% (Hox & Bechger, 1998). Consequently, a t-value smaller than -

1.96 or larger than +1.96 indicates significance and confirms the hypothesis. The 

threshold of 5% applies for the p-value. P-values below 0.05 the hypothesis is supported 
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as it indicates that there is less than a 5% probability that the null hypothesis is correct. If 

the value is above 0.05, it is rejected (Lee et al., 1999).  

 

Table 9 Results of Structural Model Assessment 

 

Notes: BI = behavioural intention, PE = perceived ease of use, FC = facilitating conditions, PU = 
perceived usefulness, PS = price sensitivity, HM = hedonic motivation, S = privacy security 

 

Significant relationships (p<0.05) were found between the constructs perceived ease of 

use and perceived usefulness (H1), perceived ease of use and hedonic motivation (H2), 

perceived usefulness and hedonic motivation (H3), perceived usefulness and behavioural 

intention (H5), as well as hedonic motivation and behavioural intention (H4), leading to 

the result that these hypotheses are supported. However, there was no significant 

relationship found between the constructs facilitating conditions and behavioural 

intention (H6) as well as privacy security and behavioural intention (H8). Thus, these 

hypotheses are rejected. 

The R2, which is also reported in Figure 5, indicates the proportion of the variance in the 

dependent variable (construct) that can be explained by the independent variable 

(construct) (Joe F. Hair et al., 2014). With a range from 0 to 1 with 1 representing the 

highest possible predictive accuracy, it represents the combined effect of the independent 

variable on a dependent variable (Joe F. Hair et al., 2014). 62.9% of the variance in 

behavioural intention is explained by the independent constructs perceived usefulness, 

hedonic motivation, facilitating conditions, price sensitivity, and privacy security. 50.9% 

of the variance in hedonic motivation is explained by perceived usefulness and perceived 

Hypothesis t-value p-value Result

H1 PE → PU 0.581 11.318 0.000 supported

H2 PE → HM 0.175 3.095 0.002 supported

H3 PU → HM 0.707 12.478 0.000 supported

H4 HM → BI 0.333 6.723 0.000 supported

H5 PU → BI 0.439 7.510 0.000 supported

H6 FC → BI -0.021 -0.463 0.643 rejected

H7 PS → BI 0.446 8.435 0.000 supported

H8 S → BI 0.034 0.762 0.446 rejected

Path
Path 

coefficient
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ease of use. Both show moderate levels of predictive accuracy. 27.3% of the variance in 

perceived usefulness is explained by perceived ease of use, representing a weak level of 

predictive accuracy (Joe F. Hair et al., 2014). Therefore, despite statistical significance, 

there is a weak relationship between perceived ease of use and perceived usefulness. 

 

Figure 5 Results of the Structural Equation Model 

 

Notes: * significant at 0.05; ** significant at 0.01 

 

In the second step of the structural model assessment, the model fit was evaluated by 

following the same steps of the CFA in the measurement model assessment. The results 

are summarized in Table 10. With CMIN/DF being below the threshold of 5 (Schumacker 

& Lomax, 2004), the CFI being greater than 0.90 (McDonald & Ho, 2002; Raykov & 

Marcoulides, 2006), and the RMSEA with a value lower than 0.08 (McDonald & Ho, 

2002), the model fit can be accepted. 

 



 

 

 

 

60

Table 10 Model Fit Indices of the Structural Model 

 

 

4.4 Mediation Analysis 

Mediation analysis is conducted when a middle variable could function as a mediator, 

which means that it affects the relationship between the predictor and the criterion (Baron 

& Kenny, 1986). In the context of the structural path evaluation in SEM, the mediator 

variable is understood to have absorbing effects of the independent towards the dependent 

variable (Joe F. Hair et al., 2014). The Sobel-Test is used in the context of regression 

equations (Gunzler et al., 2013). Therefore, it was not used to evaluate a potential 

mediation effect. It is most common to witness partial mediation between constructs, 

which means that the introduced mediator only mediates a part of the effect on the 

outcome construct (Gunzler et al., 2013). In this data analysis, partial mediation can be 

confirmed in the relationship of perceived ease of use and behaviour intention to use, 

mediated through hedonic motivation (H4a), and in the relationship of perceived 

usefulness and behaviour intention to use, also mediated through hedonic motivation 

(H4b) (see Table 11). For this, predefined estimands in Amos were used and tested for 

mediation by investigating these two relationships. To understand its effects, the 

structural model was run, performing bootstrap using 1.000 bootstrap samples with the 

bias-corrected confidence interval of 0.9 (Beyaztas & Alin, 2014).  

 

Table 11 Mediation Effects in the Structural Model 

 

Notes: BI = behavioural intention, PE = perceived ease of use, PU = perceived usefulness, HM = hedonic motivation 

 

CMIN/DF CFI RMSEA

4.160 0.905 0.079

Hypothesis p-value Result

H4a PE → BI HM 0.038 0.009 supported

H4b PU → BI HM 0.272 0.002 supported

Mediator
Path 

coefficient
Path
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The mediation relationships introduced were found significant (p<0.05). It can be said 

that hedonic motivation partially mediates the relationship between perceived usefulness 

and behavioural intention as well as between perceived ease of use and behavioural 

intention to use (see Table 11).  

4.5 Multigroup Analysis 

In order to understand the influence on the acceptance of ADVs based on the 

sociodemographic background, groups were formed. For this, the categories “gender”, 

“age”, and “inhabitants” were chosen to be further investigated. Gender was grouped 

based on the indicated gender of each participant (“female”, “male”, and “other”). 

However, the group “other” was too small (n=1) and had to be excluded. The 

sociodemographic characteristic age was divided into three groups: ≤24 years, 25–49 

years, and ≥50 years. Lastly, inhabitants were divided into areas with less than 100,000 

inhabitants and more than 100,000 inhabitants. The groups were formed in such way that 

a relatively even distribution was achieved (see. Table 12). 

 

Table 12 Formed Groups for the Multigroup Analysis 

 

 

Before assessing the path diagram, it must be ensured that each group understands the 

questions in the same way (Fischer & Karl, 2019). To confirm this, measurement 

invariance was assessed through comparing the different p-values in the confirmatory 

factor model, which was already tested in chapter 4.2. To conduct the multigroup analysis, 

each group has to be run separately in the CFA. To understand the differences among 

each group, the model was run unconstrained for each group, which is also referred to as 

Gender Age Inhabitants

Group 1: female Group 1: < 24 years Group 1: < 100,000

n = 308 n = 97 n = 266

Group 2: male Group 2: 25-49 years Group 2: ≥ 100,000

n = 199 n = 288 n = 242

Group 3: > 50 years

n = 123
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configural invariance. The model comparison p-value did not show a significantly 

different outcome between gender (0.182) and age (0.113). However, the group 

inhabitants (0.016) showed a significantly different understanding of the tested constructs 

and items. Testing for cross-group invariance involves a comparison between nested 

models. This is done by leaving the model completely unconstrained and then following 

constrain each item piece by piece (Miconi et al., 2017). To understand the differences, 

the CFA model was used to constrain each path between the construct and item 

individually to evaluate the metric invariance. The results are summarized in Table 13. 

 

Table 13 Results of Multigroup Measurement Invariance Analysis 

 

Notes: BI = behavioural intention, PE = perceived ease of use, FC = facilitating conditions, 
PU = perceived usefulness, PS = price sensitivity, HM = hedonic motivation, S = privacy security 

BI → BI1 1.000 1.000 1.000

BI → BI2 0.757 0.723 0.827

BI → BI3 0.627 0.470 0.273

HM → HM1 1.000 1.000 1.000

HM → HM2 0.119 0.025 0.251

HM → HM3 0.516 0.651 0.638

PS → PS1 1.000 1.000 1.000

PS → PS2 0.156 0.644 0.729

PS → PS4 0.519 0.426 0.072

PS → PS5 0.415 0.152 0.564

S → S1 1.000 1.000 1.000

S → S2 1.000 1.000 0.000

S → S3 1.000 1.000 0.000

PU → PU1 1.000 1.000 1.000

PU → PU2 0.381 0.888 0.405

PU → PU3 0.356 0.018 0.250

PU → PU4 0.174 0.108 0.045

FC → FC1 1.000 1.000 1.000

FC → FC2 0.889 0.436 0.702

FC → FC3 0.013 0.534 0.698

PE → PE1 1.000 1.000 1.000

PE → PE2 0.228 0.197 0.823

PE → PE3 0.016 0.087 0.901

PE → PE4 0.087 0.146 0.929

PE → PE5 0.016 0.063 0.901

Group 

Age

Group 

Gender

Group 

Inhabitants
Relationship
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It was found that the differences among group inhabitants root in a significant difference 

in understanding the construct of privacy and security. However, as the results were only 

found significant for the group inhabitants, it was accepted. The further steps are to test 

for scalar and residual measurement invariance (Putnick & Bornstein, 2016). Research 

has found that more relationships between constructs become significant with bigger 

sample sizes (N>200) (Hox & Bechger, 1998; Tarka, 2018). Therefore, it was decided to 

stop here and accept the confirmatory factor model.  

As next step the multigroup analysis was conducted to compare the structural model 

between groups. For this the build-in function of SPSS Amos was used as it is commonly 

used to illustrate whether structural model differ among groups (Byrne, 2004). Each path 

was constrained individually to understand the difference among groups. It was found 

that the relationship between perceived ease of use and perceived usefulness in the gender 

group is significant (0.037), showing that the relationship differs depending on the gender 

(see Table 14). 

 

Table 14 Results of Multigroup Path Analysis 

 

Notes: BI = behavioural intention, PE = perceived ease of use, FC = facilitating conditions, 
PU = perceived usefulness, PS = price sensitivity, HM = hedonic motivation, S = privacy security 

 

  

PS → BI 0.218 0.121 0.985

S → BI 0.403 0.580 0.117

HM → BI 0.168 0.640 0.316

PU → BI 0.140 0.824 0.342

PE → HM 0.127 0.558 0.698

PE → PU 0.264 0.037 0.601

PU → HM 0.060 0.779 0.796

FC → BI 0.507 0.674 0.142

Group 

Gender

Group 

Inhabitants

Group 

Age
Relationship
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5. Conclusion 

______________________________________________________________________ 

The following chapter answers the research questions by concluding the results of the 

data analysis.  

This study aimed to examine which factors influence consumer acceptance of delivery 

drones and delivery robots in Germany since consumer acceptance could be an obstacle 

to their wide implementation in the last mile delivery. The research questions were 

answered by extending the TAM with factors that were found relevant for the context of 

ADVs, namely facilitating conditions, price sensitivity, privacy security, compatibility, 

and hedonic motivation. A quantitative study was conducted through a survey to test the 

proposed hypotheses. SEM and multigroup analysis were used to analyse the data set and 

further answer the following research questions: 

RQ1: Which factors influence consumer acceptance of ADVs as a delivery option in the 

last mile? 

RQ2: To what extent are these factors influencing consumer acceptance of ADVs as a 

delivery option in the last mile? 

The following factors were found to influence consumers’ acceptance of ADVs in 

Germany: price sensitivity, perceived usefulness, hedonic motivation, and perceived ease 

of use. The path coefficients of the factors price sensitivity (0.446) and perceived 

usefulness (0.439) have shown the greatest influence on consumer acceptance, followed 

by hedonic motivation (0.333). For these factors, the results are consistent with our 

expectations and results of previous research (S. A. Brown & Venkatesh, 2005; Davis, 

1989; Kulviwat et al., 2007; Venkatesh et al., 2012). Two hypotheses were rejected since 

facilitating conditions and privacy security were found not to have a significant influence 

on behavioural intention to use ADVs. However, it was surprising that facilitating 

conditions are having no significant effect on the behavioural intention to use ADVs, also 

not in certain groups (e.g. age), which differs from previous research (Venkatesh et al., 

2012). Further, it was found that hedonic motivation partially mediates the relationship 

between perceived usefulness and behavioural intention as well as between perceived 
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ease of use and behavioural intention to use. To better understand the results of the 

structural model, a multigroup analysis was conducted. The measurement invariance 

shows a significantly different understanding regarding the construct privacy security 

among members, clustered by the number of inhabitants. However, when assessing the 

differences in the multigroup path analysis only the relationship of perceived ease of use 

and hedonic motivation differs among genders.  
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6. Discussion 

______________________________________________________________________ 

This chapter discusses the findings of the study and compares them to the theory and 

findings based on the literature review. Further, the theoretical and practical 

contributions are outlined as well as limitations of the study, and suggestions for future 

research are proposed. 

6.1 Discussion of Results 

In this thesis, the user acceptance towards ADVs was investigated. With a nearly even 

distribution of responses from different sociodemographic backgrounds, conclusions can 

be drawn that can be generalised for a larger population in Germany.  

In the scope of intrinsic motivation to accept ADVs, the constructs of perceived 

usefulness, perceived ease of use, and hedonic motivation have been found significant in 

previous research to influence the behavioural intention to use a new technology, which 

was also confirmed in this study (H1, H2, H3, and H4). This outcome suggests that there 

is a strong interrelation between the demands for simple handling and usage as well as 

providing time savings and emotional aspiration, whenever new technologies are 

introduced. Those reactions towards accepting a new technology can be explained as an 

agile relationship that fluctuates between curiosity, joy, excitement, and rejection towards 

the new service, which is why those aspects should be included when evaluating the 

acceptance of new technologies. Further, it is found that the intrinsic motivation differs 

based on the type of technology. For this it is necessary to re-evaluate how the technology 

affects the consumer with every innovation. During the data collection, feedback arose 

that several participants appreciate the human interaction with the delivery person, or are 

afraid that ADVs demonstrate another opportunity to replace a human with a machine, 

leading to job losses. Despite the intrinsic position towards a new technology, also outer 

circumstances could have influenced the perception of how useful ADVs are. As 

mentioned in the beginning of the thesis, this investigation took place at the peak time of 

the COVID-19 pandemic, which made the people probably more open towards a new 

means of transportation as the society in Germany was subject to restrictions such as exit 

restrictions or social distancing. Further, the influence of hedonic motivation in the whole 
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model needs to be considered as it is found partially mediating the relationship between 

perceived ease of use and perceived usefulness on behavioural intention to use (H4a, 

H4b). This indicates that the attributes of a technology and their perception from the 

consumer influences the overall attitude to accept a new technology. Therefore, it has to 

be acknowledged as an important part of the overall acceptance.  

Venkatesh et al (2012) has proven for facilitating conditions to have an effect on 

behavioural intention, considering the availability of resources, knowledge, and support 

as essential aspects to accept a new technology. The literature shows that consumers with 

a lower level of facilitating conditions results in having a lower intention to use a new 

technology (Venkatesh et al., 2008; Zhou et al., 2020). Furthermore, a study found that 

facilitating conditions overall have a significant influence on the actual usage but not on 

behavioural intention to use (Venkatesh et al., 2003). Since delivery robots and delivery 

drones are not yet in use, this thesis does not consider the consumer perspective towards 

the actual usage, which is why this point can neither be confirmed nor denied. However, 

in this thesis facilitating conditions are also not found significant to influence the 

behavioural intention in the context of ADVs, with also no difference found among the 

formed groups. This result was surprising, as literature suggests that there are differences 

in terms of age, where older women were found to view the availability of resources, 

knowledge and support as essential to accept a new technology (Venkatesh et al., 2012). 

Contrary, recent research has stressed that the growing user segment in e-commerce are 

online shoppers above the age of 60 years, as they increasingly access and use internet 

applications (Handelsverband Deutschland, 2019). This finding could be the reason for 

finding no differences among the age groups. It rather depends on which resources the 

consumer considers important. On the one hand, the above-mentioned resources for 

facilitating conditions refer to the necessary applications such as smartphones and internet 

access to place a delivery request trough any online channel. On the other hand, resources 

could also be understood as physical possession of, for example, a garden or balcony, or 

any other spot through which the delivery can be received. Depending on the housing 

situation of the consumer, it was expected to find differences among the group of 

inhabitants. One reason for the non-appearance of variations could be that Germany has 

237 inhabitants per square kilometre (Rudnicka, 2019), which is more space compared to 
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other countries such as Singapore with 7,953 inhabitants per square kilometre 

(Umersbach, 2019).  

In previous studies, the importance of delivery costs for the consumer has already been 

highlighted (Joerss, Neuhaus, et al., 2016; Joerss, Schröder, et al., 2016; Kapser & 

Abdelrahman, 2020). In this study, it could be confirmed that price sensitivity 

significantly influences the behavioural intention to use ADVs, indicating the importance 

of the price level of delivery for consumers (H9). In a previous study it was found that 

consumers are less willing to pay for deliveries (Allen et al., 2018). Contrary however, 

other studies found that 25% of consumers are prepared to pay significant price 

advantages for delivery services such as same-day delivery or immediate delivery, and 

that the proportion is likely to increase in the future (Joerss, Schröder, et al., 2016). Those 

different findings suggest that depending on the consumer’s lifestyle, the amount of 

money spent for delivery differs. This study supports these findings as it shows that the 

majority of potential users (77.7%) would mind spending more money on delivery by 

drone or robot, whereas only 8.7% would not mind at all spending more for a faster 

delivery service. Drawing a conclusion from this, the outcome suggests that the consumer 

segment can be differentiated between price-sensitive and price-insensitive consumers. 

One of the reasons could be how much time is available to the potential consumer. 

Another aspect which needs to be taken into account is the difference among the potential 

consumers in terms of the age. A study shows that particularly younger consumers tend 

to be price sensitive (Joerss, Schröder, et al., 2016). As the majority of the participants 

were 25-34 years old (40.4%), this fact could explain the positive effect of price 

sensitivity on consumers behavioural intention to use ADVs. Thus, the nature of the cost-

sensitivity level among groups remains of interest. However, when testing the model for 

the different groups, none of the results confirms that different age groups are more or 

less price sensitive towards the costs of the service.  

A study found privacy and security issues as a key concern when purchasing through e-

commerce (Miyazaki & Fernandez, 2001). Also, further research towards acceptance has 

found privacy security to be an important criterion when investigating the acceptance of 

autonomous parcel robots (Kapser & Abdelrahman, 2020). Therefore, it was surprising 

to find privacy security not significantly influencing the behavioural intention to use 
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ADVs (H8). Considering the items of the construct, it mainly addresses the handling of 

user data. As user data can be understood in two ways, it would explain the outcome. One 

way is the consumers’ concerns towards forwarding private information like account 

details, private address, and other typical information needed when creating an online 

account to use the delivery service. The other way is the data the ADV collects on the 

way towards the consumer while scanning the surrounding. As those vehicles operate 

autonomously, they have to scan and record their surroundings to navigate when using 

their built-in features like GPS or cameras. Considering those two aspects, the consumer 

might not be aware of the extend of data collection when delivery is executed through 

ADVs.  

6.2 Theoretical and Practical Contribution 

The study provides an understanding of which factors influence the acceptance of 

delivery drones and delivery robots in the last mile in Germany. It contributes not only to 

academic aspects but also to managerial aspects, which can benefit from these findings. 

 Theoretical Contribution 

This is the first study to examine consumer acceptance of delivery drones and delivery 

robots as a delivery option in the last mile in Germany by applying a technology 

acceptance model. Although the TAM is a well-established and widely used model for 

technology acceptance, it was necessary to extend it and adapt it to the context of this 

study. Technology acceptance studies have shown that different factors are important for 

different technologies and that there is no single model that can be applied to all 

technologies. Therefore, the acceptance model for ADVs was extended by the factors 

hedonic motivation, price sensitivity, privacy security, and facilitating conditions. This 

study once again proves that factors influencing acceptance differ among technologies 

since factors were found not significant that were found significant in other studies and 

vice versa. The model also provides a basis for further research on user acceptance of 

delivery drones and delivery robots. When these technologies penetrate the last mile, 

factors may play a role that were previously not considered because neither service 

providers nor customers were aware of them. Researchers can then build on this study. 
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 Practical Contribution 

This study also contributes to developers, logistics service providers, and companies that 

work with delivery drones and delivery robots or will do so in the future. With these 

technologies still being in the pilot phase, the results of the study provide insights that can 

serve as a basis when integrating ADVs in the last mile, before they enter the market as a 

common means of transport. They can consider the findings of this study in several 

activities, such as development or marketing, and respond specifically to the needs of 

consumers. It has been shown that price sensitivity is the strongest factor influencing user 

acceptance. It is therefore of great relevance for providers that this aspect is given special 

attention and that this is taken into account in pricing activities. Since the results have 

shown that consumers are very price-sensitive, the price for delivery by drones and robots 

should therefore not be higher than for conventional delivery. A closer look at the 

individual responses of the survey participants also shows that consumers react 

differently to price. Hence, even if a low price for the service cannot be offered, superior 

services are an option for price-insensitive and time-sensitive consumers, which can help 

businesses to increase their market share. Another factor significant for consumer 

acceptance is the perceived usefulness of using ADVs, which is why benefits must be 

clearly communicated to consumers at market launch. Finally, when developing ADVs, 

care should be taken to ensure that they are pleasant and entertaining, as this aspect is also 

important from the customer's point of view. Lastly, the consumer is the one who 

ultimately decides whether or not to accept a technology. Knowing which factors are 

relevant can protect against malinvestments and wrong decisions. 

These considerations not only contribute in a positive way for developers, logistic service 

providers, and companies. Consumers benefit from the findings of this study as well. 

Delivery drones and delivery robots themselves are already a suitable alternative to meet 

the challenges of the last mile and the increasing expectations of consumers. By 

additionally considering the acceptance factors relevant for consumers, customer needs 

can be addressed in a targeted manner, which increases customer satisfaction.  
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6.3 Limitations and Future Research 

The results of the study show which factors play a role in the acceptance of ADVs by 

potential consumers. The quantitative approach made it possible to examine the opinions 

of many potential consumers and to compare them. Due to the chosen approach and time 

restrictions, however, the depth of the insights is limited. The questions were based on 

theoretical findings and predefined, therefore there was no scope in answering for the 

participants of the survey. A qualitative approach allows gaining deeper and new insights 

into the psychological behaviour of the consumers as well as reasoning, which cannot be 

achieved through closed-ended questions in the questionnaires. This is also reflected in 

the feedback that some of the participants left after answering the survey. Concerns were 

expressed, for example, about the destruction of jobs and the possible damage to the 

environment and animals. In a further step, it would be interesting to build on the results 

of this study and examine consumer attitudes more closely in a qualitative framework. 

Also, it is to be mentioned that ADVs are not yet available on the market and that only 

one person of the 508 participants has used the service. Since consumers have not yet 

been able to test ADVs, the attitudes are based solely on assumptions about the new 

technologies. Moreover, studies have found discrepancies between perceived and actual 

performance (Dickson et al., 1986; Gallupe et al., 1988; Sharda et al., 1988). Consumers 

may not reflect the reality which is why their opinion could change as soon as ADVs are 

on the market and tested. Consequently, the results of the study do not necessarily reflect 

the actual future behaviour of the consumers. It therefore is suggested to test the 

acceptance again at a later stage when consumers have had contact with them and gained 

initial experience. Ultimately, the consumers actual perception plays a role, which will 

then show whether ADVs will prevail in the long term for delivery in the last mile. 

The survey investigated the acceptance in Germany by analysing the responses of 508 

participants, which gives a good insight into the attitudes of the population. A study of 

more participants would increase the generalizability of the results. Also, it must be 

considered that due to various factors such as the infrastructure, technological progress, 

culture, shopping behaviour, social aspects, and environmental concerns can influence 

consumers’ acceptance and the results may differ around the globe. Therefore, it is 
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especially important for global companies to investigate the acceptance in the different 

countries where ADVs are intended to be used. 

During the time period of the survey, the COVID-19 pandemic has broken out. This 

aspect may have influenced consumer attitudes towards ADVs. Especially in these times, 

it was important to ensure that postmen have as little contact with customers as possible 

when the deliveries are handed over. But also, more orders were placed online as the 

shops were closed. Hence, it can be assumed that people were more open-minded, who 

otherwise would rather not order online. Since ADVs would have brought many 

advantages in delivery during this period (e.g. contactless delivery and higher delivery 

volume), it is possible that particularly the advantages stood out. Another factor that has 

been influenced by the pandemic is the sampling method. Due to the ban on contact, it 

was not possible to distribute the questionnaires in any other way than via the internet. 

This meant that mainly young and middle-aged people were reached, which affected the 

distribution of the sample size. The number of participants of older people (>65) was 

therefore relatively small. 

Lastly, there are aspects that have not been included in the study at this stage because 

they have not yet been developed or are unclear. As mentioned in chapter 1.4, concerns 

about legal aspects such as liability and traffic rights of autonomous delivery vehicles are 

not covered since there are no specific regulations on delivery drones and delivery robots 

in Germany at this point in time. The EU and the German government have reacted to the 

new developments in June 2018, an agreement was passed in the EU Parliament, which 

is to ensure uniform safety standards and regulations in the future (BMVI, 2020). 

However, these are currently still very general. Also, the technical aspects were not 

assessed in detail. These aspects are not yet fully developed in certain respects and 

ultimately determine the extent to which delivery drones and delivery robots can be used 

in the last mile.  
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Appendix 

Appendix 1 Questionnaire 

 

 

 

 

Dear participant, as part of our master thesis for the master's program "International 

Logistics and Supply Chain Management" at Jönköping University, we are conducting a 

survey on the acceptance of autonomous delivery vehicles by potential users. Your 

feedback will help us to further understand this topic. The survey should not take longer 

than 10 minutes of your time. Please answer the questionnaire completely. If you have 

not yet used autonomous delivery vehicles, please judge by your intuition. Your answers 

will of course be treated entirely anonymously and not traceable. Please participate in 

the survey only once. We are looking forward to your participation! 

 

If you have any questions, you can contact us by e-mail or the comment box. 

 

 
 

Katharina Bogatzki    boka18rs@student.ju.se 
Jessica Hinzmann      hije18wv@student.ju.se 

 

1. What is your gender? 

 Female 

 Male 

 Other 

 
2. Which age group do you belong to? 

 

 <18 years 

 18-24 years 

 25-34 years 

 35-49 years 

 50-64 years 

 ≥ 65 years 

 
3. Where do you currently live? 
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4. How big is the city you are living in? 

 

 ≤ 2,000 inhabitants 

 2,001 - 20,000 inhabitants 

 20,001 - 100,000 inhabitants 

 100,001 - 1,000,000 inhabitants 

 > 1,000,000 inhabitants 

 
5. What is your occupation? 

 

 Pupil 

 Apprentice 

 Student 

 Employed 

 Self-employed 

 Job-seeking 

 Retired 

 Other 

 

To answer the following part of the survey, please read the provided information carfully. 

Autonomous delivery vehicles can be described as self-driving or self-flying systems that are used 

primarily to deliver goods ordered online up to a weight of 5 kg to the customer. Parcel delivery robots 

(Fig. 1) move at walking speed (approx. 5km/h) on the sidewalk. Parcel drones (Fig. 2) can fly at speeds of 

up to 130 km/h, depending on their environment. By handling the shipment via these systems, a more 

convenient solution for the customer is expected. 

Parcel acceptance: 

In order to use the autonomous delivery vehicles, an app is required that is operated via a mobile device 

(e.g. smartphone or tablet). There, the user specifies a date and time when the shipment is to be tracked 

and received. As soon as the vehicle has arrived at the destination address, the recipient receives a 

message via the app to receive the items. 

The shipment is received either via parcel boxes (Fig. 3) or in person in designated parcel acceptance 

zones, which are ideally only a few meters away from the customer's home. Both the parcel robot and 

the parcel acceptance installation can only be unlocked by the customer. 
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     Figure 1        Figure 2           Figure 3 
     (https://www.starship.xyz/)    (https://www.aboutamazon.de/      (https://mttr.net/) 
              innovationen/prime-air) 
 

6a. Have you had the opportunity to test delivery drones or parcel robots in the  

      past? 

 

 Yes 

 No 

 
6b. How would you describe your experience? 

 

 Good 

 Neutral 

 Bad 

 
6c. Did you find delivery by drone and/or parcel robot more advantageous than  

      delivery by a postman?  
 

 Yes 

 Neutral 

 No 

 
6d. Would you use delivery drones or parcel robots in the future? 

 

 Yes 

 No 
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7. For the following questions, please imagine that autonomous delivery vehicles will become 

reality in the near future. Based on your own opinion and judgement, please indicate to what 

extent you agree with the following statements on a scale of 1 (strongly disagree) to 5 (strongly 

agree). 
 

1 = Strongly disagree to 5 = strongly agree 

 
 1 2 3 4 5 
I think learning to use the autonomous delivery service would be 

easy for me.      

I believe my interaction with an autonomous delivery vehicle 

would be clear and understandable.      

I think it would be easy for me to become skillful at using 

autonomous delivery vehicles.      

I believe autonomous delivery vehicles would be easy to use.      
I would find it easy to get autonomous delivery vehicles to do 

what I want them to do.      

 
1 = Strongly disagree to 5 = Strongly agree 
 
 1 2 3 4 5 
I feel receiving my parcel via autonomous delivery vehicles would 

fit into my lifestyle.      

I feel receiving parcels via autonomous delivery vehicles would be 

compatible with my needs.      

I feel receiving my parcel via autonomous delivery vehicles would 

fit well with the way I like to receive my parcel.      

I feel receiving my parcel via autonomous delivery vehicles would 

be compatible with my current situation.      

 
 
8. For the following questions, please imagine that autonomous delivery vehicles will become 

reality in the near future. Based on your own opinion and judgement, please indicate to what 

extent you agree with the following statements on a scale of 1 (strongly disagree) to 5 (strongly 

agree). 
 

1 = Strongly disagree to 5 = Strongly agree 
 
 1 2 3 4 5 
I have the resources necessary to use autonomous delivery 

vehicles.      

I have the knowledge necessary to use autonomous delivery 

vehicles (e.g. usage of smartphone, handling of robot).      

Autonomous delivery vehicles would be compatible with other 

technologies I use (e.g. smartphone, smart watch).      

I could get help from others when I have difficulties using 

autonomous delivery vehicles.      
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1 = Strongly disagree to 5 = Strongly agree 
 
 1 2 3 4 5 
Using autonomous delivery vehicles would allow me to receive 

parcels faster.      

Using autonomous delivery vehicles to receive parcels would 

increases my productivity.      

Using autonomous delivery vehicles would deliver parcels more 

effectively.      

Autonomous delivery vehicles would be a useful means of 

delivery.      

 
 
 
9. For the following questions, please imagine that autonomous delivery vehicles will become 

reality in the near future. Based on your own opinion and judgement, please indicate to what 

extent you agree with the following statements on a scale of 1 (strongly disagree) to 5 (strongly 

agree). 

 
1 = Strongly disagree to 5 = Strongly agree 
 
 1 2 3 4 5 
I would feel secure to use autonomous delivery vehicles.      
I feel that using autonomous delivery vehicles would not increase 

the chances that my personal information will be used for other 

purposes. 
     

I feel that using autonomous delivery vehicles would not lead to a 

loss of privacy for me because my personal information would be 

treated confidentially. 
     

 
1 = Strongly disagree to 5 = Strongly agree 
 
 1 2 3 4 5 
I would not mind paying more to try out autonomous delivery 

vehicles as a delivery option.      

I would not mind spending a lot of money for getting my orders 

delivered by autonomous delivery vehicles.      

I would be less willing to pay for autonomous delivery vehicles as 

a delivery option if I thought it to be high in price.      

If I knew that autonomous delivery vehicles as a delivery option 

were likely to be more expensive than conventional delivery 

options, that would not matter to me. 
     

A really great delivery option would be worth paying a lot of 

money for.      

The price or cost of delivery is important to me.      
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10. For the following questions, please imagine that autonomous delivery vehicles will become 

reality in the near future. Based on your own opinion and judgement, please indicate to what 

extent you agree with the following statements on a scale of 1 (strongly disagree) to 5 (strongly 

agree). 
 

1 = Strongly disagree to 5 = Strongly agree 
 
 1 2 3 4 5 
Using autonomous delivery vehicles would be fun.      
Using autonomous delivery vehicles would be enjoyable.      
Using autonomous delivery vehicles would be entertaining.      

 
1 = Strongly disagree to 5 = Strongly agree 
 
 1 2 3 4 5 
I intend to use autonomous delivery vehicles as a delivery option 

in the future.       

I will always try to use autonomous delivery vehicles as a delivery 

option in my daily life when available in the future.      

I plan to use autonomous delivery vehicles frequently when 

available in the future.      

 
 
 
If any questions should arise during your participation, please feel free to contact us via e-mail or the 

comment box. If you are interested in the results of the study, please leave your e-mail address in the 

comment box and we will send you the results in June. 

 

 
 

If you have any questions, you can contact us by e-mail or the comment box. 

Thank you very much for your time and participation!   

Katharina Bogatzki   boka18rs@student.ju.se 
Jessica Hinzmann     hije18wv@student.ju.se  
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Appendix 2 Confirmatory Factor Analysis in SPSS Amos 
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Appendix 3 Path Analysis in SPSS Amos 

 

 


