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Abstract 

The traffic conflicts technique is emerging as a means of identifying 
safety hazards and evaluating improvements at road intersections. This 
paper is a research report on the usefulness of the technique as a prac-
tical method to lmprove intersection design and traffic control measures. 
For this research, traffic conflicts were measured on a composite scale of 
severity, using time to colltslon and risk of collision sub-scales. The 
focus of the research is on the'vtability of the technique, the effect of 
intersection improvements on the incidences of traffic conflicts, and 
accuracy of the technique for application. 

The valtdity of the technique for application appears to depend on the 
degree of disaggregation of the data and the reliability of measurement. 
Statistically significant correlations occur using disaggregated conflict 
and accident data, particularly for left turn, right turn and crossing 
movements. Rear end and weaving categories do not show significant corre-
lations. 

A before and after study of selected intersections, which were sub- 
jected to improved traffic control, showed a statistically significant 
reduction of conflicts at 3 of 4 intersections with the installation of 
traffic stgnals. 	A left turn improvement and the installation of stop 
signs had non-conclusive effects on reducing conflicts. 

It is concluded that the application of the technique is dependent on 
the reliability of observation and measurement of traffic conflicts. Con-
sequently, a training schedule is being developed which aims for 85% relia-
bility, using a combined objective/subjective scale. 

Introduction 

Two approaches are possible in evaluating the safety of intersections.  
and the effect of improvements: analysis of accidents, or observing hazard 
induced behavior [1]. 	Th ere are both conceptual and practical problems 
associated with using accidents and accident records, such as those related 
to predictability [2] [3] [4], regression-to-mean and accident migration 
phenomena [5] and inadequate reporting of accidents [6]. A relatively 
recent development is the suggestion of using traffic conflict behavior to 
assess the accident potential of urban intersections, and to evaluate 
intersection improvements. 	The traffic conflicts technique (TCT) as con- 
ceived and developed by Perkins and Harris [7] defined traffic conflicts as 
evasive actions characterized by vehicle weaving manoeuvres and brake light 
applications. Spicer [8] introduced a 5 point severity scale ranging from 



precautionary manouvres to emergency action. Hayward[9] introduced the 
time to collision (TTC) measure, defined as the.  time required for two 
vehicles to collide if no evasive action is taken. More recently, addi-
tional extensions have been added; namely, the idea of proximity (closeness 
of the vehicles at the moment of evasive action, usually measured in terms 
of car lengths) and a subjectively observed level of conflict severity. 

A traffic conflict or "near-miss" is eurrently defined as a "traffic 
event involving two or more road users, in which one user performs some 
unexpected action, such as an encroachment or a change in direction or 
speed, that places another user in jeopardy of a collision unless an 
evasive manoeuvre is undertaken."[10] Traffic conflicts are considered a 
surrogate measure for accidents or a measure of propensity for accidents. 
As such, much of the research on traffic conflicts is concerned with 
validity as - accident surrogate and reliability of measurement.[11] 	The 
purpose of this research is to investigate the use of traffic conflicts as 
a practicál means to evaluate safety at intersections and intersection 
improvements. 

Study Objectives  

The research objectives of the study are: (1) to assess the validity 
of traffic conflicts for practical application, (2) to apply the concept to 
evaluate intersection improvements by observing changes in traffic con-
flicts before and after the improvements, and (3) to assess the reliability 
of measurement of traffic conflicts for widespread application. 

Study Procedures  

In all, 13 intersections in the Vancouver area were divided into three 
sub-sets according to the above research objectives of validation, evalua-
tion of improvements and reliability. These are shown on table 1. 

Each of the intersections was observed for sixteen hours on two conse-
cutive weekdays with each day consisting of 3 observation periode: 
7:30 a.m. - 10 a.m.; 	11 a.m. - 1:30 p.m.; 3 p.m. - 6 p.m. A team of two 
observers, after 3 days of training, were stationed in diagonally opposite 
quadrants of the intersection and recorded traffic conflicts for each of 7 
manoeuvre types: 	left turn/opposing, right turn, crossing, weaving, rear 
end, left turn/crossing, and pedestrian.* 

Measurement of traffic conflicts was by two scales: 

Scale Position  
Time to Collision 	Risk of Collision 

Scale] 	[R.O.C. Scale]  

1 	2.1 - 3.0 	very small 
2 	1.6 - 2.0 	moderate 
3 	1.1 - 1.5 	high 
4 	0.0 - 1.0 	very high 

* For a full description of these types of conflicts, see reference [11]. 



Teble 1. Study IntetftectIons And Renenrch Objectiven 

Yenr of 
Field 	 Trnffic Control 	Primnry 

Intereection 	Ober- 	 before 	after 	Renenrch 
No. 	Wlme 	 vntionn Type Improvement Improvement Objective* 

1 GrAnvIlle/Drake 	1984 	4-leg ntop nign 	 V, R 
minor App. 

2 fienther/12th 	1984 /85 4-leg 'nop nign 	 V, R, E 
minor App. 

3 Mnin/lOth 	 1984 	4-leg ntop nign 	 V, R 
minor npp. 

41nt/Rlenheim 	1984 	4-leg stop sign 	 V, R 
minor app. 

5 CranvIlle/Drake 	1985 	4-leg ntop eign 	2 phnne 	V, E 
minor npp. signAl 

6 Seymour/Drnke 	1985 	4-leg ntop aign 	2 phnne 	V, E 
minor app. signAl 

7 Onk/S.W. Marine 	1985 	4-leg ntop sign 	2 phnne 	V, E 
minor app. signAl 

8 S.W. MnrIne/DunbAr 1985 	4-leg etop nign. 2 phnne 	V, E 
minor app. nignal 

9 Unnnimo/E. finstingn 1985 	4-leg 2 phnne 	2 phnne 	V, E 
nignAl 	nignal + 

LT bay 

10 2nd/Semlin 	 1985 	4-leg no control stop sign 	V, E 
minor app. 

11 27th/GlAdntone 	1985 	4-leg no control stop sign 	V, E 
offset 	 minor app. V, E 

12 Kingnwny/MeMurrny 	1985 	3-leg ntop sign 	 V, R 
minor app. 

13 Kingnwny/Snlisbury 1984 /85 4-Iteg ped nignal 
X nignnl 

	

* V 	Vnlidntion of Teehnique 

	

E 	Evnluntion of Improvements 

	

R 	Reil/11,111[y of Technique 

V, R, E 

The time to collision (TTC) was observed by designating time zones on 
each intersection approach and referencing. these to intersection or road—
side markings. Risk of colliston (ROC) was a subjective category recorded 
by the observer which measured the imminence of collision, independent of 
the TTC. There is clearly a high inverse correlation between TTC and ROC, 
but there are instances where, because of the relative positioning of the 
vehicles or the geometrics involved, a- low TTC may not necessarily carry 
with it a high probability of actuat collision. 	These two scales were 
therefore combined to give a 4 category severity scale: 



0.10 
0.73 

0.00 
0.00 

1.00 
0.97 

0.40 	0.68 	0.86 
0.57 	0.75 	0.78 

1.00 
0.98 

0.40 
0.59 

0.57 	0.86 
0.78 	0.82 

0.42 	0.38 
0.40 	0.34 

0.10 	0.09 
0.17 	0.08 

0.70 	0.64 
0.72 	0.85 

0.28 	0.30 
0.39 	0.38 

Croneing 	 4.4 - 4.2 
4.4 - 3.2 

Weaving 	 4.4 - 4.2 
4.4 - 3.2 

Rear End 	 4.4 - 4.2 
4.4 - 3.2 

Left Turn Cronaing 	4.4 - 4.2 
4.4 - 3.2 

Pedentilan 	 4.4 - 4.2 
4.4 - 3.2 

Total 	 4.4 - 4.2 
4.4 - 3.2 

Very High Severity 
	

4.4 to 4.2 
High Severity 
	3.4 to 3.2 

Moderate Severity 
	

2.4 to 3.1 
Low Severity 
	2.3 to 2.1 

Validation of Technique  

The validation of conflicts was made along two dimensions of the data: 
(1) variations among movements, with all intersections pooled and (2) 

	

variations among intersections, with all movements pooled. 	Statistical 
validation was tested respectively by the Pearson 'r' test and Spearman's 
rank correlation test. The field work for the validation was done ()Ver two 
seasons, 1984 and 1985, with different field crews. Supervisory personnel 
and training were consistent for each season. The result of the correla-
tion analysis of higher severity* by movement categories, reported on 
separatelS,  for the 1984 data (4 intersections) and the 1985 data (9 
intersections); and combined for all intersections, is given by table 2. 

Table 2. Coefficienta of Correlation by Type of 
Conflict And Severity Levels for 
Interseetionn Studied in 1984 and 1985 

Correlation 
1984 	1984 /85 	1985  

Type of 	 Severity 	r-.95 	re-.55 	rc.-.67 
Conflict 	 Levels 	 -.1 .'•.05 	ce..05 	a-.05 

n-4 	n-13 	ru-9 

Left Turn Opposing 	4.4 - 4.2 	0.91 	0.35 	0.85 
4.4 - 3.2 	0.95 

	0.66 	0.94 

Right Turn 	 4.4 - 4.2 	0.66 	0.35 	0.71 
4.4 - 3.2 	0.93 	0.61 	0.87 

* The research over the two seasons have consistently shows a higher corre-
lation of accidents with high and verY high severity conflicts than when 
lower severittes have been included. This range (4.4 - 3.2) incorporates 
a threshold of a 1.5 sec. TTC and "moderate" ROC. 



Making the appropriate assta►iptions of normhl distributions, inde-
pendence of variablen and linearity, the coefficients of correlation as 
shown by table 2 reflects statistical significance between conflicts and 
accidents for left turn/opposing and pedestrian movements for all data 
sets. 	Examining the larger data set (n-13), the right turn crossing and 
left turnlcrosstng also are significantly related. 	The tests appear to 
show that weaving and rear end conflicts are fairly conclusively not asso-
ciated with accidents in those categories: The 1985 data set produced a 
higher level of confidence of associatton than the 1984 data set, partly 
because of the increased sample size, and partly because of more observer 
skill in recognizing conflicts from precautionary movements. 

For the above results the relattonship between conflicts and accidents 
was found by combining the data for all intersections without regard to the 
similarity or dissimilarity of the intersections. Differences in geometry, 
traffic control features, traffic and pedestrian volumes, and land use 
patterns may have significant effects on a particular type of traffic 
conflict. 	Indivtdual characteristics of each intersecion were taken into 
consideration by analyzing the relationshtp between conflicts and accidents 
collected at each intersection separately, with the results given by 
table 3. All but 3 show statistical correlation. 

Tnble 3. Reaulto of Regreasion Annlynie of Individu/11 Intereection 
for the Severity Range 4.4 - 3.2 

Correlation 
rc-.55 

Intersection 	 Year 	 0-.05 
n-13 

Mesther & 12th Ave. 	 1984 
	

0.49 
Granville & Drnke 	 1984 

	
0.90 

Mn in 6 10th Ave. 	 1 984 
	

0.80 
Blenheim & 41Rt Ave. 	 1984 

	
0.82 

Ook 6 S.W. Marine Dr. 	 1985 
	

0.87 
Granville & Drake 	 1985 

	
0.87 

Seymour 6 Drnke 	 1985 
	

0.90 
Dunbar & S.W. Marine Dr. 	 1985 

	
0.46 

Nanalmo & Hnotingn 	 1985 
	

0.87 
Semlin 6 2nd Ave. 	 1985 

	
0.09 

Gladetone & 27th Ave. 	 1985 
	

0.99 
McMnrray & Kingaway 	 1985 

	
0.92 

Saliebury & Kingewny 	 1985. 	 0.75 

The Spearman rank correlation coefficient, rs, obtained for the thir-
teen intersections ranges from 0.77 to 1.00 (rs  critical for a 0.051, n= 

	

13 is .481) (table 4). 	These indicate that the association between 
ranking •an intersection by conflicts compared to ranking by accidents, is 

	

statistically significant. 	To be able to rank intersections by hazard 
would be particularly useful for evaluating "new" intersections or recent 
changes to an existing intersection. 



Tnble 4. Reaulta of Annlyala of Ranking Critical Hovement 
by Conflieto And raat Accident,' • 

Spenrmnn Rank 
Correlntion 

Coeffielent, re  

Interseetion 	 Yenr 	 re-.481 

n-13 

Henther & 12th Ave. 	 1984 
	

0.79 
Grnnville & Drnke 	 1984 

	
0.96 

Wijn E, 10th Ave. 	 1984 
	

0.85 
Blenlielm & 41at Ave. 	 1984 

	
0.77 

Onk & S.W. Mnrine Dr. 	 1985 
	

0.89 
Grnnville & Drake 	 1985 

	
0.78 

Seymour & Drnke 	 1985 
	

0.82 
Dunbnr 6 S.W. Marine Dr. 	 1985 

	
0.78 

finnnimo & iinatinga 	 1985 
	

0.78 
Semlin & 2nd Ave. 	 1985 

	
0.96 

Glndntone & 27th Ave. 	 1985 
	

1.00 
MeMurrny & Kingaway 	 1985 

	
0.78 

Salinbury & Kingnwny 	 1985 
	

0.82 

Results of Before and After Study  

A before and after study was done on seven of the 13 intersections. 
Four intersections were subjected to signal improvements, one had a left 
turn bay added, and two were improved by stop signs on the minor approach. 
Results show, in general, a decrease in conflicts with the improvement 
(table 5). Detalied results from the before and after study are contained 
in [12] and are summarized below. 

For the four intersections subjected to signalization there is a 
reduction in crossing and left turn/crossing conflicts. 	However, in one 
case, Granville and Drake, there is a substantial increase in left turn/ 
opposing conflicts. 	Also, there is a decrease in rear end conflicts 
(although somewhat marginal at Dunbar and S.W. Marine). As a general 
observation, the movements with the most accidents have the greatest 
decrease in conflicts (except for the LT/O at.Granville and Drake). 

Two intersections, Nanalmo at Hastings and Semlin at 22nd Ave., were 
improved by approach left turn bays, and by stop signs, respectively. At 
the former intersection, total conflicts actually increased, mostly due to 
LT/0, but severe conflicts decreased from 11 to 2 with the major reduction 
in rear end conflicts (-56% in the high severity category). The increase 
in the LT/0 movement may be due to a migration of left turning traffic to 
the intersection due to the introduction of the left turn bay, and/or by 
unfmniliarity with the use of the left turn bay. The effects of the stop 
sign installation are not considered -conclusive. 	A second stop sign 
example had so few conflicts that it is not reported on here. 



Teble 5. Before and After Conflictti by Movement Type 
and Severity Levels for Intersections 
Improved by Traffic Signala 

Before Traffic Sisnals 

Day 1 	Day 2 

Severity Levels 	Severity  Levels 

Type 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 

of to to to to to to to to 

Conf. 4.2 3.2 3.1 2.1 4.2 3.2 3.1 2.1 

After Traffic Signals  

Day 1 	Day 2 

Severity Levels 	Severity Levels  

4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 Accident• 

to 	to to 	to 	to to 	to to (Jan.1, 1980- 

	

4.2 3.2 3.1 2.1 	4.2 3.2 3.1 2.1 Dec.31, 1984) 

Oak & 

g:W.Marine  

LTO 	0 	4 	7 	8 	0 	1 	1 	1 	0 	0 	0 	0 	1 	2 	2 	5 	8 
RT 	1 	5 	5 	6 	0 	2 	2 	3 	0 	1 	1 	1 	0 	0 	0 	0 	8 
C 	0 	0 	0 	0 	0 	2 	2 	3 	0 	0 	0 	0 	0 	0 	0 	0 	3 

W 3 17 17 17 4 7 7 7 1 5 5 6 0 0 0 1 	6 

RE 	13 	25 	25 	25 	11 	11 	12 	12 	2 	7 	7 	9 	2 	5 	6 	9 	13 

	

LTC 7 27 27 48 4 16 16 20 0 1 1 2 1 1 1 1 	16 

P 0 	1 	1 	1 	0 	1 	1 	3 	0 	0 	0 	0 	0 	0 	0 	0 	2 

	

Total 24 79 82 85 19 40 41 49 3 14 14 18 4 8 9 16 	56 

Granville 

& Drake 

LTO 	2 	5 	5 	9 	0 	6 	6 	8 

RT 	0 	2 	2 	2 	0 	1 	1 	1 

C 	3 20 20 24 9 24 24 29 

W 1 	1 	1 	1 	0 	2 	2 	2 

RE 	2 14 14 14 3 9 9 9 

LTC 3 17 17 19 1 6 6 10 

P 0 	11 	11 	13 	1 	3 	3 	7 

Total 11 70 70 82 14 51 51 66 

3 	13 	14 	30 	3 	13 	15 	31 	19 

O 0 	0 	1 	0 	1 	1 	2 	1 
O 0 	0 	0 	1 	1 	1 	1 	83 

	

1 4. 4 	6 	0 5 5 5 	7 

1 	5 	5 	8 	0 	5 	5 	6 	14 

O 0 	0 	0 	0 	0 	0 	0 	13 

O 1 	2 	3 	0 	1 	1 	1 	9 

5 23 25 48 4 26 28 46 146 

Sevaour 

& Drake 

LTO 	0 	0 	0 	0 	1 	1 	1 	1 

RT 	1 	2 	2 	2 	1 	5 	5 	5 

C 	4 	11 	11 	11 	3 	7 	7 	7 

W 8 	12 	13 	13 	4 	21 	21 	22 

RE 	3 	6 	6 	6 	4 	12 	12 	12 

LTC 	1 	5 	5 	5 	1 	6 	6 	6 

P 0 	2 	3 	3 	1 	4 	4 	4 

Total 17 38 40 40 15 56 56 56 

O 1 	1 	1 	0 	0 	0 	0 	2 

O 0 	0 	1 	0 	0 	0 	0 	S 
O 0 	0 	0 	0 	0 	0 	0 	31 

	

1 8 8 10 1 2 2 6 	9 

1 	5 	5 	6 	1 	5 	6 	7 	9 

O 0 	0 	0 	0 	0 	0 	0 	1 
O 1 	1 	1 	0 	0 	0 	0 	1 .._.... 

	

2 15 15 19 2 7 8 13 	58 

Dunbar &  

S.W.Marine 

LTO 	1 	4 	4 	4 	0 	2 	2 	2 	0 	1 	1 	1 	1 	1 	1 	1 	0 
RT 	1 	1 	1 	2 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	1 
C 	0 	4 	4 	5 	0 	2 	2 	3 	0 	0 	0 	0 	0 	0 	0 	0 	11 

u 0 	0 	0 	0 	0 	1 	1 	1 	0 	0 	0 	0 	0 	0 	0 	0 	1 
RE 	3 	20 	20 	20 	4 	21 	23 	23 	0 	11 	11 	18 	3 	12 	13 	20 	6 	s  

	

LTC 2 15 17 24 1 23 25 33 0 0 0 0 0 0 0 0 	6 

P 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 _.... 

	

Total 7 44 46 55 5 49 54 63 0 12 12 19 4 13 14 21 	25 



Intersection Improvement 	't' S/NS at t 	- 1.943* 
a .05 

Onk & S.W. Marine 
Granville & Drnke 
Seymour 6 Drake 
Dunbnr & S.W. Marine 
NnnnImo & Hnntingo 
Semlin 6 2nd Ave. 

Signnl 	3.16 
Signnl 	2.13 
Signnl 	3.33 
Signnl 	1.78 	 NS 
L.T. Lnne 	0.27 	 NS 
Stop Sign 	1.42 	 NS 

• S - oignificnnt difference at 95X level of confidence (a.05) 
NS 	not nignificnnt 

Resources did not permtt an extensive control study, nor the measure—
ment of traffic flows at the subject intersections.. However, it was deemed 
necessary to establish some baseline referenCe to evaluate findings. 
Consequently, two intersections with no improvements were measured a second 
time: Ileather and 12th (which had been studied in 1984) and Kingsway and 
Salisbury. The Jatter intersection was recorded by the same observers at 
two different dalen in 1985 and show a reasonable consistency in traffic 
conflicts. 	However, results at Heather and 12th recorded 1985 conflicts 
consistently lower than 1984 ones. 

The 't' test was applied to the data to determtne the statistical 
significance of the before and after changes in conflict. Table 6 shows 
that the signal installation at three of the four intersections causes a 
significant drop in conflicts. The other improvements show not significant 
results. 

Tnble 6. 	Renult of 't' Tent of Before and After Improvement 
hy Interaection 

When the results of the four intersecttons subject to signal installa—
tion are pooled, results show that the signal installation significantly 
influenced a reduction in conflicts for right turn, crossing, rear end, and 
left turn/crossing movements (table 7). 

Tnble 7. 	Renult of 't' Tent of Before and After Signal 
Installation hy Movement Typen 

Movement Type 	 't'  2.35 S/NS at t
a.05 

LTO 	-0.43 	NS 
RT 	 3.88 	 S 
C 	 3.46 	 S 
W 1.24 	 NS 
RE 	 3.20 	 S 
LTC 	 6.29 	 S 
P 2.30 	 NS 



Reliability  

As expected, the 't' test of changes in the 'control' intersections 
showed that at Heather and 12th the change between the two observations was 
significant, whereas for Kingsway at Salisbury the change was not signi-
ficant. The resuits for Heather and 12th must be interpreted with caution 
owing to the use of different observers wliose training was not identical 
(the 1985 observers benefitted from an additional year's experience by the 
UBC team in training and observation methods, whereas in 1984 everyone was 
learning the procedure). 

Our observers were trained over a period of 3 days, using videotape 
recordings at the training locations as a criterion set of observations. A 
75% reliability was observed after 3 days at which time the observers were 
given field assignments. 	Four intersections were recorded in 1984. 	In 
1985 a different team went through the same training period and recorded 
traffic cónflicts for a further 9 intersections. 	One intersection was 
repeated the 2nd year (Heather and 12th). 

In analyzing the resuits of the two studies for correlation of con-
filets with accidents, it became clear that measurement of the conflicts 
was a factor in applying the technique. The number of conflicts recorded 
at the intersections studied in 1985 were consistently lower than those 
recorded in 1984, including the repeated intersection (figure 1). Results 
from the two 'control' intersections, one which was done by two different 
teams in two different years, compared with one done by the same team at 
two different times in the same year, showed a relative difference of 0.88 
and -0.10 respectively in conflicts recorded.* On investigation, it was 
clear that the measurement of conflicts was more precise in 1985, attri-
butable in large part to the recognition of precautionary manoeuvres. 

A further study was undertaken to test reliability of measurement of 
the incidence and the severity of conflicts. 	Three teams of pairs of 
observers were selected and tested for time dependent reliability. Members 
of each team observed conflicts at a common intersection over 2 hours per 
day in conjunction with an overhead video recorder. Their observations and 
recording of conflict severity levels on a 3 point TTC/ROC scale were then 
compared with the video recording and debriefing took place with the 
objective of improving the reliability from day to day. The schedule was 
as follows: 

Continuous 	Layoff 
Team 	Observation 	Period 

Period 
(days) 	(days) 

1 	5 	20 
2 	5 	20 
3 	10 	0 

* 2(B-A)/A+B: where B is before and A is after. 
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Preliminary analysis indicates the following tentative results as 
shown on fig. 2. Firstly, about 77% reliability was reached after 5 days, 
wi th no substantial improvement after that. In fact, accuracy of recording 
fluctuated dramatically during the second 5 day period. 	Secondly, a 
lay-off period reduced the accuracy of observation when the observer 
returned, but accuracy increased quickly to the final levels, obtained 
before the lay-off. 	(Results for conflict severity identification are 
similar.) A concern shown by the results is' the decreased stability during 
a protracted period of observation. This cannot be explained at this time, 
but two suggestions are the onset of boredom and inclement weather. The 
use of the same.intersection for testing the observational skills of highly 
intelligent students over 10 days may have induced a certain boredom. 
Also, seasonal record low temperaturen and ratn may have affected the test 
results. More research and analysis is necessary before any substantive 
conclusions Can be reached on these results. 

Conclusions  

While an accident is perhaps the definitive evidence of roadway 
hazard, accident records need to be complemented by a measure of hazard 
which is anticipatory and potentially predictable. 	The research results 
above, It is hoped, contribute to the knowledge of traffic conflicts and 
their usefulness. However, the research points to the need to refine the 
measure of conflict severity to make it a reliable instrument for hazard 
evaluation and roadway improvement. 
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