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ABSTRACT 
Background. An increased amount of information is implemented in in-vehicle human-

machine interface (HMI) designs. Driver's trust towards the amount of information communicated 

via HMI needs to be considered as the HMI is commonly the means through which communication 

between system and driver is established. In this real drive study, driver’s trust on varying HMI 

information quantities was investigated. A limited and rich HMI information quantity (LI-HMI vs. 

RI-HMI), the driver’s locus of control (LOC) and lastly an interaction effect between HMI 

information quantity and LOC were modelled to assess their effect on a driver’s trust in the in-

vehicle HMI. 

Method. Overall, 15 employees of Opel Automobile GmbH took part in the 120-minutes 

real drive study in the area of Rüsselsheim, Germany. A mixed-study design was used, where all 

participants experienced an HMI with limited and rich information quantity. 

Results. Results of the Bayesian repeated measures ANOVA revealed that participants’ 

trust ratings were higher for the LI-HMI compared to the RI-HMI. General trust ratings of 

participants having an internal LOC did not differ from participants having an external LOC. 

Finally, no interaction effect between HMI information quantity and LOC on trust was found. 

Conclusion. Trust constitutes a contributing factor that should be considered in in-vehicle 

HMI design. An HMI providing a limited information quantity was associated with higher driver 

trust. Therefore, an HMI design with reduced information quantity seems to be applicable when 

trust is considered. This implicates that in HMI design adding information displayed to the driver 

instead of removing some should be reconsidered and deliberated. Moreover, the relationship 

between LOC and trust in the context of HMI information quantity seems to be different from the 

relationship of other domains in the human-human and human-machine interaction, where 

participants with an external LOC generally showed more trust than internal LOC participants. 

 

Keywords: Human-machine interface (HMI); HMI design; HMI information quantity; Limited 

information HMI (LI-HMI); Extended information HMI (EI-HMI); Trust; Locus of Control (LOC) 
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2 GENERAL INTRODUCTION AND MOTIVATION 
The relationships between humans are mediated by the sense of trust as it allows humans 

to act under uncertainty and with the risk of negative consequences (Flavián, Guinalíu, & Gurrea, 

2006). The feeling that one person can confide in the other person and vice versa can strengthen 

the relationship towards one another. However, nowadays, as humans increasingly come in contact 

with interactive systems, such as using a phone or especially while driving a vehicle, trust between 

humans and systems gains center stage more and more since systems augment or even perform 

human tasks. Since trust is confirmed to be a constant attendant in the human’s decision with 

whom to build a relationship, the concept of interpersonal trust was tried to be transferred to the 

domain of human-machine interaction in terms of when a system is used, how trust toward a 

system is developed and to what extent trust will be established. In the automotive industry, this 

transfer can be especially found with respect to automated systems, such as in a study investigating 

different automation levels of an autonomous driving vehicle and the related levels of human’s 

trust (Gold, Körber, Hohenberger, Lechner, & Bengler, 2015). When releasing driving control to 

the system, trust constitutes a very important if not the most important variable to enable a 

successful human-automation collaboration as it also mediates the relationship between the human 

and automated system (Lee & See, 2004; Hoff & Bashir, 2014). However, trust does not only play 

an important role in the context of different vehicle automation levels but also needs to be 

considered in the design of in-vehicle human-machine interfaces (HMIs). In-vehicle HMIs are 

common means through which information exchange between system and driver is established in 

order to execute (non-) driving relevant tasks. Due to the steady technological growth, in-vehicle 

HMI design currently undergoes a development towards heightened complexity, where 

information displayed to the driver is added instead of being removed (Feld & Müller, 2011; Khan, 

Pitts, & Williams, 2016). Particularly, adding information presented to the driver leads to more 

options of how to display information, resulting in an increased complexity and difficulty to design 

an HMI. As in-vehicle information systems get fully digitalized, it becomes a challenging task to 

coordinate each individual component of the system. Nevertheless, the driver's decision to use the 

system or parts of it depends on how much the system is accepted. Two well-known factors that 

can predict someone’s acceptance of a system are perceived usefulness and perceived ease of use 

(Akash et al., 2017). When both the system’s usefulness and ease of use are perceived as high, it 

is more likely that a driver will actually use the system. However, recent research has found these 
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predictors to be affected by trust (Akash et al., 2017). Further, trust appeared to have a strong direct 

effect on a user’s behavioural intention to use a system. Several existing studies that were executed 

to investigate the adoption of information technologies are in accord with this suggestion (Carter 

& Bélanger, 2005; Gefen, Karahanna, & Straub, 2003; Lee & Moray, 1992, 1994; Lee & See, 

2004; Parasuraman, Sheridan, & Wickens, 2008; Pavlou, 2014). Accordingly, trust occurs as a 

crucial indicator for user’s system acceptance, and subsequent system use. Thus, the question 

arises whether the amount of information communicated by an HMI (HMI information quantity) 

influences the driver's level of trust in the system, forming the first aim of this study. 

 A parameter that appears to be related to trust is the personality trait locus of control (LOC). 

The concept of LOC seems interesting in the context of trust, since previous research has found 

LOC to have an effect on the adaptation of new technologies (Cook, Snijders, Buskens, & 

Cheshire, 2009; Gefen et al., 2003; Gefen and Straub, 2000; Özkan & Lajunen, 2005; 

Riegelsberger, Sasse, & McCarthy, 2005; Rudin-Brown & Parker, 2004) which might be affected 

by trust. In the context of human-human interaction, research has found that cancer patients with 

an external LOC trusted the observed oncologist more than internal LOC patients did (Hillen et 

al., 2014). However, especially in the domain of human-machine interaction, by now there is only 

sparse existing literature investigating whether the trust level of people having an external LOC is 

different from those having an internal LOC. Just a handful of studies reported a relationship 

between trust and LOC in the human-machine interaction (Kaplan, Reneau, & Whitecotton, 2001; 

Hillen et al., 2014). Therefore, a second aim of this study is to investigate the relationship between 

the driver’s LOC and levels of trust in the context of HMI information quantity. Assuming that the 

level of trust depending on the HMI information quantity differs between people with an internal 

and external LOC, we investigate the interaction between both variables on the driver’s system 

trust, building the third aim of this study. 

 The existing literature concerning the issue of information quantity communicated via an 

HMI and the related level of trust is rather limited. For that reason, in the following sections, a 

literature review is presented in order to create a foundation of knowledge and bring together 

variables that are important for the experiment section to construct the conducted experiment. In 

the first sections of the literature review, we introduce the hierarchy of driving tasks the driver is 

confronted with while driving. In the next section, it is considered how in-vehicle HMIs have been 

changing over the last decades regarding the amount of information that is displayed to the driver. 
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Two different approaches of HMI design are introduced, namely a minimalist and maximalist HMI 

design with limited and rich information quantity. Since it seems that these two approaches become 

relevant in the context of trust, it is analyzed how the driver’s level of trust might be different for 

a limited and rich HMI information quantity. The last section discusses the relationship between 

LOC and trust and how HMI information quantity might influence this relation. It is analyzed to 

what extent the trust level might be different between people having an internal and external LOC, 

depending on the information quantity communicated via the HMI. In the experiment section, 

based on the literature review, two HMI designs with diverse information quantities (Limited 

information HMI (LI-HMI) vs. Rich information HMI (RI-HMI)) were created and used for the 

experiment in order to pave the way to generate diverse levels of trust in the systems. In this study, 

when using synonyms like system or machine this always has a reference to non-autonomous 

systems. 

 

3 LITERATURE REVIEW 

3.1 THE DRIVING TASK 

Driving is a very complex activity as drivers have to manage several subtasks, such as 

steering the vehicle’s course, holding a safe distance to other road users, both recognizing and 

conforming to traffic signs, considering weather conditions within their driving behaviour, 

navigating driving routes, et cetera. Due to their distinguishable relevance to the actual driving 

task, several (non-) driving-related subtasks can be hierarchically classified into primary, 

secondary, and tertiary driving tasks which will be discussed in detail in the following paragraphs 

(Vollrath & Krems, 2011).  

 By tradition, information given to the driver by the system is divided after the hierarchy of 

primary, secondary and tertiary tasks while driving (Bubb, 2015; Tonnis, Broy, & Klinker, 2006). 

Primary driving tasks involve tasks that are directly driving-related like keeping track of the route 

and regulating space and navigation. Secondary driving tasks can be divided into two driving-

related categories. One category of secondary driving tasks actively accompanies the primary 

driving task, such as taking a look in the rear-view mirror, reading traffic signs, communicating 

with other road users through actuating the turn indicator or entering the destination address of the 
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navigation system (Bubb, 2015). The other category of secondary driving tasks contains reactive 

subtasks that principally are reactions to environmental events, such as turning on the rear fog-

light. Tertiary subtasks while driving are non-driving related and can even disturb the primary 

driving task as they mainly arise from the extension of comfort functions and their related 

operating demands, such as communicating with the co-driver, changing a song or setting the 

climate (Bubb, 1993; Bubb, 2015). 

 For the experiment, the HMIs should integrate functions and features that enable the driver 

to execute tasks which are driving and non-driving related. Therefore, the HMIs should enable the 

driver to execute primary, secondary and tertiary tasks while driving in public traffic to make sure 

that the real driving behaviour is reconstructed. Furthermore, the tasks should be interactive, such 

as changing a song via swiping, and non-interactive, such as reading the distance to a specific 

navigation destination.  

3.2 MAXIMALIST VS. MINIMALIST IN-VEHICLE HMI DESIGN AND TRUST 

The hierarchy of primary, secondary and tertiary tasks helps to divide the information that 

is displayed in the HMI while driving (Bubb, 2015; Tonnis et al., 2006). HMI elements both 1) 

needed for the primary driving task such as accelerating and 2) needed for the secondary driving 

task supporting the driving task such as activating the headlights are located in the instrument 

cluster behind the steering wheel (Loehmann & Hausen, 2014; Tonnis et al., 2006). 3) HMI 

elements that enable the driver to execute tertiary tasks such as tuning the radio station or launching 

the navigation route are located at the center console (Loehmann & Hausen, 2014; Tonnis et al, 

2006). 

It is estimated that over time and compared to a decade earlier, the information 

communicated via the instrument cluster has doubled (Gkouskos, Normark, & Lundgren, 2014), 

also considering that digital instruments have been implemented supporting the driver by showing 

information such as turn-by-turn directions, parking aid or gear indication. Over the last decade, 

the amount of information at the center console has altered as well. Initially, only a small selection 

of radio transmitter channels was available (Rossi, 2019). Nowadays, there are several additional 

features executable on screen via in-vehicle information systems, such as planning and launching 

a navigation route to the requested location, accessing the arrival weather or projecting the mobile 

phone on the screen and using applications from it. 
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The amount of information in the HMI displayed to the driver tends to increase due to 

novel functions and features. Contrarily, Kindelsberger, Fridman, Glazer and Reimer (2018) 

proposed that a safe, aesthetic and fulfilling vehicle HMI design should be approached from a 

minimalist point of view. They designed a minimal version of HMI starting from scratch and added 

only the absolute minimum that warrants a safe and enjoyable driving experience. In their large-

scale online experiment, participants (N = 960) were asked to estimate the vehicles’ speed in 17 

short films (4 seconds long) that showed a car on a roadway from the first-person perspective at 

different speeds (ranging from 0 - 80 mph in intervals of 5 mph). This online study revealed that 

57% of all speed estimations deviated 5mph from the actual speed at the most, 20.3% deviated 

between 5 - 10mph, and 18.2% between 10 - 20mph. Another finding was that participants were 

generally better in estimating lower speeds compared to speeds > 70mph. In favour of the proposed 

minimalism HMI design, these results suggest that drivers may not need information about speed 

to be presented in the HMI to successfully maintain an appropriate speed. Though, the authors 

indicated that participants actually did not need the information about speed but they preferred this 

information to be presented in the HMI. Moreover, these suggestions were based on an online 

survey and have to be validated within an on-road study in a natural environment. Nonetheless, it 

was argued that the presence of the speedometer might be even a source of distraction when 

considered in the context of the self-reported need to check it frequently. This is also in line with 

previous research testing the center stack and instrument cluster, which found the instrument 

cluster to be the most common reason to take the eyes off the road (Fridman, Langhans, Lee, & 

Reimer, 2016). Therefore, the number of times the driver turns the view away from the road could 

be decreased by removing distracting information displayed in the instrument cluster. 

On the one hand, considering the dilemma between an increasing amount of information 

and limited information processing capabilities of the drivers, a minimalist HMI design with 

limited information quantity seems logical. On the other hand, due to the steady technological 

growth, HMI design currently undergoes a development towards heightened complexity, where 

information displayed to the driver is added instead of being removed, creating a maximalist HMI 

design with rich information quantity (Feld & Müller, 2011; Khan et al., 2016). In both cases, 

however, whether the provided HMI will be used or not depends largely on how much the system 

is accepted by the driver. Two determinants that can predict someone’s system acceptance are 

perceived ease of use and perceived usefulness. The latter is defined as “the degree to which a 
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person believes that using a particular system would enhance his or her job performance” (Davis 

et al., 1989, p. 320). On the other side, perceived ease of use refers to “the degree to which a person 

believes that using a particular system would be free of effort” (Davis et al., 1989, p. 320). When 

both the system’s usefulness and ease of use are perceived as high, it is more likely that a driver 

will actually use the system. However, perceived ease of use and perceived usefulness have been 

found to be affected by a level of trust, influencing the user’s system acceptance (Akash et al., 

2017). Accordingly, this indicates that trust constitutes an important factor in the human-machine 

relationship. Therefore, beside factors such as information processing capabilities of the driver, 

trust should be considered in the decision of displaying an HMI with limited or rich information 

quantity to the driver. Interestingly, even though there was a huge amount of existing research 

concerning driver's trust in automation, the issue of driver’s trust in different HMI information 

quantities was not investigated so far. Likewise, although trust was investigated with respect to the 

information quality in terms of website characteristics (Ou & Sia, 2010; Seckler, Heinz, Forde, 

Tuch, & Opwis, 2015), trust was not evaluated in the context of information quantities displayed 

to the user. Also, research from other domains investigating levels of trust was not linked to 

information quantity. Since it seems that there is reason to believe that an HMI design with limited 

information quantity has benefits for the driver over displaying an HMI with rich information 

quantity, it is important to investigate whether this is also in line with driver’s trust. 

Consequently, investigating the driver’s levels of trust in the context of HMI information 

quantity, two approaches of HMI design should be tested and used for the field experiment. 

Hereby, one type of HMI design should display a limited HMI information quantity whereas the 

other type should show a rich HMI information quantity to the driver. Therefore, the two types of 

HMI design should only differ in their content quantity. This means that features in the HMI with 

rich information quantity should only serve as redundant and not as novel information compared 

to the HMI with limited information quantity. 

3.2.1 TRUST IN HUMAN-MACHINE RELATIONSHIP 

Does the driver rather trust a system with limited or rich information quantity? - In early 

research, trust, a concept found in the school of social psychology, has shown up to be important 

in the relationship between people because it mediates how people rely on each other (Deutsch, 

1958, 1960; Rempel, Holmes, & Zanna, 1985; Ross & LaCroix, 1996; Rotter, 1967). However, 
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several researchers argued that trust may take the role of mediation between humans and systems 

just as it does in an interpersonal relationship (Sheridan, 1975; Sheridan & Hennessy, 1984). This 

corresponds to previous studies which have already shown that trust emerges as an important 

concern in the design of technology, particularly as it affects the initial adoption of new 

technologies and its continued use (Cook, Snijders, Buskens, & Cheshire, 2009; Gefen et al., 2003; 

Gefen and Straub, 2000; Riegelsberger et al., 2005). Furthermore, many studies have revealed that 

trust manifests to be a major determinant in the user’s decision to accept a system (Carter & 

Bélanger, 2005; Gefen et al., 2003; Lee & Moray, 1992, 1994; Lee & See, 2004; Parasuraman et 

al., 2008; Pavlou, 2014). Therefore, trust appears to be a relevant key factor in the understanding 

of the human-system relationships. 

Trust. Trust in the context of human-machine interaction has been defined in several ways. 

The most widely used and accepted definition of the concept of trust in the human-machine 

interaction defines it as “the attitude that an agent will help achieve an individual’s goals in a 

situation characterized by uncertainty and vulnerability” (Lee & See, 2004, p.54). With respect 

to trust, reliability of the system is crucial because erroneous systems can reduce the degree of user 

trust compared to high reliable systems (Dzindolet, Peterson, Pomranky, Pierce, & Beck, 2003; 

Lee & Moray, 1994). While in existing research, trust is intensively investigated concerning how 

it can be built and maintained, the elaboration of distrust has been somewhat neglected. This might 

be due to the fact that for a long time, trust and distrust were considered as extreme factors along 

the same dimension that can be summarized as one factor of global trust (Schoorman, Mayer, & 

Davis, 2007). However, more recent research has argued that trust and distrust do not constitute 

two opposite extremes on the same conceptual spectrum, but should be distinguished as two 

coexisting counterparts (Chang & Fang, 2013). Hence, in contrast to trust, distrust was defined as 

the “unwillingness to become vulnerable to the trustee based on the belief that the trustee will 

behave in a harmful, neglectful, or incompetent manner” (Benamati, Serva, & Fuller, 2010). Two 

arguments build the defense of the ambivalence approach to consider trust and distrust as two 

distinct coexisting constructs (Andrade et al., 2012; Ou & Sia, 2010). Firstly, high trust of a user 

in a system may simultaneously coexist with distrust (McKnight & Choudhury, 2006). Secondly, 

when a user has high trust in a system, it does not necessarily mean that distrust is low on the 

counterpart (Lewicki et al., 1998). Likewise, when the user's trust in a system is absent, distrust is 

not automatically created. Furthermore, in functional brain-imaging studies, trust and distrust were 



Evaluation of different HMI information quantities on Trust 

13 
 

found to be associated with diverse cortical regions. With the appearance of trust, the caudate 

nucleus and medial prefrontal cortex were activated, whereas distrust was connected to the 

amygdala and right insular cortex (Dimoka, Pavlou, & Davis, 2007). A simple example for 

experiencing concurrent trust and distrust in a system might be that the driver has high trust 

towards the amount of information that is communicated via the HMI as all the needed information 

is presented. However, at the same time the driver might have some distrust in the correctness of 

the communicated information. Thus, trust and distrust would simultaneously exist. However, not 

much is known about how trust is formed and maintained differently compared to distrust and how 

behavioural outcomes affected by a lack of trust differ from distrust (Cho, 2006; Ou & Sia, 2010). 

Also, previous research has ascertained trust and distrust to consist of the same facets (e.g., Casaló 

et al., 2007; Cho, 2006). In this respect, trust and distrust are operated, described, and evaluated as 

two counterparts on one spectrum of global trust in the current study. 

Trust dimensions. Trust, in human-human interaction, is mostly described and evaluated 

by three affecting dimensions - ability, benevolence, and integrity - suggested by Mayer, Davis, 

and Schoorman’s (1995). These trust dimensions were assumed to be applicable to technology, in 

particular, given the fact that technology is both designed and operated by humans. Accordingly, 

previous research has shown that trust in the human-machine interaction manifests itself to be 

constituted of the following three dimensions - functionality, helpfulness, and predictability - each 

of which corresponds to the trust dimensions of the human-human interaction (Thatcher, 

McKnight, Baker, Arsal, & Roberts, 2010). In line with this, functionality describes the user’s 

belief that the system has the required features, functions, or capabilities to perform certain 

essential functions, similar to the belief of the trusted person’s abilities. The dimension helpfulness 

relates to the user’s belief that a system provides responsive and adequate support, similar to the 

interpersonal trust belief of benevolence. Predictability refers to the user’s belief that the system’s 

acts are consistent and that the system’s behaviour can be predicted, similar to the interpersonal 

trust belief of integrity. More recently, the three dimensions - system transparency, technical 

competence, and situation management - were proposed and found in the study of Choi and Ji 

(2015) to evaluate trust in autonomous vehicles. In the current study, we propose that these 

dimensions can also be adapted and applied to approach trust in different information quantities 

communicated via the HMI. System transparency refers to the extent to which the user can predict 

and comprehend the behaviour of the HMI. Further, technical competence represents the 



Evaluation of different HMI information quantities on Trust 

14 
 

perception the user has on the technical performance of the HMI. Finally, situation management 

is the user’s belief to have control of the system in terms of obtaining the needed information from 

the HMI whenever desired. In the next paragraph, these trust dimensions were analyzed in order 

to make derivations whether a limited or rich HMI information quantity ought to evoke more 

driver’s trust. 

Trust building. The first dimension - system transparency - was found to have an effect 

on user’s trust. A study conducted by Helldin (2014) investigated the effects of system 

transparency in terms of explaining and visualizing system meta-information and reasoning on 

trust ratings of the participants suggesting that increasing the system transparency increases the 

user’s trust in the system. Another study, investigating the effects of three different levels of agent 

transparency was conducted trying to replicate Helldin’s results and confirming that user’s trust is 

higher when the transparency of a system is high (Mercado et al., 2016). Moreover, increased 

system transparency was found to be associated with fewer misunderstandings (Muramatsu & 

Pratt, 2001) and was linked to higher confidence in the recommendations of a system (Sinha & 

Swearingen, 2002). In order to provide high system transparency more information has to be 

communicated to the user (Lyu, Xie, Wu, Fu, & Deng, 2017), i.e. a rich HMI information quantity 

might increase the transparency and subsequently, the user’s trust in the system. However, it 

should be noted that higher system transparency can have a reverse effect on user’s trust due to 

“too much information” as this can cause the user to “overthink” (Langley, 1995).  

Concerning the second trust related dimension - technical competence -, a study 

investigated trust ratings in systems which included different levels of uncertainty (Uggirala, 

Gramopadhye, Melloy, & Toler, 2004). The findings have shown that trust ratings were strongly 

related to the perceived technical competence of the system. Moreover, the results have shown that 

competence was negatively related to uncertainty, i.e. an increased level of uncertainty led to 

decreased perceived technical competence. Similarly, findings showed an inverse relation of trust 

ratings with uncertainty, meaning that trust ratings decreased when the level of uncertainty of the 

system increased. That means, the less uncertainty a system presents the higher is the perceived 

technical competence which in turn leads to more user’s trust in the system. Including a large 

number of uncertain situations in his researches, Zimmermann (2000) defined uncertainty as 

follows: “Uncertainty implies that in a certain situation a person does not dispose about 

information, which quantitatively and qualitatively is appropriate to describe, prescribe or predict 
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deterministically and numerically a system, its behavior or other characteristics.” (p.192). 

According to this definition, uncertainty does not only depend on the quality but also on the 

quantity of information available. Thus, contrary to a rich HMI information quantity, an HMI 

providing a limited information quantity might be perceived as more uncertain by the driver, 

leading to decreased perceived technical competence and subsequently, resulting in a lower level 

of trust. 

The third dimension - situation management- was found to have a strong effect on trust as 

an online questionnaire study demonstrated the importance of providing functions that allow the 

driver to recover control of the autonomous vehicle whenever desired (Choi & Ji, 2015). It has 

been shown that responsive aid of the system had a positive effect on the user’s attitudes towards 

trust in a system. When the system allows drivers to recover control whenever they want to, trust 

in the autonomous vehicle would be increased as it is easier for drivers to trust. However, the 

absence of provided functions of the autonomous vehicle could lead the user to experience a sense 

of loss of control, resulting in a lower level of trust. Furthermore, perceived risk was ascertained 

to be a major indicator in the user’s decision to use an automated system or not (Berry, 1995; 

Mayer et al., 1995; Numan, 1998; Pavlou, 2014). Interestingly, early research has found that 

perceived risk depends on the expected probability of a negative situation and that it has a reference 

to perceived uncertainty (Mayer et al., 1995; Mitchell, 1999; Numan, 1998). In addition, a study 

conducted by Uggirala et al. (2004) has shown that trust ratings increased when the level of 

perceived uncertainty of the system was low.  Therefore, it is assumed that a rich HMI information 

quantity generates less perceived risk as the expected probability of a negative situation is reduced 

by presenting more information to the driver. Thus, the driver experiences a greater sense of 

control that might result in a higher level of system trust. In addition, a rich HMI information 

quantity might provide more situation management due to the stronger feeling of obtaining the 

needed information whenever desired. 

3.2.2 LOCUS OF CONTROL AND TRUST 

Locus of control relates to a personality attribute echoing the degree to which a person 

generally thinks to be in control of eternal events that affect him/her (Rotter, 1966). A person 

generally perceiving events to be under their own control can be described as having an internal 

LOC, while the external LOC reflects a person perceiving events to be under the control of 
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powerful others or other outside forces. In previous research, it was supposed that an external LOC 

is related to a lack of caution and failure to take precautionary steps to avoid the occurrence of 

unfavourable outcomes (Hoyt, 1973; Phares, 1976; Williams, 1972). On the contrary, in his survey 

Hoyt (1973) found respondents with an internal LOC both to attribute more responsibility to 

internal and controllable factors and to report less anxiety in general.  

 However, it seems that research investigating the relationship between peoples’ LOC and 

trust in both human-human as well as human-machine context is rare due to sparse existing 

literature, yet. So far, in the domain of human-human interaction, it was investigated whether 

cancer patients’ LOC is related to their trust level in the observed oncologist (Hillen et al., 2014). 

Results have shown that patients with an external LOC had more trust in the observed oncologist. 

This result was in accord with the assumption that people who strongly believe in powerful others 

might feel little need for personal control, compared to people having an internal LOC. 

Consequently, people with an external LOC may attribute relatively less relevance to detailed and 

honest information than internally oriented people. In respect of human-machine interaction, a 

study examining the influence of LOC on the decision makers’ willingness to rely on mechanical 

decision aids, found that decision makers with an external LOC trusted the decision aid more than 

those having an internal LOC (Kaplan et al., 2001). 

Based on existing literature in the context of LOC and trust, the relation of LOC and trust 

appears to be the same for both the human-human and human-machine interaction. Though, it 

becomes apparent that the relation between LOC and trust is novel in the context of in-vehicle 

HMI information quantity. It was pointed out that individual differences in user characteristics 

such as LOC, influence the adaptation of new in-vehicle technologies (Rudin-Brown & Parker, 

2004; Özkan & Lajunen, 2005). Since the adaptation of new technologies becomes apparent 

through a certain degree of trust (Cook, Snijders, Buskens, & Cheshire, 2009; Gefen et al., 2003; 

Gefen and Straub, 2000; Riegelsberger et al., 2005), the trust level in a system of a driver with an 

internal LOC might differ from users having an external LOC. A driver with an external LOC 

might attribute less importance to detailed and honest information communicated via the HMI. 

This might be supported by the fact that people with an internal LOC actively seek environmental 

input, thus searching for information, whereas people with an external LOC appear to be more 

passive (Lefcourt, 1976; Phares, 1976).  
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4 EXPERIMENT SECTION 

4.1 APPLIED HMI DESIGNS IN THE CURRENT STUDY 

In order to assess the influence of HMI information quantity, two different types of HMI 

design were tested in this study. The two HMI visualizations differed only in their content quantity, 

added features therefore were redundant and not relevant novel information. In the rich 

information HMI (RI-HMI) condition, the participants experienced a maximized HMI design 

showing a rich HMI information quantity compared to the limited information HMI (LI-HMI) 

condition, presenting a minimized HMI design, as only the bare necessities were shown. 

 Segmentation of relevant information in the HMI. According to the minimalist design 

principle (Kindelsberger et al., 2018) the displayed information was identified, classified and 

divided according to their relevance for the primary driving task. In the end, missing obligatory 

information was also added to the HMIs. The central line of sight of the driver served as a pivotal 

point of relevance that helped to allocate the information on the HMI, i.e. information that is close 

to the central line of sight means that it is more relevant. The information displayed in HMI is 

divided into three screens, namely an Instrument Cluster Screen (ICS) behind the steering wheel, 

a Center Stack Screen (CSS) placed next to the ICS on the right and a Head-Up Display (HUD) 

above the ICS. 

RI-HMI. The RI-HMI, figure 2, was equipped with a 2.5D- navigation map, a speed limit 

sign, speedometer and turn-by-turn indicators that were visualized in the HUD. The ICS showed a 

detailed navigation map and information concerning the navigation that entailed the name and time 

of arrival as well as the remaining distance until arrival. Moreover, odometer, fuel range, fuel and 

temperature gauges were displayed, as well as the speedometer and speed limit sign. The CSS 

displayed one big running tile freeing a certain domain, such as media, more space and showing 

other tiles for features such as phone contacts, weather and economy mode in a smaller way on the 

right side. By clicking on another icon, such as phone, the big running tile switches to the chosen 

feature. Current outside temperature and time as well as the connectivity of the phone were also 

shown in the top bar. 
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Figure 2. Visualization of the RI-HMI. Generic design without O/V styling. 

 

LI-HMI. In the LI-HMI, figure 3, information quantity was reduced by leaving out the 

navigation map that was present in the HUD. Though, speedometer, speed limit sign and turn-by-

turn indicators were displayed in the HUD. However, the speed limit sign only was shown when 

the speed limit was exceeded or changed. The ICS was reduced by leaving out the speedometer 

and speed limit sign. In the CSS, there were two tiles showing the media and phone contact along 

with last calls. The CSS is touch sensible, i.e. the songs within the media tile or contacts within 

the phone contact tile can be swept to the left or right direction. By clicking on one of the two tiles 

the full HMI view of the CSS will be produced. Current outside temperature and time as well as 

the connectivity of the phone were also shown in the top bar. In order to provide a better 

comparison of the information that was displayed in the RI- over the LI-HMI, table 1 summarizes 

all information of both HMIs. 
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Figure 3. Visualization of the LI-HMI. Generic design without O/V styling. 

 

Table 1 

Comparison of information displayed in the RI-HMI and LI-HMI 

 

        

Screen RI-HMI   LI-HMI 

HUD Speed limit sign Speed limit sign 

 Speedometer Speedometer 

 Turn-by-turn indicators Turn-by-turn indicators 

 Navigation Map - 

    

ICS Detailed navigation map Detailed navigation map 

 Name and time of arrival Name and time of arrival 

 Remaining distance Remaining distance 

 Odometer  Odometer 

 Fuel range  Fuel range 
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 Fuel and temperature gauges Fuel and temperature gauges 

 Speedometer  - 

 Speed limit sign - 

    

CSS One big running tile (media) Two smaller tiles (media and phone contacts) 

 Outside temperature Outside temperature 

 Time  Time 

 Connectivity of phone Connectivity of phone 

 Phone contacts Phone contacts 

 Weather  - 

 economy mode - 

        
 

Note. The information written in italic was not continuously shown. 

 

4.2 RESEARCH QUESTIONS AND HYPOTHESES 

 During a real test drive, the participants consecutively experienced both types of HMI 

design (LI-HMI vs. RI-HMI) while performing (non-) interactive tasks. Using a rating scale, we 

measured the effect that the specific HMI had on the participants’ trust levels after each test drive. 

The participants’ LOC was measured at the beginning of the study using a rating scale, as well. 

Since existing literature has shown that the trust related dimensions -system transparency, 

technical competence, and situation management (Choi & Ji, 2015) - might be perceived as higher 

when more information is given, thus generating more user trust (Uggirala et al., 2004; Mercado 

et al., 2016; Lyu et al., 2017), it is investigated whether (RQ1) a rich HMI information quantity 

causes more trust than a limited HMI information  quantity.  

The literature review has shown a sparse number of previous researches, suggesting that 

people with an external LOC orientation generally have more trust compared to people with an 

internal LOC (Kaplan et al., 2001; Hillen et al., 2014). Consequently, in the context of HMI 
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information quantity it is investigated whether (RQ2) the trust ratings of participants with an 

external LOC are higher than those of participants having an internal LOC. 

Since existing literature (Hillen et al., 2014; Kaplan et al., 2001; Lefcourt, 1976; Phares, 

1976) indicates that the relation between the HMI information quantity and trust might be different 

depending on the user’s locus of control orientation, it is investigated whether (RQ3) an interaction 

effect occurs between HMI information quantity and the driver’s LOC on trust. 

 

5 METHODS 

5.1 PARTICIPANTS 

A total of N = 15 participants (n = 8 female) recruited from the participants’ pool of Opel 

Automobile GmbH took part in the real driving study. The participants who were employees of 

Opel Automobile GmbH were 42.6 years old on average (SD = 13.07 years, Range = 23 - 61 years). 

All participants were experienced drivers as they occupied their driving licenses for at least 5 years 

(M = 24.27 years, SD = 13.01 years, Range = 6 - 43 years) and covered a yearly distance of M = 

25 370 km (SD = 24 050 km, Range = 3 500 - 100 000 km). 

5.2 EXPERIMENTAL CAR, RABBIT CAR & TEST-DRIVING ROUTE 

 The real driving study was conducted in an Opel Grandland X in the area of Rüsselsheim, 

Germany. The experimental vehicle was fully equipped with a HUD, ICS and CSS visualizing the 

two different types of HMIs. The HUD was represented by a 13.1” plexiglass shield whereas for 

the ICS and CSDS two 12.3” displays were integrated in the cockpit. 

 The participants drove the experimental vehicle while following a lead vehicle (rabbit car) 

which purpose was to ensure standardized conditions for each participant. In order to test the two 

types of HMI each participant had to complete two test drives in public traffic on a previously 

checked test route between Rüsselsheim and Groß-Gerau, Germany. The HMIs were experienced 

on the road types rural and urban in order to guarantee different driving conditions. For instance, 

on the rural road the velocity is higher than in an urban environment where the traffic is more 

complex in return. 
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5.3 EXPERIMENTAL DESIGN 

Data acquisition of the current study took place within the frame of a doctoral dissertation. 

During the execution of the real drive study, each participant experienced five trials, whereby only 

trials I and II were of importance for answering the research questions of the current study. A 

mixed study design was applied to the real driving study. After randomly dividing all participants 

into two study groups, the participants experienced the LI-HMI and RI-HMI in two 

counterbalanced conditions. Hence, avoiding learning effects, one group first experienced the LI-

HMI followed by the RI-HMI whereas the other group experienced it vice versa, building the 

between-subjects factor. Per participant, two repeated measures were obtained at two different 

measurement time points, constituting the within-subjects factor. 

5.4 DEPENDENT MEASURES 

Trust. Participants’ trust in the two different types of HMI was measured using the verbally 

modified German version (Pöhler, Heine, & Deml, 2016) of the empirically developed trust 

questionnaire by Jian et al. (2000). Participants were responding to eleven items by indicating their 

degree of agreement on a seven-point-scale (1 = totally disagree, 7 = totally agree). This scale 

comprises two different factors, measuring trust by six items and distrust by five items. An 

example of an item measuring the dimension of trust is “The system is reliable” whereas the 

following item “The system’s actions will have a harmful or injurious outcome” reflects an 

example of the items measuring distrust. Trust and distrust were measured separately but were 

merged and evaluated as one factor of global trust, since they constitute two extremes on  

one spectrum. The Cronbach’s alpha of the scale was α = .86. 

Traffic Locus of Control (T-LOC). Measuring whether participants had an internal or 

external LOC was done using the 17-item T-LOC scale (Özkan & Lajunen, 2005; Özkan, Lajunen, 

& Kaistinen, 2005). On a five-point Likert scale (1 = not at all possible, 5 = highly possible) 

participants were asked to indicate how possible each of the enlisted reasons is to cause an 

accident. The T-LOC is divided into two subscales, one consisting of five items measuring the self 

to indicate an internal LOC and one consisting of 12 items measuring for external events indicating 

an external LOC. An example of an item indicating an internal LOC is “Whether or not I get into 

a car accident depends mostly on shortcomings in my driving skills”. An example of an item 

measuring an external LOC is “Whether or not I get into a car accident depends mostly on a 
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mechanical failure in the car”. The total Cronbach’s alpha of the T-LOC (α = .77) was strong with 

a score of α = .82 for the self-subscale and α = .70 for the external subscale. 

5.5 PROCEDURE 

 Instructions and Preparations. Prior to starting the test drive, participants were presented 

with an informed consent form. In addition, participants were introduced to the anonymous data 

acquisition and evaluation, and their opportunity to immediately withdraw from the study without 

reasoning. This was followed by a short welcoming instruction describing the overall conducted 

study. Using a tablet, the participants completed a questionnaire concerning demographic 

information such as their age, the year they obtained their driving licenses and driven kilometers 

during the last 12 months. Also, the participants filled in the T-LOC questionnaire. After that, 

participants were taken to the experimental car, where the next step was to adjust the driver's seat. 

Afterwards, participants were given a short introduction to the implemented HMIs. Hereby, only 

the type of HMI of their first test trial was demonstrated. Thus, participants could get familiar with 

the handling of the HMIs as different kinds of tasks had to be executed during each test trial. 

Moreover, participants were informed about the purpose of the rabbit car and that they did not 

have to keep up with it, i.e. when the rabbit car drove through a yellow traffic light it would be 

waiting at the next best spot. Participants were also reminded to keep to the traffic rules and to the 

speed limits. 

Conducting the test trials. Each study started at 08:30 am from Monday to Friday as a 

matter of standardization and comparability between the participants, because traffic conditions 

would almost be the same in that period of time. During each test drive the moderator of the study 

sat in the back seat of the experimental car. The moderator assigned the tasks the participants had 

to execute, monitored the HMIs and responded to questions, if necessary. All in all, trial I and II 

took approximately 120 minutes for each participant, including filling in the informed consent and 

questionnaires. After each test drive, participants were allowed to have a break.  

Non-driving related tasks. During each test drive, the participants were set both 

interactive and non-interactive tasks at specific spots on the test route. The spots with the set tasks 

were the same for each participant and trial. For the interactive tasks, participants were required to 

interact with the CSD by clicking or swiping on the HMI. Therefore, participants were asked to 

skip the song two times or to name the person who called them the second last. For the non-
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interactive tasks, participants were required to read some information aloud that was displayed in 

the ICS. For this, participants were asked to advise of the remaining kilometers or time until the 

arrival at their destination.   

5.6 ANALYSES 

Data editing. Trust and distrust were set as two opposites of a single continuum, in order 

to conduct analyses only with a single factor of global trust. To do so, the scores of distrust were 

inverted to calculate an average score of global trust. As a result, a higher mean of global trust 

corresponds to more trust in the respective HMI, whereas a lower mean correlates to having less 

trust.  

 Identically to global trust, the T-LOC was evaluated by defining internal and external LOC 

as two endpoints of a single continuum. Hereby, ratings of external LOC were inverted. 

Subsequently, the average of the ratings of internal LOC and inverted external LOC were 

calculated for each participant, to form one factor of LOC. Afterwards, a post-hoc classification 

was specified to categorize the participants’ LOC in either internal or external. By means of a 

median-split, the median of the LOC ratings was used as a cut-off score, separating the two 

categories. The participant with the cut-off score was categorized as internal LOC. Consequently, 

after the post-hoc classification n = 8 participants were categorized having an internal LOC and n 

= 7 participants were classified having an external LOC. 

Analysis. By means of the statistical programme Jasp 0.11.1.0 (JASP Team, 2019; jasp-

stats.org), data were analyzed using Bayesian statistics. JASP computes analyses using the 

programming language R. In contrast to the standard framework of frequentist null-hypothesis 

significance testing, Bayesian statistics bring several advantages. (1) One major advantage of 

Bayesian statistics includes the ability to acquire evidence in favour of the alternative hypothesis 

and discriminate between absence of evidence and evidence of absence (Dienes, 2014; Keysers, 

Gazzola, & Wagenmakers, 2020). (2) Bayesian statistics is able to take into account prior 

knowledge to construct a more informative test (Gronau, Ly, & Wagenmakers, 2020; Lee & 

Vanpaemel, 2018). (3) Bayesian statistics is able to monitor the evidence when the data accumulate 

(Rouder, 2014). 

A Bayesian repeated measures ANOVA was conducted with the type of HMI (low vs. 

high) as independent variable, trust as the dependent variable and the locus of control (internal vs. 
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external) as the between subject factor. The Bayes factor (BF) indicates the likelihood and strength 

of evidence of an effect in favour of the alternative hypothesis. BF begins at 0 and is infinite. 

Following the most common system to interpret the BF several labels have been suggested that 

paraphrase the size of the BF (Jeffreys, 1998). Accordingly, a BF < 1 indicates evidence for the 

null hypothesis (H0). A BF = 1 indicates no evidence. A BF > 1 indicates evidence in favour of 

the alternative hypothesis (H1), whereby a BF = 1-3 indicates anecdotal evidence of H1, a BF = 

3-10 indicates moderate evidence of H1, a BF = 10 - 30 indicates strong evidence for H1, a BF = 

30 - 100 indicates very strong evidence for H1 and a BF > 100 indicates extreme evidence for H1. 

In this study, no priors were established. Within the model averaged posterior summary, 95% 

confidence intervals (CI) show whether an effect has occurred. For this, CIs totally have to reside 

on positive range, indicating a positive effect, or on negative range which means a negative effect. 

CIs values that include the value 0 do not indicate an effect.   

 

6 RESULTS 

6.1 ANALYSIS OF EFFECT OF HMI INFORMATION QUANTITY ON TRUST 

 A Bayesian repeated measures ANOVA was executed to estimate the main effects of the 

HMI information quantity on trust ratings. Moderate evidence for a difference of trust ratings 

between LI-HMI and RI-HMI was found in the analysis (BFincl= 3.21). Unlike the expectations, 

the model averaged posterior summary showed that trust ratings of the LI-HMI (95% CI [.02; .29]) 

were higher than the trust ratings of the RI-HMI (95% CI [-.29; -.02]). Accordingly, trust ratings 

were higher when the HMI information quantity was limited. Consequently, with regard to RQ1, 

a rich HMI information quantity evoked not more trust than a limited HMI information quantity. 

Trust ratings of the LI-HMI and RI-HMI are visualized in figure 4. 
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Figure 4. Effect of the HMI information quantity on trust. Note: 1 = low score on trust, 7 = high score on trust. The 

bars indicate the confidence interval. 

6.2 ANALYSIS OF EFFECT OF LOC ON TRUST 

 A Bayesian repeated measures ANOVA was executed to estimate the main effects of LOC 

on trust ratings. The analysis of effects did not reveal a main effect of LOC on ratings of trust 

(BFincl= 0.59). In the model averaged posterior summary, no difference in trust ratings between 

participants having an internal LOC (M = 6.00, SD = 0.46; 95% CI [-.16; .30]) and participants 

with an external LOC (M = 5.76, SD = 0.70; 95% CI [-.30; .15]) was found. Consequently, with 

regard to RQ2, in the context of HMI information quantity, participants with an external LOC 

generally did not have more trust compared to participants having an internal LOC. 

6.3 ANALYSIS OF INTERACTION EFFECT BETWEEN HMI INFORMATION 
QUANTITY & LOC ON TRUST 

Subsequently, it was tested whether an interaction effect occurred between the HMI 

information quantity and LOC on trust. The analysis did not reveal an interaction effect between 

HMI information quantity and LOC on trust ratings (BFincl= 0.56). The model averaged posterior 

summary showed that trust ratings on the LI-HMI (95% CI [-.11; .12]) and RI-HMI (95% CI [-

.13; .11]) of participants with an internal LOC did not differ from trust ratings on the LI-HMI (95% 

CI [-.13; .11]) and RI-HMI (95% CI [-.11; .12]) of participants having an external LOC, see figure 
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5. As a result, with regard to RQ3, the trust level of participants with an internal and external LOC 

did not depend on the HMI information quantity. 

 

 
Figure 5. Interaction effect between HMI information quantity and LOC on trust. Note: 1 = low score on trust, 7 = 

high score on trust. The bars indicate the confidence interval. 

 

 

7 DISCUSSION 
The goal of the current study was to investigate driver’s trust in different information 

quantities communicated via the HMI. Therefore, in the context of trust, a real drive study was 

conducted where a limited HMI information quantity was compared to a rich HMI information 

quantity. It was investigated whether participants’ trust ratings on LI-HMI differed from the trust 

ratings on the RI-HMI. Furthermore, the influence of LOC was investigated. It was evaluated 

whether in the context of HMI quantity, the trust level of participants having an internal LOC 

generally differs from the trust level of participants with an external LOC. Finally, it was asked 

whether the level of trust of participants having an internal and external LOC depends on the HMI 

information quantity, testing an interaction effect between HMI information quantity and LOC on 

trust.   
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7.1 FINDINGS 

 First of all, this study found moderate evidence that a limited HMI information quantity 

evoked more trust compared to the rich HMI information quantity (RQ1). Furthermore, results 

yielded no evidence for a relationship between participants' LOC and level of trust in the context 

of HMI information quantity, as general trust ratings of participants having an internal LOC did 

not differ from participants having an external LOC (RQ2). Finally, no interaction effect between 

HMI information quantity and LOC was found, as trust ratings on the LI-HMI and RI-HMI were 

not different between internal and external LOC participants (RQ3). 

7.2  IMPLICATIONS  

Trust. Unlike the expectations, in the present study, a model without priors suggests that 

there is some moderate evidence for participants to show more trust in the limited HMI information 

quantity compared to the rich HMI information quantity, than vice versa. However, this finding 

does not conform with the assumption that an HMI displaying a rich information quantity would 

evoke more driver’s trust compared to an HMI with limited information quantity. A literature 

review gave reason to believe that a rich HMI information quantity would generate higher trust 

levels due to an increase in the three trust dimension (1) system transparency (Helldin, 2014; Lyu 

et al., 2017; Mercado et al., 2016), (2) perceived technical competence (Uggirala et al., 2004), and 

(3) situation management (Choi & Ji, 2015). A reason for the contrary finding might be that the 

LI-HMI was perceived as tidier and more organized, since added information in the RI-HMI only 

served as redundant and not as relevant novel information, congesting the HMI. This might have 

had the effect that participants felt overwhelmed with information communicated via the RI-HMI 

rather than being supported. This explanation would coincide with the phenomenon of visual 

clutter that refers to “the state in which excess items, or their representation or organization, lead 

to a degradation of performance at some task'', emphasizing the influence visual clutter can have 

on the perceived ease of use (Rosenholtz, Mansfield, & Jin, 2005). Disorganized and/or excess 

display items can have different negative outcomes such as decreased visual search performance 

and impaired object recognition performance because of occlusion (Wolfe & Pashler, 1998), 

crowding (Stuart & Burian, 1962) or masking (Legge & Foley, 1980), affecting the level of trust. 

Furthermore, another reason for this unexpected finding could also be attributed to a higher 

participants’ workload that was generated by the RI-HMI. Communicating more information to 
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the driver in order to provide higher system transparency could have had an opposite effect on the 

participants’ trust levels, as “too much information” was presented causing the participants to 

“overthink” (Langley, 1995; Lyu et al., 2017). 

 Nonetheless, this finding gives the general implication for the automotive industry that 

trust is a contributing factor that should be considered in HMI design. An HMI design with limited 

information quantity would be beneficial to the driver, since it elicits higher levels of trust 

compared to an HMI design with high information quantity. Therefore, an HMI design with limited 

information quantity is recommended. However, it should be kept in mind that only moderate 

evidence for differences in trust levels between the LI-HMI and RI-HMI was found. Hence, it is 

more important to conduct comparable studies, where HMI information quantity in the context of 

trust is investigated. More studies are needed to strengthen the findings of this study.  

LOC. The current study found no relation between LOC and general levels of trust in the 

context of HMI information quantity. Trust ratings of people having an internal LOC did not vary 

from participants having an external LOC. Therefore, this result is not in accordance with the 

assumption that driver’s level of trust is dependent on the direction of LOC which was also based 

on the fact that people with an internal LOC tend to actively seek environmental input, thus 

searching for information, and people with an external LOC appear to be more passive (Lefcourt, 

1976; Phares, 1976). This study could not replicate the findings of other studies in the area of 

human-human and human-machine interaction either, where external LOC participants generally 

showed higher trust ratings compared to participants with an internal LOC (Hillen et al., 2014; 

Kaplan et al., 2001). On the one hand, an explanation for the missing effect might be the limited 

number of internal and external LOC participants due to the small sample size. On the other hand, 

another explanation might be that the introduction to the purpose of the rabbit car that drove in 

front of the experimental car affected the experiment. Since participants were told to follow the 

rabbit car, they might have paid too much attention to it and got used to following it in any 

situation. Thus, differences between the HMIs might not have been largely perceived since 

participants did not continuously direct their attention e.g. to the navigation map displayed in the 

ICS, even though they were told to follow its instructions.  

Since results of previous studies could not be replicated, these findings might imply that 

the relation between LOC and trust in the context of HMI information quantity is different from 

other domains in the human-human and human-machine interaction. Nevertheless, investigating 
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the relation between LOC and trust in the context of HMI information quantity was novel and 

further research is necessary to provide more clarification about this relationship. 

HMI information quantity and LOC. The current study revealed no evidence for an 

interaction effect between HMI information quantity and LOC on the level of trust. Internal and 

external LOC participants did not exhibit diverse trust levels depending on whether the LI-HMI or 

RI-HMI was shown. However, there is a motivation that the interaction effect between HMI 

information quantity and LOC on trust should be further investigated. First of all, external LOC 

people were found to generally have more trust in other people and systems (Kaplan et al., 2001; 

Hillen et al., 2014). Secondly, the results of the current study only took subjective perceptions of 

trust into account. To obtain more clarification on trust, different HMI information quantities 

should be investigated by taking behavioural data into account, such as driver's gaze behaviour. 

The participants’ gaze behaviour was measured in the current study and is currently under 

investigation (Smart Eye Pro, version 6.1.13; Smart Eye, 2016). According to Hergeth, Lorenz, 

Vilimek, and Krems (2016), questionnaires are not a measure that is continuous. Therefore, 

questionnaires cannot capture real-time changes in driver's trust. Results of a simulator study 

suggest that gaze behaviour provides a more objective indicator of driver's trust compared to self-

reports (Walker, Verwey, & Martens, 2018). The higher participants’ self-reported trust was, the 

less did participants monitor the roadway and the more they paid attention to non-driving related 

tasks. Therefore, behavioural data such as gaze behaviour could bring more clarification whether 

participants paid more attention to the limited or rich HMI information quantity.  

7.3 FURTHER RESEARCH 

Future studies should focus on trust in HMI information quantities, since literature in this 

domain is sparse and results of the current study need to be replicated. When trying to replicate 

the trust results of the current study, behavioural data such as gaze behaviour should be considered 

as this could bring other and deeper insights than just subjective interpretations of trust. Another 

recommendation for future research concerns the route of the real-drive study. Since only the road 

types of rural and urban were used, this makes it interesting to explore trust in different information 

quantities on other road types such as the motorway. Due to the vehicle’s speed increment the 

driver only has a short period of time to perceive and process the displayed information by which 

effects between low and high information quantity might occur more extreme.  
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7.4 LIMITATIONS  

Concerning the results of the current study, some limitations should be considered. 

Regarding the relation between the HMI information quantity and trust, it was assumed that the 

differences in information quantity have a direct effect on the driver’s trust level. However, it 

might be the case that the different information quantities were detrimental to the overall user 

experience, more than to trust. Especially, as the participants were set with (non)- interactive tasks 

which might have compromised the overall experience. The presented HMIs offered different 

options and visual layouts that might also have affected the overall experience of driving, thus 

reducing or increasing the level of trust. Therefore, this makes it a limitation point of the conducted 

study since it was not controlled for the user experience which might be a confounding variable. 

Due to high time demands that were required for each participant, only a limited sample size (N = 

15) was involved in the real drive study. Since all participants were employees of Opel Automobile 

GmbH, the trust ratings on the HMIs might be influenced by the personal relationship for the 

brand, additionally. Further, all participants possessed driving licenses for at least five years, 

making them experienced drivers. Thus, there is a limitation in the representation of the entire 

population. 

 Lastly, a limitation point of the current study is that it was not controlled for the information 

quantity of the HMIs in form of a questionnaire. It is unknown how people perceive different 

information quantities communicated via an HMI. Therefore, it might be the case that participants 

also perceived the HMIs to be different in their HMI information quality, more than information 

quantity. 

7.5 CONCLUSION 

Results of the study give the general implication that trust constitutes a contributing factor 

that should be considered in in-vehicle HMI design. An HMI providing a limited information 

quantity was associated with higher driver trust. These results imply that an HMI design with 

limited information quantity would be beneficial to the driver in the context of trust. Therefore, a 

recommendation for HMI design is that adding information displayed to the driver instead of 

removing some should be reconsidered and deliberated, as an HMI design with reduced 

information quantity seems to be applicable when trust is considered. Though, more comparable 

studies are necessary to reinforce the findings of the current study. Investigating the relationship 
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between levels of trust and LOC in the context of information quantities communicated via the 

HMI was novel to existing research. This study found no difference in trust levels between 

participants with an internal LOC and participants having an external LOC. Since it seems that the 

relationship between LOC and trust in the context of HMI information quantity is different from 

the relationship of other domains in the human-human and human-machine interaction, it is 

important to conduct comparable studies with which these findings can be compared. When 

conducting a similar study, not only subjective but also objective measures, such as eye-tracking, 

should be used for measuring levels of trust, as an objective indicator could bring more clarification 

in driver’s trust. Therefore, an interaction effect between HMI information quantity and LOC 

remains an interesting variable to be investigated in the context of trust. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Evaluation of different HMI information quantities on Trust 

33 
 

8 REFERENCES 
 
Bubb, H. (2015). Einführung. In: Heiner Bubb, Klaus Bengler, Rainer Grünen, Mark Vollrath  

 (Eds.). Automobilergonomie, 1-26, Springer Vieweg. 

 

Bubb, H. (1993). Systemergonomie. In Heinz Schmidtke (Ed.) Ergonomie, 3, 305-458. Hanser 

 

Carter, L., & Bélanger, F. (2005). The utilization of e-government services: Citizen trust,  

 innovation and acceptance factors. Information Systems Journal, 15(19), 5–25,  

            doi: 10.1111/j.1365-2575.2005.00183  

Choi, J. K., & Ji, Y. G. (2015). Investigating the importance of trust on adopting an autonomous  

 vehicle. International Journal of Human-Computer Interaction, 31(10), 692-702.  

 doi: 10.1080/10447318.2015.1070549 

Cook, K. S., Snijders, C., Buskens, V., & Cheshire, C. (Eds.). (2009). eTrust: Forming 

relationships in the online world. New York: Russell Sage Foundation. 

  

Deutsch, M. (1958). Trust and suspicion. Journal of conflict resolution, 2(4), 265-279. 

            doi: 10.1177/002200275800200401 

 

Deutsch, M. (1960). The effect of motivational orientation upon trust and suspicion. Human  

 relations, 13(2), 123-139. doi: 10.1177/001872676001300202 

 

Dienes, Z. (2014). Using Bayes to get the most out of non-significant results. Frontiers in 

Psychology, 5, 781. 

 

Dzindolet, M. T., Peterson, S. A., Pomranky, R. A., Pierce, L. G., & Beck, H. P. (2003). The role  

 of trust in automation reliance. International journal of human-computer studies, 58(6), 

697-718. doi: 10.1016/S1071-5819(03)00038-7 

 



Evaluation of different HMI information quantities on Trust 

34 
 

Feld, M., & Müller, C. (2011). The automotive ontology: managing knowledge inside  

 the vehicle and sharing it between cars. Automotive UI: In Proceedings of the 3rd 

International Conference on Automotive User Interfaces and Interactive Vehicula 

Applications, 79–86. doi: 10.1145/2381416.2381429 

 

Flavián, C., Guinalíu, M., & Gurrea, R. (2006). The role played by perceived usability,  

 satisfaction and consumer trust on website loyalty. Information and Management, 43(1),  

 1–14. doi: 10.1016/j.im.2005.01.002 

 

Fridman, L., Langhans, P., Lee, J., & Reimer, B. (2016). Driver gaze region estimation without  

 use of eye movement. IEEE Intelligent Systems, 31(3), 49-56. doi: 10.1109/MIS.2016.47 

 

Gefen, D., Karahanna, E., & Straub, D. W. (2003). Trust and TAM in online shopping: An  

 integrated model. MIS Quarterly, 27, 51–90. 

 

Gefen, D., & Straub, D. W. (2000). The relative importance of perceived ease of use in IS  

 adoption: a study of e-commerce adoption. Journal of the Association for Information  

 Systems, 1(1), 8. doi: 10.17705/1jais.00008 

 

Gkouskos, D., Normark, C. J., & Lundgren, S. (2014). What drivers really want: Investigating  

 dimensions in automobile user needs. International Journal of Design, 8(1), 59-71. 

 

Gold, C., Körber, M., Hohenberger, C., Lechner, D., & Bengler, K. (2015). Trust in  

 automation–Before and after the experience of take-over scenarios in a highly automated  

 vehicle. Procedia Manufacturing, 3, 3025-3032. doi: 10.1016/j.promfg.2015.07.847 

 

Gronau, Q. F., Ly, A., & Wagenmakers, E. J. (2020). Informed Bayesian t tests. The  

 American Statistician, 74, 137-143. 

 

Helldin, T. (2014). Transparency for Future Semi-Automated Systems: Effects of transparency 

            on operator performance, workload, and trust. Doctoral dissertation. 



Evaluation of different HMI information quantities on Trust 

35 
 

 

Hillen, M. A., de Haes, H. C., Stalpers, L. J., Klinkenbijl, J. H., Eddes, E. H., Verdam, M. G., &  

 Smets, E. M. (2014). How attachment style and locus of control influence patients' trust  

 in their oncologist. Journal of psychosomatic research, 76(3), 221-226. doi:   

           10.1016/j.jpsychores.2013.11.014 

 

Hoff, K. A., & Bashir, M. (2014). Trust in automation: Integrating empirical evidence on factors  

 that influence trust. Human Factors, 57, 407–434. doi: 10.1177/ 0018720814547570 

 

Hoyt, M. F. (1973). Internal-external control and beliefs about automobile travel. Journal of  

 Research in Personality, 7(3), 288-293. doi: 10.1016/0092-6566(73)90043-3 

 

JASP Team (2019). JASP (Version 0.9.2) [Computer software]. https://jasp-stats.org/. 

 

Jeffreys, H. (1998). The Theory of Probability. Oxford: Clarendon Press. 

 

Kaplan, S. E., Reneau, J. H., & Whitecotton, S. (2001). The effects of predictive ability  

 information, locus of control, and decision maker involvement on decision aid reliance.  

 Journal of Behavioral Decision Making, 14(1), 35-50. doi: 10.1002/10990771(200101)14 

 

Keysers, C., Gazzola, V., & Wagenmakers, E. J. (2020). Using Bayes factor hypothesis testing in 

neuroscience to establish evidence of absence. Nature Neuroscience, 23, 788-799. 

 

Kindelsberger, J., Fridman, L., Glazer, M., & Reimer, B. (2018). Designing Toward Minimalism  

 in Vehicle HMI. arXiv preprint arXiv:1805.02787. 

 

Khan, T., Pitts, M., & Williams, M.A. (2016). Cross-cultural differences in  

 automotive HMI design: a comparative study between UK and Indian users’ design  

 preferences. Journal of Usability Studies 11(2), 45–65.  



Evaluation of different HMI information quantities on Trust 

36 
 

Lee, J., & Moray, N. (1992). Trust, control strategies and allocation of function in  

 human–machine systems. Ergonomics, 35, 1243–1270. doi:10.1080/00140139208967392 

 

Lee, J. D., & Moray, N. (1994). Trust, self-confidence, and operators’ adaptation to automation.  

 International Journal of Human–Computer Studies, 40(1), 153–184. doi:

 10.1006/ijhc.1994.1007 

Lee, J. D., & See, K. A. (2004). Trust in automation: Designing for appropriate reliance. Human  

 Factors, 46(1), 50–80. doi: 10.1518/hfes.46.1.50 

 

Lee, M. D., & Vanpaemel, W. (2018). Determining informative priors for cognitive models. 

Psychonomic Bulletin & Review, 25, 114-127.  

 

Lefcourt, H. M. (1976). Locus of control and the response to aversive events. Canadian  

 Psychological Review/Psychologie Canadienne, 17(3), 202.209. doi: 10.1037/h0081839 

Legge, G. E., & Foley, J. M. (1980). Contrast masking in human vision. Josa, 70(12),  

 1458-1471. doi: 10.1364/JOSA.70.001458 

Loehmann, S., & Hausen, D. (2014). Automated driving: Shifting the primary task from the  

 center to the periphery of attention. In Workshop Peripheral Interaction: Shaping the  

 Research and Design Space. In conjunction with Human Factors in Computing Systems  

 (CHI). 

 

Lyu, N., Xie, L., Wu, C., Fu, Q., & Deng, C. (2017). Driver’s cognitive workload and driving  

 performance under traffic sign information exposure in complex environments: a case  

 study of the highways in China. International journal of environmental research and  

 public health, 14(2), 203. doi: 10.3390/ijerph14020203 

 

Mayer, R. C., Davis, J. H., & Schoorman, F. D. (1995). An integrative model of organizational  

trust. Academy of management review, 20(3), 709-734. doi: 

10.5465/amr.1995.9508080335 



Evaluation of different HMI information quantities on Trust 

37 
 

Mercado, J. E., Rupp, M. A., Chen, J. Y., Barnes, M. J., Barber, D., & Procci, K. (2016).  

 Intelligent agent transparency in human–agent teaming for Multi-UxV management.  

 Human factors, 58(3), 401-415. doi: 10.1177/0018720815621206 

 

Muramatsu, J., & Pratt, W. (2001). Transparent Queries: investigation users' mental  

 models of search engines. SIGIR '01: Proceedings of the 24th annual international ACM 

            SIGIR conference on Research and development in information retrieval, 217-224. doi: 

            10.1145/383952.383991 

 

Ou, C. X., & Sia, C. L. (2010). Consumer trust and distrust: An issue of website design.  

 International Journal of Human-Computer Studies, 68(12), 913-934. doi:  

           10.1016/j.ijhcs.2010.08.003 

 

Özkan, T., & Lajunen, T. (2005). Multidimensional Traffic Locus of Control Scale (T-LOC):  

 factor structure and relationship to risky driving. Personality and individual differences,  

 38(3), 533-545. doi: 10.1016/j.paid.2004.05.007 

 

Parasuraman, R., Sheridan, T. B., & Wickens, C. D. (2008). Situation awareness, mental  

 workload, and trust in automation: Viable, empirically supported cognitive engineering  

 constructs. Journal of Cognitive Engineering and Decision Making, 2, 140–160. doi:   

            10.1518/155534308X284417 

Pavlou, P. A. (2014). Consumer acceptance of electronic commerce: Integrating trust and risk  

 with the technology acceptance model. International Journal of Electronic Commerce, 7,  

 101–134. doi: 10.1080/10864415.2003.11044275 

Phares, E. J. (1976). Locus of control in personality. Morristown, NJ: General Learning Press.  

Pöhler, G., Heine, T., & Deml, B. (2016). Itemanalyse und Faktorstruktur eines Fragebogens zur  

 Messung von Vertrauen im Umgang mit automatischen Systemen. Zeitschrift für  

 Arbeitswissenschaft, 70(3), 151-160. doi: 10.1007/s41449-016-0024-9 

 

https://dl.acm.org/doi/proceedings/10.1145/383952
https://dl.acm.org/doi/proceedings/10.1145/383952


Evaluation of different HMI information quantities on Trust 

38 
 

Rempel, J. K., Holmes, J. G., & Zanna, M. P. (1985). Trust in close relationships. Journal of  

 personality and social psychology, 49(1), 95. 

 

Riegelsberger, J., Sasse, M. A., & McCarthy, J. D. (2005). The mechanics of trust: A framework  

 for research and design. International Journal of Human-Computer Studies, 62(3),  

 381-422. doi: 10.1016/j.ijhcs.2005.01.001 

 

Rouder, J. N. (2014). Optional stopping: No problem for Bayesians. Psychonomic Bulletin & 

Review, 21, 301-308 

 

Rosenholtz, R., Li, Y., Mansfield, J., & Jin, Z. (2005). Feature congestion: a measure of  

 display clutter. CHI '05: Proceedings of the SIGCHI Conference on Human Factors in 

            Computing Systems, 761-770. doi: 10.1145/1054972.1055078 

 

Ross, W., & LaCroix, J. (1996). Multiple meanings of trust in negotiation theory and research: A  

 literature review and integrative model. International Journal of Conflict Management,  

 7(4), 314-360. doi: 10.1108/eb022786 

 

Rossi, T. (2019). A brief history of in-vehicle infotainment and car data storage. 

 Retrieved from https://www.tuxera.com/blog/a-brief-history-of-in-vehicle-infotainment- 

how-tuxera-fits-in/ 

 

Rotter, J. B. (1966). Generalized expectancies for internal versus external control of  

 reinforcement. Psychological monographs: General and applied, 80(1), 1-28. doi:  

            10.1037/h0092976 

 

Rotter, J. B. (1967). A new scale for the measurement of interpersonal trust 1. Journal of  

 personality, 35(4), 651-665. doi: 10.1111/j.1467-6494.1967.tb01454.x 

 

https://dl.acm.org/doi/proceedings/10.1145/1054972
https://dl.acm.org/doi/proceedings/10.1145/1054972


Evaluation of different HMI information quantities on Trust 

39 
 

Seckler, M., Heinz, S., Forde, S., Tuch, A. N., & Opwis, K. (2015). Trust and distrust on the  

 web: User experiences and website characteristics. Computers in human behavior, 45,  

 39-50. doi: 10.1016/j.chb.2014.11.064 

 

Sheridan, T. B. (1975). Considerations in modeling the human supervisory controller.  

 IDAC Proceeding Volumes, 8(1), 223-228. doi: 10.1016/S1474-6670(17)67555-4  

 

Sheridan, T. B., & Hennessy, R. T. (1984). Research and modeling of supervisory control  

 behavior. Report of a workshop. Washington DC: National Research Council, Committee  

 on Human Factors. 

 

Sinha, R., & Swearingen, K. (2002). The role of transparency in recommender systems.  

 CHI'02 extended abstracts on Human factors in computing systems, 830-831. doi:   

            10.1145/506443.506619 

 

Smart Eye. (2016). SMART EYE PRO 3D EYE TRACKING. Retrieved from  

 http://smarteye.se/wp-content/uploads/2016/04/Smart-Eye-Pro.pdf 

 

Stuart, J. A., & Burian, H. M. (1962). A Study of Separation Difficulty*: Its Relationship to  

 Visual Acuity in Normal and Amblyopic Eyes. American Journal of Ophthalmology,  

 53(3), 471-477. doi: 10.1016/0002-9394(62)94878-X 

 

Thatcher, J. B., McKnight, D. H., Baker, E. W., Arsal, R. E., & Roberts, N. H. (2010). The role  

 of trust in postadoption IT exploration: An empirical examination of knowledge  

 management systems. IEEE, 58(1), 56-70. doi: 10.1109/TEM.2009.2028320 

 

Tonnis, M., Broy, V., & Klinker, G. (2006). A survey of challenges related to the design  

 of 3d user interfaces for car drivers. IEEE, 127-134. doi: 10.1109/VR.2006.19 

 



Evaluation of different HMI information quantities on Trust 

40 
 

Uggirala, A., Gramopadhye, A. K., Melloy, B. J., & Toler, J. E. (2004). Measurement of trust in  

 Complex and dynamic systems using a quantitative approach. International Journal of  

 Industrial Ergonomics, 34(3), 175-186. doi: 10.1016/j.ergon.2004.03.005  

 

Mark Vollrath, Josef F. Krems. 2011. Verkehrspsychologie: Ein Lehrbuch für Psychologen, 

Ingenieure und Informatiker. Kohlhammer. 

 

Walker, F., Verwey, W., & Martens, M. (2018). Gaze behaviour as a measure of trust in automated 

vehicles.  Proceedings of the 6th Humanist Conference. The Hague, Netherlands  

 

Williams, A. F. (1972). Factors associated with seat belt use in families. Journal of Safety 

Research, 4(3), 133-138. 

 

Wolfe, J. M., & Pashler, H. (1998). Visual search. Attention. (pp. 13–73). London: University  

 College London Press. 

 

Zimmermann, H. J. (2000). An application-oriented view of modeling uncertainty. European  

 Journal of operational research, 122(2), 190-198. doi: 10.1016/S0377-2217(99)00228-3 


