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ABSTRACT

The increasing amount of innovations in the functionality of car electronics (e.g. advanced driver assistance systems
(ADAS) and in-vehicle infotainment systems (IVIS)) leads to new challenges in the research of human-machine-
interaction. A recent trend in the automotive industry is the integration of resistive or capacitive touchscreens as
input devices into the car cockpit, following a user demand which origins in consumer electronics. Nowadays
typical resistive and capacitive touchscreens have certain drawbacks in their distraction potential and their usability,
resulting in safety-critical situations and negative user feedback. In this paper a different technical approach towards
touch input technology is proposed, which combines the advantages of both resistive and capacitive touchscreens,
while eliminating their disadvantages. Two studies -a qualitative expert evaluation and a driving simulator study-
evaluating the technology, are presented in this paper.
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INTRODUCTION

When designing for a human-machine-interface, the user-centered design process (EN ISO 13407, 2000) is a
common approach in terms of optimizing the usability of the designed interface. This process involves iterative
testing during research, prototype design, evaluation, and adaptation. At different stages of this process, different
usability methods should be employed. In an early stage, rough impressions by experts may be sufficient for the
adaptation of an early prototype, whereas the refinement should be conducted by end-users to ensure that the
technology is tailored to the human needs, expectations and limitations in the best way possible.

This paper aims at presenting the evaluation and design implications of a technology under development in a user-
centered design process. The first paragraphs concern haptic or rather tactile interaction basics and the current status
of the technology. Its area of application, the automotive context, is briefly discussed considering multimodality, and
to conclude, two usability studies are presented and discussed.

INTERACTION BACKGROUND

Haptic interaction

Haptic interaction works bi-directionally; the afferent and efferent fibers enable interaction in both directions,
towards and from the brain to the motoric cells. Motoric reflexes can react without intentional initiation of a
response, being activated in the spinal cord (Antony W. Goodwin & Heather E. Wheat, 2008). There are two
mechanisms of touch in laboratory experiments: passive and active touch.
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Passive touch relies mainly on perception mechanisms. Experiments investigating passive touch involve
discrimination or absolute sensitivity of the skin when touched passively with an object. Active touch, on the other
hand, is the active exploration of an object and therefore its identification. This area incorporates the interplay
between different tactile and kinesthetic perceptions, intentional motoric responses, and the cognitive integration
(Goldstein, 2008).

Haptic perception in the area of virtual buttons, which is most relevant for the discussed interface, refers mainly to
tactile vibration perception via Pacini-corpuscles. These corpuscles are about 1 mm in diameter, located in the
subcutis, which is the lowermost layer of the human skin, and they are rapidly fast adapting cells (Halata &
Baumann, 2008). They react to frequencies between 20 and 1500 Hz (“1-Consciousness-Sense-Touch-Anatomy-
Receptors,” 2012), although their optimal perception is around 200 Hz and at amplitudes below 0.1 pm (Halata &
Baumann, 2008). As the adaptation rate of these cells is very high, the perception works best with signals with a
sinus-waveform (Birbaumer & Schmidt, 1996).

When a virtual button is activated on a touchscreen or decorative panel, a vibration signal is excited and perceived
through the Pacini-corpuscles. This is a completely different mechanism than the push of a mechanical button.
Mechanical button pushes are perceived and evaluated via the kinesthetic sense, namely the primary and secondary
spindle receptors, which are signaling “the velocity and direction of muscle stretch or limb movement” (Lynette
A. Jones, 2000). These cells give constant feedback and enable a subject precisely to allocate the force necessary for
activation or deactivation of a mechanical button. There are some hints, that in active touch the perception of force is
more important than the perception of the actual surface geometry, although normally they are correlated (to each
other). When manipulated, so that they contradict each other, the force perception seems to override the surface
geometry perception (Gabriel Robles-De-La-Torre & Vincent Hayward, 2001). This leads to the conclusion that the
substitution of kinesthetic feedback via vibrational feedback needs careful design to feel realistic or even “natural”
to a user.

Another consideration which has to be made, is that Pacini-corpuscles suffer in their perception abilities from certain
age effects, where the perceptional ability decreases over time (Gescheider, Bolanowski, Hall, Hoffman, & Verrillo,
1994). When considering age effects in multimodal systems, it has to be mentioned that they also exist for the
acoustic perception. Their extent and amount is dependent on the frequency of the signal (Freigang et al., 2011).
There are no or little gender effects are present in terms of tactile perception, with slight higher sensitivity in female
persons (Schroeder, 2010).

Conventional touch screen devices face the issue that the substitution of mechanical to virtual buttons is not simply a
change in technology, but also in the underlying perceptual processes, as discussed above. The technologies and
their characteristics are therefore an important factor when evaluating the interaction with a device.

Touch input devices

There are different interfaces for touch input, such as push-buttons, toggle switches, rotary selector switches, or
thumb-wheels, etc. For this paper, the focus is on push-buttons, as they are the most common button featured in the
automotive context. This considers mainly the interaction of a user with a car, exempting the direct actuators, i.e.
the pedal systems and the steering wheel. These mechanical buttons are placed everywhere around the driver: on the
steering wheel, in the center stack, on the inside of doors and on the seat. Each original equipment manufacturer has
own proprietary requirements and specifications regarding button design. Normally, they contain information about
the physical displacement of the spring mechanism, the overall mechanics of the system, the actuation sound, the
applied actuation force, and the actuation displacement. There is a certain trend in the automotive industry to
substitute mechanical switches with capacitive touchscreens; touchscreen technology is therefore discussed in the
following paragraphs.

Touchscreens were first invented in 1965 (Johnson, 1965). The two most common kinds of touchscreens in
consumer products are resistive and capacitive touchscreens; surface acoustic wave and infrared touchscreens are
too cost- or space-intensive (Philipp, 2013). Therefore, the focus will be on the former technologies.

Resistive touchscreens can be used with gloved hands or any non-capacitive material, but the response times can be
very slow. Also, the visual perceptibility of resistive touchscreens is not optimal, especially in bright daylight, due to
internal layer light reflection. This makes them a less than optimal solution for the automotive context, although the
first touchscreen included in a series vehicle was a resistive touchscreen, the GM Riviera and Reatta (Cox, n.d.).

The handling of the system seems to have been too difficult for the users (Badal, 2008). But compared to the
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following paragraph’s topic, capacitive touchscreens, resistive screens do have some advantages over capacitive
technologies: they can be operated with gloves, which is a must in the automotive domain. They are also not as
expensive as capacitive touchscreens and can —in contrast to capacitive screens - be used in different levels of
humidity, which is also a basic automotive requirement.

Capacitive touchscreens sense the change of induced capacity on the surface of the screen. This means that the
identification of activation is realized by a change in the induced electrical field over the surface of the technology.
A human hand can function as an electronic conductor; “touching” the screen, or more specifically leading a finger
into the capacitive field, leads to a distortion of the field. Wearing gloves often makes it impossible to use a
capacitive touchscreen, not to speak of when users who have hand prostheses. Because the sensing is based on an
induced electrical field, faulty activation can happen quite easily- activation and deactivation are not precise.
Another problem can occur due to the fact that the induced field measures a longer activation of the screen than
actually intended by the user. A longer sensing of the activation leads to a delayed deactivation, which may cause
faulty activation of a function. The accuracy of capacitive touchscreens is therefore not very high (Philipp, 2013). In
the automotive context, due to road vibration, a faulty activation by activating a nearby button instead of the button
intended is of high probability with capacitive touchscreens. This leads to certain drawbacks in their distraction
potential and their usability, resulting in safety-critical situations and negative user feedback, like with the center
stack controls of one of the Ford MyTouch systems. This system is a fully touch-based control panel in the center
stack. Ford decided to refrain from this strategy for future models after a tremendous amount of negative user
feedback (Ramsey, 2013), which included complains about the lack of tactile feedback on the virtual buttons.

Another topic is the time between intended activation, actual activation, actual deactivation and tactile feedback.
The latency of today’s touchscreens in consumer electronics can range between 70 and 170 mS (Agawi, 2013).
Typically Eccentric Rotating Masses (ERM’s) or Linear Resonating Actuators (LRA’s) are coupled to the screen or
housing to create a tactile feedback upon the detection of an activation. Initiating these tactile feedback events can
additionally have a perceived lag which may vary between 30-50mS for ERM’s and 20-30mS for LRA’s (Huotari,
2012), depending on the technology used. Compared to the instantaneous feedback of mechanical buttons, this
performance is debatable. While the fastest combination, 90 mS, lies well below human perception thresholds, a
total time of 220 mS can definitely not compete with mechanical button advantages in usability. Most capacitive
systems that utilize some form of tactile feedback device focus their efforts on detecting an activation — but little
focus on providing any tactile feedback for an actual deactivation. This is because detecting an actual deactivation
event for a capacitive screen is not possible — as the finger will have already left the touch surface before the
capacitive sensing system can actually register a true deactivation.

An additional problem with these systems can be that they normally transfer the vibrational feedback directly
through the whole device (Barua, 2013) and that they always have a certain delay (Snell, 2008). Therefore, the
instantaneous feedback of mechanical buttons cannot be imitated fully by virtual buttons, no matter how precise they
may be.

Every single drawback may also have effects on the subjective quality perception of the interaction and user
contentment, particularly when the primary driving task shifts to the secondary tasks, as intended by the designers of
consumer electronic devices. These types of feedback were originally designed to be in the primary focus of the
user, instead of being performed concurrently with a complex additional task, such as driving. A safe and direct
transfer of this technology is therefore very challenging. Original equipment manufacturers (OEMs) are caught
between two technologies, which are not suitable or suboptimal for implementation in the automotive domain, but
nevertheless feel the need to do so, due to a market pull from their customers, which is originally a technology push
from the consumer electronics market.

Taking into account the negative user feedback when introducing capacitive touchscreens into the automotive
market as a substitute for any current mechanical button, it is clear that a much more accurate force sensing for
activation as well as deactivation is necessary, than is technologically feasible with capacitive touchscreens. Also,
the vibrational feedback needs to be spatially optimized and accurate. On the other hand, visibility issues and
suboptimal deactivation of resistive touchscreens (which do give a natural kinesthetic response, as the two layers are
pushed together) should not happen for displays or buttons in the automotive context. To avoid the impression of
being sluggish, the feedback must follow the user activation and deactivation immediately.

The system which was evaluated in the two studies discussed in this paper has a tactile response time under 30mS

after the surface application of force. As human tactile perception averages in experiments at about 155mS
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((Robinson, 1934), after (Kosinski, 2012)), this latency is sufficiently small and can be considered as instantaneous
feedback.

MULTIMODALITY IN THE DRIVING CONEXT

There have been different approaches in the research on the integration of multimodal functions in the driving
context, which can be divided into the two main categories of comfort and safety functions, such as in-vehicle-
infotainment systems (IVIS) and advanced driver assistance systems (ADAS).

The research of IVIS tasks, such as making a phone call, showed that the driver distraction' does not necessarily
decrease, when the multiple use of one resource is split and differentiated across different modalities. There seems to
be sufficient evidence, that making a phone call is not a matter of motoric distraction from the steering wheel, but
rather of cognitive distraction (Spence & Ho, 2008). These findings are also consistent with the results from
Harbluk, Noy, & Eizenman (2002), which have found that the eye glance behavior as a measure of attention shifting
did show similar patterns between hand-held and hands-free devices. The difficulty of the task also has a clear
influence on the division of attention (Metz & Kriiger, 2011). The shift of comfort functions to another modality
seems to come at certain cost, regarding the overall workload of a driver (Vollrath & Totzke, 2003). These studies
are all conducted in the context of driving without assistance or with common ADAS systems. For these
circumstances, the additional attention demands from other tasks are endangering the driver and other traffic
participants, and should be as much restricted and avoided as possible. Nevertheless, due to increasing automation in
the automotive market, there may be situations where the use of such systems by a driver or even an intended,
implemented distraction of the driver may become a necessary tool of keeping the driver in the loop and awake as an
operator of an automated system. The focus of this paper, however, is on the development of virtual multimodal
buttons for existing systems and those which will be introduced in the near future, so automation issues are not
discussed here.

When it comes to safety-critical warnings, other factors have to be considered. Multimodal warning strategies are a
sensible approach that lead to faster reaction times (Sarter, 2006), not only in terms of velocity, but also regarding
adequacy. It is very time consuming to transfer semantically meaningful information without a visual display (cp.
e.g. Fricke, 2009): an acoustic warning without any implications for the cause may lead to orientation reactions,
consuming irrevocable, important milliseconds of a driver’s reaction time.

In contrast to these most common scenarios and use cases, the interaction technology presented in this paper is not
in itself allocable to one of the two main applications, IVIS and ADAS. It could be used for both, and a focus on one
at an early development stage as present seems not necessary to derive the most basic requirements: distraction and
workload from a secondary task should be minimized as possible, so the interaction should run as smooth as
possible.

A button push can count as a microinteraction. ,,Microinteractions is about those critical details that make the
difference between a friendly experience and traumatic anxiety” (Norman, 2013). It is crucial for any use case,
independent of the application, that these microinteractions run smoothly- if they are not thoroughly designed, even
a very sophisticated interaction design in terms of user experience and usability will inevitable fail.

The location of the buttons is with the present technology not one of the main considerations. From a technical
viewpoint, it is feasible to install this technology in the center stack, the steering wheel, the doors, the seats, or
anywhere in the manual reachability of the driver. For the present evaluations, the button location was limited to the
steering wheel. These steering wheels with interaction possibilities other than the steering input are called
multifunctional steering wheels and nowadays implemented in nearly every OEM model, except for very low-cost
cars. The buttons which are implemented are conventionally mechanical buttons, which are restricted in terms of

! Note that the term ,driver distraction® is used here in the definition by Reagan, Hallet & Gordon (2011):
“diversion of attention away from driving, or safe driving; attention is diverted toward a competing activity, inside
or outside the vehicle, which may or may not be driving-related; the competing activity may compel or induce the
driver to divert attention toward it; and there is an implicit, or explicit, assumption that safe driving is adversely
effected”.
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space, size and packaging. This is a cost driver for production and a challenging restriction for the automotive
creative designers. Another issue is that due to mechanical constraints, the optimization of the button feel is
restricted due to mechanical requirements and compromises. Both challenges can be met with the present virtual
button concept, as they are lightweight, small, and flexible in packaging as well as freely adjustable in terms of
feedback and force sensing thresholds.

The virtual button concept evaluated utilizes an accurate force detection sensing technology, not currently available
in the public domain, which is capable of not only detecting the applied force, but the location of the applied force.
This is combined with a new tactile feedback technology that is capable of generating a large range of fast tactile
responses.

Two of the evaluations are presented in this paper, the first one being an expert evaluation at the very beginning of
the development process, and the second one a first user study concerning one part of the design of the interaction.

EXPERT EVALUATION

Background

In the expert evaluation, the main goal was to investigate the general application of the technology and its general
preferred design. An expert evaluation is a heuristic evaluation (Nielsen & Molich, 1990) of experts in a specific
field. It is a very useful procedure when the exact application or set of features is not determined yet. Expert
evaluations are more qualitative than the normal user test, but give less information in a quantitative way, as the
number of subjects is normally kept very low (3-5 as a rule of thumb (Jeffries & Desuvire, 1992)). Nevertheless it
has been demonstrated that expert evaluations can be far more effective (Jeffries & Desuvire, 1992). It cannot be
generally stated that expert evaluations are better than actual user tests, but rather that they focus on different
aspects. The importance of the right experts for the usability evaluation cannot be underestimated, as this is the main
factor securing the quality of their feedback. A combination of technical knowledge and usability background
usually leads to the best results (Nielsen, 1992).

Method

As the most important factor is the expertise of the experts
evaluated, the selection of experts was carried out according to the
two factors mentioned above: their relation to the technical
background and their experience in usability issues. Another factor
to consider was that they should contribute different perspectives to
the research. In the automotive industry, every OEM aims at a
unique design and the highest consistency possible in design. This
extends to the sound and feel of mechanical buttons as well. In a
development stage as early as this, it would not make so much sense
to focus on one OEM only. Hence, the second selection criterion was
that among the experts, there should be at least two experts from
different OEMs. The third criterion was that although the experts
should have some understanding of the technology and of usability,
it was aimed to get an interdisciplinary view on the parts of the
interaction. The fourth criterion concerns the difference between
research and development. Experts were chosen from both domains
because whereas research experts generally speaking tend to be more .
open towards new and innovative prototypes, experts working in Figure 1. Virtual button surface
development have a better understanding on feasibility. Accordingly, (prototype).
the experts were chosen from different professional backgrounds, OEMs and experiences in development stages,
with experience or background in usability. They were one female and four male experts. Four experts worked in
industry, one at a university. Two experts had only one OEM as a background, one two, and the remaining two
worked for various OEMs.

The interaction surface used in the study was a modified series multifunctional steering wheel produced by
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TAKATA. On the left side (the spoke in the 9 o’clock position), the conventional mechanical buttons were left
unmodified. On the right side (the spoke in the 3 o’clock position), virtual buttons consisting of the new technology
were implemented. Different activation/deactivation force and tactile as well as acoustic feedback settings of the
virtual buttons could be controlled by an external laptop.

A red piece of fabric was used during blind testing to cover up the prototype steering wheel. All interviews were
recorded with a dictating machine.

When the interviews started, subjects could see the hidden prototype only, yet did not interact with it. The
interviewer and the company were briefly introduced before the interview started. The experts were first asked some
general questions about demographic data and their driving experience and car usage, before the core interview
started. A connection to the prototype was established via questions regarding multifunctional steering wheel
familiarity and usage questions. In the next part, the prototype was evaluated without visual display and remained
hidden under the fabric. The tactile feedback was not activated at this point. The next part contained blind testing
still, with the additional activation of the tactile feedback in a fixed, standardized setting for every expert. Following
this evaluation, the prototype was revealed and examined with the support of the visual modality. The subsequent
and biggest part of the interview consisted of different threshold settings for activation and deactivation force, as
well as tactile and acoustic feedback. The next part consisted of questions regarding possible functional applications
and general value appeal questions. Each interview lasted between 1,5 and 2,5 hours.

Results

The interviews were first transcribed into spoken language and then analyzed following the procedures suggested by
qualitative content analysis (Mayring, 2000). Categories were developed inductive from the interviews given, but
nevertheless followed the raw interview structure proposed in the precedent paragraph. Reliability in qualitative
content analysis is limited to inter-coder-reliability, which was ensured due to multiple coding, category
development, and comparison of the coded material. The category development thereby followed the proposal made
by Mayring (2000) and Philipp (2000).

Most of the participants used their vehicle for everyday purposes, whereas longer journeys or special events were
rather rare. Vehicles of all kinds of classes were driven, and everyone was familiar with the usage of multifunctional
steering wheels, which shows that the market penetration of this technology seems to be rather high or that the
experts were all interested in technology. The focus of the interaction were in most cases directly related to the
primary driving activity; the multifunctional steering wheels were used mostly to derive feedback about primary
driving task activities such as fuel consumption. IVIS functions were rarely used.

The blind evaluation showed preference of physical boundaries in terms of small ridges over material characteristics
only, for example temperature differences. The tactile standardized feedback brought up very diverging opinions
concerning intensity and precision. There were also some difficulties for the experts in the standard setting to
differentiate between tactile and acoustic feedback. The visual uncovering modified the tactile blind evaluation for
some experts. Overall, the appearance and structure of the interface were evaluated positively. There was no
preference for a market segment regarding the value appeal questions. Functions which could be covered showed to
be highly OEM-dependent and therefore not a topic of discussion here. The different activation and deactivation
points as well as the tactile and acoustic feedback setting showed some tendencies, but had also a lot of variability.

DRIVING SIMULATOR STUDY

Background

Although the expert evaluation did produce some good results, the exact settings for specific thresholds remained
unclear. For determining these thresholds, several driving simulator studies were designed. One of those is topic of
the following paragraphs.

One of the main questions in term of virtual button design is the exact tactile and acoustic feedback setting
configuration. As these virtual buttons under discussion are activated by force, the tactile and acoustic feedback is
launched at the point of activation of the button, simulating a mechanical button’s “click”.
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Method

The experiment took place in a static driving simulator. The study consisted of the independent variables button
force, condition, and a feedback combination set with three vibrational and three acoustic feedback settings (high,
medium, and low), each combined with each other. All feedback combinations have been designed for their
discriminability (using just notable difference calculation) and pre-tested with subjects who would be considered the
oldest age group if they were really perceivable as well as perceivable to be different.

In total nine feedback combinations were each combined with two stages of button force (easy and hard). The two
conditions mentioned were a sitting only condition in the driving simulator and the other one with driving. A
familiarization drive took place previous to the driving with the feedback tests. All settings, force, and condition
combination possibilities were tested by each subject, in other words the study was a within design.

A mix of dependent variables was evaluated. A subjective preference rating took place in form of pairwise
comparison (David, 1959) between two feedback combinations, and error rate, time-on-task, the maximum applied
force, and the driving performance while performing a task (pushing the button as fast as possible in a determined
number of pushes) were evaluated for each feedback combination. Demographic data was collected at the beginning
of the experiment, and finger temperature was measured before and after the experiment as well.

The sample consisted of 40 subjects with an equal gender distribution. They were distributed over five different age
groups (18-29, 30-39, 40-49, 50-59, and > 60).

Results
Pairwise comparison

The pairwise comparison has different quality criteria: the differentiability of the subjects, which means their ability
to perceive differences between two feedback combinations; the consistency of their ratings, which means their

ability to use the same judgment criterion over the whole Table 1. Post hoc tested preference rating for easy force.

p.air_wis.e Cc_)rnparison; and concordapce, which indicates the sitting driving

similarity in judgments across subjects. At the end of the Feed. | mean i | mean

examination of these criteria, an ANOVA was calculated. beaeck differe Sclag:éel differe significance
nce nce

36% of the sample had a lack of differentiability (threshold | 1
was set at more than 5% of error probability), which means
that they were not able to differentiate between the settings.
This effect was more likely when the feedbacks which had
to be compared were constant at one dimension (tactile or
acoustic), but this effect occurred similar on each of the two
dimensions. There were no significant differences in age, 5
gender, finger temperature or in regard to whether a subject
was a smoker or not. There were no effects on condition
(sitting vs. driving) in respect to the consistency of the
rating (Bortz, Liener, & Boehnke, 2008). The consistency
of judgments was at an average of 82% when the
comparison took place between two settings which had the

N

-.885 p=.015

-923 p=.05

-1.141 | p<.000*
-1.744 | p<.000* | -1.654 | p=.001*
-1.282 | p=.021 | -1.756 | p=.003
-1.218 | p=.034
-1.474 p=.02

1.744 | p<.000*
859 p=.012
923 p=.006
.603 p=.025 1372 | p<.000*
846 p=.021
718 p=.038
2.846 | p<.000*

same setting at one feedback modality of the two |8 1.141 p=.012
modalities .833 p=.024
‘ 1.474 | p<.000*

7 936 =02

The concordance of the subjective rating (calculated after
Bortz, Liener, & Boehnke (2008)) was significant over all 9
four conditions with x?(38.97) = 121.81, p< .001.

co

1.192 p=.014
-1.987 p=.004 -1.269 p=.048
-1.923 p=.001* -1.577 p=.003

Calculating the concordance for each comparison where -2.044 p=.001*

there was a comparison between two settings which were -2.846 p<.000* -2.308 p<.000*

one-dimensional at one level, the concordance was -2.385 p<.000%* -2.410 p< .000*

significant (p> .05) for both tactile and acoustic settings. -2 p=.001* | -1872 | p<.000*

RN (DU |WIN|R(R|R(WINIOCIOII[A(WIN(=®(T|(UT&|W

-2.128 p<.000* -2.128 p<.000*

There was no significant difference between the two forces.

* significant with Bonferroni adjusted alpha of 0.0014
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According to a calculation using the law of comparative judgment, the extreme settings were the least preferred ones
when acoustic and tactile setting was both either highest or lowest.

This statement could be supported by a Greenhouse-Geisser-corrected> ANOVA with a Bonferroni adjusted alpha
of 0.0014 for each force, easy (F(3.62, 137.58)= 6.286, p<. 001, 0z = .142) and hard (F(3.83, 145.53)= 9.198,

Table 2. Post hoc tested preference rating for hard force. p< .001, Nz =.195). In comparison to other settings,
sitting driving the highest and, to a little lesser extent, the lowest
feedba | ool | signifi | ool o feedback combination, were the least preferred
differe differe significance .
ck nce cance nce feedback settings (see Error: Reference source not
112 _846 b= 012 1.051 p=_001* found and Error: Reference source not found).
3| -1.038 p=.04 -1.744 p=.002 o
4 -1.013 p=.007 -1.641 p< .001* Ob]ectlve measurements
5| -1.692 | p=.001* | -2.256 | p<.001* o .
6] -1.910 p=.002 -2.231 p<.001* | There were significant (ranging from * p<.05, **p<.01,
7 -1.590 p=.005 up to ***p<.001) more errors when the vibrational
8| -1.192 p=.044 -2.462 p<.001* feedback was at the lowest setting, over both
2|5 -.846 p=.022 -1.205 p=.001* conditions and forces with one exception: when the
6| -1.064 p=.049 -1.179 p=.026 lowest vibrational feedback was coupled with the
8 -1.410 p=.009 highest acoustic feedback, the error rate became
514/ 679 p=.017 significant in the driving condition only.
6|3 .87 p=.027
4 897 p=.04 No significant differences could be found regarding
8|7 .872 p=.007 . L. . -
- — time-on-task. This is applicable over the different
912 -1.641 p=.018 -1.487 p=.022 .. .
3 1833 =002 2179 < 001% conditions, forces, and feedback settings.
4 -1.808 p=.003 -2.077 p<.001* . . RS
5 2487 p< 001" 692 p< 001" Concerning the applied force, there were significant
el 2705 p< 001* 0667 p< 001+ | differences found in a Greenhouse-Geisser-corrected
7| -1.859 p<.001* -2.026 p<.001* (F(4.104, 82.073)= 3.012, p= .022, Uz = .131)
8] -1.987 p=.001* -2.897 p=.001* | ANOVA with a Bonferroni adjusted alpha of 0.0014

* significant with Bonferroni adjusted alpha of 0.0014 for the lowest setting (both tactile and acoustic) to
setting three (lowest tactile and highest acoustic feedback) in the easy force condition. No other effects were found
for applied force.

DISCUSSION

There are different implications from the two studies: the first one regarding qualitative statements from the experts,
which gave clear impressions on general directions but no results about the feedback categories and the activation
and deactivation force. Several studies have been planned, and one conducted study was presented in this paper. No
significant age, gender, smoking habits, or finger temperature effects could be found; this is a good indicator for the
general ability of humans to perceive the feedback of the buttons. Nevertheless, the sample is far too small to
generalize these results. A validation of these findings needs to be conducted with a much larger sample for series
production. Additionally, further studies need to consider the activation and deactivation force in more detail. The
general push-button sequence needs to be evaluated further in terms of other characteristics than feedback, for
example timing between activations, more investigation on the role of sound, and materials and their influence on
the microinteraction. The general results of the simulator study discussed seem to point in the direction of a balanced
feedback design. And because there are clearly some masking and overlay effects between the two modalities, it
cannot be validated that subjects did not switch modalities in their preference rating of the virtual buttons very often.
As a consequence, another method than the pairwise comparison, which does minimize the switching possibility
between those levels, should definitely be considered in the design of future studies.

CONCLUSIONS

In summary, a first step of the careful evaluation of the discussed touch input device for designing a holistic

2 The law of sphericity was violated.
https://openaccess.cms-conferences.org/#/publications/book/978-1-4951-2097-8
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microinteraction feedback for the driver has been made. It was conducted using different methods and tools
according to the user-centered design process. The technology is cost-effective and applicable to a variety of vehicle
categories and use cases, making it suitable for a broad range of users with different requirements. The multimodal
feedback is evaluated to minimize the cognitive and physical load of the driver, and will be optimized for making
the interaction most comfortable for the driver, investigating its efficiency, effectiveness, and user satisfaction.
There are further steps to be taken and new methods to be developed. When these methods are implemented and
refined through further testing, it will support the iterative redesign and configuration of the virtual buttons
technology discussed in this paper. Especially, in an automotive context, the proposed device should then be able
through its accuracy to minimize driver distraction and frustration, and enhancing the driving experience while
improving driver safety.
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