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Resumo 

Um veículo elétrico (EV) é um veículo que utiliza um ou mais motores eléctricos como forma de 

propulsão. Este tipo de veículo tem o potencial de reduzir substancialmente a poluição nas cidades, 

ao ter emissões 0, de gases de escape. Como consquência das diferenças entre os EV e os veículos 

movidos a combustíveis fósseis, este mercado tem aumentado, provocando o aparecimento de novos 

produtos e de novas atitutdes, junto dos potenciais consumidores. O objectivo desta dissertaação é o 

de avaliar como o mercado dos EV está a ser sustentado pelos comportamentos dos consumidores, 

que vão ser testados, tendo em conta a Technology Acceptance Model (TAM), como ferramenta. Foi 

criado um questionário com 695 respostas válidas, explicado nesta dissertação. As principais 

conclusões extraídas permitiram confirmar quais são os factores que tiveram uma maior influência 

entre os utilizadores dos EV, tais como a atitude e a utilidade, ao mesmo tempo que se avaliou o 

estado actual da tecnologia bem como foram feitas sugestões e julgamentos referentes ao futuro 

deste tópico.  

 

Palavras-Chave: veículo elétrico (EV); veículos autónomos; atitudes; comportamentos dos 

consumidores; technology acceptance model (TAM); utilidade 
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Abstract 

An electric vehicle (EV) is a vehicle which uses one or more electric motors for propulsion. This type of 

vehicle has the potential of significantly reducing city pollution in having zero tail pipe emissions. As a 

consequence of the differences between EV and fossil fuel vehicles, this market has been increasing, 

causing the emergence of new products and consumer attitudes.  

The main goal of this dissertation is to evaluate how the EV Market is being sustained by consumer 

behavior, which are going to be tested according to the technology acceptance model (TAM) as the 

main tool of research. A questionnaire with 695 valid answers was created and will be better explained 

in this dissertation.  

The main conclusions reached allow us to confirm the consumer attitude and to perceive that 

usefulness plays a major influencing role among the EV users. At the same time, it was made possible 

to evaluate the current state of the art of this technology as well as to make appraisals and give 

suggestions regarding the future of this topic. 

 

Keywords: electric vehicle (EV); autonomous vehicles; consumer attitudes; consumer behavior; 

technology acceptance model (TAM); perceived usefulness 
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Glossary  

AV (autonomous vehicle) - a vehicle that doesn't need a pilot to be driven. 

BI (Behavioral Intention) - it is defined as a person´s perceived likelihood or subjective probability that 

he or she will engage in a given behavior. It is the most proximate behavior predictor in TAM. 

EV (electric vehicle) – a vehicle that moves with electric propulsion. 

GDP (Gross Domestic Product) - a monetary measure for the market value of all final goods and 

services produced during a given (quarterly or yearly) period of time by a given country. 

IASAM (Integrated Acceptance and Sustainability Assessment model) - theoretical model created in 

Latvia, in 2013. It is an evaluation approach based on the assumption that technology acceptance 

research should not be separated from technological, economic and social evaluation. 

IS (Information Systems) - the group of all systems that provide information to a specific user. More 

specifically, it is the study of complementary networks people and organizations use to collect, filter, 

process, create, and distribute data. 

PEOU (Perceived Ease of Use) - the degree to which an individual believes that using a particular 

system would be free of effort. 

PU (Perceived Usefulness) - According to Davis (1989), it is the degree to which a person believes 

that using a particular system would enhance his or her job performance. 

SAEV (Shared Autonomous Electric Vehicle) – the concept of sharing vehicles that are simultaneously 

autonomous and electric. 

TAM (Technology Acceptance Model) - information systems theory that models how users come to 

accept and use a given technology. It was created by Davis, Bagozzi & Warshaw, in 1989. 

TRA (Theory of Reasoned Action) - theory created in 1967 by Azjen and Fishbein. It aims to explain 

the relationship between attitude and behavior within human action.  

UTAUT (Unified Theory of Acceptance and Use of Technology) - technology acceptance model that 

aims to explain user intention when utilizing an information system and the subsequent usage 

behavior (formulated by Venkatesh (2000)). 
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1. Introduction  

The goal of this dissertation is to present a framework for investigating the determinants of 

electric vehicles (EV) implementation in the automotive market by expanding the technology 

acceptance model (TAM). 

An electric vehicle (EV) is a vehicle that uses one or more electric or traction motors for 

propulsion, instead of an internal combustion engine. 

Nowadays, this type of vehicles is becoming a trend topic, due to environmental problems of the 

planet and also as a consequence of the new technological challenges addressed to the main 

automotive constructors. 

According to Aizstrauta and Ginters (2017), technology is a powerful worldwide component and, 

therefore, the understanding of the development, adoption and usage of technology has 

become one of the central concerns for researchers and practitioners across multiple subjects 

or areas.  They also claim that sustainability is, among other, a matter of quality in what 

concerns the decision making process in policy planning. 

There are several theories that partly reflect the issues of acceptance, adoption and success of 

technologies and innovations, but none of them give a full understanding about the factors 

influencing acceptance and sustainability combined (Aizstrauta & Ginters, 2015). 

The original TAM is based on the theory of reasoned action (TRA) that aims to explain the 

relationship between attitude and behavior as a consequence of human action. TRA is used to 

predict how individuals will behave based on their pre-existing attitudes and behavioral 

intentions (Azjen & Fishbein, 1980).  The TAM explores the relationship between perceived 

usefulness, perceived ease of implementation, the intention to implement it and the actual 

system implementation (Bach et al. 2016). 

In the specific case of the EV Market it is important to understand the social and technologic 

influences that will occur, since it is a sociotechnical system. According to Aizstrauta & Ginters 

(2017), sociotechnical systems are systems that contain technology subsystems and 

components central to its performance, having social and economic relevance and impact. 

In the development and functioning of sociotechnical systems many actors and many kinds of 

uncertainty are at work. All of those who help to shape technology – engineers, business 

people, policy-makers, and users – are building the framework and the social structure of the 

society in which we humans live in (Johnson & Wetmore, 2009). According to Aizstrauta and 

Ginters (2017), there are at least four different kinds of complexity to be dealt with: 



 
 

2 
 

 Structural complexity – the number of components in the system and the network 

interconnections between them 

 Behavioral complexity – the type of behavior that emerges due to the manner in which 

sets of components interact 

 Evaluative complexity – the competing perspectives of stakeholders with different views 

of a “good” system performance 

 Nested complexity – the interaction between a complex “physical” domain and a 

complex “institutional” sphere 

The following sections of this dissertation are organized as follows: Research Context; 

Theoretical Models; Research Methodology: Survey; Variables; Results; Discussion; 

Conclusion. 

In the second section concerning research context there will be explained the concept of electric 

vehicle (EV), its history and the Norwegian example will be given. There will also be explained 

the concept of Autonomous Vehicles (AV) and the new mobility challenge of Shared 

Autonomous Electric Vehicles (SAEV).  

In the third section there will be presented the main theoretical models used, starting with the 

evolution of TAM; then there will be presented Rogers' Diffusion of Innovation (DOI) theory. 

Finally, there will be shown the Integrated Acceptance Sustainability Assessment Model 

(IASAM) applied to the EV market.  

The conception of the survey as addressed to potential customers of EV will be explained in the 

fourth section. In the fifth section of this dissertation there will be shown the variables used and 

the conceptual model and research hypothesis applied to assess TAM in EV Market, as well as 

the approach used to analyze the data obtained in the survey. 

The sixth section of this dissertation is directly related to the analysis of the 695 valid answers 

obtained in the questionnaire addressed to potential between 19 and 35 years old users. It is 

important to refer to the use of a 7-point Likert scale in the answers, since it supported the 

analysis of the data, in which continuity and normality weren't verified. 

Even though those two conditions weren't verified, neither in the answers nor in the model, the 

perception of the interviewed people turned out to be similar to a continuous scale, being this 

fact important to validate the final model, as will be referred to in further discussion (seventh 

section). 

The last section of this dissertation is the conclusion, showing not only all the present limitations 

and the valid model relations found in the EV Market while using the TAM as the main theory, 

but offering also future work suggestions regarding this topic. 
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2. Research Context 

In this chapter there will be explained the concept of Electric Vehicle (EV), Autonomous 

Vehicles (AV) and the new mobility challenge of Shared Autonomous Electric Vehicles (SAEV).  

In order to give a better perspective of the EV, there will also be presented a successful market, 

that of Norway, in which the acceptance by the users is great. 

 

2.1. Electric Vehicle (EV)  

An electric vehicle (EV) uses one or more electric or traction motors for propulsion instead of an 

internal combustion engine. An electric vehicle may be powered through a collector system by 

electricity from off-vehicle sources, or may be self-contained with a battery, solar panels or a 

generator to convert fuel to electricity. EVs include road and rail vehicles, surface and 

underwater vessels, electric aircraft and electric spacecraft (Faiz et al. ,1996). 

They are different from fossil fuel-powered vehicles, because they can receive their power from 

a wide range of sources, including fossil fuels, nuclear power, and renewable sources such as 

tidal power, solar power, and wind power or any combination of these. This energy is then 

transmitted to the vehicle through the use of overhead lines, wireless energy transfer like 

inductive charging or a direct connection through an electrical cable. The electricity may then be 

stored onboard by means of a battery or fuel cell. Vehicles making use of engines that work on 

the principle of combustion can usually only derive their energy from a single or from very few 

sources, mainly non-renewable fossil fuels. A key advantage of electric or hybrid electric 

vehicles is their ability to recover braking energy as electricity to be restored to the on-board 

battery (regenerative braking) or sent back to the grid (V2G), providing this type of engine an 

efficiency of 80%, whilst the thermodynamic engines only present an efficiency of 25% (Shah, 

2009; Baglione, 2007). 

As a consequence of the technologic evolution of the automotive industry, with the production of 

new batteries, a higher range, and further still regarding environmental problems (Liasi & 

Golkar, 2017), the EV became a new trend in the market that is increases yearly sales and 

creates new behaviors towards this technology.  
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2.1.1. History of Electric Vehicle (EV)  

Electric Vehicles first appeared in the 19th century. The first known electric car was presented 

in 1837, by the Scottish chemist Robert Davidson. It was powered by galvanic cells 

(batteries).The first practical electric cars were produced in the 1880s (Roth, 2011). 

This type of vehicles had a great success until the beginning of the 20th century, when the 

electric car began to lose its position in the automotive market due to major social and technical 

developments.  

According to Automobilesreview (2012), by that time, an improved road infrastructure required 

vehicles with a greater range than that offered by electric cars. Worldwide discoveries of large 

petroleum reserves led to the wide availability of affordable gasoline, making gas-powered cars 

cheaper to operate over long distances. Electric cars were limited to urban use by their slow 

speed and low range (50-65 Km).  

With the energy crises of the 1970s and 1980s rose a renewed interest in the perceived 

independence of electric cars, as a consequence of the hydrocarbon energy market fluctuations 

(1973 and 1979 oil crisis). 

Consequently, the environmental conscience of the major car manufactures increased and the 

first production car concept was presented in the 1990 Los Angeles Auto Show by General 

Motors (GM) and its President Roger Smith. 

The unveiled car was the GM Impact, an electric concept car, developed by the electric vehicle 

company AeroVironment, the driver controller electronics designed and built by AC Propulsion. 

At the same time, in the video GM Issue Update: Imagine the Impact (1990), Smith announced 

that the Impact would become a production vehicle. 

In the early 1990s, the California Air Resources Board (CARB), the government of California's 

"clean air agency", began a push for more fuel-efficient, lower-emission vehicles, being the 

ultimate goal to move on to zero-emission vehicles, such as electric vehicles (Sperling & 

Gordon, 2009). In response, automakers developed electric models like GM EV1, Toyota RAV4 

EV, Honda EV Plus and Nissan Altra EV. 

The energy crisis of 2000, during which the oil prices reached $147.30 per barrel of crude oil 

(2008), brought along a renewed interest in hybrid and electric cars. Several automakers began 

to produce new electric car prototypes as the consumers called for cars that would free them 

from the fluctuations of oil prices. 

California electric car maker Tesla Motors began developing in 2004 the Tesla Roadster, which 

was first delivered to customers in 2008. The Roadster was the first legal highway all-electric 

serial production car to use lithium-ion battery cells. According to Zachary Shahan in Electric 
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Car Evolution (2015), Roadster was the first all-electric production car to travel more than 320 

Km per charge. 

The Nissan Leaf, launched in the United States and Japan in December 2010, became the first 

modern all-electric and zero tailpipe emission five door family hatchback to be produced for the 

mass market by a major manufacturer. In 2011 it became the first all-electric car to win the 

European Car of the Year and the World Car of the Year prizes, gaining great reception among 

the specialized press as well as among the potential customers within the different markets. 

In December 2016 Nissan reported that Leaf owners worldwide had achieved the milestone of 3 

billion km driven collectively through November 2016, saving, thus, the equivalent of nearly 500 

million kg of CO2 emissions.  

In January 2018 this vehicle reached the 300,000 unit milestone, being officially registered in 

the Guinness World Records as the most sold electric car ever. 

Tesla Motors is the second major player in the EV Market and they made history in March 2016, 

when they unveiled the Tesla Model 3. With a pricing beginning at US$35,000 and an all-

electric range of 346 km, the Model 3 is Tesla Motors first vehicle aimed for the mass market. 

Even before the unveiling event, over 115,000 people had already reserved the Model 3. 

One week after the event, Tesla Motors reported over 325,000 reservations, more than triple 

the 107,000 Model S cars Tesla had been sold by the end of 2015. According to Bloomberg 

(2016), these reservations represent potential sales of over US$14 billion.  

According to the International Energy Association (IEA), the cumulative global sales of pure 

electric passenger cars and utility vans surpassed the 1 million unit milestone in September 

2016. 

In Europe, most of the electric cars sold in 2016 were registered in just six countries: Norway, 

the United Kingdom, France, Germany, the Netherlands and Sweden. Globally, 95% of electric 

car sales were taking place in just ten countries: China, the United States, Japan, Canada and 

the six leading European countries. In 2016, six countries achieved an electric car market share 

above 1% of their total vehicle sales. Among these, according to the Global EV Outlook 2017 

(2017), Norway was the incontestable global leader, with a 29% market share. 

History is being made in the EV market and production with an ever brighter perspective of 

increasing sales and writing new history marks in the coming years, due to a better adaptation 

of consumer attitudes towards the product and to economic and environmental policies adopted 

by the governments of many countries, such as Norway. 
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2.1.2. EV: The Norwegian Example 

In 2016, in Norway, nine of the top ten best-selling models were electric-driven models. In the 

same year, it also became the first country to have 5% of all registered passenger cars as a 

plug-in electric. 

In January 2017 this situation aided to reach the milestone of 51.4% of new car sales in the 

electrified passenger car segment, consisting of plug-in hybrids, all-electric cars 

and conventional hybrids; for the first time ever they surpassed combined sales of cars with a 

conventional diesel or gasoline engine. 

These milestones are an example to the whole world and they only could be reached with the 

adoption of a 5 phases development promoted by the local government since 1970 (Figenbaum 

& Kolbenstvedt, 2013). 

The first phase- Concept Development - happened between 1970 and 1990. Electric vehicle 

prototypes and propulsion systems were developed.The government sponsored those 

prototypes and propulsion systems by funding research. 

The second phase - Test - happened between 1990 and 1999. In those years, test programs 

and electric car fleets were promoted through measures such as: reduced annual license fee 

(1996); road toll exemption (1997); free parking (1993-1998) and reduced imposed taxable 

benefit on company cars (1998).  

The third phase can be described as the Early Market phase, and it lasted 10 years (1999-

2009). During this phase, the first attempt on commercialization was done and the supply of 

vehicles became a challenge to the automotive industry. The Norwegian government increased 

incentives to owners of electric vehicles, promoting measures such as: VAT (25%) exemption 

(2001); experiment with bus lane access (2005) and ferry ticket exemption (2009). 

The fourth phase is the Market Introduction. During this phase, the established vehicle 

importers started selling EV in larger quantities. This happened because the supply of vehicles 

became regular and was no longer a limitation. As a consequence of the better vehicle 

supplying and of measures such as a 10% weight reduction before calculation of the weight tax 

(2011), prices decreased. 

The fifth phase started in 2013 and lasts until today. It is the EV Market Expansion. More 

imports are coming to Norway to sell their vehicles, which means an increased competition with 

more dealers involved. It will lead to a decrease in prices, but not as fast as seen in the previous 

phase for Electric vehicles. According to Figenbaum & Kolbenstvedt (2013), during this phase 

the bus lane access will be a challenge to public transport, the latter being eventually removed, 

first locally, then nationally.  
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As a consequence of this program, Norwegian electric vehicles have been subsidized for many 

years by approximately 50%, and due to the great adhesion of the Norwegian drivers, and many 

of these perks have been extended to 2020. 

 

2.2. Autonomous Vehicles (AV) 

Autonomous vehicles (AVs, often referred to as “self-driving cars” or “fully automated vehicles”) 

are a trend topic, in what concerns new types of sustainable mobility. According to Berrada & 

Leurent (2017), these cars promise many benefits for future mobility. Several modeling studies 

investigated their potential impacts with special focus on spatial and/or socio-economic aspects.  

For example, it is predicted that autonomous systems can result in far safer operation and 

improved efficiency of traffic flow. Furthermore, people who use these vehicles could spend 

their commuting time much more productively and pleasantly. Also, those previously unable to 

drive, due to age or infirmity, could gain access to the same level of mobility as today’s car 

drivers (Gruel et al., 2016). 

In this dissertation some examples of applications will be given and addressed their respective 

outreach and limitations. 

Firstly, it is necessary to understand the historic evolution concerning the importance of the 

automotive industry. The first autonomous car in the world, Mercedes-Benz and Bundeswehr 

University Munich, in 1980, enabled to start thinking about legislation adaptation (Berrada et al., 

2017). Since then, many companies launched themselves in the quest and started thinking 

about legislation adaptation. Also, many companies launched themselves in the quest for the 

perfect car or autonomous system, including Mercedes-Benz, General Motors, Google, 

Continental Automotive Systems, Inc. Autoliv, Bosch, Nissan, Toyota (Google Car), Audi and 

Oxford University (Berrada et al., 2017). 

In 2004 DARPA (Defense Advanced Research Project Agency) organized a Grand Challenge 

for autonomous vehicles in the desert outside of Barstow, California. None of the 15 starting 

vehicles managed to finish the route. Six years later, in 2010, Google announced that they had 

a self-driving car moving around the streets of San Francisco. Today there are self-driving 

features in cars out on the market such as Tesla and Volvo Cars is testing autonomous driving 

among 100 users in West Sweden (F.Sprei, 2018). 

Those features are happening in order to test the driving technology and possibly to also test 

the attitude, used gestures and behavior of potential users. Moreover, there has been no large 

scale implementation of AV fleet in a given territory. Prior to that, it is obviously important to 

deliver a safe and reliable technology and to settle a suitable regulatory framework. Even more 

important, though less obvious, is the requirement to ensure commercial success, i.e. the 
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purchase or hiring of AVs by companies, which requires in turn convincing evidence of AV-

based services attractiveness within the range of travel solutions that compete to serve mobility 

purposes. This is why a number of researchers have modeled AV-based services to be mobility 

solutions under particular territorial conditions (Berrada et al., 2017). In the specific case of AV 

analysis two model types were used: geographic or spatial models and socio-economic models. 

Geographic or spatial models focus on technical conditions concerning service performance, 

operations and availability in relation to user needs and alternative solutions. The choice from 

among alternative solutions indeed leads to economic issues. Models belonging to the socio-

economic category put the emphasis on the temporal conditions of AV development: this 

involves issues of technology readiness, legal framework, demand inclination and adoption, in 

relation to the production costs of self-driving cars (Berrada et al., 2017). 

It is still being debated when the fully automated vehicle, the one  that does not need any driver 

will actually be on the market. Some say that it will be shortly after 2020, while others question if 

we will ever have them. The difference in opinions related to the timing of the market 

introduction and penetration of AV depends on different views on technological development 

and diffusion rates, public acceptance and regulations (F. Sprei, 2018). 

 

2.2.1. AVs’ potential benefits and impacts  

AV operations are inherently different from human-driven vehicles. They may be programmed 

not to break traffic laws. They do not drink and drive. Their reaction time is quicker and they can 

be optimized to smooth traffic flows, improve fuel economy, and reduce emissions. They can 

deliver freight and unlicensed travelers to their destinations. (Fagnant et al, 2015) This section 

examines some of the largest potential benefits identified in existing research. The exact extent 

of these benefits remains unknown, but this paper attempts to refer some of the potential 

effects, according to the literature. 

The first benefit is safety. According to Fagnant et al. (2015), Autonomous vehicles have the 

potential to dramatically reduce crashes. More than 40% of fatal crashes involve alcohol, 

distraction, drug involvement and/or fatigue (NHTSA, 2012). Self-driven vehicles should not fall 

prey to human failings, suggesting the potential for at least a 40% fatal crash rate reduction, 

everything else constant (such as the levels of long-distance, night time and poor-weather 

driving) (Fagnant et al. , 2015). 

Such reductions do not reflect crashes due to speeding, aggressive driving, over-compensation, 

inexperience, slow reaction times, inattention and various other driver shortcomings. Driver error 

is believed to be the main reason behind over 90 percent of all crashes (NHTSA, 2008). Even 

when the vehicle or roadway environment is the critical reason behind a crash, human factors 

such as inattention, distraction, or speeding regularly contribute to the crash occurrence and/or 

injury severity (Fagnant et al., 2015). 
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While many driving situations are relatively easy for an autonomous vehicle to handle, 

designing a system that can perform safely in nearly every situation has been very challenging. 

For example, recognition of humans in the roadway and object materials is both critical and 

more difficult for AVs than human drivers.  

Moreover, evasive decisions should depend on whether an object in the vehicle’s path is a large 

cardboard box or a large concrete block. When a crash is unavoidable, it is crucial that AVs 

recognize the objects in their path so they may act accordingly. Liability for these incidents is a 

major concern and could be a substantial impediment. 

There is also the possibility that some drivers will take their vehicles out of self-driving mode and 

take control. Ultimately, researchers predict that AVs will overcome many of the obstacles that 

inhibit them from accurately responding in complex environments (Fagnant et al., 2015). 

Even though an AV can represent an increase of safety, accidents with dead pedestrians 

happened during the test phase of this concept. Recently, according to MIT Technology Review 

(2018), a self-driving Uber killed a pedestrian in Tempe, Arizona. As a consequence, Uber 

suspended testing of its self-driving vehicles in Phoenix, Pittsburgh, San Francisco, and 

Toronto.  

The second benefit will be the impact caused in congestion and traffic operations. Researchers 

are developing ways for AV technology to reduce congestion and fuel consumption. For 

example, AVs can sense and possibly anticipate lead vehicles’ braking and acceleration 

decisions. Such technology allows for smoother braking and fine speed adjustments of following 

vehicles, leading to fuel savings and reductions in traffic-destabilizing shockwave propagation. 

AVs may also use existing lanes and intersections more efficiently through shorter headways, 

coordinated platoons, and more efficient route choices (Fagnant et al., 2015). 

Many congestion-saving improvements depend not only on automated driving capabilities, but 

also cooperative abilities through vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) 

communication. 

Headway reductions coupled with near-constant velocities produce more reliable travel times. 

Similarly, shorter start-up times and headways between vehicles at traffic signals mean that AVs 

could more effectively utilize green time at signals, improving intersection capacities. Of course, 

many such benefits may not be realized until high AV shares are present. For example, if 10% 

of all vehicles on a given freeway segment are AVs, there will likely be an AV in every lane at 

regular spacing during congested times to smooth traffic for all travelers. However, if just one 

out of two hundred vehicles are AVs, the impact will be greatly lessened. Also, if one AV is 

following another, the following AV can reduce the headway between the two vehicles, 

increasing roadway capacity. This efficiency benefit is also contingent upon higher AV shares. 
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Technical and implementation challenges also loom in order to realize the full potential of high 

adoption shares, including city-wide or regional coordination paradigms (Fagnant et al., 2015). 

The third benefit will take impact in travel behavior of the potential users. Like safety and 

congestion, travel behavior may also change significantly. AVs may provide mobility for those 

too young to drive, the elderly and the disabled, thus generating new roadway demands. 

Parking patterns could change as AVs self-park in less-expensive areas. Car- and ride sharing 

programs could expand, as AVs serve multiple persons on demand; and the trucking industry 

may realize better fuel savings via road-trains, or even one day go driverless (Fagnant et al. , 

2015). 

Already-congested traffic signals and other roadway infrastructure could be negatively impacted 

due to increased trip-making. However AVs could enable smarter routing in coordination with 

intelligent infrastructure, quicker reaction times, and closer spacing between vehicles to 

counteract increased demand (Fagnant et al., 2015). 

This same technology could improve and expand car sharing and dynamic ride-sharing by 

allowing for nearby, real-time rentals on a per-minute or per-mile basis. If successful, this 

business model may explode since users could simply order an on-demand taxi using mobile 

devices. 

Preliminary results of a research study done with NHTS indicate that a single shared AV could 

replace between nine and thirteen vehicles owned by individual households, without comprising 

current travel patterns (Fagnant et al., 2015). 

The environmental impact of AVs is estimated on the basis of a Life-Cycle Analysis, which 

includes the vehicle operations (movement, cold start ...), but also cars’ manufacturing and the 

construction of related infrastructure (parking, stations, maintenance depots...). Since 

deployment of SAEVs reduces the total vehicle fleet (as cited above), using them implies 

significant costs savings. The high use of autonomous vehicles shortens their life span to 1.5-

2.5 years (Spieser, et al., 2014), which helps improve the fleet performances. Currently, the AV 

technology reduces from 4% to 10% of energy consumed in acceleration and deceleration 

(Anderson, et al., 2014). Also, the use of AV reduces by 85% (Fagnant et al., 2015) to 95% 

(Zhang, et al., 2015) emissions induced by cold starts. In addition, sharing vehicles could save 

more than 4.7% of energy, greenhouse gas and pollutants emissions (Zhang, et al., 2015). 

However, the use of electric vehicles would generate a significant demand for electricity during 

the peak charging period of the day (53% of the fleet concurrently charging). Fast charging, 

although inducing 15% more in cost, is very effective at demand spreading, with only 8% of the 

fleet charging during the peak charging period (Berrada et al., 2017). 
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2.3. Shared autonomous electric vehicles (SAEV) 

While autonomous vehicles have the potential to lead to increased travel, vehicle usage and 

energy consumption they are also put forward as the opposite, i.e., as a technology that has the 

potential to drastically reduce the number of vehicles on the roads and create a completely new 

transportation system. The key to achieving this are shared autonomous electric vehicles, 

SAEV (F. Sprei, 2018). Fagnant and Kockelman (2013) do not presume electrification only that 

the autonomous vehicles are shared and find that they can reduce greenhouse gas emissions 

(GHG) since one SAEV can replace 11 conventional vehicles. 

Fulton et al. (2017) find that combining electrification and automation of the vehicles has the 

potential to reduce carbon emission after 2030 despite an increase in vehicle travel due to a 

decarbonization of electricity production. The greatest savings in their scenarios is the 

combination of what they define as the ‘three revolutions’ with CO2 emissions at one third of the 

business-as-usual scenario. In this scenario, proposed by Fulton et al. (2017), not only are there 

SAEV but public transport and active modes of travel such as walking and biking increase as 

well. In this scenario congestion and parking needs are dramatically reduced allowing for more 

space for the active modes (F. Sprei, 2018). 

According to studies, it is predicted that the automation of vehicles will make vehicle ownership 

obsolete mainly based on costs, leading to 70% fewer passenger cars and trucks manufactured 

each year. At the same time they also predict a boost in productivity and GDP due to a more 

efficient transport system and freeing of land (smaller roads) for other uses. If SAEV have low 

usage costs, mass-transit has to be even cheaper to be able to compete. However, given the 

lower operating cost without drivers, if subsidies are kept at the same level, it is possible that 

they can be free of charge for the user (F. Sprei, 2018). Still compared to shared mobility today, 

SAEV enhances many of the advantages and especially accessibility, making them more 

attractive. One possibility is that the shared mobility of today paves the way for a future with 

SAEV, especially if combined with regulations that limit the use of vehicles in the city center. 

The price of SAEV based mobility will not only depend on the cost development of technology 

but also on regulatory costs such as taxes, congestion charging, parking and road tolls. These 

can be designed in a way to foster shared use of vehicles rather than single occupancy or 

empty vehicles. In general, the role of regulation will be important informing the future mobility 

system and ensuring that the technology innovations are disruptive in a way that actually 

reduces emissions and increases welfare (F. Sprei, 2018). 

As a consequence of the evolution of SAEV, It is also possible that person driven vehicles won’t 

completely disappear but will just not be used as the main mode of transport in denser urban 

areas. Mainly, manually driven cars will be owned in rural settings and used for pleasure trips 

(F. Sprei, 2018). 

 



 
 

12 
 

3. Theoretical Models 

The main objective of this chapter is to convey a better understanding of the theoretical models 

that were considered in this dissertation in order to reach the wanted relations. 

The first theory that is going to be approached is the Technology Acceptance Model (TAM), 

created by Davis, Bagozzi & Warshaw in 1989, which models how users come to accept and 

use a technology.  

After exposing the critics and problems of TAM, the second theory referred to is the Diffusion of 

Innovation (DOI), created by Everett Rogers (2003). This theory defines an innovation as “an 

idea, practice, or object that is perceived as new by an individual or other unit of adoption” 

(Rogers, 2003). 

Integrated Acceptance and Sustainability Assessment Model (IASAM) is the third theoretical 

model that will be explained in this chapter. It was created in the Sociotechnical Systems 

Engineering Institute, Latvia, in 2013. IASAM evaluation approach is based on the assumption 

that technology acceptance research should not be separated from a technological, economic 

and social evaluation.  

In the end of this chapter there will be explained which theoretical model was chosen to be 

applied to the research context. 

3.1. Technology Acceptance Model (TAM)  

The technology acceptance model (TAM) is an information systems theory that models how 

users come to accept and use a technology. It was created by Davis, Bagozzi & Warshaw 

(1989) and it is one of the most influential extensions of Ajzen and Fishbein's  Theory of 

Reasoned Action (TRA) in the literature. The model suggests that when users are presented 

with a new technology, a number of factors influence their decision-making about how and 

when they will use it. 

A key purpose of TAM is to provide a basis for tracing the impact of external variables on 

internal beliefs, attitudes, and intentions (Legris et al., 2003). 

According to Bach et al. (2016) and Davis (1989), TAM has three major factors that are 

proposed as a motivation for an adopter to use a system: perceived ease of use (PEOU), 

perceived usefulness (PU) and attention to use. Davis had a first refined version of TAM where 

they found that both PEOU and PU have direct influence on intention to use (ITU) which 

eliminated the previous attention to use factor (Bach et al., 2016). Overall the two (PEOU and 

PU) explain about 40% of system’s use. 
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Perceived Usefulness (PU) was defined by Fred Davis as "the degree to which a person 

believes that using a particular system would enhance his or her job performance", while 

perceived ease of use (PEOU) was defined as “the degree an individual believes that using a 

particular system would be free of effort”. 

 

Figure 1: The Technology Acceptance Model, version 1. (Davis, Bagozzi & Warshaw, 1989) 

 

Attitude towards using (AT) and behavioral intention to use (BI) are common to TRA and TAM, 

and Davis used Fishbein and Ajzen’s method to measure them. Davis chose not to keep the 

variable subjective norms, because he estimated that it had negligible effect on BI. In TAM2 

(2000), Venkatesh and Davis reconsidered this choice (Legris et al., 2003). 

Behavioral intention (BI) is defined as a person's perceived likelihood or "subjective probability 

that he or she will engage in a given behavior" (Committee on Communication for Behavior 

Change in the 21st Century, 2002, p. 31). 

BI is behavior-specific and operationalized by direct items such as "I intend to [behavior]," with 

Likert scale response choices to measure relative strength of intention. Intention has been 

represented in measurement by other synonyms (e.g., "I plan to [behavior]") and is distinct from 

similar concepts such as desire and self-prediction. 

In the theory, in which it is included, BI is the most proximate predictor of behavior, and 

behavior is ultimately the variable that, applied to the healthcare example, most health 

communication interventions aim to influence (Azjen & Fishbein, 1980).  

In current studies, behavioral intention is among one of the main concepts in various marketing 

literature. The interests of marketing researchers on behavioral intention come from the 

relationship with the buying behavior. Besides, the exploration of the terms behavioral intention 

are usually discovered within the cognitive–affective–cognitive structure which has been 

justified by the self-regulatory mechanism model that has been tested by Bagozzi (1989). In 
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contrast, the attribute appraisal contained in the cognitive component is generally lead by 

customer emotional responses. This component eventually leads to behavioral intention. 

Besides, according to Hashim et al. (2015), it is stated that the concept of behavioral intention is 

operationalized with four items. It is affecting to the customers loyalty, commitment, repurchase 

intentions and recommendations as well. 

In the specific case of this paper, the TAM model will be applied to the consumer attitudes 

towards the electric vehicle (EV) and the autonomous vehicles (AV), and analyzed the 

consequences for the EV market. 

 

3.1.1. Criticisms and Problems of TAM 

TAM has been criticized despite its frequent use, leading the original proposers to attempt to 

redefine it several times. Criticisms of TAM as a theory include its questionable heuristic value, 

limited explanatory and predictive power, triviality, and lack of any practical value (Chuttur, 

2009). 

In general, TAM focuses on the individual user of a computer, with the concept of perceived 

usefulness, with extension to bring in more and more factors to explain how a user perceives 

usefulness, and ignores the essentially social processes of Information Systems (IS) 

development and implementation, without questioning where more technology is actually better, 

and the social consequences of IS use. Lunceford (2009) argues that the framework of 

perceived usefulness and ease of use overlooks other issues, such as cost and structural 

imperatives that force users into adopting the technology. 

According to Bagozzi (2007), parsimony has been an Achilles’ heel for TAM. It is unreasonable 

to expect that one model, and one so simple, would explain decisions and behavior fully across 

a wide range of technologies, adoption situations, and differences in decision making and 

decision makers. 

TAM has seduced researchers into overlooking the fallacy of simplicity.  Researchers have 

overlooked essential determinants of decisions and action, in favor of a simple model and 

turned a blind eye to inherent limitations in TAM. 

Almost no research has deepened TAM in the sense of explaining PU and PEOU, 

reconceptualizing existing variables in the model, or introducing new variables explaining how 

the existing variables produce the effects they do. Large gaps exist in TAM in this regard 

between intentions and behavior and between PU and PEOU on the one hand and intention on 

the other (Bagozzi, 2007). 

The few attempts that have been made, introducing moderators into TAM to qualify the effects 

of PU and PEOU on intentions, have focused on demographic variables (e.g., gender, age), 
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experience, or a crude classification into voluntary versus mandatory contexts of use  

(Venkatesh et al., 2003). 

The problems with most tests of moderating effects to date are that little theoretical insight is 

provided into the mechanism, behind proposed interaction effects, and a potentially infinite list 

of such moderators exists, making such broadenings of TAM both unwieldy and conceptually 

impoverished (Bagozzi, 2007). 

According to Bagozzi (2007), the intention-behavior linkage is probably the most uncritically 

accepted assumption in social science research in general and IS research in particular. There 

are three major issues here. First, the models resting on an intention → behavior linkage (e.g., 

TAM, TRA) treat behavior as a terminal goal and fail to consider that many actions are taken not 

so much as ends in and of themselves but rather as means to more fundamental ends or goals. 

By focusing on use, TAM slights the benefits of use and their actual attainment. Second, 

intentions are made prior to taking action, and the gap in time can be large, with many 

intervening steps needed and obstacles occurring, often unanticipated. It is important to 

consider various psychological and instrumental steps that go on between intention formation 

and action initiation (Bagozzi, 2007).  

Third, decision makers often realize that impediments and temptations may arise following the 

decision to take action, they view their situation as one filled with uncertainty and in need of 

putting forth effort in a dynamic way. As a consequence, decision makers often focus on trying 

to adopt an action or acquire a technology, which changes the orientation of decision makers in 

fundamentally different ways than focusing only on behavior. 

The second critical gap in TAM occurs for the linkage between individual reactions to using 

information and intentions. Two issues deserve scrutiny. One concerns the possible, and in 

practice frequently occurring, absence of compelling motivations for acting on putative reasons 

for acting (Bagozzi, 2007). 

In other words, perceived usefulness and attitudes don't need to contain or constitute motives to 

act for any particular decision maker or for any specific situation. A second issue for concern is 

how multiple reasons for acting or not, which can be considerable in number, are reconciled and 

transformed into a decision or intention to act (Bagozzi, 2007). 

 

3.2.  Diffusion of Innovation (DOI)  

DOI theory was initially proposed and systematically expounded by Everett Rogers (2003). An 

innovation is defined as “an idea, practice, or object that is perceived as new by an individual or 

other unit of adoption” (Rogers, 2003).  
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According to Zhang (2018), this theory explores the complex process of the DOI and provides a 

classical framework of the characteristics of innovations including their relative advantage, 

compatibility, complexity, trialability, and observability. 

In its classical formulation, diffusion involves an innovation that is communicated through certain 

channels over time among the members of a social system. The typical dependent variable in 

diffusion research is time of adoption, though when complex organizations are the adopters, 

subsequent implementation is a more meaningful measure of change (Dearing & Cox, 2018). 

According to the theory of Rogers, there are four elements involved in the process of idea, 

practice, or object dissemination: a) it should be classified as innovation; b) it must be 

communicated through certain channels; c) it must be adopted among members within a social 

system; d) it must take into account duration or the time factor. 

The process begins with innovation. Innovation may be an idea, practice, or object that is 

perceived as new by potential adopters and should be considered as desirable to adapt.  

Rogers offered the following description of an innovation: “An innovation is an idea, practice, or 

project that is perceived as new by an individual or other unit of adoption” (Rogers, 2003). An 

innovation may have been invented a long time ago, but if individuals perceive it as new, then it 

may still be an innovation for them. The newness characteristic of an adoption is more related to 

the three steps (knowledge, persuasion, and decision) of the innovation-decision process 

(Sahin, 2006). 

Characteristics of innovation help to explain different levels of the adoption of innovation (Dibra, 

2015). 

The bigger the perceived relative advantage of innovation by the organization, the faster the 

level of its adoption will be (Rogers, 2003). The relative advantage can be financial or non-

financial. The extent of the advantage may be measured in economic, social prestige, comfort, 

and pleasure terms (Dibra, 2015). 

According to Rogers, compatibility with the existing values and practices is the degree to which 

innovation is perceived as consistent with existing values, past experiences, and needs of 

potential adapters. An idea that is incompatible with the values and norms of their practices will 

not be adapted as fast as compatible innovation will be (Rogers, 2003). 

Complexity is the degree to which innovation is perceived as difficult to understand and use 

(Dibra, 2015). The simpler innovation to understand, the sooner it will be adapted. Innovations 

that are complex to understand and use will require adopters to develop new skills (Rogers, 

2003). 
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According to Rogers (2003), “trialability is the degree to which an innovation may be 

experimented with on a limited basis”. Also, trialability is positively correlated with the rate of 

adoption. The more an innovation is tried, the faster its adoption is. As discussed in the 

implementation stage of the innovation-decision process, reinvention may occur during the trial 

of the innovation. Then, the innovation may be changed or modified by the potential adopter. 

Rogers stated that earlier adopters see the trialability attribute of innovations as more important 

than later adopters. 

The last characteristic of innovations is observability. Rogers (2003) defined observability as 

“the degree to which the results of an innovation are visible to others” (p. 16). Role modeling (or 

peer observation) is the key motivational factor in the adoption and diffusion of technology 

(Sahin, 2006). Similar to relative advantage, compatibility, and trialability, observability also is 

positively correlated with the rate of adoption of an innovation. 

This framework also includes such factors as communication channels and the characteristics 

of the social system to analyze the innovation diffusion process. DOI theory also categorizes 

innovation adopters into innovators (the first 2.5% of adopters), early adopters (the next 13.5% 

of adopters), the early majority (the next 34% of adopters), the later majority (the next 34% of 

adopters), and laggards (the last 16% of adopters). 

DOI theory defines the adoption rate of an innovation as “the relative speed with which an 

innovation is adopted by members of a social system” (Rogers, 2003). It presumes that if the 

cumulative number of adopters is plotted over time, an s-shaped curve would describe the 

trajectory of the innovation diffusion process. At the beginning, only a few people adopt the 

innovation and thus the curve is relatively flat. Gradually, as more people adopt it, the curve 

becomes steeper. Subsequently, fewer and fewer people are left who have not adopted the 

innovation and the curve becomes relatively flat again (Zhang, 2018). 

When this curve reaches its asymptote, the diffusion process is finished. The s-shaped curves 

are not uniform. Rogers (2003) noted that “there is a variation in the slope of the ‘s’ from 

innovation to innovation”. Some slopes of the s-shaped curves are steep, while others are flat. 

Curves of the same innovation also exhibit different patterns in different social systems (Zhang, 

2018). 

 



 
 

18 
 

 

Figure 2: Adopter Categorization on the Basis of Innovativeness (Rogers, 2003) 

 

For Rogers (2003), innovators were willing to experience new ideas. Thus, they should be 

prepared to cope with unprofitable and unsuccessful innovations, and a certain level of 

uncertainty about the innovation. Also, Rogers added that innovators are the gatekeepers 

bringing the innovation in from outside of the system. They may not be respected by other 

members of the social system because of their venturesomeness and close relationships 

outside the social system. Their venturesomeness requires innovators to have complex 

technical knowledge. 

Compared to innovators, early adopters are more limited with the boundaries of the social 

system. Rogers (2003) argued that since early adopters are more likely to hold leadership roles 

in the social system, other members come to them to get advice or information about the 

innovation. 

Their subjective evaluations about the innovation reach other members of the social system 

through the interpersonal networks. Early adopters’ leadership in adopting the innovation 

decreases uncertainty about the innovation in the diffusion process. Finally, “early adopters put 

their stamp of approval on a new idea by adopting it” (Rogers, 2003). 

Rogers (2003) claimed that although the early majority has a good interaction with other 

members of the social system, they do not have the leadership role that early adopters have. 

As Rogers (2003) stated, they are deliberate in adopting an innovation and they are neither the 

first nor the last to adopt it. Thus, their innovation decision usually takes more time than it takes 

innovators and early adopters. 

Similar to the early majority, the late majority includes one-third of all members of the social 

system who wait until most of their peers adopt the innovation. Although they are skeptical 

about the innovation and its outcomes, economic necessity and peer pressure may lead them to 
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the adoption of the innovation. To reduce the uncertainty of the innovation, interpersonal 

networks of close peers should persuade the late majority to adopt it (Sahin, 2006). 

As Rogers (2003) stated, laggards have the traditional view and they are more skeptical about 

innovations and change agents than the late majority. As the most localized group of the social 

system, their interpersonal networks mainly consist of other members of the social system from 

the same category. Moreover, they do not have a leadership role. Because of the limited 

resources and the lack of awareness-knowledge of innovations, they first want to make sure 

that an innovation works before they adopt it (Sahin, 2006). 

Thus, laggards tend to decide after looking at whether the innovation is successfully adopted by 

other members of the social system in the past. Due to all these characteristics, laggards’ 

innovation-decision period is relatively long (Sahin, 2006). 

In addition to these five categories of adopters, Rogers (2003) further described his five 

categories of adopters in two main groups: earlier adopters and later adopters. Earlier adopters 

consist of innovators, early adopters, and early majority, while late majority and laggards 

comprise later adopters. Rogers identifies the differences between these two groups in terms of 

socioeconomic status, personality variables, and communication behaviors, which usually are 

positively related to innovativeness. 

3.3. Integrated Acceptance and Sustainability Assessment model 

(IASAM) 

Integrated Acceptance and Sustainability Assessment model (IASAM) was created in 

Sociotechnical Systems Engineering Institute, Latvia, in 2013. IASAM evaluation approach is 

based on the assumption that technology acceptance research should not be separated from 

technological, economic and social evaluation.  

According to Aizstrauta & Ginters (2015), it introduces a new approach for the evaluation of 

technologies by combining socio-economic aspects and socio-technical characteristics of 

technology development and exploitation. This model offers to make projections of the potential 

sustainability of a technology that is being developed. 

IASAM consists of four groups of factors that have an impact on integrated technology 

acceptance and sustainability (Aizstrauta & Ginters, 2015): 

 Management – successful management of every asset; 

 Quality of technology – quality of the product, quality of production, including supporting 

services; 

 Acceptance and economical context; 

 Domain development – the impact of domain and societal development. 
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Many studies focus on behavioral aspects of technology acceptance or adoption. Technology 

acceptances are information service theories that model how users come to accept and use a 

specific technology. These theories, like the TAM, suggest that when users are presented with 

new technology, a number of factors influence their decision about how and when they will use 

it (Aizstrauta & Ginters, 2017).  

The IASAM methodology can be considered as a variation of the TAM. The initial version of 

IASAM used Unified Theory of Acceptance and Use of Technology (UTAUT) by Venkatesh 

et.al. (2003) for measuring acceptance. UTAUT combines other models and includes four key 

determinants for acceptance analysis: performance expectancy, effort expectancy, social 

influence, facilitating conditions; and four moderators: gender, age, experience, voluntariness of 

use. 

The evaluation of criteria is undeniably subjective, but it relies on the assumption that every 

evaluator, whether a technology developer or potential investor, will be concerned to receive a 

reliable evaluation for decision-making.It has to be usable for initial evaluation as well as within 

later stages of technology development, and it also has to offer an opportunity to analyze and 

assess the anticipated dynamics of the results. According to Aizstrauta & Ginters (2015), the 

assessment model can also be used as a guideline for decision makers. 

Each IASAM flow consists of several criteria. Each criterion is evaluated with the help of a 

specially formulated criteria description/statement. The respondent evaluates each description 

(Aizstrauta & Ginters, 2017). 

The statement provided for each criterion is evaluated in 7 point Likert scale; the result gives a 

numerical value of integrated technology sustainability index (IASAM3 index). The integrated 

technology sustainability index evaluates the conformity with IASAM3 framework criteria. It is 

calculated as the sum of all values from the questionnaire and divided by maximum possible 

value of questions answered (Aizstrauta & Ginters, 2017). 

 

𝐼𝐴𝑆𝐴𝑀3 =  
∑ 𝐹𝑛 +  ∑ 𝐵𝑖49

𝑖=1
12
𝑛=1

(𝑁 − 𝐶) ∗ 7
 

Where F – response values of acceptance criteria; B – response values for sustainability 

criteria, N – total number of questions; C – number of questions marked with “N/A”. 

After a throughout analysis the electric vehicles (EV) were chosen to be the case-study against 

which the validation of IASAM methodology was carried out. There were three main arguments 

in favor of EV Market as a case study. First, at the time of development it was considered to be 

innovative technology, second, there is plenty of information on EV development and 
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exploitation, and finally, it has succeeded in the market and they are widely known and popular 

worldwide. 

 

Table 1. Comparison between TAM and IASAM 

Technology Acceptance Model (TAM) Integrated Acceptance and Sustainability 
Assessment model (IASAM) 

 

Created by Davis, Bagozzi & Warshaw, in 

1989. 

Created in Sociotechnical Systems 

Engineering Institute,  Latvia, in 2013. 

Information systems theory that models how 

users come to accept and use a technology. 

Based on the assumption that technology 

acceptance research should not be separated 

from technological, economic and social 

evaluation.  

 

One of the most influential extensions of 

Ajzen and Fishbein's  theory of reasoned 

action (TRA) in the literature. 

It can be considered as a variation of the 

TAM. 

Perceived ease of use (PEOU), perceived 

usefulness (PU) are the major factors 

proposed as a motivation for adopter to use a 

system. 

Consisting of four groups of factors that have 

an impact on integrated technology 

acceptance and sustainability: Management; 

Quality of technology; Acceptance and 

Domain development. 

 

The key purpose is to provide a basis for 

tracing the impact of external variables on 

internal beliefs, attitudes, and intentions. 

The evaluation of criteria is undeniably 

subjective, but it relies on the assumption that 

every evaluator will be concerned to receive a 

reliable evaluation for decision-making. 

 

Behavior Intention (BI) is evaluated with Likert 

scale (5 and 7 point) response choices to 

measure relative strength of intention. 

The statement provided for each criterion is 

evaluated in 7 point Likert scale. 

The result - Behavioral intention (BI) - is a 

person's perceived likelihood to engage in a 

given behavior, according to the system. 

The result gives a numerical value of 

integrated technology sustainability index 

(IASAM3). 

 

3.4.  Final Theoretical Model 

After approaching three different theoretical models: TAM, DOI and IASAM, it was reached a 

final verdict concerning the research context of the EV Market. 
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The chosen theoretical model was the Technology Acceptance Model (TAM), because the 

model suggests that when users are presented with a new technology, a number of factors 

influence their decision about how and when they will use it (Davis et al., 1989). It is a model 

that can be applied with great simplicity and that allows us to obtain solid results.  

Moreover, a key purpose of TAM is to provide a basis for tracing the impact of external variables 

on internal beliefs, attitudes, and intentions in the EV Market. 
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4.  Research Method 

 

In order to obtain a good evaluation of the EV Market, while using TAM, it was decided as to be 

a valid and consistent research tool, to apply a survey to specific respondents (Atwell et al., 

1991). 

The survey was applied on-line and has got 37 items to answer to. It can be found in the 

Appendix. 

The purpose of this section will explain better, how the survey was prepared: pre-testing and, 

afterwards, how it was built, designed and applied. 

4.1. Survey: pre-testing 

The survey was the main tool used in this dissertation thesis, in order to obtain results that 

could assess TAM in the EV Market.  

After concluding the questionnaire, a pre-test was applied. According to Gomes et al. (2016), 

pretesting tools can be used to improve the quality of survey data.  

The pre-test allows for the identification of problems regarding question content, namely the 

misinterpretation of individual terms or concepts, in order to list what can be eliminated, or what 

needs to be redone. Questionnaire formatting is particularly relevant for self-administered 

questionnaires (Gomes et al., 2016). 

At the end of the pre-test, each respondent gave a personal opinion about interpretability 

issues, size and time spent in filling out. We applied the initial version of the survey on a small 

sample (n = 11), which had a similar profile to that of the final sample. 

The pre-test had a very specific condition: it failed in one of the criteria, which was the age of 

the respondents. All of them were above 35 years old. 

As suggested in literature, respondents were asked to make comments when responding to the 

questionnaire about how they perceived certain questions or items, whether anything was 

missing, and how they perceived the questionnaire’s relevance, comprehensibility and ease of 

response (Jungner et al., 2018). 

All the respondents spent approximately the same time filling out the questionnaire: 6 minutes. 

It was unanimous that the items were of easy reading, easy response and of easy 

comprehension. It was also considered that the questionnaire was very complete, since it asked 
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about topics of daily life, like using or not an EV Vehicle, and also about some futuristic 

perspectives concerning the AV Market. 

One of the respondents was more specific and suggested that this questionnaire should be 

released to many people, of various age groups, because it assessed a trend topic that might 

have a huge impact in society: EV and AV vehicles. 

 

4.2. Survey: approaches, design and application 

The main core of the survey questionnaire is to obtain information concerning the behavior of a 

total of 960 people towards the topics of Electric Vehicles (EV) and Autonomous Vehicles (AV). 

As suggested in literature, it was decided to discard the incomplete questionnaires and the ones 

in which participants responded incorrectly (De Angelis et al., 2016). After cleaning the data, the 

remaining respondents were 936 (97,3%). The analysis was more specific, selecting only 695 

respondents (74,3%) between 19 and 35 years old. The duration of this questionnaire was 

reduced from the one initially planned, from two months, to two weeks, in October and in 

November 2018, due to the great acceptance found among the respondents. 

The questionnaire was administered on-line, in the social network Facebook, and also in the 

database of Master Students of Instituto Superior Técnico (IST), by sending an email explaining 

the theme and the pretended purpose of it. Participants were also asked to provide information 

about their gender and age. 

The behaviors were assessed according to the given answers, sustained on the theories 

defended, such as the Technology Acceptance Model (TAM) and the Diffusion of Innovation 

(DOI). 

After defining the population, as well as the research aims and how the replies were gathered, it 

was important to further define and sustain the reasons behind the adopted questionnaire 

design. 

According to Burgess (2001), the design of the questionnaire can be split into three elements: a) 

determine the questions to be asked; b) select the question type for each question and specify 

the wording and c) design the question sequence and overall questionnaire layout. 

Moreover, the available software, like SPSS, tend to focus on support for topic b) and c). 

The first element is a key link that needs to be established between the research aims and the 

individual questions via the research issues. Issues and questions can be determined through a 

combined process of exploring the literature and thinking creatively (Burgess, 2001). 
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In order to establish a good questionnaire, it is suggested to lay out the questions and answer 

choices attractively and neatly. It is also said in literature to be consistent in aspects such as 

wording and try to standardize by using as few question types as possible (Burgess, 2001). 

Burgess (2001) suggests that a key factor that affects the response rate is the length of the 

questionnaire; questionnaires perceived as long will deter respondents. As a consequence, it is 

also suggested to be careful not to overfill the page and to avoid using lots of lines, borders and 

boxes since these can make the page look too dense.  

Following Burgess’ suggestion, the questionnaire was divided in four sections: "Adopção de 

Veículos Eléctricos (EV) e de Veículos Autónomos (AV)"; "Veículos Eléctricos (EV)"; "Veículos 

Autónomos (AV)"; "Mobilidade Partilhada: Veículos Autónomos Eléctricos (SAEV)". 

In the specific case of this survey, considering the fact that the TAM prefers to assess with a 

Likert-type 7 point scales, the question type chosen for the majority of its length, are the Closed 

Questions. In this type of questions the respondent must choose only one of the alternatives 

exposed, as an answer (Hill et al., 2008).  

The main advantages of Closed Questions, comparing to Open Questions are: it is easier to 

apply statistical analysis to the given answers and the data analysis can be done in a more 

sophisticated way. But, there is a disadvantage that won't influence the choice, because it is 

stated that the obtained answers guide to simpler conclusions than in Open Questions (Hill et 

al., 2008). 

According to Hill et al. (2008), there are two types of questionnaire that can be done with closed 

questions: 1- A questionnaire with Closed Questions; 2- Questionnaire with Closed Questions 

and Open Questions. 

The first type is useful in two situations:  

 The researcher knows the nature of the most relevant and important variables, wanting 

to obtain quantitative information about them. 

 The researcher wants to create a new variable, by using some questions. 

When the questionnaire has Closed Questions, it is necessary to choose many alternatives as 

possible answers to them. In order to study the answers with statistic methods, numbers are 

associated to each one of them, obeying to two different measure scales: nominal and ordinal 

scales. 

However, there are two other, however less used questionnaire scales: interval scales and ratio 

scales (Hill et al., 2008). 
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Nominal scales are used for labeling variables, without any quantitative value.  Nominal scales 

could simply be called “labels.”  All of these scales are mutually exclusive (no overlap) and none 

of them have any numerical significance. For example, they can be used in a Yes/No question 

type. 

In ordinal scales it is the order of the values that is important and significant, but the differences 

between each one is not really known. Ordinal scales are typically measures of non-numeric 

concepts like satisfaction, happiness and discomfort. 

According to Hill et al. (2008), there are two different types of questions that can use answers in 

an ordinal scale. The first type consists in an amount of different items related to a single 

variable, to which the respondent must evaluate, giving a value and ordering them. Usually, it is 

not recommended to use this type of question, because the information obtained is not detailed 

and the available statistic methods are very restrict. 

Otherwise, in the second type of question, the respondent has to evaluate only one item, from a 

single variable. 

In the first type of question that Hill et al. (2008) suggest, Friedman test is used to analyze the 

answers. This test consists in the non-parametric alternative to the one-way ANOVA with 

repeated measures. It is used to test for differences between groups when the dependent 

variable being measured is ordinal. It can also be used for continuous data that has violated the 

assumptions necessary to run the one-way ANOVA with repeated measures (e.g., data that has 

marked deviations from normality). 

In the second type of question, the answers are analyzed with parametric methods, such as: t-

test; ANOVA; Pearson correlations and multivariate analysis, such as factor analysis and 

discriminant function analysis.  
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5.  Variables 

Before presenting the scales that are going to be applied in the questionnaire, it is important to 

define the different variable types used in the questions. 

There are two major types of variables: independent and dependent variables. The independent 

variables are the controllable factors that marketing researchers use to influence changes in the 

values of dependent variables. For example, the elements of the marketing mix - price, product, 

place and promotion - are independent variables, since marketers can intentionally alter these 

factors at any time. In order to discover impacts and unexpected interrelationships, it is 

suggested to change as many independent variables as possible. 

The dependent variable, also called the response variable, is the output of a process or 

statistical analysis. Its name comes from the fact that it depends on or responds to other 

variables. This variable is the result that is wanted.  

The macroenvironment encompasses a number of variables that are beyond the control of an 

organization, but which nonetheless require analysis to realign corporate and marketing 

strategy to shifting business environments.  

The major forces in the macroenvironment are viewed to be political, economic, social, 

technological, legal, environmental, demographical, ethical, and regulatory. The objective of 

macroenvironment analysis is to help organizations recognize major developments and future 

implications (Sammut-Bonnici, 2015). 

According to Philip Kotler (2014), an interaction between the marketing environment and the 

company marketing system is very important as it affects the marketing strategies. Therefore, 

the marketer must study marketing environment systematically and continually. This would help 

the marketer to understand the buying behavior of the target market for his products. 

The last two questions will directly address to the gender and age of the participant. Those two 

variables are part of the social environment of the EV market. They are demographical 

variables, because they represent attributes of a human population that is going to be studied 

statistically, in order to help in the study of the potential EV and AV cars consumer behavior and 

profile. 

Afterwards, there will be questions to accomplish obtainment of data of the economic 

environment, such as the changes in the Portuguese consumers’ expenditure, in what concerns 

the EV market.  
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The role of the physical environment in influencing customer behaviors and in creating a 

provider’s image is especially pertinent in a service industry such as the EV market (Han et al., 

2009). 

The role of the technological environment in business caused a tremendous growth in trade and 

commerce. The introduction of technology revolutionized business concepts and models. It 

happened because technology gave a new and better approach on how to go about with 

business. It provided a faster and more efficient way of performing business transactions.  

The physical and technological environment won't be forgotten in the questionnaire, in order to 

obtain data that can help explain the impact of the accelerated pace of technological changes, 

the environmentalism and the new products appearance in the final consumer behavior.  

 

5.1. Conceptual Model and Research Hypothesis 

The instrument was developed by the researcher based on the objectives of the study and 

previous literature review. First, according to most basic models of human behavior, TAM 

proposes that behavioral intentions depend basically on attitudes and Perceived Usefulness 

(PU). Second, TAM is linked to the cost-benefit paradigm in which the decision-making is based 

on subjective perceptions of the individual about performance and effort. Consequently, TAM 

also proposes that PU and ease of use affect attitude (Belanche et al., 2012). 

Variables used in this study are variables that cannot be obtained or measured directly (latent 

variable) which are (Siregar et al., 2017): 

 Exogenous variables, as a variable (X) consisting of perceived ease of use (PEOU) and 

Perceived Enjoyment (PE)  

 Endogen Variable, as dependent variable (Y), that are: perceived usefulness (PU) and 

Attitude. 

The current project seeks to develop a research framework of EV and AV adoption by drawing 

on the extant literature on TAM and IASAM theory. The present study initially focused on 8 

factors that may affect user interest on using new technology, namely, trust, perceived 

enjoyment, variety of service, perceived usefulness, perceived ease of use, subjective norm, 

innovativeness, and compatibility. Those factors are derived from the ranking of factors that 

have been widely used by previous studies, such as Septiani et al. (2017). Figure 2 presents 

the initial research model as well as the initially proposed hypotheses.  

As a result of the data analysis, Figure 3 represents the final model, with 5 hypothesis, 

according to the Money and Turner (2004) revised TAM and to Dulcic et al. (2012): 
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Figure 3.  Initial research model and Hypothesis for EV and AV Market (Septiani et al.,2017) 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Final research model and Hypothesis for EV and AV 

 

Davis et al. (1989) argued that improvements on Perceived Ease of Use (PEOU) are also 

instrumental and contribute to increase performance, and hence the PU. In the words of Davis 

et al. (1989) and Belanche et al. (2012) a person could accomplish more work thanks to effort 

saved due to improved PEOU, reducing, for example, the likelihood of error. 

Based on Figure 3 above and taking all this information about TAM and IASAM into account, 

the hypothesis are: 

  

Perceived Usefulness 

Perceived Ease of Use 

Behavioral Intention Innovativeness 

Attitude 

H1 
H3 

H5 

H4 

H2 
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 Hypothesis 1 (H1). Perceived ease of use positively affects behavioral intention 

on the use of EV and AV.  

 

Extensive research has provided evidence that perceived ease of use has a significant 

effect on behavioral intention to use, either directly or indirectly, through its effects on 

perceived usefulness (Davis et al., 1989). Research has proved that there is a 

significant effect of users‟ perceived usefulness of an information system on the 

intention to use the system (Venkatesh et al, 2000). Perceived ease of use was found to 

be the second most important determinant of users‟ behavioral intention towards the 

system. 

 

 Hypothesis 2 (H2). Perceived ease of use positively affects attitude on the use of 

EV and AV. 

 

According to literature, perceived ease of use has a positive and significant influence on 

attitude. According to Rahmiati (2017), this relation is verified in online shopping. So, if 

users feel the ease in conducting transactions online it will cause a positive attitude 

towards online shopping.  

 

 Hypothesis 3 (H3). Innovativeness positively affects perceived ease of use on the 

use of EV and AV. 

 

Innovativeness can be defined as the level of a person's desire to adopt new ideas 

compared to other users. Innovativeness is a personality factor that can be used to 

predict the user's innovative tendency to adopt various technological innovations 

(Septiani et al., 2017). The higher the level of innovativeness a user has, the higher the 

likelihood of the user to adopt the latest technology. 

 

 

 

 Hypothesis 4 (H4). Attitude positively affects perceived usefulness on the use of 

EV and AV. 

 

The more people perceive technology is easy to use, the more positive their attitude 

towards the technology will be. It is the same with online shopping; as people perceive 

that online shopping is easy like to access the online sites, to learn the procedure, to 

compare products and prices, to find desired product, their attitude to online shopping 

will be more positive (Juniwati, 2014). 
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It is posited that attitude towards using a new information system is determined by the 

users’ perception of usefulness and that attitude is in turn a key determinant of actual 

usage of the new information system (Buguembe, 2010). 

 

 Hypothesis 5 (H5). Perceived ease of use positively affects perceived usefulness 

on the use of EV and AV. 

 

Perceived usefulness is an internal belief that is critical to the use of technology. 

Research conducted by Zhang et al. (2012), and referred to by Septiani et al. (2017), 

states that perceived usefulness is influenced by how high perceived ease of use the 

user has. The more users believe that to use innovation only requires minimum effort, 

the higher becomes their level of trust that their performance can be improved by using 

the technology. In addition, perceived usefulness is also influenced by the level of 

compatibility perceived by the user. If the user feels that the existing technology is 

incompatible with the value they have, then it is unlikely that the user will perceive the 

technology to improve their performance. 

Furthermore, subjective norms can also affect perceived usefulness. If the subjective 

norm experienced by the user does not support the adoption of existing technology, 

then he or she will less likely adopt the technology. In addition, it also affects the level of 

user trust that the technology offered can improve their performance (Septiani et al., 

2017). 

  

The variables: perceived usefulness; perceived ease of use, attitude and behavioral intention 

will be assessed in the questionnaire by using adapted items. 
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Table 2. Example of questionnaire items 

 

 

 

 

Perceived 

Usefulness  

  

1. I think that EV will become an important part of the existing public 

transport system. 

2. I think using an AV in my day-to-day commuting is better and more 

convenient than 

using my existing form of travel. 

3. I think an EV would be more energetically efficient than existing forms 

of car transport. 

4. Using AV would increase my productivity when traveling. For example, 

I could read books or news as I travel.  

 

Perceived Ease of 

Use  

 

5. I think an SAEV (Shared Autonomous Electric Vehicle) would be easy 

to understand how to use. 

6. It would not take me long to learn how to use an EV. 

 

Behavioral 

Intention  

 

 

7. If it were affordable, I would use an SAEV. 

Attitude  8. SAEV is a good idea. 

 

5.2. Likert-type scale 

A Likert scale is the most widely used approach to scaling responses in survey research, such 

that the term (or more accurately the Likert-type scale) is often used interchangeably with 

rating scale, although there are other types of rating scales. 

Likert (1932) invented it and he distinguished between a scale proper, which emerges from 

collective responses to a set of items (usually eight or more), and the format in which responses 

are scored along a range. Technically speaking, a Likert scale refers only to the latter (Derrick & 

White, 2017). 

Respondents specify their level of agreement or disagreement on a symmetric agree-disagree 

scale for a series of statements, when they are answering a question. The range captures the 

intensity of their feelings for a given item (Burns et al., 2008). 

A scale can be created as the simple sum of questionnaire responses over the full range of the 

scale. When this procedure is done, Likert scaling assumes that distances between each item 

are equal.  
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A Likert item is a statement that the respondent is asked to evaluate by giving it a quantitative 

value on any kind of subjective or objective dimension, the level of agreement/disagreement 

being the dimension most commonly used. Well-designed Likert items exhibit both "symmetry" 

and "balance". Symmetry means that they contain equal numbers of positive and negative 

positions which respective distances apart are bilaterally symmetric about the "neutral"/zero 

value, even if that value is not presented. Balance means that to the distance between each 

candidate value is the same, allowing for quantitative comparisons such as averaging to be 

valid across items containing more than two candidate values (Burns et al., 2008). 

According to Saul McLeod (2008), Likert-scale makes the assumption that attitudes can be 

measured.  Respondents may be offered a choice of five to seven or even nine pre-coded 

responses with the neutral point being neither agree nor disagree. In its final form, the Likert-

scale is a five or seven point scale which is used to allow the individual to express how much 

they agree or disagree with a particular statement. 

Likert scales may be subject to distortion from several causes, because respondents suffer from 

central tendency bias, since they avoid using extreme response categories, in order not to be 

seen with extremist views. 

Acquiescience bias may also happen, when the respondent, such as children and elderly 

people, agree with statements as presented, as a consequence of the culture of 

institutionalization that they are submitted to, that encourages and incentivizes eagerness to 

please. 

Designing a scale with balanced keying (an equal number of positive and negative statements 

and, especially, an equal number of positive and negative statements regarding each position or 

issue in question) can obviate the problem of acquiescence bias, since acquiescence on 

positively keyed items will balance acquiescence on negatively keyed items (Carifio & Perla, 

2007). The important idea here is that the appropriate type of analysis is dependent on how the 

Likert-type scale has been presented. 

 

5.3.  Questionnaire Analysis  

The TAM theory was assessed by applying an on-line questionnaire to a minimum of 50 valid 

answers, in a timeline of two months. 

This tool was directed mainly to college students, with ages varying from 19 to 35 years old, 

since they will be the main users of the EV and AV vehicles in the future. As early referred, age 

was important here, because it is a filter in what concerns the analysis of the data obtained with 

the answers. Gender was a variable, too, that can be studied in the future, if the answers of 

male and female participants are relevant to extract conclusions of differences in behavior. 
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The data were analyzed with the help of the SPSS software, applying the concept of 

multivariate analysis, after using snowball sampling of the data obtained. 

Snowball sampling is a non-probability sampling and research technique through survey and 

data registration which is usually used in sociology, psychology, or management studies, and 

are recommended when the population cannot be strictly delimited or detailed (e.g. homeless 

people); the characteristics of the sample are rare (drug-addicts, people with rare diseases, 

unemployed youth, club members, elites, etc.). It is a good research method when the study is 

on behaviors, perceptions, customs, for the description of “typical” cases which cannot be 

generalized for an entire population (Dragan et al., 2013). 

According to Etikan et al. (2016), snowball sampling or chain-referral-sampling of a hidden 

population begins with a convenience sample of initial subject, because if a random sample 

could be drawn, the population would not restrict as hidden. This sampling method generates 

biased samples because respondents who have great number of social connections are able to 

provide investigators with a higher proportion of other respondents who have characteristics 

that are similar to that initial respondent. Snowball sampling variation is called respondent-

driven sampling. It allows the researcher to make asymptotically unbiased estimates from 

snowball samples under some conditions. It allows the participants to make estimates about the 

social network connecting the hidden population (Etikan et al., 2016). 

As with random sampling, the snowballing method is not as uncontrolled as its name implies. 

The researcher is deeply involved in developing and managing the origination and progress of 

the sample, and seeks to ensure at all times that the chain of referrals remains within limitations 

that are relevant to the study. One of the dangers with snowball sampling is that respondents 

often suggest others who share similar characteristics, or the same outlook, and thus it requires 

that the researcher ensures the initial set of respondents to be sufficiently varied so that the 

sample is not skewed excessively in any one particular direction (Etikan et al., 2016). 

The principle of this sampling method includes the identification, done by the researcher and 

based on specific reasoning, of a number of respondents to be interviewed, who, in their turn, 

shall indicate (recommend) other respondents, and that will make the object of the research. 

The methodology used, and the initially interviewed subjects respectively, indicate additional 

subjects (random methods can be used to generate the first respondents), which is why the use 

of this method can decrease searching costs significantly, but can also become costly when 

introducing systematic error, because its use reduces the probability of the survey having a 

good representativeness for the population (Dragan et al., 2013). 

According to David Morgan (2008), snowball sampling is based on a method with 6 main steps: 

1. Draft a participation program (likely to be subject to change, but indicative). 



 
 

35 
 

2. Approach stakeholders and ask for contacts. 

3. Gain contacts and ask them to participate. 

4. Community issues groups may emerge that can be included in the participation 

program. 

5. Continue the snowballing with contacts to gain more stakeholders if necessary. 

6. Ensure a diversity of contacts by widening the profile of persons involved in the 

snowballing exercise. 

The main advantages of this sampling process are: it allows the researcher to reach populations 

that are difficult to sample when using other sampling methods; the process is cheap, simple and 

cost-efficient and this sampling technique needs little planning and fewer workforce compared to 

other sampling techniques. 

The main disadvantages are: the researcher has little control over the sampling method. As a 

consequence, the subjects that the researcher can obtain rely mainly on the previous subjects 

that were observed. 

Representativeness of the sample is not guaranteed. The researcher has no idea of the true 

distribution of the population and of the sample. Sampling bias is also a fear of researchers when 

using this sampling technique. Initial subjects tend to nominate people that they know well. 

Because of this, it is highly possible that the subjects share the same traits and characteristics, 

thus, it is possible that the sample that the researcher will obtain is only a small subgroup of the 

entire population (Morgan, 2008). 

There are two forms of improving snowball sampling: respondent-driven sampling and Peer 

Esteem Snowballing (PEST). 

Respondent-driven sampling (RDS) consists in a new approach to the study of hidden 

populations. It is effectively used to avoid bias in snowball sampling. Respondent-driven sampling 

involves both a field sampling technique and custom estimation procedures that correct for the 

presence of homophile on attributes in the population. The respondent-driven sampling method 

employs a dual system of structured incentives to overcome some of the deficiencies of such 

samples. Like other chain-referral methods, RDS assumes that those best able to access 

members of hidden populations are their own peers (Heckathorn, 2011). 

Peer Esteem Snowballing is a variation of Snowball sampling and is useful for investigating small 

populations of expert opinion. Christopoulos (2010) argues that it has a number of advantages 

relative to other snowballing techniques: 
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1. It reduces the selection bias inherent in initial seed samples for a snowball by 

advocating for a nominations phase that objectively identifies contact seeds for the first 

wave; 

2. By analyzing network data it provides an estimate of the population size, unbiased by 

any researcher defined population boundary; 

3. By reporting the estimate of the sample size of the population, it provides a measure of 

relative significance (optimal sampling data can be reported in this context); 

4.  Through a network analysis of referrals it allows for identifying clusters of experts that 

may be instrumental in explain variations in their response profile; 

5. It allows for a referrals nominations strategy that, in certain cases, could improve 

response rates, while the nominations strategy acts as an ultimate validation of 

expertise for informants and therefore improves content validity. 

6. The nominations strategy acts as an ultimate validation of expertise for informants and 

therefore improves content validity. 

 

5.4.  Hypothesis Testing 

In order to better understand the data that is going to be provided with the answers of the 

questionnaire, it is necessary to recur to hypothesis testing.  

According to Wang et al. (2012), in classical statistics, hypothesis testing is the process of 

inferring from a sample whether or not to accept a certain statement about the problem. The 

statement itself is called hypothesis. In each case, the hypothesis can be tested on the basis of 

the evidence contained in the sample. The hypothesis is either rejected, meaning that the 

evidence from the sample casts sufficient doubt on the hypothesis for us to say with some 

degree of confidence that the hypothesis is false, or accepted, meaning that it cannot be 

rejected. 

In the real world, for one uncertain variable, two experts may give their respective views. We 

need to measure if their views are different or not. 

According to Murray (2013), it is suggested that Likert data can be analyzed using parametric 

tests without fear of coming to the wrong conclusion. For Likert data to be treated as interval 

data, there is need to develop multiple categories within a scale, establish equality of variance 

between each value on the scale and normality of the data. Moreover, parametric tests assum 

that the data are continuous and follow a normal distribution. Although, with a large enough 

sample data – 695 valid answers, parametric tests are valid with non-normal data. 
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The p-value or probability value is used in statistical hypothesis testing, for a given statistical 

model, and it is the probability that, when the mull hypothesis is true, the sample mean 

difference between two groups would be equal to, or more extreme than, the actual observed 

results (Wasserstein et al., 2016). 

The smaller the p-value, the higher the significance because it tells the investigator that the 

hypothesis under consideration may not adequately explain the observation. The null 

hypothesis is rejected if any of these probabilities is less than or equal to a small, fixed but 

arbitrarily pre-defined threshold value α, which is referred to as the level of significance. Unlike 

the p-value, the  level is not derived from any observational data and does not depend on the 

underlying hypothesis; the value is instead set by the researcher before examining the data. In 

our specific case, the α is 0.05. 

One of the main attractions in reporting p-values is that they measure the strength of evidence 

against the null hypothesis in a way that is data-dependent. But reliance on the p-value tempts 

researchers into erroneous interpretations. For example, p = 0.01 does not mean that the 

observed data had a 1% chance of occurring under the null hypothesis; the correct statement is 

that, under the null hypothesis, there is a 1% chance of a test statistic as extreme or more 

extreme than what was observed. And when correctly interpreted, the p-value has some 

unappealing properties. For example, it measures the likelihood that the data would be more 

extreme than they were, rather than being a measure of the data that were actually observed. 

The p = 0.01 also focuses exclusively on the null hypothesis, rather than directly addressing the 

(usually more interesting) question of how strongly the evidence supports the alternative 

hypothesis relative to the null hypothesis (Bayarri et al. , 2016). 

According to Bayarri et al. (2016), it is necessary to choose the priors: the prior odds (π1/ π0) 

and the prior distribution π(θ) for θ under the alternative hypothesis. For the prior odds (π1/ π0), 

one option is to report conclusions for a range of plausible prior odds. Another option is to focus 

the analysis entirely on the Bayes factor, without taking a stand on the prior odds. 

There are a range of options available, depending on the context and the researchers’ comfort 

level with statistical modeling. For example, p-value bound is simple and doable in essentially 

every context, as it avoids the need to specify π(θ) altogether (Bayarri et al. , 2016). 

 

5.5. Data Analysis 

The answers obtained in the questionnaire were analyzed with the software IBM SPSS 

Software. It is a software package used for logical batched and non-batched statistical analysis.  

The original SPSS manual has been described as one of "sociology's most influential books" for 

allowing ordinary researchers to do their own statistical analysis (Wellman, 1998). 
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In addition to statistical analysis, data management (case selection, file reshaping, creating 

derived data) and data documentation are features of the base software. 

SPSS Statistics places constraints on internal file structure, data types, data processing, and 

matching files, which together considerably simplify programming. SPSS datasets have a two-

dimensional table structure, where the rows typically represent cases (such as individuals or 

households) and the columns represent measurements (such as age, gender, or household 

income). Only two data types are defined: numeric and text (or "string"). All data processing 

occurs sequentially case-by-case through the file (dataset). Files can be matched one-to-one 

and one-to-many, but not many-to-many. In addition to that cases-by-variables structure and 

processing, there is a separate Matrix session where one can process data as matrices using 

matrix and linear algebra operations. 

According to the chosen software, multivariate analysis were applied to the data obtained with 

the responses of the questionnaire. 

Multivariate analysis is based on the statistical principle of multivariate statistics which involves 

observation and analysis of more than one statistical outcome variable at a time. This technique 

is used to perform trade studies across multiple dimensions while taking into account the effects 

of all variables on the responses of interest. 

According to Rencher (2003), when using multivariate analysis, the variables can be examined 

simultaneously in order to access the key features of the process that produced them. The 

multivariate approach enables us to (1) explore the joint performance of the variables and (2) 

determine the effect of each variable in the presence of the others. 

Multivariate analysis provides both descriptive and inferential procedures— search for patterns 

in the data or test hypotheses about patterns of a priori interest. 

With multivariate descriptive techniques, it can be peered beneath the tangled web of variables 

on the surface and extract the essence of the system. Multivariate inferential procedures include 

hypothesis tests that (1) process any number of variables without inflating the Type I error rate 

and (2) allow for whatever inter-correlations the variables possess. A wide variety of multivariate 

descriptive and inferential procedures is readily accessible in statistical software packages 

(Rencher, 2003). 

When the multivariate responses are samples from one or more populations, just as it is the 

case in this thesis (one sample of 50 valid answers (minimum)), it is often first made an 

assumption that the sample is from a multivariate probability distribution. 

The multivariate probability distribution is most often assumed to be the multivariate normal 

(MVN) distribution (Timm, 2002). 
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One goal of model formulation is to estimate the model parameters and to test hypotheses 

regarding their equality. Assuming the covariance matrices are unstructured and unknown one 

may develop methods to test hypotheses regarding fixed means. Unlike univariate analysis, if 

one finds that the means are unequal one does not know whether the differences are in one 

dimension, two dimensions, or a higher dimension. The process of locating the dimension of 

maximal separation is called discriminant function analysis. In models to evaluate the equality of 

mean vectors, the independent variables merely indicate group membership, and are 

categorical in nature. They are also considered to be fixed and nonrandom. 

To expand this model to more complex models, one may formulate a linear model allowing the 

independent variables to be nonrandom and contain either continuous or categorical variables. 

The general class of multivariate techniques used in this case is that of the called linear 

multivariate regression (MR) models. Special cases of the MR model include multivariate 

analysis of variance (MANOVA) models and multivariate analysis of covariance (MANCOVA) 

models (Timm, 2002). 

When the dependent variables are categorical rather than continuous, one can consider using 

multinomial logit or probit models or latent class models. When the data matrix contains n 

subjects (examinees) and p variables (test items), the modeling of test results for a group of 

examines is called item response modeling. 

Several multivariate techniques have been designed to reduce the dimensionality of the data. 

Two commonly used data reduction techniques include principal component analysis and 

canonical correlation analysis. When one has a set of dissimilarity or similarity measures to 

describe relationships, multidimensional scaling techniques are frequently utilized. When the 

data are categorical, the methods of correspondence analysis, multiple correspondence 

analysis, and joint correspondence analysis are used to geometrically interpret and visualize 

categorical data (Timm, 2002). 

In our specific case, there were used two different approaches: the confirmatory factor 

analysis (CFA) and the structural equation modelling, using generalized least squares (GLS). 

The confirmatory factor analysis (CFA) is a special form of factor analysis, most commonly 

used in social research (Kline, 2010).  The objective of confirmatory factor analysis is to test 

whether the data fit a hypothesized measurement model. This hypothesized model is based on 

theory and previous analytic research. 

In CFA, the researcher first develops a hypothesis about what factors they believe are 

underlying the measures used hypotheses. By imposing these constraints, the researcher is 

forcing the model to be consistent with their theory. Model fit measures could then be obtained 

to assess how well the proposed model captured the covariance between all the items or 

measures in the model. If the constraints the researcher has imposed on the model are 
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inconsistent with the sample data, then the results of statistical tests of model fit will indicate a 

poor fit, and the model will be rejected. If the fit is poor, it may be due to some items measuring 

multiple factors. It might also be that some items within a factor are more related to each other 

than others (Suhr, 2006). 

In CFA, several statistical tests are used to determine how well the model fits to the data. A 

good fit between the model and the data does not mean that the model is “correct”, or even that 

it explains a large proportion of the covariance. A “good model fit” only indicates that the model 

is plausible (Suhr, 2006). 

The generalized least squares (GLS) is a technique for estimating the unknown parameters in 

a linear model when there is a certain degree of correlation between the residuals in 

a regression model. It was first described by Aitken in 1934. It is a method for fitting coefficients 

of explanatory variables that help to predict the outcomes of a dependent random variable. As 

its name suggests, GLS includes ordinary least squares (OLS) as a special case. The principal 

motivation for generalizing OLS is the presence of covariance among the observations of the 

dependent variable or of different variances across these observations, conditional on the 

explanatory variables. In its simplest form, the linear model of statistics postulates the existence 

of a linear conditional expectation for a scalar, dependent random variable y given a set of non-

random scalar explanatory variables {x 1, …, x K} (Cragg, 1983) . 

In both approaches, it was used the Cronbach's Alpha, α. It was developed by Lee Cronbach in 

1951, and measures reliability, or internal consistency. “Reliability” is how well a test measures 

what it should. For example, a company might give a job satisfaction survey to their employees. 

High reliability means it measures job satisfaction, while low reliability means it measures 

something else (Cronbach, 1951). 

Cronbach’s alpha tests to see if multiple-question Likert scale surveys are reliable. These 

questions measure latent variables — hidden or unobservable variables like: a person’s 

conscientiousness, neurosis or openness. Cronbach’s alpha will tell you if the test you have 

designed is accurately measuring the variable of interest. The higher the α coefficient, the more 

the items have shared covariance and probably measure the same underlying concept (Mohsen 

et al., 2011). 

Although the standards for what makes a “good” α coefficient are entirely arbitrary and depend 

on your theoretical knowledge of the scale in question, many methodologists recommend a 

minimum α coefficient of 0.6 (Malhotra, 1997). 

 

 

 

 

https://www.statisticshowto.datasciencecentral.com/internal-consistency/
https://www.statisticshowto.datasciencecentral.com/reliability-validity-definitions-examples/
https://www.statisticshowto.datasciencecentral.com/likert-scale-definition-and-examples/
https://www.statisticshowto.datasciencecentral.com/factor-analysis/#Latent
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6.  Results 

In this section, it will be shown the results that were obtained by assessing the model, with two 

different analysis: confirmatory factor analysis (CFA) and generalized least squares (GLS). 

It was evaluated the construct reliability and validity of the items that compose the model, by 

using loading factors and Cronbach's Alpha. 

In the end of the chapter, it will be explained which analysis fitted better the proposed model, 

and also which hypothesis were accepted or rejected. 

 

6.1.  Measurement Model 
The measurement model was assessed by using confirmatory factor analysis (CFA) and the 

structural equation modelling, using generalized least squares (GLS). According to Septiani et 

al. (2017), the first step is to examine measurement model by testing the construct reliability and 

validity to assess the internal consistency of the construct measurement. The construct 

reliability and validity were measured using loading factors and Cronbach’s Alpha (CA). 

Stevens (1992) suggests using a cut-off of 0.4 for loading factors, irrespective of sample size, 

for interpretative purposes. When the items have different frequency distributions, Stevens 

(1992) suggests using more stringent cut-offs ranging from 0.32 (poor), 0.45 (fair), 0.55 (good), 

0.63 (very good) or 0.71 (excellent). 

To measure the reliability of the scales, the Cronbach’s Alpha indicator was used, considering 

the reference value 0.6 (Malhotra, 1997). 

Table 3 provides a list of all measurement items and the results of validity and reliability 

analysis, considering that A items are evaluating the Perceived Usefulness; B items evaluate 

the Perceived Ease of Use; C items evaluate the Behavioral Intention; D items evaluate 

Innovativeness, and F items evaluate attitude. 
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Table 3: Validity and Reliability value of EV and AV environment constructs. 

Items Loading Factors Cronbach's 
Alpha 

A1 0,276   
  
  

0,652 
  

A2 0,752 

A3 0,205 

A4 0,384 

A6 0,791 

B1 0,918   
0,664 

B2 0,615 

C1 0,927   
  

0,61 
  

C2 0,447 

C3 0,263 

C4 0,229 

D1 0,555   
0,643 

  
D2 0,643 

D3 0,456 

F1 0,822   
0,707 

F3 0,748 

 

 

 

Figure 5: The hypothesized model of EV and AV Market. 
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6.2. Structural Model 
According to Siregar et al. (2017), the measurement model test will get the relationships 

between the indicator and the construct. If the measurement model fits, the test is continued on 

the structural model to obtain a number of correlations that show the relationship between 

constructs. The process of validating the measurement model requires testing each cluster of 

observed variables separately to fit the hypothesized GLS and also to the CFA model.  

The Goodness of Fit (GOF) can be assessed with the indicators shown in the table below. In 

the specific CFA model, the indicators assessed were: Chi-Square; Root Mean Square Error of 

Approximation (RMSEA); CMIN/DF and Normed Fit Index (NFI). 

All the recommended values in each index are presented in literature (Awang, 2012) as good 

values to sustain the model fit.  

 

Table 4: Fit indices for measurement model with CFA 

Fit Index Chi Square RMSEA NFI CMIN/DF 

Recommended Values (GOF) >0,05 < 0.08 0-1 < 6 

Model Value 1035,9 0,107 0,771 9,008 
 

As it could be verified, the model had fit problems, with a high RMSEA and also with a high 

CMIN/DF. It was necessary to adopt another methodology, in order to obtain a better model fit. 

Hence, it was adopted the structural equations model (SEM), while using the generalized least 

squares (GLS). It was first described by Alexander Aitken, in 1934. This technique is used for 

estimating parameters in a linear regression model when there is a certain degree of correlation 

between the residuals in a regression model. 

In the specific SEM model, while using GLS, the indicators assessed were: Chi-Square; Root 

Mean Square Error of Approximation (RMSEA); Goodness of Fit Index (GFI), CMIN/DF and 

Normed Fit Index (NFI). 

 

Table 5: Fit indices for measurement model with GLS 

Fit Index Chi Square RMSEA GFI NFI CMIN/DF 

Recommended Values (GOF) >0,05 < 0.08 > 0,8 0-1 < 6 

Model Value 600,7 0,078 0,892 0,369 5,223 
 

 
 

As it was verified, even though the Normed Fit Index (NFI) is low, the GLS model fits marginally 

better to the proposed model, with an acceptable RMSEA, an acceptable CMIN/DF, a high Chi 
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Square and a high GFI. Therefore, it can be concluded that the final model fits better to a GLS 

model, with low normality. 

The R2 value was examined to see the strength of structural prediction model (Septiani et al., 

2017). The table below shows R2 value for all endogen variables. PU has an R2 value of 0.866 

that shows that PU variable can be explained by its exogenous factors up to 86,6% and the rest 

of it by other factors outside the model. Then, BI variable has an R2 value of 0.725 while PEOU 

has R2 value of 0.114. Attitude was also examined and has the strongest correlation, with an R2 

value of 0.969. Therefore, one can conclude that BI, Attitude and PU variables have strong 

correlation with its exogenous variables, in the proposed model.  

 

Table 6: R2 for endogen variables 

Endogen Variable R2 

Perceived Usefulness 0,866 

Perceived Ease of Use 0,116 

Attitude 0,969 

Behavioral Intention 0,725 

 
 

AMOS 25.0 is utilized to perform one-tailed hypothesis testing. The significant path coefficients 

(p ≤ 0.05) appear to support the proposed model. The table below shows the result of 

hypothesis testing. All 5 initially proposed hypothesis were accepted. 

 

 Table 7: Hypothesis testing results 

Hypothesis Attributes Estimate p-value p/2 Results 

H1 PEOU - BI 0,904 <0,001 < 0,0005 Accepted 

H2 PEOU - AT 0,974 < 0,001 < 0,0005 Accepted 

H3 IN - PEOU 0,404 < 0,001 < 0,0005 Accepted 

H4 AT - PU 0,762 0,092 0,046 Accepted 

H5 PEOU-PU 0,145 <0,001 < 0,0005 Accepted 
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7.  Discussion 

 

The analysis has initially yielded 10 variables to be assessed with TAM. From those 10 

variables, it was necessary to reduce the analysis only to 5 variables in the final model, due to 

problems with Cronbach Alphas and with the model fit. Goodness of fit with GLS indicates a 

good fit of the collected data. 

This indicates that the EV and AV market questionnaire is acceptable in measuring all the five 

constructs. Although it has been tested in other studies with CFA (Hewitt et al., 2019), 

conducting SEM, using GLS ensured the validity of the instrument. The use of SEM, with the 

GLS is also to assess the questionnaire in different research settings, just like it is suggested by 

Maat et al. (2015), so that the empirical evidence can be enhanced. Having relevant dimensions 

of EV and AV Market in the questionnaire provides a comprehensive measurement of the 

chosen constructs. 

In our specific model, we could reach identical results to Böhm et al. (2017), in which attitude 

may be a predictor for AV and EV acceptance. Acceptance refers exclusively to positive attitude 

towards using as opposed to "happy to drive alongside" AVs and EVs. 

The results of this study confirm previous observations that the public is yet to be fully 

convinced about autonomy in cars. Participants reported lower expected perceived ease-of-use 

(Hewitt et al., 2019). On the other hand, we find that the respondents tend to find AVs and EVs 

easy to use, even if in Portugal this market is still, according to the Rogers' DOI theory (2003),in 

an Early Adopter phase. 

Behavioral Intention was also high, showing that the use of EVs and AVs is nowadays being 

considered by new users and potential drivers, demonstrating an environmental concern and a 

better perception of the developing mobility concepts. 

This study had limitations. This study did not consider other important aspects of user behavior 

such as prior driving experience, social impact, risk and enjoyment factors. 

The fact that the method chosen to carry out the interviews was through online interviews also 

contributed somehow as a limiting factor, since it was impossible in the given time to add more 

filters and select otherwise the respondents, which could have given another perspective to this 

work. However, after the work done we can conclude that the benefits of this methodology far 

outweigh the disadvantages. 
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8.  Conclusion 

8.1. Main Contributions 

This chapter concludes the dissertation with a summary of the research contributions, main 

limitations, and finally the future work.  

The main core of this project is to establish the main conclusions about the application of the 

Technology Acceptance Model (TAM) in EV Market. 

TAM was tested in this thesis, with the creation of an on-line questionnaire with 37 items, 

available between October and November 2018, resulting in 695 valid answers. It was mainly 

directed to between 19 and 35 years old college students, because they will be the main users 

of the EV and AV vehicles in the future. 

When tested with an online questionnaire, the proposed model showed good internal 

consistency and presented results consistent with prior research in the domain. 

 

8.2. Main Limitations 

This study had limitations. This study did not consider other important aspects of user behavior 

such as prior driving experience, social impact, risk and enjoyment factors. 

The fact that the method chosen to carry out the interviews was through online interviews also 

contributed somehow as a limiting factor, since it was impossible in the given time to add more 

filters and select otherwise the respondents. 

The questionnaire is applicable to measure EV and AV vehicles, among the users, which has 

been supported widely by many studies. The present study can be extended to different settings 

and samples in order to achieve a better measurement model.  

It is hoped that by the development and evolution of the EV market in Portugal, more upcoming 

related issues will be conducted in the future in order to facilitate the use of the vehicles. 

8.3. Future Work 

TAM opens up scope for evaluation of many more causal factors of User Acceptance than are 

here considered; the focus on the primary research questions has led to the omission of many 
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potential analyses. A further approach considering better the aspects of age, gender and driving 

experience could provide many insights about variations in the acceptance of AVs and EVs. 

In the future, it can be possible that many people who are not already able to drive and are 

considering learning it will have the option of buying an AV instead. According to Hewitt et al. 

(2019), the implications of having no prior knowledge of driving in the responses participants 

give to the TAM questionnaire are sure to be dramatic. As such, it might be interesting to 

assess and filter the opinions of current non-drivers instead of existing drivers. 

The very nature of transport may also change entirely as a result of increased automation. 

Individual ownership may become less common, and the use of public or shared-ownership 

transport may increase. According to Hewitt et al. (2019), this might be driven by a rise in the 

price of vehicles due to complex autonomous features, or simply increased ease of use of 

public transport modalities. Consequently, a comparative evaluation of autonomy in different 

transport modalities, and from the passenger perspective, using TAM, might be interesting. 

It is also likely that our interactions with AVs will change significantly as the technology develops 

further. Interaction modalities such as voice and gesture are likely to become more widespread 

as the need for physical control diminishes. TAM can serve as a tool to evaluate the impact of 

these increasingly intelligent human-vehicle interfaces (Hewitt et al., 2019). 
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