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Abstract 

Autonomous vehicles (AVs) are about to revolutionize the transportation industry. However, 

consumers’ low trust in this technology seriously impedes adoption. Based on qualitative 

interviews with German participants, this article explores the idea that the certification of AVs 

increases consumers’ trust in and willingness to adopt AVs. The results show that consumers 

are skeptical of and lack knowledge about this new mode of transportation. Nevertheless, 

study participants are generally inclined to use AVs in the future and are even more willing to 

do so if such cars have been certified by a trustworthy authority. While hardware and software 

certification are seen as mandatory, respondents lacked knowledge about data certification 

and AV data privacy issues.  
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Introduction 

In the next few years, the automotive industry will change fundamentally, largely due to the 

introduction of autonomous vehicles (AVs) [1]. In general, autonomy describes “the ability of 

a system to make its own decisions and to act on its own, and to do both without direct human 

intervention” [2, p. 277]. This definition implies that cars will increasingly develop from a 

mechanical to a highly technological product [3]. Yet, not only will cars change, but the AV 

market introduction will also hugely impact society [4]. This development will create 

numerous opportunities, but also involves several obstacles. One major problem is that 

consumers do not sufficiently trust AV technology [5]. They are skeptical about AVs as they 

have to rely on a for them potentially harmful technology they cannot control [6]. Other 

concerns with regard to AVs include data privacy [6] or accident-related physical harm [7]. 

Moreover, as research shows, consumers are hesitant to adopt AVs [8]. Thus, one open 

question is how best to enhance consumers’ trust in AVs and their intention to adopt this 

technology. Various measures have been suggested to achieve this objective, including the 

promotion of AVs by opinion leaders [9] and providing the public with detailed information 

about those cars [10], [11]. Moreover, some researchers have recommended giving consumers 

the opportunity to interact with AVs to accustom them to this technology and thereby to 

develop more positive attitudes toward it [12].  

A rather new approach—and the one suggested and evaluated here—is to certify AV 

hardware, software, and data. What follows focuses on Germany, where the testing, 

inspection, and certification market has a long history, ever since the foundation of the TÜV 

(Technischer Überwachungsverein [Technical Inspection Association]) in 1866 [13]. At 

approximately the same time, the first certification initiatives also emerged in the United 

States, for example, the Underwriters Electrical Bureau, which has been responsible for 

testing the safety of products since 1894 [14]. However, while several studies have examined 
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the certification of autonomous technology in information systems research [e.g., 15], the 

influence of AV certification on consumers’ decision-making is largely underresearched. This 

article seeks to close this gap by exploring whether AV certification might feasibly increase 

trust in this technology and promote its adoption. It also analyzes under which conditions 

consumers might consider certification successful and discusses their general attitude toward 

AVs. To answer these questions, extensive qualitative interviews with German consumers 

were conducted. After an introduction of the theoretical background, the results of the 

interviews are presented and discussed, and implications for theory and practice are 

provided.  

 

Theoretical background 

Certification of digital technologies 

The effectiveness of certification and its influence on consumers have been studied for 

decades [e.g., 16]. By definition, “certification is the (voluntary) assessment and approval by 

a (accredited) party on a (accredited) standard” [17, p. 172]. Research has found that 

certification as a quality signaling method works because the “quality of a product is fully 

revealed to consumers by a certifying expert, whose verdict is assumed to be beyond doubt” 

[18, p. 187]. In recent years, various factors have been found to influence the success of 

certification seals. Examples include trust in the certification authority [19], in the 

certification scheme [17] and in the seal itself [20]. Further important aspects are the 

reputation [21], credibility, independence [22], and dependability [23] of the certifying entity, 

as well as assessment quality [21], strictness [24] and objectivity [25]. In general, various 

parties may act as the certification authority, such as governments, companies [26], or third-

party authorities [27]. 
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Previous certification research has examined highly diverse topics, for example, e-commerce 

[e.g., 28], food and nutrition [e.g., 29], cloud solutions [e.g., 30], and autonomous systems 

[e.g., 31]. Certification has been found to positively influence various factors, such as brand 

image [32], [33], perceived product quality [34], [35], and customer satisfaction [28]. Other 

studies have shown the influence of certification on purchasing willingness. Although largely 

considered positive [36]–[39], there are also contradictory results [40]. Regarding trust, a key 

factor in AV adoption [see below, e.g., 41, 42], numerous scholars have reported a positive 

influence of certification on trust [43]–[47], on trusting intentions [48], and on perceived 

trustworthiness [49], [50]. Other researchers, in contrast, have found no evidence for a 

positive effect of certification on trust [40], [51]–[53] or on trusting beliefs [54].  

Current research on the certification of autonomous products comes mainly from the area of 

information systems, such as automated transport systems [e.g., 55], advanced driver 

assistance systems [e.g., 15], or platoons [e.g., 56]. This focus, however, means that the 

consumer perspective on the need to certify autonomous products and, more specifically, AVs 

is largely missing. The research presented here marks a first step toward addressing this gap. 

In general, the aim of AV certification is to reassure car manufacturers and to keep consumers 

safe [15]. Koopman and Wagner [57] describe ensuring the safety of AVs as a multi-faceted 

challenge, because a certification strategy for AVs must address various issues at once, such 

as hardware reliability, human-machine interaction, software verification, and legal concerns.  

 

Trust in autonomous vehicles  

Prior research has shown that trust is central to deciding whether or not to adopt new 

technological products [57], [58]. For instance, Tay et al. [59, p. 77] concluded that “trust is 

pivotal in helping users overcome the perception of risk and uncertainty before the use of a 
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new technology.” Several factors influencing trust in AVs have been studied to date. These 

variables include AV experience [60], [61], automation failures [62], take-over requests [63], 

anthropomorphization [64], [65], cultural aspects [66], as well as system transparency and 

technical competence [42]. Along these lines, trust has been found to influence AV adoption 

decisions [6], [9], [41], [42], [61], [67], [68]. Apart from trust, other factors affecting AV 

adoption decisions are perceived usefulness [41], perceived ease of use [9], [67], perceived 

safety [61], social influence [9], psychological ownership, and self-efficacy [69]. Yet others 

include the locus of control [42], ethical dilemmas [70], feelings of anxiety [71], 

conscientiousness, emotional stability, openness to experience [10], and socio-demographic 

variables [8], [72].  

Another factor that is linked to trust in AVs is data privacy [73]. This is because AVs are able 

to collect and analyze a huge amount of data and to work together in real-time with several 

entities [74]. Thus, with the introduction of AVs, consumers will most likely no longer be 

able to move anonymously, as AV data enable manufacturers and other entities to track 

drivers and to see at which locations they have been [75]. Nevertheless, while potentially 

disadvantageous to consumers, this information might prove very useful and economically 

beneficial for companies as it provides valuable insights, e.g., for demand planning or 

advertising [75].  

 

Methodology  

Even though research on AVs has significantly increased in recent years, many questions still 

remain underexplored. Additionally, while its need has been established on a general level, 

AV certification is yet to be investigated in-depth, especially its effect on consumer behavior. 

Hence, this study uses exploratory qualitative interviews to provide insight into how AV 
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certification impacts consumer trust and adoption intention. It also seeks to better understand 

consumers’ attitudes toward AVs and toward certification in general as well as certification 

success factors.  

Thirteen semi-structured qualitative interviews with German consumers were conducted in 

autumn 2018. Although the number of interviewees is not very high, previous research has 

shown that while overarching themes can be defined as early as after six interviews, 

“saturation occurred within the first twelve interviews” [76, p. 59]. Arsel [77], highlighting 

the importance of interviews in consumer research, observed that “the interactive, flexible but 

focused nature of interviews still makes them one of the most trustworthy and effective 

sources of data about consumers” [77, p. 939]. Semi-structured interviews were selected as a 

means of data collection as they enable pursuing a line of thought through predefined topics 

and questions, but at the same time allow for the flexibility of delving deeper into areas of 

interest [77].  

Participants were randomly selected from the panel of a market research agency with the goal 

of being representative of the German population in terms of age and gender. Interviewees 

had to fulfill various participation criteria: They had to have a valid driver’s license, be over 

18 years old, and have undergone a technical vehicle inspection in the past. Regular car 

inspections are mandatory under German law [78]. The gender split of participants was fairly 

equal, with six (of thirteen) interviewees being female and ages ranging between 25 and 63 

years. Interviews were conducted by telephone and lasted between 20 and 45 minutes. All 

conversations were tape-recorded with the consent of participants and selectively transcribed 

and categorized. Participants were told to assume that the car in question was a fully AV. For 

the purpose of the study, fully autonomous driving was defined as “the full time performance 

by an automated driving system of all aspects of the dynamic driving task under all roadway 

and environmental conditions that can be managed by a human driver” [79, p. 2].  
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Prior to the interview, participants were briefly introduced to the interviewer and to the 

procedure and aim of the study. Then, if existent, the respondents’ open questions were 

answered. Both steps are in line with Arsel’s [77] recommendations on conducting qualitative 

research. The interviews approached the research questions from a general angle, starting with 

trust in technology. The focus was subsequently narrowed to trust in AVs, participants’ 

attitude toward certification, the issue of consumers’ opinion of and attitude toward AVs, and 

their need for AV certification. Questions, for example, included “What would help you to 

gain trust in AVs?” and “What would you think if AVs were certified?” (see Figure 1 for the 

key topics of the interview guideline).  

 

[Insert Figure 1 about here] 

 

Results  

With a few exceptions, the majority of interviewees stated that technology plays an important 

role in their lives. Even though some feared that the use of technology might get out of hand 

in the future, they were mostly open to innovative technical products. However, some 

products were described as unnecessary, for instance, if their benefit was not directly visible. 

When asked what was important about technical products, participants listed the following 

aspects: usefulness and reduced physical and/or cognitive workload, easy handling, time-

saving, and reliability. However, participants also voiced several concerns about innovative 

technological products: data privacy, feeling controlled, over-reliance, and dependency.  

Regarding AVs, this study found that while participants’ knowledge about autonomous 

driving varies considerably, it is generally rather low. This is mainly due to the fact that 
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interviewees perceived AVs as a too distant reality—they estimated that fully AVs would not 

be on the streets for the next 10 to 15 years. Participants were of the opinion that AVs will 

lead to more efficient driving, combined with time-saving, fewer accidents, and less 

congestion. They described AVs as especially useful for elderly and mobility-impaired 

persons. However, respondents struggled with the idea of completely handing over control to 

an AV and no longer being able to make their own decisions, a finding in line with Hegner et 

al. [41]. Participants stated that they would rather trust human drivers than AVs as this 

technology is potentially harmful. Thus, current trust levels in AVs are rather low. Further 

concerns included ethical issues, AV decision-making in safety-critical situations, and AV 

accountability in the event of an accident. Other major points of criticism concerned 

cybersecurity, the threat of hacking and data privacy.  

Even though most respondents were generally open to autonomous driving, they were at the 

same time also skeptical. They feared that the technology was not yet fully developed and will 

not function properly when introduced to the market, being a severe danger to health and life. 

Participants were not eager to try fully AVs as early adopters but rather planned to use such 

cars once reassured that they functioned properly and safely. When asked to indicate which 

measures would increase their trust in AVs, respondents mentioned test drives, media 

campaigns and advertising, the publication of statistical data and information from car testing 

series, as well as AV inspections by independent organizations. They also stated that they 

would be more inclined to adopt AVs after some car-sharing experience and using other 

autonomous means of transport (e.g., autonomous public buses).  

Concerning certification in general, participants had diverging opinions: While some observed 

that certification influenced their product evaluation and purchasing decisions, others were 

more skeptical. These doubts stemmed mainly from past scandals, especially in the food and 

nutrition sector, leading respondents to doubt the quality of certification seals. This result is 
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linked to the finding that participants use certification seals to evaluate more expensive 

products (e.g., technological devices) rather than fast-moving consumer goods. Although 

respondents regarded certification as a quality indicator, they also stated that this does not 

provide one hundred percent certainty about the quality of a product, but at least indicates that 

a product has been checked by an additional entity. Analyzing the interview data also revealed 

factors considered important for the trustworthiness of a certification seal: It ought to be 

reputed and approved by the government (but does not need to be issued by it). Moreover, 

participants identified crucial factors for the success of certification companies: independence, 

not being driven by financial interests, and adherence to strict certification criteria. These 

results are in line with findings in the literature [22], [24]. Furthermore, participants mostly 

did not trust unknown seals—and if they did, then to a considerably lower degree than well-

known ones.  

Regarding AVs, interviewees highlighted that certification is crucial and ought to be 

mandatory. The majority of participants agreed that certification would increase their trust in 

AVs or at least indicate its trustworthiness. As with the general certification quality criteria, 

respondents stressed the importance of AVs being certified by a trustworthy, well-known 

institution. An unknown company would have no consumer trust, at least initially. 

Additionally, participants reported that they would always prefer using a certified AV 

compared to an uncertified one. More specifically, the need for certification was discussed for 

several elements of AVs: hardware and software, as well as the data generated, exchanged, 

and used when driving an AV. Regarding vehicle hardware (e.g., brakes, lights), respondents 

stated that AVs should be certified analogously to the certification standards and cycles 

currently being used in Germany (i.e., every two years on average). The software used in 

AVs, in contrast, should be checked and certified more regularly than the hardware, at least 

prior to installation or updating. While participants unanimously agreed that AV hardware 
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could be certified by the same companies as today, they expressed concerns about whether 

such entities could also execute software certifications due to a lack of skills and possible staff 

shortages. Interviewees deemed existing certification companies suitable to perform software 

certification only if they significantly extended their IT knowledge and increased the number 

of skilled employees in this area of certification. However, new software certification 

companies were also viewed skeptically because of a lack of consumer trust in their expertise. 

This finding ties in with study participants repeatedly highlighting the importance of 

certification providers needing to be trusted actors in the certification market from the outset.  

Regarding the certification of AV data, it became clear that most respondents were not aware 

of the practice of and the need for data collection and exchange when using AVs. Only after 

the interviewer explained this aspect did participants realize the critical nature of this topic in 

terms of data privacy and security, among others. Regarding data privacy, respondents’ 

opinions oscillated between two extremes. While some pointed out the high standards and 

importance of data protection in Germany, others stated that they did not mind AVs collecting 

personal data, as they already felt monitored by data-driven devices (e.g., by their 

smartphones). In general, all participants considered data certification necessary, at least for 

reasons of data security.  

Optimally, according to respondents, no personal data should be collected. If, however, data 

collection was necessary, data should be anonymized when used. Moreover, the information 

collected should be regularly deleted. Furthermore, data usage should be restricted to certain 

entities and certain purposes. These include, for example, technical improvements or 

emergencies, yet not advertising or similar activities. Some participants also doubted whether 

it is technically possible to conduct data certification due to the enormous amounts of data 

generated and exchanged by AVs and the limited storage capacity of servers. Another point 

raised by respondents concerned the fact that manufacturers might be reluctant to share AV 
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data with certification companies, especially when problems with an AV occurred. Moreover, 

participants wished that if data certification was necessary, then the data of German AV 

consumers should be stored on servers located in Germany rather than elsewhere. 

Regarding the frequency of data certification, interviewees stated that data certification should 

take place in regular intervals. Nevertheless, responses about suitable time periods varied, as 

they did about who should certify AV data. Various possible entities for data certification 

were proposed, including a government agency, the respective car manufacturer, a new third-

party institution, or a collaboration between the government and another entity (e.g., the 

manufacturer or a company specializing in and experienced with data handling, storage, and 

collection). Regarding AV data certification, interviewees also expressed concerns about data 

being distributed to further entities and the lacking knowledge of certification authorities for 

properly performing this task. Finally, participants feared that certification companies might 

follow self-serving motives, ones benefitting only their business interests, yet not protecting 

consumers and their data privacy. 

 

Discussion 

The results show that participants are aware of the emerging AV technology, but do not 

entirely grasp its future societal and economics implications. Although the interviewees in this 

study were generally open to new technologies and innovation, their little knowledge about 

and trust in AV technology indicate that further education and trust creation measures are 

needed for AVs to be introduced successfully in the future. However, what exactly is the best 

approach needs to be thoroughly evaluated. In this regard, certification seems to be a viable 

measure to increase trust in AVs. Importantly, the certification seal, certification process, and 

certifying authority must meet certain quality requirements. These include, for example, a 
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reputable and trusted certification authority with a proven track record of performing 

certification in certain industries and conducting a trustworthy and secure certification 

process. 

Measures also need to be tailored to purpose, that is, whether it is a matter of certifying 

software, hardware, or data. Especially regarding data certification, respondents’ opinions 

varied widely. Further, the low level of knowledge about data certification among respondents 

suggests that introducing educational measures would certainly benefit consumers. Moreover, 

study participants were partially ignorant about possible data privacy issues and the 

traceability of their lives via AV data collection. However, this might also be due to 

respondents being, at least to some degree, weary of these subjects and already feeling “see-

through” and monitored. This is because, in their opinion, smartphones and other smart 

products are already gathering personal information and thus, AV data collection does not 

greatly impact their lives or bring about much change. 

This study concludes that AV certification might be a feasible way of increasing trust in AVs 

as well as adoption intentions. And yet, the analysis also shows that this might not be a 

feasible way by all means. For although participants stated that they would rather use certified 

than uncertified vehicles, this does not mean that they strongly trust this technology, but that 

they merely consider certification as the better of two alternatives. Thus, apart from 

certification, other ways of increasing consumers’ trust in AVs as well as their adoption 

intentions should be explored. In this regard, this study has probed consumer opinions about 

what would be possible measures for increasing respondents’ trust and willingness to adopt 

AVs. Mostly, these suggestions were practical (e.g., displaying information about staff AV 

certification training in car repair workshops) and did not concern laws or other official 

regulations. Yet, these are central to AV safety, as AVs need be certified against government 

standards [15].  
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Conclusion 

This paper has examined a new way of increasing consumers’ trust in AVs as well as their 

intention to adopt this type of car: AV hardware, software, and data certification. To this end, 

qualitative semi-structured interviews with German participants were conducted. Overall, 

respondents were found to have a rather low knowledge of autonomous cars and were 

somewhat skeptical about this new form of mobility. In general, interviewees felt that 

certification would likely improve their trust in AVs. They also stated that they would be 

more inclined to use a certified AV compared to an uncertified one, as they had a higher trust 

in it. Importantly, moreover, software, hardware, and data all need to be certified by a suitable 

entity. However, who this certification authority should be is highly controversial: While 

hardware can be continued to be certified by entities already performing this task, study 

participants did not concur on who should conduct software and data certification. They did, 

however, agree that the certification authority should be trustworthy and have substantial 

knowledge in the respective area of work. Overall, despite several questions still needing to 

be resolved, AV certification seems a viable measure for increasing consumer trust in and 

adoption intention of this technology.  

This research contributes to the literature on certification, trust in AVs, and the adoption 

mechanisms of autonomous products. While research on the certification of autonomous 

systems and AVs has increased significantly in recent years, such studies have mainly been 

conducted in the field of information systems. Insights into consumer behavior are largely 

missing. As such, this research marks as a first step toward evaluating consumer perceptions 

of the certification of autonomous products. Besides extending theoretical knowledge, this 

study has several implications for various industry sectors. First and foremost, AV 

manufacturers might take into account the use of AV certification to foster AV adoption, 

possibly in combination with other measures aimed at increasing consumer trust in such cars. 
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Companies in the certification, testing, and inspection industry will have to remain alert and 

flexible to changes in the market to stay successful. While established market participants will 

need to carefully examine their positioning and consider extending or repositioning their 

business activities, new certification companies (e.g., car manufacturers) might consider 

entering the certification, testing, and inspection industry. New market entrants, however, will 

only succeed if they can create enough consumer trust in their skills, processes, and 

certification seals. Companies seeking to have their AVs certified will need to carefully 

choose a certification firm that is perceived as suitable and trustworthy by consumers. On the 

regulatory side, governments, along with the responsible institutions, will need to define rules 

and standards for AV certification, or at least adapt existing ones to this new technology, in 

order to foster the market introduction and commercial success of this innovative means of 

transport. 

Despite providing initial evidence on AV certification, the results of this study are restricted 

in some respects and more research in this direction is needed. Limitations include the 

regional focus (on Germany) and lacking participant segmentation based on socio-

demographic variables such as age and gender. Furthermore, while the purpose of the study 

was to explore the feasibility of AV certification on a general level, some topics (e.g., the 

need for data certification and data privacy) should be analyzed in more depth to gain more 

detailed insights. As consumers will likely acquire more AV-related knowledge in the future, 

the topics discussed here could become central as regards consumers’ attitudes towards and 

adoption of AVs. If, for example, concerns about data privacy and related issues are not 

handled appropriately in the future, this might develop into an additional barrier toward AV 

adoption and might even create stronger trust issues than currently existing ones.  



 
16 

 

References 

[1] A. Nikitas, I. Kougias, E. Alyavina, and E. Njoya Tchouamou, “How can autonomous 

and connected vehicles, electromobility, BRT, hyperloop, shared use mobility and 

mobility-as-a-service shape transport futures for the context of smart cities?,” Urban 

Sci., vol. 1, no. 4, pp. 36–56, Nov. 2017, doi: 10.3390/urbansci1040036. 

[2] F. Dinmohammadi et al., “Certification of safe and trusted robotic inspection of 

assets,” in Proc. 2018 Progn. Syst. Health Mgmt. Conf., Chongqing, China, Oct. 26 – 

28, 2018, pp. 276–284, doi: 10.1109/PHM-Chongqing.2018.00054. 

[3] D. Garcia, C. Kreutzer, K. Badillo-Urquiola, and M. Mouloua, “Measuring trust of 

autonomous vehicles: A development and validation study,” in HCI Int. 2015 - 

Posters’ Ext. Abstr., Los Angeles, CA, USA, Aug. 2 – 7, 2015, pp. 610–615, doi: 

10.1007/978-3-319-21383-5_102. 

[4] T. J. Kim, “Automated autonomous vehicles: Prospects and impacts on society,” J. 

Transp. Technol., vol. 8, no. 3, pp. 137–150, July 2018, doi: 10.4236/jtts.2018.83008. 

[5] K. Lazányi and G. Maráczi, “Dispositional trust – Do we trust autonomous cars?,” in 

Proc. 2017 IEEE 15th Int. Symp. Intell. Syst. Inform., Subotica, Serbia, Sept. 14 – 15, 

2017, pp. 135–140, doi: 10.1109/SISY.2017.8080540. 

[6] K. Kaur and G. Rampersad, “Trust in driverless cars: Investigating key factors 

influencing the adoption of driverless cars,” J. Eng. Technol. Manag., vol. 48, pp. 87–

96, Apr. 2018, doi: 10.1016/j.jengtecman.2018.04.006. 

 

 

 



 
17 

 

[7] A. Grunwald, “Societal risk constellations for autonomous driving. Analysis, historical 

context and assessment,” in Autonomous Driving, 1st ed., M. Maurer, J. C. Gerdes, B. 

Lenz, and H. Winner, Eds., Berlin, Heidelberg, Germany: Springer-Verlag, May 2016, 

pp. 641–663. 

[8] C. J. Haboucha, R. Ishaq, and Y. Shiftan, “User preferences regarding autonomous 

vehicles,” Transp. Res. Part C Emerg. Technol., vol. 78, pp. 37–49, May 2017, doi: 

10.1016/j.trc.2017.01.010. 

[9] T. Zhang et al., “Automated vehicle acceptance in China: Social influence and initial 

trust are key determinants,” Transp. Res. Part C Emerg. Technol., vol. 112, pp. 220–

233, Mar. 2020, doi: 10.1016/j.trc.2020.01.027. 

[10] G. Charness and M.-C. Villeval, “Cooperation and competition in intergenerational 

experiments in the field and the laboratory,” Am. Econ. Rev., vol. 99, no. 3, pp. 956–

978, May 2009, doi: 10.1257/aer.99.3.956. 

[11] S. Pettigrew, C. Worrall, Z. Talati, L. Fritschi, and R. Norman, “Dimensions of 

attitudes to autonomous vehicles,” Urban, Plan. Transp. Res., vol. 7, no. 1, pp. 19–33, 

Jan. 2019, doi: 10.1080/21650020.2019.1604155. 

[12] P. Penmetsa, E. K. Adanu, D. Wood, T. Wang, and S. L. Jones, “Perceptions and 

expectations of autonomous vehicles – A snapshot of vulnerable road user opinion,” 

Technol. Forecast. Soc. Change, vol. 143, pp. 9–13, Jun. 2019, doi: 

10.1016/j.techfore.2019.02.010. 

[13] TÜV SÜD, “Unsere Gründungsjahre. 1866 - 1900,” 2020. https://www.tuvsud.com/de-

de/ueber-uns/geschichte/unsere-gruendungsjahre (accessed Mar. 20, 2020). 

 



 
18 

 

[14] Underwriters Laboratories, “History. 1894 UL Founded,” 2020. 

https://www.ul.com/about/history (accessed Mar. 18, 2020). 

[15] F. Falcini and G. Lami, “Challenges in certification of autonomous driving systems,” in 

Proc. 2017 28th IEEE Intern. Symp. Softw. Rel. Eng. Works., Toulouse, France, Oct. 23 

– 26, 2017, pp. 286–293, doi: 10.1109/ISSREW.2017.45. 

[16] T. L. Parkinson, “The role of seals and certifications of approval in consumer decision-

making,” J. Consum. Aff., vol. 9, no. 1, pp. 1–14, Jun. 1975, doi: 10.1111/j.1745-

6606.1975.tb00545.x. 

[17] M. P. Meuwissen, A. G. Velthuis, H. Hogeveen, and R. B. Huirne, “Traceability and 

certification in meat supply chains,” J. Agribus., vol. 21, no. 2, pp. 167–181, Fall 2003, 

doi: 10.22004/ag.econ.14666. 

[18] H. Hakenes and M. Peitz, “Umbrella branding and external certification,” Eur. Econ. 

Rev., vol. 53, no. 2, pp. 186–196, Feb. 2009, doi: 10.1016/j.euroecorev.2008.03.006. 

[19] J. Lansing, S. Schneider, and A. Sunyaev, “Cloud service certifications: Measuring 

consumers’ preferences for assurances,” in Proc. 21st Eur. Conf. Inf. Syst., 2013, 

Utrecht, Netherlands, Jun. 6 – 8, 2013, pp. 1–12. 

[20] D. P. Cook and W. Luo, “The role of third-party seals in building trust online,” e-

Service J., vol. 2, no. 3, pp. 71–84, Summer 2003, doi: 10.2979/esj.2003.2.3.71. 

[21] S. Cimato, E. Damiani, F. Zavatarelli, and R. Menicocci, “Towards the certification of 

cloud services,” in Proc. 2013 IEEE Ninth World Congr. Serv., Santa Clara, CA, USA, 

Jun. 28 – Jul. 3, 2013, pp. 92–97, doi: 10.1109/SERVICES.2013.16. 

 

 



 
19 

 

[22] D. S. Monteiro and S. Anders, “Third-party certification, food standards and quality 

assurance in supply chains,” J. Chain Netw. Sci., vol. 9, no. 2, pp. 83–88, Jan. 2009, 

doi: 10.3920/JCNS2009.x164. 

[23] T. Lynn, P. Healy, R. McClatchey, J. Morrison, C. Pahl, and B. Lee, “The case for 

cloud service trustmarks and assurance-as-a-service,” in Proc. Third Int. Conf. Cloud 

Comp. Serv. Sci., Aachen, Germany, May 8 – 10, 2013, pp. 110–115, doi: 

10.5220/0004405901100115. 

[24] J. Lansing, A. Benlian, and A. Sunyaev, “‘Unblackboxing’ decision makers’ 

interpretations of IS certifications in the context of cloud service certifications,” J. 

Assoc. Inf. Syst., vol. 19, no. 11, pp. 1064–1096, 2018, doi: 10.17705/1jais.00520. 

[25] J. Boegh, “Certifying software component attributes,” IEEE Softw., vol. 23, no. 3, pp. 

74–81, May 2006, doi: 10.1109/MS.2006.69. 

[26] T. L. Sporleder and P. D. Goldsmith, “Alternative firm strategies for signaling quality 

in the food system,” Can. J. Agric. Econ., vol. 49, no. 4, pp. 591–604, Dec. 2001, doi: 

10.1111/j.1744-7976.2001.tb00329.x. 

[27] S. Anders, D. Souza-Monteiro, and E. Rouviere, “Competition and credibility of 

private third-party certification in international food supply,” J. Int. Food Agribus. 

Mark., vol. 22, no. 3, pp. 328–341, Jun. 2010, doi: 10.1080/08974431003641554. 

[28] I. Park, A. Bhatnagar, and H. R. Rao, “Assurance seals, on-line customer satisfaction, 

and repurchase intention,” Int. J. Electron. Commer., vol. 14, no. 3, pp. 11–34, Apr. 

2010, doi: 10.2753/JEC1086-4415140302. 

 

 



 
20 

 

[29] C. Grebitus, L. Menapace, and M. Bruhn, “Consumers’ use of seals of approval and 

origin information: Evidence from the German pork market,” Agribusiness, vol. 27, no. 

4, pp. 478–492, Sep. 2011, doi: 10.1002/agr.20278. 

[30] I. Windhorst and A. Sunyaev, “Dynamic certification of cloud services,” in Proc. . 

2013 Int. Conf. Avail., Reliab. Sec., Regensburg, Germany, Sep. 2 – 6, 2013, pp. 412–

417, doi: 10.1109/ARES.2013.55. 

[31] R. Alexander, M. Hall-May, and T. Kelly, “Certification of autonomous systems,” in 

Proc. Second SEAS DTC Technol. Conf., Edinburgh, United Kingdom, 2007, pp. 1–8. 

[32] L. Martínez Caro and J. A. Martínez García, “Does ISO 9000 certification affect 

consumer perceptions of the service provider?.,” Manag. Serv. Qual., vol. 19, no. 2, pp. 

140–161, Mar. 2009, doi: 10.1108/09604520910943152. 

[33] S.-I. Wu and J.-Y. Jang, “The performance of ISO certification based on consumer 

perspective: A case study of a travel agency,” Total Qual. Manag. Bus. Excell., vol. 24, 

no. 3–4, pp. 496–518, Apr. 2013, doi: 10.1080/14783363.2011.560704. 

[34] R. W. Houston and G. K. Taylor, “Consumer perceptions of CPA WebTrust 

assurances: Evidence of an expectation gap,” Int. J. Audit., vol. 3, no. 2, pp. 89–105, 

Jul. 1999, doi: 10.1111/1099-1123.00051. 

[35] S.-I. Wu and J.-Y. Jang, “The impact of ISO certification on consumers’ purchase 

intention,” Total Qual. Manag. Bus. Excell., vol. 25, no. 3–4, pp. 412–426, Feb. 2014, 

doi: 10.1080/14783363.2013.776770. 

[36] M. A. Kamins and L. J. Marks, “The perception of kosher as a third party certification 

claim in advertising for familiar and unfamiliar brands,” J. Acad. Mark. Sci., vol. 19, 

no. 3, pp. 177–185, Jun. 1991, doi: 10.1177/009207039101900303. 



 
21 

 

[37] K. Özpolat, G. G. Gao, W. Jank, and S. Viswanathan, “The value of third-party 

assurance seals in online retailing: An empirical investigation,” Inf. Syst. Res., vol. 24, 

no. 4, pp. 1100–1111, Dec. 2013, doi: 10.1287/isre.2013.0489. 

[38] H. Zhang, “Trust-promoting seals in electronic markets: Impact on online shopping 

decisions,” J. Inf. Technol. Theory Appl., vol. 6, no. 4, pp. 29–40, 2005. 

[39] A. Nöteberg, E. Christiaanse, and P. Wallage, “Consumer trust in electronic channels: 

The impact of electronic commerce assurance on consumers’ purchasing likelihood and 

risk perceptions,” e-Service J., vol. 2, no. 2, pp. 46–67, Winter 2003, doi: 

10.1353/esj.2003.0014. 

[40] T. Bahmanziari, M. D. Odom, and J. C. Ugrin, “An experimental evaluation of the 

effects of internal and external e-assurance on initial trust formation in B2C e-

commerce,” Int. J. Account. Inf. Syst., vol. 10, no. 3, pp. 152–170, Sep. 2009, doi: 

10.1016/j.accinf.2008.11.001. 

[41] S. M. Hegner, A. D. Beldad, and G. J. Brunswick, “In automatic we trust: Investigating 

the impact of trust, control, personality characteristics, and extrinsic and intrinsic 

motivations on the acceptance of autonomous vehicles,” Int. J. Human-Computer 

Interact., vol. 35, no. 19, pp. 1769–1780, Nov. 2019, doi: 

10.1080/10447318.2019.1572353. 

[42] J. K. Choi and Y. G. Ji, “Investigating the importance of trust on adopting an 

autonomous vehicle,” Int. J. Human-Computer Interact., vol. 31, no. 10, pp. 692–702, 

Oct. 2015, doi: 10.1080/10447318.2015.1070549. 

 

 



 
22 

 

[43] S. E. Kaplan and R. J. Nieschwietz, “A web assurance services model of trust for B2C 

e-commerce,” Int. J. Account. Inf. Syst., vol. 4, no. 2, pp. 95–114, Jun. 2003, doi: 

10.1016/S1467-0895(03)00005-8. 

[44] M. K. Chang, W. Cheung, and M. Tang, “Building trust online: Interactions among 

trust building mechanisms,” Inf. Manag., vol. 50, no. 7, pp. 439–445, Nov. 2013, doi: 

10.1016/j.im.2013.06.003. 

[45] J. L. West, “A mixed method analysis of the Better Business Bureau’s third-party seal 

and the extent to which it inculcates trust among consumers,” J. Res. Interact. Mark., 

vol. 9, no. 3, pp. 214–238, Aug. 2015, doi: 10.1108/JRIM-09-2014-0055. 

[46] S.-C. Yang, W.-C. Hung, K. Sung, and C.-K. Farn, “Investigating initial trust toward e-

tailers from the elaboration likelihood model perspective,” Psychol. Mark., vol. 23, no. 

5, pp. 429–445, May 2006, doi: 10.1002/mar.20120. 

[47] K. Kim and J. Kim, “Third-party privacy certification as an online advertising strategy: 

An investigation of the factors affecting the relationship between third-party 

certification and initial trust,” J. Interact. Mark., vol. 25, no. 3, pp. 145–158, Aug. 

2011, doi: 10.1016/j.intmar.2010.09.003. 

[48] W. Sha, “Types of structural assurance and their relationships with trusting intentions 

in business-to-consumer e-commerce,” Electron. Mark., vol. 19, no. 1, pp. 43–54, Mar. 

2009, doi: 10.1007/s12525-008-0001-z. 

[49] K. Portz, J. M. Strong, and L. Sundby, “To trust or not to trust: The impact of 

WebTrust on the perceived trustworthiness of a web site,” Rev. Bus. Inf. Syst., vol. 5, 

no. 3, pp. 35–50, Jul. 2001, doi: 10.19030/rbis.v5i3.5357. 

 



 
23 

 

[50] S. M. Lee, J. Choi, and S.-G. Lee, “The impact of a third-party assurance seal in 

customer purchasing intention,” J. Internet Commer., vol. 3, no. 2, pp. 33–51, Jul. 

2004, doi: 10.1300/J179v03n02_03. 

[51] D. J. Kim, D. L. Ferrin, and H. R. Rao, “A trust-based consumer decision-making 

model in electronic commerce: The role of trust, perceived risk, and their antecedents,” 

Decis. Support Syst., vol. 44, no. 2, pp. 544–564, Jan. 2008, doi: 

10.1016/j.dss.2007.07.001. 

[52] K. M. Kimery and M. McCord, “Third-party assurances: Mapping the road to trust in 

e-retailing,” J. Inf. Technol. Theory Appl., vol. 4, no. 2, pp. 63–82, 2002. 

[53] D. H. McKnight, C. J. Kacmar, and V. Choudhury, “Shifting factors and the 

ineffectiveness of third party assurance seals: A two-stage model of initial trust in a 

web business,” Electron. Mark., vol. 14, no. 3, pp. 252–266, Sep. 2004, doi: 

10.1080/1019678042000245263. 

[54] S. Y. Yousafzai, J. G. Pallister, and G. R. Foxall, “Strategies for building and 

communicating trust in electronic banking: A field experiment,” Psychol. Mark., vol. 

22, no. 2, pp. 181–201, Feb. 2005, doi: 10.1002/mar.20054. 

[55] J. van Dijke, M. van Schijndel, F. Nashashibi, and A. de la Fortelle, “Certification of 

automated transport systems,” Procedia - Soc. Behav. Sci., vol. 48, pp. 3461–3470, 

2012, doi: 10.1016/j.sbspro.2012.06.1310. 

[56] M. Kamali, L. A. Dennis, O. McAree, M. Fisher, and S. M. Veres, “Formal verification 

of autonomous vehicle platooning,” Sci. Comput. Program., vol. 148, pp. 88–106, Nov. 

2017, doi: 10.1016/j.scico.2017.05.006. 

 



 
24 

 

[57] P. Koopman and M. Wagner, “Autonomous vehicle safety: An interdisciplinary 

challenge,” IEEE Intell. Transp. Syst. Mag., vol. 9, no. 1, pp. 90–96, Spring 2017, doi: 

10.1109/MITS.2016.2583491. 

[58] P. Pype, G. Daalderop, E. Schulz-Kamm, E. Walters, and M. von Grafenstein, “Privacy 

and security in autonomous vehicles,” in Automated Driving, 1st ed., D. Watzenig and 

M. Horn, Eds., Cham, Switzerland: Springer-Verlag, 2017, pp. 17–27. 

[59] B. Tay, Y. Jung, and T. Park, “When stereotypes meet robots: The double-edge sword 

of robot gender and personality in human-robot interaction,” Comput. Human Behav., 

vol. 38, pp. 75–84, Sep. 2014, doi: 10.1016/j.chb.2014.05.014. 

[60] C. Gold, M. Körber, C. Hohenberger, D. Lechner, and K. Bengler, “Trust in 

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

automated vehicle,” Procedia Manuf., vol. 3, pp. 3025–3032, 2015, doi: 

10.1016/j.promfg.2015.07.847. 

[61] Z. Xu, K. Zhang, H. Min, Z. Wang, X. Zhao, and P. Liu, “What drives people to accept 

automated vehicles? Findings from a field experiment,” Transp. Res. Part C Emerg. 

Technol., vol. 95, pp. 320–334, Oct. 2018, doi: 10.1016/j.trc.2018.07.024. 

[62] M. Beggiato and J. F. Krems, “The evolution of mental model, trust and acceptance of 

adaptive cruise control in relation to initial information,” Transp. Res. Part F Traffic 

Psychol. Behav., vol. 18, pp. 47–57, May 2013, doi: 10.1016/j.trf.2012.12.006. 

[63] S. Hergeth, L. Lorenz, J. F. Krems, and L. Toenert, “Effects of take-over requests and 

cultural background on automation trust in highly automated driving,” in Proc. Eighth 

Int. Driv. Symp. Human Fact. Driv. Assessm., Train., Veh. Design, Salt Lake City, UT, 

USA, Jun. 22 – 25, 2015, pp. 331–337, doi: 10.17077/drivingassessment.1591. 



 
25 

 

[64] A. Waytz, J. Heafner, and N. Epley, “The mind in the machine: Anthropomorphism 

increases trust in an autonomous vehicle,” J. Exp. Soc. Psychol., vol. 52, pp. 113–117, 

May 2014, doi: 10.1016/j.jesp.2014.01.005. 

[65] P. Ruijten, J. Terken, and S. Chandramouli, “Enhancing trust in autonomous vehicles 

through intelligent user interfaces that mimic human behavior,” Multimodal Technol. 

Interact., vol. 2, no. 4, pp. 62–77, Sep. 2018, doi: 10.3390/mti2040062. 

[66] I. P. Tussyadiah, F. J. Zach, and J. Wang, “Attitudes toward autonomous on demand 

mobility system: The case of self-driving taxi,” in Inform. Comm. Techno. Tourism 

2017, vol. 31, no. 1, R. Schegg and B. Stangl, Eds., Cham, Switzerland: Springer-

Verlag, 2017, pp. 755–766. 

[67] I. Panagiotopoulos and G. Dimitrakopoulos, “An empirical investigation on 

consumers’ intentions towards autonomous driving,” Transp. Res. Part C Emerg. 

Technol., vol. 95, pp. 773–784, Oct. 2018, doi: 10.1016/j.trc.2018.08.013. 

[68] T. Zhang, D. Tao, X. Qu, X. Zhang, R. Lin, and W. Zhang, “The roles of initial trust 

and perceived risk in public’s acceptance of automated vehicles,” Transp. Res. Part C 

Emerg. Technol., vol. 98, pp. 207–220, Jan. 2019, doi: 10.1016/j.trc.2018.11.018. 

[69] J. Lee, D. Lee, Y. Park, S. Lee, and T. Ha, “Autonomous vehicles can be shared, but a 

feeling of ownership is important: Examination of the influential factors for intention to 

use autonomous vehicles,” Transp. Res. Part C Emerg. Technol., vol. 107, pp. 411–

422, Oct. 2019, doi: 10.1016/j.trc.2019.08.020. 

[70] A. Shariff, J.-F. Bonnefon, and I. Rahwan, “Psychological roadblocks to the adoption 

of self-driving vehicles,” Nat. Hum. Behav., vol. 1, no. 10, pp. 694–696, Oct. 2017, 

doi: 10.1038/s41562-017-0202-6. 



 
26 

 

[71] C. Hohenberger, M. Spörrle, and I. M. Welpe, “Not fearless, but self-enhanced: The 

effects of anxiety on the willingness to use autonomous cars depend on individual 

levels of self-enhancement,” Technol. Forecast. Soc. Change, vol. 116, pp. 40–52, 

Mar. 2017, doi: 10.1016/j.techfore.2016.11.011. 

[72] S. Wang and J. Zhao, “Risk preference and adoption of autonomous vehicles,” Transp. 

Res. Part A Policy Pract., vol. 126, pp. 215–229, Aug. 2019, doi: 

10.1016/j.tra.2019.06.007. 

[73] C. Bloom, J. Tan, J. Ramjohn, and L. Bauer, “Self-driving cars and data collection: 

Privacy perceptions of networked autonomous vehicles,” in Proc. 13th Symp. Usable 

Priv. Sec. 2017, Santa Clara, CA, USA, Jul. 12 – 14, 2017, pp. 357–375. 

[74] S. Karnouskos and F. Kerschbaum, “Privacy and integrity considerations in 

hyperconnected autonomous vehicles,” Proc. IEEE, vol. 106, no. 1, pp. 160–170, Jan. 

2018, doi: 10.1109/JPROC.2017.2725339. 

[75] L. Collingwood, “Privacy implications and liability issues of autonomous vehicles,” 

Inf. Commun. Technol. Law, vol. 26, no. 1, pp. 32–45, Jan. 2017, doi: 

10.1080/13600834.2017.1269871. 

[76] G. Guest, A. Bunce, and L. Johnson, “How many interviews are enough?,” Field 

methods, vol. 18, no. 1, pp. 59–82, Feb. 2006, doi: 10.1177/1525822X05279903. 

[77] Z. Arsel, “Asking questions with reflexive focus: A tutorial on designing and 

conducting interviews,” J. Consum. Res., vol. 44, no. 4, pp. 939–948, Dec. 2017, doi: 

10.1093/jcr/ucx096. 

 

 



 
27 

 

[78] Bundesrepulik Deutschland: Bundesministerium der Justiz und Verbraucherschutz, “§ 

29 Untersuchung der Kraftfahrzeuge und Anhänger,” Straßenverkehrs-Zulassungs-

Ordnung, 2020 [Federal Republic of Germany: Federal Ministry of Justice and 

Consumer Protection & Federal Office of Justice, “§ 29 Examination of motor vehicles 

and trailers”, Road Traffic Licensing Regulations]. https://www.gesetze-im-

internet.de/stvzo_2012/__29.html (accessed Mar. 25, 2020). 

[79] SAE International, “Taxonomy and definitions for terms related to on-road motor 

vehicle automated driving systems,” Surf. Veh. Inf. Rep., pp. 1–12, Jan. 2014, doi: 

10.4271/J3016_201401. 



 
28 

 

List of figures  

Figure 1: Summarized interview guideline based on subject areas  



 
29 

 

Figures 

Figure 1: Summarized interview guideline based on subject areas  

 

 

 

1. Trust in technology 

• Attitude toward 
technology 

• Influence of technology on 
life 

2. Trust in AVs 

• Knowledge about AVs, 
concerns and adoption 
intention 

• Measures to increase trust 
in AVs 

3. Certification 

• Opinion about 
certification 

• Quality criteria  
• Influence on product 

adoption decisions 

4. Certification of AVs 

• Certification of AVs and 
its components: software, 
hardware, data 

• Evaluation of possible 
certifying institutions 
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