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Abstract  

With increasing competition in the automotive market, the car 

manufacturers have to come up with innovative ideas. One important 

innovation is the vehicle-based infotainment system, which is supposed to 

support the driver while driving. But, with increasing popularity of the 

systems, also the critics get louder. It is said to be distracting from driving, 

risking the privacy and way too expensive. Yet, the researchers did not 

examine the driver’s perception of the infotainment system.  

Purpose – The aim of this study is to examine how drivers perceive 

infotainment systems, based on the technology acceptance model by 

Davis. The relations between the different dimensions of technology 

acceptance are examined, as well as their impact on the intention to use.  

Theoretical background – In the literature review the infotainment 

systems and technology acceptance are defined and former studies are 

introduced. Also, the technology acceptance model is explained more 

detailed. This serves as the fundament for the hypotheses which are 

tested in this study.   

Method – An online survey, based on the technology acceptance model, 

is conducted. It includes the demographic data, driving-related questions 

and asks for the driver’s perception of different dimensions. In total, 169 

respondents were included in the analysis, which consists of a descriptive 

analysis, factor analysis, Cronbach’s Alpha, correlation analysis and the 

regression analysis.  

Results – The results show that the infotainment system is perceived as 

positive in average, even though the drivers believe it is costly and risky. 

Apart from a strong correlation between perceived pleasure and perceived 

benefit, no strong correlations between the other factors could be found. 

The enjoyment is additionally the strongest variable in determining the 

intention to use.    
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Introduction  

Evolution of the automotive industry  

The automotive industry nowadays is characterized by a high competition 

and changing market conditions (Kilian & Proff, 2012, p.1). Innovations and 

new technologies change the competition of the car manufacturers, which 

are called original equipment manufacturer (OEM), and the development 

processes (Maixner et al., 2017, p.4). The trend in the automotive industry 

is heading towards connected cars which make it possible to communicate 

and to be entertained while driving, but at the same time give relevant 

information to the driver. What started as a luxury tool in 1952 when the first 

in-car phone was introduced, is nowadays standardized in almost every 

newly bought vehicle. Over time, more features and functions were added 

to the radio, and less expensive versions became available (Yoo, 2010, 

p.214). This formed the basis of the in-car infotainment systems, an 

interactive functionality consisting of information and entertainment aspects 

which are a component of the connected car. It offers a different driving 

experience for the driver as well as for the passengers, and can be used for 

media consumption, communication and as an interconnected workplace 

(Kern & Schmidt, 2009, p.3). The features include navigation systems, radio 

player, voice control and internet access, to name a few.  

Following the success story of the mobile devices, the new generation of in-

car infotainment systems (IS) now includes applications and therefore offers 

new functionalities. The development of technological innovations and the 

change in the user everyday life, caused by mobile devices, pushed the 

OEMs in the direction of connected cars. The users nowadays do not see 

cars as a matter of transportation anymore, but rather as a living space 

(Kern & Schmidt, 2009, p.3). To make the time, which is spent in the car 

more valuable, the infotainment systems support the driver with information 

systems, such as the navigation, but still offer the possibility for 

communication and hence for changing the driving experience.  
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User perception of infotainment systems 

The importance of the infotainment systems is shown in the increasing 

number of purchases each year. In 2017 only 26 million connected cars, 

which are connected through infotainment systems with access to external 

data, were sold in Europe but it increased by 10 million in 2018 (Appendix 

1, Figure 3). The forecast predicts that in 2023 almost 107 million connected 

cars will be sold, which equals to a growth of more than 300% in 6 years. 

But, with increasing attention, also the critics are getting louder. One main 

aspect which is often criticized is that with increasing interaction, the driver’s 

focus on driving is decreasing (Kern & Schmidt, 2009, p.3). The distraction 

of the road and tiredness caused by the infotainment usage is a high risk 

and therefore it might be interesting for the OEMs to know how the drivers 

perceive the infotainment systems – rather as a risk or useful.  

In the past, many researchers focused on the customer’s perception of 

new technologies and accordingly, many theoretical models are existing 

already in this field. The model UTAUT – Unified Theory of Acceptance 

and Use of Technology – is based on four variables which explain the 

pattern of IT adoption (Im & Kang, 2011, p.1). Another important model is 

the TAM – Technology Acceptance Model – which determines how 

customer perceive new technologies based on usefulness and ease-of-

use. The dependent variable (intention to use) is the same in both models, 

the main differences are the independent, influential factors. The UTAUT 

model includes social factors, which do not occur in the TAM model. Both 

models were used and also adapted in the past for different studies in the 

field of emerging technologies to determine how users perceive them. For 

example, Park et al. (2015) used the TAM model in the field of car 

navigation systems and Adell (2009) used the UTAUT model on driver 

support systems. Both studies changed the models accordingly to fit their 

studies. In this study, the TAM model will be used as a base to measure 

user perception of IS, because the social factors are not regarded as 

decisive and are thus neglected. Following the original TAM model by 

Davis (1989), the impact of different factors on the behavioural intention to 

use (BI) is determined. The factors are adopted from former studies using 

the TAM in different fields and include the perceived usefulness (PU), 

perceived ease of use (PEOU), perceived enjoyment (ENJ), perceived risk 
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(PR) and perceived cost (PC). The factors all refer to the perception of the 

drivers, which are the main users of the IS. External factors are neglected 

in this study, since they are not decisive in the user perception.   

Since the IS is a quite recent innovation and consists of many functionalities, 

little research was done in this field. The technological perspective of the IS 

is often studied and led to new developments, for example new interaction 

features, but the customer perspective was mostly unattended. The users 

are the main factor in the success or failure of the IS and should therefore 

be considered more detailed.  

Purpose and problem stating  

This study is supposed to analyse how drivers perceive car-based 

infotainment systems and which factors of the IS influence the perception. 

This is important, because the IS does not only have favourable but also 

risky aspects like distracting the driver. This is done based on the 

technology acceptance model (TAM) and some necessary adaptations will 

be done, to ensure the integrity of the study. Since only little research has 

been done in the field of customer perception of the IS, this study contributes 

to finding out how the IS is perceived by the drivers. For each factor of the 

TAM, the overall perception is calculated. Further, the focus is put on how 

these factors relate to each other. Finally, the impact of each factor on the 

intention to use the IS is figured out. Based on the theory, 14 hypotheses 

are formulated and tested in the analysis.     
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Theoretical concept  

In the following the theoretical concepts on which this study is based are 

explained. First, the infotainment systems are explained, then the user 

acceptance and perception are defined. The last theoretical concept is the 

TAM, on which the survey is based.  

Infotainment system  

The vehicle-based infotainment systems, which are the main subject of this 

study, are hardware and software devices in cars (Kumar, 2013, p.2). An 

exemplary picture of an infotainment system can be found in Appendix 2 

(Figure 4). The word infotainment is formed from the two main functions, 

information and entertainment and is used since then, even though the 

functions changed over time. The IS is mostly located in the centre stack of 

the car and offers good access for the drivers and passenger to interact with 

the device (Kern & Schmidt, 2009, p.4).  

Features   

The features which are included in the IS differ in different price categories 

and brands, yet the current stage of development allows a subdivision into 

three aspects: information, entertainment and safety (Kim et al., 2016, 

p.920). Table 1 shows each aspect with the associated features. 
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Table 1: Infotainment System Features 

Aspects Details Features 

Information Car-related 

 

Environment-

related 

Battery voltage, oil pressure, 

tyre pressure 

Navigation System 

Traffic information 

Temperature warnings 

Entertainment Music  

Movies  

Connectivity 

CD, Radio 

DVD 

USB, Bluetooth, Wi-Fi 

Safety Active/passive and 

Audio/visual  

Cameras, collision warning, 

blind spot detection, lane 

departure warning 

 

The information feature, the info in infotainment, refers to all information 

which are provided for the driver. It gives car-related information, like battery 

voltage, tyre pressure and oil pressure, and is supposed to help the driver 

understand their car’s current status, including speed and remaining 

gasoline (Chang & Hsiao, 2011, p.4153). More luxurious models include a 

measurement of lap times and G-force measures (Nica, 2018). Additionally, 

the IS can give environment-related information like the weather but also 

traffic information. The most important information feature is the navigation 

system, which calculates the best route to a destination. Navigation systems 

of a newer generation offers a real time calculation based on data from the 

internet and therefore avoid crowded streets and traffic jams (Ahmed et al., 

2019, p.2).   

The entertainment feature, the tainment in infotainment, includes all 

functions which entertain the driver while driving. This involves audio, from 

a radio (AM/FM) or a CD and videos or games from a DVD or even streamed 

online (Alt et al., 2010, p.118). While many drivers listen to music while 

driving (Van der Zwaag et al., 2013, p.1504), the video and game feature is 
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more interesting for the passengers, who do not have to be focused on 

driving (Alt et al., 2010, p.118). Since this study is analysing the driver’s 

perception of IS, the video and game feature is neglected for the further 

understanding. The function connectivity can also be classified as 

entertainment (Huang et al., 2010, p.233). It offers an interface where the 

user can connect the own mobile device (e.g. mobile phone) with the IS 

within the car via USB, Bluetooth or Wi-Fi. It enables the driver to 

interpersonal contacts, like messages, to the IS and therefore have access 

to it while driving (Alt et al., 2010, p.118). It also includes access to contacts, 

making and receiving calls hands-fee and listening to music which is saved 

on the mobile device. Due to the connection to the phone, the IS has access 

to the internet and can search for relevant information, like the current traffic 

situation (Ahmed et al., 2019, p.1). Therefore, the navigation system on the 

connected phone is often an alternative to the navigation system in the IS, 

if it does not have internet access. Nevertheless, IS in more luxurious cars 

already includes internet access, even if the phone is not connected (ibid).   

The last feature, safety, consists of advanced driver assistance systems 

(ADAS) which support the driver while driving and increase car and road 

safety (Shin & Kim, 2019). Most accidents are caused by driver’s mistakes 

(Yoon & Bong, 2018, p.550), therefore the ADAS offers various functions to 

assist the driver. It includes front and rear cameras for parking, collision 

warning (audio and visual), blind spot detection and lane departure warning 

(Jefferson, 2014). More expensive variations are able to intervene actively, 

for example by braking or steering (Alt et al., 2003, p.118).  

Interaction surface  

Since the infotainment system can be identified as a human-machine 

interface (HMI) it needs a surface for the interaction between the driver and 

the system. The main challenge in the user interface is that the primary task 

for the user is driving the car and not using the IS (Kern & Schmidt, 2009, 

p.4). Therefore, in order to offer an interaction which does not distract the 

driver from driving and does not need both hands at the same time, the IS 

consist of different control elements. 

The input modalities include buttons, knobs, stalks and touch screens. They 

are located either behind the steering wheel or in the centre stack next to 

the IS. This offers a good access for the driver even while driving (Kern & 
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Schmidt, 2009, p.3). Additionally, the state of the buttons can be determined 

by the driver without looking (Kern & Schmidt, 2009, p.5). The current state 

of the input devices is speech and gesture recognition, which enables the 

driver to interact with the IS without searching for specific devices while 

driving (ibid). Even though, for the speech recognition the driver still needs 

to push a button to start the function. Depending on the generation of the IS 

and the producer, the input devices vary in every car and can even include 

all modalities.  

The output which the IS gives to the driver is limited to the human senses. 

The most common feedback is visual, either digital or analogue. 

Additionally, also an audio response is possible through the speaker of the 

car. In the past, the speakers were only used for entertainment purposes, 

but by now also information is transferred through it, for example while 

navigating. The last output device is vibrating or haptic feedback. It can be 

found on the input devices, like on buttons when operating, but also in the 

steering wheel or the driver’s seat when danger approaches (e.g. obstacles 

on the street).   

Concerns  

With increasing popularity and broader functionalities, the critics concerning 

the IS became louder. One main concern is that the many stimuli of the IS 

distract the driver from the road. This can be caused by the input which the 

driver makes, but also by the output which the IS gives. To operate the IS, 

a multimodal interaction is needed, which diverts the driver’s eyes and 

hands and also the mind from driving (Strayer et al., 2019, p.1). The 

developers reacted to these critics by offering speech and gesture 

recognition, but even these input devices are shown to distract the driver 

(Maciej & Vollrath, 2009).  

Another concern is that the privacy might be risked by using IS. Due to the 

connection to the internet or access to smartphones, the IS is susceptible 

for new attacks (e.g. malware or virus), similar to the ones on computers 

(Schweppe & Roudier, 2012, p.12). Since the IS has access to most vehicle-

data, like the speed and the current position, the information can also be 

threatened by unauthorized access. From the driving pattern a lot can be 

inferred on the driver’s privacy (Hutchison et al., 2009, p.6). According to 

Barkhuus and Dey (2003) most users perceive the disclosure of their 
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precise location as a threat of privacy. But this invasion is not only a risk for 

privacy, but especially dangerous when it comes to executive functions 

which can be controlled by the IS, for example breaking (Schweppe & 

Roudier, 2012, p.13). Further, personal and sensible data from the phone 

can be intrigued (Hutchison et al., 2009, p.44). The extent of the data 

leakage depends on which information the driver has saved on the mobile 

phone. But since most people save their personal data, even bank account 

information, on their phones, it is mostly a threat of privacy.   

Past research  

Since the IS is a relatively new technology, there was not much research in 

this field by now. Mostly, the conducted studies focus on the technical 

aspects of the IS and how it can be improved (e.g. Macario et al., 2009; 

Nilsson et al., 2008). In comparison, studies where the user is in focus are 

scarce. For example, Chang & Hsiao (2011) found out that IS impacts the 

purchase decision of a driver positively when buying a car. Furthermore, 

Zheng et al. (2007) compared the perceived usability of IS to the subjective 

appearance of it and matched an overlap between them. Adell (2009) 

focused on how drivers experience and accept driver support systems. 

Similar to this study, Osswald et al. (2012) conducted a study on the 

acceptance of information systems in general in the car, based on the 

UTAUT-model. Hence, the studies which are concerned with the adaptation 

of IS or similar in-car technologies in the field of user perception or 

acceptance are not studied yet. Additionally, the available studies are by 

now older than 5 years and do therefore not include all developments and 

innovations of the IS nowadays. On this point this study applies, to give an 

overview of the user perception of IS, since it is a feature which is often used 

currently and therefore already tested by many drivers.  

Technology acceptance  

Technology acceptance is an important factor in determining the success or 

failure of any information technology (Davis, 1993). The term technology 

acceptance can be used interchangeably with user acceptance, as they 

describe the same matter. According to Dillon and Morris (1996), user 

acceptance can be defined as “[…] the demonstrable willingness within a 

user group to employ information technology for the tasks it is designed to 

support”. It therefore indicates the intention to use the technology, which is 
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important for the producers to achieve a high number of sales. In the last 

decades, many researchers tried to explain which system characteristics 

influence the acceptance and thus the usage of technologies (Legris et al., 

2003). But the high number of influencing factors did not offer a suitable 

basis for the analysis of technology use (ibid). Following up, the studies 

focused on reducing these factors into groups which could be used for 

practical implementations. This led to the development of the technology 

acceptance model (TAM) by Davis (1993), which was tested an extended 

over the years by various researchers. The TAM measures the acceptance 

of technology based on the user perception (Davis, 1993).  

User perception  

Perception itself is a psychological construct which explains the process of 

recognizing and interpreting information (Seland, 2016). The recognition 

means the information gathering, before and also while using the product 

(Agarwal & Prasad, 1998). Then, the gathered information is interpreted by 

the individual, based on the own expectations, habits, but also the current 

mood (Lorentzen, 2014). They are therefore subjective and influenced by 

prior experiences and individual preferences (Jaw et al., 2011). In the field 

of information systems, which the IS is a part of, the user perceptions are 

crucial for the development of attitudes that result in the actual usage of 

these new technologies (Agarwal & Prasad, 1998). Especially the 

perceptions of the technology’s characteristics and features determine the 

future purchase behaviour and are therefore an important field to study.  

Since the IS is improved and equipped with enhanced technologies and the 

forecast indicates an expansion of the sales in the upcoming years, the 

users seem to be satisfied with it. With a positive user perception of the IS 

the user might have a higher chance of buying it and the sales increase. 

Various studies deal with which factors impact the actual usage the most, 

but the majority of researchers agrees that the perceptions of the 

technology’s characteristics are one important factor in adoption of 

technologies (e.g. Rogers, 2003; Venkatraman, 1991; Jaw et al., 2011). The 

TAM model, which is used in this study defines six characteristics, which 

impact the intention to use the IS, and measures the perceptions of them. 

In the following, the TAM is explained more detailed and all necessary 

adaptations are clarified. 
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Technology acceptance model 

In order to make the research questions measurable, the technology 

acceptance model (TAM) is used. The TAM was originally developed to 

explain how new technologies are adapted at the workplace and which 

factors encourage or discourage the continuous use (Davis, 1989). The 

acceptance of new technologies, in this case the infotainment systems, is 

important for the actual use of the technology (Adell, 2009, p.27). It is 

measured by the behavioural intention to use (BI), which is in turn impacted 

by different perceptions (see Figure 1).  The general assumption of the 

original TAM is that perceived usefulness (PU) and perceived ease-of-use 

(PEOU) are the most important variables influencing the attitude towards 

the technology and then the behavioural intention to use, which again leads 

to the actual usage. The PU and PEOU are influenced by external factors 

which are not explained further in original TAM but extended in TAM2 and 

TAM3.  

 

Figure 1: Technology Acceptance Model (Davis, 1989) 

 

 

Development of TAM 

Over the years the TAM was used in many different contexts concerning the 

adaptation of new technologies. It was used for example in the context of 

online banking, car navigation systems and online shopping, and was 

adapted accordingly (Lee, 2009; Park & Kim, 2014; Cheema et al., 2013). 
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As different researchers tested the model, they concluded that the TAM 

does not consist of sufficient dimensions to explain the intention to use 

(Venkatesh & Bala, 2008). They proposed to extend the model to achieve 

more precise measures (Wu & Wang, 2005). Therefore, three similar 

models are existing, the TAM, TAM2, TAM3, which consist of an increasing 

number of dimensions. The TAM2 and TAM3 include external factors like 

subjective norms and image into the model (Venkatesh & Davis, 2000). 

TAM in context of infotainment systems 

The basic model used in this study is the original TAM because it does not 

include external factors, which are regarded as not important for this study. 

The IS is located inside the car and is therefore not visible for the social 

environment, so the assumption for this study is that social factors are not 

influential. The main idea of the original TAM model is used in this study, 

but adapted accordingly to fit into the context of IS. Since the technology of 

IS is more complex than the technologies in 1993, when the TAM was 

developed, it has to be extended accordingly.  

The customized model for this study can be found in figure 2. It shows that 

the influencing factors are increased by four, which sums up to six 

dimensions. They consist of the original factors, perceived usefulness (PU) 

and perceived ease-of-use (PEOU) and are extended by perceived 

enjoyment (ENJ), perceived risk (PR) and perceived cost (PC). The 

dependent factor is adopted from the TAM, the behavioural intention to use 

(BI). As already developed in TAM2 and TAM3, the attitude towards factor 

is removed (Venkatesh & Davis, 2000). The six dimensions which impact 

the BI are explained more detailed in the following.  
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Behavioural intention to use (BI)  

The behavioural intention to use (BI) is defined as the driver’s willingness to 

use the IS, based on Davis (1989). It is a construct from the original TAM 

and is for the purpose of this study adapted in the wording to fit into the 

context, but not changed in the meaning. It is used to draw conclusions on 

the user acceptance of new technologies, which indicates that the intention 

to use it stands for acceptance (Van de Laan et al., 1997). Additionally, the 

BI is the indicator for the actual intention to buy the technology. The BI is 

impacted by the following user perceptions of different characteristics 

(Venkatesh & Davis, 2000).   

Perceived usefulness (PU)  

The perceived usefulness can be defined, based on Davis (1993), as the 

extent to which a person believes that using the system will enhance his or 

her driving performance. Since the IS is not only supporting the driving 

performance but is also said to be useful in different aspects, like enhancing 

the safety feeling, the definition is widened. Therefore, in this study, the PU 

is the extent to which a person believes that using the IS will be beneficial 

for the driver. Since the IS is a driving assistance, which is included when 

buying a car, the assumption is, that it has a usefulness for the driver, and 

it is also perceived as useful. Therefore, the hypothesis to be tested is:  

Perceived 
usefulness 

Perceived 
enjoyment 

Perceived 
ease of use 

Perceived 
risk 

Perceived 
cost 

Behavioural 
intention to 
use  

Figure 2: Adapted TAM 
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Hypothesis 1: The infotainment system is perceived as useful by the drivers.  

The PU is one important factor which impacts the BI. According to 

Venkatesh and Davis (2000), people who perceive the technology as useful 

rather tend to purchase it, therefore one hypothesis to be tested is:  

Hypothesis 2: Perceived usefulness of the IS by the driver has a positive 

impact on the behavioural intention to use.   

Perceived ease of use (PEOU)  

Perceived ease of use (PEOU) in this study is defined as the extent to which 

the driver believes that using the IS will be free of physical and emotional 

effort, which is derived from the original TAM by Davis (1989). Since the 

technological aspects of the IS are an often-studied field, the focus is also 

often put on the input and output devices, which leads to an understandable 

usage. Therefore, the IS is assumed to be easy to use for the driver.  

Hypothesis 3: The infotainment system is perceived as easy to use by the 

drivers.   

In the original model Davis further states, that the PEOU has an impact on 

the PU, because if the user perceives the system as easy to use, he might 

be more likely to also perceive it as useful (Davis 1993). He states that 

“[b]etween two systems that perform the identical set of functions, a user 

should find the one that is easier to use more useful.” (Davis, 1993, p.477).   

Hypothesis 4: The driver’s perceived ease of use of the infotainment system 

correlates positively to the perceived usefulness.   

Additionally, the PEOU is also an important factor in determining the BI. 

Davis (1989). Since Davis conducted a model of only two influencing 

variables (PU, PEOU) the PEOU presumably has a positive impact on the 

BI. Additionally, Zheng et al. (2007) assumes an impact of PEOU on BI, 

which leads to the next hypothesis:  

Hypothesis 5: The driver’s perceived ease of use of the infotainment system 

has a positive impact on the behavioural intention to use.   
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Perceived Enjoyment  

In comparison to the previous dimensions, the perceived enjoyment (ENJ) 

is not part of the original TAM. It was extended to some studies to measure 

how enjoyable the user thinks the system is (Praveena & Thomas, 2014; 

Wu & Wang, 2012). The ENJ is an intrinsic motivation which reflects the 

pleasure associated with the usage of the system (Praveena & Thomas, 

2014). Since there is no universal definition, it is derived from the 

explanation for this study. ENJ is the extent to which the driver believes that 

using IS will be enjoyable. Enjoyment might be one of the main reasons the 

IS is used. The people spend a lot of their time in the car, and the IS is 

supposed to make the time valuable (Kern & Schmidt, 2009). Therefore, the 

assumption is that the overall perception of the IS is rather positive.  

Hypothesis 6: The infotainment system is perceived as enjoyable by the 

drivers. 

Further, the perceived enjoyment depends on various factors. One of them 

might be that the people might enjoy using systems which they find easy to 

use more pleasant. If the system can be operated intuitively, it might be 

more fun to use it. Therefore, the hypothesis to be tested is:  

Hypothesis 7: The driver’s perceived enjoyment of using infotainment 

systems relates positively to the perceived ease of use.  

The impact of the ENJ on the BI is, according to the theory, significant as 

well. It explains that if the driver enjoys using IS, he might be more likely to 

use it. In contrary, if one does not enjoy using the IS, he might not intend to 

use it. Therefore, the assumption to be tested is:  

Hypothesis 8: The driver’s perceived enjoyment of the infotainment system 

has a positive impact on the behavioural intention to use.  

Perceived risk  

Perceived risk (PR) is a negative aspect of the technology acceptance. But 

it is not a part of the original TAM, therefore there is no standardised 

definition. The definition used for this study is, that PR is the extent to which 

the driver perceives using the infotainment system as risky. As argued 

before, the IS is said to have risky aspects, like the risk of privacy or 

distraction from driving. Since the arguments of the counterparts of IS are 
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named by different sources, there might be a perception of the risks by the 

drivers of using IS. Therefore, the hypothesis to be tested is:  

Hypothesis 9: The infotainment system is perceived as risky by the drivers.  

Since the PR is a negative perception of the IS, it is contrary to the other 

factors, which are in favour of the IS. If the driver perceives the IS as risky, 

there is a sceptical attitude towards the IS. Therefore, a high PR might 

indicate a low score in the other dimensions: PU and ENJ. If the driver is 

sceptical, he might not see the usefulness in the IS as strongly as someone 

who has a positive attitude towards it. The same counts for the ENJ, since 

a driver who sees the IS as risky might not enjoy it as much as someone 

who does not see the risks.  

Hypothesis 10: The driver’s perceived risk of using infotainment systems 

relates negatively to the perceived usefulness and enjoyment.  

The PR might have a negative impact on the BI, because if the driver 

perceives IS as risky, and the risks exceed the benefits, the intention to use 

the system is decreasing. So, if someone believes that the IS distracts from 

driving, makes tired more quickly or risks the privacy, the intention to use 

the IS is impacted negatively. Therefore, the stated hypothesis is:  

Hypothesis 11: The driver’s perceived risk of using infotainment systems 

has a negative impact on the behavioural intention to use.  

Perceived cost  

The last dimension is the perceived cost (PC), which is a deciding factor in 

the user perception. The dimension is not included in the original TAM but 

was extended in other studies. Therefore, the definition is not unified and is 

formulated according to this study. The PC is the extent to which the driver 

perceives using IS as costly. The pricing of the IS depends on the functions 

which it offers, the more functions, the more expensive it gets. This might 

lead to different perceptions of the costs, but nevertheless the prices are, 

compared to other technologies, relatively high. Since the IS is already built 

into the car, the OEMs can demand higher prices. Therefore, the 

assumption is that the prices of IS are perceived as too high.  

Hypothesis 12: The infotainment system is perceived as costly by the 

drivers.  
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Since the PC is also a negative aspect of the IS, it indicates a sceptical 

attitude towards the technology, just like the PR. This leads to the 

assumption that PC and PR correlate positively to each other. Further, the 

PC might also have a negative impact on the PU and ENJ, just like the PR.  

Hypothesis 13: The driver’s perceived cost of using infotainment systems 

relates positively to the perceived risk, but negatively to the perceived 

usefulness and enjoyment.  

Further, if the driver perceives the IS as too costly, the intention to buy it 

would decrease. Too high prices keep the users from buying the 

technologies, since they are not willing to pay unjustified prices. Especially 

in the luxury segment this might be a problem. Therefore, the assumption 

to be tested is:  

Hypothesis 14: The driver’s perceived cost of using the infotainment system 

has a negative impact on the behavioural intention use.   

 



17 

 

 

Methodology  

In this study, the aim is to analyse how drivers perceive the in-car 

infotainment systems and which factors influence the perception. Primary 

data is collected in a quantitative study to answer the research questions. 

In general, a quantitative sampling is used to select a group of participants 

which represents the whole population (Fowler, 2009, p.4). The advantage 

of this procedure is, that the data which is collected is adjusted to the 

purpose. In this case, an online survey will be carried out, which the most 

suitable approach for testing hypotheses with limited budget and time 

(Wright, 2005). In addition to that, secondary data is used to find information 

about former studies in this field and to find relevant theoretical concepts for 

this study. The articles were acquired through the MIUN databases, 

especially Primo and Google Scholar with the keywords vehicle-based 

infotainment systems, customer perception, connected-car and technology 

acceptance in combination.   

Sampling  

The population which is studied includes everyone who has used vehicle-

based infotainment systems in the past two years and has a driver’s license. 

This ensures that the memories of the participants are not biased, because 

they lay too far in the past and the respondent is able to evaluate the 

different functions of the IS. If the last usage of IS is more than two years 

ago, it is possible that newly made experiences change the memory. Due 

to the access to participants, the focus is put on German and Dutch 

population. But, since the country of origin is not elementary for this study, 

participants from all over the world are included. Further, especially students 

are interesting for this study, as they are the future customers of OEMs and 

therefore their opinion should be considered as important. But all 

professions are included, since the opinion of current customers is just as 

important.  

The sample size has an effect on the power of the statistical test (Hair, 2010, 

p.10). If the sample size is too small, the test might be insensitive and if it is 

too large, the test might be overly sensitive (ibid). The suitable sample size 

based on the population of this study amounts to 200 respondents, which is 

ensures the significance of the results in the analysis.      
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The sampling frame is a formal or informal list of units or cases from which 

the sample is drawn (Teddlie & Yu, 2007, p.81-82). But there is not suitable 

list of individuals for this study, therefore a random sampling is done. Since 

the target population in this study are all kind of individuals, the online survey 

is used to reach as many people as possible. The only restrictions which 

are made are, that the participants need to be 18 years and older, must 

have a driver’s license and must have used an infotainment system in the 

last two years. This ensures that the sample is representative for the drivers, 

which are the main objective in this study. But this approach impacts the 

efficiency of the sample, since the rate of members of the target group within 

the sample can change afterwards, due to the restrictions. Also, the sharing 

of the survey on rather modern channels can impact the reliability of the 

survey, because the respondents which are active on these channels often 

have a technological affinity, which influences the outcomes of the study 

and people without internet access are completely excluded.     

The used sampling procedure will be a random sampling, because there is 

no suitable list of individuals for this study. The samples are members of the 

population which are chosen one at a time, independent of one another and 

without replacement (Fowler, 2009, p.24). The online questionnaire was at 

first sent to the students of the Mid Sweden University as well as the 

University of Applied Sciences Aachen via mailing lists. In addition to that, 

it was shared on Facebook, Instagram and WhatsApp. Since the Facebook 

and Instagram contact list includes many rather young people, it ensures 

the representation of the young population. Also, the WhatsApp groups 

which consist of people from all over the world, guarantee a diversity in 

countries of origin. For the people who are not affine to social media, the 

survey was sent to relatives and professional contacts from former 

workplaces via E-Mail. After one week, reminders were sent out, to reach 

more respondents. To also reach a high number of different ages, the 

participants were asked to share the link among their families, colleagues 

and friends, as a snowball system. This has the disadvantage, that not all 

individuals have the same probability to be chosen, since not everyone has 

access to the survey. But because the procedure is low-cost and still offers 

results of good quality it is used despite of the disadvantage.  
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Altogether, 259 respondents filled out the questionnaire, whereof 21 did not 

answer all questions and can therefore not be included in the analysis. 

Further, 73 persons do not belong into the populations which is studied and 

can therefore not be regarded further. This leads to 169 complete answers 

which can be used in the analysis. That is slightly less than the determined 

needed sample size of 200, but it is a sufficient quantity to ensure the 

significance of the results.  

Designing the questionnaire  

The questionnaire which is used in this study (Appendix 2) can be divided 

into three parts. In the first part the participant is asked to look at a picture 

of an exemplary infotainment system, to ensure a mutual understanding of 

the topic. It is also made clear, that also IS of older generations are included 

in the study. Following up, the first question is used to determine if the 

respondent is part of the population. Therefore, everyone who answers “Do 

you have a driver’s license?” with “no” is excluded from the study and 

directly forwarded to the end of the questionnaire. Additionally, the second 

question asks how long the respondent already has the driver’s licence to 

define the level of driving experience. Three answer possibilities were given, 

up to 5 years, 5 to 10 years and 11 years plus, whereof the participant has 

to choose one. The question “How often did you use an infotainment system 

in the last 2 years” is asked, to determine whether the participant is part of 

the population. If the answer is “never”, the respondent could not participate 

in the survey and if one of the other answer possibilities (seldom, 

sometimes, always, often) is chosen, the level of experience with IS is 

determined. The next question “Do you have a car?” is used to have an 

overview of the respondents. Following up, the respondent is asked to rate 

the three functions of IS, safety, entertainment and information, according 

their importance from 1=”very important” to 6=”very unimportant”.   

The second part concerns the user perception of the IS. The participant is 

asked to rate some topic-related statement on a 6-point Likert scale from 

“strongly agree” =6 to “strongly disagree” =1. The option “neutral” is not 

provided to oblige the respondent to answer and get a definite choice 

(Garland, 1991, p.1). A short text before showing the following questions is 

explaining to the respondent what to do and that there is no right or wrong, 

just a spontaneous answer is wanted. The statements are based on the 
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TAM model and some adaptations were made to make it more suitable for 

the IS. Traditionally, the TAM was used for the acceptance of computers at 

the workplace when it was a new technology. Over the years, it was adapted 

and used in different fields, for example e-learning at school (Park, 2009) or 

mobile commerce (Wu & Wang, 2005). But, the structure of the theory is 

retained, therefore the sixth question consists of six statements concerning 

the usefulness of IS (Venkatesh & Bala, 2008, p.313). The first and second 

statement are taken from the TAM questionnaire and are adapted, because 

the usefulness of IT at the workplace is different from the usefulness of IS. 

Question seven is dedicated to the ease of use of the IS and consists of 

three statements, which are taken from the TAM (ibid). Then, the 

respondent is asked to rate four statements concerning the level of 

enjoyment while using IS, also small adaptations were made (Wu & Wang, 

2005, p.725). Question nine is asking for the perceived risk of using IS, with 

four statements which were developed based on the TAM, but differ from 

the original model, because the risks of IS are different ones than in mobile 

commerce (Wu & Wang, 2005, p.725). Following up, two statements 

concerning the costs of the IS, to ensure a mutual understanding, the 

information is given, that an IS costs around 1,000 Euro additionally, when 

buying a VW car). That is of course not an accurate number, because the 

price varies between brands and also depends on the functions included, 

but it is used as a reference value. Since there are no access costs and 

transaction costs, the answers from the original TAM were changed 

accordingly (Wu & Wang, 2005, p.725).The last question on the second part 

is supposed to find out, how the overall perception of the IS is, and whether 

the respondent would intend to buy it if possible. It is consisting of two 

statements which were taken from Park (2009) who did a research on 

student’s behavioural intention to use e-learning based on TAM.  

The last part is asking for the demographic information of the respondent. 

This is put at the end, because placing it at the beginning can interrupt the 

flow of the instrument and does not allow the user to immediately engage in 

responding to substantive items (Colton & Covert, 2007, p.292). First, the 

respondent is asked for the age, with a box where the exact year of birth 

can be filled in. To get answers in the same format, a short information is 

given that the years should be filled in with “YYYY”. Then, the gender is 

asked with the answer possibilities female, male and others. The 14th 
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question is aiming at the country where the person comes from and, based 

on the assumption that most responses will come from Germany and 

Sweden, the answer possibilities are Germany, Sweden and “other”, with 

the possibility to fill in which country, to define the target group based on the 

given responses. The next question asks for the profession of the 

respondent with seven possible answers, whereof one is “other”, in case 

that someone does not fit into the other six answers. The 16th question is 

defining the monthly income, whereof the respondent should pick one of six 

answers in spans of thousands. The next question is asking if the 

respondent has children, to analyse if children impact the perception of IS. 

The 18th question is aiming at the area in which the participant lives, with 

three answer possibilities, urban, suburban, rural and the information how 

many inhabitants each classification has approximately. In the last question 

of the survey the highest education of the respondent is in the focus, with 7 

answer possibilities, including the option “others”, whereof one must be 

picked. If the answer is “professional degree”, the respondent is asked how 

many years of studies it has, to be able to sort the answers accordingly.  

Pilot test  

To ensure that the questionnaire is understandable, it was sent for a pilot 

test to three individuals independent from each other, to ensure neutrality of 

the test respondents. This pre-testing is supposed to find out how the data 

collection protocols and the survey instruments work under realistic 

conditions (Fowler, 2009, p.122). Afterwards, their impressions were 

discussed, and suitable adaptions were made. The adaptions which were 

done are changes in the wording, to make it understandable for everyone 

and to reduce biased answers because of misunderstandings.   

Quantitative analysis  

The collected data will be analysed accordingly to the research questions. 

In the beginning, the demographic data will be analysed by mean values to 

get an overview of the respondents.  

The reliability and validity of a questionnaire can be tested by doing an 

exploratory factor analysis (EFA) to find out whether the measurement 

model is consistent (Wu & Wang, 2005, p.724). The factor analysis defines 

the structure among the variables in the analysis (Hair et al., 2010, p.94) 
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and thus provides information about the validity of the questionnaire. It 

defines sets of variables that are highly interrelated, known as factors (ibid) 

and reduces the number of variables, which simplifies the further analysis. 

The aim is to reduce the questions of the questionnaire and summarize 

them into the 6 factors: PU, PEOU, ENJ, PR, PC and at the end the BI. To 

test the reliability of the findings, the Cronbach’s Alpha (CA) will be 

determined. The program SPSS statistics will be used and then the results 

will be interpreted. 

Further, to answer the first research question, how the IS are perceived by 

the driver, the mean values within the latent variables (e.g. usefulness, ease 

of use, etc.) will be determined. This shows which factors of the IS that will 

be determined by the factor analysis are highly rated and which low and are 

therefore perceived as rather positive or negative. Subsequently, the overall 

mean value of the factors will be determined to have an overall impression 

whether the IS are rated positively or negatively. Hereby, the perceived cost 

and perceived risk will be treated reversed because the lower the score, the 

higher the positive perception of the IS. 

Then, to answer the second research question, how the variables correlate 

to each other, a Spearman correlation will be determined between the 

factors. The reduction of the questions into the different factors will be done 

by forming the mean values within each dimension. Since the data is 

ordinal, a Spearman correlation can be used (Hauke & Kossowski, 2011). 

The procedure determines a correlation coefficient (r), which indicates the 

strength of the association between any two variables (Hair et al., 2010, 

p.156) and can be either positive or negative and varies between 0 (no 

relation) and 1 (high correlation). This will show which factors are 

interdependent and explain the mutual relations between them.    

The last research question, which factors influence the perceptions, will be 

answered with a multiple regression analysis. It is a technique to analyse 

the relationship between a single dependent metric variable and multiple 

independent metric variables (Hair et al., 2010, p.161). Following the 

equation Y=a+b1X1+b2X2+b3X3+b4X4+b5X5+b6X6+e, the dependent variable 

Y will be the behavioural intention to use IS, the independent variables Xi 

will be the factors which are extracted from the factor analysis (X1=PU; 

X2=PEU; X3=PE; X4=PR; X5=PC) and the bi  are the coefficients which 
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determine the impact of each variable Xi on the outcome Y. The a stands 

for the constant number of the behavioural intention to use and e is the 

prediction error (Hair et al., 2010, p.166). This analysis will show which 

factor has the highest impact on the intention to use and therefore on the 

perception of the IS.  

Reliability  

Joppe (2000, cited in Golafshani, 2003, p.598) defines the research 

instrument as reliable if the results of the study can be reproduced under a 

similar methodology. It focuses on how the topic is measured (Hair et al., 

2010, p.2-3). All studies have a measurement error, but the researcher has 

to reduce it (ibid).  

In this study, the reliability is ensured by pre-testing the questionnaire with 

three independent individuals. This reduces the errors emerging from 

misunderstandings and ambiguities of the questionnaires. Based on this, 

some questions were rewritten and adapted to be understandable also for 

the respondents which do not speak English fluently. This is important, 

because the target population is not only the English-speaking area.  

One aspect that can threaten the reliability is that the questionnaire is in 

English, therefore the people within the target population which do not 

speak English are excluded, as they cannot answer the questionnaire. 

Additionally, the survey will be sent out electronically, which also excludes 

the people within the target population which are not online and do not have 

internet access, even though nowadays this is only a small percentage and 

can therefore be ignored. Also, since the survey is only sent out among the 

researcher’s contacts, not everybody has access to it. This is reduced by 

the snowball system, because in this way a higher variety of contacts is 

reached. The last aspect which can threaten the reliability of this study is a 

varying understanding of IS. To reduce this sampling error, an exemplary 

picture of IS is shown at the beginning of the survey, so all respondents 

have the same idea of the functions. 

  

Validity  

According to Hair at al. (2010, p.7) validity is the degree to which a measure 

accurately represents what it is supposed to. In this study the aim is to 
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measure the customer perception of IS. The questionnaire which was 

developed in this study is based on the TAM, which was already tested 

multiple times in other studies and therefore has a high degree of validity 

and reliability. But, since some adaptations and changes have been made, 

and to make sure that the measurement is as accurate as possible, the 

factor analysis will be used to determine the structure among the analysed 

variables (Hair at al., 2010, p.94). The analysis will show if the stated 

questions indicate the superordinate, like usefulness and ease of use.  

Ethical concerns  

All research that includes human subjects must note the ethical manner in 

which the research is carried out (Fowler, 2009, p.163). To reduce the 

ethical concerns in this study, the information and answers of the 

respondents are treated confidentially and anonymously. The participant is 

informed about it at the beginning of the questionnaire, to ensure that their 

answers are honest. Especially the information regarding the monthly 

income can be perceived as very private, therefore confidentiality is crucial. 

But otherwise, no personal data which threatens the anonymity was asked 

for. Additionally, the respondents have the possibility to withdraw from the 

questionnaire all the time. Some general information about the researcher 

and the purpose of the study at the beginning of the questionnaire should 

give the respondent an overview of what the questionnaire is about and 

reduce all concerns.    
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Results and Analysis  

The collected data is analysed according to the research questions. In the 

beginning, the demographic data is analysed by mean values to get an 

overview of the respondents. The reliability and validity of the 

questionnaire is tested by doing an exploratory factor analysis (EFA) and 

CA is determined to find out whether the measurement model is consistent 

(Wu & Wang, 2005, p.724). Further, the mean values and the Spearman 

correlation within the dimensions are determined. The last analysis is the 

multiple regression.  

Demographics  

To understand and interpret the results of the survey correctly, it is important 

to analyse the characteristics of the respondents. The average age of the 

respondents is 28 years, but most of them (62%) can be classified as 

younger than 27. The answers of 169 respondents will be analysed, whereof 

59.2% are female and 40.8% are male. The respondents come from 13 

different countries, with the majority of 76.3% coming from Germany and 

8.8% coming from the Netherlands. Deviating from the expectations, only 

1.2% are coming from Sweden. With 68.6% most participants are students 

and 27.2% are employed, the other options amount to 4.2%. Since most 

participants are students, the current monthly net income of 0-1000 Euro is 

the most frequent with 55.6%, followed by 1001-2000 Euro with 20.7%. The 

range between 2001 and 3000 Euro adds up to 14.2% and the next frequent 

one with 5.9% is an income between 3001 to 4000 Euro. The higher 

incomes amount to 3.6%. The majority does not have children (82.8%) and 

lives in an urban area (55.0%), 37.9% lives in a suburban area and 7.1% 

has stated that they live in a rural area. Regarding the highest education, 

most respondents have a bachelor’s degree (37.3%), followed up by high 

school graduates with 36.7%. 14.2% have an associate degree, 9.7% have 

a master’s degree and 2.4% have a doctoral or professional degree.  

Regarding the car-related information, 40.8% have their driving license for 

5 to 10 years, 30.2% for less than five years and 29.0% have it for more 

than 10 years. The most frequent trait usage of infotainment systems is 

“sometimes” with 30.2% followed by “often” with 26.0% and “seldom” with 

25.4% each and finally “always” with 18.3%. The majority of 66.7% has an 

own car. The importance of each feature of the IS is in average 
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approximately 2, which is in words “important”, but entertainment is, with a 

mean value of 2.32 less important than safety with 1.93 and information with 

2.09.  

Reliability and validity test 

The exploratory factor analysis (EFA) is carried out with the program SPSS 

to determine the reliability and validity of the questionnaire. In the theory, 

the items are divided into six factors, therefore this is also applied for the 21 

items in this study which are measured with the questions six to eleven. This 

is also supported by the Eigenvalue, which is above one for six factors, and 

therefore indicates a subdivision into six factors. The items are summarized 

in the six factors perceived usefulness (PU), perceived ease of use (PEOU), 

perceived enjoyment (ENJ), perceived risk (PR), perceived cost (PC) and 

the behavioural intention to use (BI). The questions under each factor are 

abbreviated with the associated factor, followed by a number (e.g. PU1 for 

the first question under perceived usefulness; see Appendix 2). The 

outcome of the EFA (see Appendix 3) is not completely consistent with the 

theory, therefore some items had to be removed, because they might not 

measure the same aspect as the other items in the same factor. In the first 

factor, perceived usefulness, the item PU2, which is aiming at the impact of 

IS on the diving performance, PU3, which is asking for the usefulness of IS 

in context of the entertainment, and PU6, which is focused on the 

usefulness of IS in the context of access to smartphone apps, have to be 

excluded. The outliers might be explained logically, for PU2 it can be 

concluded that IS impacting the driving performance does not measure the 

usefulness for drivers. Also, for PU3 it can be reasoned that the 

entertainment feature of the IS is rather not classified as useful, which is 

surprising, since it is one main aspect of the IS. And the last outlier, P6 

indicates that it is not perceived as useful by drivers to use smartphone apps 

in the car. This might be explained by the fact that driving is the main task 

the driver is focused on and does therefore not interact with the smartphone. 

Additionally, the PU1 has two-barrelled values, but yet it is included into the 

component three, since it is the main measure for whether the IS is 

perceived as useful. In the fourth factor, perceived risk (PR), two items have 

to be excluded. The item PR3, asking whether IS makes the driver tired 

more quickly, is out of the line and shows that driver do not see fatigue as a 
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consequence of using IS and does therefore not measure the perceived 

risk. The last dropout (PR4) indicates that driver do rather not see their 

privacy risked by using IS.  

The consistent rotated component matrix after all outliers were excluded 

can be seen in Table 2.  

Table 2: Factor Analysis (Rotated Component Matrix) 

Component 

 1 2 3 4 5 6 

PU1 0.406  0.607    

PU4   0.835    

PU5   0.808    

PEOU1  0.832     

PEOU2  0.870     

PEOU3  0.729     

ENJ1 0.757      

ENJ2 0.791      

ENJ3 0.792      

ENJ4 0.644      

PR1    0.889   

PR2    0.864   

PC1      0.841 

PC2      0.838 

BI1     0.788  

BI2     0.736  
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The Kaiser-Meyer-Olkin (KMO) is 0.803 which shows that the data is 

applicable for a factor analysis. According to Beavers et al. (2013), a KMO 

value between 0.8 and 0.9 is classified as meritorious and therefore 

indicates that the sampling is adequate.  Also, with a Sig value of 

approximately 0.000 the data is significant. Altogether, component one 

explains the ENJ dimension, component two the PEOU dimension, 

component three the PU. PR is explained in component four, the BI in 

component five and the last dimension, PC, in component six. Conclusive, 

the items can be summarized into six factors, even though some items have 

to be excluded. Nevertheless, because the factor analysis shows that five 

items have to be excluded to get a consistent component matrix, the CA is 

used to analyse if it is necessary to delete the items for the further analysis.  

The CA test is carried out to test the affiliation of the items to the factors and 

to measure the reliability of the questionnaire. According to Moss et al. 

(1998) the value should be over 0.6 to indicate the reliability. The procedure 

is to compare the CA value of each factor, if all items are included, to the 

CA value if the items according to the factor analysis are excluded. The 

outcome is shown in Table 3, the more detailed tables can be seen in 

Appendix 4. Starting with the perceived usefulness (PU) in component 

three, the CA value with all items included (PU1-PU6) is 0.698, which is 

slightly above the cut-off at 0.6. But, if PU2, PU3 and PU6 are excluded the 

value is 0.725, which is higher and therefore indicates that the items should 

be excluded. The second component, PEOU, has a CA value of 0.82, and 

ENJ (component one) has a CA value of 0.814, which are both higher than 

0.6 and can therefore be included in the further analysis. Going on with the 

fourth component (PR) where some items should be excluded as well 

according to the factor analysis, the CA value with all items is 0.721. In 

comparison, the CA value for PR where items are not included is 0.786, 

which shows that the component is more reliable without the items PR3 and 

PR4. The dimensions PC and BI, classified in component six and five, both 

have a value slightly above the reference value of 0.6 and are therefore 

included into the further analysis.  
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Table 3: Cronbach's Alpha 

Dimension Cronbach’s Alpha 

PU 0.725 

PEOU 0.820 

ENJ 0.814 

PR 0.786 

PC 0.634 

BI 0.652 

 

Concluding, the six dimensions which are determined in the factor analysis 

are confirmed as reliable by the CA and therefore used in the following 

analysis. Hence, the items which were deleted according to the factor 

analysis are also less reliable according the CA and therefore not used 

further. 

Mean Values  

In order to answer the first research question, how drivers perceive IS, the 

mean value of each factor is determined (see Appendix 5). An average of 

three or lower indicates that the dimension is more likely to be perceived in 

the IS by the drivers, and the lower the value, the higher the perception. If it 

is four or higher, the drivers do rather not perceive it. This is due to the 6-

point Likert scale, which allows a classification into two parts. Starting with 

the first factor, PU, the items PU1, PU4 and PU5 are included. The others 

are deleted because of the results in the factor analysis. The mean value of 

the perceived usefulness is at 2.09, which shows that in average most 

participants chose the option “agree”, with a slight tendency to rather agree. 

The standard deviation is 0.91, which means that the answers deviate from 

the mean value of 2.09 by 0.91 in average. Since the range of answer 

possibilities have a range of 1 to 6, the standard deviation of less than 1 is 

relatively low. Based on this, the hypothesis 1 is supported, since an 

average value of 3 or lower indicates that the IS is perceived as useful.   
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Following up, the dimension PEOU has, with all items included, a mean 

value of 2.35. Therefore, the participants also chose the option “agree” most 

frequently in average. But, the tendency towards “rather agree” is stronger 

than in the first factor. It shows that the perception of IS as easy-to-use is 

slightly less than the perception of IS as useful. The standard deviation is 

0.86, which is the lowest deviation of all factors. It indicates that the mean 

value for PEOU is more precise than the mean values of the other factors. 

The hypothesis 3 is supported by the results, since the average is lower 

than 3.     

The dimension ENJ has an average of 2.68. Therefore, the perceived 

enjoyment is lower than the perception of other factors, but yet IS are rather 

perceived as enjoyable than not enjoyable. The standard deviation is 0.93 

and is still relatively low. Therefore, the hypothesis 6 is supported by the 

results.  

PR is another factor where two items, PR3 and PR4, have to be excluded. 

This leads to a mean value of 2.49. However, since the dimension is 

reflecting how risky IS is perceived, the average of 2.49 shows that it is 

perceived as risky (“agree”). But it has to be interpreted in reverse, since it 

is a negative aspect of IS and hence a higher value is more positive for the 

overall perception. Therefore, the perception of IS as risky is detrimental. 

The standard deviation of 1.1 is already higher than 1, therefore the 

discrepancy between the mean value and the actual answers is higher than 

in the preceding dimension. Based on these results, the hypothesis 9 is 

supported as well, since the average is lower than 3.  

The PC dimension has an average of 2.83, which also has to be interpreted 

in reverse, since the costs are a negative aspect and a high value indicates 

a more positive perception of the IS. This concludes, that the average 

answer is “agree” with a strong tendency to “rather agree” and is the highest 

mean value compared to other factors. Therefore, the drivers rather 

perceive the IS as costly, but due to the reverse interpretation, it is the 

highest value which is in favour of IS. The standard deviation shows that the 

answers deviate in average by 1.16 from the mean value. The hypothesis 

12 is therefore supported, because the average is lower than 3.   

The last dimension, BI, has a mean value of 2.34. This shows that most 

drivers “agree” to purchase an IS additionally when buying a car, with a 
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standard deviation of 1.24, which is the highest value compared to the other 

positive dimensions. It indicates that even though the mean value is at 2.34 

the answers deviate from it considerably.  

Table 4: Status of Hypotheses (Part 1) 

Hypothesis Status 

Hypothesis 1 supported 

Hypothesis 3 supported 

Hypothesis 6 supported 

Hypothesis 9 supported 

Hypothesis 12 supported 

 

In general, the mean values for all factors is approximately between 2.0 and 

2.5, which is overall approving each of the hypotheses concerning the 

means of the dimensions and indicates a positive perception of IS. Only the 

dimension PR is a reverse factor and impacts the perception of IS 

negatively. The dimension PC has also to be interpreted in reverse, 

therefore it is a positive indicator that the mean value is the highest of all. 

Therefore, the first research question can be answered, that the overall 

perception of the IS is positive in average.  

Correlation  

To answer the second research question, which factors correlate to each 

other, a Spearman correlation is calculated. There are only slight 

differences between the results compared to the Pearson correlation, all 

concerning the PC. The PC does not have any significant values in the 

Pearson correlation and therefore it can be concluded, that the dimension 

does not have any significant relations to the other factors, except BI. The 

correlation analysis is used to determine the degree of correlation between 

two variables (Ahmed & Kumar, 2018). The correlations can be classified 

as either positive (>0) or negative (<0). The values range between -1, which 

is a really strong negative correlation, and +1, which is a strong positive 

correlation. The strength of the correlation scaled according the absolute 
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value in weak (0.0-0.3), moderate (0.3-0.5) and strong (0.5-1.0). But the 

correlation cannot explain causality, only the relationship between two 

variables. The table showing the correlation matrix between the factors can 

be found in Table 4. A few values have to be deleted from the correlation 

matrix, because they are not significant (p>0.05). This could be a problem 

which arose because of the slightly lower number of participants than 

expected (n=160). Nevertheless, the remaining values can give a good 

overview over the correlation between the different factors.  

Table 5: Correlation Matrix 

 PU PEOU ENJ PR PC BI 

PU 1 0.273 0.356   0.460 

PEOU 0.273 1 0.446 -0.239  0.343 

ENJ 0.356 0.446 1 -0.277  0.447 

PR  -0.239 -0.277 1  -0.256 

PC     1 -0.220 

BI 0.460 0.343 0.447 -0.256 -0.220 1 

 

In the beginning the correlation between the behavioural intention to use 

(BI) and the other factors are examined, because the BI is the most 

important factor when it comes to the buying decision. The highest positive 

correlation can be observed with the PU and amounts to 0.46, which can 

still be classified as moderate. It indicates, that drivers who perceive IS as 

useful are more likely to have the intention to buy it. Following up, the 

dimensions ENJ and PEOU also have a moderate correlation with BI 

(r=0.45, r=0.34), which shows that with increasing perceived enjoyment and 

perceived ease-of-use the intention to buy increases. On the contrary, the 

dimensions PR and PC have a weak negative correlation with the BI (r=-

0.26, r=-0.22), which indicates that drivers who perceive IS as risky or costly 

rather not intend to buy the IS. But since the correlation is weak, it seems 

that costs and risks do not indicate a complete aversion against purchasing 

an IS.    
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Going on with the dimension PC, all correlations with the other factors, are 

not significant. It indicates, that there are no relations between PC and the 

other factors. This is especially surprising for the relationship between PC 

and PR, because the risks and the costs of the IS are both negative aspects, 

which were therefore expected to correlate to each other. Therefore, drivers 

who perceive IS as costly are not more likely to perceive it as risky. Also, a 

negative relation of PC with PU and ENJ was expected but cannot be 

observed. It indicates that the perception of IS as costly does not have an 

interdependency with the perception of the IS as useful or enjoyable. 

Therefore, the hypothesis 13 is rejected.  

The values concerning the PR are mostly significant, negative and can be 

classified as weak. The PEOU (r=0.24) and ENJ (r=0.28) relate negatively 

to the PR, therefore the drivers who do rather not perceive IS as easy-to-

use or enjoyable also are more likely to see a risk in it. This is party 

surprising, since the negative correlation between PR and ENJ was 

assumed, but not between PR and PEOU. Further, the PR does not 

correlate to the PU, which is surprising as well, since the drivers who 

perceive IS as risky were expected not see it as useful, but this is not the 

case. Based on this, the hypothesis 10 is partly rejected and partly 

supported, because the PR has a negative relation to the ENJ, but not to 

the PU.  

The correlations of the ENJ with the other factors are the next point. The 

correlation between the dimensions PEOU (r=0.45) and PU (r=0.36) with 

ENJ are moderate and positive, which indicates that drivers who see IS as 

useful or perceive it as easy to use also rather see it as enjoyable. This 

supports the hypothesis 7, because the ENJ relates positively to the PEOU.  

The dimension PEOU correlates weakly positive with the PU (r=0.27) and 

therefore the conclusion is that with an increasing perception that the IS is 

easy to use, the perceived usefulness of the driver regarding the IS also 

increases. Based on this, the hypothesis 4 is supported, since the PEOU 

correlates positively to the PU.  
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Table 6: Status of Hypotheses (Part 2) 

Hypothesis Status 

Hypothesis 4 supported 

Hypothesis 7 supported 

Hypothesis 10 partly rejected 

Hypothesis 13 rejected 

 

In order to examine what impact demographical differences have on the 

perception, the correlation between the demographical data and the six 

dimensions is determined (see Appendix 6). The analysis shows that six 

values in the correlation matrix are significant (sig.<0.05) and therefore all 

other values must be excluded from the analysis. The highest correlation 

with a value of 0.25, which is positive but still weak, is between gender and 

perceived usefulness. It shows, that male drivers perceive IS rather as 

useful (Ø PU=1.93) than female drivers (Ø PU=2.25). Possibly, this 

difference is caused by gender specific interests. The next weak and 

positive correlation is between education and perceived cost (r=0.25). 

Students perceive IS not as expensive (ØPC=2.95) as employees (Ø=2.48), 

which is surprising, because students have less income in average. The 

other correlations are too weak to be meaningful for the study and therefore 

not further explained. In general, there are no strong or moderate 

correlations between the demographics and the dimensions, which shows 

that the demographics are not decisive in the perception of infotainment 

systems. Additionally, since there are no strong correlations higher than 0.7, 

the multicollinearity will rather not be a problem for the regression analysis.   

Regression Analysis  

In order to answer the question which factors influence the BI, a multiple 

regression analysis is executed. A multiple regression analysis is used to 

determine how many independent variables impact one dependent variable 

(Sen & Srivastava, 1990). The dependent variable is the BI, the other factors 

(PU, PEOU, ENJ, PR, PC) are independent variables, which impact the 
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dependent variable. The outcome of the regression analysis can be seen in 

Table 7.  

Table 7: Regression Analysis 

 Unstandardized 
Beta Coefficient 
(B) 

Sig. Tolerance VIF 

Constant 0.956 0.036   

PU 0.352 0.001 0.787 1.270 

PEOU 0.190 0.081 0.731 1.367 

ENJ 0.364 0.002 0.643 1.556 

PR -0.157 0.030 0.894 1.118 

PC -0.136 0.055 0.946 1.057 

 

Most values are significant, except of the dimensions PEOU and PC 

(Sig.>0.05). This indicates that there is no significant relationship between 

each of the two dimensions and the behavioural intention to use and that 

the ease of use and costs do not have an impact on the intention to use. 

This is surprising because the correlation analysis shows that there is a 

relationship between PEOU and BI as well as PC and BI. The reason might 

be, that there is a multicollinearity problem and the independent variables 

have a covariation with each other. For the dimension PEOU there might be 

an indirect relationship with the dependent variable BI, because the 

correlation between PEOU and ENJ is relatively high and can impact the 

outcome. Therefore, drivers who perceive IS as easy-to-use also perceive 

it as enjoyable, but the deciding factor for the BI is the enjoyment. This 

explains the correlation between PEOU and BI and why PEOU is not 

significant in the regression analysis. The factor PC is also not significant, 

which might be caused by the weak correlation between PC and BI and the 

insignificant values for correlations with the other factors in the correlation 

analysis. Therefore, the correlation between the factors PC and PEOU with 

BI are spurious correlations. Based on this, the hypotheses 5 and 14 are 

rejected.  
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To ensure that the other results are not impacted by the multicollinearity, 

the tolerance value and the variance inflation factor (VIF) are analysed. 

According to Hair et al. (2010) a multicollinearity problem occurs if the 

correlation is above 0.7, the VIF is above 10 or the tolerance value is lower 

than 0.1. Since all values in the correlation analysis are lower than 0.7, all 

VIF values are lower than 10 and also the tolerance values are higher than 

0.1, there is no indication for a multicollinearity problem in this data. 

Nevertheless, the correlation between PEOU and ENJ might cause a 

multicollinearity problem, since the factor PEOU is not significant in the 

regression analysis and it has a relatively high correlation with ENJ.   

The strongest contribution to the explanation of BI has the dimension ENJ 

with a beta coefficient of 0.36. So, if the ENJ increases by one unit, the BI 

increases by 0.36 units. It indicates that drivers who perceive IS as 

enjoyable are more likely to purchase IS. Therefore, the hypothesis 8 is 

supported. Following up, the PU dimension has a beta value of 0.35, which 

means a slightly lower impact on the BI than the dimension before. The 

interpretation is, that the higher the perceived usefulness, the higher is also 

the behavioural intention to use IS. Based on this, the second hypothesis is 

supported. The only dimension which impacts the BI negatively is PR, with 

a beta coefficient of -0.16, so if the PR increases by one unit, the BI 

decreases by 0.16. This is not as high as the values before, but the impact 

is still significant. Hence, drivers who perceive using IS as risky have a lower 

intention to buy IS. The hypothesis 11 is therefore supported. The constant 

of 0.96 indicates that if all the other dimensions are valued to 0, the 

behavioural intention to use the IS is already at 0.96. This shows that the 

basic attitude towards IS is positive.   
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Table 8: Status of Hypotheses (Part 3) 

Hypothesis Status 

Hypothesis 2 supported 

Hypothesis 5 rejected 

Hypothesis 8 supported 

Hypothesis 11 supported 

Hypothesis 14 rejected 

 

In conclusion, the dimensions ENJ and PU have the highest impact on the 

variable BI and the dimension PR is the only negative impact on the BI.  
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Discussion and Conclusion  

In the following, the results are summarized shortly and discussed regarding 

their practical implications. Additionally, the limitations of the study are 

shown and used to present ideas for future research.  

The perception of the infotainment system 

The results from the study show that the infotainment system is perceived 

as positive in average regarding all dimensions. Especially the usefulness 

of the IS is perceived as high in comparison to the other factors. The 

enjoyment of the IS is the lowest factor, which shows that the IS is indeed 

perceived as enjoyable, but not as strong as the other factors. The IS is 

further perceived as costly and risky. But nevertheless, the intention to buy 

is given for most drivers.  

For the relations between the factors it can be concluded that all factors 

relate to the behavioural intention to use. The strongest impact has the 

perceived enjoyment, followed by the perceived usefulness and ease of 

use. The perceived cost and risk each have a negative correlation to the 

behavioural intention to use. The perceive cost does not relate to any other 

factor. The factor perceived risk, which is also a negative aspect of the 

infotainment system, relates negatively to the perceived ease of use and 

the enjoyment. Drivers who perceive the IS as enjoyable also believe it is 

useful and easy to use. The last dimension, perceived ease of use, relates 

positively to the perceived usefulness. 

The demographic variables are not found to be relevant in the context of 

infotainment systems. There are only two exceptions. First, the gender 

relates to the perceived usefulness, which shows in the fact that males tend 

to find IS more useful in comparison to women. This might be caused by 

gender specific interest because males are said to be more interested in 

new technologies. The second is that students do not find IS as costly as 

employees do, which might be caused by the lack of contact with reality of 

the students.   

Another result of the study is that the factors perceived usefulness, 

perceived enjoyment and perceived risk impact the behavioural intention to 

use. In contrast, the perceived ease of use and perceived cost do not. The 

perceived enjoyment has the most impact on the behavioural intention to 
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use. This shows that with increasing enjoyment, the people have a higher 

intention to use the IS. Also, the perceived usefulness has a high impact on 

the IS followed by perceived risk, which only has a relatively low, but 

negative impact. The low impact of the perceived risk indicates that the 

drivers who think that IS has a potential risk, have a slightly lower chance 

of using it.  

In conclusion the study shows that the infotainment system is rather 

perceived as positive than negative in average. Further, there are 

relationships between the factors, but rather not between the factors and 

the demographics. And lastly, three out of five factors impact the 

behavioural intention to use.     

Practical implications  

The findings from this study have a practical implication for the OEMs. Their 

success in the field of infotainment systems depends on how many users 

are buying it. Therefore, this study can give information about how the users 

perceive it. Since the overall perception of IS is, according to this study, in 

general positive, the OEMs made the right decision when developing new 

generation of IS and should further invest in innovative ideas. But, since it 

is also perceived as risky, it might be advantageous to include features 

which reduce the risk of distraction. The same accounts for the costs, since 

many drivers perceive IS as costly, to offer cheaper varieties with less 

functions.  

Further, because perceived enjoyment is shown to be the most important 

variable in determining the intention to use, the existing features should be 

continuously improved and expanded, to ensure that the drivers stay 

entertained while driving and do not get bored by the existing possibilities. 

This should be done by offering updates, as far as possible, so that the 

drivers do not have to buy a new IS, which would be way too costly.   

Limitations and future research  

For this study some limitations have to be mentioned. Due to restrictions in 

time and finances, the data collection procedure is a main limitation. The 

nonprobability sampling followed by the snowball system ensures a high 

number of respondents but might impact the representativeness of the 

study. Also, the fact that the questionnaire was filled out online, excluded 
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the group of people who do not have access to the internet from the study. 

Additionally, most respondents come from Germany and the Netherlands, 

which might also impact the outcomes. Hence, for a future research it could 

be interesting to look at cultural differences more detailed and ensure that 

the sample is representative.  

A second limitation derives from the questionnaire, which was based on the 

TAM. Various items had to be deleted, to ensure the reliability and validity 

of the study. This indicates that the TAM is, even with the adaptations, not 

the most suitable in the context of IS. Therefore, a future research could 

approach the research problem based on another, more modern theory.  

Another limitation might be that the factor which is measured in this study is 

the intention to use to IS, but not the actual usage. This is reasoned with the 

fact that most participants were students and do not earn enough money to 

afford an IS at the moment. But they are still an important customer group 

and therefore the main focus of this study. Nevertheless, the actual usage 

might derive from the intention to use it. Based on this, a future research 

could focus on whether the intention to use indicates the actual usage.  
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Appendix  

Appendix 1  

 

Figure 3: Forecast Infotainment Systems (Statista, 2019) 

Appendix 2 

Questionnaire  

Title:  

Value of Infotainment Systems  

Introduction  

Hello!  

Thank you for taking the time to participate in this survey. It will not take 

more than five minutes!  

My name is Laura Knappik and I am studying International Business at the 

University of Applied Sciences Aachen in cooperation with the Mid 
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Sweden University. At the moment, I am writing my bachelor thesis at the 

Mid Sweden University.  

The purpose of my thesis is to find out how consumer perceive 

infotainment systems in cars. Therefore, I generated this questionnaire, 

and everybody is welcome to participate!  

You can be sure that your answers are anonymous and treated 

confidential. They are only used in terms of my bachelor thesis and you 

can withdraw from the survey anytime.  

If you have any questions do not hesitate to contact me: 

lakn1800@miun.se 

Thank you for your help!  

Laura Knappik 

Question 1  

Do you have a driver’s license? Yes (1), No (0) 

Question 2  

Since when do you have a driver’s license? Less than 5 years (0), 5 to 10 

years (1), more than 10 years (2) 

Example  

In the beginning, I would like to clarify what an Infotainment System is. To 

have a mutual understanding, please look at this picture:  

Figure 4: Example infotainment system (Kia of Marin Blog, 2019) 

This is an example of what an infotainment system can look like. It 

includes entertainment, information about the car and safety features. For 
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this survey it doesn't matter if it is an older generation, has other features 

or operation systems. So, if the infotainment system that you know doesn't 

look exactly like this, it is totally fine. 

Question 3 

How often did you use an infotainment system in the last two years?  

Never (0), Seldom (1), Sometimes (2), Often (3), Always (4) 

Question 4  

Do you have a car? Yes (1), No (0) 

Question 5  

How important are the following aspects of an infotainment system for 

you?  

 Very 

import

ant (6) 

Importa

nt (5) 

Rather 

import

ant (4) 

Rather 

unimport

ant (3) 

Unimport

ant (2) 

Very 

unimport

ant (1) 

Safety   
    

Entertain
ment 

  
    

Information   
    

 

Instruction:  

In the following you will find a scale where you have to rate your 

experience. You will be given answer possibilities from strongly agree to 

strongly disagree. Please chose the most suitable one for you.  

Please notice! This is only about your opinion, there is no right or wrong! 

Just answer as fast as possible and spontaneously. 
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Question 6 

Pick the most suitable answer: 

 

 Strongly 
agree 
(6) 

Agree 
(5) 

Ra-
ther 
agree 
(4) 

Rather 
disagree 
(3) 

Disagree 
(2) 

Strongly 
disagree 
(1) 

I would find 
infotainment 
systems use-
ful (PU1) 

      

I think that 
infotainment 
systems have 
a positive im-
pact on my 
driving per-
formance 
(PU2) 

      

I think that 
infotainment 
systems are 
useful for the 
entertainment 
in the car 
(PU3) 

      

I think that 
infotainment 
systems are 
useful for the 
information in 
the car (PU4) 

      

Having ac-
cess to car-
specific infor-
mation (e.g. 
temperature) 
is useful 
(PU5) 

      

Having ac-
cess to 
smartphone 
apps (e.g. 
WhatsApp) is 
useful (PU6) 
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Question 7 

Pick the most suitable answer:   

 Strongly 
agree 
(6) 

Agree 
(5) 

Rather 
agree 
(4) 

Rather 
disa-
gree 
(3) 

Disagree 
(2) 

Strongly 
disagree 
(1) 

I think 
infotainment 
systems are 
easy to use 
(PEOU1) 

      

I think the 
interaction is 
easy and 
under-
standable 
(PEOU2) 

      

I could use 
infotainment 
systems intui-
tively without 
much thinking 
(PEOU3) 

      

 

Question 8  

Pick the most suitable answer:   

I find using infotainment systems… 

 Strongly 
agree 
(6) 

Agree 
(5) 

Rather 
agree 
(4) 

Rather 
disagree 
(3) 

Disagree 
(2) 

Strongly 
disagree 
(1) 

Enjoyable 
(ENJ1) 

      

Pleasant 
(ENJ2) 

      

Fun  
(ENJ3) 

      

Relaxing 
(ENJ4) 
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Question 9  

Pick the most suitable answer:   

I think using infotainment systems… 

 Strongly 
agree 
(6) 

Agree 
(5) 

Rather 
agree 
(4) 

Rather 
disagree 
(3) 

Disagree 
(2) 

Strongly 
disagree 
(1) 

…has a 
potential 
risk (PR1) 

      

…distracts 
me from 
driving 
(PR2) 

      

…makes 
me tired 
more 
quickly 
(PR3) 

      

…risks my 
privacy 
(PR4) 
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Question 10 

Pick the most suitable answer:  

Information: When buying a new car, the infotainment systems can be 

added for around 1000 Euro. 

Question 11 

Pick the most suitable answer:  

 Strongly 
agree 
(6) 

Agree 
(5) 

Rather 
agree 
(4) 

Rather 
disagree 
(3) 

Disagree 
(2) 

Strongly 
disagree 
(1) 

If I could, I 
would use 
infotainment 
systems 
(more) 
frequently 
(BI1) 

      

If I would 
buy a car 
and had the 
option to 
add 
infotainment 
systems, I 
would do it 
(BI2) 

      

 Strongly 
agree 
(6) 

Agree 
(5) 

Rather 
agree 
(4) 

Rather 
disagree 
(3) 

Disagree 
(2) 

Strongly 
disagree 
(1) 

I think 
infotainment 
systems are 
too 
expensive 
(PC1) 

      

I think 
infotainment 
systems do 
not offer 
enough 
functions for 
the price 
(PC2) 
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Demographics  

Question 12  

Which year were you born (YYYY)?  

Question 13  

Which gender are you? Female (0), Male (1), Others (2)  

Question 14  

Which country are you from? 

Germany (1), Sweden (2), other, namely: (3)  

Question 15  

Which profession do you have?  

Student (1), Employee (2), Self-employed (3), Unemployed (4), 

Homemaker (5), Retired (6), Others (7)  

Question 16  

What is your current monthly net income (in Euros)?  

0 to 1,000 (1), 1001 to 2000 (2), 2001 to 3000 (3), 3001 to 4000 (4), 4001 

to 5000 (5), 5001 to 6000 (6), 6001 or more (7) 

Question 17  

Do you have children?  

Yes (1), No (0)  

Question 18  

Where do you live?  

Rural area (up to 2,500 inhabitants) (0), suburban (between 2,500 to 

100,000 inhabitants) (1), urban (more than 100,000 inhabitants) (2) 
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Question 19  

What is you highest education?  

High school graduate (gymnasium) (0), Associate degree (equivalent to 2 

years of academic studies) (1), Bachelor’s degree (2), Master’s degree (3), 

Doctoral degree (4), Professional degree (5), Other, namely (6)  

Question 20  

How many years of study does your professional degree have?  

 End  

Thank you for participating! Feel free to share the questionnaire, every 

response is helpful.  
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Appendix 3. Factor Analysis  

Table 9: Factor Analysis (All Variables) 
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Appendix 4. Cronbach’s Alpha  

Table 10: Cronbach's Alpha PU (All Variables): 

 

 

Table 11: Cronbach's Alpha PU (Excluded Variables) 
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Table 12: Cronbach's Alpha PEOU 

 

 

Table 13: Cronbach's Alpha ENJ 
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Table 14: Cronbach's Alpha PR (All Variables) 

 

 

Table 15: Cronbach's Alpha PR (Excluded Variables) 
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Table 16: Cronbach's Alpha PC 

 

 

Table 17: Cronbach's Alpha BI 

 

 

 



55 

 

 

Appendix 5. Mean values  

Table 18: Mean Values 
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Appendix 6. Correlation 

Table 19: Correlation Matrix (Demographics) 
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