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Abstract. This paper proposes an eye gaze based dashboard control interface
for automotive environment so that drivers need not to take their hands off from
steering wheel and control the dashboard only by looking at it. With the help of
our smoothing and target prediction technology, we found that first time users
could operate a dashboard using their eye gaze in approximately 2.5 s for each
on-screen item selection in different road conditions. As part of the study we
also found that average amplitude of saccadic intrusion is a good indicator of
drivers’ perceived cognitive load.

1 Introduction

This paper reports a user trial on exploring the possibility of gaze control interface for
operating a dashboard in an automotive environment. In particular, we evaluated the
effect of two different track conditions on drivers’ performance with eye-gaze tracking
interface. Previous work [3] has already compared eye-gaze tracking interface with
touch-screen control. We took forward that work with a low-cost eye-gaze tracker and
intelligent target prediction algorithm [2] that can reduce pointing time.

A second aim of the study was to compute and compare Saccadic Intrusion (SI [1])
in a gaze controlled interface. Saccadic Intrusion is a particular type of eye movement
that has been already classified and related to mental workload [4]. SI is more robust
than pupilometry based method of cognitive load measurement as SIs are less sensitive
to ambient light condition than pupil dilation. Previous work already investigated SI in
automotive environment, but investigation of SI parameters in a gaze controlled
interface is a new contribution. We investigated whether different SI parameters like
amplitude and duration can still be related to mental workload even when users were
manipulating their eye-gaze to operate different screen elements.

We have described the user study in the following sections.

2 Participants

We collected data from 12 participants (age ranged from 19 years to 29 years, ; 10
males, 2 females; one student was pursuing a graduate degree; whereas, all others were
pursuing undergraduate degrees at the Indian Institute of Technology, Mandi). Out of
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these 10 participants, 7 possessed a driving license (one had the license for about
4-years; whereas, others had obtained it in the last 1 to 3 years). Out of these 7
participants, 4 participants drove a 4-wheeler and rest drove 2-wheelers. According to
the self-reports, none of the drivers had driven a 2- or 4-wheeler in the mountains
before (all drivers reported to have driven vehicles in the plains). Eight participants had
driving licenses although the qualities of driving tests were quite different for the
participants possessing a driving license. However all participants self-reported to be
were expert users of the driving simulator and used to drive cars in the simulator.

3 Design

We designed the test to evaluate the effect of an eye gaze-controlled secondary task on the
primary task with participants with varying level of driving skills. The primary task
involved driving a car in the left lane without veering off from the lane. We used two
different track conditions – a simple track consisting of only two turns and a complex
track consisting of 20 turns. There were no other traffic on the road and drivers were
instructed to drive safely without veering off the driving lane and simultaneously oper-
ating the car dashboard using their eye-gaze. The secondary task was initiated through an
auditory cue. It mimicked a car dashboard (Fig. 1) and participants were instructed to
press a button on it after hearing the auditory cue. The auditory cue was set to appear
between every 5 and 7 s interval. The target button was randomly selected in the car
dashboard. The pointing was undertaken through eye gaze of users using an intelligent
eye gaze tracking algorithm [2] and selection was done through a hardware button on
steering. The secondary task was presented at the centre of a laptop screen (Fig. 2).

The study was a 2 × 2 factorial design where the independent variables were

• Track Condition
• Simple
• Complex

a. Experimental Interface b. Original Car Dashboard 

Fig. 1. Secondary task
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• Presence of Secondary Task
• Driving without Secondary Task
• Driving with Secondary Task

The dependent variables were

• Task Completion Time
• Average deviation from centre of road
• Number of correct selections is gaze-controlled interface

We also measured drivers’ cognitive load in terms of pulse rate using an Oximeter
and NASA TLX scores.

4 Material

We used a Logitech driving simulator hardware and Torque car simulation software.
The hardware was set as an automatic transmission car. We used an Tobii EyeX eye
gaze tracker and EyeX SDK for the gaze-controlled interface. The primary task was run
on a Linux desktop while the secondary task was conduced on a Windows 8
Laptop. The Laptop screen had a dimension of 34.5 cm × 19.5 cm with screen reso-
lution of 1368 × 800.

Fig. 2. Experiment design
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5 Procedure

Initially participants were briefed about the procedure and trained to use the driving
simulator and the gaze controlled interface. Then they undertook the trial in random
order of track conditions. After completion of each condition, they filled up the TLX
sheet based on their toughest experience during the trial.

We used logging software that recorded the trajectory of the car with timestamp
from the driving simulator and cursor and eye-gaze movements from the secondary
task. We also recorded participants’ pulse rate from the Oximeter with timestamp.

6 Results

We found a statistical significant correlation between number of correct selections in
the secondary task and average velocity of the car (Fig. 3, ρ = –0.46, p < 0.05). Drivers
could make significantly higher number [t (1,21) = –2.2, p < 0.05] of correct selections
using eye-gaze control while they were driving in the complex track than the simple
track (Fig. 4). In a repeated measure ANOVA, we found

• significant main effect of Track Condition on
• Task completion time F(1, 11) = 88.24, p < 0.01, η2 = 0.89
• Deviation from driving lane F(1, 11) = 6.51, p < 0.05, η2 = 0.37
• TLX score F(1, 11) = 14.58 p < 0.01, η2 = 0.57

• significant main effect of Presence of Secondary Task on
• Task completion time F(1, 11) = 22.07, p < 0.01, η2 = 0.67
• Deviation from driving lane F(1, 11) = 13.69, p < 0.01, η2 = 0.55
• TLX score F(1, 11) = 23.01, p < 0.01, η2 = 0.68
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Fig. 3. Average driving velocity is correlated with number of correct selections in secondary
task.
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The interaction effects were not significant for any variable at p < 0.05. It may be
noted that the presence of secondary task had a bigger effect on deviation from driving
lane and TLX scores than the track condition while track condition had a bigger effect
on task completion time than presence of secondary task. The result indicates, users
adjusted their speed of driving based on road condition and rather drove slower in the
complex track. As they drove slowly, they could undertake more pointing and selection
tasks in complex track than the simple track. However when they were involved in a
secondary task, they tend to deviate from driving lane more often than without any
secondary task.

We measured the time difference between the instances of an auditory cue and
selection of a target button in the gaze controlled secondary task interface. This time
difference is equal to the pointing and selection time of the target button using eye gaze.
Use of the intelligent eye gaze tracking reduced the pointing and selection time to 2.5 s
on average even for novice users who did not use gaze-control interface earlier (Fig. 5).
The difference in selection times for two different track conditions was not significant at
p < 0.05.

In summary, we concluded,

• Complexity and presence of dual task significantly increases cognitive load and task
completion times.

• Performance with secondary task is significantly related to velocity of car. In
complex road, users drove slowly and performed better with secondary task than
simple road condition.

• With present state of eye gaze tracker, users needed approximately 2.5 s for
pointing and selection

Fig. 4. Number of selections in secondary tasks in different road conditions
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7 Saccadic Intrusion (SI) Analysis

We have developed an algorithm to analyze movements of eye gaze and based on the
following two criteria:

1. Eye gaze returned to same position between 60 and 870 ms interval
2. Maximum deviation of eye gaze within the interval is more than 0.4° in X-axis

Figure 6 shows an example of eye-gaze movement and corresponding saccadic
intrusion. The pink line is the eye gaze movement and the blue line signifies SI.

We calculated the amplitude and duration of all SIs for all participants and Figs. 7
and 8 below show an histogram of SIs for simple and complex track conditions. It
may be noted that the highest number of SIs had an amplitude between 0.4° and
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Fig. 5. Average selection times in gaze control interfaces for two different road conditions
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Fig. 6. Example of saccadic intrusion (SI)
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0.6° and duration of 80 to 100 ms. The number of SIs had been decreased beyond
360 ms duration and 3.5° of visual angle. The result is similar to Abadia and Gowen’s
study [1].

We compared the number, average amplitude and average duration of SIs between
simple and complex track conditions and matched them with users’ perceived cognitive
load in terms of TLX scores (Table 1). It may be noted that there is a significant
difference in a paired t-test between simple and complex conditions for the TLX scores
and number of occurrences of SI.

We matched the TLX scores with SI parameters. A match occurs when a participant
rated (in TLX) a track condition higher than the other and the SI parameter is also
found higher accordingly. We found that for 10 out of 12 participants, the number of

SI Amplitude
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Fig. 7. Histogram of SI amplitude in different track conditions
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Fig. 8. Histogram of SI duration on different track conditions
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SIs matched with their TLX scores while for 8 out of 12 participants the average SI
amplitude matched with their TLX scores.

However, the maximum and average pulse rate (Table 2) was neither significantly
different between simple and complex road conditions nor they matched with TLX
scores.

8 Conclusions

Researchers already investigated eye gaze controlled interface in automotive envi-
ronment for operating dashboard control and even driving the car itself. Our study
further demonstrates that

Table 1. TLX scores and SI parameters in different track conditions

TLX SI_Count AvgSI_Amplitude AvgSI_Duration
Simple Complex Simple Complex Simple Complex Simple Complex

P1 37 68.51 251 303 2.24 1.70 169.53 181.17
P2 69.16 62 25 224 3.66 1.68 260.09 218.09
P3 52.66 66.32 66 203 1.42 1.63 211.66 194.62
P4 51.17 67.66 67 170 1.25 1.63 238.69 230.09
P5 13.66 42.51 46 172 1.23 1.59 273.02 242.15
P6 65.66 78.17 49 84 1.25 1.87 201.45 246.17
P7 55.5 66.98 61 92 1.85 1.16 250.47 242.74
P8 38.17 54.34 89 143 2.72 2.17 252.31 265.11
P9 54.17 61.34 38 53 0.79 0.81 326.36 255.16
P10 65.49 69.84 84 81 1.58 1.34 230.38 208.84
P11 24.83 67.83 21 52 0.59 1.80 418.63 337.94
P12 39 45.83 77 294 1.10 2.29 226.84 226.37
Ttest 0.002 0.002 0.997 0.113

Table 2. TLX scores and pulse rates in different track conditions

TLX MaxPulseRate AvgPulseRate
Simple Complex Simple Complex Simple Complex

P1 37 68.51 125 125 61.14 59.5
P2 69.16 62 124 125 64.89 62.33
P3 52.66 66.32 125 124 61.62 60.06
P4 51.17 67.66 125 124 61.97 61.14
P5 13.66 42.51 125 125 60.41 59.32
P6 65.66 78.17 125 127 60.89 64.42
P7 55.5 66.98 121 123 60.87 58.96
P8 38.17 54.34 121 121 61.23 58.82
P9 54.17 61.34 124 124 59.94 60.88
P10 65.49 69.84 118 125 57.79 58.28
P11 24.83 67.83 121 121 60 60.58
P12 39 45.83 127 125 61.78 61.37
Ttest 0.002 0.339 0.278
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• Eye gaze can be used to operate controls inside the car.
• Saccadic intrusions can be used to detect drivers’ mental workload simultaneously

with a gaze controlled interface.

Eye gaze is advantageous over existing touch based car interface in terms of the fact
that users need not to take their hands of the steering wheel or the gear. In a complex
track like a mountainous road, drivers may find it advantageous not to take their hands
off the steering. However in the present study, drivers took 2.5 s on average to make a
selection in the car dashboard which is slightly higher than the safe time interval that
drivers are allowed take their eyes off from road. It may be noted that our present study
involved drivers who never used gaze-controlled interface before and our previous
studies demonstrated that users can undertake pointing and selection tasks in less than
2 s using gaze-controlled interface after two to three training sessions.

Regarding cognitive load measurement, previous work on saccadic intrusion con-
sidered controlled task on free viewing. Our study considered a more realistic task of
operating a car dashboard while driving. It has been found that even when drivers
needed to manipulate their eye gaze to operate an interface, number of saccadic
intrusion and their mean amplitude are indicative o their mental workload in most
cases. However, our study did not find any significant difference in pulse rate in
different driving conditions.
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