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How road narrowing impacts the trade-off between two adaptation
strategies: reducing speed and increasing neuromuscular stiffness

Timo Melman*, Sarvesh Kolekar*, Ellen Hogerwerf, and David Abbink, Senior Member, IEEE

Abstract— When drivers encounter a road narrowing two
potential adaptation strategies come into play that may increase
safety margins: decreasing speed and increasing neuromuscular
stiffness of the arms. These two adaption strategies have so far
been studied in isolation. We expect that there is a trade-off
between these two strategies, and that risk duration would
impact a driver’s selection of the trade-off. Specifically, we
hypothesized that for a short risk duration, drivers will favour
increased neuromuscular stiffness over speed reduction; and
vice versa for longer risk durations. Twenty-six participants
drove in a driving simulator and encountered different risk
durations; realized by road narrowings (from 3.6 m to 2.2 m) of
varying lengths (10 m, 100 m, 250 m, and 500 m). The
neuromuscular stiffness was quantified by measuring the grip
force exerted by both hands. The results show that all road
narrowing conditions successfully induced driver adaptations,
as a significant reduction in speed and increase in grip force was
observed. However, the tested drivers did not consistently select
the hypothesized different trade-offs for increasing duration of
road narrowing: a low correlation was found between speed and
grip force adaptations. Interestingly, individual trade-off were
consistent: the within-subject variability in speed-grip force
adaptations was low across the tested risk durations. Future
research should further elucidate the underlying motivations for
these individual adaptation strategies.

I. INTRODUCTION

The ability to adapt is intrinsic to humans and imperative to
cope with events in the driving scene. Literature provides
evidence for different adaptation strategies across different
experimental  conditions, such as adapting speed,
neuromuscular properties, and steering strategy when driving
on different lane widths [1] [2] [3] [4]; adapting speed when
approaching a curve [5] or a one-lane bridge [6]; adapting time
headway and speed when driving in fog [7] or behind a lead
vehicle [8]; and adapting steering strategy when perturbed by
lateral wind gusts [9]. These voluntary adaptations to changes
in driving scene and task demand can be accompanied by
involuntary adaptations such as an increase in galvanic skin
response (i.e., sweat production), heart rate, respiratory rate,
pupil diameter, and eye scanning behaviour [10] [11].

The psychological mechanisms behind driver adaptations
are yet to be elucidated. As Melman et al. (2018) argued,
several theories have postulated that drivers exhibit a trade-off
between two conflicting motivations, namely arriving at a
destination in time (efficiency) versus avoiding dangerous
situations (safety) [2], where the driver’s level of subjective
risk [12] [13], task difficulty [14], or time/safety margins [15]
[16] are regarded as important homeostatic variables.
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Figure 1. The hypothesized impact of the length of the narrow road section
(x) on speed adaptation and grip force adaptation.

As indicated above, many researchers have shown the
existence of steady-state driver adaptations, but few take the
non-steady state and interaction between different driver
adaptations into account. For example, a driving simulator
study by Van der Wiel et al. [4] showed an increase in
neuromuscular stiffness to reducing road width (2.5 m and 4.5
m) while driving at two different fixed speeds (70 and 120
km/hr). The authors of that paper suggested that in real life, it
would be likely that drivers prefer to reduce speed and thereby
reduce the need for the energy-consuming increase in
neuromuscular stiffness. Although fixing the driving speed can
be beneficial to reduce between-driver variability, it inhibits a
realistic understanding of the interaction between driver
adaptations. Additionally, most studies ([1]-[4]) use fixed
lengths of narrow road sections which only allows for
investigation of steady-state driver adaptations due to fixed
risk durations. In this paper, we aim to investigate the non-
steady state interaction between two commonly found
adaptations strategies: speed and neuromuscular stiffness
adaptations for different risk durations.

Speed adaptation has strong implications on road safety. In
essence, higher speed reduces a driver’s time to respond in an
emergency scenario, increases the severity of the impact, and
the probability of being involved in a crash [17] [18] [19] [20].
Adapting the neuromuscular stiffness improves robustness to
perturbations but is an energy-consuming strategy [21].
Previous studies have estimated neuromuscular stiffness by
adding perturbations on the steering wheel [4] [22] [23], or by
measuring EMG signals which are intrusive and generally
have low signal to noise ratio [24]. Previous studies reported
an inverse relation between neuromuscular stiffness and grip
force during driving [3] [25] [26], allowing for a non-obtrusive
measurement with a good signal to noise ratio. These findings
motivated us to use grip force measurements.

In this study, a decrease in road width was utilized to induce
speed and neuromuscular stiffness adaptations, as a change in
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road width is known to cause drivers to adjust their driving
speed [6] [1] [2] and neuromuscular stiffness [4] [3]. To
investigate the interaction between speed and neuromuscular
stiffness adaptations, we created different risk durations by
exposing the driver to four different lengths of road narrowing.
In summary, this study examines to what extent the duration
of increased risk (i.e., the length of a road narrowing)
influences the drivers’ speed and neuromuscular stiffness
strategy (measured by grip force). We expect that there is a
trade-off between these two strategies, and that risk duration
would impact a driver’s selection of the trade-off. Specifically,
we hypothesized that for a short risk duration, drivers will
favour increased neuromuscular stiffness over speed
reduction; and vice versa for longer risk durations (Fig. 1).

II. METHOD

A. Participants

Twenty-six participants (9 female) 20 to 32 years old (M =
25.9, SD = 3.2) volunteered in this study. All participants had
normal or corrected to normal eyesight and had a valid driver’s
license for at least one year (M = 6.5, SD = 3.4).

B. Apparatus

The experiment was conducted in a fixed-based driving
simulator. The scenery was visualized using three LCD
projectors with a horizontal and vertical field-of-view of 180
and 40°. The simulation data was logged at 100 Hz. Vehicle
dynamics were simulated with a single-track model (heavy
sedan of 1.8m wide), with an automatic gearbox and self-
aligning torques were imposed on the steering wheel. Car
vibrations (‘road rumble’) were simulated with a seat shaker
implemented in the driver’s seat. During the experiment,
participants could control the speed of the vehicle, and the
speedometer was displayed on the dashboard.

The grip force was measured using Tekscan 4256E
pressure sensors attached to gloves (Fig. 2). The sensor
consists of 349 sensils (i.e., individual pressure-sensing
locations) with a spatial resolution of 7.1 sensors/cm?. During
this study, the total sum of all sensils for the left and right hand
were recorded. The grip force data was logged at 20 Hz and
synchronized with the simulator data.

C. Road conditions and environment

During the experiment, participants drove 35 kilometres on
a 3.6 m wide road. Participants encountered four different
straight road-narrowing lengths (10 m, 100 m, 250 m, and 500
m). For each road-narrowing length, the road width reduced
from 3.6 m to 2.2 m, allowing 0.9 m and 0.2 m lateral deviation
on either side of the car, respectively (Fig. 2). Every participant
drove the four road-narrowing lengths eight times, which were
presented in a counterbalanced order. All road-narrowings
occurred on a straight road section, and were preceded and
succeeded by a 200 m wide section. The road narrowing
sections were separated by straights and curves sections to
allow the drivers to reach their preferred speed. Speed
perception was enhanced by means of trees alongside the road.
Cones were placed along the entire road, and a car front was
visualized to facilitate perception of the car’s position relative
to the road boundaries. A vibration that mimicked rumble
strips was implemented on the steering wheel to give
additional feedback to the driver when the car
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Figure 2. The used grip force sensors (left), and the simulator environment
(right) for the 500m road narrowing including the car front.

was outside the lane boundary. A multi-sine torque
perturbation consisting of 6 low frequencies (ranging from
0.25 to 18 Hz) was applied to the steering wheel to mimic
environmental disturbances (e.g., wind) that require the
participants to steer even on long straight sections. The total
multi-sine was scaled to low torques (M =0, SD =0.13 Nm)
to ensure that the driver was not disrupted during driving due
to the perturbation.

D. Experimental procedure

Before the start of the experiment, the grip sensors were
calibrated using a bulb shaped dynamometer, which ensured
a good pressure distribution over all sensils. Participants were
instructed to apply a force of 5 kg, 10 kg, 15 kg and a
maximum force to the hand dynamometer. To get familiar
with the driving simulator, each participants performed a
training trial of 7 minutes on the wide road with no lane
narrowing. During the experiment participants were
instructed to drive as they normally would do while not hitting
any cones, and to keep their hands in a 10-to-2 position. The
experimenter stood next to the participants during the
experiment and after each narrow section, the participants
answered the question: ‘How much effort did it cost you to
successfully drive this section?’. Participants responded with
a number between 1 (for no effort) and 10 (for a lot of effort).
In total the experiment took approximately 1 hour.

E. Dependent measures

For all dependent measures, the wide section metric was
calculated between 200 m to 150 m before the road narrowing
starts. The narrow road is calculated over the middle 5 meters
of the narrow road section.

1) Effect of road width

o Mean speed [km/h]: The mean speed was
calculated over all 32 wide sections combined
and over all 32 narrow sections combined.

e Mean grip force [N]: The mean grip force of both
hands combined was calculated over all 32 wide
sections combined and over all 32 narrow
sections combined.

2) Effect of road width length
o Delta speed (km/h; ASpeed): The mean speed
difference between the wide section relative to
the narrow section.



e Delta grip (N; AGrip force): The mean grip force
difference between the wide section relative to
the narrow section.

o  Self-reported task effort (1-10; SRTE): After each
narrow section, the participants reported how
much effort the current task takes from 0 (no
effort) to 10 (a lot of effort).

e Time off-road (s): The amount of time for which
the car was outside the cone boundaries for the
narrow road section

F. Statistical analysis

For each dependent measure, the mean of all eight
repetitions was computed. These values were collected in a 26
x 4 matrix (26 participants and 4 road width lengths). First, the
matrix was rank-transformed according to Conover and Iman
[27], to account for possible violations of the assumption of
normality. This rank-transformed matrix with values ranging
from 1 to 104 was submitted to a repeated-measures ANOVA
with the four narrow-road lengths as a within-subject factor. A
post-hoc paired t-test was performed with Bonferroni
corrections applied to the six pairwise comparisons between
the narrow road lengths. To investigate the effect of road width
(section E.1), a paired t-test was used, after rank-
transformation (i.e., with values ranging from 1-52).

III. RESULTS

Figure 4 shows the lateral position, speed, and grip force
averaged over all participants, for the entry (200 m before road
narrowing), narrow section, and the exit (200 m after road
narrowing). At the entry, the 10 m road narrowing results in
slightly delayed and less speed reduction compared to the three
longer narrow road lengths. An increase in grip force can be
seen for all four conditions before entering the narrow section.
Drivers maintain an almost constant speed, and a constant grip
force over the entire narrow road section, with a small increase
and decrease at the start and end of the section. At the exit,
drivers increased speed and decreased grip force to
approximately the speed at which they drove before they
entered the entry section.
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Figure 3. Mean speed (left) and mean grip force (right) effect for all
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road lengths combined). Where significant differences, ***: p<0.001, and d-
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A. Effect of road width

The mean speed and mean grip force for all 32 wide
combined and 32 narrow sections combined are shown in
Fig. 3. Participants drove with a lower mean speed and had
a higher grip force on the narrow roads as compared to the
wide roads. Confirming that road width reduction is indeed
a good method to induce speed and grip force adaptations.

B. Effect of narrow road length

Figure 5 visualizes the results for the four dependent
measures, including the individual results for each participant
averaged over eight repetitions. The results of the repeated-
measures ANOVA show a significant effect for the narrow-
road length for all four dependent measures. The post-hoc
analysis identified a significantly smaller speed reduction for
the 10 m compared to the 100 m section only. The grip force
increment was lower for the 10 m than for the 100 m, 250 m
and 500 m section. No significant differences were found for
ASpeed, AGrip force between the other narrow road lengths.
The SRTE and time off-road progressively increased with
narrow road lengths; between all narrow road lengths
comparisons.
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Figure 4. Mean results (solid), and standard deviation (transparent) for all participants for all four conditions as a function of the travelled distance.
The top panels show the lateral position along with the lane width, the middle panels the speed and the bottom panels the grip force. The left panels
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Figure 5. Boxplots for the four narrow road lengths for all participants (asterisks). From left to right: ASpeed, AGrip force, time off-road and self-
reported task effort (SRTE). Brackets indicate significant differences, *: p<0.05; **: p<0.01; ***: p<0.001.

C. Interaction between speed and grip force adaptation

Figure 6-left shows a scatter plot of ASpeed and AGrip
force. A small positive correlation (p = 0.15) was found,
suggesting no trade-off between speed and grip force
adaptations. Figure 6-middle visualizes the individual
strategies adopted by all participants between 10 m and 500 m,
Different individual strategies can be identified; for example,
some drivers mainly adapted their speed (e.g., participant no.
4, 11, 26, 25; visualized with a red line in Fig. 6-middle with
an abs slope < 0.03), some adapt only grip force (e.g.,
participant no. 7, 15, 17, 21; visualized with a green line in Fig.
6-middle with an abs slope > 0.5), adapt both speed and grip
force (e.g., participant no. 13, 22, 16, 14), whereas others show
minimal adaptation (e.g., participant no. 3, 5, 6, 10).

Figure 6-right shows the mean and the standard deviation
(SD) over the eight repetitions for the 100 m condition for each
driver. Compared to the inter-subject variability (i.e., 100 m
SD: ASpeed = 11.3 km/hr, AGrip force = 1.42 N), a lower
intra-subject variability was found (i.e., 100 m mean SD:
ASpeed = 6.7 km/hr, AGrip force = 1.25 N). This indicates that
the individual participants adopted consistent strategies within
themselves.

D. Learning effect due to repetitions

The effect of the repetition order of the experiment is
shown in Fig. 7 for the lateral position, speed and the grip
force as a function of the travelled distance averaged over all
participants for each repetition. When drivers become more
familiar with a driving task they increased their speed and
decreased their grip force. In the 10 m section, the highest
speed is observed for the 8™ repetition and the grip force
decreases over the eight repetitions averaged over all
participants, indicating a learning effect.

IV. DiscussioN

In this driving simulator study, we expected that there
would be a trade-off between two adaptation strategies (speed
and neuromuscular stiffness), and that the risk duration would
impact a driver’s selection of the trade-off. Specifically, we
hypothesized that for a short risk duration, drivers will favour
increased neuromuscular stiffness (operationalized by grip
force) over speed reduction; and vice versa for longer risk
durations (Fig. 1).
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Figure 6. Left: a scatter plot of AGrip force and ASpeed for the four different road narrowing lengths. Middle: visualizes the adaptation between the
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0.5), respectively. Right: The mean (triangle) and the standard deviation (error bars) over all the 8 repetitions on the 100 m section for each driver.
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Our results showed that road width manipulation was
successful in evoking speed and grip force adaptations:
participants reduced speed and increased grip force when road
width reduced (Fig. 3 and Fig. 5), which is in accordance to
literature [2] [3] [4]. However, only a low positive correlation
was found between the two adaptation strategies across
drivers (p = 0.15), indicating that no trade-off exists. A
possible reason for the apparent lack of trade-off may be due
to the large variety in individual adaptation strategies that are
consistently adopted by each driver. As visualized in Fig. 6-
middle some drivers adapt as hypothesized (Fig. 1) with an
increased speed and decreased grip force, whereas others
adapt only speed, grip force or show minimal adaptation.
Participants showed to be consistent within their own
adaptation strategy, over the eight repetitions of each narrow
road section (Fig 6-right). The large inter-driver variability
and consistent intra-driver choice for adaptation strategies
points towards an ecological fallacy [28], indicating that
conclusions about the behaviour of an individual should not
be made based on the results of the entire group.

The results also showed that longer narrow road sections
were subjectively perceived more effortful and objectively
performed worse (i.e., higher time off-road; Fig. 5).
Interestingly, the adaptation strategies that could be utilized
to reduce the task difficulty (i.e., reduce the speed) or to be
more robust to perturbations (i.e., increase grip force), seem
to have been sparingly employed by most drivers.

One could argue that the fact that this study was performed
in a fixed-base driving simulator, which has the advantage of
the ability to perform many repetitions in a consistent
environment, but lacks physical risk and has limited speed
and depth perception, might explain the limited effect of
speed and grip force adaptions (Fig. 5). However, this is
unlikely, as strong speed and grip force adaptations (Fig. 3)
were found between the wide and narrow road sections.
Similar adaptations were also found in on-road experiments
[29] [30]. Additionally, the relative validity (i.e., the effect
sizes between the pairwise comparisons) is high for
simulators [31].

We also reflected on whether the lengths of the narrow road
section might have been insufficient to investigate the trade-
off. The average time a driver drove on the narrow section
was approximately 25 s, which could have been insufficient
to cause discomfort for the driver to stimulate a change in the
adaptation strategy. This is supported by the observation in
Fig. 5, where the SRTE is still increasing and has not reached
a steady-state value. This suggests that larger road narrowing
lengths should be investigated to examine the trade-off
hypothesis. The only difference in speed and grip force
adaptations were found with respect to the 10 m section.
Figure 4 and 5 revealed a different entrance strategy and less
speed reduction and grip force increase, for the 10 m section
compared to the longer road sections. This could suggest that
drivers decide their strategy (positioning, speed, and grip
force adaptation) before entering the narrow section and
hence the length of the section had little effect on their
adaptation behaviour.

Previous literature has shown that when drivers become
more familiar with a driving task they increase their speed
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Figure 7. The lateral position, speed and grip force for each repetition

averaged over all participants for the 10m (left), and the 500m narrow

road section (right).
[32]. Such a learning effect in speed was found in this study,
along with a reduction in the grip force over the eight
repetitions averaged over all participants (Fig. 7). A similar
effect in neuromuscular property changes using
electromyography (EMG) was observed in non-driving [33]
and driving [34] tasks. However the grip force sensor output
degraded over time which could also have influenced the
results [35]. In short, the grip force demonstrates itself to be a
promising non-obtrusive method to capture neuromuscular
adaptations as long as the sensor degradation is mitigated via
calibration.

Although further investigation is needed to understand if
longer narrow road sections were required to evoke a coherent
trade-off across participants, the fact that participants
adapted their speed and grip force to road narrowing, and
adopted consistent individual strategies highlights the
possibility of an ecological fallacy and the importance of
investigating the interaction between adaptation strategies on
an individual level. All-in-all the quest for better
understanding steady-state and non-steady state driver
adaptations, their interaction, and their underlying
mechanisms continues.

V. CONCLUSIONS

e The interaction between different driver adaptation
strategies is a seldom studied topic.

e Road narrowing is an effective method to induce
speed and grip force adaptations (Fig. 3).

e The twenty-six drivers did not consistently select the
hypothesized trade-off for increasing duration of
road narrowing: a low correlation was found
between speed and grip force adaptations (Fig. 6).

e Individual trade-off were consistent: the within-
subject variability in speed-grip force adaptations
was low across the tested risk durations (Fig. 6).

e  Grip force measurement is a novel and non-obtrusive
way to quantify neuromuscular stiffness adaptations.

e The results highlight the possibility of an ecological
fallacy and the importance of investigating the
interaction between adaptation strategies on an
individual level.



ACKNOWLEDGMENT

The authors would like to thank Joost de Winter for his
valuable input.

(1

(2]

[3]

(4]

[3]

(6]

(7

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

REFERENCES

J. R. McLean and E. R. Hoffmann, “The effects of lane width on driver
steering control and performance,” Proceedings of the Sixth Australian
Road Research Board Conference, pp. 418-440, 1972.

T. Melman, D. A. Abbink, M. M. van Paassen, E. R. Boer and J. C. de
Winter, “What determines drivers’ speed? A replication of three
behavioural adaptation experiments in a single driving simulator
study,” Ergonomics, vol. 61, no. 7, pp. 966-987, 2018.

A.J. Pronker, D. A. Abbink, M. M. van Paassen and M. Mulder,
“Estimating driver time-varying neuromuscular admittance through
LPV model and grip force,” IFAC-PapersOnLine, vol. 50, no. 1, pp.
14916-14921, 2017.

D. W. Van Der Wiel, M. M. Van Paassen, M. Mulder, M. Mulder and
D. A. Abbink, “Driver Adaptation to Driving Speed and Road Width:
Exploring Parameters for Designing Adaptive Haptic Shared Control,”
Proceedings - 2015 IEEE International Conference on Systems, Man,
and Cybernetics, SMC 2015, pp. 3060-3065, 2016.

W. Van Winsum and H. Godthelp, “Speed choice and steering behavior
in curve driving,” Human Factors, vol. 38, no. 3, pp. 434-441, 1996.

S. G. Charlton and N. J. Starkey, “Risk in our midst: Centrelines,
perceived risk, and speed choice,” Accident Analysis and Prevention,
vol. 95, pp. 192-201, 2016.

J. O. Brooks, M. C. Crisler, N. Klein, R. Goodenough, R. W. Beeco, C.
Guirl, P. J. Tyler, A. Hilpert, Y. Miller, J. Grygier, B. Burroughs, A.
Martin, R. Ray, C. Palmer and C. Beck, “Speed choice and driving
performance in simulated foggy conditions,” Accident Analysis and
Prevention, vol. 43, no. 3, pp. 698-705, 2011.

M. Saffarian, R. Happee and J. C. de Winter, “Why do drivers maintain
short headways in fog? A driving-simulator study evaluating feeling of
risk and lateral control during automated and manual car following,”
Ergonomics, vol. 55, no. 9, pp. 971-985, 2012.

W. W. Wierwille, J. G. Casali and B. S. Repa, “Driver steering reaction
time to abrupt-onset crosswinds, as measured in a moving-base driving
simulator,” Human Factors, vol. 25, no. 1, pp. 103-116, 1983.

E. Rendon-Velez, P. M. van Leeuwen, R. Happee, 1. Horvath, W. F.
van der Vegte and J. C. de Winter, “The effects of time pressure on
driver performance and physiological activity: A driving simulator
study,” Transportation Research Part F: Traffic Psychology and
Behaviour, vol. 41, pp. 150-169, 2016.

D. D. Heikoop, J. C. de Winter, B. van Arem and N. A. Stanton,
“Effects of mental demands on situation awareness during platooning:
A driving simulator study,” Transportation Research Part F: Traffic
Psychology and Behaviour, vol. 58, pp. 193-209, 2018.

R. Niitidnen and H. Summala, “A model for the role of motivational
factors in drivers' decision-making*,” Accident Analysis and
Prevention, vol. 6, no. 3-4, pp. 243-261, 1974.

G. J. Wilde, “Risk homeostasis theory: An overview,” Injury
Prevention, vol. 4, no. 2, pp. 89-91, 1998.

R. Fuller, C. McHugh and S. Pender, “Task difficulty and risk
in the determination of driver behaviour,” Revue europeenne de
psychologie appliquee, vol. 58, no. 1, pp. 13-21, 2008.

J. J. Gibson and L. E. Crooks, “A Theoretical Field-Analysis of
Automobile-Driving,” vol. 51, no. 3, pp. 453-471, 2020.

W. Van Winsum, K. A. Brookhuis and D. De Waard, “A comparison of
different ways to approximate time-to-line crossing (TLC) during car
driving,” Accident Analysis and Prevention, vol. 32, no. 1, pp. 47-56,
2000.

R. Elvik, “A re-parameterisation of the Power Model of the relationship
between the speed of traffic and the number of accidents and accident
victims,” Accident Analysis and Prevention, vol. 50, pp. 854-860, 2013.

[18]

(191
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

L. Aarts and I. Van Schagen, “Driving speed and the risk of road
crashes: A review,” Accident Analysis and Prevention, vol. 38, no. 2,
pp- 215-224, 2006.

R. Elvik, P. Christensen and A. Amundsen, “Speed and road accidents
An evaluation of the Power Model,” 2004.

J. Hedlund, “Risky business: Safety regulations, risk compensation, and
individual behavior,” Injury Prevention, vol. 6, no. 2, pp. 82-89, 2000.

P. L. Gribble, L. I. Mullin, N. Cothros and A. Mattar, “Role of
cocontraction in arm movement accuracy,” Journal of’
Neurophysiology, vol. 89, no. 5, pp. 2396-2405, 2003.

D. A. Abbink, M. Mulder and M. M. Van Paassen, “Measurements of
muscle use during steering wheel manipulation,” Conference
Proceedings - IEEE International Conference on Systems, Man and
Cybernetics, pp. 1652-1657, 2011.

A. Joly, R. Zheng and K. Nakano, “A Scaling Method for Real-Time
Monitoring of Mechanical Arm Admittance,” Proceedings - 2015 IEEE
International Conference on Systems, Man, and Cybernetics, SMC
2015, pp. 1551-1556, 2016.

A.J. Pick and D. J. Cole, “Measurement of driver steering torque using
electromyography,” Journal of Dynamic Systems, Measurement and
Control, Transactions of the ASME, vol. 128, no. 4, pp. 960-968, 2006.

H. Nakamura, D. Abbink and M. Mulder, “Is grip strength related to
neuromuscular admittance during steering wheel control?,” Conference
Proceedings - IEEE International Conference on Systems, Man and
Cybernetics, pp. 1658-1663, 2011.

Kuchenbecker, K. J., Park, J. G., & Niemeyer, G. (2003, November).
“Characterizing the human wrist for improved haptic interaction”,

In ASME 2003 International Mechanical Engineering Congress and

Exposition (pp. 591-598). American Society of Mechanical Engineers
Digital Collection.

W. J. Conover and R. L. Iman, “Rank transformations as a bridge
between parametric and nonparametric statistics,” American
Statistician, vol. 35, no. 3, pp. 124-128, 1981.

Selvin, H. C. (1958). “Durkheim's suicide and problems of empirical
research”, American journal of sociology, 63(6), 607-619.

D. De Waard, M. Jessurun, F. J. Steyvers, P. T. Reggatt and K. A.
Brookhuis, “Effect of road layout and road environment on driving
performance, drivers’ physiology and road appreciation,” Ergonomics,
vol. 38, no. 7, pp. 1395-1407, 1995.

Fitzpatrick, K., Carlson, P. J., Wooldridge, M. D., & Brewer, M. A.
(2000). “Design factors that affect driver speed on suburban arterials”,
(No. FHWA/TX-00/1769-3,).

M. Kliiver, C. Herrigel, C. Heinrich, H. P. Schoner and H. Hecht, “The
behavioral validity of dual-task driving performance in fixed and
moving base driving simulators,” Transportation Research Part F:
Traffic Psychology and Behaviour, vol. 37, pp. 78-96, 1 2 2016.

P. Colonna, P. Intini, N. Berloco and V. Ranieri, “The influence of
memory on driving behavior: How route familiarity is related to speed
choice. An on-road study,” Safety Science, vol. 82, pp. 456-468, 1 2
2016.

R. Osu, D. W. Franklin, H. Kato, H. Gomi, K. Domen, T. Yoshioka and
M. Kawato, “Short- and long-term changes in joint co-contraction
associated with motor learning as revealed from surface EMG,”
Journal of Neurophysiology, vol. 88, no. 2, pp. 991-1004, 2002.

A. J. Pick and D. J. Cole, “Driver steering and muscle activity during a
lane-change manoeuvre,” User Modeling and User-Adapted
Interaction, vol. 45, no. 9, pp. 781-805, 2007.

J. M. Brimacombe, D. R. Wilson, A. J. Hodgson, K. C. Ho and C.
Anglin, “Effect of calibration method on Tekscan sensor accuracy,”
Journal of Biomechanical Engineering, vol. 131, no. 3, pp. 1-4, 2009.



