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ABSTRACT

Monitoring the environment is an essential part of driving, as it increases the driver's
situational awareness and enables them to make appropriate decisions for safe and
comfortable driving. This paper presents a study to investigate how much and in
which way should information be displayed to the driver in a semi-automatic vehicle
with a head-up display (HUD) to achieve optimal situational awareness. This was
evaluated from two perspectives: the user's experience and perceived usability. It
additionally explored the users preferences on which information should be displayed
in such HUDs. For this purpose, four prototypes of a visual HUD were created,
displaying different amounts of information (MIN vs. MAX) and presented in two
different modes - as a two-dimensional (2D) projection on the windshield and using
augmented reality (AR) to highlight the information directly in the environment. The
obtained results gave a clear indication that the test participants preferred to have



more information displayed on a HUD, regardless of whether it was presented in 2D
or AR.
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INTRODUCTION

Driving is a dynamic task that involves not only operating a vehicle, but also
interactions with other road participants, following traffic regulations, adapting to
weather conditions and many more. Monitoring the environment is therefore a crucial
part of driving, as it increases the driver’s situational awareness (knowing what is
going on around you). Situational awareness (SA) plays an important role in any
process of dynamic human decision making, as it provides the state of knowledge
needed for making effective decisions and taking appropriate actions (Endslay, 1995).
To ensure driving safety, it is necessary for drivers to still maintain a certain level of
SAinany vehicle that is not fully autonomous or has Level 5 of automation as defined
by the Society of Automotive Engineers (SAE, 2016). Based on the SA theory
(Endsley, 1995), for achieving SA it is necessary to have perception on the elements
of the environment (SA level 1), have a comprehension on their meaning (SA level
2) and be able to project their status in the near future (SA level 3). The three levels
are set in hierarchical order, with SA level 3 being the highest. The first level deals
with perception of all relevant elements in the environment, their status, attributes and
dynamics. This is followed by the second level, which focuses on comprehending the
environment and understanding the significance of the perceived elements and their
attributes. The third and highest level of SA reflects the ability to be able to anticipate
and predict the actions of the elements in the environment in the near future.

Motivation

The study presented in this paper deals mainly with the first level of SA, and tries to
answer two main research questions:

Research Question 1: Which, and how much information the driver is supposed to
be presented during the whole drive in a semi-automated vehicle in order to maintain
an appropriate level of SA and ensure highest level of perceived usability, provide
best user-experience and satisfy driver’s personal preferences on in-vehicle
information systems (IVI1S)?

Research Question 2: How should information be presented to the driver in a semi-
automated vehicle, so that they ensure highest level of perceived usability, provide
best user-experience and satisfy driver’s personal preferences on in-vehicle
information systems (IVIS)?



METHODOLOGY

Experiment design and equipment

We developed a visual head-up display (HUD) that intends to help the driver with the
monitoring of the driving environment and maintaining appropriate situational
awareness not only in critical situations but throughout the whole drive, in a manually
or semi-automated vehicle. Four prototypes of the visual HUD were created,
displaying different amount of information (MIN vs. MAX, see

Table 1) and presenting in two-dimensional (2D) projection on the windscreen (see
Figure 1, left) and using augmented reality (AR) to highlight of information directly

in the environment (see Figure 1, right).

Table 1. Information presented in the four HUD prototypes

MIN MAX
Information presented in HUD 2D AR | 2D [ AR
Speed limit visible at all times. N4 v
Displays speed limit sign at each cross section 150 m v v
before and up to 150 after the traffic/road sign.
\Vehicle speed visible at all times. v v
\Vehicle speed colour changes from white to red when v v
driving over the speed limit (information on speeding).
IActive ADASS. v v v v
Distance to vehicle in-front of ego vehicle. v v
Distance to vehicle in-front changes from white to red v v
when driving in TTC < 2s.
Level of automation the vehicle is operating in. v v v v
Displays surrounding traffic/road signs (for example
bus stop, pedestrian crossing, traffic light, priority v v
road, non-priority road, stop, etc.) 150 m before and up
to 150 after the traffic/road sign.
Highlights with green bounding box surrounding
traffic/road signs with green bounding box (for|
example bus stop, pedestrian crossing, traffic light, v v
priority road, non-priority road, stop, speed limit sign
after each cross section, etc.)
Simple GPS directions in form of an icon. v v
Using AR, displays GPS directions directly on the v v
road.
Short messages/email previews. v v v v




The HUD was displayed throughout the whole trial regardless if the vehicle was
manual or automated mode. The latter, for example, allowed the test participant to
monitor the vehicle dynamics when in automated mode, which displayed that the
vehicle would always drive within the speed limits and keep appropriate safety
distance to the vehicle in front.

The HUDs were evaluated in a high-fidelity driving simulator (Vengust et al., 2017).
The driving was completed using a vehicle with automation level 3 (SAE, 2016) and
took place on a 13 km route in a city environment, which (if speed limits were
followed), lasted ~16.5 minutes. The study had a within-subject design, meaning that
each participant completed four trials — one with each HUD prototype.

Figure 1. Left: Visual 2D HUD (MAX version); Right: Visual AR HUD (MIN version)

Participants

30 participants (14 female) aged between 23 and 55 (M=36.767, SD=8.89)
participated in the study. All of the participants had a valid driving license (driving
experience M=17.200, SD=8.86). The participants were given written description of
the study and its goals, detailed instructions about their tasks in study and information
on the data collection and processing. This was followed by an informed consent,
which further stated potential risks and benefits participation in the study would have
on the test participants. For their participation in the study, the participants were
entitled to a compensation of 10 €.

Tasks

There were two main tasks in the study: operating a vehicle with automation level 3
(L3) and performing a non-driving related task (NDRT). The operation of the level 3
vehicle or vehicle with conditional automation states that when operating such
vehicle, the driver is a necessity but is not required to monitor the environment.



However, it must be ready to take control of the vehicle at all times (SAE, 2016). In
that regard, the driver’s task of operating the vehicle was to: a) drive manually when
automation was unavailable, b) turn on automation when it became available and c)
take over control over the vehicle when automation was no longer available.

The NDRT was playing the calculus game 2048, whose objective is to slide and
combine numbers on a grid with the purpose of achieving a sum of 2048. The game
was played on a mobile phone without internet connection to avoid disturbances. The
score of the participants was not recorded; participants were asked to play the game
as a simulation of potential activities drivers of semi-automated vehicles may engage
into when in automated mode.

Variables

Independent variables

Two main independent variables were: amount (which and how many) and mode of
information (presentation in 2D or AR).

Dependent variables

In this study, three main dependent variables were observed: user experience,
perceived usability and personal preference. User experience scores were collected
with the User Experience Questionnaire — UEQ (Laugwitz et al., 2008), and perceived
usability with the System Usability Scale — SUS (Bangor et al., 2008) after each of
the four trials (2D MIN, 2D MAX, AR MIN and AR MAX). Each participant
completed the UEQ immediately after completing the trial with a specific HUD. The
questionnaire consists of 26 questions, which can be answered using a 7-point Liker
scale (1 — Completely agree, 7 — Completely disagree). The answers are used to
provide scores on six aspects of user experience — Attractiveness, Perspicuity,
Efficiency, Dependability, Stimulation and Novelty — which were analyzed with the
UEQ Data Analysis Tool (UEQ, Germany).

After completing the UEQ, participants were asked to also complete the SUS for each
specific HUD. The scale is often referred as a “quick and dirty” yet reliable tool for
the assessment of usability of the evaluated system. It consists of 10 questions, which
have been validated to be able to distinguish between a usable and unusable hardware,
software, products, services and applications. The answers are provided using a 5-
point Likert scale. To be consistent with the rest of the used questionnaires, in this
study we used a 7-point Likert scale also for the SUS. The answers were than
normalized to be able to use the scoring system developed for the 5-point scale.
Additionally, participants were asked to complete a user preference questionnaire,

in which, using a 7-point Likert scale, they expressed their opinion on the necessity
of displaying different visual information components presented in the 2D and the
AR HUDs (see

Table 1).



RESULTS

User experience

The UEQ scores scale ranges from -3 (horribly bad to +3 (extremely good), however
because of the calculations of means the authors of the UEQ tool point out that it is
extremely unlikely to get scores above +2 or below -2. Values between -0.8 and above
+0.8 are considered as neutral, and scores above +0.8 represent a positive and scores
below -0.8 represent a negative evaluation.

Based on the collected data, all four prototypes were rated positively for four aspects
of the MIN versions and five aspects out of the six aspects for the MAX versions of
the HUD prototypes. The AR MAX HUD obtained highest scores for attractiveness,
perspicuity, efficiency, stimulation and novelty, whereas the 2D MAX HUD obtained
highest score for dependability. However, there were no statistically significant
differences between the scores obtained for the 2D MAX and AR MAX versions for
any of the sic evaluated UEQ aspects.

The UEQ results for all the four HUD prototypes are presented in Table 2.

Table 2. UEQ scores Mean (M) and Standard Deviation (SD) for all four HUD prototypes

HUD | 2D MIN 2D MAX AR MIN AR MAX
UEQ aspect M | SD | M | SD | M | SD | M | SD
Attractiveness | 1.183 | 1,230 | 1.511 | 0,898 | 1.144 | 1,074 | 1.722 | 0,827
Perspicuity | 1.942 | 1,031 | 2.017 | 0,951 | 1.817 | 1,085 | 2.267 | 0,881

Efficiency 1.667 | 0,761 | 1.750 | 0,689 | 1.283 | 1,127 | 1.783 | 0,939
Dependability | 1.533 | 0,909 | 1.808 | 0,753 | 1.408 | 0,845 | 1.783 | 0,819
Stimulation 0.200 | 1,236 | 0.483 | 1,114 | 0.292 | 1,265 | 0.775 | 0,889
Novelty 0.583 | 1,138 | 0.892 | 0,809 | 0.567 | 1,259 | 0.933 | 1,081

Percieved usability

The SUS results into scores ranging from 0-100. Despite its similarity of the scale,
the final score does not represent a percentage. The score of 68 is set as a
discriminatory limit — a score below 68 indicates below average, whereas a score
above 68 indicates an above average perceived usability. For the evaluation of results
collected in this study, we used a curved grading scale, which was developed by
Lewis & Sauro (2018), presented in Table 3.

The obtained data for the perceived usability with SUS for the four HUDs and the
corresponding grades proposed by Lewis and Sauro (2018) are presented in Table 4.
All four HUD prototypes were perceived to have very high levels of perceived
usability, with the MAX versions obtaining the highest A+ grade. Similarly to the
UEQ scores, the perceived usability was also higher for the MAX versions, regardless



of the HUD mode. There were no statistically significant differences between the 2D
MAX HUD and AR MAX HUD.

Table 3. Curved SUS grading scale (Lewis and Sauro, 2018)

Grade SUS score Percentile range
A+ 84.1-100 96 — 100
A 80.8 —84.0 9095
A- 78.9-80.7 85 -89
B+ 77.2-78.8 80 -84
B 74.1-77.1 70-79
B- 72.6-74.0 65— 69
C+ 71.1-725 60 — 64
C 65.0-71.0 41 -59
C- 62.7 - 64.9 35-40
51.7-62.6 15-34
F 0-51.6 0-14

Table 4. SUS scores and curved SUS grade for all four HUD prototypes

HUD SUS score Grade
2D MIN 78.5 B+
2D MAX 85.06 A+
AR MIN 79.72 A-
AR MAX 85.17 A+

Personal preference

The personal preference questionnaire was used to obtain an insight of which
information participants would always like to have visible during a semi-automated
vehicle in order to maintain an appropriate level of situational awareness. Participants
rated different information from 1 to 7. The results are presented in Table 5.

Since the scores from the Likert scale are defined as 1 — Completely disagree to 7 —
Completely agree, values ranging from 1-3 can be considered as negative ratings, the
value of 4 as neutral, and the values from 5-7 as positive ratings. Considering this, to
present the actual effect of the obtained scores, Figure 2 and Figure 3 present the
mean obtained scores, for the 2D and AR HUD respectively, after subtracting a value
of four to represent only the positive ratings.



Table 5. Personal preference scores obtained from a 7-point Likert scale

2D HUD AR HUD
Information presented in HUD M SD M SD
\Vehicle speed. 6.500 | 1.192 |6.367|1.542
Driving over the speed limit. 6.233 | 1.040 [6.033]1.273
Speed limit. 6.500 | 0.731 |6.200]1.400
Display ADAS which are active or available. 5.467 | 1.432 |5.207]1.820
\Vehicle level of automation. 5.000 | 1.640 (4.633]1.938
Distance to vehicle in-front. 4567 | 1.736 [4.367]1.974
Too short distance to vehicle in front 5.867 | 1.479 [5.533]1.907
Displays (2D) / Highlights (AR) surrounding
traf‘flg/road signs (for e_xample bus stop,_pe_destrlan 5333 | 1.749 | 2.956 |1 861
crossing, traffic light, priority road, non-priority road,
stop, etc.)
Simple GPS directions - in form of an icon (2D)
displayed on directly on the road (AR). 6.133 | 6.133 1544911572
Using AR highlight road participants, which can affect NA | NA 593111 646
may driving

preference score* for 2D

Mean user

B Mean - Effect

Figure 2. User preference scores on information displayed in the 2D HUD
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Figure 3. User preference scores on information displayed in the AR HUD

CONCLUSIONS

The results from all three questionnaires gave a clear indication that the test
participants preferred the MAX version of the HUD which features more information,
regardless of the mode they were presented in — 2D or AR. The positive ratings for
each of the information featured in the HUD further support the user’s preference for
more information to be displayed in the HUD. These results also indicate that the
proposed selection of information (see Table 5) was appropriate.

The presentation of only the positive scores from the personal preference
questionnaire and calculating the corresponding contribution of each piece of
information to the desired effect provide an insight into which information contribute
mostly to achieving higher situational awareness. Based on it, in order to obtain an
effect of 80%, four pieces of information could be left in the 2D HUD and AR HUD:
distance to the vehicle in front, displaying/highlighting road signs, level of
automation, and information about the advanced driving assistive systems.

Given the importance the role of user-experience and perceived usability play in the
acceptance and adoption of new technologies, the results from this study provide
information, which should be considered when designing and developing in-vehicle
human-computer interaction solutions for semi-automated vehicles.
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