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  Abstract 

In everyday road traffic, communication between road users plays an important role 

– especially in traffic situations where cooperation is necessary. In order to ensure 

successful future communication between human road users and autonomous 

vehicles, the communication between human road users must be better understood 

and modeled for automatic traffic. A relevant parameter in the analysis of 

cooperative scenarios is gaze behaviour. In contrast to e.g. mental workload, no 

specific parameters have been identified for analyzing cooperative scenarios so far. 

As a method, on a traffic-training-center, two experiments were conducted for 

cooperative situations implementing a narrow-passage (N=21) and a specific t-

junction-scenario with three road users (N=20) to investigate cooperative behavior. 

In both experiments, the subjects were confronted with offensive or defensive 

approaching behaviours and the decision-making behaviour was investigated. Aim 

of the analysis was to identify relevant gaze parameters for cooperative scenarios. 

The results show that for different scenarios different parameters become relevant. 

For a complex scenario saccadic parameters are more important than fixation 

parameters. In contrast fixation-metrics show higher importance in simple scenarios.  

  Introduction 

 Cooperation between road users is necessary for maintaining the traffic flow 

(Benmimoun et al., 2004). Generally, cooperation occurs in situations in which it is 

not clear who is allowed to drive first. Specifically in city situations cooperation is 

needed, e.g. at equal narrow-passages or with specific trajectory combinations of 

road users in t- or x-junctions (figure 1).  

  a.   b.   c. 

Figure 1. Examples of deadlock situations.a. narrow passage, b. t-junctions, c. x-junction  
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In every of the three situations (figure 1) the road users approach simultaneously 

which creates a deadlock. In Germany in particular, the traffic regulations demand to 

negotiate who drives first if the situation is not regulated by the traffic law (§ 11(3)). 

Hoc (2001) defines a situation as cooperative if at least two agents are involved in a 

way in which both have similar goals and can interfere with the resources and 

procedures of the other agent. Furthermore, the agents try to solve the problem with 

the goal to facilitate their own actions. In a cooperative situation the cooperation-

partners are forced to solve the problem within the situation. 

Cooperation between road users is only partially well investigated and there exists 

much research for cooperation between car drivers and vulnerable road users (e.g. 

Witzlack, 2016). But there is still a lack of research addressing cooperation between 

car drivers, in particular regarding the eye-tracking parameters. 

Imbsweiler et al. (2016) conducted an observation study to identify interactive and 

cooperative behavior at three different intersections in which the described situations 

could occur. They were able to define six different kinds of approaching behaviour 

for the t-junction-scenario and for the narrow-passage (table 1 and 2). The 

approaching behaviour was classified into offensive and defensive depending on the 

resulting order of driving: When a person displays an offensive behaviour, he or she 

is more likely to drive sooner than the cooperation partner. Defensive behaviour on 

the other hand promotes sooner driving of the cooperation partner  

Table 1. Approaching behaviour for the narrow-passage. 

Approaching 

behaviour 
Driver behaviour Behaviour classification 

1 Driver stops distinctively Defensive behaviour 

2 Driver stops and uses the flasher Defensive behaviour 

3 Driver decelerates and uses the 

flasher 

Defensive behaviour 

4 Driver maintains speed Offensive behaviour 

5 Driver accelerates Offensive behaviour 

6 Driver decelerates Offensive behaviour 
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Table 2. Approaching behaviour for the t-junction. 

Approaching 

behaviour 

Position of 

drivers 
Driver behaviour Behaviour classification 

1 

3 
Driver 1 decelerates, stops 

and use the flasher 
Defensive behaviour 

1 or 2 
Driver 2 direcetion 

indicator and stops 

2 

3 
Driver 1 decelerates and 

stops 
Defensive behaviour 

1 or 2 
Driver 2 2 direcetion 

indicator and stops 

3 

1 or 2 
Driver 1 decelerates and 

indicate 

Defensive behaviour 

1 or 2 

Driver 2 decelerates, 2 

direcetion indicator and use 

the flasher 

4 

3 
Driver 1 maintains the 

speed 
Offensive behaviour 

1 or 2 
Driver 2 direcetion 

indicator and decelerates 

5 

3 Driver 1 decelerate 

Offensive behaviour 
1 or 2 

Driver 2 2 direcetion 

indicator and decelerate 

6 

1 or 2 
Driver 1 decelerates and 

2direcetion indicator 

Offensive behaviour 

1 or 2 

Driver 2 direcetion 

indicator, than decelerates 

and  

 

In order to initiate the cooperation-process the road users have to communicate. 

Risser (1985) distinguishes between implicit and explicit communication. Implicit 

communication refers to the driving behaviour and includes the acceleration, 

deceleration, trajectory or the position on the street of a road user. In contrast, 

explicit behaviour refers to communication signs like hand gesture, direction 

indicator or light flash. Ba et al. (2015) investigated the explicit communication 

signs for interactive scenarios by using eye-tracking data and focusing on fixation-

metrics. Their results indicated that in interactive scenarios the fixation time, mean 

fixation duration, and frequency is higher when the interaction partner uses a 

communication sign. Furthermore, a signal helps to underline the intention in an 

interactive or cooperative scenario. But the sign depends on the context. The 

investigated scenarios included different kinds of overtaking scenarios in the city 

and on the motorway. These scenarios are not comparable to the presented scenarios 

from our study. Furthermore, only the fixation metrics in general were investigated. 

In the context of human-robot-interaction more research on communication is 

conducted. Sakita et al. (2004) could show that in human-robot-interaction the last 

fixation is an important cue for an operator’s intention. Most studies in the human-
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machine-interaction context address mental load (e.g. Schneider, 2017) or fatigue 

(Manzey & Lorenz, 1997) though.  

Apart from mental load or fatigue there exists no scientific base for eye-parameters 

which are important for analyzing cooperative situations. A further challenge is that 

cooperative scenarios can be as short as five seconds. An analysis of the behaviour 

over the time is indeed possible but the results of the analysis of e.g. mental 

workload cannot be transferred in any simple way. As for deadlock situations we 

could only find empirical results regarding the perception of road users (Imbsweiler 

et al., 2017). 

Imbsweiler et al. (2017) investigated the equal narrow-passage in an experiment and 

analyzed the subjective perception. They found out that road users feel more 

confident to drive first and assess the cooperation-readiness higher if the opponent 

drives in a defensive way. In this case, no situation was longer than 15 seconds. The 

results show that the subjects feel more confident if they could drive first. The 

narrow-passage is one of the simpler deadlock situations in contrast to the t-junction. 

The present paper refers to the following research questions: Is it possible to identify 

eye-tracking parameters which indicate a specific behaviour in short cooperative 

situation? Is there a difference between simple and complex cooperative situations? 

  Method 

Two experiments have been conducted. The design of the experiments is mainly 

similar, while once addressing a narrow-passage, and once a t-junction-scenario. 

  Subjects 

42 subjects aged from 20 to 28 years were recruited for the experiments. Of these 

N=22 subjects drove the equal narrow-passage and N=20 subjects drove the t-

junction-scenario. The subjects, mainly students, drove between 20 km and 500 km 

per week (M=141.82, SD=156.11). For their participation, a financial compensation 

was granted. There were N=5 examiners (male=3, female=2) involved as 

confederates at an average age of 23.00 years (SD=2.24 years). 

  Material 

The test-vehicle was a VW Passat 2.0 TDI Variant equipped with lidar sensor 

(Velodyne VLP-16), eye-tracking cameras (SmartEye Pro 5.9) and CAN-recording. 

The confederates drove a Ford Fiesta and a VW Passat for the t-junction. For the 

narrow-passage the usage of the car was randomized. The confederates used scripts 

to interact with the subjects. These scripts were based on the observational study and 

are described in table 1 and, in more detail, in Imbsweiler et al. (2016). For the 

experiments a survey was conducted. It consisted of questions on a seven-point 

Likert-Scale and addressed the cooperativeness of other drivers as well as the overall 

cooperation-intensity of the situation. Furthermore, it was asked how confident the 

participants were to pass first, second or third – in the case of the t-junction. 
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Additionally they were instructed to rate the risk of a potential accident and they 

completed the abridged version of the NEO-FFI (Borkenau & Osterdorf, 1993). 

  General procedure 

The experiments were conducted at a traffic-training-center. There were at least 

three examiners involved: one examiner (EX-1.1) drove the participating car in the 

narrow-passage-scenario, whereas two examiners (EX-1.1/1.2) were involved in the 

t-junction-scenario. Another examiner (EX-2) was placed in the rear of the test-

vehicle to monitor the measurement and to take care of instructing the participant. 

Another examiner (EX-3) monitored the whole experimental situation from an office 

located at the training centre. If the timing of an approaching behaviour did not work 

well, the examiners, especially EX-3, requested to repeat the cooperation. Both for 

the narrow-passage and the t-junction six behaviour scripts were available (table 1 

and 2), which were divided into offensive and defensive scripts.  

At the beginning of the experiments the subjects had drive a standardized course to 

become acquainted with the car. Then the eye-tracking system was calibrated. For 

the t-junction every position was driven two times and every script was repeated 

depending on the position of the subject (figure 1). The same procedure was applied 

for the narrow-passage, only differing in terms of the number of positions that had to 

be tested (figure 1). 

  Specific procedure for EX 1.1 and 1.2 

The examiners had to work through six different driving scripts, which regulated 

how to behave at the narrow-passage or the t-intersection, respectively. After every 

script the examiners assessed the situation. With a dictaphone the examiners rated 

the following aspects on a seven-pointed Likert-scale: the implementation of the 

script, the cooperation-readiness of the subject, and the cooperation-intensity. 

Additionally they had to record the communication signs given by the subjects and 

the order of driving. After all situations EX-1.1, 1.2, and EX-2 had to answer an 

overall survey for all situations, including the overall cooperation-readiness, the 

overall cooperation-intensity, and the perceived driving style of the subject. 

  Data analysis 

In a first step the eye-tracking data were analysed in a 2x6 repeated measurement 

ANOVA, with factor 1 regarding the passage and factor 2 regarding the scripts for 

the narrow-passage. For the t-junction the data was analysed in a 2x4 repeated 

measurement ANOVA.  

In order to detect a systematic pattern, the significant parameters were then clustered 

by a fuzzy-method (Hatzinger, Hornik & Nagel, 2011). It was expected that some 

parameters behave in similar ways to each other during different behaviour scripts 

making it possible to distinguish between those scripts. The fuzzy-approach has the 

advantage that every variable is allocated with a specific weight to every cluster. 

Thus it is possible to estimate how strong the cluster and variables are.  
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The software R 3.4.1 and the package “cluster” (Maechler, 2017) was used. 

Additionally the question was addressed with which survey variables the parameters 

correlate. The research question follows an explorative approach. 

For the eye-tracking parameters various variables, describing in detail, fixations, 

saccadic eye-movements, or blinks were analyzed (table 3): 

Table 3. Table of eye-tracking parameters.

 

  Results 

The analysis of the data focuses on the results of the narrow-passage first, while the 

outcome for the t-junction is presented next. 

To reduce the amount of data only the parameters significant in the ANOVA will be 

reported and summarised. The alpha error accumulation was considered. As the 

physiological data did not follow a normal distribution outliers ± 2 SDs were 

replaced by the mean value of each condition to prepare a box-cox transformation. 

Values ± 2 SDs were measurements of low quality (below 75 % of the quality-

index). Then the parameters were box-cox transformed (Box & Cox, 1964), using 

the box-cox-function of the “MASS”-package (Ripley et al., 2017) of R-Studio. 

  Narrow-passage 

The parameters of the narrow-passage with significant results in the ANOVA are 

reported in table 4. Only significant variables are reported.  

Parameter 

category
Parameter

Blink-Parameters 

(B)

Nearest Neighbor Index (Di Nocera et al. (2006) (NNI,1), Percentage closure of eyes (Lal & Craig, 2001) 

(PERCLOS,2), blink duration in ms (3) , blink rate (4)

Pupil Diameter 

Parameters (PD)

pupil-diameter (5), the mean pupil diameter (6), the median of the pupil diameter (7), the frequency of the pupils 

diameter (8), the amplitude of the pupil diameter (9), the highest peak of the pupils diameter (10)

Fixation-

Parameters (FX)

Fixation-durations metrics (maximum, mean, median) (11,12,13), the sum of the fixations (14), the ratio between 

fixation and saccades (15)

Saccadic-

Parameters (SC)

saccades-velocity metrics (mean, max, median) (16, 17, 18), saccades-amplitude-metrics (mean, maximum, median) 

(19, 20, 21), saccade-duration-metrics (mean, maximum, median) (22, 23, 24, 25), Saccade sum (26)
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Table 4. Significant parameters of the narrow-passage.  

 

Bortz (2005) categorized the effect of the partial-eta-square as low for <.1, as middle 

for >.25, and as high for > .4. Thus, only parameters with a high partial-eta-square> 

.040 were considered (table 4).  

For determining the appropriate number of clusters, the “pamk” function of the 

package “fpc” was used (Henning, 2015), which refers to the theory of Duda and 

Hart (1973). The pam function searches for representative objects or medoids in the 

data set which minimize the sum of dissimilarities (Henning, 2015). As there are 

three different kinds of eye-metrics, fixations, saccadic eye-movements, and blinks, 

it is reasonable to assume that there are also three clusters. The results of the cluster 

analysis also show three clusters, two of which can be allocated to fixations 

(Cluster-3) and saccades (Cluster-2). Cluster-1 cannot be allocated to a parameter 

category. The Dunn coeffient is high with a value of .84. 

Category Parameter DF SSn F p Partial-eta-square

B NNI 5 .476 2.674 <.05 .067

B PERCLOS 5 2.401 10.002 <.05 .144

B Blink-Duration 5 5.602 7.860 <.05 .129

B Blink-Rate 5 49.264 3.857 <.05 .069

PD Diameter-Frequency 5 141.528 2.604 <.05 .047

PD Diameter-Peaks 5 6.414 2.347 <.05 .048

FX Fixation-Duration-Mean 5 4.884 2.459 <.05 .039

FX Fixation-Sum 5 .035 10.965 <.05 .234

FX Fixation-Saccade-Ratio 5 1.378 2.377 <.05 .038

SC Fixation-Saccade-ratio Sum 5 1.836 2.544 <.05 .051

SC Saccade-Amplitude-Maximum 5 1.176 5.243 <.05 .089

SC Saccade-Amplitude-Mean 5 .269 3.028 <.05 .014

SC Saccade-Duration-Median 5 547.416 3.069 <.05 .051

SC Saccade-Sum 5 .001 13.259 <.05 .235
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Table 5. Fuzzy-analysis-membership-coefficients for the narrow-passage. 

 

For every cluster one typical plot is presented (figure 2-4): Cluster-1 summarises 

very different kinds of parameters and thus, it is difficult to be interpreted 

reasonably. As it reveals only weak effects, this cluster shall not be regarded further 

and it is referred to as “noise cluster” (figure 2).  

 

Figure 2. Mean-graph of the cluster-1 parameters for the narrow-passage. 

Cluster-2 consists of saccadic parameters with middle effect sizes (figure 3), 

whereas cluster-3 summarises various fixation metrics with both strong and weak 

effects (figure 4). 

Category Parameter Membership coefficient 1Membership coefficient 2 Membership coefficient 3

FX NNI (1) .99 .01 .00

B Blinkduration (3) .97 .02 .01

SC
Saccade-Amplitude-Maximum 

(20)
.96 .03 .01

B Perclos (2) .08 .86 .07

B Blinkrate (3) .15 .73 .12

SC
Saccade-Duration-Median 

(24)
.01 .89 .10

SC Saccde Sum (26) .01 .78 .21

FX Fixation Sum (14) .00 .00 1

FX Fixation-Saccade Ratio (16) 0 0 1
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Figure 3. Mean-Graph of the Cluster-2 Parameters of the narrow-passage. 

 

Figure 4. Mean-Graph of the Cluster-3 Parameters of the narrow-passage. 

Finally, in order to get a complete picture for the narrow-passage-scenario, the 

significant eye-tracking parameters are correlated with the survey data (table 6). 
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Table 6. Correlation-Matrix: eye-tracking parameters and survey data for the narrow-

passage. 

 

It can be seen that there is no correlation between the variable “confidence of 

driving” and any other parameter, the variable “accidental risk” correlates with the 

Diameter-Peaks (r=.146, p< .05) and with the saccade amplitude-maximum (r= –

.157, p< .05). The variable “cooperation-readiness” correlates with the Diameter-

Frequency (r= –.133, p< .05), Diameter-Peaks (r= –222, p< .05), and Fixation-Sum 

(r= –.145, p< .05). 

  t-junction 

The statistical procedure for the t-junction data was the same with the exception that 

only the left turning positions were analysed and script-5 and -6 will be ignored 

because they belong to position-3. Position-3 is the going straight position and 

requires different eye movements. 

  

Category Parameter Confidence of driving Accidental risk Cooperation-ReadinessCooperation-Intensity

FX NNI -.140 -.128 .049 -.140

B Perclos .030 -.005 .138 -.130

B Blinkduration .072 .005 -.115 -.155

B Blinkrate .037 -.053 .067 .095

PD Diameter-Freq -.014 -.062 -.133* -.005

PD Diameter-Peaks -.077 .146* -.222** -.109

FX
Fixation-Duration-

Mean
.108 -.076 .002 -.125*

FX Fixation-Sum .059 -.089 .145* .089

FX
Fixation-Saccade 

Ratio
-.640 .109 -.091 -.179**

FX
Fixation-Saccade ratio

Sum
-.039 .074 -.016 -.006

SC
Saccade-Amplitude-

Maximum
.103 -.157* .005 .157*

SC
Saccade-Amplitude-

Mean
-.120 .036 -.062 -.029

SC
Saccade-Duration-

Median
.037 -.032 .030 -.229**

SC Saccade-Sum -.530 -.140 -.700 -.106

p <.000 ***, p < .001 **, p < .005*, p <

.01.
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Again the analysis starts with the ANOVA. Only significant results are summarised 

in table 6. 

Table 7. Significant eye-tracking parameters of the t-junction as given by an ANOVA. 

 

In the next step, the results of the cluster analysis will be presented. Thereby a model 

with two clusters was tested, which was based on the before mentioned “pam”-

function (table 7). 

Table 8. Fuzzy-Analysis-Membership-Coefficients for the t-junction. 

 

The mean-graphs are presented for the two different clusters (fig. 4 and 5). 

Category Parameter DF SSn F p Partial-eta-square

FX NNI (1) 3 2.836 2.929 .05 .005

FX Fixation-Duration-Mean (12) 3 6.175 2.920 .05 .029

FX Fixation-Sum (14) 3 1.608 3.532 .05 .038

FX Fixation-Saccade Ratio (15) 3 .001 2.907 .05 .029

FX Fixation-Saccade Ratio Sum (16) 3 .020 2.956 .05 .045

SC Saccade-Amplitude-Maximum (20) 3 1.462 5.535 .05 .074

SC Saccade-Amplitude-Mean (21) 3 .291 3.043 .05 .031

SC Saccade-Duration Mean (22) 3 .002 1.716 .05 .056

SC Saccade-Duration Median (23) 3 .006 3.275 .05 .043

SC Saccade Velocity Maximun (17) 3 .002 5.489 .05 .066

SC Saccade Velocity Median (18) 3 .009 2.893 .05 .020

SC Saccade-Sum (26) 3 6.157 3.768 .05 .040

Category Number Parameter Membership Coefficient 1 Membership Coefficient 2

Saccadic 20 Saccade-Amplitude-Maximum 1.00 .00

Saccadic 16 Fixation-Saccade Ratio Sum .29 .71

Saccadic 22 Saccade-Duration Mean .00 1

Sacadic 23 Saccade-Duration Median .01 .99

Saccadic 17 Saccade Velocity Maximum .02 .098

Saccadic 26 Saccade-Sum .00 1.00
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Figure 4. Mean-Graph of the Cluster-1 parameters of the t-junction. 

 

 

Figure 5. Mean-Graph of the Cluster-2 parameters of the t-junction. 

Analogous to the analysis of the narrow-passage, finally, the result of the correlation 

analysis is presented (table 8). 
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Table 9. Correlation-Matrix: eye-tracking parameters and survey-Data. 

 

  Discussion 

First, the outcome of the narrow-passage and t-junction shall be discussed, then 

implications will be derived. Due to the large amount of significant results it may be 

assumed that the eye-tracking parameters seem to be quite meaningful in general. 

Based on the partial-eta-square value, nine of the 14 parameters could be considered 

for a further cluster analysis. The resulting clusters show that in cooperative traffic 

situations different aspects are relevant. In cluster-1 it becomes apparent that the 

NNI, maximum amplitude of a saccade, and blink duration reveal a similarity. In 

general, the values are lower for the offensive scripts than for the defensive scripts. 

This might be due to the fact that within the offensive scnearios the subjects had to 

initiate driving maneuvers themselves and not only react on the behaviour of the 

cooperation partner as it is the case within the more defensive maneuvers. Moreover 

the lowest manifestation occurs in script-5, which allows the clearest interpretation 

of the behaviour for all subjects. Cluster-1 is interesting because the parameters 

cannot be allocated to one parameter-category. 

Cluster-2 consists of the variables PERCLOS, median saccade duration, and sum of 

the saccades. For this reason, it may be concluded that the saccadic parameters 

behave in a similiar way. The lowest manifestation is in script-4 (maintain speed), 

the highest manifestation in script-2 (Decelerate and using the flash of headlight). 

Furthermore the defensive scripts show higher values in general. It can be assumed 

that for the narrow-passage there are more and longer gaze movements within 

defensive scripts than within offensive scripts. For the parameter PERCLOS the 

opposite holds true – if the eye is closed, it will not be possible to use gaze. To sum 

up it can be said that cluster-2 is the saccade cluster. 

Category Parameter Confidence
Acciden

t risk

Cooperation-

Readiness 1

Cooperation-

Readiness 2

Cooperation-

Readiness 3

Cooperation-

Intensity

FX NNI .013 .031 -.152 .061 -.110 -.833**

FX Fixation-Duration-Mean .025 .000 -.88 .030 -.070 -.201**

FX Fixation-Sum -.125 -0.320 .027 .096 -.040 .091

FX Fixation-Saccade Ratio -.077 .051 .012 .248** -.120 -.085

FX
Fixation-Saccade Ratio 

Sum
-.027 -.085 .087 .077 -.020 .154*

SC
Saccade-Amplitude-

Maximum
-.155* .083 .088 .184* -.009 .085

SC Saccade-Amplitude-Mean .066 .100 .026 .173 -.207 .060

SC Saccade-Duration Mean .168* .035 .053 .050 -.108 .032

SC Saccade-Duration Median .144* .057 .105 .020 -.060 .085

SC
Saccade Velocity 

Maximun
.054 -.053 -.044 -.149 .057 .210

SC Saccade Velocity Median .044 .013 .100 .074 -.060 .052

SC Saccade-Sum .086 -.078 .125 .055 .037 .141*

p <.000 ***, p < .001 **, p < .005*, p < .01.
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Cluster-3 contains the parameters sum of fixations and the fixation-saccade-ratio. 

Both parameters are very similar to cluster-2 and show the same pattern: There is a 

lower manifestation in the offensive scripts and a higher manifestation in the 

defensive scripts. When a driver takes a more active role, both the sum and the 

duration of saccades and fixations are reduced; for a more passive driver the 

opposite holds true. Furthermore cluster-3 shows for the effect sizes one important 

point: The fixation-saccadio ratio (η²p=.051) has in contrast to the sum of the 

fixation (η²p=.234) a very weak effect size. 

The correlations between the eye-tracking parameters and the assessment of the 

situation by the subjects show one interesting abnormality. Most of the eye-tracking 

parameters do not correlate with the subject’s assessment except the variable 

cooperation-intensity. It correlates in a negative way with the mean of the fixation-

duration, fixation-saccade ratio and the saccade-duration median and in a positive 

way with the saccade amplitude maximum. This means the more cooperative a 

situation is perceived, the fewer fixations and saccades are to be observed. Thus, a 

clearer communication leads to a faster understanding of the situation and in 

consequence, the drivers do not have to look longer and more intensively to several 

objects. This pattern is found in the saccadic parameters as well.  

Within the t-junction-scenario a lot of significant results were observed, too; 

although only few of them reveal at least a middle sized effect. As most of the 

parameters show only a very small effect, the results should not be considered 

further and thus, only a two cluster analysis was reported. Cluster-1 contains the 

NNI and partially the fixation-saccade-ratio. For the offensive scripts corresponding 

patterns could be observed. The values are higher for script-3 than for script-4, but 

for the defensive scripts opposite holds true. Unfortunately, for cluster-1 it is not 

possible to draw conclusions. 

Cluster-2 contains the mean and median of the saccade duration, maximum of the 

saccade velocity and sum of the saccades. The saccade duration parameters show 

similar patterns. Furthermore in script-3 and 4 they do not show any differences. In 

the offensive scripts the subjects have to react, to stop and not to drive first. So they 

can concentrate on what the other driver is doing. The maximum of the saccade 

velocity and the allocated sum show a similar pattern regarding differences between 

offensive and defensive scripts. Nevertheless, there is a small difference because in 

script-4 they show the same manifestation as the defensive scripts. This pattern 

should be tested for other parameters within future research. 

Moreover the results of the correlation analysis show on one side the same effect as 

the narrow-passage regarding the cooperation-intensity. But there is a further 

correlation pattern. If the drivers feel more confident in making their decision when 

to drive, the saccade duration is higher. It seems like it is easier for road users to 

make a decision if they have more time to go from one fixation to the next. 

Correspondingly, there is a negative correlation between confidence of driving and 

maximum saccade amplitude which underlines the explanation. If the data of the 

narrow-passage is compared to the t-junction-scenario, it can be seen that in both it 

is possible - on the base of the eye-tracking data - to distinguish between situations 

in which the participant drives first or the cooperation partner. Furthermore, there is 
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a negative correlation between the cooperation-intensity and fixations duration and 

saccade duration. If a road user does not have to look long at an object the situation 

is clearer and so the perceived cooperation-readiness seem to be higher. Moreover 

the t-junction shows that there is a correlation between confidence of driving and 

saccade duration. It should be mentioned that an unsystematic behaviour of various 

variables is from the methodological point of view critical. The results should be 

seen as tendency and not as hypothesis-tested results.  

The main differences between the narrow-passage and the t-junction are that in the t-

junction-scenario the subjects had to turn left and concentrate on two opponents in 

contrast to the narrow-passage with two obstacles and a straight driving direction. 

Because of these characteristics the t-junction is more complex than the narrow-

passage and takes longer overall to master. This leads to the results of the fixation 

parameters being more important for the narrow-passage than the saccadic 

parameters. For the t-junction the saccadic parameters are more important. 

Furthermore it is possible to see if a road user had to react or act based on the 

eyetracking data.  

  Conclusion 

It can be said that it is possible to identify specific eye-tracking parameters for 

different driving behaviours. Furthermore it was shown that not every significant 

parameter is a “good” parameter because the effect sizes are spreading very widely. 

Moreover it is possible to distinguish between simple and complex scenarios. For 

complex short cooperative traffic scenarios the saccadic parameters seem to be more 

important and for simple scenarios the fixation parameters seem to be more 

important. More studies should test this pattern. 
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