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Abstract

Vehicles are increasingly equipped with sensors that capture the state of the driver, the vehicle, and the
environment. These developments are relevant to formal driver testing, but little is known about the extent
to which driving examiners would support the use of sensor data in their job. This semi-structured interview
study examined the opinions of 37 driving examiners about data-driven assessment of test candidates. The
results showed that the examiners were supportive of using data to explain their pass/fail verdict to the
candidate. According to the examiners, data in an easily accessible form such as graphs of eye movements,
headway, speed, or braking behavior, and color-coded scores, supplemented with camera images, would
allow them to eliminate doubt or help them convince disagreeing test-takers. The examiners were skeptical
about higher levels of decision support, noting that forming an overall picture of the candidate’s abilities
requires integrating multiple context-dependent sources of information. The interviews yielded other
possible applications of data collection and sharing, such as selecting optimal routes, improving
standardization, and training and pre-selecting candidates before they are allowed to take the driving test.
Finally, the interviews focused on an increasingly viable form of data collection: simulator-based driver
testing. This yielded a divided picture, with about half of the examiners being positive and half negative
about using simulators in driver testing. In conclusion, this study has provided important insights regarding
the use of data as an explanation aid for examiners. Future research should consider the views of test
candidates and experimentally evaluate different forms of data-driven support in the driving test.



Introduction

The last decade has seen a vast amount of research on automated driving, spanning areas such as sensor
systems (Marti et al., 2019; Schoettle, 2017), computer vision (Ranft & Stiller, 2016; Rangesh & Trivedi,
2019), path planning (Gonzalez et al., 2015; Marin-Plaza et al., 2018), and control (Farag, 2020; Lima et
al., 2018). At the same time, there is a growing realization that fully automated driving may not be achieved
within the next three to five decades (Litman, 2021; Shladover, 2016; Tabone et al., 2021). While there
have already been compelling demonstrations of automated driving without human intervention, even the
most advanced prototypes to date need occasional human intervention or behave in unexpected manners
(Boggs et al., 2020; Goodall, 2021), suggesting that for the coming decades, drivers still need to be trained

and licensed.

Although the continuous development of sensors and computers has not yet resulted in fully automated
driving, cars are becoming increasingly computerized data collection machines. Modern cars collect not
only data about vehicle state (e.g., speed, heading) and driver input (throttle, brake, and steering) but also
data about the environment via cameras, lidar, radar, or ultrasonic sensors as part of advanced driver
assistance systems (ADAS). In addition, data from the traffic environment are now also often collected via
nomadic devices such as MobilEye (Chen et al., 2017) and via dashcams and smartphones (Ahmad et al.,

2021; Tummala et al., 2019).

The growing proliferation of computers in cars makes it possible to use these computers to assess driver
behavior. The literature shows an increasing number of applications that use forward-facing or driver-facing
cameras, sometimes combined with acceleration-based triggers, to detect drowsiness and distraction
(Chowdhury et al., 2018; Kashevnik et al., 2019; Lechner et al., 2019; Ramzan et al., 2019; Sikander &
Anwar, 2018) and unsafe driving behavior (Hickman & Hanowski, 2011; Mase et al., 2020). Other types
of systems rely on in-vehicle data recorders (Shimshoni et al., 2015) or smartphones to assess safe driving
(e.g., Bergasa et al., 2014; Farah et al., 2014; Musicant & Lotan, 2016; Shanly et al., 2018), and see
Michelaraki et al. (2021) for a review on post-trip feedback solutions, including smartphone apps,
gamification approaches, and reward schemes. Similarly, usage-based insurance, also known as pay-as-
you-drive insurance, commonly uses smartphones or dongles to obtain measures of driver risk such as
speeding, hard braking, or other kinematic events (Arumugam & Bhargavi, 2019; Héndel et al., 2013;
Vavouranakis et al., 2017) and reward safe behavior with reduced insurance premiums. Relatedly, in

motorsports, data acquisition for assessing driving performance is the norm (Segers, 2014).



With the increasing capabilities of in-vehicle computers, including computer vision, it may become possible
to create a driver profile. Schoner et al. (2021), for example, measured time-to-collision and time headway
and computed a safety score relative to a large highway traffic dataset. Additionally, it may become possible
to flag deviant driving behavior automatically, a concept that can be traced back to the Generic Intelligent
Driver Support (GIDS) project, which proposed a tutor that functioned based on the difference between
observed driving behavior and reference driving behavior (Michon, 1993). Adaptive training, intelligent
tutoring, and driver profiling have already been available in simulator-based driver training for many years
(Boelhouwer et al., 2020; De Winter et al., 2008; Graesser et al., 2005; Karvonen et al., 2006; Ropelato et
al., 2018; Wassink et al., 2006; see Zahabi et al., 2020 for a review on adaptive training in simulators).
Today, these tutoring concepts are becoming feasible in actual cars. Fridman et al. (2019) showed that an
intelligent driving system could be used to supervise a second intelligent driving system: disagreements
between the two steering angles were found to be predictive of critical situations (automation-to-manual
hand-overs). By extension, future intelligent systems in the car may automatically flag unexpected manual

driving behaviors.

The concept of automated driver testing is not far-fetched, at least when it comes to basic driving skills.
The Roads and Transport Authority of Dubai has recently implemented a driving test that uses instrumented
cars on a driving range, and where the pass/fail verdict is supposedly provided automatically (Government
of Dubai, 2019). In 2018, Microsoft introduced Harnessing AutoMobiles for Safety (HAMS), an automated
driver license testing system that relies on a smartphone mounted on the windshield and which produces an
assessment without human intervention (Nambi et al., 2018), in an attempt to eliminate bribery of the

examiners (Giridharan, 2019; Microsoft, 2021).

The above developments may be of strong interest to driving license organizations, which face long-
standing challenges regarding the reliability and validity of their driving tests. Several studies have been
conducted where two driving examiners in the car assessed the same test candidate. Pass/fail congruence
was found to be mixed, ranging from 53% (Olweus, 1958, as cited in Alger & Sundstrom, 2013), 64%
(Baughan & Simpson, 1999), and 72% (Bjernskau, 2003), to 93% (Alger & Sundstrém, 2013). The
monotonically increasing trend between the year of publication and test reliability may speculatively reflect
improvements in assessment procedures, or as noted by Alger and Sundstrom, “One possible explanation
for the high examiner agreement in Sweden is that quality in the driving test and consistency of assessment
are continuously discussed among examiners.” (p. 28). But even in the study by Alger and Sundstrom,
which found very high inter-examiner reliability, there were occasional disagreements between the two

examiners. For example, there were incidences where the interpretation of the severity of the candidate’s



mistakes or speed adjustment differed between the examiners, or where there were disagreements about the
degree of specificity vs. holism of the assessment. It is noted that low test reliability may be expected if the
driving test admits candidates who are just good enough to pass, if there is variability in the testing
conditions (traffic, weather, road types), or if the driving test is only short (Baughan & Simpson, 1999; De
Winter & Kovacsova, 2016).

Another issue is that of predictive validity. Driving test outcomes are not necessarily good predictors of
safe post-license driving, as males have been found to perform better on the driving test than females
(Crinson & Grayson, 2005; Mynttinen et al., 2011), even though males are overrepresented in post-license
crashes (SWOV, 2016). That said, a recent interview study with 13 driving instructors found that instructors
often have a sense about whether the learner driver has a risky attitude, lack of concern for safety, or
overconfidence (Watson-Brown et al., 2021). These findings are consistent with a study that found that
risky pre-license driving in a simulator can predict self-reported post-license traffic violations 3.5 years
later (De Winter, 2013). The above factors suggest that driving instructors and examiners may benefit from
driver performance data to complement their verdict in a predictive-valid way, pinpoint driving

deficiencies, or contribute to the inter-examiner and interregional calibration of driving norms.

In the Netherlands, prospective drivers follow, on average, 40 hours of training at a private driving school
before applying for the driving test (Roemer, 2021). The Netherlands uses a test-led model, where the
driving test implicitly determines the content of the preceding driver training (Helman et al., 2017). Next
to an exam on theory knowledge, the driving test, organized by the Dutch Central Office of Driving
Certification (CBR), involves 35 minutes of driving, of which 10 to 15 min using a route navigation system.
The candidate is assessed based on seven elements of participation in traffic: driving off, driving on straight
and curvy road sections, behavior near and at intersections, merging/exiting, overtaking/moving sideways,
behavior near and on special road sections, and special maneuvers. The Dutch driving test has undergone
various recent modifications, such as the introduction of hazard perception in the theory test and a self-
reflection form to be completed before the on-road test (consistent with the Goals for Driver Education;
Hatakka et al., 2002). Supervised driving has been introduced as well since 2011 for drivers who have got
their license between their 17th and 18th birthdays (2todrive, 2021). In introducing further modifications
to the driving test, such as the possible introduction of data-driven assessment, it is important to consider
the users of such systems, that is, the examiners. User acceptance is crucial, as was also pointed out by De
Waard and Brookhuis (1999) in the context of driver support systems: “A system may function perfectly in
the technical sense, if it is not accepted by the public, it will not be used” (p. 50). In the context of driver

testing, acceptance by examiners is crucial.



Semi-structured interviews were conducted to examine what driving examiners think about the prospect of
data-driven assessment. A broad perspective was taken, where we first asked the examiners how they view
the current driving test. Subsequently, the interviews went into depth about specific forms of data-based
assessment, starting with simple concepts such as automated recordings of speed infringements. However,
we also asked the examiners whether they think their task could be replaced by a computer entirely. The
interviews also addressed how and when the assessments should be delivered, e.g., during or after the
driving test. Additionally, it was asked whether sharing the driving data with different stakeholders would
be a welcome idea, an important topic in the era of computerized cars (De Winter et al., 2019; Pugnetti &
Elmer, 2020). Finally, we asked some open-ended questions about whether the examiners would think that
their organization is open to technological change and whether they think that driving simulators, i.e., tools

that allow for accurate data recording, could have a role in driver testing.

Methods

Participants and recruitment

A total of 39 driving examiners were recruited, of whom 2 canceled their participation, leaving 37
examiners who participated in this interview study. They all were examiners of the driving license “B”,
which allows driving cars of up to 3500 kg. Twenty-eight participants were male and nine were female.
The average age of the examiners was 46.8 years (SD = 9.0 years), ranging from 31 to 62 years old. They
had on average 9.0 years of experience as an examiner (SD = 7.8), and 51% had worked as a driving
instructor before (for an average of 12.8 years, SD = 7.0, n = 19). The examiners were recruited from all 12
provinces of the Netherlands, with at least two examiners per province. All examiners were employed by

the Dutch Central Office of Driving Certification.

An invitation email was sent to 17 driving test managers across the Netherlands, together with a one-pager
presenting the study and its aims. The managers then provided the contact details of examiners willing to
participate. The researchers sent the examiners an invitation and the informed consent form, with the request

to read before the interviews.



Procedure

The interviews were conducted online between the 15th of February and the 1st of March 2021, via both
Zoom and Microsoft Teams. The first two authors of the paper conducted the interviews, one in Dutch, the
other in English. Participants willing and able to be interviewed in English, based on self-evaluation of
mastering the English language, were interviewed in English, whereas the rest were interviewed in Dutch.

As aresult, 11 of the interviews were conducted in English and 26 in Dutch.

Each interview lasted approximately one hour. Consent from the participants was recorded orally before
the start of each interview. The recordings of the interviews were anonymized and stored separately from

the consent recordings, in compliance with the data management plan of the project and privacy regulations.

Interview structure

The interviews were semi-structured according to an interview guide (see supplementary material). The
questions were divided into three parts: (1) examiners’ opinions about the current driving test, (2)
examiners’ opinions about a data-driven driving test, and (3) general questions. The interviewers

occasionally asked follow-up questions based on the topics mentioned by the participants.

Examiners’ opinions about the current driving test

Examiners were asked what the strengths and weaknesses of the driving test are today. Additionally, they
were asked whether the test allows them to assess if a candidate would drive safely later on—to obtain a
general idea of the perceived effectiveness of the driving test. Furthermore, it was asked whether the
examiners’ intuition plays a role in establishing the verdict—to understand better the process examiners go

through when evaluating a candidate.

Examiners’ opinions about a data-driven driving test

The second part of the interview concerned the possible implementation of data in the driving test. The
questions were divided into three topics: (a) examiners’ opinions about the use of data, (2) examiners’
opinions about the characteristics the data should have, and (3) examiners’ views about the future of the

driving test.



Examiners’ opinions about the use of data

Examiners were provided with a short explanation: “With the development of new technologies in the
vehicle, it is possible to monitor drivers’ behaviors and obtain data regarding their driving performance”.
They were then asked if they thought data of any form could be of help in the driving test. They were
encouraged to provide any example they could come up with. After allowing some time for the examiner
to come up with examples themselves, the interviewer screen-shared a PowerPoint slide, revealing seven
suggestions (Figure 1) one by one. After an item appeared on the slide, examiners rated its usefulness from
1 (not useful at all) to 5 (very useful) and were encouraged to explain their rating. The presentation order

of the seven suggestions was randomized for each participant.

e Deceleration (braking) and acceleration (g) scores

e Distance to detected objects (bikes, pedestrians,
vehicles)

e Automatically detected drivers’ posture and actions

e Fuel consumption/economic driving scores

e Automatically detected failure to follow traffic rules or
norms

e Recordings of speed

e Video fragments of critical situations

1 2 3 4 5
[ L

Not useful at all Very useful

Figure 1. Slide with seven suggestions of data forms presented.

Examiners’ opinions about the characteristics the data should have

Next, the interviewers asked when data should be collected and when and how the collected data should be

presented to them. Examiners’ opinions about sharing the collected data were also asked.

Examiners’ views about the future of driver testing

The examiners were asked whether part of their task could be automated. Furthermore, they were asked if
they thought that artificial intelligence (Al) would one day be able to evaluate a driver completely and what
it would take for them to rely on such an automated evaluation. Examiners were also asked whether

simulators could play a role in the driving test and how they see the future of driver testing.



Closing questions

The interview was concluded with generic questions about the possible views of candidates and the
licensing organization about data-driven assessment, COVID-19, and the use of data in other types of tests,
such as for motorcycles or trucks. These closing questions did not appear to deliver substantive new insights

and were therefore excluded from the analysis.

Data processing and analysis

The interviews contained open-ended questions, such as “How do you see the future of the driving test?”,
and more closed-ended ones, such as “Could you rate the usefulness of this example on a scale of 1 to 57”.
For the closed-ended questions, a content analysis was conducted, where responses were grouped and

counted. For the open questions, a thematic analysis was conducted.

First, the interviews were fully transcribed. During this process, the interviewers read through the scripts to
familiarise themselves with the content. The two interviewers discussed their observations from the
familiarisation phase and generated hashtags for quote labeling. Hashtags were also used to automatically
count the number of quotes per theme where applicable. The code used to group and count the tags can be

found in the supplementary material.

Within each interview topic, an inductive approach was used where themes emerged based on recurrent
ideas as well as similarities and differences between interviewees’ statements (Ryan & Bernard, 2003).
Most themes were explicit answers to the questions that we introduced in the current section. However,

occasionally, themes emerged that were implicit, or beyond the “surface” (Braun & Clarke, 2006).

Results

Examiners’ opinions about the current driving test

On average, the examiners mentioned 1.22 strong aspects and 1.35 weak aspects of the current on-road
driving test. All participants named at least one strong aspect, and three participants could not think of any
weak aspect. Table 1 summarizes the responses. Responses mentioned only once were grouped in the

category ‘Other’.



Table 1

Strengths and weaknesses of the current driving test. n is the number of examiners (responses given more

than once by the same examiner count as one).

Response n %
Strong aspects Examiner flexibility 14 38
Human aspect 10 27
Candidate independence 7 19
Objective basis 6 16
Examiner training 2 5
Other 3 8
Weak aspects Lack of time 20 54
Test variability 8 22
Test is a snapshot 4 11
Nervous candidates 3 8
Poor candidate level 3 8
Test is too strict 2 5
Other 6 16

Strong aspects

Examiner flexibility

Examiners mentioned as a strong aspect that they are allowed some degree of freedom to make judgments

and decisions.



“.. 1find it nice that, as an examiner, I am not too bound by all kinds of rules about the assessment.
... There is, of course, a framework in which I have to operate, I have to comply with, but I also
have my own responsibilities, and I can use my own knowledge and experience to, yes, weigh
certain parts. ... I also experienced how it was done in the past; it was all with error codes. Well,
1 think that is much better now, for example, an item in the past was: ‘examiner intervention meant

a failed exam’. Well, now, I can think about that for myself. What is my opinion? I am very happy
with this.” (P7, Translated)

Relatedly, examiners were positive that they are expected to make a holistic assessment of the candidate’s
ability to drive independently.

“... in the past, we simply had error scores. Four strikes, or two, three strikes simply meant: failed.

Now we have something like an overall image, which means that if the overall image is better than

the mistakes made, someone can still pass.” (P2, Translated)

Besides having flexibility in the assessment, the examiners pointed out they have the freedom to investigate.

A candidate may be guided to different situations based on the candidate’s performance so far.

“... it is just nice that you currently have the freedom in the exams to adjust your route. The moment

1 see, for example, [that] you have problems with roundabouts. ... Well, then I just take a section

with many roundabouts to re-test.” (P1, Translated)

“... sometimes people do not drive as they should according to the procedure, but you still feel safe.

And you can test it, of course. You take some extra routes, junctions, or anything, and well, I think
the strong point is that we have the freedom ...” (P10)

Human aspect

A strong aspect mentioned by ten examiners is the ‘human aspect’ of the test. Examiners have to make the

candidates comfortable, trying to make them less anxious.
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“.. it is really important for the examiner, it is our job to get the candidates reassured and make
them feel at ease so they can drive how they normally do in driving lessons with their instructor.”

(P12)

The examiners noted that this comforting facet is new; they mentioned that the guidelines for examiners

evolved positively over the past years.

“I think the strong thing about the exams now is that we try to comfort students more now.” (P10)

Testing candidate independence

Seven examiners mentioned that a strong aspect of the driving test is that it tests for driver independence.

“Well, I think it is strong to the extent that they at least have to show a decent degree of

independence.” (P29, Translated)

During the exam, candidates are tasked to drive independently to a destination specified by the examiner.
They are allowed to use a navigation system for this task. Four of the seven examiners who praised

candidate independence mentioned the independent route driving part specifically.

“At the moment, I think one of the strongest aspects [is] that they have to navigate themselves. That
was not in it [the driving test] before, and now it is. Because I am still of the opinion that this best

approximates how a candidate will eventually behave on the road ...” (P15, Translated)

Objective standard

Six examiners found the procedure of the driving test a strong aspect. They mentioned that the procedures
contribute to objectivity. Some brought up the driving procedure document (CBR, 2020), sometimes

referred to as their “Bible” (P39, P4, P36), and noted its positive impact on the driving test.
“It is called the driving procedure. What we expect of the candidate ... is all written out in this

procedure. All aspects. So this is the most objective way that we can let candidates take the driving

exam. It is very clear: what we expect ... and how we judge it.” (P4)
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Weak aspects

Lack of time
Twenty examiners mentioned lack of time as a weak aspect of the driving test. They indicated that due to

high traffic density and decreased speed limits, it has become challenging to (re-)test the desired skills

within the 35 minutes of driving time.

“.. when I look at 25 years ago and now, when looking at the traffic intensity, but also the

residential areas that are now all 30 km/h zones, then time is sometimes short.” (P6, Translated)

“... traffic is so busy that you cannot always test everything. You are constantly thinking: ‘okay, ...

1 also have to be back in time for the next test.”” (P3, Translated)

“... I think we need more time. When we want to test well, we need more time to assess [candidates].
... Within the short amount of time, we cannot always do long stretches of highway, stretches

outside urban areas ...” (P15, Translated)

“[A] shortcoming is that ... due to the time, the area in which you drive is restricted, the radius

around your place [examination office].” (P29, Translated)

Test variability
Eight examiners reported that the variability in testing conditions is a weak aspect of the driving test. They

mentioned traffic conditions are variable and dependent on the time of day or testing location.
“.. we try to do every exam the same, but traffic situations can be completely different. For
instance, an exam on Tuesday morning at eight o'clock is completely different from an exam on a

Saturday morning at eight.” (P18)

“.. traffic all around the country is different from place to place. It is a lot harder to do a test over
here in the east of the Netherlands.” (P8)

Furthermore, individual differences between examiners are a source of variability.
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“Of course, because it is a human effort, there will be people [examiners] who make the route more

difficult than may actually be necessary.” (P1, Translated)

“I think that my colleagues and I can be really all-determining. How [ create my atmosphere, or
things I could say, well-meant, or maybe not well-meant; with that, you can get somebody to a

certain verdict [pass/fail], I think that that may be the weaker aspect of the test.” (P2, Translated)

Predicting safe driving

It was asked whether today’s driving test allows examiners to predict safe driving later on. Some examiners
interpreted this question as to whether the test helps them assess candidates effectively. From this

perspective, the answers were generally positive, with a few mentions of the lack of time.

“In general, yes, it does. But well, every now and then, there are times, like I said, that time-wise,
[it is] always a bit tight. If you would have more time, the verdict is probably going to still be the

same. But sometimes you just need some more time to check,; you reevaluate.” (P18)

The second interpretation regarded the ability to predict whether a driver will drive safely on their own,
after having passed the driving test. The examiners generally indicated that they are not well able to predict

what will happen in the future.

“Well, in order to give an honest answer to that question, [If] I would be able to know how they

drive after the exam. I do not.” (P14)

The examiners specifically pointed out that candidates can pretend: they may adopt an appropriate driving

style but reveal themselves as aggressive drivers or risk-takers when driving independently.

“... I am sure that the candidates that pass the test because they drive in the way we would like him

to drive at that time. But for sure, later on, they will change their attitude in traffic.” (P8)

Examiner intuition

This question concerned the role of intuition in the assessment of candidates. The examiners indicated that
intuition does play a role but not to the point of deciding on a verdict. Their intuition may, for example,

help them assess situations more quickly.
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“I do not know if it is intuition or if it is knowledge. Because when you have done more exams, you

can recognize sooner where the problem might be or what was good and what is not.” (P13)

Also, based on their intuition, or ‘gut feeling’, examiners may formulate hypotheses to be tested by

gathering additional information.

“I am going to retest this one more time, or that, and that is maybe not based directly on facts, but

more on a feeling.” (P19, Translated)

Intuition can influence the course of the driving test, but the final verdict was reported to be based on facts

and procedures.

“So you cannot let somebody fail because your intuition tells you it is not good enough ... If one

fails, you have to tell them facts. And if you do not have any facts, you cannot let them fail.” (P39)

Examiners’ opinions about a data-driven driving test

After introducing the basics of driver monitoring, the interviewers asked the participants to express their
views about the use of data in the driving test. Some examiners were generally positive and enthusiastic
about the idea:

“I think so, well, I am quite positive.” (P7, Translated)

“I think so, I certainly think so.” (P19, Translated)
Others were a bit more on the holdback or asked for clarification.

“.. I think ... my feeling says no ... ” (P15, Translated)

“I have been thinking since I received the invitation for this interview what kind of data would that

be.” (P14)

During the interviews, discussions emerged about different uses of data. The interviews addressed the

different purposes of data mentioned during the interviews (‘why’), what data examiners would like to use
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(‘what”), and how the specifics of data recording should be arranged, such as delivery, data sharing, and

moment of recording (‘how’).

Introducing data in the driving test: why?

The interviews addressed whether data could help examiners come to their verdict. Two main motivations
for the use of data became apparent from the interviews: using the data for explaining the verdict to the
candidate (explanation aid), and using the data to support the examiner in arriving at the verdict (decision

aid).

Explanation aid

The examiners saw merit in the use of data as an explanatory tool. As many as 36 of the 37 examiners
mentioned they would want to use data for this purpose. The examiners mentioned that they sometimes
encounter candidates who refuse to accept a fail verdict or even become aggressive or file a complaint.

Examiners would therefore like to have objective data to back up their assessment.

“I already make my judgment without all these things, of course. ... The only way it would be useful
is avoiding the discussion and avoiding the aggressiveness and the angriness, and the one who is
going to threaten you or file a complaint. Because they do not have any grounds if you can show

them ‘look here’. ... I would use this after the exam to back up my story.” (P16)

“If you tell a certain person or candidate that their [following] distance is too short, they will often
defend it using the motto 'l think this is enough', so to speak. If you can show based on the
equipment, how often they have not kept a sufficient distance, for example, that would be an

addition.” (P29, Translated)

“If you assume that an examiner is competent, then you can actually tell, regardless of the data,
whether someone is fit to drive ... No data is necessary, I would say, because I can just see they
have a too short following distance. I can also see whether they are driving too fast. I think that
data is very useful to get the candidate to feel: ‘yes, that examiner is in fact right, I indeed was not

safe there ... I indeed did not look properly there. I indeed drove too fast there.”” (P33, Translated)
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Decision aid
The interviewers often followed up with questions such as “And could the data also help you establish the

verdict?” or “Could the data also help you in making decisions?”, to assess the use of data for decision aid,

to which the responses were mixed.

Overall, the examiners believed they could do their job well already and do not need data to judge a
candidate. More than half of the examiners indicated they would not want to use data to reach the pass/fail

verdict.

“Yes, but not to make the decision. I know how to decide if somebody passes or fails. I do not need

data for that... I do not see the possibility, really, yet, to help me make my decision.” (P14)

“We are at this moment strong enough to come to a verdict.” (P6, Translated)

Several examiners were positive about the use of data as a decision aid, however. They mentioned that it
could be useful to obtain extra information, as they cannot pay attention to everything. Data availability
could also support examiners’ memory and let them review situations through video recordings. It was also
argued that data could be used to improve objectivity.

“... we cannot follow candidates’ eyes during 100% of the test. ... We miss some things, I think,

sometimes in really important moments. Because we have to be aware and pay attention to the

traffic.” (P8)

“... sometimes I personally discover after a test or during a final interview that [ may have seen it
wrong. And I can still adjust my judgment accordingly. It is, of course, not the case that we are all-
knowing and that we are always right. We are still human, and we also make mistakes.” (P19,

Translated)

“... certain things stick with you [in memory]. And why wouldn’t it be the case that actually too
many negative things stick, and that the positive things do not stick enough, or vice versa. So, 1
think, if you just set objective data to that, and you can preview it before you present the test
outcome ... I think you might well be in for some surprises. You might think: ‘darn, my own view

was different after all.”” (P11, Translated)
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Other uses of data

Besides explanation aids and decision aids, the examiners brought up other potential uses of data. Data

could also improve the way new drivers are taught, for example, by learning from previous mistakes.

“You don’t have any discussion because it is all clear; everybody can see it. For the candidate but
also for the instructor. And they can, for instance, if it is not good, they can practice with it because

they know exactly what happened.” (P18)

A recurring issue the examiners mentioned is that they often encounter students who clearly lack the skills
required to pass the driving test. Data about the number of hours of training or the training conditions

encountered could be used to preselect candidates for the driving test.

“Certain schools often just come with candidates who are far from ready for the driving test.” (P7,

Translated)

“that you know ... that [the candidate] fulfills minimum requirements like ‘this many training hours,

training at different times of the day, ... and this many hours ... on the highway. ” (P38, Translated).

It was further mentioned that data could help create uniform norms and assess the effectiveness of driving
test elements, such as special maneuvers. Data could also be recorded about the routes examiners take and
be analyzed together with traffic information to help examiners decide the route and avoid congested

intersections.

Introducing data in the driving test: what?

Data suggestions by examiners

Table 2 lists the examples brought forward by the examiners when asked what data they could use in their

work, whereas Figure 2 shows the ratings of the concepts provided by the interviewers.

Table 2
Examples of the types of data that could be used, brought forward by examiners. n is the number of

examiners who brought up the item (responses given more than once by the same examiner count as one).
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Response n %

Gaze behavior 22 59
Recordings of speed 20 54
Distances 10 27
Position on road 8 22
Braking 8 22
Eco-driving 5 14
Video recordings 5 14
Reaction time 3 8

Traffic signs 3 8

Vehicle handling 3 8

Other 12 32

4.35
4.03
3.93
3.54
3.50
2.95

2.30
1 2 3 4 5
not useful very
at all useful

Figure 2. Mean scores (n = 37), ranging from 1 (not useful at all) to 5 (very useful). Error bars represent

95% bootstrapped confidence intervals computed using Morey’s (2008) method.
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Items that were rated highly were often discussion points between examiners and candidates. Most

frequently, the examiners suggested capturing the candidates’ eye-gaze behavior.

“Another thing is looking, observing, ... we can pretty well see in a mirror what somebody is

looking at, but it could be supported by data ...” (P19, Translated)

Eye-gaze data could help prevent discussion or misunderstandings.

“Gaze behavior, you could look ... at what the candidate is looking towards ... then [I think] that

you can get a lot of misunderstandings out of the way.”” (P5, Translated)

“We call it ‘viewing technique’, and that is always a discussion point. When you have a candidate,
and you say ‘you are not looking, or you are not looking right or enough’ ... [With] access to data,

how they [the candidates] look, ... you avoid that discussion because you can show it.” (P12)

The examiners were aware that the eyes pointing somewhere does not imply that the driver perceived the

event.

“But well, I have seen people looking into a street, looking straight at the car, and who still continue

driving.” (P22, Translated)

“I cannot see if you really perceive something. I can only tell from the action you make.” (P1,

Translated)

The opposite was also noted: things can be perceived even when the candidate does not appear to have

moved the eyes towards the object.

“I do not see him look anywhere, and still he responds to everything he should respond to. So,

well.” (P9, Translated)
The examiners frequently indicated they would like to have access to recordings of speed. They saw value

in such recordings, especially if they could be related to the driving context, such as oncoming intersections,

curves, or before merging onto the highway.
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“A simple example is speed. An important item in the driving test is an intersection within the built-
up area. These should proceed safely. When you drive too fast there, that’s not safe.” (P33,
Translated)

“We are sometimes having a discussion about it [about speed], you know; we have a very nice
$

speedometer we can look at, and yet there is still discussion about how fast someone has driven.’

(P19, Translated)

Measuring the distance between the vehicle and other road users/objects was regarded as valuable as well.

Distance was regarded as relevant and relatively easy to measure via sensors.

“Take, for example, keeping distance, that two-second rule. You can, of course, measure very well

whether ... enough distance is kept ...” (P17, Translated)

“Well, I have been thinking about that. What average drivers—I am not even talking about novices
but also existing drivers—find difficult: I am talking here about keeping distance. And the modern

car of today can show, register, what your current headway is.” (P29, Translated)

An index of lane-keeping behavior was also regarded as valuable.

“Position on the road on straight roads, I could use that, because there are candidates who really

zigzag on their way; they just have no feeling of staying in the middle of a lane.” (P28, Translated)

Cars used for driver training and testing have a double control system. In the case of a hazard, the examiner
can (preemptively) press the brakes. Such an intervention can be a source of debate, where data may be of

help.

“We hear from candidates almost daily, like: ‘I also braked myself’ [after an examiner
intervention]. We are generally professional enough to be able to see whether somebody braked or
not, or if we have done that [ourselves]. Data can just point that out. Data could simply tell: ‘you

have or have not braked at that moment.” (P19, Translated)
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Video recordings were deemed useful for providing feedback to the candidates about traffic violations or

aberrant behaviors.

“Yes, sure, that would be ... after the driving test, just like in ‘Blik op de weg’ [Dutch TV program
showing drivers committing traffic violations], where they are able to rewind the violations very
quickly, so that you can see: ‘... in this situation ... here you did that, and I did this.” (P3,
Translated)

“What you sometimes see when ... being stopped by the police, is like ‘Please come along, and then

we could show you some video footage.” (P6, Translated)

The examiners indicated that body position was not of much interest to them.

“If you can drive a car [sitting] backward better than with your nose forward, then you should do
that” (P11, Translated)

However, the examiners were relatively enthusiastic about the measurement of head posture to extract eye

gaze behavior, which may explain the overall medium rating of posture/actions (Figure 2).

Even though eco-driving is formally part of the assessment criteria (CBR, 2020), eco-driving was rated the
lowest. Examiners reported that, in practice, candidates do not fail the test because of bad eco-driving.
Examiners noted that factors causing bad eco-driving are usually bad vehicle handling, such as over-revving

or jerky driving, which are factors that are obvious to an examiner without data support.

Finally, examiners often expressed the desire to combine variables; they noted that a single variable alone

does not take into account the driving context.

“Again, you would have to put [distance measurements] in combination with speed ...” (P25,

Translated)
“It is always dependent on situations and conditions, and that is the human factor that we add. If

someone happens to drive 60 [kph] once, where 50 is allowed, but it is necessary that that speed is

driven for a while, ... [this does not automatically mean] a failed test.” (P31, Translated)
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Introducing data in the driving test: how?

When should data be recorded?

Examiners were asked whether data should be collected before, during, or after the driving test. Some
examiners answered that the driving test should only consider the test itself: they would not want to take

data from the driving lessons into account, for example.
“ It does not matter what you did last year or last week; it matters what you did now.” (P14)

“No, I do not think that is of any added value for my final test. Each test is on its own.” (PS5,
Translated)

Obtaining additional information about the candidate still appeared interesting to some examiners. They

explained that receiving data from previous driving lessons may help reduce the ‘snapshot’ issue:

“[1t is] often that they tell me that it is due to nerves, and I think that if the data show that it is true,
that they have done things differently [in the exam] than they have done during the lessons, then it

could be helpful in some way ...” (P13)

The examiners pointed out there is a conflict of interest with the driving instructor and that they have no

control over how the pre-examination data are collected.

“Perhaps I want to say very carefully that I do not trust them [instructors] enough for that. You

can manipulate it now, it can be set up. I want it to be objective; it is too important.” (P4)

“The difficulty with using the data from the lessons, I cannot see if it is the instructor who says ‘oh,
you have to slow down’ or ‘you have to wait’ or ‘you have to ... . So I do not know if it is from [the

candidates] themselves.” (P35)

Benefits of data were also identified for the candidates: data about the driving lessons could help them get

familiarized with data and facilitate self-reflection,

“I think that if there will be data in the lessons, they will be better prepared. It gives them some
self-reflection.” (P14)
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“I remember seeing images from a certain driver training course of how I acted in traffic, on a
motorcycle ... I think that for driving schools, this can be a very useful tool, simply because you

have immediate feedback.” (P36, Translated)

Some benefits of data collection after the driving test were mentioned as well. The examiners pointed out
that post-license data collection may help candidates self-reflect and support them in the first years of
independent driving. The possibility of self-evaluation of examiners was also mentioned, to validate

whether their pass/fail assessment turned out to be valid.

When should data be delivered?

Three options were discussed with the examiners: to receive data before, during, or after the driving test. A
clear outcome was that receiving data during the test was judged as impractical. It would only be possible

for small amounts of information or information that is very easy to process.

“If it is while driving, a very limited amount, and only one, two, three important things ... because
of course, we are busy with that candidate a lot ... If we are going to get some additional tasks, it

should stay within that safety margin.” (P6, Translated)

“During the exam we have enough to do. Paying attention to the traffic, paying attention to the
candidates, maybe to the instructor—if he or she is allowed to come with us. So, well, maybe about
speed, that can be data that you can just read from a screen, maybe, or you can see in a blink of

an eye.” (P10)

Real-time feedback based on the data collected was also considered. It could assist examiners in making
split-second decisions such as taking the wheel to ensure safety. In that sense, it would be acceptable to

receive data while driving.

“So this would be helpful if there is like a sound in the car at the moment, someone, a pedestrian,

or a bike is too close, and I would just take the wheel.” (P16)

Some examiners stated it would be useful to adapt the driving test based on the information recorded during

the lessons. However, there were concerns about not being objective anymore.
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“I think you could be influenced if you already know someone, what their weak spots are. I would

not want to know myself.” (P18)

Receiving the data after the driving test was the most accepted option. In the current driving test, the
examiners give their verdict only a few minutes after the driving part. Analyzing the data might require

extra time, which means a change in the test setup may be needed.

How should data be delivered?

Regarding hardware, the examiners explained that they already use tablets and that they could be very
suitable for receiving and presenting data. Receiving information in an auditory way, via headphones, was

also mentioned.

Data could take the form of color-coded results or percentages. Lack of time to analyze the raw data was

often listed as a reason why examiners preferred processed data.

“Because time is always an issue. So it must be easily accessible, easy to read.” (P13)

“.. if you see those seven elements that we grade, and you would have a stoplight principle, and
so red, yellow, and green, where you could actually see back, ‘These parts are all green. Only this
part is red, and this part is orange. Or yellow, as the law requires’. You could still retest that yellow

part or that red one.” (P38, Translated)

Some examiners preferred less-processed data, yet still easy to read. Graphs were often given as examples.

“... I think something that is at least very simple, that you can see at a glance, and I do not know
how that would have to be worked out. But yes, graphs, indeed, often then you can see something
pretty quickly without looking at numbers in great detail. 1 think that might be useful.” (P28,
Translated)

A few examiners preferred having access to a large amount of information, insisting that it is their task, not

the computer’s task, to analyze the information. They sometimes provided examples of how data can be

presented.
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“I would like to see the combination, with a map, so the driven route. ... Combination with data

you have, deceleration, distance, so that you get a piece of video.” (P25, Translated)

“I think if the candidates should fail to pass, it should be our judgment. I think graphics would
help. So regarding the G forces or brake and acceleration forces and the video fragments. So [

think it is a combination of that.” (P39)

Most of the examples suggested by the interviewers were described as meaningless if they lacked context.
The examiners pointed out that this problem could be resolved, in part, by combining different types of data

or through additional information (e.g., location, traffic density).

With whom should data be shared?

The possibility of data sharing was discussed during the interviews. Sharing with the candidate, the
instructor, other examiners, or the testing organization were proposed. The examiners were generally in
favor of data sharing, especially with the candidate. Out of the 35 examiners who mentioned the possibility
of sharing data with the candidate, 34 were in favor. The main arguments were that the data belongs to the

candidate and that data could have educational purposes.

“I think anyway that if [ am allowed to see it, that the candidate should be able to see it as well,

because it is his behavior, his exam ...” (P2, Translated)

“Well, of course we all do it for traffic safety, so it makes little sense to only share that [data] with
me. Of course [it is] very useful ... for the candidate to take note [of the data] and learn from it.”
(P31, Translated)

When discussing the possibility of sharing data with other stakeholders, some privacy issues were raised,

and sharing was only considered viable if the data were made anonymous.
“I would not have a problem with that [sharing], as long as it does not haunt the person themselves.
... because it is a snapshot, people are very vulnerable. And then it would not be fair.” (P22,

Translated)

The interviewers suggested that, once anonymized, data could be used to improve uniformity across driving

tests, for example, by identifying discrepancies between examiners. This type of data use was generally
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agreed upon, although some examiners expressed concerns regarding potential misuse and an increasing
number of complaints. The examiners also noted that it is hard to compare individual driving tests in the
attempt to achieve uniform assessment criteria.

Examiners’ views about the future of driver testing

The interviewers asked questions regarding the future of driver testing. This topic was first addressed with
an open question, followed by more specific questions regarding the possibility of automating some parts

of the driving test, the use of artificial intelligence to assess candidates, and the use of simulators.

The future of driver testing

The examiners typically mentioned technological developments, such as increased ADAS usage, the

increasing presence of electric cars, as well as the disappearance of the manual gearbox.
“... we should start using more of the assistance systems that are available in cars.” (P4)

“Firstly, the automatic transmission comes into the picture. I expect that, in my opinion, in about

ten years, we will have moved to a driving test with automatic transmission.” (P15, Translated)

The main topic of the interview, the data-supported driving test, was often repeated when asked about the

future of the driving test.

“Indeed, I think the research that you are doing is very positive and that it is indeed moving in that

direction that it is becoming data-driven.” (P6, Translated)
Most examiners seemed not to be worried about being replaced by a computer.
“I think there is always going to be a role for the examiner ...” (P18)
“I am not so afraid about that [being replaced]. [Airplane] pilots are also still needed ... I think it

is just a shift. You may then need fewer examiners. But something else will take its place. No, I am

not afraid of this at all.” (P19, Translated)
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“There are colleagues who are a bit afraid to lose their jobs. But I do not believe it ... I think [the

systems] will be more supportive systems that can help us establish a verdict.” (P24, Translated)

Automating parts of the driving test

When asked what parts of the driving test could be automated, examiners had difficulty coming up with
suggestions. Occasionally, they mentioned parts that they found time-consuming, such as waiting for the
participant to enter a destination in the navigation system. However, no noteworthy suggestions for

automation were provided.

Driver assessment by artificial intelligence

The interviewers asked if it would be possible, in the future, to have artificial intelligence (Al) assessing
candidates partially or completely. Opinions were mixed, but a common ground for all examiners was that

their replacement would be difficult to achieve.

“I find that very difficult ... What we actually test is whether they have traffic insight and that word
is so elusive, because what is that? But if that were possible, I think it should be possible.” (P2,
Translated)

“... you [would] have to collect a huge amount of data, because it is not all the driver and what
happens in the car. It is also about the whole environment. Road safety has to do with everything
that happens on the road. Everything in his head, in his behavior and in his actions. That is very

complex.” (P4)

While it was agreed upon that it would be complex to achieve driver assessment by Al, opinions were
divided on whether it would be possible or not. Sixteen examiners said it would one day become possible,
mentioning a time range between 15 and 40 years. They argued that new technologies are developing

rapidly and that it is likely that progress will be made.

“I think that it is possible, but way in the future. In, like, 40 years or something like that, to do it
only with artificial intelligence. Today, no.” (P30)
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“We need a lot of development for that ... I think maybe we are 30 years down the road before we
can really start to trust the system because it all looks really nice, but there are so many uncertain

factors in everything.” (P15, Translated)

On the other hand, eight examiners did not believe it would be feasible, mentioning typically that a

computer cannot predict everything.

“So you always have unexpected situations on the road. And this is the same for the exam itself. |
think that there are always going to be points that are not always black-or-white, there is always

a part that is grey. That’s the part that the examiner should be considered to do.” (P18)

“Feeling also plays a lot of a role. It just does. And you have those gray cases ... and pure data

will not be able to make that distinction.” (P11, Translated)

Other examiners expressed doubts or concerns, for example, about the anxiety Al may create in candidates.

It was also noted that Al will be used only partially, combined with a human examiner.

“I do not believe that, but I think that the combination [human and machine], that is going to be
the future though.” (P32, Translated)

Future role of simulators

Examiners’ responses to the question “Do you think simulators can play a role in the exam” were mixed.
Out of the 37 examiners, 19 saw opportunities for simulators in testing (e.g., “/ surely think so.”; P26,
Translated) and 15 examiners were negative about this (“Absolutely not.”; P10). Two examiners were

ambivalent, and one provided no clear answer.
The examiners saw the benefit of simulators to preselect candidates by testing the basics, to lower the influx
of students with poor basic skills. It was noted that simulators cannot be a full replacement of the driving

test but that parts of the driving test could be done in the simulator.

“..if in a simulator it turns out that somebody really misses all kinds of things, then you do not

even have to go to the driving test.” (P1, Translated)
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“Basic things can already be ... [tested]. I think you can capture 80 percent reasonably well on a

simulator.” (P7, Translated)

“For example, [you could simulate] a narrow street and there are cars parked on the left and the

right side. You can make these standard situations ... and see how our candidates react ...” (P4)

A frequently heard argument in favor of introducing simulators in the driving test was that uniform
situations can be tested. Currently, in calm hours, a candidate may pass multiple intersections without any

other traffic. Standardized testing may contribute to the fairness of the driving test across districts or times.

“... you can more easily present the same situations to people, that allows you to measure more

fairly candidate-to-candidate ...” (P2, Translated)

“You try choosing your route to test all aspects, but sometimes certain situations will not occur.

And then [ fantasize about simulators, like: ‘I would like to have a car coming from the right,

now’...” (P7, Translated)

Examiners noted that limiting factors for simulator usage are simulator sickness and limited generalizability

to real-world situations.

“When you are already used to driving in a car, and you go to the simulator, you get really

nauseous. And you get really sick, and you are not able to drive like you should ...” (P10)

“... once they tell each other what to expect, it is not really ... [fair] anymore.” (P2, Translated)
Negative replies to simulator testing were sometimes followed up by mentioning that there could be a
greater role for simulators in driver training. Out of the 18 examiners who were not positive about simulator

testing, 10 did see opportunities for training drivers in simulators.

“I think it is a very good educational tool. I do not think that it is a useful thing from an assessment

point of view.” (P15, Translated)
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Discussion

This study aimed to assess the views of driving examiners for newly licensed drivers in the Netherlands
about using data as part of the driving test. The interviews started with questions about the current driving
test and the factors that examiners currently take into consideration when coming to a pass/fail verdict.
Subsequently, the interviews went into detail about the why, what, and how of data-driven assessment by
discussing examples of presentation and delivery modes of the test results. Potential simulator-based
testing, and offline use of performance data, such as sharing with other examiners, were also addressed in

the interviews.

According to the examiners, an important advantage, and a source of job satisfaction, of current driving
testing is that examiners have a certain freedom to arrive at a holistic assessment of the candidate’s
capabilities. For example, the examiner can guide the test candidate along an alternative route if the
examiner suspects that an element of the driving task requires extra attention. Furthermore, examiners are
not obliged to fail an overall competent candidate who made benign errors (CBR, 2020). In the same vein,
a stated advantage of the driving test was that the candidates are expected to show independence, for
example, by driving to a particular destination themselves with the help of a route navigation device. These
characteristics of the driving test correspond to the Goals for Driver Education, which were created some
20 years ago (Hatakka et al., 2002; Keskinen, 2007) and which are increasingly embedded in driver training
and testing worldwide (e.g., Alger & Sundstrom, 2013; Molina et al., 2014; Rodwell et al., 2018; Senserrick
et al., 2017). This trend can be traced back to research that has shown that safe driving is not attributed to
vehicle-handling skills and being able to carry out procedures in an error-free manner; rather, higher-order
skills, such as choosing the appropriate route, insight, and self-reflection are regarded as essential

determinants of safe driving (Gregersen, 1995; Isler et al., 2011; Watson-Brown et al., 2019).

It may be hard for a computer to assess drivers on higher-order skills such as interaction with other vehicles
in a particular traffic context (for the same reason it is hard to develop fully autonomous cars; see
Vinkhuyzen & Cefkin, 2016). The examiners pointed out that they cannot rely solely on data for obtaining
a holistic picture of the candidate. Instead, according to the examiners, data should only be used as an aid,
and data should always be contextualized, for example, by relating the data (such as speed) to that of
surrounding traffic, or by combining the data with geographical and real-time traffic information obtained
via connected smart-mobility applications (e.g., Talking Traffic; Roemer, 2021; Van Arem, 2014; Vissers
& Tsapi, 2020). The examiners saw value in measuring proximity to other road users and speed/speeding

(4.4 and 3.9, respectively, on a scale of 1 to 5), which are critical components of safe driving (SWOV,
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2012), and the measurement of eye movements was considered important as well, while assessments of
driver posture or eco-driving were regarded as of lesser importance. Poor eco-driving is not a reason for
failing a candidate and can often be noticed directly from engine sound or dashboard readings without
needing supplementary data. The interviews further made clear that there are limits to what a driving test
can test (be it a data-driven test or not), an observation consistent with the literature. For example,
candidates may be susceptible to the looked-but-failed-to-see phenomenon (Herslund & Jergensen, 2003),
make errors because they are nervous (Fairclough et al., 2006), or show rule compliance during the test but

reveal themselves as risk-takers once licensed (Baughan et al., 2005).

The interviews showed that examiners are under considerable time pressure and have little time to assess
the candidate’s driving ability. Of note, as early as 1992, Meijman et al. assessed the workload of Dutch
driving examiners and concluded that “the examiners’ job must be characterized as a high stress job” (pp.
255-256), based on which a recommendation was adopted to reduce the number of driving tests per
examiner per day (for a similar study see Parkes, 1995). Shortage of time and workload were important
factors for examiners to accept or reject certain forms of data-driven support. For example, it became clear
that, apart from direct warning signals, there is little opportunity to process data during the driving test, as
examiners are busy monitoring safety, giving instructions, and making sure the candidate is at ease. Also
after the driving test, only a little time is available, and hence the test structure would have to be changed
substantially (e.g., by distributing the driving test over multiple assessment moments or by providing the
test outcome after a certain processing time), and feedback would have to be made available in a
straightforward format. At the same time, the examiners emphasized the requirement to have transparent

access to the raw data or graphs, since it is the examiner’s role to explain how a verdict is reached.

The above findings can be related to the levels of automation proposed by Sheridan (1992, p. 358). On a
scale of 1 “computer offers no help, human must do it all” to 10 “computer decides everything and acts
autonomously, ignoring the human”, it appeared that examiners would accept Level 2 or 3 at maximum:
“computer offers a complete set of action alternatives” and “narrows the selection down to a few”. In other
words, the examiners appeared to be favorable towards having access to computer-generated material such
as graphs or scores but would not want higher levels of support. Indeed, perhaps the most striking result
from the interviews was that the examiners did not want data-driven support to make the final pass/fail
decisions for them. The examiners are usually confident in their own verdict, and want to use data and video
material to clarify and justify their verdict to the candidate, or rule out doubts about the candidate’s viewing
behavior, headway to the car in front, speed, or braking behavior. This also includes the use of data to

convince candidates who strongly disagree with the examiner’s verdict, and who, in some cases, display
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aggression towards examiners, a problem also noted by others (Foxe, 2020; Roemer, 2021). In a way, the
proposed use of data resembles how police patrol may use speed measurements and cameras to show
offenders that they violated the traffic rules (Young & Regan, 2007), a concept referred to by some
examiners. Body cams have been proposed for the UK driving test to curb violent attacks on examiners
(GOV.UK, 2017). Whether body cams are effective in reducing assaults against the wearer or the number
of complaints filed is an ongoing topic of debate (Ariel et al., 2018; Lum et al., 2019). Some examiners
expressed concerns that if data were to be shared for evaluation purposes, this could cause an increase in

formal complaints.

In reflecting on the future of driver testing, higher levels of automation may be thought of. In Fridman et
al. (2019), for example, deviant driving behavior was automatically flagged by a computer, which was then
processed by a human supervisor. Such a concept would correspond to Level 5 automation according to
Sheridan’s (1992) ten-level taxonomy: “computer ... suggests one [action alternative], and executes that
suggestion if the human approves”. The notion of event-triggered video-based intervention and other forms
of data- and camera-based monitoring as part of graduated driver licensing (GDL) has been discussed and
studied extensively in the literature (Baker et al., 2020; Klauer et al., 2016; McGehee et al., 2007; Williams
& Shults, 2010). Even higher levels of automation are possible, such as in Dubai, where the verdict is
supposedly made by a computer with human supervision (e.g., Level 7: “executes automatically, then
necessarily informs the human”, albeit in a controlled driving range (Government of Dubai, 2019). From
the interviews, it became clear that the examiners were hesitant and skeptical about fully automated
assessments, noting that computers are unable to make a holistic assessment of the driver in a complex
traffic context. The examiners did recognize, however, that automated driver assessments may have a role
for specific subtasks, such as special maneuvers or acceleration behavior. In summary, the examiners
appeared to be open-minded about how data could support them in their current job (Levels 2 & 3), but the

notion of a fully automated driving test was regarded as unfeasible for the coming decades.

The present interview study concerned the use of in-vehicle technology for assessing driving behavior. A
related topic, assessing how drivers handle in-vehicle technology, becomes of increasing interest to
licensing organizations as well. The most acute technological trend concerns gear changing. How drivers
of different experience levels change gear was once a topic of considerable academic interest (e.g., Duncan
et al., 1991; Shinar et al., 1998), but with the growing popularity of automated gearboxes and electric cars,
this component of expertise may disappear, as pointed out by some of the interviewees. Furthermore, newly
sold cars contain various ADAS, including blind-spot warning, forward collision warning, adaptive cruise

control, lane assist, or other forms of shared control (Oviedo-Trespalacios et al., 2021; Ziebinski et al.,
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2017). Driving instructors and licensing organizations face growing challenges regarding the training and
testing of drivers’ interaction with ADAS and automated driving systems (Heikoop et al., 2020; Sturzbecher
et al., 2015; Van den Beukel et al., 2021). An increasing body of research now aims to examine which
training methods are suitable for learning how to interact with assisted and automated driving technology
(Ebnali et al., 2019; Manser et al., 2019; Merriman et al., 2021; Noble et al., 2019; Payre et al., 2017; Shaw
et al., 2020). For several years in the Netherlands, it is permitted to use ADAS in the driving test (Claesen,
2018), but according to a questionnaire study among driving instructors and examiners, driver assessment
of ADAS use is not yet incorporated in driver training and testing in a structured manner (Vlakveld &

Wesseling, 2018).

One of the challenges in using ADAS in the driving test is that ADAS availability differs between vehicle
models and that different ADAS have different purposes (e.g., comfort/luxury option vs. safety benefits)
(Tsapi, 2015; Vlakveld & Wesseling, 2018). Similar challenges can be expected in the possible future data-
supported driver testing, as variability in vehicles and sensors may compromise the fairness of the
assessment. Therefore, attention must be paid to standardization and legislation of data-driven assessment
technologies, should such technologies become available. Regarding legislation, in the UK, for example, it
is not allowed for candidates to record audio or video during the driving test (GOV.UK, 2021), whereas in
Poland (Kaminski et al., 2008) and Pakistan (Government of Pakistan, 2019), the driving test is recorded
by the driving licensing organization. The examiners thought that the data should be made accessible to the
candidates and, provided that privacy is properly taken into consideration, were in favor of sharing data
with their employer to improve the quality and uniformity of the driving test. Of note, the Dutch Central
Office of Driving Certification already adheres to some open data principles by making the pass rates of all

driving schools and examination locations available (CBR, 2021).

A limitation of this study is that it is possible that the examiners’ responses were influenced by the
familiarity heuristic (Metcalfe et al., 1993). The examiners may have brought up particular possibilities of
data-driven assessment because they encountered similar technology in their job (examiners are often
seated in modern vehicles and appeared very knowledgeable about ADAS). For example, many examiners
appeared to be familiar with eye-tracking, possibly due to a recent on-the-job training on eye movements
they received. Similarly, the examiners’ views about simulators may have been shaped by the fact that the
use of simulators for driver training and testing is an ongoing topic of discussion for many years already in
the Netherlands (Allen et al., 2010; De Winter et al., 2019; Kappé & Van Emmerik, 2005) and other
European countries (Rodwell et al., 2019; Setren et al., 2018). Simulators were regarded as promising for

training and screening in standardized conditions but were not regarded as a suitable full replacement of
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the current driving test. Simulator fidelity and simulator sickness in some drivers remain bottlenecks in the

acceptance of simulators (De Winter et al., 2012; Kappé & Van Emmerik, 2005).

Another limitation is that the present interviews were conducted with examiners only. Future research
should include the views of young drivers themselves as well as of other age groups such as older drivers
and professional drivers. The examiners mostly focused on the use of data to support the driving test itself.
The examiners were open-minded about the use of data before and after the driving test, but a
comprehensive survey of possible data uses was beyond the scope of the current study. For example, how

data could support lifelong learning and long-term effects on road safety would need further research.

Conclusion

Cars are becoming ‘computers on wheels’, and an increasing number of mobile devices are available that
produce driving-related data. These developments raise the question of whether data-driven assessments
could have a role in formal driver testing. Interviews were conducted with 37 driving examiners from all
testing regions in the Netherlands. The interviews examined if and why examiners would like to use data

and what data format would be most useful.

It is concluded that examiners are positive about receiving data in the driving test, especially if that data
could help them explain their verdict to the candidate. Frequently suggested data types were recordings of
the candidates’ eye movements and data that describe the car’s state in relation to its surroundings, such as
speed relative to traffic, distance to surroundings, and position on the road. Examiners were also positive
about the use of video fragments, flagged at critical situations. Data should be presented in an easily
accessible format, allowing the examiner to obtain an overview in the limited time available between the
driving test and the presentation of the verdict. Another key finding was that examiners emphasized the

human element in testing drivers and the importance of establishing an overall picture of the candidate.

Our observations are of relevance in the context of recently published recommendations stating that the
Dutch driving education system needs a fundamental overhaul from a test-led system towards a test- and
education-driven system (Roemer, 2021; and see Helman et al., 2017 for similar recommendations in a
European perspective). For example, it has been recommended that the Netherlands should introduce a
modular national curriculum and a student monitoring system. The same report recommends conducting

experiments with instrumented vehicles to take steps towards a more competency-based assessment
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(Roemer, 2021). It is expected that the current interview study provides a suitable basis for determining

what type of data-driven technology could be used in this experimental phase.
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Appendix: Code

To group and count the tagged transcript, Microsoft Word was used in combination with Python code that
aggregates tags on the participant level. The code and a brief demonstration can be found on GitHub, see

https://github.com/tomdries/content-analysis-tools

Appendix: Interview grid

Part 1: Attitudes towards the existing driving exam

1. What are, according to you, the strong aspects of the exam as it is today?

2. What are the flaws in the exam as it is today? If you had the possibility to change anything, what
would you modify? How would you do it?

3. Does the driving exam as it is today allow you to assess whether a candidate would drive safely
later on?

4. Would you say that the examiner’s intuition plays a role in the establishment of a verdict? If yes,
to what extent?

Part 2: Attitudes towards the potential data-supported driving exam
- (a) Examiners’ opinion about the use of data

1. Do you think that the availability of driving data of any form could be of help in the
exam?

2. Do you have any examples of data, even if it sounds strange or impossible to measure?

3. We will provide you with several examples. For each example, we will ask you to rate
this idea on the following scale from 1 to 5, 1 being not useful at all and 5 being very
useful. Besides the formal answer on this scale, you are encouraged to share your
thoughts, or if you come up with additional ideas.
Examples:

a. Video fragments of critical situations
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4,

o

Automatically detected drivers’ posture and actions (mirror checking, hands on
the wheel)

Distance to detected objects (pedestrians, cyclists, other vehicles)

Deceleration and acceleration (g) scores

Fuel consumption/economic scores

Recordings of speed

. Detected failure to follow traffic rules and norms

Can you think of any other data that may be useful?

©ho Ao

- (b) Examiners’ opinion about the characteristics the data should have

1.

2.
3.
4.

5.
6.

Now, no matter the type of data collected, when do you think it should be collected?
(before, during, after the exam)

When should the data be provided to you? (before, during, after the exam)

How would you envision (/imagine) that the data are presented to you?

With whom do you think the data should be shared? (only you, the candidate, other
examiners, data scientists...)

What do you think candidates will think about the use of data to assess them?

Is there a difference to you between driving skills and driving style? Do you think that
computers could be good for the two of these?

- (c¢) Examiners’ views about the future of the driving exam

1.

2.

3.
4.

Is there something that takes a lot of your time during the ride during the driving exam
that could be automated?

We talked about how data could help you in your assessment of drivers. Do you think
that in the future, an artificial intelligence could assess a driver completely, partially or
completely?

If yes, what would it take for you to rely on this artificial intelligence?

Do you think driving simulators can play a role in the examination?

How do you see the future of driving examinations?

Part 3: General questions
1. How open do you think your organization is to such technological changes? And the examiners
themselves?
2. Do you think the pandemic can lead to changes in the setup of the driving exam / the work at

CBR?

3. Do you have experience with other training/exams (motorcycle, truck, older drivers, other special
domains)? If yes, specify. How do you think that the topic of data-driven assessment applies to
that work domain?

4. Do you think the current topic may be useful to driving schools, to implement data in the
training?
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