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Traffic conflicts for road user safety studies
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In this paper we advocate an approach to road safety studies in which traffic conflicts are used as indicators of road-
way hazard. The critical traffic process event used to define conflict severity is the time to collision, modified by an
observer’s evaluation of the risk of collision. Field studies were done to assess the validity, reliability, and practicality
of traffic conflicts. Experiments were conducted to test the threshold value of time to collision, and to examine a visual
perception theory of crash avoidance behaviour. The experiments demonstrate that a time to collision threshold
value of 1.5 s is a reasonable time-based index of hazard and that a visual perception model of breaking is a
promising concept. The wider potential for traffic conflicts as a measure of driver risk, and as a basis for safety mod-
els, is discussed in the paper. The technique has been used for some 45 intersection safety studies. From the appli-
cation to date it appears that the systematic observation of crash avoidance behaviour of drivers in unsafe conditions
provides a useful tool for traffic engineering analysis of intersection traffic control and design problems.

Key words: road safety, traffic conflicts, time to collision, driver risk, safety models.

Dans cet article, les auteurs proposent une approche relative aux études de sécurité routiere dans lesqueiles les con-
flits de circulation sont utilisés comme indicateurs des risques de la route. L’événement critique utilisé pour définir
la gravité du conflit est le délai précédant la collision, modifié par la perception qu’un observateur a du risque de
collision. Des études sur le terrain ont été effectuées afin d’évaluer la validité, la fiabilité et la valeur concrete des
conflits de circulation. Des expériences ont été réalisées afin de vérifier la valeur de seuil du délai précédant la
collision et d’examiner la théorie de la perception visuelle du comportement d’évitement des collisions. Les expéri-
ences ont démontré qu’une valeur de seuil de 1,5 s est un indice temporel acceptable du risque et que le modele de
perception visuelle constitue un concept trés intéressant. Le potentiel des conflits de circulation comme mesure du
risque du conducteur et comme fondement des modéles de sécurité est discuté dans cet article. La technique a été
utilisée dans environ 45 études de sécurité des intersections. A la lumiére de ces applications, il semble que 1'obser-
vation systématique du comportement d’évitement des collisions lorsque les conducteurs sont en présence de con-
ditions dangereuses soit un outil trés utile dans ’analyse technique des probléemes de conception et de régulation de
la circulation aux intersections.

Mots clés : sécurité routiére, conflits de circulation, délai de collision, risque du conducteur, modeles de sécurité.
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Introduction

Traffic crashes are serious and apparently pervasive road
system failures, yet our understanding of the traffic crash
failure mechanism is poor, thus reducing the accuracy of
road safety diagnosis and effectiveness of solutions. The
classic inferential approach using police-reported accident
records appears to pose several problems for the analyses
of road user’s safety. There are well-recognized statistical
problems arising from lack of precision in the accident data
base and from infrequent accident occurrence and the small
size of accident sample statistics. In addition to statistical
problems, police-reported accident data are most often used
by engineers to assess the safety of road sites and segments,
and contain little specific information to help to understand
the conceptual linkages between traffic and roadway hazards
and road user’s safety, and on which to develop a quanti-
tative measure of road user risk. To understand the failure
mechanism in some depth, it appears necessary to treat the
road safety problem as multidimensional, and to search for
a set of explanatory factors, including both roadway elements
and human factors, which will serve to model the crash
mechanism. The concept of traffic conflicts is clearly a can-
didate for a human factor variable in such a safety model, and
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to that end this paper examines the potential of traffic con-
flicts as a means to better understand the traffic crash failure
mechanism and its road design implications.

The advent of traffic conflicts in road safety studies has
sparked a debate as to their validity as descriptors of haz-
ardous road conditions, and a reluctance to adopt traffic
conflict programs in the absence of strong correlation with
accidents. Yet, in air and rail transportation safety studies,
where accidents are very much more rare but with very
serious consequences, ‘“near misses,” or some such indica-
tors of hazard, are the accepted norm. These indirect indices
of safety are also being applied with increasing frequency to
everyday industrial environments. In the industrial context,
Reason (1991) stated that efforts directed at identifying
“latent” failures are likely to have more safety benefits than
those directed at minimizing “active” failures. The present
research attempts to extend this discussion by suggesting a
conceptual structure for traffic conflicts, by investigating
their applicability for road safety analysis, and by outlining
a method to carry out traffic conflict studies.

Unreliability of accident records

Several studies reported, sometimes large, numerical inac-
curacies in accident data bases (Hakkert and Hauer 1988;
Grayson and Hakkert 1987; Williams 1981; Allen et al.
1978). In addition, accidents are rare, complex events making
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their statistics difficult to use in describing and predicting
failure of the man-machine roadway interactive process
which is the crash environment. In many cases, accident
samples for evaluation are biased upwards before evaluation
and biased downwards after improvement because of the
regression to mean and accident migration effects (Wright
et al. 1985). The number of crash events is very small in
comparison with the exposed population of events, producing
very small probabilities of occurrence, which in turn are
difficult to extrapolate or predict (Kalbfleish et al. 1982).
The accuracy with which road safety can be estimated
depends on the precision with which the probability of acci-
dent occurrence can be estimated. Hakkert and Hauer (1988)
have demonstrated that the uncertainty about probability
estimates based on accident records has a greater effect on
the variability of expected accident occurrence than the
uncertainties in accident counts themselves. Conceptually,
reported accident statistics provide no satisfying causal link
between road user risk and those road elements that are pre-
senting hazardous conditions. The items deemed important
enough to be the subject of the accident report, and the
level of detail in describing the items, may not provide nec-
essary and sufficient information to determine road-related
causes of unsafe conditions. In particular, the pre-accident
behaviour of drivers can only be adduced, and only then
from very high quality and finely detailed accident report
descriptions, which are not always available. Consequently,
the explicit relationship of user safety to systematic road
design is not well understood quantitatively (Transportation
Research Board 1987), particularly for intersections where
driver interaction with traffic control measures and road
design elements is most complex.

History of traffic conflicts

These problems have led to the development of traffic
conflict observation techniques to reduce the uncertainty in
estimating road user safety, and to produce a human factor
measure that would provide a symptomatic diagnosis of
hazardous road elements and concomitant solutions. It seems
reasonable to expect that safety estimates and the efficiency
of traffic engineering solutions could be enhanced by a
quantitative measure of the probability of accident occur-
rence based on a better understanding of driver behaviour in
critical traffic situations and intersection layout conditions.
Since their inception traffic conflicts have been advocated as
a quantitative method to study road user safety by the study
of driver behaviour as an observable link between transient
behaviour states of the driver and the roadway. Williams
(1981) and Grayson and Hakkert (1987) gave detailed his-
tories and formal definitions of the traffic conflict tech-
nique. The first explicit research, by Perkins and Harris
(1968), defined a traffic conflict simply as any evasive
action taken by a driver to avoid a collision, such as brake
application. Spicer (1971) added a conflict severity dimen-
sion. Hayward (1972) conceptualized conflict severity as
the time distance between the point of evasive action and
the hypothetical collision point (if no evasive action had
taken place). He called this conflict severity measure “time
to collision.” Roer (1970) defined a conflict (he uses the
term “exposure to collision™) as the condition when two
vehicles occupy the same space at the same time and consist
of two components, an observed component and an unob-
served component. Thus conflicts need not be observed but

can be calculated as a function of traffic flow volumes.
Cooper (1977), recognizing that a collision could occur
without evasive action, postulated the concept of “post-
encroachment time,” or the time distance between vehicles
when their pathways cross. The post-encroachment time
concept subsequently resulted in the inclusion of a proximity
measure, typically subjective, in the definition of conflict
severity. From video studies of conflicts during an interna-
tional calibration exercise in Sweden, van der Horst (1984)
differentiated critical, or serious, conflicts from normal
encounters and introduced a concept he called “minimum
time to collision,” that is, the minimum time distance between
two vehicles during the collision avoidance process.

In spite of two decades of research, the application of
traffic conflicts to traffic engineering problems has not been
extensive. Since the conventional measure or road safety is
the number and severity of crashes, the legitimacy sought for
traffic conflict applications has been whether or not traffic
conflicts can serve as surrogates for accident counts with
reasonable predictability. Studies directed to finding a cor-
relation have produced generally inconclusive results, giving
typical Pearson product moment correlation coefficients to
a high of about 0.7 (Zimolong 1981; Williams 1981; Engel
1985; Grayson and Hakkert 1987). In Canada several cor-
relation studies were done using the post-encroachment time
definition of conflict with inconclusive results (Cooper 1977,
1984). Engel (1985) reviewed some 30 validation studies
from 10 countries and concluded that correlations between
accidents and conflicts, although weak overall, increase with
disaggregation of both accidents and conflicts into specific
characteristics such as type of site, type of manoeuvre, and
level of severity. These findings, in conjunction with the
perceived cost of conflict studies and the convention of
using accident statistics and accident models as the means to
scientifically reveal unsafe conditions, have undoubtedly
deterred the widespread application of the concept.

To gain credibility for application, traffic conflicts prob-
ably need to, at least, provide a quantitative, observable
measure of the systematic variability of intersection safety,
and, combined with random effects, serve to describe a more
satisfactory concept of safety than using accidents alone.
In this study, the systematic component of safety is defined
in terms expressed by the driver’s observed behaviour, mea-
sured as a function of the roadway and traffic environment
at the moment of exposure. The crash-avoiding skill of the
driver in an incipient collision is observed with a traffic
conflict viewed as successful avoidance of contact. It is
held that a traffic conflict is a measure of road user risk;
and that the severity and nature of the traffic conflict can
be used to diagnose poor traffic control and geometric design.
Consequently, research was begun in 1984 to develop and test
a traffic conflict method that would have some legitimacy for
application as a diagnostic tool. The project objectives were
to devise a practical and reliable observation and recording
method, in conjunction with a training program for observers;
to evaluate the conflict recording method; and to demon-
strate the ability of the method to identify possible links
between safety and intersection layout and control. Details
of the method and some of the research findings appeared in
Brown and Chau (1986), Brown and Cooper (1986), and
Brown (1986, 1990, 1991). The specific aim of this paper is
to report on the method and the research findings, and to
discuss inferences from this and other research which may
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TABLE 1. Study sites

Traffic control
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Intersection Year of field Before After
No. name observations Type improvement improvement
Il Heather/12th* 1984-1985 4-leg Stop sign,
minor approach
12 Granville/Drake (1) 1984 4-leg Stop sign,
minor approach
I3 Main/10th 1984 4-leg Stop sign,
minor approach
14 41st/Blenheim 1984 4-leg Stop sign,
minor approach
I5 Oak/SW Marine 1985 4-leg Stop sign, 2-phase signal
minor approach
Ie Granville/Drake (2) 1985 4-leg Stop sign, 2-phase signal
minor approach
17 Seymour/Drake 1985 4-leg Stop sign, 2-phase signal
minor approach
I8 SW Marine/Dunbar 1985 4-leg Stop sign, 2-phase signal
minor approach
9 Nanaimo/Hastings 1985 4-leg 2-phase signal 2-phase signal
+ left-turn
110  2nd/Semlin 1985 4-leg No control Stop sign,
minor approach
I11  27th/Gladstone 1985 4-leg No control Stop sign,
offset minor approach
112 Kingsway/McMurray 1985 3-leg Stop sign,
minor approach
113 Kingsway/Salisbury®* 1984-1985 4-leg Pedestrian signal
I14  Pacific/Burrard 1987 4-leg
high type'

*Control intersections.

"Three-phase signal, two-lane right-turn ramps, cycle and pedestrial controls.

lead to a useful quantitative index of the traffic process that
can be related to driver risk, and ultimately to reliability
analyses of roadway performance.

Conflict observation method and reliability

The method developed for observing and recording traffic
conflicts was the result of research into 14 intersections in
Vancouver. Traffic conflicts were observed and recorded
over three summer periods, and evaluated against the
5-year accident records at the intersections. Thirteen locations
were used to examine the statistical correlations of traffic
conflict counts with the recorded accident counts (Table 1).
Seven of the intersections were observed a second time after
improvement to evaluate the impact of the improvements
using traffic conflicts. During the field work phase of the
study, experiments with different conflict severity scales,
observation methods, recording forms, and observation
periods were done, as well as tests of observer precision
with time. The procedure went through several iterations
in conjunction with a statistical analysis of the data. A pilot
study was made of one very high volume intersection (the
14th) to demonstrate the practical applicability of the method
for intersection safety analyses, and its design potential.

The observation and recording method is an on-site, on-line
observation of traffic conflicts using trained observers who
record the incidence and severity of traffic conflicts, the
manoeuvre being attempted at the time of the conflict, and

the precise vehicle location at the time of the conflict.
Relevant contextual data, such as road surface conditions
and weather, as well as roadway and traffic hazards, are
recorded. The quantitative measure of conflicts used is the
time to collision (TTC), or the time from an evasive action
(to avoid contact) to the hypothetical point of contact. Thus
the working definition of a conflict for the method is an
observable evasive action and the quantitative level of con-
flict severity is the TTC. To facilitate on-line measurements
of the TTC, on-site time to collision zones were designed for
each approach under investigation, with the observer record-
ing the TTC by the time zone occupied at the time of eva-
sive action. For a simple approach, three time zones are
used, 0-1, 1-1.5, and 1.5-2.0 s, and physically referenced on
or adjacent to the approach with the size of the zone cal-
culated from the average approach speed. The observer’s
station is 2-2.5 s from the intersection centreline so as to
observe brake applications easily. A vehicle travelling above
the average speed is assigned to a higher zone of occupation.

The TTC categories form one three-point ordinal scale.
A second three-point scale, measuring the risk of collision
(ROC), records the observer’s assessment of the probability
of collision based on physical proximity, speed, and other
factors associated with the conflict being observed. The
ROC allows the observer to modify the TTC according to his
judgement of the actual probability of collision. The two
scales are given equal weight and combined to give a com-



Can. J. Civ. Eng. Downloaded from www.nrcresearchpress.com by DEPARTMENT OF AGRICULTURE AND FOOD (WESTERN AUSTRALIA) on 04/20/16
For personal use only.

4 CAN. J. CIV. ENG. VOL. 21, 1994

TaBLE 2. Pearson product-moment, r,, and Spearman rank, r,, correlation coefficients
by intersection for movements* (5-year accidents vs. 16-hour conflicts)

(TTC £ 1.55)

Intersection ro rp (@ = 0.05)" r:’
Il Heather/12th Ave. 0.49 NS 0.79
12 Granville/Drake 0.90 S 0.96
I3 Main/10th Ave. 0.80 S 0.85
14 Blenheim/41st Ave. 0.82 S 0.77
I5 Oak/SW Marine 0.87 S 0.89
16 Granville/Drake 0.87 S 0.78
17 Seymour/Drake 0.90 S 0.82
18 Dunbar/SW Marine 0.46 NS 0.78
19 Nanaimo/Hastings 0.87 S 0.78
110 Semlin/2nd Ave. n/a (<10 conflicts) — —
111 Gladstone/27th Ave. n/a (<10 conflicts) — —
112 McMurray/Kingsway 0.92 S 0.78
113 Salisbury/Kingsway 0.75 NS 0.82

*n =1,

'S denotes significant difference at 95% level of confidence; NS denotes not significant.

n
i r=1- 6Z(x, - y,~)2 /('l3 — n); in which x; is the rank of movement by conflict count

i=1

and y; is the rank of movement by accident count (r(a = 0.05) = 0.71).

TAaBLE 3. Pearson product-moment

correlation coefficient, r, by movement

for intersections* (5-year accidents vs.
16-hour conflicts) (TTC € 1.5 )

For both conflict identification and conflict severity, 77%
accuracy was reached after 5 days, with little improvement
during the next 5 days. Inter-observer variability with a 5-day
training gave a standard deviation of *15 percentage points
at 95% confidence level. Layoff diminished skill retention,
but only slightly and temporarily. These results compare
favourably with those of Kumala (1984) who found score
rates of 38% after 1 day, 77% after 2 days, and 87% after
11 days. A training program using 5 cycles of observation and
debriefing was based on these results and has been delivered
to consultant trainees for three summers. To illustrate, a
1989 consultant team achieved 73% accuracy in conflict
identification, 85% accuracy for TTC, and 76% accuracy

Conflict movement’ r a = 0.05°

All 0.39 NS

LT/O 0.66 S

RT 0.61 S

C 0.78 S

%% 0.40 NS

RE 0.17 NS

LT/C 0.75 S

P 0.72 S for the ROC.

= 13.

TRefer to text for abbreviations.
'S denotes significant difference at 95% level
of confidence; NS denotes not significant.

posite five-point Likert-type scale on which the midpoint
registers the critical conflict event, and corresponds to a
TTC of 1.5 s or less with a “moderate” probability of col-
lision. This threshold definition of the time-based critical
event, f,, was used for analyses and subsequent applications
of the method.

Reliability of the procedure depends upon reducing sev-
eral sources of variation such as daily variation, inter-observer
variation, and observer consistency in registering conflict
incidents and conflict severity levels. The procedure is based
on the 16-hour conflict counts over two successive weekdays
to eliminate as much as possible variations which might occur
from unusual traffic conditions. To study inter-observer vari-
ability and registration precision, experiments were conducted
from the top of a building in which three teams of pairs of
observers recorded conflicts, TTC, and ROC at the same
intersection for 2 hours each day accompanied by a video
recorder. After each field session, debriefing sessions were
designed to improve reliability. Two of the teams were given
a 20-day layoff period to determine skill decay with time.

Validation of method

Hyden (1987) suggested traffic conflicts be validated
against indices of driver behaviour processes in crash avoid-
ance, such as post hoc driver surveys of conflict incidences,
or by detailed reconstruction of the pre-accident driver
behaviour in comparable conditions. However, lacking any
actual process measure of safety to evaluate conflicts, the
5-year accident records were used on the assumption that
relevant disaggregation of the accident data could partially
replicate pre-accident driver process. Consequently, the
available accident records were stratified by time and inter-
section type, and into manoeuvres deemed to be taking place
when the recorded crash occurred. An attempt was made to
create a conflict structure which was quantitative, concep-
tually sound, and easily observable in the field. Vehicle—
vehicle conflicts were stratified into six categories: left
turn/opposing (LT/0), right turn (RT), crossing (C), weaving
(W), rear end (RE), and left turn/crossing (LT/C).
Vehicle—pedestrian conflicts were designated as (P). (See
Brown (1991) for a description of conflict movement cate-
gories.) Conflict counts were taken at three different periods
of the day over two successive days to achieve a represen-
tative and extensive coverage.
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The validation study compared conflict counts with acci-
dent counts for all movements at each intersection, and for
each movement for all intersections. Also examined was
whether conflict counts could rank critical movements within
intersections in the same order as accidents. The data base
consisted of the 16-hour conflict counts taken over two suc-
cessive days for each intersection in 1984 and 1985, and
the 5-year accident records for those years immediately pre-
ceding the conflict counts (i.e., 1979-1983 and 1980-1984).
Only those conflicts with a TTC value of 1.5 s or less and a
ROC of “moderate” were used for correlation, and subse-
quent analyses. The resulting data base consisted of 1029
conflicts and 920 accidents. Tables 2 and 3 give the results
of the correlation tests.

Table 2 indicates that at 8 of 11 intersections conflicts
and accidents are correlated for movement category at the
95% confidence level with an R equal to or greater than
0.64, with 3 of these having an R? equal to or greater than
0.81. In addition, conflicts rank order the critical move-
ments in the same order as accidents. Table 3 shows 4 move-
ments for which conflicts and accidents are significantly
correlated for intersections at the 95% confidence level:
LT/O, RT, C, and LT/C. Pedestrian accidents and conflicts are
also significantly correlated. The accident—conflict ratios,
for six similar intersections where conflicts and accidents
are statistically correlated, are given in Table 4. The
accident—conflict ratios of 2.95 for intersections and 2.50
for manoeuvres can be evaluated against the Glauz et al.
(1985) values of 3.72 and 2.74 respectively for a wider
range of intersection types. The coefficients of variation
indicate that the accident—conflict ratios for movements are
more variable than for intersections.

While Table 2 shows a meaningful correlation between
severe conflicts and accident counts for movements at sev-
eral individual intersections, the overall correlation between
accidents and conflicts is poor. While this could be anticipated
because of the several different types of intersections ana-
lyzed, the result needs qualification. Figure la is a plot of the
data of Table 2, and illustrates several points worth noting.
The results for the 1984 data (4 intersections) indicates a
possible observer bias due to the relative inexperience of
the observer team of 1984 as contrasted to 1985. For a given
number of accidents, there were fewer conflicts recorded
in 1985 than in 1984, even though the supervision and the
training was constant over the two years. In addition, it may
be permissible to exclude 19 as an outlier. Intersection I9
has a heavy left-turn movement with 45/141 (32%) left
turn/opposing accidents, a movement for which experience
has shown conflicts to be consistently undercounted. Also,
I13 is somewhat suspicious. Intersection 13, with a pedes-
trian signal, had 30/141 (21%) rear end accidents and may
have correspondingly fewer observed conflicts, since it is
reasoned that crashes without observable (pedestrian) con-
flicts occur under these conditions more often than for other
situations. Figure 15 is a plot for the LT/O manoeuvre show-
ing the influence of I9 and illustrates clearly that the indi-
vidual results of curve fitting for 1985 and 1984 separately
are much better than if the data are pooled.

By disaggregating the accident report as much as possible
into manoeuvre types, it was reasoned that correlations
between accidents and the traffic conflict process would be
enhanced. The findings are encouraging, although the sample
data sets were small and the level of precision for both acci-

TABLE 4a. Accident—conflict ratios, 1, by intersection (6 intersections,
non-signalized, 4 approaches)

*

T
Conflict intersection Accidents Conflicts (X 107
12 Granville/Drake 146 121 4.40
I3 Main/10th Ave. 45 80 2.05
14 Blenheim/41st Ave. 43 40 3.92
I5 Qak/SW Marine 56 119 1.72
16 Granville/Drake 129 140 3.36
I7 Seymour/Drake 58 94 2.25
All 477 594 2.93
Mean, X 2.95
Standard deviation, s 1.10
Coefficient of variation, V 0.37

#(5-year accident counts <+ 16-hour conflict counts) X 16 + 43 830.

TABLE 4b. Accident—conflict ratios, 7, by movement (6 intersections,
non-signalized, 4 approaches)

n
Conflict movement’ Accidents Conflicts (X 107%)

LT/O 53 60 3.22
RT 17 27 2.30
C 251 168 5.45
W 25 52 1.76
RE 58 103 2.06
LT/C 51 126 1.48
P 20 58 1.26
All 477 594 2.93
Mean, X 2.50
Standard deviation, s 1.45
Coefficient of variation, V 0.58

*(5-year accident counts + 16-hour conflict counts) X 16 + 43 330.
"Refer to text for abbreviations.

dents and conflicts is less than desirable. For example, the
accident data base used for the study was geocoded by
“intersection” code (i.e., the area inside stop lines) and by
“between intersection” codes. Thus, accidents on the inter-
section approaches are not identifiable as such, and may or
may not be associated with conflicts on the approach. In
addition, the accident records are not coded by precise loca-
tion within the intersection, but only by type of movement
deduced from the on-scene investigation. In addition, it
appears clear that a strictly objective designation of a con-
flict is difficult, in that a tendency was observed to under-
estimate weaving and left turn/opposing hazards and to over-
estimate rear end hazards using conflict counts. Given these
data problems, combined with the knowledge that minor
accidents (in this case accidents with no injury and less
than $400 vehicle damage) are not reportable (those accidents
one would expect to be more highly correlated with con-
flicts), the results of the statistical correlation by type of
movement may be conservative.

Evaluation of intersection improvements

Traffic conflicts were used to evaluate traffic engineering
improvements at six of the intersections: four with signal
installations (I5-I8, Table 1), one with the addition of a
left-turn lane (I9), and one with the addition of a stop sign
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on the minor approach (I10). Two intersections (I1 and I13),
with no improvement, were used for experimental control.
Table 5 gives the data for the four intersections with new
traffic signal installations. These data are for the 16-hour
traffic conflict counts over two successive days, before the
signal installation and after the signal installation, and an
elapsed period of one year. It appears from Table 5 that the
movement with the most accidents had the largest reduc-
tion in conflicts after signal installation, with the notable
exception of the LT/O manoeuvre at 16. While there is a
substantial day-to-day variation in the traffic conflict counts,
the F-ratio and f-statistic attests to an actual decline of con-
flicts when within group variance is considered. The
accident—conflict parameters give some high values for the
LT/O manoeuvre (in 38% of the cases) and consistently low
values for the RE manoeuvre (in 88% of the cases) —
evidence that conflicts for these manoeuvres may be under-
counted and overcounted respectively.

Table 6a gives the statistical results of the experiment,
in which three out of the four intersections subjected to sig-

nal installations had significant reductions in conflicts at
the 95% confidence level. Table 65 shows the contributions
to conflict reductions by the manoeuvre for the four sig-
nalized intersections, and suggests that for the four inter-
sections, RT, C, RE, and LT/C are the manoeuvres that
resulted in significant reductions in conflicts with signal
installation.

The evaluation of the control intersections gave incon-
clusive results, with one (I1) showing significant reduc-
tions, as measured by its #-statistic, while the second (I13)
showed no significant reductions. The results of control I1
may be biased because of the measurement in two different
years (1984 and 1985) by two different sets of observers,
demonstrating the observer bias effect referred to above.

Applications of the method

A study was done for a major intersection to confirm the
methodology and to assess the extent to which traffic con-
flicts could reveal the cause of crashes. This intersection
carried about 3000 vehicles per hour (vph) on nominally
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TaBLE 5. Before and after conflict, by movement for intersections at which signals were installed (day
and day 2 counts for TTC < 1.5 s)

Before signalization After signalization

5-year
Intersection Movement* accidents Day 1 Day 2 Day 3 Day 4
I5 (Oak/SW Marine) LT/O 8 4 (3.66)" 1(14.64) 0 () 2 (7.32)
RT 8 5 2 1 0
C 3 0 2 0 0
W 6 17 7 5 0
RE 13 25 (0.95) 11 (2.16) 7 (3.40) 5 (4.76)
LT/C 6 27 16 1 1
P 2 1 1 0 0
Total 54 79 (1.25) 40 (247) 14 (7.06) 8 (12.35)
16 (Granville/Drake) LT/O 19 50037 6(5.80) 13 (2.67) 13 (2.67)
RT 1 2 1 0 1
C 83 20 24 0 1
W 7 1 2 5 5
RE 14 14 (1.83) 9 (2.85) 5(5.12) 5(5.12)
LT/C 13 17 6 0 0
P 9 11 3 1 1
Total 146 70 (3.82) 51 (5.24) 23 (11.62) 26 (10.28)
I7 (Seymour/Drake) LT/O 2 0 () 1 (3.66) 1 (3.66) 0 ()
RT 5 2 5 0 0
C 31 11 7 0 0
w 9 12 21 8 2
RE 9 6 (2.75) 12 (1.37) 5(3.29) 5 (3.29)
LT/C 1 5 6 0 0
P 1 2 4 1 0
Total 58 38 (2.79) 56 (1.90) 15 (7.08) 7 (15.16)
I8 (Dunbar/SW Marine) LT/O 0 4 (0) 2 (0) 1 (0) 1 (0)
RT 1 1 0 0 0
C 11 4 2 0 0
Y 1 0 1 0 0
RE 6 20 (0.55) 21 (0.52) 11 (1.00) 12 (0.92)
LT/C 6 15 23 0 0
P 0 0 0 0 0
Total 25 44 (1.04) 49 (0.93) 12 (3.81) 13 (3.52)
Mean 16-hour traffic
conflict counts, X 50.62 14.75
F-ratio 48.42
t-statistics 6.94

*Refer to text for abbreviations.

*Values in parentheses are accident—conflict ratios given by [(5-year accident counts + 8-hour conflict counts) X 8 +

43 830] X 1074

three approach lanes, with upwards of 1000 vph on two-
lane right-turn ramps. A lagged flashing green interval gave
priority to the major left-turn movement. There were
378 crashes recorded during the 5-year period 1982-1986,
with 100 of these accidents on the intersection approaches.
There were 142 crashes associated with the priority left-
turn movement. A total of 665 conflicts were recorded over
a period of 3 days (72 hours) in July 1987; 439 with a com-
posite midpoint scale score of 4 or more (TTC = 1.5 s),
and 16 with a score of 6 (TTC < 1.0 s).

On comparing conflict observations with the accident
records, it was clear that conflicts highlighted specific func-
tional problems that were not demonstrably evident from
the accident records. Table 7a of conflict counts by maximum
hour indicates that 70% of conflicts were associated with
diverge, merge, and weave movements, while the accident
records categorized by movements with 5 or more accidents

in 5 years show less than 10% of accidents attributed to
these movements. Conversely, the accident records indi-
cated that most accidents were associated directly with the
left turn or were rear end accidents on the approaches, while
Table 7a indicates only about 27% of the conflicts associated
with these movements. When accidents and conflicts are
normalized for vehicle flow by movement they tend to com-
plement each other, as illustrated by Table 7b, in which the
conflict-exposure ratios for both the left turns and the ramp
hazards are high compared with those for the approaches.
(Detailed results for this study are given in Brown (1990).)

Three implications for the application of the method
emerged from this study. First, while accident records can be
used to deduce accident causation, traffic conflicts have the
potential to refine conclusions, but more importantly, traffic
conflicts provide evidence to support good traffic engineer-
ing analyses. Systematically recording traffic conflicts by
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TABLE 6a. Result of r-test of before and after improvement: by

TABLE 7a. Number of conflicts by severity score by maximum

intersection hour at I14 (Burrard/Pacific)
S/NS#* Approach
Intersection Improvement t at 40,05 (primary type of movement) 6 5 4 3 2 Total
I5 Oak/SW Marine Signal 3.16 S Burrard southbound 0 1 3 1 1 6
16 Granville/Drake Signal 2.13 S (rear-end) o O &) O M O
17 Seymour/Drake Signal 3.33 S Pacific westbound 0 2 4 6 l 13
I8 Dunbar/SW Marine  Signal 1.78 NS (left-turn/opposing) 0 (1) (B () O (&
I9 Nanaimo/Hastings Left-turn lane 0.27 NS Burrard northbound 3 4 11 0 0 18
110 Semlin/2nd Avenue Stop sign 1.42 NS (diverge/crossing) O @) ¢ O O ®
Pacific east/southbound 0 3 4 6 0 13
*S denotes .sigpificant difference at 95% level of confidence (o, 5); NS (merge/crossing) 0 () B D () (19
denotes not significant. Pacific eastbound 0 1 8 6 0 15
(weave) @ @ @ () O an

TABLE 6b. Result of ¢-test of before and after
signal installation: by movement types

S/INS'
Movement* t at tyq0s) = 2.35
LT/0 —0.43 NS
RT 3.88 S
C 3.46 S
W 1.24 NS
RE 3.20 S
LT/C 6.29 S
P 2.30 NS

*Refer to text for abbreviations.
'S denotes significant difference at 95% level of
confidence (wy os5); NS denotes not significant.

a relatively inexperienced, but well trained, observer can
give documented insights which might not otherwise be
evident. For example, driver confusion associated with the
lagged green interval and ambivalent geometrics was detected
by observing conflicts, although there were relatively few of
them. It is also possible to document the precise location
and context of unsafe conditions. Second, it is clear that
the relationship between traffic conflicts and safety as main-
tained by the accident record is subtle and complex. From this
test application it became evident that a strictly objective
measure of traffic conflicts by evasive action and time to
collision could bias the results. In this case it demonstrated
the usefulness of the risk of collision (ROC) as part of the
conflict definition to help counteract bias resulting from a
rigid quantitative definition of traffic conflicts. The third
observation was the conclusion reached of possible com-
petition between traffic efficiency improvements and traffic
safety improvements. In this example, an efficient ramp
design (with large radii curves and double lanes) did not
appear to be compatible with the sight lines needed for a
safe operation.

The method has now been applied at some 45 intersec-
tions in conjunction with accident and capacity analyses.
These studies have resulted in a very diverse range of inter-
section improvements, including 25% signal installations
or re-timing; 34% geometric design changes; 19% control
revisions or movement restrictions; 8% sign and markings
improvements, and several suggestions for increased enforce-
ment of the traffic act. The average cost of these studies
was about $8000 per intersection. In a review of five of
these studies (Brown and Cooper 1991), it seems the method
is finding its application at locations with very few acci-

*] = 8-9 am.; (1) = 4-5 p.m.

TABLE 7b. Conflict—-exposure ratios (c/e) at
[14 (Burrard/Pacific)

Conflict-exposure

Approach ratio (c/e)
(primary type of
movement) a.m. p-m.

Burrard southbound 0.0035 0.0036
(rear-end)

Pacific westbound
(left-turn/opposing)

Burrard northbound
(diverge/crossing)

Pacific east/southbound 0.0086 0.0060

(merge/crossing)

0.0158 0.0059

0.0046  0.0037

Pacific eastbound 0.0078 0.0053
(weave)
Mean, X 0.0081 0.0049

Standard deviation, s 0.0048 0.0012

dents, apparently because the technique is perceived by
municipal engineers as a tool to analyze poor operational
performance. Secondly, a number of unexpected problems
related to mid-day traffic were exposed. It may be that signal
splits designed primarily for the peak hour are inefficient
at mid-day, causing drivers to become impatient and make
precipitous movements. Sometimes this could be observed
from the accident record, sometimes not.

Retrospective research on ¢,

Post-application research has emphasized the need for
more precision in defining and quantifying ¢, the observ-
able time-based critical safety event within the traffic process.
The driver decision rule in taking evasive action is pre-
sumed to be the following: if TTC is less than or equal to 7,
begin and continue evasive action; but after the point at
which TTC is greater than 1_;,, revert to normal driving
behaviour. If x is the distance between a subject vehicle
and a potential point of contact, and v is the velocity at the
point where evasive action is taken, and if the road users
are treated as point sources for simplicity, the time to collision
is x/v. Assuming that the velocity heading angle is constant,
the critical event will be taken to be the point of evasive
action, or t, = x/v, with x_ being the critical distance. The 7 ;,
measure presumes the driver adjusts the acceleration rates to
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maintain a critical space such that dr/dt = 0. These rela-
tionships are shown for the special case of braking in Fig. 2.

A number of field and experimental studies using time-
based measures of driver risk indicate a desirable time-based

Approach Speed V Approach Speed V

FiG. 3. Two hypotheses of driver braking strategy: (a) uni-
form acceleration; (b) constant safety space. (Source: van der
Horst and Brown 1989.)

driver safety space of 1.5 s and a minimum space of 1.0 s
(Godthelp 1984; van der Horst 1990). Van der Horst (1990)
has also examined by a video analysis the distribution of
critical events from two major conflict calibration studies. In
these studies, conflicts were defined, not by time to collision
measures but by a combination of objective and subjective
indices used by observer teams from several countries. When
converted to time measure, the mean is very close to 1.5 s.
The use of time to collision and ¢, could have implica-
tions for traffic control and geometric standards, in that
design parameters could be based entirely on the user’s per-
spective rather than partially on the physics of the prob-
lem. For example, the conceptual model of the driver com-
monly used for traffic control and geometric design standards
for stopping sight distance has an implicit presumption that
the driver evaluates a hazard by a cognitive process and
responds according to a physical paradigm or reality.
Assuming the truth of this model, stopping sight distance
standards are based on the constant acceleration, static equi-
librium formula, SD = vt, + v/(2g(f £ G)). This is applied
as if the driver is an information processor who picks up
environmental clues and behaves as if these form an inter-
nalized view of the world (Bootsma 1988). If the designer
assumes a uniform acceleration and a value for perception-
to-response time, 7, for some percentile driver, he can apply
the appropriate engineering parameters for speed (v), gravity
(g), static friction (f), and grade (G), and calculate the
design values for the stopping sight distance (SD). This
hypothesis of driver behaviour is shown in Fig. 3a.
However, several driver models assume the driver braking
behaviour to be an automatic control process with very little
cognitive content (Alexander and Lunenfeld 1975; Blaauw
1984; Godthelp 1984), with most of the information a driver
receives being visual. This has provoked an alternative
hypothesis of the driver control mechanism: one based on the
driver visual and perceptual processes with crash avoidance
behavioural responses based on a time-based variable, such
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FiG. 4. Braking strategy for 12 male subjects in closed course
experimental conditions (source: van der Horst and Brown 1989).

as time to collision. In this model of driver braking con-
trol, the decision to start braking is based on the visual vari-
able for time to collision of —a/, in which « is the angle
subtended at the driver’s eye by two elemental points on
the surface of the hazard and & is the rate of separation of the
image points on the eye retina. A number of experiments
appear to support this hypothesis of driver behaviour in
braking (Lee 1976, 1983; Godthelp 1984; McLeod and Ross
1983; Schiff and Detwiler 1979; Cavello and Laurent 1988;
van der Horst and Wilmink 1986; van der Horst and Brown
1989; van der Horst 1990). The central tendencies of ¢,
where it has been explicitly tested using this visual driver per-
ception model, appear to be 1.5 s, and ¢_; is about 1.0 s.
It is also apparent from thése studies that the driver sub-
ject estimates of TTC are consistently lower than the TTC
when calculated as a function of speed; furthermore, exper-

imental subject estimates of TTC are almost independent
of speed. These findings would imply that drivers expect
to increase their deceleration rates to account for higher
speeds, at least in the “alert condition” which could be pre-
sumed by the nature of the research scenarios to date. This
braking hypothesis is illustrated in Fig. 3b.

To test the ¢, and ¢t ;, values of 1.5 and 1.0 s, respectively,
used in this research, a field experiment for braking was
conducted, and the results appear to confirm the a priori
values. Twelve student subjects were instructed to drive an
instrumented car at various given speeds toward a Styrofoam
model of a stationary car, and to apply the brakes at the
last possible moment to avoid a collision with the Styrofoam
“car.” Driver vision was partially obstructed for some exper-
imental runs. The experimental site was an abandoned air-
port providing an asphalt test track of 544 m. Data were
logged and downloaded to Toshiba T1100 plus computer.
A pulsed infrared detector on the vehicle fired on passing a
track side reflector pole 107 m from the collision point (that
is, the Styrofoam “car”). There were 216 experimental runs
in all — 18 for each subject at three speeds, two braking
strategies, and three vision scenarios. The experimental
apparatus allowed the following data to be recorded and
downloaded: distance with time, longitudinal speed with
time moment of braking action, and moment of passing the
reflector. The summary results as shown in Fig. 4 give a
mean ¢, of 1.6 s and a mean ¢, of 1.1 s for the “hard”
(emergency) braking instruction.

The field experiment was also designed to test the visual
perception hypothesis of driver braking behaviour. For this
experiment, the 12 male students were instructed to approach
the Styrofoam mock-up of the rear of the vehicle at differ-
ent approach velocities and to brake at the last possible
moment to avoid a collision with the “car.” Stroboscopic
visual occlusion, by means of specially designed electronic
liquid crystal glasses, was used to monitor the braking per-
formance in the absence of continuous visual clues, which
would normally be available to judge the distance and the
speed (Riemsmersma 1984). Three levels of occlusion were
used: (a) no visual occlusion; (b) 25 Hz, or where vision
was unrestricted for 10 ms periods at a frequency of 25
openings per second; and (c) 5 Hz, or where vision was
unrestricted for 10 ms periods at a frequency of 5 openings
per second. These tests provide scenarios of 100%, 25%,
and 5% of the flow of optic information to the driver in
braking manoeuvres. Figure 4 shows the summary results,
indicating the deterioration of braking performance with
visual occlusion, with less deterioration at high speed than
at low or moderate speed. What is not shown by the figure
is the large variation observed across individual drivers,
indicating a tendency toward individualization of driving
strategies in braking. However, with this caveat, the exper-
iment appears to suggest that the subjects’ braking strategy
could possibly match the safe visual space hypothesis.

Figure 5 gives one design implication of the safe visual
space hypothesis on stopping sight distance assuming a f,
of 2.5 s and a ¢, of 1.5 and 2.5 s, respectively, compared
with the envelope of design limits recommended by the
Roads and Transportation ‘Association of Canada. There are
two possible interpretations of these curves: that drivers
substantially underestimate their ability to stop, particularly
at higher speeds, or that the uniform acceleration assumption
of driver braking strategy is conservative.



Can. J. Civ. Eng. Downloaded from www.nrcresearchpress.com by DEPARTMENT OF AGRICULTURE AND FOOD (WESTERN AUSTRALIA) on 04/20/16
For personal use only.

BROWN 11

280

260
240
220 -

200 |
180 |
160 |
140 |
120

Stopping Sight Distance (m)

100}
80 -

40 1 1 i

40 60

80 100 120

Speed (km/h)

FiGc. 5. Roads and Transportation Association of Canada (RTAC) design values versus safe visual space perception for stopping

sight distance.

For a full description of these experiments and results,
see van der Horst and Brown (1989).

Discussion

The wide application of traffic conflicts to traffic engi-
neering solutions requires the development of safety models
based on descriptions of the mechanisms by which indi-
vidual drivers perceive risk and respond to other vehicles, to
the roadway guidance and control system, and to the road
environment. Models of this process are emerging. van der
Horst and Riemsmersma (1981) viewed the traffic process as
a continuum of events from encounters through different
levels of traffic conflict severity to actual accidents. Hyden
(1987) postulated a pyramid of events made up of undis-
turbed passages at the base to fatal accidents at the top. In
both the continuum and pyramid models, accidents are a
subset of conflicts, and events are connected by conditional
probabilities, with probabilities likely influenced by fewer
external factors and more by chance toward the accident
end of the model (Grayson and Hakkert 1987). A serious
conflict (other than precautionary behaviour) is a critical
event on the modeled dimension of the traffic process. It
follows, from Grayson and Hakkert (1987), that a serious
conflict is potentially a good measure of driver risk due to
roadway elements because it i1s not as random as accidents.
Hauer and Garder (1986) proposed a model using the prod-
uct of a site-specific, entity-specific accident—conflict ratio
parameter combined with observed conflicts. Wright et al.
(1988) suggested a model including ambient risk and pro-
posed several possible measures of ambient risk, including
time to collision.

What emerges from the present study is a concept of
safety consisting of an observable component, which can
vary systematically with roadway and traffic conditions,
and a random component. The traffic process produces spe-
cific outcomes, depending on the relative strength of the
systematic and random effects: two leading to accidents and

one leading to conflicts (Brown and Cooper 1991). Safety is
described by three dimensions, with conflicts the end product
of one of the dimensions, both conflicts and accidents the end
product of the second dimension, and crashes with no evasive
action the end product of the third dimension. In this model,
the object of scientific investigation is the observable traffic
situation at the instant of conflict, in which the conflict is
defined as the successful avoidance of contact, and a crash
as actual contact. The former process can be observed but
usually not the latter, and while the information of the con-
flict is relevant only for the conflict, it provides informa-
tion to evaluate risk and performs the practical duty of pro-
viding a history of individual accidents. Conversely, the
information content of the crash event can only be inferred,
and in any case may not be relevant to the actual driver
behaviour leading to the crash (i.e., there is no observable or
deduced evasive action). The model assumes two types of
accidents: type 1 being an unsuccessful conflict (that is,
one in which the crash was not avoided); and type 2 being
one in which the crash was avoided (a conflict), but resulted
in an associated crash. An example of evidences to support
this model is given by Fig. 6, in which the evasive actions
are close to the midpoint of the acceleration ramp (Fig. 6b)
while the crashes occurred at the gore (Fig. 6a). The infor-
mation of the accident record indicates a headway problem,
while the information in the conflict situation indicates a
weaving problem. This is seen in Fig. 6¢ where the minimum
time to collision, taken as equal to or less than 1.5 s, occurs
almost 0.75 of the distance along the acceleration lane ramp.

In addition to their use in modelling the road system fail-
ure mechanism, traffic conflicts need to provide a basis for
risk assessment and reliability of safety improvements.
Conceptually, the focus of this research is the inherent risk
in the driving process as determined by observing the driver
behaviour in responding to incipient crash situations by
traffic conflict studies, and presuming that the behaviour
observed is a manifestation of driver perceived risk. An
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objective quantification of driver risk perception could rep-
resent a behaviour-related variable in some combination
with risk as measured by accident frequencies.

One could argue that driver risk is not necessarily corre-
lated with the frequency of crashes, in that drivers may
reduce risk by avoiding the perceived unsafe location, by
changing other behaviours (such as using extra caution at
an unsafe location) or some combination of reduced exposure
and behaviour change, such as using an intersection but
avoiding left-turns. Yet, much of the research into the
correlation between accidents and human factors compare
actual accidents with simulated driver performance in the
laboratory or in closed course controlled experimental sim-
ulations (Sivak 1981). In addition, research has shown that
those factors that one would expect to link behaviour with
accidents (such as manoeuvres and severity) are the least
reliable data of the accident reports (Hauer and Hakkert
1988).

Driver risk is commonly taken to be the probability of

an accident (Hauer 1982). Zeidel (1985), in one of six def-
initions of risk, cited risk as a social cost, assessed by acci-
dent rates. But Wright et al. (1988) pointed out that acci-
dent frequencies (and accident rates) do not measure driver
risk, but the outcomes of failure. These authors proposed
two dimensions of risk: subjective or “perceived” risk as
contrasted to objective or “ambient” risk; this latter term
apparently means that risk that would be assigned from out-
side the road-traffic system by independent observers, such
as a panel. Haight (1986) gave several definitions of risk,
including the product of probability and consequence (see also
Kalbfleish et al. 1982); objective risk (calculated from empir-
ical data, such as accident records); and subjective risk
(perceived by the driver). In these various definitions, risk
is seen from two perspectives: those of social costs asso-
ciated with accidents and calculated from accident counts, or
rates; and those of “feelings of unsafety” as expressed by
Brown (1985), or more formally as “phenomenological expe-
rience of drivers in traffic” as experienced by Zeidel (1985).
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These dichotomous notions of risk lead to different methods
of evaluation of road safety improvements and imply dif-
ferent decision criteria by public agencies. Risk defined by
accident frequencies and (or) rates presumes that the con-
sequence of an individual crash is a cost that can be assigned
against the benefits of mobility, with a reduction of accident
rates increasing the benefit to the community. The second per-
spective of risk presumes the object for analyses is the safety
of individual road users, and road improvement benefits are
found in reducing the aggregate road user risks. It is this
second perspective, we suggest, that traffic conflicts appear
to be useful in assessing road user risk.

The notion of driver risk intended here follows Zeidel’s
model of the driver as a self-paced vehicle operator in a
complex and multidimensional environment, dependent upon
his abilities and limitations to control the vehicle and on
the information and uncertainty about what lies ahead (Zeidel
1985). Alexander and Lunenfeld (1975) formally outlined
such a model of driver task disaggregation into navigation,
guidance, and control to better understand the mechanism
for positive driver guidance. Oppe (1985) referred to the
driver environment as a traffic process, and emphasized the
knowledge of driver behaviour within this process as one
key in understanding under what conditions a driver is
unsafe. A traffic conflict is viewed as a critical event in the
traffic process which signals a hazard and, combined with a
severity level of the conflict event, represents some discrete
risk. Thus defined, the traffic conflict meets at least one
definition of risk in a driver behaviour context; the probability
and consequences of a hazardous event (Kalbfleisch et al.
1988), or P(e(i)) X L(e(i)), where the first term is the prob-
ability of conflict event i and the second term is the level of
severity of conflict event i. In the operationalized definition
of conflicts outlined in this research, the severity of event i
is a composite value made up of the time to collision and the
risk of collision. More knowledge of P(e(i)) awaits more
traffic conflict studies.

Conclusions

The traffic conflict method described here constitutes a
practical registration procedure for traffic safety manage-
ment. The observation and reporting system is relatively
objective and anonymous. The research has demonstrated
that inexperienced engineers can learn the technique in a
short time and gain acceptable accuracy in observing and
recording both the incidence and the severity of traffic con-
flicts. However, the reliability of the procedure depends on
trained observers, which would likely result in additional
costs for a traffic management program that includes traffic
conflicts.

The systematic observation and analysis of traffic con-
flicts appears to have several diagnostic advantages. Traffic
conflict studies can document incipient crash environments
and drivers’ actual responses. Hazard avoidance behaviours
can be disaggregated and classified by manoeuvre type, pre-
cise location, and level of severity, thus permitting prioritized
design responses; in addition, the road safety analyst is able
to control the sample size, randomness, and information
content by survey design. These advantages are increasing the
practical use of traffic conflicts to identify hazardous con-
ditions even in the absence of actual accidents. In addition,
their application to studies of intelligent vehicle and highway
systems and road transport informatics may provide a better

understanding of driver—vehicle-road interaction than is
currently possible with accident records (Draskoczy 1991).

The widespread use of traffic conflicts as road hazard
indicators will depend on a defensible quantitative measure
of the critical conflict event in the traffic process and deeper
insights into the structure of the conceptual relationship
between the driver perception of hazard and the actual traffic
crashes. There are currently both practical and theoretical
problems. For practical reasons, the definition of what con-
stituted a traffic conflict and its severity in this study
embraced all observed evasive actions in the field, but was
redefined in the analysis to exclude precautionary actions
with a time to collision greater than 1.5 s in combination
with a “low” risk of collision. The definition of the critical
traffic event as one in which 7, = 1.5 s appears to be gaining
acceptance in general, and is supported by this research.
Using this definition of conflict severity indicated some
association of conflicts with actual crashes, when disag-
gregated by movement, but in the application of the method,
dichotomous notions of traffic conflicts and accidents were
evident. Further research needs to deal with this structural
relationship as well as with several theoretical questions,
including the decision mechanism used by drivers to esti-
mate 7, and the variation in the estimates across different
classes of drivers, as well as the functional form of driver risk
and its variation with traffic and roadway conditions. The
visual perception model of driver behaviours under critical
conditions has been monitored here as a possible hypothesis
for further investigation, but more experimental research is
needed on this in order to suggest road design parameters
based on traffic conflicts. Traffic conflicts may well prove
to be a useful concept for research into driver models, driver
risk probability, and driver—vehicle-road interaction. Mean-
while its use as a practical tool to diagnose road safety
failures appears to be increasing.
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List of symbols

x distance to collision at given velocity
v velocity at point of evasive action

. critical distance

x/v  time to collision

t,  critical time to collision (= x/v)

., Minimum time to collision (d:/dt = 0)

t,  perception reaction time

o angle subtended at a driver’s eye by two elemental

points on the surface of an object hazard
o rate of separation of elemental point images on eye
retina





