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ABSTRACT  

 

Services have a growing impact on the economy of different countries and are increasingly present in 

the transportation sector as a response to the sustainability problems it currently faces. Shared 

micromobility schemes have emerged in large number in several cities worldwide, including in Portugal, 

and, as all services, their success is dependent on different factors valued by the consumers. Hence, the 

goal of this thesis was to understand the factors that influence the use of shared micromobility - 

comprising conventional bicycles, electric bicycles and electric scooters - as these have the potential to 

make cities more sustainable. 

To understand the use intention of shared micromobility, an extension to the Technology Acceptance 

Model was developed and, further, empirically tested with primary data collected through a 

questionnaire aimed at individuals in Portugal in the age range of 18 to 35 years old. This data was then 

analyzed with a partial least squares structural equation modeling approach. 

It was concluded that the use intention of shared micromobility is positively influenced by perceived 

reliability and hedonic motivation, through perceived ease of use and perceived usefulness, and that the 

price value has a positive direct effect on use intention. In addition, the existence of safety conditions is 

also important in the use of those schemes. The proposed model was able to explain 51.5% of the 

variance of use intention. Improvements on the services and conditions to use them can be made by 

service providers and cities’ authorities based on the conclusions of this study. 

 

Key words: services, transportation, shared micromobility, technology acceptance model, partial least 

squares structural equation modeling 
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RESUMO 

 

Os serviços têm tido um impacto crescente na economia de diferentes países e estão cada vez mais 

presentes no sector dos transportes, como resposta aos problemas de sustentabilidade que este 

enfrenta actualmente. Os sistemas de micromobilidade partilhada surgiram em grande número em 

várias cidades do mundo, inclusive em Portugal e, como todos os serviços, o seu sucesso depende de 

diferentes factores valorizados pelos consumidores. Portanto, o objetivo desta dissertação foi entender 

os fatores que influenciam o uso da micromobilidade partilhada - compreendendo bicicletas 

convencionais, bicicletas elétricas e trotinetes elétricas – uma vez que estes têm o potencial de tornar as 

cidades mais sustentáveis.  

Para entender a intenção de uso da micromobilidade partilhada, foi desenvolvida uma extensão do 

Modelo de Aceitação de Tecnologia e, posteriormente, empiricamente testada com dados primários 

recolhidos por meio de um questionário destinado a indivíduos residentes em Portugal na faixa etária 

de 18 a 35 anos. Esses dados foram então analisados com uma abordagem de modelagem de equações 

estruturais de mínimos quadrados parciais. 

Concluiu-se que a intenção de uso da micromobilidade partilhada é influenciada positivamente pela 

fiabilidade apercebida e por motivações hedónicas, através da facilidade de uso e utilidade apercebidas, 

e que o valor do preço tem um efeito direto positivo na intenção de uso. Além disso, a existência de 

condições de segurança também é importante no uso destes sistemas. O modelo proposto foi capaz de 

explicar 51,5% da variância da intenção de uso. Melhorias nos serviços e nas condições para usá-los 

podem ser feitas pelos prestadores de serviços e pelas cidades com base nas conclusões deste estudo. 

 

Palavras-chave: serviços, transportes, micromobilidade partilhada, modelo de aceitação de tecnologia, 

modelação de equações estruturais com mínimos quadrados parciais 
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1. INTRODUCTION 

 Problem Contextualization  

Mobility is a subject of great importance in cities, as it plays a significant role in their organization and 

sustainability, in all its three dimensions: environmental, social and economic (Whittle, Whitmarsh, 

Hagger, Morgan, & Parkhurst, 2019). The transportation sector in Portugal is dominated by the usage of 

the individual car (Statistics Portugal, 2018) and it is responsible for issues like the high emission of 

greenhouse gases, pollution, social inequality, traffic, huge amount of land use – as cars take up a lot of 

space in roads and parking lots - and accidents (Vergragt & Szejnwald, 2007; Whittle et al., 2019). 

Consequently, solutions are needed to mitigate these problems.  

Innovation is claimed to play a role in the creation of solutions for the issues of the sector. It is defining 

trends for it (Whittle et al., 2019) that include shared transportation and the electrification of the sector 

(Sprei, 2018). These go in line with the general increase of the offer of transportation services that differ 

from the traditional public transportation (Mahut, Daaboul, Bricogne, & Eynard, 2017). These trends are 

more and more present in different cities worldwide, including in Portuguese cities, verified especially 

through the exponential increase of shared micromobility solutions. Even though the term 

“micromobility” is not often mentioned in the literature, it is the term that is more commonly used to 

refer to the vehicles that are comparable to bicycles in terms of the places where they can be ridden - in 

bike lanes and in the road. The vehicles of the category are mainly conventional and electric bicycles and 

electric scooters, being these suitable for individual transportation (Zarif, Pankratz, & Kelman, 2019). 

Hence, shared micromobility excludes car and motorcycle sharing schemes. 

The increase in number of services in the transportation sector is supported by business models that 

allow the combination of products and services – product service systems (Cavalcante & Gzara, 2018; 

Qu, Yu, Chen, Chu, & Tian, 2016) - whose importance has been increasing as they can promote 

sustainable behaviors and as there is an increase in awareness on sustainability issues by the overall 

population (Cavalcante & Gzara, 2018).  

Shared micromobility is one of the trends that has emerged to possibly address the described 

sustainability problems of the transportation sector and huge investments in Portuguese cities are being 

done, both by private companies and public institutions, resulting in an increase in the offer of shared 

micromobility in Portugal (Brás, 2018), after some unsuccessful attempts in the past (Santana, 2012). 

However, the acceptance, use and further success and growth of these new services in the country are 

dependent on the characteristics that consumers value in these transportation services (Patrício, 

Gustafsson, & Fisk, 2018), being it crucial to understand them to guarantee the success of such 

innovations and to possibly change the urban transportation sector, with the chance towards a more 

sustainable one.  
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  Motivation and Objectives 

Although the benefits of shared transportation in general have already been appointed – that include, 

for instance, the potential for shared transportation schemes to reduce up to 25% of the total energy 

consumed in the transportation sector - the research on the subject is quite limited and is only in an 

initial phase – unlike other areas of the field, like electric transportation (Whittle et al., 2019). Also, new 

solutions are emerging and there are paradigmatic feelings towards micromobility, particularly shared 

micromobility, as its growth has been exponential in several cities (Ajao, 2019). Since one of the 

solutions (or part of the solution) to tackle the sustainability issues of the urban transportation sector 

can lie on shared micromobility, further studies are needed to address the topic.  

Theoretically, this study seeks to propose a methodology that is able to explain use intention of shared 

micromobility that is empirically tested and validated. A framework that is adequate to the specific 

context of shared micromobility is required, given the particularities of the transportation services it 

comprises that differ from the traditional transportation means (such as the individual car and public 

transportation). The final framework developed can serve as a base to further study the acceptance of 

shared micromobility or similar product service systems of the transportation sector in different cities 

and contexts. 

In a more practical approach, micromobility, particularly shared micromobility, is part of the offering of 

product service systems and goes in line with other servitization offers that are emerging in the 

automotive sector (Mahut et al., 2017). These shared schemes are service-based and, to design a 

service, there is the need to acknowledge the consumers and their context, to better serve them and so 

that the implementation of innovation is more successful (Patrício et al., 2018). It is therefore relevant 

to understand what influences the use of transportation services so that service providers can better 

customize their offers to distinct contexts. Understanding consumers and possible consumers, taking 

into account their needs, can promote this type of services and improve the sustainability of overall 

urban transportation. The research question of the dissertation is therefore “what are the main factors 

that influence the use of shared micromobility?”.  

 

  Structure of the Dissertation 

The dissertation is organized as follows: 

1. Introduction: the context of the dissertation is presented, as well as the motivation, objectives 

and structure of the dissertation; 

2. Literature Review: this chapter’s main focus is on the evolution of mobility over the years and 

challenges that the current transportation sector faces, followed by the exploration of the topic of 

services within the sector, including the topic of shared micromobility. Then the current transportation 
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scenario in Portugal is described as well as the motivations to use shared transportation and for 

individuals’ transportation choices in general are addressed; 

3. Methodology: this chapter is divided into the analysis of conceptual models used to evaluate 

the acceptance of technology and in an exploratory study that consisted in the realization of interviews 

to both shared micromobility providers and users and non-users of those transportation services. Those 

analyses led to the formulation of a theoretical model and hypotheses that allow the research question 

to be answered. Further, the empirical approach of the research is explained; 

4. Data analysis: this chapter is devoted to the analysis of all the data gathered that allowed the 

verification of the proposed measures and the theoretical model (hypotheses). The statistical approach 

used is also justified; 

5. Discussion of the results: the results obtained in the data analysis chapter are discussed; 

6. Conclusions and future work: the final conclusions as well as the limitations of the study and 

future work to be done are presented. 
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2. LITERATURE REVIEW 

 Mobility and Transportation 

Over the years, huge developments have been made in terms of mobility, involving the transport of 

people and goods which kept up with the evolution of cities and urban environments (Speranza, 2018). 

A distinction between the terms “mobility” and “transportation” must be made: according to the Oxford 

English Dictionary, mobility is related to people’s capacity to move (or be moved) around in an easy and 

free way ("Mobility", n.d.), while transportation is a more narrow concept, as it is related to the process 

of transporting people or things, referring more specifically to the transportation means or services 

available to do so ("Transportation", n.d.). Since the term “mobility” comprises transportation, the two 

terms are often used indistinctly along the dissertation, like it is sometimes done in the literature (Sprei, 

2018). 

In terms of the transport of people, more specifically, in terms or urban transportation, current 

transportation systems, although undoubtedly beneficial for daily displacements, the economy and 

society in general, have some problems associated: greenhouse gases emission, pollution, social 

inequality, traffic, accidents and the huge amount of land use they require are considered the core 

problems (Vergragt & Szejnwald, 2007; Whittle et al., 2019).  

According to the European Environment Agency (2019), the transportation sector accounts for almost 

one quarter of the total greenhouse gas emissions of the European Union, being more than 70% of 

those emissions produced by cars, vans, trucks and buses. In addition, according to an audit made by the 

European Court of Auditors (2019), most of Europe’s population – around 70% - lives in urban areas and 

it is claimed that this number will rise to 80% by the year of 2050. This rise will aggravate the issue of 

traffic congestion in cities, an issue deemed to be the one that mostly impacts urban mobility in an 

earlier study made in 2014 referred in the same audit’s report. So, ensuring an efficient management of 

urban mobility is said to be vital for cities. It is though important to recognize that the overall mobility 

topic is quite complex and involves a wide range of actors, such as researchers, urban planners, 

communities and vehicle manufacturers (Sprei, 2018). 

The future of the transportation sector is undefined (Sprei, 2018) and the dominance of internal 

combustion engines is not anymore taken as certain for the future (Whittle et al., 2019). Currently, 

different means of transport are accessible at different levels of cost and comfort, being the usage of 

individual cars, in general, the most common way people use to displace themselves. It happens 

because they are convenient, nevertheless their negative contributions to air quality and urban 

organization (Speranza, 2018). Their use is so widespread that their owning is often considered a social 

status (Whittle et al., 2019).  

The sustainability problems associated with the current transportation systems are being addressed by 

different innovations, like electric and autonomous vehicles, new technologies, business models and 

social practices, along with legislation and policies (Whittle et al., 2019). The future is claimed to be 
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headed towards the general shifting of populations to alternative modes of urban transportation that 

include the use of different types of vehicles (like electric vehicles) and mobility services, like car sharing, 

a new reality that has been getting greater attention (Vergragt & Szejnwald, 2007).  

 

 Innovation and Trends in Urban Transportation 

Innovation is suggested by the literature to play a key role in the evolution of the transportation sector. 

It is considered central to the development of countries, economies, institutions and general life quality. 

It has always been a natural part of the development of societies in general, helping the growth of both 

developed and developing countries’ economies (OECD/Eurostat, 2018), and is claimed to be a possible 

solution to change the current issues caused by transportation systems (Whittle et al., 2019).  

Innovation can be defined as the development and implementation of a new idea that is translated as a 

new process, product and/or service, however, different definitions of innovation can be found in the 

literature, from “invention plus exploitation” to “a successfully commercialized new idea” (Dziallas & 

Blind, 2018, p. 2). It has been shaped by the different periods of history: for instance, after World War 

Two, innovation existed to create economic growth, develop the damaged economies and promote 

consumption, while nowadays it is prioritizing social and environmental issues, in order to follow the 

Sustainable Development Goals for 2030 defined by the United Nations that include the existence of 

sustainable cities and communities, action on climate change and sustainable consumption (Schot & 

Steinmueller, 2018). In fact, the increasing awareness by the population on environmental, social and 

economic sustainability issues is making sustainability one of the key drivers for innovation (Calabrese, 

Castaldi, Forte, & Levialdi, 2018). It consequently comprises a more considerate thinking and 

organization of urban mobility, as new products, activities and businesses are considered to be part of 

the solution that mitigates the issues of the current transportation sector (Whittle et al., 2019).  

According to the most recent edition of the Oslo Manual, elaborated by the OECD and Eurostat (2018), 

there are two different ways to approach innovation - innovation activities and business innovation: 

• Innovation activities are the activities that are related to the development of an innovation in 

a firm which include financial and commercial activities; 

• Business innovation refers to new products, business processes or a combination of both that 

enter the market. This definition narrows down the concept of business innovation to two key 

types – products and business processes – changing the previous definition made in the 

edition of 2005 of the Oslo Manual that distinguished four types of innovation: product, 

process, organizational and marketing innovation. 

Moreover, to address innovation, it is important to distinguish between radical, disruptive and 

incremental innovation (Guo, Pan, Guo, Gu, & Kuusisto, 2018; OECD/Eurostat, 2018): 
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• Radical innovation generates major breakthroughs and changes that represent huge 

milestones in the market, setting a direction for it. 3D printing is an example of radical 

innovation; 

• Disruptive innovation, even though there is not a consensual definition for the term, can be 

defined as the creation of something that changes the technological paradigm and the 

direction of the following developments, which may create both opportunities and challenges 

to different businesses and a new demand in the market. It diverges from radical innovation 

because disruptive innovation usually makes expensive products more accessible to the 

overall customers, creating a low-end market;  

• Incremental innovation is a continuous process that derives from incremental changes and 

enhancements made to products or services through time, such as the continuous 

optimization of manufacturing processes. 

The offer of new transportation alternatives is within the category of disruptive business innovation, as 

the alternatives create opportunities for different businesses to be created and developed. Disruptive 

innovation is setting new trends for the transportation sector and, among others, the electrification of 

the sector and the shared economy model are considered two of the main ones: 

• The electrification of the sector is related to a more widespread use of electric vehicles. Even 

though they are not new (Sprei, 2018), they are getting greater attention as they are 

becoming more economically accessible and because technical developments on electric 

batteries are being made, so that they can last longer without being charged (Speranza, 

2018). The electrification of the sector is commonly associated with cars, as an increase in 

market acceptance of electric vehicles occurred especially after the release of electric cars 

made by the car manufacturers Nissan and Tesla that made electric cars more affordable and 

available in the market, making them strong competitors of the combustion engine vehicles. 

These breakthroughs made on electric batteries are making electric vehicles more common in 

the market that include not only cars but also vehicles like buses and lighter vehicles, such as 

electric bicycles and scooters (Sprei, 2018). The general electrification of vehicles is seen as a 

way to “decarbonize” transportation systems (Axsen & Sovacool, 2019); 

• The shared economy is an economic model that is based on the sharing of assets, rather than 

proprietorship. It is a trend of great importance for the transportation industry, particularly to 

urban mobility, as it defends that shared transportation is a way to reduce the current issues 

of the sector, as the sharing of vehicles increases their efficiency of use and decreases the 

amount of time they are idle (B. Cohen & Kietzmann, 2014). According to Somers, Dewit, & 

Baelus (2018), there are four motivations to participate in shared economy: enjoyment, 

sustainability, economic gains and reputation. 

These trends are shaping the transportation sector and comprise both the offering of new vehicles and 

new services that become available to the population. The trends go in line with the review on the 
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servitization of the automotive industry made by Mahut et al. (2017), where it is stated that 

technological and social evolution of the transportation sector called for solutions that focus on the use 

phase of vehicles, rather than their owning, requiring an integration of products and services on the 

sector. 

 

 Innovative Business Models in Urban Mobility and Transportation  

Innovation needs to be accompanied by well-defined business models to succeed in the market (Teece, 

2010) and it is through them that the economic value of an innovation can be explored (Chesbrough, 

2010). 

Business models are defined, in different papers in the literature, as plans that define how a company 

generates value and delivers it to the customers (Teece, 2010). One of the most cited works on business 

models was done by Teece (2010) that claims that “the essence of a business model is that it (...) defines 

the manner by which the business enterprise responds to and delivers value to customers (…) through 

the proper design and operation of the various elements of the value chain” (p.191). New business 

models, as mentioned previously, are said to be one of the possible ways to address the current mobility 

issues (Whittle et al., 2019).  

As companies are often seen as part of the problem and solution for the general degradation of the 

environment, the implementation of innovation in businesses is more and more related to the look for 

new sustainable products, services and practices. Companies can in fact develop sustainable business 

models that support new transportation solutions. Sustainable business models are business models 

that, besides aiming at creating value for the market and their customers, profiting from that value 

creation, aim also at supporting practices that guarantee the preservation of the balance between the 

three dimensions of sustainability. They have been proved to make customers adopt more sustainable 

behaviors (Bocken, Mugge, Bom, & Lemstra, 2018). Some kinds of sustainable business models are 

social enterprises, hybrid models (that combine different business models), pay-per-use models and 

product service systems (Bommel, 2018). 

Companies need to adapt to constant internal and external factors and events that are more common 

with the general technology development. It then makes sense for them to continuously change their 

business model, with the extreme risk of their business to become obsolete (Sosna, Trevinyo-Rodríguez, 

& Velamuri, 2010). Besides accompanying innovation with adequate business models (Teece, 2010), 

companies also need to adapt their business models to stay competitive in the rapid evolution of 

technology. In the transportation field, many news can be found about the diversification of 

transportation related businesses, which confirms the general need of companies to keep up with the 

trends and the public’s demand, as well as the current fast dynamics of the sector: Uber is said to be 

negotiating the acquisition of a scooter sharing company (Savov, 2018), SEAT has developed electric 
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scooters in 2018 and Lime is entering the business of car sharing, adding it to its existing electric scooter 

sharing business (Toll, 2018b). 

 

2.1.2.1. Services and Product Service Systems (PSS) 

The diversification of transportation businesses is greatly linked to the availability of new services in the 

sector. Services are having more and more importance in the economy of different countries and have 

been increasing in number as well as in mentions in published literature, particularly in the investigation 

of the relationships between services, innovation and sustainability (Calabrese et al., 2018). On the 

other hand, service design and innovation have been having a more prominent consideration in 

research, as they are seen as motivators for new ways of value creation (Patrício et al., 2018). 

Additionally, the success of service offerings is often measured through customer satisfaction (Fliess & 

Lexutt, 2019). 

Innovation comes often in the form of servitization: the process of integrating services in businesses, 

usually through the offering of “hybrid solutions”, integrated products or PSS that usually bring more 

constant and stable revenues for companies than only product selling. Those benefits led to several 

traditional manufacturing and product seller companies, such as General Electric, Xerox and Caterpillar 

to transition their business models to fully or partially service providers (Fliess & Lexutt, 2019). 

Servitization led to the creation of new types of businesses and business models, being product service 

systems one particular case of servitization (Baines et al., 2007). They are “complex solutions that 

incorporate physical products and non-physical services” (Cavalcante & Gzara, 2018, p. 32) or simply the 

“integration of products and services” (Qu et al., 2016, p. 1), definition that includes physical and non-

physical products. Additionally, they are placed within the context of sharing economies (B. Cohen & 

Kietzmann, 2014), one of the trends of the transportation sector, and some definitions include, aside 

from the connection between products and services, the necessity of existence of a supporting network 

and adequate infra-structures (Fliess & Lexutt, 2019). In sum, companies who adopt this type of systems 

sell their products’ utilities and services instead of selling the products themselves.   

The business models of PSS can be grouped into three distinct categories (Baines et al., 2007; Reim, 

Parida, & Örtqvist, 2015):  

• Product-oriented: the customers buy a product that comes with associated services, such as 

maintenance and recycling (e.g., recycling of the products included in their end of life phase); 

• Use-oriented: the usage of a product is what is actually sold to customers, through their 

renting or through a pay-per-use system where customers pay accordingly to the amount of 

time they use the product (e.g., rental of trucks and bicycle sharing); 

• Result-oriented: the supplier commits to the offering of the result of a certain product, so the 

product is totally owned by the supplier (e.g., cleaning services, such as laundry services). 
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PSS can be a solution for implementing innovation, as offering the service of a new product instead of 

simply selling it can make the general public more aware of its advantages and benefits at a lower cost 

and with no compromise. So much so that they are being seen as possible ways to create and promote 

the general use of electric vehicles, as their renting is cheaper and not compromising for the customers 

(Schmidt, Braun, Schenkl, & Mörtl, 2016). 

The main advantage of PSS lies in the fact that its users benefit from not having to deal with ownership 

responsibilities and its associated costs, like the maintenance and the bureaucracy of the assets, which 

may be found convenient. The users thus benefit from a reduced commitment to the products, as the 

responsibilities of owning the products is not shifted to its users but stays in the manufacturers or in the 

providers of the products. These providers can balance revenue and utility: they allow revenue to be 

created with less use of resources, which can lead companies to achieve higher profit (Baines et al., 

2007). It is also claimed that they are eco-efficient, as fewer products are produced and these have 

usually an increased durability and are normally recycled (Reim, Lenka, Frishammar, & Parida, 2017). 

PSS may also encourage more sustainable consuming practices besides making expensive products 

available at a more accessible price. On the other hand, users do not own the products of such systems, 

in the case of product and use oriented PSS, so they might neglect their use, as they do not feel 

responsible for their care (Bocken et al., 2018). In addition, the adoption of PSS is confronted with 

cultural barriers, as some people value owning a product more than meeting their needs by using 

unowned assets (Baines et al., 2007).  

The offering of PSS should have its foundation for value creation on providing solutions to the customers 

that cover all the lifecycle of the product, maximization of the utilization of each product and 

understanding of the needs and requirements of the customers (Reim et al., 2017). To be successful, PSS 

require users and stakeholders to be involved in the projects’ implementation, so that the new product 

matches the public’s expectations, which often involves organizational change, by those that are 

offering the new service (Moro et al., 2018).  

In the transportation sector, the offering of transportation as a service - such as public transportation 

and taxis - exists for a long time (Sprei, 2018), however, new services are arising. In line with the sharing 

economy model, there are more and more shared transportation services emerging, where either the 

ride or the vehicles are shared among users. They include: 

• Ride sharing services (or ride-hailing), where the ride is shared. They include public 

transportation, taxis and car-pooling. Some of the most well-known companies that offer 

these types of services are Uber and Lyft (Axsen & Sovacool, 2019; Sprei, 2018); 

• Vehicle sharing services, where the vehicles are shared among several people, either in docks 

or in dockless schemes. They comprise, for instance, car sharing, bicycle sharing and scooter 

sharing (Sprei, 2018). Vehicle sharing services are placed within the category of use-oriented 

PSS. With these services, people can benefit from different types of vehicles and 
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transportation options at more affordable prices, as they only pay for the trips they take. 

Shared vehicles are also used more efficiently as they serve the needs of more people than 

the ones owned by solely an individual, a principle of PSS (Reim et al., 2015).  

On another note, there is an extreme case in what refers to the offering of services in the transportation 

sector, designated “mobility-as-a-service” (MaaS). The idea of MaaS is to offer different mobility 

options, such as car sharing and bicycle sharing systems, taxis and public transportation (both ride and 

vehicle sharing services) in exchange of a monthly fee or a pay-per-use scheme. This relies on networks 

that aggregate data on all transportation schedules and options allowing the creation of customized 

trips adapted to the necessities of people (Speranza, 2018; Sprei, 2018). This concept is actually not far 

from reality, as the system already exists in some European cities, being the pioneer the capital of 

Finland, Helsinki (Pennanen, 2017). 

 

2.1.2.2. Shared Micromobility 

A category of the vehicle sharing services is shared micromobility. It comprises the sharing of 

conventional and electric bicycles as well as electric scooters (Zarif et al., 2019). Since it makes electric 

vehicles (bicycles and scooters) more economically accessible to a wider group of people in urban areas, 

as they are presented in shared schemes, it is aligned with the concept of disruptive innovation.  

Shared micromobility has seen an exponential increase in several cities across the world (Heineke, Kloss, 

Scurtu, & Weig, 2019) and is mostly seen as a “first mile” or “last mile” solution – a transportation mode 

mainly suitable for short distances, to make the connection between other transportation means. Even 

though it has existed for a long time, particularly in the form of bicycle sharing systems, the offering of 

new vehicles like electric scooters are opening the debate on these transportation modes and actually 

making people see them as alternatives to the usual transportation means. It is claimed that it can 

reduce the dependence on the individual car in cities, decreasing the current problems they cause (Zarif 

et al., 2019). 

It can be offered through different business models. For instance, the bicycles and scooters may or may 

not have docking stations where the vehicles need to be picked up and left and the offering of bicycles 

may include conventional and/or electric bicycles. These systems can be totally private businesses, be 

the result of governmental and private institutions and, in an extreme case, be non-profit systems that 

rely on government subsidies (B. Cohen & Kietzmann, 2014). Moreover, it usually involves the use of 

mobile applications where users can pay for the services and check where they can pick up the vehicles.  

It should be highlighted that these shared transportation services are powered by the current 

technological context, shaped by digitization - information in digital forms (OECD/Eurostat, 2018) - the 

internet of things and big data that are creating an era where physical and digital are fused, which allow 

a more accessible integration of physical products and services, creating new opportunities for several 

businesses, including businesses in the transportation sector (Speranza, 2018).  
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Even though there are several benefits related to the offering of transportation services, highlighted in 

the services and PSS chapter, these are not always successful. For instance, the lack of regulation led to 

the ban of Uber services in different cities across the world (Somers et al., 2018). More particularly, 

shared micromobility has faced some issues. An example of that is exemplified by the following real case 

that happened in 2018, brought by different start-ups, such as Lime, Bird and Spin: these companies 

made electric scooters available throughout the city of San Francisco, in the United States of America, 

and their service consisted in a temporary rent of the vehicles with the possibility of picking up and 

leaving them anywhere. This was not the first business of this kind operating in the city and, despite the 

high rate of use and general good acceptance by the market - 93% of the 7000 residents surveyed said 

they thought the city needed even more scooters to satisfy demand (Robinson, 2018) - the city banned 

them. The reasons behind this ban were mainly the fact that the new scooters overcrowded the streets 

and sidewalks, which caused, among other problems, accidents involving pedestrians (Kolodny, L., & 

Levy, 2018). The companies had to apply for permits to be able to operate in the city again, a measure 

that obliged them to obey to some rules and legislation imposed by the city (Toll, 2018a). In the 

meantime, more companies entered the business, as it is increasingly popular among Americans: 72% of 

the 500 people surveyed that used electric scooters believe they will last as a transportation mode in 

cities (Toll, 2018c). Through this case, it is possible to verify that the lack of organization between the 

new companies and the city they operated in led to some frictions and the delay of the development of 

the businesses, despite their overall acceptance by the city’s residents.  

Nevertheless, the success among the customers, due to the new vehicles’ ease of use and convenience, 

is taking the business to other cities, not only in the United States of America, but also in Europe. Some 

countries like France are debating the legislation for this new kind of transportation as it is claimed that 

these new transportation modes are developing faster than the infrastructures they use (Dagorn, 2018). 

Likewise, the offer of dockless bicycle sharing schemes, proved to contribute negatively to the urban 

organization of some cities, as verified in London: in over a year, three dockless sharing bicycle 

companies, Ofo, oBike and Urbo, withdrew from not only UK’s capital but also from other cities in the 

UK. The main reasons appointed for the failure of such schemes were the high numbers of vandalism 

and theft of the bicycles that made the business unviable due to the high costs of the replacement of 

the vehicles and the lack of collaboration with regulatory institutions, lack of maintenance of the 

equipment and the poor adaptation of the services to the cities. Oversupply of bicycles in London was 

also taken into account by other companies when they chose to decrease their fleet (Kollewe & 

McIntyre, 2019; McIntyre & Kollewe, 2018).  

These cases show that, in the case of urban mobility, market innovations should be backed up by 

business models that suit the needs of the populations and the specific contexts where they are 

implemented, ensuring that the provided solutions are sustainable and aligned with the cities' dynamics. 

Also, these examples point out the social problems that have emerged with these new transportation 

services, highlighting that more than offering services that are perceived as useful by urban populations, 
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these services must be deployed taking into account organizational and metropolitan structures, 

towards an adequate diffusion and adoption by users. 

 

 Transportation Services in Portugal 

Statistics Portugal concluded that the most used transportation mean to all types of displacements is 

the individual car in the two Portuguese metropolitan areas of Lisbon and Porto. Considering all the days 

of the week, out of the 5.4 million dislocations in Lisbon that happen daily, 58.9% were done using an 

individual car, increasing that percentage in Porto that is 67.6% out of the 3.4 million displacements 

made per day. Out of the near 100 thousand people surveyed that, on average, displace themselves 2 to 

3 times a day, walking and biking represented 18.9% of the total dislocations in Porto and 23.5% in 

Lisbon, according to the report made on mobility in Portugal in 2017 (Statistics Portugal, 2018). The 

same report concluded that the average duration of the displacements is 21.8 minutes in Porto and 24.3 

minutes in Lisbon and that most of them occur within the respective metropolitan area, being 

commuting the main reason of the displacements.  

Statistics Portugal (2018) also analyzed the use of shared transportation alongside with aerial and 

maritime transportation, as well as vehicles that transport goods. Altogether, those only represent 1.2% 

in Porto and 1.4% in Lisbon out of the total displacements which is a residual number considering the 

whole transportation sector.  

However, a paradigm shift towards new transportation solutions has already been verified in different 

Portuguese cities, similarly to what is happening in other cities around the world. In accordance with the 

trends of the transportation sector analyzed in the previous chapters, new transportation offers are 

arising in the Portuguese market and the number of companies providing transportation services is 

increasing.  

In Portugal, Lisbon is the city that has more transportation services available. Besides the traditional 

public transportation and taxis, the following transportation services can be found (Câmara Municipal 

de Lisboa, 2019; Salvador, 2018): 

• Taxi services, like Uber, Cabify and Taxify offer taxi rides to their users, through their demand 

on mobile applications; 

• Car sharing companies, like DriveNow, Emov and Hertz 24/7 city that include electric cars in 

their fleet; 

• Shared motorcycles provided by the company eCooltra (dockless); 

• Bicycle sharing systems, like GIRA and JUMP, offer shared conventional and electric bicycles; 

• Electric scooters are supplied all over the city, in dockless schemes, by different companies, 

such as Lime and Voi. There are more than 5000 dockless scooters in the city from different 

providers, which make around 10.000 trips daily (Lusa, 2019). 

https://www.powerthesaurus.org/in_accordance_with/synonyms
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The rapid changes of the sector make the fleets of these vehicles and the companies present in the 

market very volatile. An increase in number of transportation services in the city has been verified and, 

similarly to other cities of different countries, shared micromobility is the one with a more visible and 

accentuated increase.  

The city was awarded a prize for its efforts in the promotion of sustainable transportation modes and 

collaboration with different entities that offer alternatives to the use of the individual car, 

accompanying the growth in number of the offering of vehicles like bicycles and scooters provided by 

different companies (Público, 2019). However, the exponential entry of different transportation 

businesses, particularly shared scooters schemes in late 2018, has brought some problems to the city, 

like it did in other countries: the scooters are sometimes parked wrongly, for instance, in the middle of 

sidewalks, which does not have a positive effect on the city’s organization (Lusa, 2019). Also, according 

to a police chief from Public Security Police that works in a squad in Lisbon, a lot of users of bicycles and 

scooters are not abiding by the riding rules of those vehicles: it is forbidden to ride them in sidewalks; 

people are not obliged to wear helmets; when riding in streets, people should ride them right next to 

the sidewalk, staying on the right side of the road and, generally, people should follow the road code. It 

was pointed out that there have been problems with people riding scooters and bicycles while 

intoxicated by alcohol, as well as ridding them in zones that are interdicted to them. Further, the 

exponential growing number of those sort of vehicles present in the city lead to a quick increase of 

accidents involving these vehicles. He pointed out that, even though there have been some 

disagreements regarding their legislation, “the legislation for the use of such vehicles is now clear” (A. 

Lamin, personal communication, April 15, 2019). 

The increase in number of micromobility vehicles being provided in shared systems (especially dockless 

ones) is making the city considering, for example, the limitation of the number of scooters in some parts 

of the city. Furthermore, the conversion of car parking spaces to parking spaces for bicycles and scooters 

is also seen as a way to solve some of the issues (Lusa, 2019).  

Nevertheless, even though Lisbon is by far the city with more urban transportation options available, 

these services are expanding to other Portuguese cities (Nunes, 2019). 

 

 Motivation for Using Shared Transportation  

As owner-based transportation dominates the current transportation scenario, visible by the high usage 

of the individual car, it is important to address what influences a product to service shift in order to 

understand what are the variables that weight in more on the consumers decision to use shared 

transports, particularly vehicle sharing services, whether they are shared cars, bicycles or scooters. The 

literature on this topic is, however, still scarce (Whittle et al., 2019). 

According to Whittle et al. (2019), who conducted a multi-level perspective study on what leads people 

to decide on their transportation choices, the perceived attributes that positively influence people to 
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engage in the use of shared transports in general (and even walking), reducing the use of the individual 

car, are “simplicity, choice, accessibility, flexibility and economy” (p. 8).  

On the other hand, Axsen & Sovacool (2019) described the roles of users in the transition to shared 

mobility, identifying the individuals’ general perceptions on it, said to be important to anticipate its use 

and success. Their study explored the perceptions of users, potential users and diverse stakeholders of 

shared transportation - car, bicycle and ride sharing - concluding that overall there are personal positive 

perceptions on their easiness of use, compatibility with life, reduced travel cost and travel time, 

simplicity, practicality, ownership risks, convenience and general social norm. Compatibility with life was 

also one of the main influencers of the use of car sharing, in a study made in Germany (Burghard & 

Dütschke, 2019). The negative perceptions pointed out are related to the possibility that the vehicles 

might be damaged, lack accessibility and require a high amount of effort to use. Further, people feel 

they might lose independence and status (Axsen & Sovacool, 2019). Whittle et al. (2019) also claim that 

some people can feel that using a shared vehicle is too complex, may lack accessibility, makes them lose 

control over their transportation routines and find it hard to rely on other people’s abilities to take care 

of the vehicles and use them properly, which influences their perception on whether the vehicles will 

perform as expected (Whittle et al., 2019). Mixed perceptions are related to their safety and the impact 

on travel time. At a societal level, the main positive perceptions were related to sustainability, as shared 

transportation is perceived to be eco-friendly (Axsen & Sovacool, 2019). 

According to Whittle et al. (2019), it is firstly important to understand if an individual makes their 

transportation choices based mainly on their values or on their necessity. Values refer to environmental 

consciousness, one’s necessity of possession, lifestyle, among others, and the necessities to the 

affordability and stage of life of the individuals, for instance. Besides those intrinsic factors, external 

ones are also important to the decision: the quality of the existent public transportation and existing 

appropriate infra-structures, especially in the case of lighter vehicles like bicycles and electric scooters. 

In fact, in the case of bicycles, the existence of a cycling network was considered important to increase 

the use of bicycles for commuting, contributing to safety, in a study that analyzed the barriers for their 

use in three Brazilian cities (de Sousa, Sanches, & Ferreira, 2014). This matches the concern on safety 

mentioned when shared micromobility is addressed that is also related to the way people use public 

space (Zarif et al., 2019).  

Additionally, more than the existence of infra-structures, Whittle et al. (2019) mention the concept of 

“built environment”, related not only to the physical infrastructures and safety conditions, but also to 

the social environment, as some cities, mainly due to cultural factors, are perceived by their habitants to 

be more conductive to the use of shared transports than others, as it is more present in their culture. 

Indeed, cultural barriers were considered of extreme importance in the implementation and future 

success of bicycle sharing systems (Moro et al., 2018).  

The final choice of a transportation mean depends on the attributes that are more valued by each 

individual: for instance, individual cars are more expected to be used by people who value flexibility 
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(Sprei, 2018). Also, as in all product service systems, it is necessary that individuals are able to look at 

products and value the fact that they can meet their needs instead of valuing their owning (Baines et al., 

2007). 

In Portugal, the use of the individual car as main dislocation mode – mainly for commuting – is due to 

the reduced travel time, comfort and convenience it provides, as well as the fact that sometimes the 

existent public transportation does not cover their needs (does not go directly to their desired 

destination and is not frequent or reliable enough). The lack of alternatives is also pointed out. All the 

factors that influence that choice are listed and ranked in the graph in Figure 1 (Statistics Portugal, 

2018). 

 

Figure 1 Reasons for using the individual car in Lisbon. Adapted from Statistics Portugal (2018) 

 

The main question is whether people will be able to overcome all the barriers of shared transportation, 

a change that is highly associated with a habit change, one of the most substantial barriers for switching 

transportation modes (Chen & Chao, 2011; Whittle et al., 2019). 

Furthermore, the role of regulation and incentives for the utilization of new transportation means 

should not be underrated in the promotion of the use of transportation alternatives (Vergragt & 

Szejnwald, 2007). They might be a way to incentivize their use and create a sustainable mobility culture, 

as well as aid in the process of creating more adequate infrastructures for them, like bike lanes (Sopjani, 

Stier, Ritzén, Hesselgren, & Georén, 2019). In addition, intrinsic motivation like the desire to be healthier 

can also weight in the decision of, for example, changing from the usage of a car to a bicycle in daily 

commutes (Whittle et al., 2019). 
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 Chapter Conclusions 

Innovation is claimed to play a role in the mitigation of the sustainability problems of the transportation 

sector, as it is creating more efficient new technologies, transportation systems and business models for 

the sector. This innovation occurs at a product and business level (OECD/Eurostat, 2018). 

Furthermore, services in general have been playing a major role in businesses and diversifying the 

existing offers in different sectors of the economy, including in transportation, as they are considered to 

promote new more effective ways of value creation (Patrício et al., 2018). This led to an increase in 

number of transportation services that are within the category of use-oriented PSS, since customers 

only pay for the vehicles’ utility: the ride itself. This increase has been verified in different countries 

worldwide, including in Portugal, particularly in the offers of shared micromobility. 

As shared transportation is more and more available to everyone, due to technological breakthroughs 

that make it more economically viable and accessible in particular for cities and their populations, it is 

considered disruptive for the sector (OECD/Eurostat, 2018). This takes advantage of product service 

systems business models, allowing an increased efficiency of use of assets (Baines et al., 2007; Reim et 

al., 2017). Even though innovation is more and more aligned with the development of sustainable 

products and activities (Schot & Steinmueller, 2018), the offering of new transportation solutions, 

particularly shared micromobility, has not been entirely associated with sustainability - although shared 

transportation in general is perceived as ecological (Axsen & Sovacool, 2019), several events that 

occurred had negative impacts on the social pillar of sustainability, such as the users’ careless utilization 

of vehicles, accidents and disorder created with huge amounts of dockless vehicles available – problems 

that are specific to shared micromobility - illustrated in cases in cities on the United States of America 

and Europe (Kollewe & McIntyre, 2019; Kolodny, L., & Levy, 2018; Zarif et al., 2019).  

The literature review has revealed the complexity and diversity of factors that contribute to the use of 

different transports, including the ones that might influence the use of shared mobility in general. Given 

that shared micromobility can be considered for the most part a novelty in the Portuguese context, it is 

important to understand the factors that influence its use, so that these services can be adapted to the 

consumers and be successful (Patrício et al., 2018). Most of the studies done in this area are, however, 

qualitative and broad, and do not address specifically the topic of shared micromobility - referring to, at 

most, bicycle sharing - and the needs of the customers of these services. The literature has further 

foreseen that there are both intrinsic and external factors that influence the use of shared micromobility 

but it is not clear what are the main factors that influence the usage of those services. For this reason, 

this dissertation aims to understand what are the main factors that influence the use of shared 

micromobility. 
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3. METHODOLOGY 

In order to answer the research question (“what are the main factors that influence the use of shared 

micromobility?”), a model that can assess the factors that influence the use of shared micromobility is 

formalized in this chapter. To do so, an analysis of the existent conceptual models for technology 

acceptance is done, followed by an exploratory work based on interviews. Both analyses are done so 

that the specific factors that influence the use of shared micromobility can be found and integrated in 

the final research framework. The three steps of the methodology process are summarized in Figure 2. 

Figure 2 Summary of the methodology 

 

 Conceptual Models 

Acceptance of innovation depends on the expectation that people have on it and that expectation varies 

with the type of products offered. Several models have been developed to understand the acceptance 

of technology and, since new transportation alternatives can be viewed by their users as new 

transportation technologies (Chen & Chao, 2011), a Technology Acceptance Framework is used in this 

study. Different conceptual models are presented, analyzed and criticized in this chapter.  

 

 Diffusion of Innovation Theory (DIT) 

Diffusion of innovation refers to the mass adoption of a new product or service within a certain context. 

It is defined by Rogers (1983)  – who wrote some of the most cited papers on the topic - as “the process 

by which an innovation is communicated through certain channels over time among the members of a 

social system” (p.5). A social system is defined by the same author as a group of people (of any 

dimension) that seek a solution to a certain issue in an innovation context. Those groups influence 

innovation and innovation influences those groups.  

To explain how an innovation is diffused in the market, the diffusion of innovation theory (or innovation 

adoption curve) was developed (Rogers, 1983). It labels the users of innovations according to the time 

they start using a certain novelty, in accordance to five adopter categories: innovators, early adopters, 

early majority, late majority and laggards. Also, a study was made to identify the average percentage of 
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people in each category in an innovation process, which created the innovation adoption curve, 

displayed in Figure 3.  

Each segment represented in the curve has defined characteristics, being them more contrasting the 

more a segment is distant from another in the represented curve. Consequently, the extremes in terms 

of innovation adoption are the innovators and the laggards. Several circumstances can influence the 

adoption of innovation in different stages of the theory, such as the people’s eagerness to experiment 

new ideas, the social interactions they have and their roles on them (e.g., positions of leadership) 

(Rogers, 1983). 

 

 

On the other hand, it is possible to consider that innovation adoption by the general public is also 

influenced by its diffusion throughout organizations themselves, which depends highly not only on their 

knowledge and capacities, but also on their supply chain and the stakeholders they work with, directly 

and indirectly (Comin & Mestieri, 2014). 

According to Rogers (1983), innovations are characterized by five different attributes: 

• Relative advantage: the degree to each an individual perceives that the innovation is 

advantageous, whether in economic, social or other terms; 

• Compatibility: related to the innovation’s compatibility with one’s values, past experiences 

and needs; 

• Trialability: associated to the possibility of the innovation to be experimented before its 

actual adoption; 

• Observability: the level to which other people can visualize the results of an innovation; 

• Complexity: related to the perceived difficulty to use and to understand an innovation. 

Thus, innovations that are perceived to have less complexity and more relative advantage, compatibility, 

trialability and observability are more likely to be adopted faster than innovations that do not have 

these qualities. The DIT has been used to understand the diffusion of electric vehicles in car-pooling 

schemes (Schmidt et al., 2016) and to study the adoption of cycling as a transportation mean (Nehme, 

Pérez, Ranjit, Amick, & Kohl, 2016). 

 

 

Figure 3 Innovation Adoption Curve (Rogers, 1983, p.247) 
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 Technology Acceptance Model (TAM) and Extensions (TAM2 and TAM3) 

Innovation acceptance is related to the adoption of a new technology for common use. As technology 

began to be accessible to more and more people, being the pioneer the mass availability of internet in 

the mid-1990s, it was also necessary to create a model that could predict the success of a technology 

before its actual implementation (Davis, 1985). 

The TAM derives from the Theory of Reasoned Action (TRA), in Figure 4, developed in the field of social 

psychology (Venkatesh, Morris, Davis, & Davis, 2003). The TRA was developed in 1975 by Fishbein and 

Ajzen and it was one of the first breakthroughs in attitudes’ modeling (Sheppard, Hartwick, & Warshaw, 

1988). 

TRA is useful and effective in the prediction of different kinds of human behavior (Sheppard et al., 1988). 

It assumes that individuals make rational and well thought decisions and concluded that the attitude 

toward behavior and subjective norm are the determinants of an individual’s behavioral intention that 

consequently lead to the actual performance of the behavior (Venkatesh et al., 2003): 

• Attitude towards behavior: how a person feels about a certain behavior (if their feelings 

about it are positive or negative); 

• Subjective norm: related to the sense of social pressure, made by people who are close to the 

individual, on whether the individual should or should not engage in the behavior. 

 

Figure 4 Theory of Reasoned Action – TRA (Fishbein, M., & Ajzen, 1975, p.16) 

 

So, considering the TRA, the technology acceptance model (TAM) was created to approach information 

systems contexts, as it was firstly designed so that a methodology to test user acceptance of information 

systems existed, allowing developers to have an idea on how successful the systems could be at an early 

stage of their development (Davis, 1985). It was later used to study other technologies (Venkatesh et al., 

2003) in fields like education (Scherer, Siddiq, & Tondeur, 2019).  

The final version of the model was published by Venkatesh & Davis in 1996 (Figure 5), and states that 

the behavioral intention towards using a technology is influenced by (Davis, 1989): 
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• Perceived usefulness: refers to how useful the users believe that the technology is in their 

lives; 

• Perceived ease of use: amount of effort the users think is required to use the technology. 

The perceived usefulness and perceived ease of use are influenced by external variables that 

characterize the system and indirectly influence the behavior intention. Moreover, the model theorizes 

that there is a causal effect between perceived ease of use and perceived usefulness. Additionally, the 

behavioral intention is what actually determines the actual system use (behavioral response) (Davis, 

1985; Venkatesh & Davis, 1996). 

The final version of TAM excluded the variable attitude towards behavior that is part of the TRA, to 

explain intention of use in a simpler way (as the intention is measured directly and not through the 

attitude), later re-used in extensions of the TAM (Venkatesh et al., 2003). 

 

Figure 5 Technology Acceptance Model (Venkatesh & Davis, 1996, p.453) 

 

In order to enhance the general knowledge in user acceptance behavior, a deeper approach aimed at 

understanding what influences the perceived usefulness of a technology was conducted by Venkatesh, 

Davis, & College (2000) and resulted in an extension of TAM, the extended technology acceptance 

model (TAM2), displayed in Figure 6. 

 

 

Figure 6 Extended Technology Acceptance Model - TAM2 (Venkatesh et al., 2000, p.188) 
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The TAM2 describes perceived usefulness and intention to use as functions of the processes of social 

influence – using the variables voluntariness, subjective norm and image - and cognitive instrumental 

processes – by the variables job relevance, output quality, result demonstrability and perceived ease of 

use. These variables resulted from several hypotheses made by the authors of the model (Venkatesh, 

Davis, & College, 2000).  

Further developments of the model led to the design of the technology acceptance model 3 (TAM3) 

(Figure 7), specially created to study the adoption of information technology, focused on both 

determinants of perceived usefulness and perceived ease of use (Venkatesh & Bala, 2008). Since it was 

designed to focus on information technology, no further discussion of the model is made as it does not 

apply to the present study. 

 

 

Figure 7 Technology Acceptance Model 3 - TAM3 (Venkatesh & Bala, 2008, p.280) 

 

 The Theory of Planned Behavior (TPB) 

In 1991, Ajzen proposed the theory of planned behavior (Figure 8), an extension of the TRA, as it was 

considered that the TRA could not explain behaviors in situations where people do not fully control their 
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will to perform a certain action, i.e., when they have “incomplete volitional control” (Ajzen, 1991, p. 

181). 

 

Figure 8 The Theory of Planned Behavior – TPB (Ajzen, 1991, p.182) 

 

The TPB states that use intention can be predicted from the attitude toward the behavior, subjective 

norm and perceived behavioral control, and that the intentions, along with the perceived behavioral 

control, could accurately predict the actual behavior. Similarly to the TRA, the TPB foresees a strong 

connection between the intention to perform a certain action and the actual performance of the 

behavior, therefore, the stronger the intention, the more likely it is for a behavior to be performed 

(Ajzen, 1991). The main contribution of this theory is the adding of the variable “perceived behavioral 

control” to the TRA (Venkatesh et al., 2003) that is related to the ability to perform a behavior, 

associated with the availability of resources and opportunities an individual has access to (Ajzen, 1991). 

The main goal of the model is to be a tool in the creation and development of behavioral change 

strategies, through the comprehension of the motives behind behaviors when those behaviors are not 

under the willful control of the individual (Marangunic & Granic, 2015). 

 

 The Unified Theory of Acceptance and Use of Technology (UTAUT) and extension (UTAUT2) 

The unified theory of acceptance and use of technology - Figure 9 - resulted from a study of the 

literature on user acceptance and acceptance theories, as well as eight acceptance models that include 

the DIT, the TRA, the TPB, the TAM and the TAM2. It was developed in an attempt to create a general 

model that represented a unified view on user acceptance, as it was acknowledged that too many 

models and variants of those models were being used by researchers to study user acceptance 

(Venkatesh et al., 2003). 
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Venkatesh et al. (2012) claim that the model can be helpful for managers, as it can aid the process of 

understanding if a new technology will be successful when implemented as well as the factors that 

influence the acceptance of that technology. It was proved to explain 70% of the users’ variance in 

intention, a greater number than all the previously formulated theories and models that could usually 

explain up to around 40% of that variance (Venkatesh et al., 2003). 

The authors of the model consider that there are four key factors that determine behavioral intention 

and use behavior - performance expectancy, effort expectancy, social influence and facilitating 

conditions – and that those factors are influenced by four moderators – gender, age, experience and 

voluntariness of use. Performance expectancy is related to how a user sees that the technology will be 

helpful in the performance of their job, effort expectancy to the perception that the use of the new 

technology will be effortless (or not), social influence to the level of importance that the user believes 

that is given by important people of their social relationships to the usage of a technology and 

facilitating conditions to the support that the users believe that exist in the organization that will help 

them in the use of the technology. This last factor emphasizes that the model was designed for an 

organizational setting. 

Age is considered to have a huge impact on acceptance, as it moderates all the key factors of the model. 

Moreover, the authors highlight in their analysis that social influence is important to understand 

acceptance, even though it is left out of acceptance models like the TAM (Venkatesh et al., 2003).  

The UTAUT, even though thoughtful and well supported, comprehends too many independent variables 

to predict behavior, making it complex and still not able to address all possible variables that cover 

technology acceptance. Even though it was an attempt to design a model that was generally perceived 

as consensual in the study of the acceptance of different technologies, further modifications to the 

model have been done (Bagozzi, 2007). 

Figure 9 Unified Theory of Acceptance and Use of Technology – UTAUT (Venkatesh, Morris, et al., 2012, p.447) 
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In order to develop a model that could fit consumer contexts, an extension to UTAUT was made, named 

UTAUT2, represented in Figure 10. A consumer context refers to an environment where the consumers 

are alone responsible for the decision and costs of adopting a new technology. For this purpose, the 

performance expectancy is defined as the level consumers believe that using a technology is beneficial 

for certain activities, effort expectancy is the ease of use of the technology, social influence is related to 

how people perceive that others believe that it is important for them to use the technology, and 

facilitating conditions to the extent to which people believe the use of the technology is properly 

supported (Venkatesh, Thong, & Xin Xu, 2012). 

The model excluded the variable voluntariness of use (from the UTAUT) and added the variables 

hedonic motivation, price value and habit. According to the authors, hedonic motivation is related to the 

enjoyment and pleasure that people feel when using a technology, price value to the tradeoff made by 

the consumers between the monetary value and perceived benefits of the technology and habit related 

to the extent that a certain behavior is automatic for a consumer. These are moderated by age, gender 

and experience (Venkatesh et al., 2012). 

 

Figure 10 Extension of the Unified Theory of Acceptance and Use of Technology – UTAUT2 (Venkatesh et al., 2012, 
p.160) 

 

The UTAUT2 was proved to predict more 14% of the variance of behavioral intentions than the UTAUT 

(Madigan, Louw, Wilbrink, Schieben, & Merat, 2017). However, it implies the use of 7 constructs, as 

opposed to the 4 constructs of the UTAUT2, which increases the complexity of the model, making it less 

parsimonious. 
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 Technology Readiness Acceptance Model (TRAM) 

In 2007, a new technology acceptance model was created, designated “Technology Readiness 

Acceptance model” (TRAM), presented in Figure 11 (Lin, C. H., Shih, H. Y., & Sher, 2007). It includes the 

concept of technology readiness that derives from the technology readiness index (Parasuraman, 2000) 

whose goal is to measure people’s opinions on technology. It is related to the tendency that people 

have to accept and use new technology, and to the extent that they acknowledge that it will help them 

in their daily activities, at home and in their jobs. The technology readiness concept was integrated into 

the original TAM and it is measured by the variables optimism, innovativeness, discomfort and insecurity 

(Lin, C. H., Shih, H. Y., & Sher, 2007): 

• Optimism: refers to an overall optimistic view over technology, in a sense that it is seen as a 

mean to increase control, flexibility and efficiency in people’s lives; 

• Innovativeness: measures the tendency of the user to be a leader in the adoption of new 

technology; 

• Discomfort: extent to which users lack control of the new technology and may be 

apprehensive using it; 

• Insecurity: degree of doubt that the users have in the capacity for the technology to perform 

correctly. 

The drivers of technology readiness are optimism and innovativeness and the setbacks are discomfort 

and insecurity. Some practical questions and guidelines to assess each one of the technology readiness 

variables were defined by Parasuraman (2000). 

 

Figure 11 Technology Readiness Acceptance Model - TRAM 

Adapted from Lin, C. H., Shih, H. Y., & Sher (2007) 

 

Similarly to the UTAUT2, the TRAM was designed to address new technologies in a marketing context 

where adoption by the public depends on the overall market they are in, as opposed to the 

organizational contexts technology acceptance models are usually applied to (Lin, C. H., Shih, H. Y., & 

Sher, 2007). 
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 Application of the Acceptance Theories and Models 

Even though there are diverse standard models to study technology acceptance, sometimes they are 

not enough to study certain specific technologies. When it occurs, extensions to the standard models 

are made so that they suit the studied context. It involves the introduction and/or substitution of new 

variables to the standard models (Shin, Park, & Lee, 2018). Given the possibility to extend the models, it 

is possible to adapt any of the models to different contexts, including to the transportation field. Table 1 

summarizes a number of relevant studies focused on the application of the technology acceptance 

theories and models (and their extensions) to study the factors that influence users' choices on different 

travel modes, constituting a theoretical contribution of this study. All the specific influential variables 

that were used in those reference studies and proved to explain user acceptance are also presented and 

summarized in Table 1.  

Table 1 Summary of different studies made on the drivers of transportation choice. Developed by the author 

Subject Summary of the study Influential Variables 

Automated 

public transport 

in Greece 

“What influences the decision to use automated 

public transport? Using UTAUT to understand 

public acceptance of automated road transport 

systems” (Madigan et al., 2017) 

The study used an extension of UTAUT, based on 

UTAUT2, and was able to explain 58,6% of the 

behavior intention of use of automated public 

transport, concluding that the UTAUT is a good 

framework to study the acceptance of such 

vehicles. It also suggests the inclusion of variables 

related to economic factors, safety and habits of 

transportation in further studies. 

• Performance 

expectancy 

• Social influence 

• Facilitating conditions 

• Hedonic motivation 

(strongest predictor)  

 

Switching 

intention of 

private vehicle 

users to use 

public 

transportation 

in Taiwan 

“Habitual or reasoned? Using the theory of 

planned behavior, technology acceptance model, 

and habit to examine switching intentions toward 

public transit” (Chen & Chao, 2011) 

The study used a combination of the TAM and the 

TPB and the variable “habit”, to explain the 

switching intention to use public transportation by 

private car and motorcycle users. 

• Attitude towards public 

transit 

• Perceived ease of use 

• Perceived usefulness 

• Subjective norm (most 

influential variable) 

• Perceived behavioral 

control 

• Habit  
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Subject Summary of the study Influential Variables 

Use of bicycles 

in three 

Brazilian cities 

“Perception of Barriers for the Use of Bicycles” (de 

Sousa et al., 2014) 

The perceived behavioral control concept of the 

TPB was used to study the perceived barriers to 

use bicycles for commuting in three Brazilian cities. 

• Safety (lack of suitable 

infra-structures 

impacted negatively the 

safety perceptions and 

consequently the use of 

bicycles)  

• Existence of slopes, 

need of bicycle skills, 

distance and climate 

were found to be 

generally less important 

Intention to use 

bicycle sharing 

systems in 

Beijing, China 

“Predicting Public Bicycle Adoption Using the 

Technology Acceptance Model” (Hazen, 

Overstreet, & Wang, 2015) 

In order to understand the intention to adopt 

bicycle sharing systems in Beijing, China, the TAM 

was used as a base model for the assessment. The 

variables used to assess adoption intention were 

found to predict 50.5% of it. 

• Perceived quality 

• Perceived convenience 

• Perceived value 

Bus use by 

college 

students in 

Germany 

“Choice of travel mode in the theory of planned 

behavior, the roles of past behavior, habit and 

reasoned behavior” (Bamberg & Schmidt, 2003) 

The TPB was used to design an intervention to 

promote the use of buses by college students to 

commute to a university in Germany. A change in 

circumstances, in the case, the creation of a 

semester bus ticket for the students, changed the 

intentions of the students, which led to the 

conclusion that past behavior and habit are only 

relevant when a context stays unchanged. Its 

change made people rethink about their 

transportation choices and ultimately led to the 

increase of bus use to commute. 

• Attitude 

• Subjective norms  

• Perceptions of 

behavioral control 

• Habit was found to not 

be relevant in changing 

contexts 
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 Critical Analysis of the Acceptance Theories and Models 

 The DIT, TPB, TAM and TAM2 

The DIT is useful in the prediction of the acceptance of a technology and its variables can be adapted to 

different innovations. It has been applied in diverse studies within the transportation sector (Schmidt et 

al., 2016), where it was used because it was considered that user acceptance of such vehicles derived 

from a diffusion process. In fact, the DIT was mainly designed to explain how innovation is spread 

among a certain social system (Rogers, 1983), which is not the goal of this study. Therefore, the DIT is 

not considered for further use in this study.  

The TPB makes a strong connection between intention and behavior, claiming that the first one is a 

strong determinant of the other (Ajzen, 1991), assuming that individuals always make rational and 

informed decisions. The main limitation of the TPB is that it is only suitable in circumstances where the 

intention to perform a certain behavior is not totally controlled by the will of the individuals. 

Furthermore, like the TRA, the TPB failed to explain behavior in specific contexts, reason why the TAM 

was later designed (Marangunic & Granic, 2015). Additionally, there are relevant studies that 

successfully used the TPB to explain use behavior within the transportation sector, for instance, in the 

prediction of the choice of travel mode of students from a German university (Bamberg & Schmidt, 

2003) which is a point in favor of this model. 

Mathieson (1991) made a comparison between the TPB and the TAM and suggested that a comparison 

between technology acceptance models should be based not only on their ability to predict user 

intention, but also on the value of the information that is provided by the models, i.e., how specific their 

content is, and the cost of using the models, i.e., their parsimoniousness. In that comparison (though in 

the context of information systems) it was considered that both the TAM and the TPB could explain well 

use intentions, where the TAM was considered to hold advantages in empirical testing and 

parsimoniousness, and the TPB in specificity, i.e., in the identification of the actual factors that influence 

the choices of individuals, providing information on the barriers people encounter in the use of 

technology. It is stated that the TAM can identify that, for instance, a system is easy to use, but no 

further information about the reasons why it occurs is provided by the model. 

TAM is undoubtedly the most frequently used acceptance model and has had great success in empirical 

research (Bagozzi, 2007), which may be indicative of its effectiveness - it is considered that more 

citations in the literature correspond to a higher validation of the model. TAM is claimed to explain 

around 40% of a system’s use, percentage that increases when the model is adapted to a specific reality 

that is intended to study (Legris, Ingham, & Collerette, 2003). Furthermore, TAM is considered a 

parsimonious model and a base and starting point for further extensions and application to different 

contexts (Lee, Kozar, & Larsen, 2003) which have been applied in studies of different transportation 

contexts (Madigan et al., 2017). Given the proven applicability of TAM to different contexts and 

advantages for empirical testing, it is then preferred to the TPB. 
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The simplicity of TAM, when compared to the all the other presented models, and the possibility to be 

applied to diverse technologies are its major advantages (Bagozzi, 2007; Venkatesh et al., 2003). 

However, several limitations are pointed out to the model (Bagozzi, 2007). For example, the fact that 

the model assumes that a favorable perceived usefulness and attitude towards using ensures the actual 

use of the technology, when in fact it is claimed that the decision maker, beyond those two criteria, 

needs to have actual desire to act accordingly to their reasoning of perceived usefulness and attitude. 

One of its major criticisms is that the TAM does not include any cultural, group or social aspects, 

considered important as individual behavior is often shaped by social environments and pressures 

(Bagozzi, 2007). Variables that assess those aspects can be especially important in a choice related to 

the preferred transportation mean as, for example, the use of the individual car is often considered a 

social status (Whittle et al., 2019). Those influences are however included in the TPB, TAM2, UTAUT and 

UTAUT2. 

On the other hand, the TAM2 adds seven variables to the TAM that are related to social influence and 

cognitive instrumental processes. Like the TAM, it explains around 40% of a system’s acceptance (Legris 

et al., 2003), explaining a maximum of 60% (Venkatesh et al., 2000). It includes the variable social norms 

that was excluded from the TAM, however most of its variables were designed to address organizational 

contexts, where the adoption of technology is mandatory and aligned with the objectives of enterprises 

that are responsible for their financing and for dealing with their costs, not particularly with the 

individual will of their users (Lin, C. H., Shih, H. Y., & Sher, 2007; Venkatesh et al., 2012). It therefore 

does not apply to the consumer context where shared micromobility is inserted in, as the choice of 

transportation mode is considered in this study totally voluntary, solely based on necessity and/or 

personal values (Whittle et al., 2019). Overall, most variables of the TAM2, like “job relevance” (the 

degree to which a technology can actually be used to perform the needed tasks of one’s job), “output 

quality” (related to the capacity of a technology to perform the desired task) and “result 

demonstrability” (that refers to the practical and quantification of the outcomes of the technology) 

(Venkatesh et al., 2000), claimed to influence the perceived usefulness, are more suitable, as 

mentioned, for organizational contexts. Moreover, the model focuses specifically in the explanation of 

the perceived usefulness, not going further on the factors that influence the ease of use, which is a 

limitation of the model. Additionally, there are no relevant applications of the model in the 

transportation field, so the TAM2 is not used in this study. 

 

 The UTAUT, UTAUT2 and TRAM 

The UTAUT states that there are four key variables and four moderators that explain use intention and 

behavior and it has been used to explain the acceptance of different technologies for vehicles (Osswald, 

Wurhofer, Trösterer, Beck, & Tscheligi, 2012), more particularly was proved to be useful to study the 

acceptance of automated road transport systems (through an extension of the UTAUT based on the 

UTAUT2) (Madigan et al., 2017). The UTAUT2 was specially designed for consumer contexts, so it should 
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be more suitable for this study than the UTAUT, even though it is more complex. These two models are 

the only ones that consider demographic variables (age and gender as moderators), being their main 

difference the fact that the UTAUT is more parsimonious than the UTAUT2. The UTAUT2 brings new 

insights to technology acceptance, as it is the only technology acceptance model that comprehends, for 

instance, variables related to the enjoyment of the users and the impact of economic factors on their 

choice. The main problem of UTAUT2 lies on the fact that, like the UTAUT (Bagozzi, 2007), the model is 

very complex, as it comprises a lot of variables to explain behavioral intention. As the proposed 

framework will be tested with data collected through a survey, a long one might prevent the gathering 

of a high number of responses. It is therefore important to create a framework that is simple and 

parsimonious (Hair, Black, Babin, & Anderson, 2014), reason why the UTAUT2 might not be the most 

suitable model for this study. 

Like the UTAUT2, the TRAM is claimed to be more appropriate for marketing contexts. The TRAM 

considers that the technology readiness index is the main predictor of perceived usefulness and 

perceived ease of use, which is a significant difference from the other models. Like the UTAUT2, it is 

considered to widen the applicability of previous models and is presented as an alternative model that 

might explain better technology acceptance in environments where consumers can choose from 

different alternatives (products and services) that they have available, being that choice mainly 

voluntary (Lin, C. H., Shih, H. Y., & Sher, 2007). However, the variables that measure the technology 

readiness index are too broad and not specific to the context intended to study – the literature and 

interviews revealed factors like accessibility and price value as ones of high importance in the 

transportation field - which are not addressed in the TRAM. Since the goal of the dissertation is to 

understand the specific factors that influence the use of shared micromobility, the TRAM is not used in 

this study.  

Hence, the most suitable models to address the context of shared micromobility are the TAM and the 

UTAUT2 (including possible extensions to these). TAM due to its proven efficacy and simplicity, and the 

UTAUT2 for its applicability outside organizational contexts, i.e., in consumer contexts. The final choice 

of research framework will be, however, done after the following exploratory analysis on the topic of 

shared micromobility in Portugal. 

 

 Exploratory Analysis 

To add more insights on shared micromobility in Portugal to the literature review done, an exploratory 

analysis was conducted. It consisted in the realization of two different sets of interviews: (i) to two 

service providers of shared micromobility and (ii) to six users and non-users of those services. The 

interviews were semi-structured as they enclosed some main topics to be addressed (Saunders, Lewis, & 

Thornhill, 2009) that derived from the literature. The core goal of the interviews was to understand the 
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main variables that influence the use of shared micromobility, so that they can be further incorporated 

into the research framework.  

As Lisbon is the Portuguese city that offers more transportation alternatives (Lusa, n.d.) and its 

inhabitants are consequently expected to be more exposed and aware of diverse and new mobility 

solutions, it was considered the adequate setting to develop the empirical study. The participants were 

chosen because they were considered to have valuable inputs regarding the topic under analysis, 

leading thus a non-probability/judgmental sampling. Individual interviews were done because they 

allow a deep and detailed understanding of the topics (Saunders et al., 2009). The interviews were 

always presential when possible and recorded, so that they could have a more natural pace and leads to 

less potential truncation or incongruences than relying only on written notes. Each interview had a 

duration of 20 to 30 minutes. 

 

 Views of Service Providers  

The questions asked were open and related to the following topics:  

• Service Characteristics 

General characteristics of the service (e.g., available fleet, number of trips made per day, characteristics 

of the people who use them) and plans for the future of the service. The overall success of the service 

was asked to be described. 

• Service acceptance - intrinsic and extrinsic factors (Axsen & Sovacool, 2019; Whittle et al., 

2019): 

The service providers were asked about the factors they believe that promote and those that hold 

people back from using their transportation services.  

Further, the interviewees were asked about their view on the external factors that may influence people 

to use shared micromobility. Within this subject, the subjects were asked particularly about the safety 

concerns they believe people have, given that it is a topic of huge concern in shared micromobility, 

mentioned in different news articles and reports addressed in the literature (Ajao, 2019; Brás & Gomes, 

2019; Heineke et al., 2019; Lusa, 2019; Zarif et al., 2019). 

 

i. Empresa Municipal de Mobilidade e Estacionamento de Lisboa (EMEL)  

An interview with Frederico Henriques, the responsible for the bicycle network GIRA from EMEL, took 

place on March 21st in EMEL’s headquarters.  

EMEL provides a bicycle sharing system in Lisbon since June 2017 that consists in a network of 

conventional and electric bicycles spread around the city in docks which works daily from 6 a.m. to 2 

a.m. of the next day and can be used through the acquisition of annual, monthly or daily tariffs, 
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unlocked through a mobile application. At the time of the interview, the bicycles of the network GIRA 

made around 120 thousand trips per month, doing around 6 thousand trips a day in working days.  

The service that GIRA provides is considered a complement to all the other transportation alternatives 

that exist in the city of Lisbon, like public transports and sharing scooters systems, as well as the 

individual car. Further it was stated that the evolution of the transportation services is seen as a natural 

process that is growing with the increasing number of people that value the usefulness of the vehicles 

rather than their ownership that contributes to the reduction of the traffic and pollution issues of the 

city while offering alternative displacement choices for citizens. 

The main users of GIRA are in the age range of 20 to 30 years old, but there are users up to 50 years old. 

Even though there are less women using the service, the number actually does not differ from the 

numbers of other similar bicycle sharing services in Europe, and they are actually higher when compared 

to the ones of other sharing services present in the city. 

Having GIRA permanent docks is seen as both an advantage and disadvantage of the network. It can 

deter people from using the service because they do not have docks with bicycles near them, but it can 

also be convenient, as people know exactly the places where they can always pick and park the bicycles, 

allowing them to create routines. It also prevents the vehicles from being stolen.  

It was said that GIRA is a flexible and fast transportation mode, for displacements from “A to B” points 

that are usually short distances of 2 to 3 km long. It was stated that “compared to the metro and other 

public transports that have pre-defined routes, it allows people to stop in more places given the high 

number of docks the system has, as well as let them design their route from a certain departure point to 

the desired destination”. The bicycle sharing system is also considered to be competitive as it is cheaper 

than the other existent offers. GIRA is also considered a way for people to avoid the habitual traffic jams 

of the city and the fact that it offers electric bicycles makes it easier for people to bike in the city, making 

it a comfortable transportation mode.  

When questioned about safety issues, it was claimed that people usually use the bicycles in bike lanes 

and EMEL feels that there is clear legislation on the riding and safety procedures the users of GIRA need 

to follow when using their bicycles.  

Overall, it was claimed that the network GIRA is well integrated in the city and that it is a success case of 

a mobility solution for the city of Lisbon. In general, the bicycles offered in the scheme are considered a 

fast, flexible and cheap transportation mode. Moreover, safety was considered important for their users 

and it is mainly related to the infrastructures that people have available. On another note, the fact that 

electric bicycles are offered is considered to make it easier for people to use bicycles in their daily 

displacements, which might be a factor that contributes to the usefulness of shared micromobility. 
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ii. Iomo 

The CEO of Iomo, Luís Reis, was contacted on the 29th of March and agreed to be interviewed by phone. 

Iomo is a Portuguese electric scooter company, currently with a fleet of 10 scooters in Costa da Caparica 

and 30 scooters in Cascais that are present in renting stations.   

At the time of the interview, the company was only operating in a renting business model given the 

scooter competition that existed in the city of Lisbon and the necessity of investment, however, the 

questions were answered considering the interviewee’s knowledge on shared micromobility systems. 

The users of Iomo are placed mostly in the age range of 18 to 30 years old. The renting service 

supported mainly transportation for people in the universities nearby their stations. It was pointed out 

that the main advantages of sharing services of electric scooters are that they allow people to make 

“last-mile” dislocations, usually 1 to 1.5 km long, in an amusing and fast way. Additionally, it was 

claimed that electric scooters are a new trend and are vehicles that differ from the usual ones that 

people have access to, which sparks curiosity among people. 

When questioned about the disadvantages of the shared scooter service, only one was appointed: the 

fact that people need a credit card in order to use the scooters. “They are quite intuitive to use and are 

easily available, so there are not many impediments to their use”. Also, since they are present in 

dockless shared systems, it was claimed that they are accessible to anyone who is willing to try them. 

The overall acceptance of electric scooters as a transportation mean is said to be enormous, proven by 

the fact that electric scooter sharing systems are now present worldwide and their market has seen 

large investments, even though it is quite recent, as it is only one and a half years old. Moreover, it was 

pointed out that people who are willing to use shared transportation systems are eager to use any 

shared transportation service: “If they don’t have a scooter available, they will use a bicycle”. 

Regarding safety and compliance to the traffic rules, Luís Reis claimed that people know the rules to ride 

electric scooters, as they are the same rules of riding bicycles. However, there is a lack of education for 

those rules: “we see people walking on bike lanes and people riding bicycles and scooters in sidewalks”. 

Also, problems of vandalism of dockless vehicles were pointed out.  

Overall, similarly to the network GIRA, it is considered that electric scooters provide fast dislocations, 

being their great availability and ease of use considered positive influencers to their use. Additionally, 

safety, particularly people’s lack of compliance to the traffic rules when using these vehicles, was 

considered a concern, and people’s enjoyment in the use of electric scooters was pointed out to 

positively influence the use of the vehicles. 
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 Views of Individuals 

Individuals were asked about the following topics: 

• Transportation habits and knowledge on shared micromobility 

The individuals interviewed were firstly asked about their transportation habits. Then, they were asked 

about their knowledge on shared transportation in general, i.e., if they knew different service providers 

and existent options. Further, they were asked particularly about their knowledge on shared 

micromobility. 

• Reasons for their transportation choices (Axsen & Sovacool, 2019; Vergragt & Szejnwald, 

2007; Whittle et al., 2019): 

The interviewees were asked to justify their transportation choices. If they already mentioned that they 

used any shared micromobility scheme in the previous question, they were asked why they used them; 

similarly, if they did not use them, they were asked to explain why. Overall, they were questioned about 

the benefits and drawbacks they believe those systems have, whether they have experienced them or 

not.  

Six individuals with different transportation habits were interviewed in March and April of 2019. The 

profile of the interviewees is presented in Table 2.  

Table 2 Profile of the interviewed individuals 

 Age Occupation Gender Displacement means used 

Interviewee 1 22 
Statistics Working 

Student 
Male 

Walking, public transportation and 
GIRA bicycles 

Interviewee 2 22 Engineering Student Female 
Walking, public transportation and 

GIRA bicycles 

Interviewee 3 22 IT Consultant Male 
Motorcycle and bicycle sharing 

schemes; has used electric scooters 

Interviewee 4 22 Engineering Student Male 
Public transportation and GIRA 

bicycles 

Interviewee 5 20 Engineering Student Female 
Walking and public transportation; 

has used electric scooters 

Interviewee 6 22 Engineering Student Male 
Public transportation and individual 

car 

 

All the interviewees live in the center of Lisbon, so they all have access to the same transportation 

alternatives, and they were consensual in the recognition that the city offers a wide variety of 

transportation options. For short distances, walking, shared micromobility and other shared schemes 

are the preferred transportation means while public transportation and the individual car are preferred 

for longer distances within the city, among the interviewees. They also knew about the different shared 

transportation systems that exist in the city of Lisbon: dock and dockless conventional and electric 

bicycles and electric scooters, represented in Figure 12, besides motorcycle and car sharing schemes. On 
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Figure 12 Different shared micromobility schemes identified 

the other hand, all of them expressed concerns on sustainability, taking it into account in their daily 

activities. 

 

 

Overall, the opportunity to try new vehicles is seen as positive by all interviewees, despite some of the 

problems they may cause: “It is important that people are being given alternatives that are different 

from traditional transports” (C. Matos, personal communication, March 15, 2019). 

Those who used shared micromobility pointed out its usefulness for short distances. The users of the 

network GIRA claimed that it holds the advantage that it is the cheapest shared micromobility solution 

in Lisbon. Respondents referred that it promotes a healthier lifestyle, it is convenient given the high 

number of docks available and that the offer of electric bicycles was beneficial. On the other hand, the 

interviewee that used dockless bicycles claimed that it was convenient for him as he could easily find 

vehicles available near his house. Further, he stated that shared micromobility is quite intuitive to use. 

All interviewees agreed that shared micromobility allowed fast dislocations and is a flexible option as it 

allowed people to design their routes. One of the interviewees also pointed out that he valued the fact 

that he was not responsible for the maintenance of the vehicles and claimed that he enjoyed riding 

bicycles around the city. 

Even though none of the interviewees used electric scooters often, some of them recognized that it is 

useful the fact that, being them dockless, they could be picked up and left anywhere, even though they 

often disorganized the city. One interviewee that has tried electric scooters said that it happened 

because they were a new trend and found them amusing to ride. However, she considered their price 

too high for her to use them on a daily basis. 

The safety of shared micromobility was brought up in every interview. Most respondents felt that it is 

not safe to ride bicycles or scooters on streets alongside cars, giving preference to bike lanes, however, 

it was often pointed out that the city did not have enough bike lanes. Furthermore, it was claimed that a 

lot of people do not follow the rules of riding bicycles and scooters, as it was possible to see a lot of 

people riding on sidewalks and not respecting traffic lights, for instance. On the other hand, the users of 

shared micromobility showed concerns on the maintenance of the vehicles and, when they were in 

docks, claimed that their availability was not constant making them less reliable for daily uses. One 

interviewee also pointed out that riding bicycles required physical effort, reason why he sometimes 

preferred to use public transportation. 
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In general, the interviewees favored the price of the transportation choices, as well as the travel time 

(how fast they can reach their destination) as the main factors that influence their transportation 

choices. Furthermore, the users of shared micromobility mentioned concerns on safety, related to the 

existence of suitable infrastructures and other’s compliance to the traffic rules. Additionally, they 

considered factors like flexibility, effort, enjoyment and reliability (related to the access and availability 

to the vehicles and their condition) important for their transportation choices.  

 

 Conclusion on the Conceptual Models and Exploratory Analysis 

In sum, the main variables − found both in the literature and in the exploratory analysis developed 

within the present chapter − that influence the choice of transportation and the use of shared 

micromobility are summarized in Table 3.  

Table 3 Summary of the variables pointed out in the different analyses 

 Source 

 Literature Service providers Individuals 

Variables 

Accessibility (Whittle et al., 2019) 
Comfort (Statistics Portugal, 2018) 
Convenience (Axsen & Sovacool, 2019) 
Ease of Use/Simplicity (Axsen & Sovacool, 2019; 
Chen & Chao, 2011) 
Flexibility (Whittle et al., 2019) 
Habit (Chen & Chao, 2011; Venkatesh et al., 2012) 
Hedonic Motivation (Madigan et al., 2017; 
Venkatesh et al., 2012) 
Practicality (Axsen & Sovacool, 2019) 
Price (Axsen & Sovacool, 2019; Whittle et al., 2019) 
Reliability (Axsen & Sovacool, 2019; Whittle et al., 
2019) 
Safety (Axsen & Sovacool, 2019; de Sousa et al., 
2014) 
Social norms/culture (Axsen & Sovacool, 2019; 
Chen & Chao, 2011; Madigan et al., 2017; Moro et 
al., 2018) 
Travel time (Axsen & Sovacool, 2019; Statistics 
Portugal, 2018) 

Availability 
Ease of Use 
Enjoyment 
Flexibility 
Price 
Safety 
Travel Time 

Availability 
Effort/ Ease of 
Use 
Enjoyment 
Flexibility 
Price 
Reliability 
Safety 
Travel time 
 

 

Both service providers and interviewees were unanimous in referring that the travel time (how fast 

people can go from one place to another) is a factor of high importance when one chooses their 

preferred transportation mean, whenever they have several options available. It was also already 

pointed out in the literature review, by Statistics Portugal (2018) for instance, so it has considerable 

relevance in the choice of a transportation mean.  

Other two variables were unanimously pointed out in the interviews: price and safety. Firstly, people 

tend to choose the cheaper alternative they have that is suitable for their dislocations. Indeed, the price 

value of the products or services offered is considered very important in consumer contexts (Venkatesh 
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et al., 2012). Secondly, being bicycles and scooters soft vehicles, the safety is another factor that is taken 

into account when the use of shared micromobility schemes is considered. In fact, also as verified in the 

literature, safety is considered of extreme importance when transportation contexts are addressed 

(Axsen & Sovacool, 2019; de Sousa et al., 2014). In the case of shared micromobility, it is related to the 

existence of appropriate infra-structures, mainly bike lanes, and to the general education of people in 

what concerns the common coexistence of cars, motorcycles, bicycles, scooters and pedestrians in an 

urban environment.  

In concordance to the literature review, other valued transportation characteristic that may positively 

influence people to use shared micromobility is the flexibility it provides their users, as well as its 

reliability. Having easy access, high availability and predictable access to well-maintained vehicles were 

found to be positive influencers of using shared micromobility. Additionally, two individuals and one of 

the service providers also pointed out that there is a sense of enjoyment in the use of bicycles and 

scooters, and hedonic motivation was proven to have significant influence in the transportation choice 

in the analyzed models applied to the transportation field in the literature review, especially regarding 

new transportation modes (Madigan et al., 2017). Furthermore, the fact that the shared schemes are 

intuitive to use was pointed out to be a positive influencer to their use. 

In addition, there is theoretical evidence that states that social influence is one of the factors that 

impacts transportation choices of consumers – having special proven importance in the use of public 

transports (Bamberg & Schmidt, 2003; Chen & Chao, 2011; Madigan et al., 2017; Whittle et al., 2019). 

Per contra, it was not mentioned in the interviews. Since shared micromobility in general is relatively 

new, its adoption might happen through peers and societal influence, however, factors like safety and 

the price of the transportation services prevailed over social influence in the interviews for the specific 

case of shared micromobility. In this dissertation, it is therefore assumed that the intention to use 

shared micromobility results mainly from individual initiative that is mostly influenced by the 

characteristics of the offered services and the existence of a suitable environment to use them, rather 

than a specific influence or pressure made by others that could be measured by social influence 

(Venkatesh et al., 2012). 

Moreover, the impacts of habit were not considered relevant in the interviews, which goes in line with 

the findings of Bamberg & Schmidt's (2010) study. Besides, no major differences between the gender of 

the users and potential users of shared micromobility were verified, however, age influences their use, 

as it was clearly stated by the service providers that these transports were mostly used by young people. 

As concluded in the critical analysis of the acceptance models (chapter 3.3), the models that are more 

suitable for this study are the TAM and the UTAUT2. As stated previously, the chosen model should be 

simple and parsimonious, as well as be applicable to the study the most effective way possible (Hair, 

Black, et al., 2014). The main difference between the two models is that the TAM is more parsimonious, 

in a sense that states that use intention can be simply explained by perceived ease of use and perceived 

usefulness (that might be affected by external variables), while the UTAUT2 comprises a total of 7 
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constructs and 3 moderators for the same purpose. Even though the UTAUT2 comprises a high number 

of variables, it still does not include variables that are relevant for the case of shared micromobility, like 

safety. So, in order to combine parsimoniousness and value of the information as suggested by 

Mathieson (1991), an extension to TAM was made to study the use intention of shared micromobility. 

 

 Research Framework and Hypotheses 

An extension to the TAM that incorporates the variables perceived safety (PS), perceived reliability (PR), 

hedonic motivation (HM) and price value (PV) was designed, where, as represented in Figure 13, PS, PR 

and HM influence the perceived usefulness (PU) and the perceived ease of use (PEU). The latter two 

variables, PU and PEU, along with PV, influence the use intention (UI). 

Perceived safety, perceived reliability, hedonic motivation and price value are independent variables, 

while the perceived usefulness and perceived ease of use are mediating variables that affect use 

intention. The model represented is a structural model as it represents the relationships of the 

constructs used to understand use intention (Hair, Black, et al., 2014).  

 

Figure 13 Proposed research framework and hypotheses 

 

The hypotheses arising from the proposed model are described in Table 4. 
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Table 4 Hypotheses defined 

Hypotheses References 

H1: Perceived safety has a positive effect on perceived usefulness  (Davis, 1985) 

H2: Perceived safety has a positive effect on perceived ease of use  (Davis, 1985) 

H3: Perceived reliability has a positive effect on perceived usefulness  (Davis, 1985) 

H4: Perceived reliability has a positive effect on perceived ease of use  (Davis, 1985) 

H5: Hedonic motivation has a positive effect on perceived usefulness  (Davis, 1985) 

H6: Hedonic motivation has a positive effect on perceived ease of use  (Davis, 1985) 

H7: Perceived ease of use has a positive effect on perceived usefulness  (Davis, 1985) 

H8: Perceived usefulness leads to a higher use intention  (Davis, 1985) 

H9: Perceived ease of use leads to a higher use intention  (Davis, 1985) 

H10: Price value has a positive effect on use intention  (Venkatesh et al., 2012) 

 

Each construct of the model is described in Table 5, where their definition, reference and application are 

detailed. The column “application” refers to the underlying dimensions of each construct.  

 

Table 5 Definition of the constructs 

Constructs Definitions Applications References 

Perceived 

Safety 

How safe people believe 

they are when using 

shared mobility. 

• Existence of adequate 

infra-structures 

• Belief that others 

follow the traffic rules 

Adapted from 

Sepasgozar, Hawken, 

Sargolzaei, & 

Foroozanfa (2018) and 

de Sousa et al. (2014) 

Perceived 

Reliability 

Belief that shared 

micromobility systems 

work well and serve 

transportation 

necessities. 

• Availability 

• Quality and 

maintenance of the 

vehicles 

Adapted from 

Sepasgozar et al. 

(2018) 

Hedonic 

Motivation 

Enjoyment derived from 

the use of shared 

micromobility. 

• Enjoyment 

Adapted from 

Venkatesh, Thong, et 

al. (2012) 

Perceived 

Usefulness 

The extent to which an 

individual believes that 

shared micromobility is 

useful in their daily lives. 

• Travel time 

• Flexibility 

Adapted from Davis 

(1985) 
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Constructs Definitions Applications References 

Perceived Ease 

of Use 

The amount of effort 

that an individual 

believes is required to 

use shared 

micromobility. 

• Physical effort 

• Use of mobile 

applications 

Adapted from Davis 

(1985) 

Price Value 

Perceived economic 

advantages of using 

shared micromobility. 

• Economic benefits 

• Price fairness 

Adapted from 

Venkatesh, Thong, et 

al. (2012) 

Use Intention 
Degree of intention of 

use. 

• Tendency to use shared 

micromobility 

Adapted from Davis 

(1985) and 

Venkatesh, Thong, et 

al. (2012) 

 

 Empirical Approach 

 Multivariate Analysis – Structural Equations Modelling 

The research framework represented in Figure 13 is composed by constructs (latent variables), variables 

that cannot be measured directly, being therefore necessary to measure them with indicators (Hair, 

Black, et al., 2014). It then makes sense to use structural equation modeling (SEM) in this study to 

approach the phenomenon empirically. SEM is a technique within multivariate statistics whose main 

advantage is the fact that it allows the analysis of both observable and latent variables (Kline, 2011). It 

comprises several statistics analysis, such as factor analysis and multiple regression (Hair, Black, et al., 

2014) and it has a wide range of applications in fields that vary from social sciences to business research 

(Anderson & Gerbing, 1988).  

In order to verify if the constructs and their defined relationships on the proposed framework are 

confirmed empirically, i.e., if the proposed framework is aligned with people’s perceptions on shared 

micromobility, an empirical approach was done. To do so, items to evaluate each construct were 

defined and presented in Table 6 to be further used in a questionnaire, based on the literature when 

possible and on the exploratory phase of this study. Most constructs included a general assessment item 

in their measures and each construct has a minimum of 4 items. 
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Table 6 Items of each defined construct 

Constructs Items References 

Perceived 
Safety 

PS1: The existence of enough infra-structures makes me feel 
safer to use bicycles and scooters 
PS2: The existence of adequate infra-structures (e.g., bike 
lanes) makes me feel safer to use bicycles and scooters 
PS3: I believe that the fact that bicycle and scooter users 
follow the traffic rules is important for safety in 
micromobility  
PS4: A good co-existence between cars, soft transportation 
modes and pedestrians makes shared micromobility safer  
PS5: Overall, I believe it is safe to ride bicycles and scooters 
in urban areas 

Adapted from 
Sepasgozar et al. 

(2018) and de Sousa 
et al. (2014) 

Perceived 
Reliability 

PR1: I believe it is easy to find shared vehicles available in 
their docks 
PR2: I believe it is easy to find shared vehicles available if 
they are dockless 
PR3: I believe shared vehicles are well maintained 
PR4: I trust other people’s (users) ability to take care of 
shared vehicles 

Adapted from 
Sepasgozar et al. 

(2018), Whittle et al. 
(2019) and Hazen et 

al. (2015) 

Hedonic 
Motivation 

HM1: I consider the use of shared soft transports fun 
HM2: I consider the use of shared soft transports enjoyable 
HM3: I would like to move within a city using shared 
micromobility 
HM4: I believe I can enjoy a bicycle or scooter ride 

Adapted from 
Venkatesh, Thong, et 

al. (2012) 

Perceived 
Usefulness 

PU1: Flexibility in the choice of route is useful in my urban 
dislocations 
PU2: I could make fast dislocations using shared 
micromobility 
PU3: The offer of electric vehicles in shared schemes is 
useful 
PU4: I consider the offering of shared micromobility in cities 
useful 

Adapted from Chen & 
Chao (2011) and 

Madigan et al. (2017) 

Perceived 
Ease of Use 

PEU1: I am physically able to use bicycles and scooters 
PEU2: I believe the use of shared micromobility is mentally 
effortless 
PEU3: I believe that it is easy to start and end a ride in a 
shared bicycle or scooter 
PEU4: I believe that the mobile apps of service transports are 
easy to use 
PEU5: Overall, I believe shared micromobility is easy to use 

Adapted from Chen & 
Chao (2011) and 

Davis (1989) 

Price Value 

PV1: I can afford shared micromobility 
PV2: Shared micromobility is worth the price 
PV3: Shared micromobility has economic advantages, when 
compared to the alternatives (e.g., public transports, 
individual car) 
PV4: I consider that the price-distance relationship is fair 

Adapted from 
Venkatesh, Thong, et 

al. (2012) 

Use 
Intention 

UI1: I consider myself a potential user of shared 
micromobility 
UI2: Having access to shared micromobility, I would use it 
UI3: I would use shared micromobility frequently 
UI4: I would encourage people to use shared micromobility 

Adapted from 
Madigan et al. (2017), 
Chen & Chao (2011) 
and Venkatesh et al. 

(2000) 
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The defined items were used to create a questionnaire in which subjects were asked to rate each one (in 

a total of 30) in a 1 to 7 Likert-type scale – 1 meaning “strongly disagree”, 4 meaning “neither agree nor 

disagree” and 7 meaning “strongly agree”. The first part of the questionnaire comprised the items of 

perceived safety, perceived reliability, hedonic motivation, perceived ease of use and perceived 

usefulness (randomly ordered) and the second part the items of price value and use intention, once 

again ordered randomly, where a brief introduction to the general practiced prices of shared 

micromobility was presented. In the third part of the questionnaire the respondents were asked to 

provide some personal demographic information: age, city of residence, gender, occupation, whether 

their city offers shared micromobility schemes and if they had already used them. If the answer was 

positive, they were asked to select the vehicles they had already used (conventional bicycles, electric 

bicycles and/or electric scooters) and how often they used them (less than 5 times, between 5 to 10 

times or more than 10 times per week). The last question of the questionnaire was open and optional, 

asking the respondents to comment on the topic of shared micromobility. 

The questionnaire was aimed at individuals living in Portugal, within the age range of 18 to 35 years old 

since, according to the service providers interviewed, younger people are more prone to use shared 

micromobility. In fact, as also pointed out by Whittle et al. (2019), younger adults living in urban areas 

are the ones that mostly use shared transports in general. Since these individuals are the majority of the 

customers of the services under analysis, it then makes sense to focus on their motivations and needs. 

The survey was initially sent to 25 different people, who were asked to re-send it to other people that 

matched the age restriction of the questionnaire. Additionally, it was posted on several Facebook 

groups and sent to two mailing lists of students for a wider disclosure. This study used therefore a non-

probability sample, particularly convenience and snowball sampling (Saunders et al., 2009). This data 

collection happened during the month of July. Overall, an initial raw sample of 248 answers was 

reached. 
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4. DATA ANALYSIS 

 Covariance-Based and Variance-Based Partial Least Squares SEM 

There are two different SEM methods: covariance-based SEM (CB-SEM) and variance-based partial least 

squares SEM (PLS-SEM). Even though the CB-SEM approach has been by far more used in different 

studies, PLS-SEM has, in the past years, gained popularity in different domains, such as marketing and 

management (Reinartz, Haenlein, & Henseler, 2009; Richter, Cepeda, Roldán, & Ringle, 2016). 

CB-SEM focuses on the creation of model parameters that minimize the differences between the 

observed sample covariance matrix and the one estimated after the confirmation of the theoretical 

model, while PLS-SEM’s objective is to maximize the variance explained of the dependent constructs 

(Hair, Matthews, Matthews, & Sarstedt, 2017). The choice of the approach used for a certain study is 

often based on the following criteria: focus of the study, distribution of the data and sample size 

(Reinartz et al., 2009). 

Regarding the focus of the study, CB-SEM is mostly used to empirically confirm a theory, while PLS-SEM 

is mostly used for exploratory research – theory development and prediction - even though it can also 

be used for confirmatory purposes (Richter et al., 2016). Additionally, it is claimed that a larger statistical 

power is usually achieved with PLS-SEM, when compared to CB-SEM (using the maximum likelihood 

algorithm) (Hair, Hult, Ringle, & Sarstedt, 2017).  

Furthermore, CB-SEM assumes that data follows a normal distribution, which does not always happen, 

while PLS-SEM works well with both non-normal and normal data (Astrachan, Patel, & Wanzenried, 

2014). Both approaches are able to deal with and show similar results for large sample sizes (of over 100 

observations) however, for small sample sizes (of less than 100 observations), PLS-SEM is recommended 

(Rigdon, Sarstedt, & Ringle, 2017), being that one of the main advantages of the approach. There is no 

consensus on the minimum sample size that should be used in SEM – for CB-SEM, according to Kline 

(2011), studies that use SEM have commonly a sample size of 200 cases or follow a “rule-of thumb” of a 

minimum sample size of five to ten times the number of the analyzed parameters, i.e., the number of 

measurement items, which means that this study would need a total of 150 to 300 valid observations, 

while for PLS-SEM the minimum sample size is claimed to be ten times the highest number between the 

highest number of formative items that measure a construct and the largest number of inner model 

paths pointed at any construct (Hair, Sarstedt, Hopkins, & Kuppelwieser, 2014). For the research 

framework designed, this means that the minimum sample size would be 50, a number substantially 

different from the one needed for CB-SEM.  

The choice between a CB-SEM or PLS-SEM approach is also related to the type of constructs present in 

the measurement model developed that can either be reflective (interchangeable) or formative (they 

form the construct) (Chin, 1998). For models containing only reflective measures, a CB-SEM approach is 

recommended, whereas PLS-SEM is recommended for models that incorporate formative measures 

(Lowry & Gaskin, 2014). This happens because CB-SEM analyses rely on the correlation between 
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measurements, which may not happen in measurements that specify different dimensions of a 

construct (formative) and that is expected to happen with reflective ones, as they are affected by the 

same concept, the latent construct (Chin, 1998). PLS-SEM, on the other hand, relies on the explained 

variance to asses model fit and is more suitable for complex models (Astrachan et al., 2014). Even 

though some studies verified that there are no major differences in the results produced by the two 

approaches, it is claimed that PLS-SEM is usually more accurate (Hair, Hult, et al., 2017). Additionally, 

the wide use of PLS-SEM in different research areas, especially in marketing, has proven its usefulness 

(Reinartz et al., 2009). 

Although this study aims to empirically confirm the developed theoretical model, there are some 

constructs that have not been previously tested empirically, which gives this study an exploratory 

character. Also, it uses both formative and reflective items to assess the constructs of the developed 

model: the constructs perceived usefulness, perceived ease of use, perceived safety and perceived 

reliability are assessed by formative items and hedonic motivation, price value and use intention by 

reflective items. The use of formative items is justified by the fact that some variables are better 

measured through their dimensions and characteristics, rather than through a set of interchangeable 

items that assess them globally (Chin, 1998). Contrarily to the reflective items, formative measures point 

towards the constructs (Diamantopoulos, Riefler, & Roth, 2008).  

Therefore, the use of PLS-SEM is more suitable for this study. The application of PLS-SEM was done 

using the software SmartPLS 3 (Ringle, Wende, & Becker, 2015) and comprises two main steps that 

follow the research model specification and data collection (Hair, Sarstedt, et al., 2014): 

Step 1. Measurement model (or outer model) evaluation that consists in the running of the PLS-

SEM algorithm and further evaluation of the reliability and validity of the measures of the constructs of 

the structural model, to ensure that they are well measured. This evaluation is different for reflective 

and formative measurement models; 

Step 2. Structural model (or inner model) evaluation, to evaluate the formulated hypotheses and 

verify the quality of the model, focused on its capacity to predict the endogenous constructs.  

 

 Data Screening and Profile of the Respondents 

As mentioned previously, a total of 248 raw answers to the questionnaire were registered, out of which 

36 answers were deleted, either because the respondents were not in the age range required of 18 to 

35 years old or they stated to live in a city outside Portugal (which may change/bias their perception on 

shared micromobility, as offers and exterior conditions available to use the schemes differ from country 

to country). Also, one answer was deleted due to its inconsistency (Hair, Hult, et al., 2017). Therefore, a 

total of 212 valid answers was gathered. 

The profile of the respondents is summarized in Table 7. 
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Table 7 Profile of the respondents 

 Frequency Percentage 

Gender   

Masculine 111 52.4 % 

Feminine 101 47.6 % 

Total 212  

Age 

18 - 23 129 60.8 % 

24 - 29 68 32.1 % 

30 - 35 15 7.1 % 

Occupation   

Student 149 70.3 % 

Working Student 34 16.0 % 

Worker 28 13.2 % 

Unemployed 1 0.5 % 

City of Residence   

Metropolitan Area of Lisbon 101 47.7 % 

Metropolitan Area of Porto 91 42.9 % 

Others 20 9.4 % 

Does your city have shared micromobility schemes? 

Yes 155 73.1 % 

No 57 26.9 % 

Have you used any shared micromobility service? 

Yes 103 48.6 % 

If yes, which one(s)?  

Conventional bicycles 19 9.0 % 

Conventional and electric 
bicycles 

15 7.1 % 

Conventional and electric 
bicycles and electric scooters 

16 7.5 % 

Conventional bicycles and 
electric scooters 

7 3.3 % 

Electric bicycles 4 1.9 % 

Electric bicycles and scooters 7 3.3 % 

Electric scooters 35 16.5 % 

If yes, how often?  

Less than 5 times per week 88 41.5 % 

Between 5 to 10 times per 
week 

12 5.7 % 

More than 10 times per week 3 1.4 % 

No 109 51.4 % 

 

Most of the respondents are students, which is justified by the fact that the questionnaire was sent to 

two different mailing lists of university students, which also justifies the high percentage of individuals in 

the age range of 18 to 23 years old. Most of the respondents claim that they have access to shared 

micromobility (through the affirmative answer to the question “does your city of residence have any 

shared micromobility service? (bicycles and/or scooters)”), however, it should be noted that some 

people claimed that their city does not have any shared micromobility scheme but nevertheless they 

have tried them. This occurs, for instance, with individuals that live in the suburbs of cities that offer 

shared micromobility. 
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It should also be pointed out the low percentage of people who use either shared bicycles or electric 

scooters more than 5 times a week. It can be indicative that the services are not currently seen as 

alternatives to day-to-day commutes but more as occasional means of transport. 

 

 Normality and Outliers  

Besides the data screening that resulted in the deletion of some answers, it is also necessary to assess 

the data outliers and normality before proceeding with the analysis of the measurement models (Hair, 

Hult, et al., 2017). These analyses were performed using the software IBM SPSS 25. 

Since the questionnaire could only be submitted once all the items were answered (except the last one 

that was optional), there were no missing values on the data, so it was not needed to apply any 

technique to address missing data.  

The normality of each item was evaluated through the skewness and kurtosis. It is claimed that values in 

the range [-1; 1] mean that the data is normally distributed although more liberal approaches allow a 

range of [-2.2; 2.2] (Gaskin, 2016). The skewness and kurtosis values are shown in Table 8, where it was 

observed that 11 items show skewness and/or kurtosis issues.  

Table 8 Skewness and kurtosis 

 Skewness Kurtosis  Skewness Kurtosis 
Items Statistic Std. Error Statistic Std. Error Items Statistic Std. Error Statistic Std. Error 

PS1 -0.996 0.167 0.462 0.333 PU3 -1.341 0.167 1.905 0.333 

PS2 -2.186 0.167 5.264 0.333 PU4 -1.370 0.167 1.511 0.333 

PS3 -2.866 0.167 9.865 0.333 PEU1 -2.765 0.167 8.589 0.333 

PS4 -1.971 0.167 4.196 0.333 PEU2 -0.220 0.167 -0.986 0.333 

PS5 -0.157 0.167 -0.766 0.333 PEU3 -0.624 0.167 0.110 0.333 

PR1 -0.730 0.167 0.115 0.333 PEU4 -0.558 0.167 -0.163 0.333 

PR2 -0.181 0.167 -0.858 0.333 PEU5 -0.634 0.167 0.297 0.333 

PR3 -0.225 0.167 -0.310 0.333 PV1 -0.743 0.167 -0.120 0.333 

PR4 0.155 0.167 -0.741 0.333 PV2 0.020 0.167 -0.595 0.333 

HM1 -1.180 0.167 1.182 0.333 PV3 -0.132 0.167 -0.942 0.333 

HM2 -0.897 0.167 0.428 0.333 PV4 0.126 0.167 -0.531 0.333 

HM3 -1.298 0.167 0.860 0.333 UI1 -0.389 0.167 -0.843 0.333 

HM4 -1.193 0.167 1.439 0.333 UI2 -0.687 0.167 -0.282 0.333 

PU1 -1.830 0.167 3.742 0.333 UI3 -0.135 0.167 -1.089 0.333 

PU2 -0.813 0.167 0.135 0.333 UI4 -0.820 0.167 0.191 0.333 

 

The most severe cases, the ones whose values of skewness and kurtosis fall outside the more liberal 

range, occur in the items PS2, PS3, PS4, PU1 and PEU1.  

The construct perceived safety has 3 items whose distribution is not normal, which indicates that there 

are extreme positions regarding the matter – in fact, most respondents strongly agree that the existence 

of adequate infra-structures (PS2), the fact that bicycle and scooter users follow the traffic rules (PS3) 
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and a good co-existence between cars, soft transportation modes and pedestrians (PS4) make shared 

micromobility safer.  

The same occurred in the item that concerns the importance of flexibility in urban dislocations (PU1: 

“Flexibility in the choice of route is useful in my urban dislocations”), which reveals the importance of the 

matter. However, in hindsight, it is possible to verify, by the way the item is formulated, that it is not 

directly connected to shared micromobility. People may agree that flexibility is important in their 

dislocations but not necessarily agree that shared micromobility provides flexible dislocations. The 

measure would only contribute to the perceived usefulness of shared micromobility if it is implicit that 

shared micromobility provides that flexibility. The item is kept in the further analyses but this issue will 

be considered. Finally, non-normality was also found for the item that assessed the physical capability of 

the people to use micromobility (PEU1) which might be explained by the age range of the respondents. 

In large samples (of more than 200 observations) the effect of non-normal data is not as significant as in 

studies in smaller samples (Hair, Black, et al., 2014) and in PLS-SEM the existence of non-normal data is 

not a serious issue given the fact that the method relies on bootstrapping (Rigdon et al., 2017) so all 

items were kept in the analysis. 

The existence of multivariate outliers was verified through the Mahalanobis distance (Kline, 2011) using 

SPSS. This method compares each observation with the centroid of the whole set of observations, thus 

observations that are closer to the centroid are more representative of the whole group. The 

significance of the obtained distances was tested and, according to the obtained p-values, 17 outliers 

were found (the p-values of these observations are lower than 0.001). It was decided, however, to keep 

them for further analysis as there is no evidence that the outliers are not representative of the 

population (Hair, Black, et al., 2014). 

 

 Exploratory Factor Analysis for the Reflective Items 

Exploratory factor analysis (EFA) was developed in the 1900’s and has since been widely used, mainly to 

explore, reduce data and understand its underlying structure (pattern). It is considered a good 

preliminary analysis for the further application of other multivariate techniques (Osborne, 2014). Even 

though the tested items are based on theory, some of them had to be adapted to the transportation 

context, hence they have not been previously tested. In order to verify how they relate, and since a 

sample of over 200 observations was gathered, an EFA could be conducted (Fabrigar, Wegener, 

Maccallum, & Strahan, 1999) using IBM SPSS 25. The obtention of a factor structure that is supported by 

theory and empirical evidence is the final goal of this analysis (Matsunaga, 2010).  

One of the decisions to make regarding an EFA is related to the extraction method to use. Even though 

SPSS presents principal components as the default method for a factor analysis, a principal components 

analysis differs from an EFA, even though they are often used indistinctly (Osborne, 2014). Besides this 

components’ analysis, factor analysis also comprises common factor analysis. While the component 
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analysis seeks to summarize data in a minimum number of factors, the common factor analysis seeks to 

identify sets of factors based on what the variables have in common (Hair, Black, et al., 2014). Since it is 

primarily important to understand the underlying structure between the data, an EFA was conducted 

with a common factor analysis technique named the maximum likelihood extraction method, as the 

items assessed showed no normality issues (Osborne, 2014). 

Regarding the rotation method, there are two main categories: orthogonal and oblique rotation 

methods, being the chosen method promax (an oblique method), as recommended by Osborne (2014). 

The factors were extracted based on the Kaiser Criterion, meaning that the factors extracted have an 

eigenvalue higher than 1 (Matsunaga, 2010). 

As EFA is based on the correlation matrix of the factors, it expects reflective constructs, so it was 

conducted with the items of hedonic motivation, price value and use intention. It revealed that the data 

is adequate for a factor analysis to be conducted, since the Kaiser-Meyer-Olkin Measure (KMO) value 

was higher than the meritorious value of 0.8 and the significance of the Bartlett's Test of Sphericity was 

under 0.05 (Hair, Black, et al., 2014) (Table 9). 

Table 9 Initial KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.902 

Bartlett's Test of Sphericity 

Approx. Chi-Square 1787.265 

df 66 

Significance 0.000 

 

To further analyze the items, their extracted communalities and pattern matrix (Table 10) were 

examined and, based on the eigenvalues, only 2 factors instead of the 3 expected were extracted (able 

to explain 63.3% of the total variance). It was considered that the significant loadings were the ones 

with values above 0.4 as recommended by Hair, Black, et al. (2014) for sample sizes of 200 observations.  

The fact that the items of hedonic motivation and use intention loaded all significantly into a single 

factor suggested that they should be grouped. However, the grouping of those items would imply the 

loss of one construct that is, based on theory, important for the study. Hence, an EFA with the 

extraction of 3 factors was conducted, whose results (extracted communalities and pattern matrix) are 

also presented in Table 10. 
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Table 10 Initial extracted communalities and pattern matrixes for the reflective items 

 

Firstly, it was observed that PV1 and PV3 have low values of extracted communalities - below 0.5 (Hair, 

Black, et al., 2014) - which might be indicative of low reliability or that they are little related with the 

other measurement items (Fabrigar et al., 1999). When analyzing the wording of the items in the 

questionnaire it can be verified that, in fact, PV1 (“I can afford shared micromobility”) and PV3 (“Shared 

micromobility has economic advantages, when compared to the alternatives (e.g. public transports, 

individual car”) are more related to an individual’s perception on their own affordability of shared 

micromobility, while PV2 (“Shared micromobility is worth the price”) and PV4 (“I consider that the price-

distance relationship is fair”) are more directly related to the extent to which an individual believes that 

the prices of shared micromobility are in general worth it economically, which might be perceived as 

two different dimensions of analysis. Nevertheless, they still loaded together and presented significant 

loadings, reason why the items PV1 and PV3 were kept for further analyses. 

On the other hand, a cross-loading was observed for the item UI2. It loaded significantly (and with 

similar values) with the items of hedonic motivation and use intention. For this reason, it was deleted 

from the measurement model (Matsunaga, 2010). Also, UI4 loaded significantly only with the items of 

hedonic motivation. Looking at the wording of the item in the questionnaire - “I would encourage people 

to use shared micromobility” – it is, in fact, verified that this item can relate to hedonic motivation, as an 

individual that enjoys using shared micromobility might be more prone to recommend it to other 

people. For this reason, the item UI4 was included in the construct hedonic motivation in the further 

analyses. The results for the KMO and Bartlett’s test for the new organization of the items, that revealed 

the adequacy of the measures, as well as the pattern matrix (with the extraction of 3 factors) are 

represented in the tables 11 and 12. 

 

Extraction based on eigenvalues  Extraction of 3 factors 

Extracted 
Communalities 

Pattern Matrix 
Items 

Extracted 
Communalities 

Pattern Matrix 

Factor 1 Factor 2 Factor 1 Factor 2 Factor 3 
0.570 0.747  HM1 0.625 0.821   

0.662 0.830  HM2 0.687 0.804   

0.760 0.942  HM3 0.790 0.904   

0.622 0.850  HM4 0.695 0.947   

0.385  0.610 PV1 0.391  0.621  

0.788  0.856 PV2 0.784  0.841  

0.329  0.527 PV3 0.335  0.454  

0.717  0.912 PV4 0.746  0.931  

0.726 0.759  UI1 0.766   0.568 

0.760 0.843  UI2 0.771 0.490  0.450 

0.658 0.715  UI3 0.894   0.963 

0.615 0.707  UI4 0.605 0.452   
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Table 11 KMO and Bartlett's Test for the final set of items 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.889 

Bartlett's Test of Sphericity 

Approx. Chi-Square 1495.186 

df 55 

Significance 0.000 

 

Table 12 Initial and extracted communalities and pattern matrix for the final set of reflective items 

 

 

 

 

 

 

 

 

 Assessment of the Measurement Models 

According to the steps of PLS-SEM described in chapter 4.1, the initial assessment is done on the 

measurement models. To start the analyses of the measurement models, the research framework was 

designed in the SmartPLS 3 software, where the reflective (taking into account the EFA performed) and 

formative measurement models, as well as the structural model were represented. The items PS5, PU4 

and PEU5 were not included in the model tested in the software since they measured the constructs 

generally and therefore were used to assess the convergent validity of the respective formative 

constructs, which is explained further. The designed model is presented in Figure 14. As these analyses 

are based on the predefined model, they are of confirmatory character (Gefen, 2005).  

 

Items 
Initial 

Communalities 
Extracted 

Communalities 

Pattern Matrix 

Factor 1 Factor 2 Factor 3 
HM1 0.585 0.624 0.810   

HM2 0.683 0.709 0.787   

HM3 0.711 0.786 0.862   

HM4 0.628 0.687 0.911   

PV1 0.375 0.390  0.608  

PV2 0.675 0.778  0.828  

PV3 0.330 0.341  0.435  

PV4 0.609 0.757  0.938  

UI1 0.731 0.789   0.647 

UI3 0.681 0.829   0.892 

UI4 0.608 0.608 0.411   
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Figure 14 Measurement and structural models in SmartPLS 3 

 

 Assessment of the Reflective Measurement Models  

Initially, the PLS algorithm using a factor weighting scheme was run through the model with 300 

iterations and a stop criterion of 10-7, the default settings of SmartPLS for the chosen algorithm. The 

reflective measurement model (that comprehends the constructs hedonic motivation, price value and 

use intention) was firstly assessed in terms of discriminant validity that evaluates the distinctness 

between the constructs. It is evaluated through the cross-loadings, the Fornell-Larcker Criterion and the 

heterotrait-monotrait ratio of correlations (HTMT), being the latter considered to perform better than 

the others (Henseler, Ringle, & Sarstedt, 2015). The cross-loadings, showed in Table 13, revealed that all 

items showed higher cross-loading values in their respective construct. 

Table 13 Cross-loadings of the reflective items 

 Hedonic Motivation Price Value Use Intention 

HM1 0.830 0.353 0.593 

HM2 0.892 0.332 0.656 

HM3 0.888 0.256 0.678 

HM4 0.846 0.245 0.591 

UI4 0.790 0.441 0.708 

PV1 0.276 0.731 0.342 

PV2 0.408 0.900 0.503 

PV3 0.277 0.736 0.413 

PV4 0.218 0.827 0.326 

UI1 0.748 0.492 0.957 

UI3 0.685 0.467 0.939 
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However, the item UI4 showed the highest loading in the construct hedonic motivation but presented a 

similar loading in the construct use intention. Since the difference between the two loadings was lower 

than 0.1, the item UI4 was removed from the measurement model to improve discriminant validity 

(Lowry & Gaskin, 2014).  

Furthermore, the Fornell-Larcker Criterion was also assessed, already accounting for the deletion of the 

item UI4. It suggests that divergent validity is confirmed if the square root of the average variance 

extracted (AVE) of each construct is higher than the value of the highest correlation that each construct 

has with the other constructs (Fornell & Larcker, 1981) which was verified with the data of this study, as 

shown in Table 14. The values in the diagonal (in bold) are the square root of the AVE for each latent 

variable and the remaining ones the correlations between the constructs.  

Table 14 Measures of the Fornell-Larcker Criterion 

Constructs Hedonic Motivation Price Value Use Intention 

Hedonic Motivation 0.876   

Price Value 0.339 0.802  

Use Intention 0.720 0.507 0.948 

 

The HTMT ratio estimates the correlation of two constructs if they were measured perfectly. Firstly, it 

was observed that all HTMT ratios were below 0.9 (Table 15) (Henseler et al., 2015). Then it should be 

verified if the HTMT values are significantly different from 1, to make sure that discriminant validity is 

established. To do so, a complete bootstrapping was performed with 5000 subsamples. Bootstrapping is 

a technique that creates subsamples from the original data set (with replacement), simulating different 

random samples of a population and allowing the performance of significance tests (Kline, 2011). The 

bias corrected and accelerated (BCa) confidence interval of 95% does not include the value 1 in their 

range, establishing discriminant validity of the reflective measurement models (Hair, Hult, et al., 2017). 

 

Table 15 HTMT ratios and respective confidence intervals 

Paths  HTMT Ratios 95% BCa Confidence Intervals 

Price Value → Hedonic Motivation 0.383 [0.232; 0.536] 

Use Intention → Hedonic Motivation 0.801 [0.714; 0.869] 

Use Intention → Price Value 0.582 [0.448; 0.702] 

 

Moreover, the internal consistency reliability was assessed, through the Cronbach’s alpha and the 

composite reliability. Further, the convergent validity was also evaluated, through the outer loadings 

(absolute contribution of the items) and the AVE (Hair, Hult, et al., 2017). The values of the measures 

obtained are presented in tables 16 and 17. 
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Table 16 Cronbach's alpha, composite reliability and AVE values for the reflective variables 

 Cronbach's Alpha Composite Reliability AVE 

Hedonic Motivation 0.899 0.930 0.767 

Price Value 0.813 0.877 0.642 

Use Intention 0.887 0.946 0.898 

 

Table 17 Outer loadings of the reflective items 

Reflective Items Outer Loadings 

HM1 0.850 

HM2 0.884 

HM3 0.898 

HM4 0.872 

PV1 0.731 

PV2 0.900 

PV3 0.736 

PV4 0.827 

UI1 0.957 

UI3 0.938 

  

The Cronbach’s alpha values of the variables were all above the threshold of 0.7 which indicates that the 

items have acceptable reliability. For the composite reliability, all obtained values were below 0.95, the 

extreme limit for the measure (Hair, Hult, et al., 2017). So, internal consistency reliability was verified. 

As for the assessment of the convergent validity, it was observed that the AVE values were all well 

above the lower threshold of 0.5 (Vinzi, Chin, Henseler, & Wang, 2010) and the outer loadings of the 

items are all above the lower limit of 0.708 which means that all indicators should be retained. So, 

convergent validity was assured (Hair, Hult, et al., 2017). 

The analysis of the reflective measurement models improved and assured the discriminant validity of 

the reflective indicators, ensuring also their internal consistency reliability and convergent validity. It 

was therefore concluded that the reflective measurement items HM1, HM2, HM3, HM4, PV1, PV2, PV3, 

PV4, UI1 and UI3 were suitable for further PLS-SEM analyses. A summary of all the measures that 

validated the reflective measurement models is presented in Table 18. 
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Table 18 Summary of the reflective measurement models evaluation. Adapted from  Hair, Hult et al. (2017) 

Latent 
Variables 

Items 

Internal Consistency 
Reliability 

Convergent Validity 
Discriminant 

Validity Cronbach’s 
Alpha 

Composite 
Reliability 

Outer 
Loadings 

AVE 

0.7 – 0.9 0.6 – 0.95 > 0.7 > 0.5 

HTMT 
confidence 

interval does not 
include 1 

Hedonic 
Motivation 

HM1 

0.899 0.930 

0.850 

0.767 Yes 
HM2 0.884 

HM3 0.898 

HM4 0.872 

Price Value 

PV1 

0.813 0.877 

0.731 

0.642 Yes 
PV2 0.900 

PV3 0.736 

PV4 0.827 

Use 
Intention 

UI1 
0.887 0.946 

0.957 
0.898 Yes 

UI3 0.938 

 

 Assessment of the Formative Measurement Models  

In order to assess the formative constructs, the multicollinearity of their items and their significance 

were evaluated (Hair, Ringle, & Sarstedt, 2011). Besides, the constructs perceived safety, perceived 

usefulness and perceived ease of use were firstly evaluated in terms of their convergent validity, using 

the items PS5, PU4 and PEU5 that assess them generally, where it was verified that only the perceived 

usefulness passed that test (Hair, Hult, et al., 2017). Nevertheless, being the sample of this study 

reasonable, the analysis of the formative items was carried on, being this study considered a pilot study 

that can lead to further scale refinements to be tested on larger samples. 

The search for collinearity issues was done through the assessment of the variance inflation factor (VIF). 

The PLS algorithm was run and, as verified in Table 19, no collinearity issues were found, as the VIF 

values were actually lower than the conservative number 3.3 (Lowry & Gaskin, 2014). 

Table 19 VIF values of the formative items 

Items PS1 PS2 PS3 PS4 PR1 PR2 PR3 PR4 

VIF  1.368 1.419 1.143 1.229 1.085 1.076 1.295 1.271 

Items PEU1 PEU2 PEU3 PEU4 PU1 PU2 PU3  

VIF  1.026 1.137 1.333 1.321 1.298 1.393 1.432  

 

The evaluation of the significance of the items is primarily done through the assessment of their outer 

weights that indicates the relative importance of each item (Hair, Hult, et al., 2017). Running a complete 

bootstrapping with 5000 subsamples and a BCa bootstrap as the method for the confidence intervals, 

their values were obtained (Table 20).  
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Table 20 Outer weights and measures of significance of the formative items 

Constructs Items 
Outer 

Weights 
p-Values 

95% BCa 
Confidence Intervals 

Perceived 
Safety 

PS1 0.366 0.004 [0.122; 0.614] 

PS2 0.370 0.009 [0.107; 0.661] 

PS3 0.066 0.509 [-0.114; 0.281] 

PS4 0.533 0.000 [0.278; 0.782] 

Perceived 
Reliability 

PR1 0.365 0.000 [0.196; 0.527] 

PR2 0.546 0.000 [0.375; 0.711] 

PR3 0.384 0.000 [0.201; 0.556] 

PR4 0.287 0.005 [0.097; 0.493] 

Perceived 
Usefulness 

PU1 0.279 0.016 [0.041; 0.495] 

PU2 0.571 0.000 [0.446; 0.715] 

PU3 0.394 0.000 [0.215; 0.578] 

Perceived 
Ease of Use 

PEU1 0.463 0.000 [0.287; 0.654] 

PEU2 0.271 0.001 [0.126; 0.441] 

PEU3 0.495 0.000 [0.303; 0.657] 

PEU4 0.293 0.002 [0.106; 0.477] 

 

The outer weights obtained for each item were different from zero. Also, the p-values of the items 

should be lower than 0.05 to ensure their significance at a confidence level of 95%, which was observed 

for all items except for PS3.  

For the items that met the assessment criteria, it is concluded that they are significant, meaning that 

they are empirically verified and therefore should be kept for further analyses (Cenfetelli & Bassellier, 

2009). For the item PS3, however, since its outer weight was not significant, its outer loading was 

analyzed before deciding whether it should be kept or not in the measurement model (Table 21). 

Table 21 Outer loading and measures of significance of PS3 

Item Outer Loading p-Value 95% BCa Confidence Interval 

PS3 0.367 0.015 [0.076; 0.653] 

 

The item PS3 presented an outer loading lower than 0.5 and a p-value of 0.015, being its confidence 

interval [0.076; 0.653], which passes the confidence test at a significance level of 5%. In this case, the 

removal of the item from the measurement model should be considered (Hair, Hult, et al., 2017). 

The item PS3 rated the importance that people attributed to the compliance of the users of 

micromobility to the traffic rules for the overall safety of micromobility (“I believe that the fact that 

bicycle and scooter users follow the traffic rules is important for safety in micromobility”). When 

comparing it to the other items of the perceived safety construct, it can be compared to the item PS4 

(“A good co-existence between cars, soft transportation modes and pedestrians makes shared 
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micromobility safer”) as this item, being broad, might incorporate PS3, i.e., a good co-existence between 

different transports and pedestrians can be related to the fact that other micromobility users follow the 

traffic rules, explaining the lack of absolute contribution of PS3 to the construct perceived safety. For 

this reason, the item PS3 was deleted from the measurement model. All the other items – PS1, PS2, PS4, 

PR1, PR2, PR3, PR4, PU1, PU2, PU3, PEU1, PEU2, PEU3 and PEU4 - were taken to the analysis of the 

structural model. 

 

 Assessment of the Structural Model  

The assessment of the reflective and formative measurement models verified the quality of the items 

used in the study to evaluate each construct, leading to the final measurement and structural models, 

presented in Figure 15. The step that follows the evaluation of the outer models is the evaluation of the 

structural model, whose main goal is to verify if the relationships (paths) between the constructs are 

valid and are able to predict the endogenous constructs (Tenenhaus, Esposito, Chatelin, & Lauro, 2005).  

 

Figure 15 Final measurement and structural models in SmartPLS 3 

 

The measures used to assess structural models with PLS-SEM, their description and threshold values are 

summarized in Table 22. 
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Table 22 Measures, descriptions and evaluation criteria for structural models 

Measures and Descriptions 
Evaluation 

Criteria 
References 

Collinearity: measures the correlation of two variables, 
therefore high collinearity between two constructs means 
that they are redundant. The search for collinearity issues is 
done through the analysis of the VIF values of each path. 

No collinearity 
issues if VIF < 5 
Conservative 
value:  VIF < 3 

(Hair, Hult, et 
al., 2017; Hair et 

al., 2019) 

Path Coefficients: estimated path relationships between 
the constructs of the structural model. They are 
standardized regression coefficients and depict the strength 
of the relationships between the constructs (hypotheses). 

Significant if           
p-value < 0.05 

(for a significance 
level of 5%) 

(Henseler, 
Hubona, & Ray, 

2016) 

Coefficient of Determination (R2): assesses the predictive 
power (in-sample) of the structural model by means of 
measuring the variance explained for each endogenous 
construct. 

High 
R2 ≥ 0.75 

 

Medium 
0.50 ≤ R2 < 0.75 

 

Small 
0.25 ≤ R2 < 0.50 

(Hair et al., 
2011) 

Effect Size f2
: evaluates whether a determined predictor 

construct has subtantial impact on a dependent one, 
through the assessement of the variation of the R2 value of 
the dependent variable when the predictor is omitted from 
the structural model. 
It is calculated as followed: 

𝒇𝟐 =
𝑹𝒊𝒏𝒄𝒍𝒖𝒅𝒆𝒅

𝟐 −  𝑹𝒆𝒙𝒄𝒍𝒖𝒅𝒆𝒅
𝟐  

𝟏 − 𝑹𝒊𝒏𝒄𝒍𝒖𝒅𝒆𝒅
𝟐  

𝑹𝒊𝒏𝒄𝒍𝒖𝒅𝒆𝒅
𝟐  – Coefficient of determination of an endogenous 

variable with all the variables of the model included 

𝑹𝒆𝒙𝒄𝒍𝒖𝒅𝒆𝒅
𝟐  – Coefficient of determination of an endogenous 

variable with a specific predictor omitted 

High 
f2 ≥ 0.35 

 

Medium 
0.15 ≤ f2 < 0.35 

 

Small 
0.02 ≤ f2 < 0.15 

 

No effect 
f2 < 0.02 

(J. Cohen, 1988; 
Henseler et al., 
2016; Vinzi et 

al., 2010) 

Predictive relevance (Q2): the Stone-Geisser’s Q² value 
measures the predictive validity of the model. It combines 
in sample and out-of-sample prediction that is calculated 
through blindfolding, a sample re-use technique. 

High 
Q² ≥ 0.5 

 

Medium 
0.25 ≤ Q² < 0.5 

 

Small 
0 ≤ Q² < 0.25 

(Hair, Hult, et 
al., 2017; Hair et 

al., 2019; 
Shmueli et al., 

2019) 

Effect size q2: assesses the variation of Q2 of a dependent 
variable in the absence of a predictor, allowing the 
evaluation of the importance of the predictors. 
It is calculated through the following formula: 

𝒒𝟐 =
𝑸𝒊𝒏𝒄𝒍𝒖𝒅𝒆𝒅

𝟐 −  𝑸𝒆𝒙𝒄𝒍𝒖𝒅𝒆𝒅
𝟐  

𝟏 − 𝑸𝒊𝒏𝒄𝒍𝒖𝒅𝒆𝒅
𝟐

 

𝑸𝒊𝒏𝒄𝒍𝒖𝒅𝒆𝒅
𝟐  – Predictive relevance of an endogenous variable 

with all the variables of the model included 

𝑸𝒆𝒙𝒄𝒍𝒖𝒅𝒆𝒅
𝟐  – Predictive relevance of an endogenous variable 

with a specific predictor omitted 

High 
q2 ≥ 0.35 

 

Medium 
0.15 ≤ q2 < 0.35 

 

Small 
0.02 ≤ q2 < 0.15 

 

No effect 
q2 < 0.02 

 

(Hair, Hult, et 
al., 2017; Vinzi 

et al., 2010) 
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 Collinearity Assessment  

The first step of the assessment of a structural model is the verification of the existence of collinearity 

issues. Running the PLS algorithm in SmartPLS, with a path weighting scheme, it was possible to obtain 

the VIF values for all the paths of the model, presented in Table 23. Since they were all well below 5 

(and actually bellow the more strict value of 3) the constructs did not present collinearity issues and 

therefore they were all kept exactly like they were defined in the theoretical framework. 

Table 23 VIF values for the paths of the structural model 

Paths VIF  

PS → PU 1.752 

PS → PEU 1.751 

PR → PU 1.688 

PR → PEU 1.390 

HM → PU 2.450 

HM → PEU 2.003 

PEU → PU 2.081 

PU → UI 1.612 

PEU → UI 1.610 

PV → UI 1.101 

 

 Path Coefficients  

In order to analyze the path coefficients of the structural model to verify the strength of the 

relationships, a complete bootstrapping with 5000 subsamples and BCa as the confidence interval 

method with a two-tailed test and a significance level of 5% was performed (Hair, Hult, et al., 2017). The 

obtained path coefficients are presented visually in Figure 16 (where the non-significant relationships 

are represented in dashed lines) and their p-values and confidence intervals are presented in Table 24. 

Figure 16 Path coefficients 

 

 

Perceived 
Usefulness 

Use 
Intention 

Price Value 

Perceived 
Ease of Use 

Perceived 
Safety 

Perceived 
Reliability 

Hedonic 
Motivation 

0.349 0.418 

0.113 

0.463 

-0.024 

0.541 

0.124 

0.378 

0.133 

0.163
5 
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Table 24 Path coefficients, p-values, confidence intervals of the paths and evaluation of the hypotheses 

Hypotheses Paths 
Path 

Coefficients 
p-Values 

95% BCa Confidence 
Intervals 

Evaluation 

H1 PS → PU 0.113 0.101 [-0.020; 0.248] Non-significant 

H2 PS → PEU -0.024 0.711 [-0.169; 0.085] Non-significant 

H3 PR → PU 0.124 0.028 [0.018; 0.241] Significant 

H4 PR → PEU 0.378 0.000 [0.228; 0.510] Significant 

H5 HM → PU 0.541 0.000 [0.388; 0.705] Significant 

H6 HM → PEU 0.463 0.000 [0.304; 0.616] Significant 

H7 PEU → PU 0.133 0.115 [-0.033; 0.295] Non-significant 

H8 PU → UI 0.418 0.000 [0.267; 0.549] Significant 

H9 PEU → UI 0.163 0.043 [0.005; 0.321] Significant 

H10 PV → UI 0.349 0.000 [0.242; 0.449] Significant 

 

In a first analysis, it was observed that the highest path values were found for the paths HM → PU, HM 

→ PEU and PU → UI. However, rather than solely look at the absolute values of the path coefficients, 

their significance was also assessed. Through bootstrapping, the p-values of all paths were obtained and 

it was observed that there are 3 weak (statistically non-significant) relationships – PS → PU, PS → PEU 

and PEU → PU (hypotheses H1, H2 and H7) - as the p-values obtained for those paths are higher than 

0.05 (for the established significance level of 5%) and their confidence intervals include 0 in their range 

(Hair, Hult, et al., 2017). 

The main conclusion to retain from the assessment of the path coefficients is that most theorized 

relationships were confirmed empirically, however, perceived safety does not affect either perceived 

usefulness or perceived ease of use, the two relationships theorized for the construct. Also, perceived 

ease of use has no effect on perceived usefulness.  

Besides the significance and relevance of the paths, it is also important to verify the total effects (the 

sum of direct and indirect effects of one construct on another), mainly for exploratory purposes (Hair, 

Hult, et al., 2017). The values of the total effects of the three exogenous variables on the final 

endogenous one, use intention, p-values and confidence intervals are presented in Table 25. 

Table 25 Total effects, p-values and confidence intervals of the paths 

Paths Total Effects p-Values 95% BCa Confidence Intervals 

PS → UI 0.042 0.236 [-0.028; 0.105] 

PR → UI 0.134 0.000 [0.077; 0.202] 

HM → UI 0.327 0.000 [0.227; 0.432] 

 

Analyzing the total effects of the exogenous constructs (PS, PR and HM) on use intention, it was 

observed that only the total effects of perceived reliability and hedonic motivation were significant. 
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Hence, the fact that people are able to enjoy rides on bicycles and scooters and that they can rely on 

them contribute positively for the use intention of shared micromobility. 

 

 Mediation Analysis 

Mediation happens when a certain construct has an impact on the relationship between two other 

constructs. It allows the understanding of the processes that influence a certain dependent variable 

(Nitzl, Roldan, & Cepeda, 2016).  

Given the defined structural model, it was possible to observe that PEU can be a possible mediator of 

the relationships PS → PU, PR → PU and HM → PU, as well as PU can be a mediator of the relationship 

between PEU → UI. However, as verified previously, all those mediation possibilities entailed non-

significant paths, so it was expected that the model did not entail any mediation relationship. 

The first step of a mediation analysis is to verify if the indirect effects presented in the model are 

significant, which is achieved through applying the bootstrapping technique in SmartPLS. The same 

process is done for the direct effects (path coefficients) (Hair, Hult, et al., 2017). Their significance was 

tested through the assessment of the obtained p-values and confidence intervals and the summary of 

the results is presented in Table 26. 

Table 26 Indirect and direct effects, p-values, confidence intervals and classification 

Paths 
Indirect 
effects 

p-Values 
95% BCa 

Confidence Intervals 
Evaluation 

PS → PU -0.003 0.759 [-0.038; 0.009] Non-significant 

PR → PU 0.050 0.150 [-0.008; 0.132] Non-significant 

HM → PU 0.062 0.127 [-0.011; 0.149] Non-significant 

PEU → UI 0.055 0.169 [-0.013; 0.143] Non-significant 

Paths 
Direct 
effects 

p-Values 
95% BCa 

Confidence Intervals 
Evaluation 

PS → PU 0.113 0.101 [-0.020; 0.248] Non-significant 

PR → PU 0.124 0.028 [0.018; 0.241] Significant 

HM → PU 0.541 0.000 [0.388; 0.705] Significant 

PEU → UI 0.163 0.043 [0.005; 0.321] Significant 

 

All the indirect effects analyzed were non-significant, revealing that there are no mediation relationships 

in the model (Nitzl et al., 2016).  

Firstly, no mediation effect was found for the path PS → PU, as both indirect and direct effects of the 

path were found non-significant. It was expected since it was previously verified that all the hypotheses 

theorized for perceived safety were not verified empirically.  

The direct effects were significant only for the paths PR → PU and HM → PU, meaning that the data 

does not support PEU as a mediator of the relationships. The same occurred for PEU → UI, so PU is not a 
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mediator of the relationship. These paths therefore present a direct-only non-mediation (Zhao, Lynch, & 

Chen, 2010). 

 

 Coefficient of Determination (R2) and Effect Sizes (f2) 

The obtained values of R2 for the latent endogenous constructs (Table 27) were all medium, meaning 

that the exogenous variables explain moderately the endogenous ones (PEU, PU and UI) (Hair et al., 

2011). Particularly, it was verified that the model explains 62.4% of the variance of perceived usefulness, 

51.9% of the variance of perceived ease of use and 51.5% of the variance of use intention.  

Table 27 Coefficient of determination and classification of the endogenous constructs 

Endogenous Constructs R2 Classification 

Perceived Usefulness 0.624 Moderate 

Perceived Ease of Use 0.519 Moderate 

Use Intention 0.515 Moderate 

 

The effect sizes f2 show how a determined dependent construct changes with the omission of a certain 

predictor variable (Henseler et al., 2016) and were obtained through the running of the PLS algorithm 

(Hair, Hult, et al., 2017). The results, taking into account the threshold values displayed in Table 22, are 

presented in Table 28.  

Table 28 Effect sizes f2 

Predictors 
Endogenous Constructs 

PU PEU UI 

PS 
No effect 

0.019 
No effect 

0.001 
 

PR 
Small effect 

0.024 
Medium effect 

0.214 
 

HM 
Medium effect 

0.317 
Medium effect 

0.223 
 

PU   
Medium effect 

0.223 

PEU 
Small effect 

0.023 
 

Small effect 
0.034 

PV 
 

 
Medium effect 

0.228 

 

It was previously observed that PU, PEU and PV have significant relationships with UI, however, through 

the analysis of the effect sizes f2 it was verified that they have small and medium effects on the variance 

explained by UI, having relevant importance in its explanation. Further, hedonic motivation was the only 

independent variable that presented medium effects on both PU and PEU. 
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 Predictive Relevance (Q2) and Effect Sizes (q2) 

A blindfolding was run with an omission distance of 7, as recommended by SmartPLS. Also, this value is 

not a multiple of 212, the number of observations of this study, being it a suitable omission distance. 

The values of Q2 were obtained (Table 29) and it was verified that they are all substantially above zero, 

meaning that the respective paths of the endogenous constructs have predictive relevance. Moderate 

predictive relevance is verified for PU and UI as their Q2 values are above 0.25. 

Table 29 Predictive relevance of the endogenous constructs 

 

 

 

 

The results obtained for Q2 are demonstrative that the structural model has predictive relevance for its 

endogenous constructs. Further, the contribution of each predictor variable to the predictive relevance 

of the endogenous constructs was obtained through the effect sizes q2, calculated manually following 

the formula in Table 22. The results are presented in Table 30. 

Table 30 Effect sizes q2 

Predictors 
Endogenous Constructs 

PU PEU UI 

PS 
No effect 

0.006 
No effect 

-0.003 
 

PR 
No effect 

0.006 
Small effect 

0.056 
 

HM 
Small effect 

0.106 
Small effect 

0.038 
 

PU   
Medium effect 

0.155 

PEU 
No effect 

0.003 
 

No effect 
0.018 

PV   
Medium effect 

0.166 

 

Following the rules of thumb for the effect sizes q2, it was verified that the predictive relevance of PEU 

and PU is mostly impacted by hedonic motivation. Further, the predictive relevance of UI is mainly 

affected by perceived usefulness and the price value. 

 

 

 

Endogenous Constructs Q² Classification 

PU 0.344 Moderate 

PEU 0.196 Small 

UI 0.431 Moderate 
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 Out-of-sample Predictive Power – PLSpredict 

The previous assessments do not evaluate entirely the out-of-sample predictive power of the model 

(Hair et al., 2019). So, in order to verify if the model is capable of predicting data outside the model, the 

PLSpredict procedure was applied in SmartPLS. 

The procedure divides the data set into a certain number of subgroups of data that are designated 

“folds”. This number is chosen by the researcher and the recommendation of the use of 10 folds was 

followed, given that the sample size requirement to use that value was met. The procedure then took 

randomly 9 out of the 10 folds and used them to try to predict the remaining one (Shmueli et al., 2019). 

To obtain better results, the procedure was run 10 times, as recommended by Shmueli et al. (2019). 

The assessment of the results of PLS-SEM should be focused on the final endogenous construct (Hair et 

al., 2019) that, in this study, is the use intention. PLSpredict calculates predictions with both PLS-SEM 

and linear regression models (LM), being the last one considered a “naïve” benchmark comparable with 

the PLS results. It is expected that the PLS prediction outperforms the LM one, given that the LM 

approach does not take into account the defined model’s structure (Shmueli et al., 2019). 

 

Table 31 RMSE and Q2
predict values for PLS and LM 

 
PLS LM 

 RMSE Q²predict RMSE 

PU1 1.090 0.267 1.161 

PU2 1.091 0.450 1.076 

PU3 0.963 0.361 0.963 

PEU1 1.043 0.135 1.030 

PEU2 1.692 0.170 1.740 

PEU3 1.096 0.300 1.147 

PEU4 1.176 0.210 1.166 

UI3 1.491 0.430 1.487 

UI1 1.293 0.513 1.236 

 

The first result to be evaluated is the Q2
predict of PLS. Since the obtained values of Q2

predict were all above 

0, the root mean squared errors (RMSE) obtained for PLS and LM were compared. As only a minority of 

the values of the RMSE for PLS are lower than the ones for LM, it is concluded that the theorized model 

exhibits low out-of-sample predictive power.  
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 Model Fit 

Assessing the model fit is verifying whether the empirical data gathered fits the proposed theorized 

model (Hair, Hult, et al., 2017), which for PLS-SEM is related to the extent that a correlation or 

covariance based criterion is maximized (Sarstedt, Ringle, Henseler, & Hair, 2014). 

Model fit for PLS-SEM is not as clear and as developed as it is for CB-SEM and the obtained results 

should be analyzed cautiously (Hair et al., 2019) since the research on them is still in a premature phase 

of development and there are doubts about the actual usefulness of the model fit in the PLS-SEM 

context (Hair, Hult, et al., 2017). In fact, there are no consensual measures for model fit in PLS-SEM (Hair 

et al., 2011), which is a limitation of the method.  

There have been, however, efforts to design model fit measures and tests for PLS-SEM, such as the 

goodness-of-fit index (GoF), standardized root mean square residual (SRMR), normed fit index (NFI), 

root mean square residual covariance (RMStheta), geodesic discrepancy (dG) and unweighted least 

squares discrepancy (dULS) (Hair, Hult, et al., 2017; Henseler et al., 2016). Out of the presented model fit 

criteria and tests, SmartPLS provides SRMR, NFI, dG and dULS, and, while SRMR and NFI are compared 

with defined thresholds, dG and dUSL are tested for significance through bootstrapping. 

For the theorized model, the SRMR for the estimated model exhibited a value of 0.07 which is below the 

threshold value of 0.08, revealing model fit. The NFI presented the value 0.756, not complying with the 

threshold that indicates model fit when the NFI is over 0.9. Similarly, the exact fit criteria, dG and dULS, 

did not pass the test of model fit for neither 95% nor 99% confidence intervals (Henseler et al., 2016).  

 

 Assessment of the Answers to the Open Question 

The last question of the questionnaire was a facultative open question asking the respondents to leave 

comments on the topic of shared micromobility (“In case you would like to make any comment on the 

topic of this questionnaire, leave it here”). A total of 16 answers to this question were gathered and, 

when analyzed, they could be grouped into the following topics: 

• Price of the current available alternatives of shared micromobility: five respondents 

commented that overall shared micromobility is expensive. It was suggested that 

micromobility services could be comprised in the monthly passes of public transport or 

companies could offer packages with more competitive prices than the current ones, where 

the services have a cost per minute - “With competitive prices… these new transportation 

means have the potential to revolutionize the transportation systems of our cities”; 

• Safety concerns: concerns on the safety of these transportation alternatives were shown by 

five other respondents, where it was mainly mentioned the importance of the awareness of 

society in general for shared micromobility - “For me, a huge question in the utilization and 
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implementation of shared micromobility lies in the awareness of the society (pedestrians and 

cars) and of their users for a safe and responsible use”; 

• Diversification of the sharing systems: two respondents claimed that more solutions that 

include the sharing of cars and motorcycles should be provided. 

The other respondents commented on the usefulness of shared micromobility and the importance of 

electric vehicles. Even though only a few commentaries were left, the concerns of the respondents of 

the open question matched the variables included in the research framework, especially the perceived 

safety and the price value, reinforcing their importance in the use intention of shared micromobility.  
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5. DISCUSSION OF THE RESULTS 

 Determinants of Perceived Usefulness and Perceived Ease of Use 

 Perceived Safety 

The evaluation of the structural model revealed the non-significance of both hypotheses theorized for 

perceived safety, as well as the lack of effect the variable holds on the endogenous constructs perceived 

usefulness and perceived ease of use. 

When the results are not the ones expected, researchers should be able to find a reasoning for that in 

the theoretical considerations made, issues associated with the data or the issues of the statistical 

method used (Hair, Hult, et al., 2017). In hindsight, when analyzing the wording of the items, it was 

observed that the respondents were asked whether certain conditions were important for their safety 

to use shared micromobility instead of being asked about whether they actually perceive that those 

safety conditions exist, not assessing clearly the conditions they have to use shared micromobility. For 

this reason, further studies on this subject call for a refinement in the measurement scale so that a 

better understanding of the importance of perceived safety can be obtained.  

Nevertheless, the analysis of the responses brings several insights on safety in the context of shared 

micromobility in Portugal. The main one is that, according to the respondents, it is clear that the 

existence of adequate infra-structures (such as bike lanes) and a good co-existence between cars, soft 

transportation modes and pedestrians (that entails that compliance of users of bicycles and scooters 

with the traffic rules, as verified in the formative measurement model analysis) are important factors 

that increase the perceived safety of shared micromobility, given the high number of people that 

responded “strongly agree” to the items PS2, PS3 and PS4. Although with less expression, the existence 

of enough infra-structures was also considered important given the highly skewed answers to the right, 

as observed in Figure 17 along with the other bar plots of the items of perceived safety. 
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These findings are increasingly important since the answers to the item PS5 (“I believe it is safe to ride 

bicycles and scooters in urban areas”) were not as skewed to the right (Figure 18). In fact, most people 

scored it a 5 or less. So, improving the conditions mentioned might increase the overall safety 

environment for shared micromobility, promoting its use.  

 

Figure 18 Bar plots of the answers to the item PS5 (1 - strongly disagree, 7 - strongly agree) 

 

 Perceived Reliability and Hedonic Motivation 

Even though perceived safety was found non-significant for the model, the other two exogenous 

variables, perceived reliability and hedonic motivation, were supported by the empirical data as they 

exhibited significant paths and relevant effects towards perceived usefulness and perceived ease of use. 

Moreover, both variables showed significant total effects towards use intention. 
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An increased perceived reliability contributes to a higher perceived usefulness and perceived ease of 

use, contributing to the use intention of shared micromobility. It is concluded that having vehicles 

available and in good conditions is important for their use. Additionally, the analysis of the answers to 

the items revealed that there is a lack of trust that the other users of shared micromobility are able to 

take good care of shared vehicles (Figure 19). Further work between not only service providers but also 

city’s authorities might be required to deal with this issue. 

 

Figure 19 Bar plots of the answers to the item PR4 (1 - strongly disagree, 7 - strongly agree) 

 

Hedonic motivation was the only variable that showed a medium effect size f2 towards both perceived 

usefulness and perceived ease of use, revealing its importance on the use intention of shared 

micromobility, also proved by its significant total effects on use intention. As in other studies (Madigan 

et al., 2017; Venkatesh et al., 2012) it was confirmed that hedonic motivation is important in the 

prediction of the use intention of different products and services in consumer contexts. So, the more 

people perceive shared micromobility as an enjoyable transportation mean, the easier to use and the 

more useful they will find it, increasing their use intention. For this reason, service providers could 

promote experimental utilizations of bicycle and scooter schemes, through the offer of discounts, for 

instance, to further gather frequent users of the services.  

 

 Determinants of Use Intention 

 The Importance of the Price Value 

The analysis of the structural model revealed a significant path and medium f2 and q2 effects between 

price value and use intention. Not only is this finding corroborated by the empirical data gathered but it 

is, once again, in line with the importance of the prices of products and services in consumer contexts 

mentioned in the literature (Venkatesh et al., 2012). Also, several people pointed out in the open 

question that the current high prices practiced, in general, by the providers of shared micromobility 

prevent them from using them and restrict the schemes to short distances, which might explain the 

small percentage of people, among the respondents of the questionnaire, that used them more than 5 

times per week. 
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Furthermore, some respondents suggested that companies could switch from the current business 

models, where the prices are charged for minute, to different solutions like monthly passes. These 

changes could promote a frequent use of shared micromobility, rather than an occasional one. 

 

 Usefulness of Shared Micromobility 

The analysis of the structural model revealed the significance of perceived usefulness towards use 

intention. Moreover, since perceived usefulness was a formative construct and passed the convergent 

validity test (redundancy test) – the path coefficient between the formative items of perceived 

usefulness and the general item that assessed it (PU4) was higher than 0.7 (Figure 20) (Hair, Hult, et al., 

2017) - its dimensions could be analyzed and their relative importance evaluated.  

 

It was found out that being able to make fast dislocations holds the greatest importance in the 

usefulness of shared micromobility, as the item PU2 showed the highest outer weight of all the 

considered items. Further, the existence of electric vehicles was empirically verified to be important for 

the usefulness of shared micromobility. Additionally, even though the item PU1 (“Flexibility in the choice 

of route is useful in my urban dislocations”) was not directly related to shared micromobility, it 

exhibited a significant outer weight, so it can be extrapolated that if shared micromobility gives their 

users flexibility in the choice of their routes, it might improve the perceived usefulness of shared 

micromobility.  

 

 Overall Structural Model 

Even though the proposed model exhibited low out-of-sample predictive relevance, which might be 

explained by the fact that use intention was left with only two measurement items in the structural 

model assessment phase (Shmueli et al., 2019), it exhibited moderate predictive relevance (R2) and 

predictive power (Q2) for use intention. Also, the SMRM showed model fit. These results suggest that 

the developed model has empirical relevance and that it can be a good base for the further 

development of research frameworks to study the acceptance of shared micromobility or similar 

transportation means. 

Figure 20 Test of convergent validity for perceived usefulness 
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Only three non-significant relationships were found among all the theorized relationships of the 

research framework, which translates into the lack of empirical support of three hypotheses. Besides 

the non-significance of perceived safety, the relationship between perceived ease of use and perceived 

usefulness – theorized in the TAM - was not supported. This means that perceived ease of use is not a 

mediator of any of the relationships between the external variables and that an increased ease of use 

does not have any impact on the perceived usefulness of shared micromobility. Further addition of 

dimensions to the construct perceived ease of use might reveal a significant relationship between the 

two variables. 

Nevertheless, the relationship between perceived ease of use and use intention was confirmed, meaning 

that the use intention of shared micromobility increases with its perceived ease of use, that is mostly 

related to the physical capabilities of the individuals to use bicycles and scooters, as well as their 

perception on the easiness to start and end their rides in the shared systems. 
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6. CONCLUSIONS, LIMITATIONS AND FUTURE WORK 

The present dissertation addresses the following research question: “what are the main factors that 

influence the use of shared micromobility?”, drawing from a literature review focused on innovation 

and trends of the transportation industry, in a context of increasing number of services in the sector, 

especially the ones of shared micromobility. This research was built upon a broad review of scientific 

papers available on the academic reference websites Science Direct, Web of Science, b-on, Scopus and 

Google Scholar and complemented with recent news/examples/cases on shared micromobility given 

that it is a trending topic at the moment. The literature review also included a characterization of the 

sector in Portugal where similarly articles/news/examples/cases were consulted. 

The methodology used to answer the research question was formulated after a thorough analysis of the 

different conceptual models commonly used to explain the acceptance of technology, an analysis of 

examples of their application to the transportation sector as well as a series of interviews to two 

different service providers of shared micromobility and six users and non-users of the services. This 

analysis and exploratory work confirmed that there is a change in the transportation sector in Portugal 

that is primarily (and gradually) happening in Lisbon and that the Portuguese transportation sector is 

following the trends verified worldwide. It led to the formulation of an extension of TAM, deemed 

appropriate to study the context of this dissertation. As such, to the variables of TAM, perceived 

usefulness, perceived ease of use and use intention, the variables perceived safety, perceived reliability, 

hedonic motivation and price value were added to formulate the research framework of this study. 

After the definition of the research framework it was necessary to validate it and verify if the theorized 

relationships were empirically supported. That was done through the formulation of items that assessed 

the constructs and the contributions for them and further design and launch of a questionnaire that 

allowed for the collection of 212 valid answers from individuals in the age range of 18 to 35 years old, 

living in Portugal, mostly in the metropolitan zones of Lisbon and Porto. 

The analysis of the data led to the conclusion that perceived reliability, hedonic motivation, perceived 

usefulness, perceived ease of use and price value are important factors that contribute to the use 

intention of shared micromobility. Additionally, even though the perceived safety was not significant in 

the research model, both service providers and individuals interviewed considered it an important 

factor for the use of these kind of transports, particularly related to the existence of conditions like 

suitable bike lanes and a greater awareness by citizens on the co-existence of the different 

transportation modes. Moreover, the offering of fast dislocations and electric vehicles contribute to the 

use intention of shared micromobility. Therefore, not only service providers should consider these 

factors when offering shared micromobility services but also city’s authorities and citizens can promote 

their use, being these findings part of the practical contribution of this study. 

On the theoretical side, this work contributes to the research on the user acceptance of transportation 

services, in particular, shared transportation schemes, as the proposed extension to the TAM proved to 
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be able to explain 51.5% of the variance of the use intention of shared micromobility. Additionally, it 

might be useful in the further development of new model extensions and development of measurement 

items applied to the transportation sector. 

This study, however, presents limitations. Firstly, the study relied on a non-probability sample 

(convenience and snowball sampling), so any generalizations of this research should be done cautiously. 

Another limitation of this study was the use of formative items to assess the constructs perceived safety, 

perceived reliability, perceived usefulness and perceived ease of use. Even though the use of this kind of 

variables is suitable to understand the different dimensions of each construct, it is hard to capture the 

whole constructs’ dimensions, especially in studies that have a more exploratory character. It is 

therefore proposed that, in further studies, those variables could be either assessed with more 

dimensions associated to them, to ensure their convergent validity, or be considered as reflective 

constructs. Further, the convergent validity of the construct perceived reliability could not be tested, as 

a general item to assess it was not included in the administered questionnaire. Hence, as mentioned, 

this study can then be considered a pilot study before the preparation of larger scale surveys to address 

shared micromobility or similar transportation services. 

Future studies could also incorporate interviews with focus groups, with both users and non-users of 

shared micromobility, so that the differences between those groups could be more explored. 

Additionally, larger samples could also be used and include people from more cities and urban 

environments for more generalizable results. 

As a concluding remark, the offering of both ride and sharing transportation services in the 

transportation sector is undoubtedly increasing and setting trends for the future of urban mobility. Even 

though there are still several challenges to overcome in this area, especially in countries where the 

transportation systems are mostly dominated by vehicle ownership, people are getting more aware of 

the new solutions as particularly new individual transportation vehicles and services are arising. If 

people are willing to try them, service providers offer reliable services and cities can ensure a good co-

existence of all transportation means, shared micromobility can succeed and play an important role in 

the promotion of more sustainable transportation systems in urban environments. 
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