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Abstract

This paper analyses subjects' responses to perceived collision risk on a set of videofilmed
traffic conflicts. These sequences showed the interaction between two cars approaching an
intersection. Objective measures were taken from the same video scenes and compared, in a
first task, to the subject’s evaluation of the same conflicts about a) an overall score of
dangerousness for each conflict, and b) –in the second task- with the estimated moment the
collision risk starts –the onset of the collision risk. Besides, in the third task, a different
version of the same conflicts was tested as a typical SDT task, in which scenes were cut
according to particular TTC values between vehicles. The four sets presents half of the
fragments (18) wich ends with a value of TTC below 3 seconds (signal) and the other 18
fragments ends with a value of 3.2 s (noise). The ‘signal’ fragments ended with a value of
1.4 seconds (version A), 1.9 s (version B), 2.3 s (version C), and 2.7 s (version D). All the
‘noise’ fragments had the same TTC value (3.2 seconds). Participants were asked to give a
Yes/No response about the fact that the collision risk would have appeared just until the very
last moment of each individual shot. Thus, measures of sensitivity and response criterion
were obtained. 

The results showed that Ss in the first task -complete conflicts- were able to score its
dangenousness in accordance with an objective risk measure -minimum TTC value- although
in a lower magnitude than expected. Also, in the second task, participants were asked to
make a motor response –press the Space bar on the keyboard- when they judged it  was the
moment of the onset of the collision risk between the following car and the preceeding car.
The results showed that participants with different amount of driving experience differed in
their responses to the onset of collision risk. More experienced drivers (up to 40,000 kms
driven) made a response earlier in time than novice drivers. The time difference in average
between the response of experienced and novie drivers was about 400 ms. Finally, the SDT
task showed that subject's sensitivity to perceived collision risk varies according to the TTC
values in the moment the scene were interrupted. Participants could easily recognize the
difference between signal and noise when the ‘signal’ scenes ended with a TTC value lower
than 2 seconds. This task was a little harder when TTC value was 2.3 seconds, while
detectability was nearly zero when TTC was equal to 2.7 seconds.

Introduction

Research on subjects' perception of risk in traffic scenes can be linked to research on traffic
conflicts. The Traffic Conflicts Technique emerged as a way to evaluate the potential danger
of some locations (Perkins and Harris, 1967a). Some years after, Amundsen and Hydén
(1977) offered a definition of a traffic conflict. They thought a traffic conflict is: 'an
observable situation in which two or more road users approach each other in space and time
to such an extent that there is a risk of collision if their movements remain unchanged'
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(Proceedings: First Workshop on Traffic Conflicts, Oslo, 1977, p. 135). Research teams in
different countries aimed to develop objective measures which could be taken as an index of
the dangenousness of these situations. As a part of the International Calibration Study of
Traffic Conflict Techniques (Malmö, 1984), a study was devoted to compare the experts'
estimates of the seriousness of conflicts with some objective parameters -measured by
means of video analysis- which were obtained from the same conflicts. Objective measures
included speed, acceleration, time-to-collision as well as distance between vehicles. This
study showed that Minimum Time-To-Collision found across an interaction was the
parameter with the highest correlation coeficient with the estimated dangerousness of the
conflict (Horst, 1984a). Minimum TTC is defined as the lower value of the Time-to-collision, a
measure that describes the time left to a collision if the speeds and directions of the road
users involved do not change (Hayward, 1972; Van der Horst, 1982). TTC is widely
interpreted as 'the available maneuvering space at the moment of braking' (Van der Horst
and Godthelp, 1989, p. 79). Thus, the minimum TTC value -TTCmin from now on- indicates
'how close an actual collision was' (Horst and Godthelp, 1989, p. 79). So, although TTC is
continuous over time, a single value of TTC -TTCmin- may be adopted as an index of the
seriousness of a conflict. Moreover, a critical value of 1.5 seconds acted as a threshold
between normal or slight conflicts and serious conflicts when trained observers had to score
them. However, this analysis didn't show which other criteria were used to evaluate severity
or dangerousness of the conflicts (see Hydén, 1987; Horst, 1984a). 

In another study, Shinar (1984) investigated the reliability of subjective judgings. Two
groups of subjects rated the severity of a set of traffic conflicts. The conflicts were shot on a
16 mm black and white film and presented the vehicles approaching to an unsignalized T-
type intersection. Sixteen conflicts were selected, all of which exceeded the critical value
according to an objective parameter -'weighted deceleration'. 

Subjects had to rate the dangerousness of conflicts on two different criteria. One group
-subjective measure 1- was instructed to judge its severity taking into account the level of
deceleration (weighted deceleration, which included longitudinal -braking- and lateral -
swerving- deceleration) on a scale of 0-100. The other group was instructed to rate the
conflicts on the basis of time-to-collision (TTC), defined as 'the time it would take a vehicle
to collide with another -or with a pedestrian- if the vehicle would continue to drive at the
same speed and direction' (Shinar, 1984, pp. 154-155). This time margin had to be
evaluated from the moment the reference vehicle made an evasive manouver. The verbal
translation of this concept emphasized that subjects had to assign a score approaching zero
if the evasive manouver were made at the last possible moment and a score approaching
100 if the manouver was made when the driver, given the current speeds and directions of
travelling, had  'all the time in the world'. The same conflicts had to be rated three times,
each time presented in a different order. Both groups differed in the information they had to
consider in order to rate the conflicts. 

First of all, intertrial correlations within each subjective TCT definition were calculated. The
results indicated that, in both cases -subjective measures 1 and 2- the average intertrial
correlation was 0.97. This indicates that subjects were highly consistent in their ratings.
Moreover, the correlations among the two subjective measures ranged from 0.82 to 0.94,
and it suggests that the observers have an internal concept of what constitutes a conflict.
Finnally, the correlations between the subjective and objective ratings ranged from 0.43 to
0.66, therefore being of a moderate level. This means that the subject's internal concept of a
conflict was not influenced by any definition they were given. As Kruysse and Wijlhuizen
(1988) points, these results imply that subjects seem to be reliable judges of traffic conflicts,
although their judgings differ from the expected, which means that they used other
information rather than the one they had -supposedly- to consider.

Once the reliability of untrained human observers of traffic conflicts is established, the
question about the underlying variables while judging its dangerousness remains unsolved.
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Kruysse and Wijlhuizen (1988) and Kruysse (1991) investigated the kind of information used
in judgements of the dangerousness of traffic conflicts. The author of the latter study
(Kruysse, 1991) hipothetised that successive different stages in traffic conflicts could be
distinguised, that is: 1) the 'commencement' phase, 2) the 'manouver phase' and 3) the
result of the conflict, i.e. its final stage. The 'comencement' phase consisted of the initial part
of the conflict, just until the moment one of the road users started an evasive action. The
'manouver' phase included the start of the evasive action, but not its result.

So, two groups of subjects were asked to judge the dangerousness of the sequences -the
first group was given just the 'comencement' phase, while the second group was given the
'comencement' plus the 'manouver' phases-, thus allowing to compare their responses with
the responses of a third group who judged the complete conflicts. Subjects had to rate the
dangerousness of each conflict on a 20-point scale with only the extremes labelled as 'not
dangerous' and 'very dangerous'. The subjects were also given a score form with this scale
and a picture which ilustrated every individual conflict. Besides, they were provided
information about where in the intersection and between which users the conflict ocurred.

The results showed that the responses were optimally represented by a one-dimensional
model, that is, one dimension explained most of the total variance in both experimental
conditions (eigenvalue = 0.54 in the 'Commencement' condition; eigenvalue = 0.60 in the
'Manouvre' condition, being eigenvalue for complete conflicts equal to 0.59).

Kruysse interpreted that the reliability of "dangerousness" judgements of a conflict is -
relatively- independent of the amount of information present in their different stages, that is,
the initial part of the conflicts, evasive manouvre and the outcome.

Moreover, an analysis of partial correlations between the optimal scaled responses of these
and previous experiments for different conditions would indicate the contribution of different
parts of the experiments to the "dangerousness" judgements. The results of this analysis
pointed out that almost two-thirds of the total variance of the dangerousness judgements of
complete conflicts is accounted for by the 'Commencement' sequence, indicating that this
stage contains information relevant for the prediction of the dangerousness of a conflict. This
means that information about the commencement of a conflict would be enough to predict
the dangerousness of a conflict. 

If the outcome of an evasive action is not relevant for dangerousness judgements, what kind
of relevant information contain the commencement and manouvre stages? This is an
unresolved question to which Kruysse try to answer by considering some other experiments'
results and a proposed model that could account for the representation of the internal
concept of conflict dangerousness. The discussion turns now to objective parameters that
are present in different stages of the conflicts. The author points that TTCmin and Minimum
PET ("Post-Encroachment Time"), which are used in several conflict observation techniques,
are present at the last part of a conflict: the outcome of the evasive action.

Kruysse explained that, since none of the conflicts result in an accident, one can argue that
the result of an evasive action lacks of relevance for the judgement of the dangerousness of
these conflicts. Nevertheless, traditionally it has been considered that the last part of the
conflicts have got very important information in the form of physical variables that could be
extracted from the visual input –as it is also present in videofilmed conflicts- as, for example,
the Time-to-Collision (see Hoffman and Mortimer, 1994; McLeod and Ross, 1983; Schiff and
Oldak, 1990; Sidaway, Fairweather, Sekiya and McNitt, 1996).

Our assumption is that responses to complex traffic situations should be based upon internal
representations of these situations and that these representations are used (and can be
explored) in a more abstract level as, for example, in judging dangerousness of filmed traffic
conflicts.
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Aim of the study

In this study we assume that subjects base their judgements of the dangerousness of a
complex traffic situation on the information provided by an objective parameter of the
vehicles’ interaction. This parameter is the time-to-colision, defined earlier.

We also assume that the observer of a traffic conflict relies on the information present in the
visual input to evaluate the risk of a collision between vehicles, although the conclusions
about these experiments can only be extended to the kind of stimuly used -interactions of
vehicles in wich a car follows another vehicle while approaching a intersection and presented
from an external perspective.

Summarizing, our aim in this study is to explore how untrained observers judge the
dangerousness of videofilmed traffic conflicts relative to their TTC values.

Preliminary phase

Location and type of interaction selection

In this phase we chose a location which could gather some requirements for our purpose.
This location should be the approaching to an intesection in an urban, non-crowded area,
with an obstacle-free perspective (Figure 1). Taking this into account and based on previous
observations of its traffic volume, we chose a junction near a commercial centre in the city of
Murcia (South-Eastern Spain). Vehicles approach across a single-lane street to the
intersection. Distance measures were taken in-site.

Figure 1. The urban junction area and location of the camer

Filming and editing the video sequences

Two cameras recorded continuously for a total time of 
periods were non-peak hours of two days, between 10 a.m
filmed from two different perspectives (see Figures 2, 3). 
the subject’s evaluation, and the other one for measuring
sequences.
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Figure 2. Video sequences from Camera 1     Figure 3. Video sequences from Camera 2

Analizing the sequences

We took measurings from the vehicles’ movement on the video images and deduced their
relative speed and the distance between them. Finally, TTC could be calculated in intervals
of 0.2 seconds. 

Selection of sequences

The interactions to be studied are conflicts in which a car follows another vehicle in a two-
lane street while both approach an intersection. There’s a collision course when the speed of
the following vehicle is faster than the speed of the leading vehicle. Afterwards, conflicts
among two vehicles were selected. We chose a set of 26 conflicts with TTCmin values
ranging from 0.5 seconds up to 4.8 s. 

Number

Of
sequence

1 2 3 4 5 6 7 8 9 10 11 12 13

TTCmin
value
(secs)

2 0.78 1.2 3 2.78 4.8 3.58 3.7 3 2.2 3.7 0.5 1.3

Number

Of
sequence

14 15 16 17 18 19 20 21 22 23 24 25 26

TTCmin
value
(secs)

1.92 2 3.3 4.7 2.38 3.3 1.7 2.2 1.2 1.36 3.5 3 2.72

   Table 1. Order of the sequences and TTCmin values.

Experiment 1

As we mentioned earlier, we chose the MTTC (Minimum Time To Collision) as a criterion to
determine the dangerousness of a whole interaction (see Hyden, 1987; Horst, 1990, 1991).
According to these studies, we asume that the MTTC describes across the interaction how
dangerous was the collision risk. The lower the TTC value during the interaction, the higher
the risk of a collision was.
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So, in this task we asked participants to give a dangerousness score of the whole interaction
in a 5-point Likert scale, once the sequence had finished. The points were labeled from “No
risk at all” (1) to “Very high risk” (5). The important point here is that we did not explained
to participants the concept of TTC or gave them any information on wich they could make
the judgements of risk.

Method

Participants

44 participants took part in this phase of the study. 31 were women, while 13 were men.
They were students and Faculty personnell. Their age ranged from 18 to 37 years old, with
an average of 22.7 y.o. The driving experience was measured in terms of number of years
with license and total estimated kilometers driven. The average number of years with the
driving license was 1.95 years and the average number of kilometers driven was 37,382.

Materials

Traffic sequences were edited in a VHS videotape. The participants were given response
sheets in wich every scene was numbered and a 5-point scale was labeled as 1) “No risky at
all”, 2) “Very few risk”, 3) “Medium risk”, 4) “Quite risky” and 5) “Very risky”. 

Procedure 

Subjects were seated in front of a TV monitor -the screen was 48.2 cms wide x 35.5 cms
high- at a viewing distance of 1.2 meters. First of all, participants were given written
instructions. Afterwards, the experimenter gave a brief explanation of the task and the kind
of stimuli that was going to be presented. Although no explicit instruction for using one
criterion or another to judge the dangerousness was provided, we put more emphasis in
explaining the kind of risk to be judged –risk of collision between the following car and the
car ahead. Participants had to rate the dangerousness of the complete sequence by marking
one of the points of the scale.

Results

Figure 4 shows the correlation between the mean dangerousness scores for every scene and
their TTCmin value, where it seems clear that, the lower the TTCmin value, the higher the
mean dangerousness score.

Figure 4. Distribution diagram of the mean dangerousness scores of the 26 scenes against
their TTCmin values.
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The Pearson correlation coeficient value was Rxy = -0.761. This is a high value which
indicates that participants could discriminate between different scenes in terms of collision
risk, measured through TTCmin values of the interactions and that they rate their different
dangerousness in accordance with this measure, with some exceptions (sequences 21 and
24).

In line with this result is the finding by the Calibration Study at Malmö (1984) that the
Minimum Time-to-Collision was the objective parameter with the highest correlation
coeficient with the ‘common severity score’ (a subjective dangerousness score). This
indicated that there was a high correspondence between a high severity score and a conflict
with a low TTC value.

Experiment 2

In this experiment, we asked participants to give a motor response in the moment of the
onset of a collision risk between vehicles. We didn’t explain which information was critical for
such estimates. We are interested in comparing estimates from a group of drivers with very
limited experience and estimates of more experienced drivers.

Method

Participants

57 subjects participated in this experiment. There were 30 novice drivers (less than 40,000
kms driven) and 37 more experienced drivers (40,000 or more kms driven). The Novice
drivers group had 24 women and 6 men. Their mean age was 20,5 y.o. and they had 1,77
years of driving career. They also had 7,502 kms of average driving experience. The more
Experienced drivers group had 10 women and 17 men, with a mean age of 28,4 y.o. They
had a driving license for an average of 8,15 years and an average experience of 137,370
kilometers driven.

Materials

The recordings had an audio clik inserted so in every sequence we used this signal to start a
timer that was managed by a specially designed software. This sofware was an adaptation of
a pre-designed experiment of M.E.L. (Micro Experiment Laboratory, Psychology Software
Tools). The video player was conected to the TV monitor and the audio output of the TV
monitor was conected to the microphone input of a Serial Response box. The SR box, then,
triggered the timer. When the subject pressed the Space bar in the keyboard, the clock
stopped and the software recorded the response -the estimated moment of the onset of the
collission risk, in miliseconds. Otherwise, when participant failed to detect any risk, the count
of the clock stopped by means of pre-programed intervals of data logging in every scene.

Procedure 

At the start of this experiment, written instructions were given to the participants. They were
instructed to “give a motor response” (press the Space bar) “just at the moment they
recognise the onset of the collision risk between the following car and the car ahead,
independently of the result of the conflict”. Then, the experimenter gave a brief explanation
of the task. After this explanation, the experimenter turned on the video player and the
software for response recording. Data were automatically registered and a txt file was
generated by MEL at the end of the experiment.
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 Results

First of all, not all the participants gave a response to the onset of collision risk in scenes
with low TTCmin values. Results were calculated for scenes with a significant proportion of
responses. In Figure 5 two examples of box plot showing responses from the Novice drivers
group and Expert drivers group are offered. The graphics shows response distributions to the
onset of collision risk on two different sequences, with 50% of the observations being
represented by the central “box”. The central line of the box stands for the median. In the
first example (above) the time difference between the Expert group median of responses
and the Novice’s group median was 1016 mls, while in the second example (below) was 495
mls. The time difference in average between the response of experienced and novice drivers
was about 400 ms. In general terms, experts recognised earlier than Novice drivers the
onset of the collision risk.

Figure 5. Box plot of estimated moments corresponding to the onset of collision risk for
novice (left) and expert (right) drivers in two different sequences: sequence 05 (above) and
sequence 01 (below).

Experiment 3

Finally, in the third experiment, we adapted the task to the SDT paradigm in order to get
separate measures of sensitivity and response criterion. For achieving this, we manipulated
the TTC information presented in scenes by using six-seconds scene fragments. This
fragments were selected according to the TTC value at the moment the scene fragment
stopped. ‘Signal’ fragments would present a conflict that ends with a TTC value between
users of less than 3 seconds, while ‘Noise’ fragments would have a TTC of more than 3
seconds. Four diferent versions of this task were made. The ‘signal’ fragments ended with a
TTC value of 1.4 seconds (version A), 1.9 s (version B), 2.3 s (version C), and 2.7 s (version
D). Theoretically, signal recognition should be worst as TTC value get close to 3 seconds. 

Method

Procedure 

Written instructions were given to the participants in which the task was explained, as well
as response sheets. Participants had to answer “Yes” by marking a tick on the sheet if they
judge the onset of the collision risk in the scene fragment had occur “just until its very last
moment”. Otherwise, they had to answer “No”. 
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Materials

Digitalized scene fragments were edited with a miroVIDEO card DC10 Plus. All of them lasted
six seconds and they were cut according to a given TTC value between vehicles. The four
sets presents half of the fragments (18) wich ends with a value of TTC below 3 seconds
(signal) and the other 18 fragments ends with a value of 3.2 seconds (noise). The fragments
were preceded by a visual countdown of 3 seconds. Afterwards, the four versions were
edited in VHS for being presented to participants. The experimental arrangement was the
same as in the Experiment 1.

Participants

The participants were the same as in Experiment 1, but each one was randomly included in a
different condition (scenes version). Results of eleven participants per group were calculated. 

Results

In this section, results for d’ values are presented. Figure 6 shows a visual reference for
mean d’ (DPRIMA) values of the four groups with different signal values. Mean d’ for Group 1
was 2.127. For Group 2 mean d’ was 1.643. Group 3 had a mean d’ of 0.872, while the mean
d’ for Group 4 was 0.082. An interobservers ANOVA analysis (F = 24.862, prob.= 0.0000)
showed that the manipulation on the TTC information presented in the scene fragments had
effect on the detectability of the signal (collision risk).

Figure 6. Mean detectability values (d’) from subjects belonging 4 different Group/Condition:
Group 1: signal value = 1.4 secs. Group 2: signal value = 1.9 secs. Group 3: signal value =
2.3 secs, and Group 4: signal value = 2.7 secs. In all conditions noise value was equal to 3.2
seconds.

Afterwards, a post-hoc analysis (Tukey) for comparing the several signal levels was applied
for determining differences in detectability between the four versions. The results showed
that there were differences with statistical significance between Group 1 and 3 (t = -1.243,
prob. = 0.000), and Groups 1 and 4 (t = -2.056, prob. =0.0000), Groups 2 and 3 (t = -
0.756, prob. = 0.022), Groups 2 and 4 (t = -1.569, prob. = 0.0000), and finally  Groups 3
and 4 (t = -0.813, prob. =0.012).

So, it seems clear that collision risk in this kind of video sequences is easily recognizable if
the TTC between vehicles is less than 2 seconds. When TTC is equal to 2.3 seconds this task 
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is a little harder, while –when TTC is equal to 2.7 seconds- detectability is significantly worst
(nearly zero).

This result gives support to the idea that there is a “threshold value” in collision risk
detection, wich would be given by TTC value of 2.5 seconds. That is, in general terms,
people wouldn’t be able to detect collision risk on interactions with a ‘Time-to-collision’ value
higher than 2.5 seconds.

Although there are some limitations in this approach to risk perception assessment, we think
there is a potential aplication of the methodology introduced in this paper to the way drivers
could be trained to reduce the impact of some ‘cognitive biases’ –related to evaluating risks
in traffic. It would be possible to train drivers to identify conflicts with different levels of
severity and to recognize the moment of the onset of a higher-than-usual collision risk.
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