AN EVALUATION OF THE TRAFFIC CONFLICTS TECHNIQUE

Wiiliam T. Baker, Federal Highway Administration
ST IR

The traffic conflicts technique, as developed by General Motors Research
Laboratories, was evaluated by the Federal Highway Administration in co-
operation with the state highway departments of Washington, Chio, and
Virginia. In additicn to a field test of the technique, an attempt was made
to find whether there is a statistical relation between traffic accidents and
traffic conflicts. Conflicts were counted at 392 intersections before im-
provements were made and 173 intersections after consiruction of the im-
provements, It appears that those characteristics of intersections that
contribute to accident causation can be more readily exposed by using con-
flicts than by using conventional accident aualysis techniques. This may
be especially true at low-volume rural intersections. Because of this
ability to provide more precise information, lower cost remedial actions
should result. Correlation coefficients were calculated for bivariate
populations of number of conflicts and number of corresponding accidents,
The compiled data tend to supporta finding that conflicts and accidents are
associated.

o THE traffic conflicts technique was developed by the General Motors Research Lab-
_oratories in 1968 (1). The advantages of a tool such as this for use in the trailic acecl-
dent analysis field were obvious; however, because only limited field testing had been

done, more extensive testing was needed to determine the correlation between actua

traflic accidents and the measurements derived by using this technique. Field te:
also was necessary to prova the worth of this technique as a means of gathering ¢
usable in the design process., The Federal Highway Administration in coope ration with
three state highway departments set up studies to carry out the necessary field testing. -

TRAFFIC CONTFLICTS TECHNIQUE

'&The technique was developed primarily as a teol for measuring traffic accident
potential at intersections. A traffic conflict occurs when one driver takes evasive
action by braking or weaving to avoid what he believes to be an impending collision
with another vehicle. The objective evidence of a traffic conflict is a brake-light indi~
cation or a lane change effected by the offended driver. | The brake-light indication ox
the lane change, as well as the offending vehicle, must be observed before a contlict
can be recorded. Figure 1 shows four common types of conflict situations. In gach
case, vehicle No. 3 is the cbservation vehicle, No. 1is the offending vehicle, and No.
9 ig the offended vehicle. Criteria have been defined for over 20 specific conflict
situations at intersections, details of which can be found elsewhere (_1).

Vhen a traffic conflicts count is taken, observations from two opposite intersection
approach legs are recorded in 1 day by a two-man team using a single vehicle, One
observer is respensible for counting conflicts, while the other is responsible for re-
cording volume data. Fifteen-minute data samples are taken alternately on each inter-
section approach leg from the observation vehicle, which is parked on the side of the
roadway about 100 to 300 £t back from the intersection. The teamis allowed 15 minutes
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after each sample count to record the data and to move to the opposite approach. The
team alternately surveys the two approach legs throughout the day.

PROCEDURE

In June 1860, the Federal Highway Administration contracted with the Washington
Department of Highways to conduct a traffic contlicts study. Subsequently, contracis
were negotiated with the Ohio Depariment of Highways and the Virginda Department cf
Highways to conduct similar studies. The contracts provided funds for the counting of
conflicts at a minimum of 400 intersection approach legs in each state, The counts
were to be made bolh beiore and after a "spot improvement” type of change had been
made, if possible. Two engineers trained a supervisor and two crews in each state to
ensure that the technigue was applied in the same manner in all three states,

The states' role in the averall evaiuation of the traffic conflicts technique was to
determine whether contlicts data provided the kindof information from which the ne
for safety improvements could be determined. They were to make the counts, comny
them to the actual accident data, and determine whether the traffic conflicts techniqus
was advantageous. Affer each location was analyzed. the contlicts data were to he gent
to the Federal Highway Administration, Office of Traffic Operations, for statisticud
analysis.

The primary objective of the statistical effort was to determine whether there iz a
significant corvelation between conflicts and accidents. 'The resulis of this determina-
tion are given in Table 1.

It was bevond the scope of the studies to require that the improvements be made
only on the basis of conilicts counts because this would probably have necessitaled the
fundlng of the improvements themnseives. Instead, each state was to make counls at
intersections that were already scheduled for improvement as the result of analyses
based on accldent experience, Because the iraffic conflicts technique was developad
as a tool for measuring tralfic aceident potential, it was hoped that the conflicts counts
would point up the same safety deficiencies as did the routine accident analyses.

e

RESULTS

A iotal of 392 intersections was counted hefore imprevements were made, and 173
intersections were counted after construction of the improvements. In terms of int
section approaches. 886 were counted before and 420 after tmprovements werse ! .
Af least 1 month was allowed after completion of construction before the after counts
were taken.

N Y

Field Evaluation

Each of the three states reported that the technique provided the kind of information
needed as a basis for design of safely lmmprovements. It was reported that, in most
cases where there was an adequate history of accident experience, the conflicts eounts
not only verified the accident analyses but often provided more insight as to the exi
ing hazardous conditions, OCune example is that of an intersection approach wheve £
cause of a number of ran-off-the-road and rear-end sccidents could not be determined.
The conflicls counts supported the probability that some dgrivers chose to leave the
roadway rather than becoms involved in a rear-end accldent. Thus, a significant
amount of evidence was compiied that indicated that there was the potantial for a re
end accident grouping that was not apparent irom the accident collision diagram. 7T
ran-off-the-road accidents were, then, likely resulis of the same hazardous condition
that produced the rear-end accidents.

One of the states found that with slight modification the conflicts technique could be
applied to locations cther than intersections. The technique is mainly oriented to con-
flicts bebween vehicles; therefore, for applications other than intersections, conilicrs
of single vehicles with highway geometrics have fo be defined, For example, the
yarious maneuvers that drivers perform when confronted with a complex gore zvea
may include several iypes of single-vehicle conflicts not now included in the tyofii
conflicts {echnigue,




figure 1. Four comman traffic cortfiict situations.
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Table 1. Cortelation cosfficients {r) for T and 4-legged right-angle intersections.

Canflict-Accident Situation

. Left-Turn  Crass- All Critical Sample
Intersection Weave Head-Cn Traffic Rear-End  Maneuvers r Size
" Signalized

T <207 -0.128 -0,170 0.075 ~0.172 +0.532 14

d-legged right-angle 0.360° 0.661* 0.209* -0.018 0.410° =0,179 122

Al 0.402° 0.615" 2,136 -0,017 0,326 =0.160 157
Nonsignalized

T 0.284" 0.4327 0.830° 0.410° 0.837 +0.209 G4

4-legged right-angle 0.159 0.459° 0.602° 0.213" 0.653" +(.192 108

AP 0.276" 0.453" 0.665* 0.28% 0,671 0,130 235
All combined® . 0.356" 0,546 0.429* 0.154" 0.458" £0.100 302

s|pdicates stalistica! significance at the & percent level.
yneludes other intersection Lypes such as skewed and riwitileg as welt as T and 4-legged right-angle.
cComposed of all signaiized and nonsignalized intersestions.

Table 2. Conflict-opporiunity and accident-conilict ratios.

Confict-Accident Situation

Left-Turn  Cross-

intersection Weave Head-Om Traific Rear-End
Conflicts per 1,000 opportunities

Signalized 4-legged right-ansle 5t 28 1% 28

Nonsignalized 4-legged right-angle 64 28 25 26

All combined” 65 28 25 25
Accidents per 100,000 contlicts

Signalized 4-lexged rirhi-angle 7 20 a6 3

Nonsignatized 3-legzed right-angle T el 18 1

All combined’ 8 15 29 3

3|nciudes ather intersection types such as skewad, mualtiteg, and T 23 vusll 55 signalized and nanssiealized
4-jegged right-angle. .



Tt was reported that the traffic conflicts technigue seems especially applicable to
low-volume rural intersections where the accident reporting level is usually low, Col-
lision diagrams prepared for these locaticns are not very revealing, although a haz-
ardous condition may exist that would be evident through 2 conflicts count,

Because analysts are often belter able to pinpoint nazardous conditions from con-
flicts data than from collision diagrams, the remedial action taken may be lower in
cost than that suggested by collision diagrams. One state told of situations whers
conflicts counts pointed to low-cost improvements in the 3200 to 500 range that were
not well received by officials in small incorporated areas. Without the conflicts data,
it would have been difficult to show that these low-cost and relatively undramatic ini-
provements would probably be more effective than more costly work such as the -
stallation of traffic signals.

All of the states encouraged their counters to recerd unusual maneuvers, eventis
or situations thal might affect the safe operation of the intersection., These commenl:
and diagrams proved to be very valuable in some instances, One example given was
that of a signalized intersection at which a significant percentage of the volume on ong
approach was cutting across an abandoned gas station on the red signal, thereby pro-
ducing conflicts with the through traffic. This situaticn was not evident from tho fww
available accldent reports zud was not suspected antil actually observed during the
conduct of a conflicts count.

Correlation Coefficients

One of the study obiectives was to test the hypothesis that traffic conflicts are as-
sociated statistically with accident frequency. It was hoped that significant correlabio
coefficients might be found so that future corrective action might be taken at intevse:
tions selected on the basis of conflicts counts. Bivariate populations were described,
with the number of conflicts in each category used as one varizable and the number f
corresponding accidents used as the other variable. {See the Appendix (2) for a de-
scription of statistical technique. ]

In this analysis, the null hypothesis that therve is ro correlation between numbers
of accidents and numbers of conflicts was tested. Correlation coefficients were cal-
culated ior the rear-end situation and for a number of maneuver situalions, amon
which are the weave, left-turn, head-on, and cross-traffic categories given in Tabi
These situations were designated as maneuver situations because each involved
vehicle making a gpecial mevement or manguver. The rear-end situation doegs not
into the maneuver classification because it does not invoive a vehicle changing iis

When conflict data are rvecerded in the field, maneuver conflicts and rear-end con
flicts are separated because the exposure for each classification is entirely different.
For example, the total number of weaving maneuvers and the total aumber of weave
conflicts that result from the weave maneuvers are recorded. In this case, the totad
number of weaving maneuvers is constdered to be the weave exposure. For rear-end
conflicts, the situation ls different; the exposure assaciated with this situation is con~
gidered to be the total volume of traffic on the intersection approach that is being
counfed minus the total maneuver volume. ‘

Coefficients were compuied for approaches as well as intersections, In spite of
the smaller sample sizes for intersections {each intersection consisted of at laast two
counted approaches), the general characier of the correlations by intersection was
very much the same as the correlations by approach; therefore, only the corvelation:
by intersection are given in Table 1. Where the coefficients are significant, th
pothesis of no correlation is rejected and the hypothesis of correlation is acce .

Overall, there appears to be a stronger case for rejection of the null hypothesis
with the nonsignaiized intersections than with the signalized intersections. A high per- -
centage of the conflicts at signalized intersections are of the rear-end type. I is one -
of the most difficult types io observe, especlally at signalized intersections where
thepe is much braking that is unrelated to conflicts,

Tt is characteristic of the coefilcients for the rear-end situation throughout the
stratificaiions to be either not significint or somewhat close to the critical value.
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‘them to some extent as the states gained more confidence in the conflicts technigy

- perienced more conflicts per 1,000 opportunities than did the 2-lane or J-or-move-

o

Both the signalized and the nonsignalized intersections are further broken down into
T and 4-lsgged right-angle types because these fwo types were most frequently counted.
Data for the other types are not shown because of their small sample sizes.

Based on the dafa submitted by the three states, Table 2 gives the number i cole
fliets per 1,000 opportunities and the number of expected accidents per 100,600 co cis
for 4-legged right-angle intersections as well as all intersections combined. A&
Ltghit be expected, these numbers vary by type of situation. It must be remembera
+hat the accident information used in this siudy represents the reported accidents com
piled in the three states and therefore does not represent ail the accidents that actunrily
gccurred.

It can be seen from Table 2 that the ratic of conflicts to conflict opportunities is
higher for weaves than for other types of conflicts. Also, the ratio of aceidenis to
eonflicts is relatively low for weave and rear-end situations. These two sliuat ;
are produced In traffic that is moving in the same direction. Same-direction-t re
cidents tend to be less severe and are therefore less likely to he reported. It ma
reasonable to speculate that, because the same-direction-type conflicts usually resuit
in less severe accidents, drivers may make less effort to aveid them.

[

Before and After Tests

As previously mentioned, conflicts counts were taken both before and after a spot-
improvement type of change for 173 intersections {420 approaches). Although the ini-
provements were not hased directly on the conflicts counts, they wers influenced oy

Again, the conflicts analyses did generally support the analyses performed using ac~
cident experience.

Table 3 gives the improvements that produced a significant reduction in calculated
danger indexes for T, 4-iegzed right-angle, and all intersections combined when t~
values were computed from paired sets of before and after data,

The danger index for a particular sptepsection is found by dividing, for counied
approaches only, the total number of tvoes of conflicts by the total volume,

It can be geen irom the table that, although danger indexes caleulated for rear-anc
conflicts were not significantly reduced for the new signal iraprovement type, there
were significant reductions in the maneuver indexes. Also, the overall etfectiver
of signal upgrading and flashing signal installations appears doubtful from =a confll
standpeint,

By widening intersections {including adding turning lanes) the danger indexes for
all cases were slanificantly reduced; however, widening together with signal improve
ments did not significantly reduce ihe danger indexes for the small number of T inter-
sections where this type of improvement was made.

Volume Relationships

Because 4-legged nonsignalized intersections were by far the most predominant
of intersection counted, this type was chosen for the investigation of pussible volun
traffic contlicts relationships. Tigure 2 shows the number of contlicts per 1,000
portunities by hourly approach volumes. It can be seen that 1-lane approachs

approaches. The 3-or-more-lane approaches had the fewest number of conflicts
1,000 opperiunities possibly bacause drivers had the option of changing lanes fo o
left- or right-turning vehicles.

CONCLUSIONS

The following conclusions ave drawn on the basis of the reported experience of the
three states and the results of the statistical analysis:

1. The data compiled in this study tend o support the hypothesis that conflicts
accidents arc associated;



Tabie 2. Bafore and after dangar indexes using t-test.

Imyprovement
Widening
New Upgrade Flashing and

Interseciion Signal Signal Signal widening  Signal Other
Waneuver conflicts danger index

T B mg NS 5 NS NS

4-legged right-angle 5 5 NS 3 5 4

Al combined’ S 3 NS 3 N3
Rzar-end conflicts danger lndex

T N8 NS NS 5 NS N3

4-legged rizhi-angle NS NS NS s s NS

All combined NS NS N8 5 5 NS
All conflicts danger index

T 3 Ng’ iy 3 NS NS

4-legged right-angle s NS NS s B 5

All combined 8 NS NS 5] K N§
Note: § = significant st 0.06 peresnt tevel: M5 = not significant at 0.05 percent lavel
agampie size § or less. Dincludas other intersection types such as skewed and muitileg as weil as T and 4-legged right-angle.

Figure 2. Conflicts for 105, 4-legged ol :
nonsignalized intersections. ;

CONFLICTS PER 1000 OFPORTUNITIES

Fiqure 3. Manzuver conflicts
versus maneuver aceidents for
94 nonsignalized, 4-leyged
right-angle intersections.
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2 QOn the basis of the experience of the three states, it appears that safery
ciencies at tntersections can be pinpointed more quickly and reliably by using the br
conflicts technigue than by using conventional methods;

3 The traffic conflicts technique may he par‘zicularly valuable at low-volume ruri:
interssctions whers the accldent reporting level is low;

4, The traific contlicts techaique, because of its usefulness in pinpointing intersec-
#ion problems pracisely, chould lead to lower cost remedial actions;

5. The traific conilichs technique can be applied with rainor modification to locutt

other than intersections:

g. The effect of interseciion improvements may be demonstrated from col
s, counts taken shoytly atter epmpletion of a spot~improvement type of change; an
w7 The general gurveillance information ohtained during the conduct of confli

\ counts may be valuable in fmproving the overall opevations of intersections.
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APPENDIX
THE APPLICATION OF PEARSON'S CORRELATION COEFFICIENT

where bivariate populations are concerned, the muiual relation between measures

_of each variable may be examined. ©One may make some evaluation of this relationship

without thinking of one variate as dependent on the other, Each dgta point (X1, ¥ sl
Ko, ¥o) may he plotted to Bee whether there is a tendency for the poinis to plot 1 2 byt
or whether they are scattered randomly in a shotgun pattern. When evaluation of
tendency {or correlation) is required, the covyelation coeflicient of Pearson, Wi
symbelized by . iz employed, _

An r computed to equal +1 signifies periect correlaiion, where the band of ¥
plots in a gtraight line from jower left to upper right; au T equal to -1 slgnifies
negative oy inverse ssgociation, where the pand plots from upper teft to lower t
Each area of investigation has its own range of values ifor the coefficients, and @
judgment concerning a correlation should be made with reference to the size of 5L !
correlations in the same aren, with little reference to the theoretical Hmiis ol 1 (=17,
In the case of qceidents, conflicts, and other such phenornena, where many varis :
may affect the results, the coefficients are more apt to be small, that is, nearer in
value to zero. Figure 3 shows a plot of accidents and all maneuver confiicts for non-
signalized, 4-legged right-angie intevsections. It can be seen that there is a ten '
for the points fo plot in a band. The correlation coefficient for this situation is 0.6¢
(Table 1).

The formula for the compuiation of the Pearson r is as follows:

NEXY - (£X) (ZY)

ST < (o] ey - (29)°]

An important consideration as to the meaning of a particular vatue for a corre
coefficient is the size of the sample from which the cosificient was computed hecause
sample r's from & pivariaiz population are quite variable if the sample is small. Fer
aach sample size there is a probabilistically determined cutolf point for the value of

the correlation coeificient helow which it 1s not sionificant, that iz, too small to e
thought of as other than the resuli of a random scatiering of data poinis. This crisl
poiut correspoids (0 & perceniile (5 percent or 1 pcrcent} of the probability di

values of the correlation coefficient for a particular cample size. When the %

T =
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the correlation coefficient is found to be greater than this critical point, it is refe
to as significant al a specific level of significance, Actually a test of significance
being performed when the value of a particular correlation coefficient {s thus ex

A few words might be halpiul to explain the implication of the word test. In stz
one tests a hypothesis. The hypothesis fo he tested is proposed on reasonable g
and defended on statistical grounds. The statement of any hypothesis, He, is neces-
sarily tied to a stotement of an alternate hypothesis, H,, which would have to ba vra-
jected when the hypothesis Hy is shown to be acceptable and which is acceptable when
the hypothesis Hs is rejected on the basis of the chiserved evidence.

Often a null or negative hypothesis is chosen as the appropriate hypothesis to be
tested because of convenience, that is, according to the existence or absence of ap-
propriate probabilily distribution tables. When a nuil hypothesis is rejected, this
comes the means of fecusing attention on the aceeptabiiity of the hypothesis stai
its alternate. The correlation hypothesis is tested as a null hypothesis, The null
pothesis indicates that there is no correlation, no tendency for the plotted points of the
bivariate population to form a band, and no difference between the plotted points and a
random scatiering of points, If we can reject this hypothesis at a small risk of heine
wrong, e.g., 4 5 percent risk {5 percent level of significance), the alternate hypothesis
is thereby shown te be acceptable, The alternate hypothesis would then indicate there
is a correlation, Normally distributed bivariate populations of conflicts and necide
as well as random selection of the sample are assumed.

If the observed data substantiate a rejection of the null hypothesis, we can compuie
a correlation cosfficient by using the preceding formula, If the evidence produces o
coefficient larger than the critical value for that sample size, the hypothesis of no cor
relation is rejected, and the alternate hiypothesis of correlation is accepted. The term
significant is used to indicate an r-value large enough to reject the hypothesis, and =
significant » implies a significant correlation.

When we accept the alternate hypoihesis, we mean that we may behave as if it
true, We do not imply that it is actually true, only that, so far as available avid
18 concerned, at a given level of significance, we have no reason for coneluding
is not true. This kind of statistical evidenecs does not constitute proof, and no claim ol
cause and effect may be had through such a statistical test. An important worki v
pothesis may have been successiully defended, however, until evidence to the contrayy
is found.
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