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TRAFFIC CONFLICT SURVEYS : SOME STUDY DESIGN CONSIDERATIONS

ABSTRACT

The traffic conflicts technique is a device for
indirect safety measurement. It requires at present
the conduct of a field survey to count conflict
occurrence. Opn this basis the rate at which conflicts
occur is estimated. This report deals with the
accuracy of such estimation and its dependence on the
design of the field survey.

First, present practice in conflict count
duration is reviewed. Next, the relationship between
count duration and estimation accuracy is examined.
Using data obtained from several sources the daily
variability of conflict counts is described. It is
concluded that the expected conflict rate varies from
day to day. Use of the negative binomial distribution
is suggested as appropriate for the representation of
the distribution of sample means obtained from
conflict studies. On this basis, confidence limits
and probabilities of Type I and Type II errors in
hypothesis testing are obtained and tabulated. Their
use in study design is illustrated by numerical
examples.

The marginal increase in estimation accuracy
diminishes rapidly as conflict counting time
increases. Thus, there is little to be gained by
counting longer than thrxee days. This establishes a
practical limit to the accuracy with which expected
daily conflict rates can be estimated.

1. INTRCDUCTION

The Traffic Conflicts Technique is a device for indirect measurement of
safety. 1Its early history may be traced in references 5, 6, 7, and 8, recent
applications are described in references 2, 3, 9, 12, and 13, and state of
the art surveys are available in references 1, 10, and 13.

The Traffic Conflicts Technique is applicable to a variety of situa-
tions: to assess changes in safety through "before" and "after" studies and
by comparison with control sites; to investigate effectiveness of devices,
layouts, designs, procedures etc; to identify and diagnose hazards and so on.

All such uses require at present the conduct of a field study the
purpose of which is to observe and count the occurrence of conflicts so as to
obtain an estimate of the rate at which conflicts occur. The purpose of this
paper is to examine the available empirical evidence in oxder to provide
guidance for the conduct of conflict surveys. DPiscussion will centrxe on
questions such as conflict rate estimation accuracy, survey duration, sample
size selection. On the basis of information from several sources the varia-
bility of daily conflict counts will be characterized. A model will be
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suggested as fitting this counting distribution. Various aspects of the
conflict study design will be illustrated by numerical examples. Tables and
graphs will be supplied for use in survey design.

Present practice in conflict count duration is summarized in Table 1.

Thorson and Glennon in their recent paper1 raise grave guestions
about the validity of present practice. They conclude that "For all three
potential uses of conflict counts, existing relationships do not allow
practical sample gizes". The conclusion, if true, would have far reaching
consegquences. Not only does present practice in the conduct of conflict
gtudies seem inadequate, there also is little hope that the sample sizes
required according to Thorson and Glennon would leave much interest in
applying the Traffic Conflicts Technigue in any circumstances. As this very
important conclusion has been reached on the basis of limited empirical
evidence, careful re-examination is in ordex.

2, THE EXPECTED CONFLICT RATE

The aim of a conflict survey is to obtain satisfactory estimates of the ]
"expected conflict rate". This is not a simple concept and requires deline-
ation. In intuitive terms, the concept of "expectation" is closely associated
with the notion of 'average in the long run'., We tend to believe that just
as throws of a die will in the long run average at 3.5, so would repeated
conflict counts reveal a permanent characteristic of the site. The analogy,
however, ls incomplete. Unlike the die, the site changes its "average”
property. There ig little reason to assume that the expected conflict rate
ig the same during peak and off peak; Sundays and Mondays, Winter and Summér .
T+ is essential therefore to specify which "expected" rate is subject to
estimation.

We will proceed on the assumption that it 1is the expected weekda

conflict rate which is of interest. That is, the 'average' number of

conflicts occurring per unit of time during a specified period of cbservation
characterizing any weekday during a certain season of the year. There are
two reasons for this choice. First, because surveys are designed in terms of
"team days”. Thus, it makes little sense to be concerned much about, say,
hourly variations. gecond, because the principal use of the traffic
conflicts technique is in comparisons (between sites, devices, treatments
etc), which are usually performed within a relatively short period of time
thereby eliminating the need to consider seasonal variation.

3. COUNTING, ESTIMATION AND ACCURACY

In Fig 1, circles represent the number of conflicts counted on 19 conse-
cutive weekdays between 7-10 am and 3-6 pm at the intersection of St Clair and
Keele streets in Toronto. The bars in the same figure represent the estimate
of the expected conflict rate obtained by averaging the First 1, 2 seees 19
daily counts.

This simple graph {llustrates all major features of the problem at hand.
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Firstly, the tangible evidence - the daily conflict count is subject to
considerable variability. It is the variability (or random fluctuation)
which is the root source of difficulties in estimation.

Secondly, the fluctuating daily conflict counts are used to obtain an
estimate of the 'expected conflict rate'., In the present case the simple
average is used for estimation. Unlike the daily counts, the estimate of
the expected rate is characterized by pronounced stability.

Thirdly, the accuracy of the estimate increases with the number of daily
counts. At first, every added count increases accuracy markedly. Beyond a
certain point, not much accuracy is gained by counting more.

The qualitative cbservations made on the basis of an illustrative
example need to be quantified. This will be done on the basis of data from
several sources. For quantification, methods of mathematical statistics are
useful. These allow measurement of variability in daily counts, characteri-
zation of accuracy of estimation etc. However, how accurate the estimate
should be can not be determined using statistics only. Standards of accuracy
should depend on the circumstances of the survey and on the use to which its
results will be put.

This is unfortunate. One usually prefers to have firm and explicit
standards for guidance. Conduct of an elaborate decision analysis study in
every case is impractical. There is a strong temptation therefore to simply
adopt commonly used 'significance levels' on the strength of the argument
that use in medicine, soclology, quality control, psychology and other fields
lends them sufficient authority.

~ A word of caution is in order. It is wrong to transfer without
questioning levels of significance which are well suited for say, concrete
quality control into management of safety. The costs of conducting
experiments are different; the implications of error are not the same. For
most safety countermeasures, statistically conclusive evidence of
effectiveness is practically not cobtainable. Recognizing this as a fact of
life, does one proceed and recommend that driver licensing, vehicle
inspection etc be discontinued because neither can be shown effective at the
5 per cent level of significance? 'The research community should consider
carefully before doing so'’, Uncritical use of high significigce levels
'can lead to the erroneous rejection of effective programs...' . Rather,
standards of accuracy need to be adopted which reflect both the benefit lost
by not implementing measures which are likely beneficial but can not be shown
as such; and the cost of implementing measures which are not effective,

4, DATA BASE

To investigate the distribution of daily conflict counts information is
needed on the number of conflicts occurring at several sites over a rela-
tively long period of time. Such information is not easy to come by. Partly,
because conflicts are rarely counted for more than a couple of days; partly
because usually only the average number is retained and archived, the daily
counts are discarded or difficult to access.




Fortunately, a good data base for the present purpose has bsen generated
in the course of a study on the effectiveness of law enforcement”®,
Conflicts were counted at seven urban intersectiong for 39 weekdays (at each)
between 7-10 am and 3-6 pm. The first two weeks (1O survey days) with noxmal
police actlivity were followed by four weeks {19 survey days) with increased
enforcement and another two weeks (1O survey days) with normal enforcement
again. At each location seven conflict types were recorded. In the analysis
below, the initial ten days of the survey will not be used because
'Initially, all observers tended to overcount drastically ... stabilization
of these counts did not proceed as guickly as anticipated and in most cases
could _not realistically have occurred by the beginning of increased enfore-
ment'”., Thus, data from seven locations, seven conflict types and two
sequences of 19 and 10 days are used. It should be noted that the
variability of the count will of necessity be overestimated because sone
variability will have been generated by the changes in police activity even
within the phases which are analysed separately.

To avoid reliance on one source of data, however extensive, two addi-
tional smaller sets of d@ta were used. FPirstly, conflict counts from 20
sites published by Hydéh . In this case, two days of observation for each
site are available. Secondly, data collected by the Transport and Road
Research Laboratory on four junctions. For three of those only two days of
conflict counts exist, for the remaining junction three days of counts are
available.

5. THE VARIABILITY OF DAILY CONFLICT CQUNTS

Variabllity is usually measured by sample variance. In Figs 2 and 3, sample
variance is plotted against sample mean. Each point in Fig 2 represents the
sample mean and variance of a homogeneous conflict class (cross traffic, rear
end etc) at seven intersections for two phases of the study” with different
enforcement levels. In Fig 3 the sum of all conflict classes has been used
for the calculﬁtion of sample mean and variance. Alsc shown are data from
TRRL and Hydén".

Several observations follow:

Firstly, the variance of the conflict count increases with the mean
count. Such a relationship is to be expected. Obviously, when the mean
count is =zmero, -so is the variance. Thus the origin is the starting point of
the curve describing the relationship. In the range of mean conflict counts
for which data are available, it is simplest to represent the relationship by
a line through the origin. When conflicts for each homogeneocus class are
counted separately, the average variance to mean ratio is 1.4. When the sum
of all conflict classes is of interest, the average varilance to mean ratio is
2.2,

In their paper evaluating the traffic conflicts techniquel Thorson
and Glennon conclude that the daily conflict counts are characterized by a
constant variance of 530 {conflicts/day)” irrespective of the daily conflict
rate. It is on the basis of this variance that they derive the number of
days needed for conflict surveys. Our data do not confirm the assumption of
constant variance; on the contrary as in most known counting distributions,
variance is found to increase with the mean. WNor can one find support for
the high value of the variance used by Thorson and Glennon.




The second observation to be made on the basis of Figs 2 and 3 pertains
to the Poisson hypothesis. In the absence of empirical evidence to the
contrary it is usually assumed that rare events with a constant mean follow .
the Poisson distribution. Were this so, one would expect the line
Variance=Mean to fit the data. It is apparent, that the Poisson hypothesis
does not hold. This may be so because the expected rate of conflict
occurrence at intersections changes from day to day due to changes in weather,
vehicular flow, pedestrian volumes etc. In addition, some variability is
introduced through the subjectivity of conflict identification by observers.

Thirdly, there is no assurance that the same distribution describes
the conflict counting process irrespective of the conflict type counted, the
counting procedure used, the definition of the conflict event, the specific
circumstances of the site etc. Hydén's results, for example, suggest a
smaller variability than the rest of the data. When specific information
about count variability is not available, use of the average values obtained
in this paper is recommended.

6. THE MODEL

To facilitate survey design and analysis in customary statistical terms, one
has to adopt a model probability distribution which is simple in use, fits
the data and represents a process which bears reasonable semblance to our
perception of reality.

The negztive binomial distribution has been used for similar purposes
in the past™ . It is founded on the assumption that the daily expected
conflict rate follows a _gamma distribution and the actual daily conflict
counts a Poisson distribution with the aforementioned daily expected conflict
rate as a mean.

Adopting the negative binomial distribution, it is shown in the appendix
that the distribution of the sample mean (X) obtained from a count over ]
days is given by:

P X =n/j) = 1" _Kj pnqyj, n=1 2, ...
with

B {ﬁ} = p/a

var{%} = E{X} (1+a)/(a) ‘ ' ceee (1)
where

X = sum of j daily conflict counts divided by j

p = 1/ (1l+a)

g = 1p

¥ = a.(Expected Daily Conflict Rate)
{2.5 for homogeneous conflict classes

0.83 for the sum of several conflict classes.

¥




Figure 4 serves to illustrate the probability distribution function of
X for counts of 1, 2 and 6 days duration if it is the sum of all conflict
types which is of interest and the expected daily conflict rate is 20. For
expected conflict rates above 20 per day tables of the normal distribution
approximate the distribution (1) sufficiently closely., In Fig 4 the
circles are dexrived using the normal probability distribution tables.

7. ACCURACY, ERRORS AND DECISIONS

Using the data on daily variability in conflict counts and the suggested
probability model one can tabulate the probability distribution of conflict
counts. This is the basic information needed for statistical considerations
of any kind. Table 2 gives the probability distribution for counts of
homogeneous conflict classes with an average of 10 conflicts per day¥.

The various uses of results obtained so far are best discussed within
the framework of illustrative examples.

Example 1 - Confidence limits

From a 2 day survey of "cross traffic" conflicts, an average daily count
of 10.0 conflicts has been obtained. Find 50 per cent, 75 per cent,
90 per cent and 95 per cent confidence limits.

Solution: From Table 2, the confidence limits are:

Larger than Less than
50% 7.5 11.5
75% 6.5 13.0
90% 5.5 14.5
95% 4.5 15.0

Discussion: For high confidence levels, the interval is large. Thus,
either one has to adopt modest standards of accuracy or invest in

longer counts. (The fact that the limits are not symmetric with respeact
to the mean stems from the skewness of the distribution).

Example 2 -~ Survey design for specified confidence limits

How many days need one count so as to obtain a 90% confidence interval
of 4 or less under the conditions of the previous example?

Solution: From Table 2, the 90% confidence limits are:

Number of Survey Days 2 3 4 5 6

90% Confidence Limits 5.5-14.1 } 6.3-13.4 | 6.8-12.9| 7.2-12,7} 7.3-12.3

* Tgbles of the probability distribution and confidence intervals for
expected daily conflict rates between 2 and 20 are available from the
TRRI: (Road User Characteristics Division).




TABLE 2 Probability dist_ribution of X for homogeneous conflict classes
E{K} = 10 conflicts per day

NUMBER Of SURVEY DAYS

1 2 3 4 b 6
X FAX) % % EEX) % FCX) x FEX) b FiX) b FLX)
.00 0,000 0,00 0.000 0400 C.000 .00 0,000 0,00 0,000 B.00 €,000
1200 0.002 3.00 0,008 4400 0,001 6,50 0,001 5,00 0,001 5.50 0,001
2400 0.008 350 0,003 4,33 0.002 475 04001 5,20 0,001 5,67 0u.0C1
3,00.50.023 4,00 0.007 L4567 0,004 5.00 0,002 5,40 0.009 5.83 D002
4e00  $.053 450+ 0,013 5400 04006 5.25 0.003 5,60 0,002 6,00 0,003
5900-=0,103 5.00 ©0.025 5,33 0,011 550 0.005 5.80 0,004 6,17 0,004
6500=0,175 5,50000,042 5067 ¢ 04018 575 0.008 6,00 0,004 6,33 0,606
7200 0,266 6,00 0.068 4,00 04029 6,00 C.013 6,20 0,009 6,50 0.008
8,00 0,370 6y 50=a0,102 643300,043 6,25+ 0,019 6a40 0013 6467 0,012
440 0,479 7400 0,147 6467 0063 6,50 0,023 6,80+ 0,018 83 0,.0t8
104 00-=0,584 7¢50==0,201 7,00 0,083 64750404039 6,80 0,025 7,00 ¢ 0,022
11,400 0,680 B.00 0.26 Ta3da0a119 7,00 0,054 7400 0,034 7417 0,030
12,00 Q.743 8,50 0,334 Tob? 04157 7225 0,073 7a20ee0,046 7433++0,039
13500==0,830. 9400 0,409 8,00=—0,201 7650m=0.097 Tak0 0,061 7.530 0,051
14,00 0,881 9,50 0,485 8,33 0,251 7.75 0,125 7o40 0,079 T467 D.064
15400000,920 10,00 0,560 8,67 0,306 8,00 0,157 7o80==0,100 7.83 0,081
16,00 0,948 10,50 0.43% 900 04365 8,25 04193 da,00 0,125 8y 00==(,101-
17,00 » 0,967 £1400=0,697 2,33 04426 8,50==0,237 8,2) 0,134 8,17 0.123
18400 0.979 1130 0.756 9.67 0.438 8,75 0,282 8,40 0,187 B,35 0,147
19,00 0,987 12:00 0,807 10400 Ca549 9,00 0,331 8,60==0,22% 2,% o0.172
206500 0,992 124 50~=0,851 10.33 0,608 9.25 0,383 B,80 0,262 8,67 9,209
21000 0,996 13,00 0,888 10670 b63 9.50 0,436 9,00 0,304 8. 83,245
22400 0,998 13,50 04915 11,00 0.717 9.75 0,489 9420 0,349 9,00 0,281
25.00 0.999 14,400=-=0,958 11,33 0764 10,00 0.543 9,40 0,393 9.7 .32
24400 0,999 14,50 « 04955 11467 00806 10,25 0.5%4 .60 0,44F 9,33 1.162
.00 0,000 15,00 Q.96 12600==0,B43 10,50 Oo844 9,80 0,450 2450 0,404
8.00 0,000 15,50 0.978 12433 D.876 49,75 0.69% 16400 ©,533 2.67 0,448
0,00 G,000 16,00 0,983 1267 04901 $1,00==0.733 16420 ©€,585 Q483 D491
G000 0,000 16,50 0,990 13,00 ©.923 11,25 C. 715 104460 0,630 10,00 0,335
0,00 0,000 17,00 04993 1%,350.0.940 11,50 0,811 10,60 0,673 16,17 0,577
0,00 0,000 17450 0.993 15,67 0.955 11, 75==0,842 10480=m0,713 10,33 0,619
0:00 0,000 18,00 0.997 16,00 = 0566 12,00 0.870 11,00 0,751 10,50 0.659
0400 0,000 18,50 0,998 146,33 0,975 12,25 0.8% $1.20 0,784 13467 0,697
0400 0,000 19.00 0,999 14067 0.982 12,50 0.915% 11,40 0,817 10,83==0,733
0q00 0,000 19,50 0,999 15,00 0,987 12,750,932 11, 60==0,845 11,00 0.766
0,00 0,000 6,00 0,000 15433 0,990 13,00 £,946 11,80 0,870 11,17 0,797
6,00 0,000 0,00 ©.000 15447 04993 13,25 0,958 12,00 0.B92 11.33  9.825
0,00 0,000 0,00 0.000 16490 04593 1%5.50 ¢ 0,968 12.20 0911 11,450==0,850
0400 0,000 0,00 0,000 16,33 0,997 13.75 0.973 12,40 0.927 11.47 0,872
0,00 0,000 0,00 0.000 16447 0,998 14200 0,981 12,600s0,941 11.83 0,892
0.00 0,000 0,00 0,000 17,00 0,993 14,25 0,988 12,80 0,953 12,00 0,510
0,00 0,000 0,00 0,000 17433 0.999 14,50 0.989 13,00+ 0,962 12,17 0.92%
0,00 0,000 0,00 0,000 17:.67 0.999 14,75 0,992 13,20 0.97¢C 12.33049,638
0400 0,000 0400 @,000 0,00 0.000 15,09 0,994 13,40 4,977 12530 0,949
0400 0,000 0,00 0,000 0,00 Q4000 15,25 04996 13,80 0,982 12.67 0.95%
000 G,000 0400 0,000 0.00 0,000 15,50  C.997 13,80 0,984 12483 0 3,967
G200 0,000 0,00 0,000 0.00 04000 15,75 0.998 14,00 0,989 13,00 0,973
0.00 0,000 0,00 0,000 0,00 Qa000 16,00 0,998 14,20 0,992 13,17 0,979
0s00 0,000 0,00 04000 0,00 0,000 16,25 0.999 14,40 04994 13,33 0,983
0,00 Q000 0,00 0,000 0400 0,000 16,50 ©£,999 14,60 0,993 13,.5¢ 0.987
0.00  ©,000 0,00 0,000 0400 04000 6,00 0,000 14,80 0,997 13,67 0,990
000 0000 0400 0,000 0,00 04,000 0.0C 0,000 15,00 0,997 13,83 ¢,992
G.00 0,000 35,00 0,000 0,00 04000 8,00 0,000 15,20 0,998 14,00 0.9%4
0.00 0,000 0.00 €000 .00 04000 Ga00 D.000 15460 0,999 14217 0,995
0.00 0,000 0,00 0,000 0400 0,000 0,00 0,000 15,480  0.999 14,33 0,996
0,00 0,000 0,00 0,000 0400 0,000 .00 0,000 0 00 04,000 14450 0,997
0500 0,000 £.00 ©,000 400 Q.000 .00 0000 0.00 0,000 14467 0,998
0,00 0,000 0,00 0,000 0,00 (.000 0200 0,900 .00 0,000 14,83 0,998
0¢00 0,000 9,00 0,000 000  0Ga0C0 0,60 0,000 1e00 9,000 15,00 0,999
0,00 0,000 0,00 0,000 0:00 0.000 0.00 0,000 c.00 0,000 15,17 0.99?

*F(X) = P{X<X)

Confidence fimits 650% =

75%
oD% o
95% o




Discussion: It appears that attainment of the specified accuracy is
difficult. A count duration in excess of 10 days would be needed.
may be seen, the reduction in the confidence interval by counting
longer diminishes. One should weigh therefore the increase in accuracy
against the cost of prolonging the survey.

As

Example 3 - Confidence limits for daily conflict rates larger than 20

Anticipating a daily conflict rate of 40 (sum of all conflict classes)
how many days need one count so that a 75 per cent confidence interval
is less than 10 conflicts per day?

Solution: As the conflict rate exceeds 20, tables of the normal
probabkility distribution may be used. For the sum of all conflict
classes, a = 0.83 (equation 1l). Also from eguation 1,

VAR {? = 40 x (1 + 0.83)4(0.83j). To determine 75 per cent confidence

limits, multiply (VAR {X})
‘probability distribution).

by 1.15 (obtained from tables of the normal
Thus

Number of Survey Days (J) 1 2 3 4 5 [
(VAR {%} )" 9.4 6.6 5.4 4.7 4.2 3.8
75% Confldence Limits +10.0 #7.6 46.2 5.4 +4.8 4.4

For the prescribed accuracy, 5 days of counting are needed.

Digcussion: for 50 per cent, 60 per cent, 70 per cent, 80 per cent,
<90 per cent and 95 per cent confidence limits, 0.67, 0.84, 1.04, 1,28,
l.64 and 1.96 are the appropriate multipliers.

Determination of confidence limits for conflict counts is relatively
easy. Their interpretation is stralghtforward. This is therefore likely to
be the best basis on which to make intuitive decisions about survey duration.
After all,one can readily assess the gain in accuracy from prolonging the
survey one more day and the cost of doing so.

Figures 5 and 6 give the size of confidence intervals in dependence on
survey duration and expected conflict rate. This should prove to be '
effective guidance in many circumstances.

In some situations, the probability distribution of count averages and
the associated confidence intervals may not be deemed sufficient for copflict
survey design and survey result analysis. Notably, when 'treatment effect-
iveness' is the main concern. This is most common in so called 'before' and
'after' studies. In this context, one usually wishes to ascertain whether
some treatment is effective in reducing the number of conflicts. A positive
answer may lead to the modification of design standards, installation of new
equipment, reconstruction of inferior site features etc.

While the guestion is simple ('is the treatment effective?') the answer
is not. Indeed a straightforward response is not forthcoming. It is for
this reason that use of confidence limits may be preferred as the device
which is least given to misinterpretation.




To provide an answer of a sort, the problem of treatment effectiveness
needs first to be recast into the terms of testing a statistical hypothesis.
The outcome of such a 'test' is not a statement: the hypothesis is true
(false). It is merely a statement specifying the chance of error should cne
decide on the basis of conflict studies to accept or reject the hypothesis.
It is customary (for little good reason) to 'test' the hypothesis: 'the treat-
ment is not effective'. If so, concluding on the basis of data that the
treatment is effective when in fact it is useless constitutes an 'Errxor of
Type I'. Conversely, maintaining on the basis of empirical evidence that the
treatment has no effect while in fact it is useful is an 'Error of Type II'.
These errors depend on the decision rule which determines acceptance or
rejection of the hypothesis. For errors of Type I, tables and examples are
provided for a variety of decision rules. For errors of Type II, due to
space limitations, tables are given only for the decision rule: the treatment
is not effective if after treatment the conflict count has not been reduced.
While essential for formal decision analysis, this information is one
removed from intuition and given to misinterpretation. It invites therefore
use of arbitrary 'significance levels' which are not derived from the reality
of the situation at hand. As statistical hypothesis testing is deeply
ingrained in present practice, the two types of error are tabulated below.

To guard against the possibility of misinterpretation, they are described in
as clear a language as possible. Also, their use is introduced and
illustrated by numerical examples.

Examples 4 to 7 deal with the chance of failing to detect (through a
reduction in the count of conflicts) a real decrease in the expected rate at
which conflicts occur. The subseguent examples focus on the probability of
observing a reduction in conflict counts when in fact there has been no
change in the expected conflict rate.

Example 4 - Failure to observe improvement when improvement exists

Due to a successful treatment, the expected daily rate of cross traffic
conflicts has been reduced from 12 to 8. Thus, in the long run the
number of such conflicts is reduced by 33 per cent. Determine the
probability of observing no reduction in the average conflict count if
two days of counting 'before' are compared to two days of counting
‘after'. Such a result (failure to observe reduction in conflicts when
improvement exists) might lead one to conclude erroneously that the
treatment had no beneficial effect.

Solution: Table 3 liste the probability of no reduction in the average
conflict count for combinations of before and after conflict rates
and survey durations. For this example, the probability is 0.156.

Discussion: To aid interpretation, consider 100 sites at which treatment
reduces the expected daily conflict rate from 12 to 8. Counting
conflicts for 2-days before and after treatment, approximately 84 sites
will show a reduction in the average number of conflicts; at the remain-
ing 16 sites, no reduction will be ocbsexved.

Note that if the daily rate concerned was that of the sum of all conflict
classes and not cne homogeneous clasg then Table 4 and not Table 3 should

be used.

Example 5 - Effect of survey duration on failure to observe improvement

The probability of failing to observe a reduction in the conflict count
when an actual reduction in the expected conflict rate exists can be
reduced by prolenging the duration of the conflict count. Explore the

effect of survey duration in the situation described in example 4.
10




Solution: Using Table 3 with expected daily conflict rates of 12 and 8B,
and for a homogeneous conflict class:

Survey Duration (days) 1 2 3 4 5 6

Probability of no
reduction in the 0.252 0.156 0.103 0.070 0.049 0.034
average conflict count

Discussjon: It is natural to ask now how important it is to reduce the
probability of failing to observe a reduction in the average conflict
count. The answer depends on the specific objectives and circumstances
of each survey. If the effect of the treatment is examined at 10

sites, by counting conflicts for 2 days, a reduction in conflicts should
be obtained on the average at 8 sites. It can happen, of course, that a
reduction will be observed at 5 sites or less. The probability of this
event is less than 2 per cent, (Using the binomial distribution with

p = 0.156). 1In this case, a 0.156 'level of significance' might offer
sufficient insurance against the possibility that a reduction in
conflicts will not be observed at most sites. If, however, the survey .
is carried out at 4 sites only, the probability of obtaining a reduction
in conflict count at two sites or less (when counting two days before
and two days after) is 12 per cent. By counting 3 days in this case,
one can reduce the chance of not obtalning a reduction in conflicts at
the majority of sites to & per cent.

Example 6 - Fallure to observe improvement, use of the normal approximation
for rates in excess of 20 conflicts per day

The expected daily conflict rates (sum of all classes) are 35 'before'
and 30 'after'. What is the probablility of average count 'after' not
being less than the average conflict count ‘before' when counting

1, 2 .... 6 days. (This is a repetition of examples 4 and 5 only with
high dally conflict rates to illustrate the use of the normal
approximation. )

Solution: The difference between the 'before' and 'after' sample means
is approximately normally distributed with a mean = 35 - 30 = 5
conflicts per day and variance = sum of VAR i} before and after =

(35 + 30) (1.83)/(0.833). (See equation 1 and example %), The standard
normal variable in this case is 5/[(65)(1.83}/(0.83j)] « The probability
of the difference between the counts being negative is listed in tables

of the normal probability distribution:

e Of(i?rvey pays Standard Normal Variable P(xafterélxbefore)
1 0.42 0.34
2 0.59 0.28
3 0.72 0.24
4 0.84 0.20
5 0.93 0.17
) 1.02 0.15
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TABLE 3 P(X before's)_( after} When improvement does exist
homogenaous conflict classes

m9q i
2o 1 | G595
2. 2 | o5z
2. 3} Ge5ss
F 4 | 04543
2a 5 | 0,538
2. & | 04534
4 1 | 030t 0,562
by 2 | 6s192 04543
by 3 0u132 0534
P 4 | Ge0Ra 04529
by 5 | Ca068  0u526
by 6 | GeD3L 0,524
6. 1 {04138 0,364 0549
4, 2 | GeU%0 05252  0.33&
by 3 ] 0,020 0.196  0.528
b, 4 | 0,008  Gu156 0,524
b, 8 | 6,003 0.126 0521
6, 6 | 0,001 0.105  0.51%
B, 1 J0,050  0.192 0,387 0.543
8, 2 | 6,011 0,094  0.287 0,529
8. 1 | 0,002 0,050 0.236 0,324
8, 4 | 0.006 G027 0,197 0,520
By 5 | o.000 0,015  0.168 0,518
B, | & 10,060 0,009 Q.16 D56
10, 1 | oe02e 0ar00 0,227 0,382 0,538
10 s bo,00r 0,029 ©0.129 310 0,526
10, 3 0,000 G.010 0,078 00263 0,521
10, % | 00060 0,003 6,045  0.227 0.51B
10, 5 |c,000 ©,001 0,031 0,198 0,318
10, a 16,000 0,000 0,020 0,176 0,515
12, s |o,0tc  0.050 06.132  0.252 0,393 0,334
12, 2 |oropt  0.008 0.050  0.156 0,327 0.524
1201 3 [owoe 0.6a1 0,620 0,103 0,283 0,319
12. v 1oin0n  G.000 0,909 0,070 0,249 0,316
124 5 | 0,000 0.000 ©0.004 0.049 0,282 0.313
12, 6 10.000 0.000 0.002 0,036 04198 0,513
16l 1 {o.00s 0,022 0,073 0,158 0.272 0,402 0,531
14, 2 loip0n  0.002 0,817  DB,089 0,179 0,340 0,522
1ha $ lotcon -0i000  ©0.004 0,033 0.125 0,299 0,318
the % Potooo  O.000 0,001 0,016 0.090 0,287 9,515
14, s 105000 0.000 0.000 0,608 0,085 0,240 0,313
the e | 0w0ou 0,000 0.000  0.004 0,048 0,298 04512
16, t 0,001 0011 04039 0,094 0,179 0,287 0,408 04529
161 2 lot00e 0,000 0.005  0.027 0,087 0,197 0,351 04520
16, s | oteoo  0.000 0.001 ©.009 0,046  Q.,186 0,312 0.316
16, 7 |olove  0.000  0.000 0,003 0,025 0,107 0,28t 0,514
16, s loton  on00G  0.000  0.00% 0,016 0.081 0,256  D.312
16, 5 |alooe 0.000 0.000 0,000 0.008 0,062 0,234 0311
18, v lowoe1 6,005 0,020 0.056 0,112 0,196  0.308 0,416 0,528
18, 2 100060  0.000 0,001 0,010 0,038 0,103 0,213 0,380 0,519
18, S lotons oot 0,000 0.002  0.0ts 0,058 0,960 0,322 0,315
18, 2 105000 0,000 0,000 ©,000 0,005 0.03&4 0,323 0.293 0,513
18, s |oto00 0,006 0,000 0,000 0,002 0,020 0,096  0.269 0,512
18, 5 loop00  0.000  £.000  0.000 0,001 0,012 0,075 0,248 0,514
20, 1 lo,een o.002  0.010  0.029 0,068 0,129 0,211 0.310 0,418 0,526
20, 2 |otogo  0.000 0,000 0.003 0,015 0,049 0,118 0,227 0,367 0,518
204 3 loi00e  0.000 0,000 0,000 0,004 0,020 0,071 8.174 0,331 0,515
20, 2 Lotobe  0.000 0,000 0.006 0,00 0,009 0,04k 0,137 0,303 0,512
204 s |otooe  0.000 0,000 0,000 0,000 G004 ©G,027  0.109 6,280 0,514
20. 2 | 0i006  0.000 0,000 0.000 0,000 0,002 0,017 0.088 0,260 8,510
m2 2 4 6 8 10 12 14 16 i8 20
myq Expected daily conflict rate "before’
my Expected daily conflict rate ‘after’
i Number of survey days
12



TABLE 4 P(X pogoreS X

after
sum of all conflict classes

} when improvement does exist

n11 i

2. t | 0,592

2. 2 0,554

2, 3 n,542

24 4 D535

2. 5 § 0,531

2. 6 | 0,523

4, 1 3,337 0,554

by 2 4,239 0,535

by 3 F 0,183 0,578

by 4 Beldd 0524

ba 5 4,915 0,521

be é 4.023 0,517

6. 1 § 0,186 0,372 0.%42

1% 2 [ | 0.2%5 0,523

bq 3 4.043 N.246 n,52?

6o 4 {o,027 0,207  0.512

[ 5 {0,015 0,130 0,517

6y L] Q. 009 0,156 04515

8 1 0,100 6,239 04302 0,535

8, 2 | 0,031 0,146 0,326 0.524

8. 3 G011 #,00% 0,232 1.517

8. & 0. 004 Q.0462 Da243 n.%16

8 5 G0 0,042 0.229 0,514

fa & G, 001 0,029 0,197 0,513
10, 1 | 9.053 0,149 0,272 0.405 0,531
10, 2 | 9,010 0,064 0,181 0.346 0,521
10, 3 8,002 0,030 0,123 0,306 n,517
10, 4 0,00 D.015 0,093 0,274 N, 514
10, 5 Q. 000 0,M7 0. 067 D242 0.513

10, 6 | 0.000 0,084 0,051 0,227 1,511

124 1 | 6,023 0,0 n.183 L295 0,4th 0,523
12, 2 9,003 4,127 04093 n,20° , 360 0,519

12, 3 | a.00n0  a,009 0,051 0,156 0,323 n,%95
12. L | 0,000 0,083 9,027 0,119 0,294 0,513

12, 5 {0,000  f,0M 9,017 0,19% 0,277 0,511

12, & | a.n0n 9,000 0,010 0,073 0,249 0,518

14, 1 4,015 0,054 Na128 0,207 8,312 n.421 1,525

1h, F4 H.00 n,011 1,045 Q0,117 G, 231 0,371 1,517

14, 3 | g.0n0  p.0n2 2,018 0,070 0,177 N,237 0,514

t4a 4 0,000 a,.001 9,008 0,044 0.142 n,39° 2,512

14, 5 4,000 0,000 n,003% 0,028 0,114 0,287 0,510

14, -] ¢ 000 #,099 0,001 0.M8 ¢.0%2 N.267 3,510

16, 1 [ 6,003 2,831 0.077 0,144 0,227 0,326 0,626  D.524

16, 2 fo,000 0,004 0,020 0,062 0,132 2,242 0,380 0,514

14, 3 [ 6.000 0,001 N,N04 0,829 0,087 0,197 9,347 0,513

16, [ 4000 3,000 8,002 a4 0,953 n,1é6t 0.322 QL5114

16, 3 fa.nm0  p.0n0 0,701 n,A07 8,937 0,137 0,300 4,510
16, 6 FO,000 1700 0,000 0.903 9,027 6110 0,281 0,509

18, 1 0,004 0,018 0,%& 0,797 0,164 0,246 0,337 9,430 0,522

18, 2 0000 0,001 0,007 0,831 0,073  0.156 0,242  0.387 0,515

18, 3 ] 0.non 8,080 .02 0,014 0,040 8,105 0,213 0,155 0,517

18, 4 {o,0n0 .00 9,003 0,006 0,021 0,073 0,177 9,332 0,510

18, S {6,000 6,800 0007 0,901 0,011 p.051 2.14% 0.311 0.59%9

18, 6 06,000 0,000 0,000 0,00t 95,00s 0,036  N,126  0,29% 0,508

20, 1 "a.002 G N0 2,30 0064 94115 n,13t 0,260 0,346 N.434 1,521
20, 2 G000 1,001 0,004 .45 0,142 0,093 G.172 D.274% D.393 2.514
20, 3 |o.nne  n.008 0,000 0,004 0,017 9,051 D420 8,227 D.364 .51
20, 4 {0,000 0,000  0.000 0,701 0,007 0,029 0,086 0,191 0.341 n,510
20, 5 0,nna ¢,n00 0,000 0.00n a,nn3 0,017 0,063 D143 0,321 N,507
20, L 0,000 0,000 0,008 Q.500 0,031 0.010 N,046 Dati0 N304 0,503

mz 2 4 6 8 10 12 14 16 18 20

mq Expected daily conflict rate ‘before’
mgy Expected daily conflict rate ‘after’
i Number of survey days
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Discussion: The value of the standard normal variable for any two
expected daily conflict rates is given by

Difference between the expected daily conflict rates

[Sum of expected conflict rates.(L + a)/(aj)]%

where a and j are defined by equation 1.

Example 7 — Critique of results by Thorson and Glennon

Thorson and Glennon1 use the probabillity of fallure to observe a

reduction in the count of conflicts as their criterion for survey
duration determination. It is natural therefore to discuss their
results at this point in the context of the following example:

Determine the duration of conflict survey needed to assure that the
probability to obtain a reduction in conflict count is ©.025, 0.05....
0.40 given that the expected daily conflict rate before treatment is 50
and the reduction after treatment is 5 per cent, 10 per cent .... 25 per
cent.

Solution: Using the normal approximation as in example 6,

TABLE 5

Number of survey days to attain given probabilities of failure
to observe a reduction in the count .of conflicts when the
expected daily conflict rate before treatment is 50.

(Sum of all conflict classes)

, . Probability of no reduction in
Reduction in Thorson & conflict count after treatment
expected conflict | Glennon (1)
rate (0.05) 0.025 0.05 0.10 0.20 0.30 0.40
25% (50x0.75=37.5) 26 5 4 3 2 1 1
20% 41 8 6 5 3 2 1
15% 72 14 12 ) 3] 4 2
10% 162 32 27 21 14 8 4

5% 650 132 110 86 56 35 17
Column Number i 2 3 4 5 6 7

14

Discussion: Column 1 gives results cbtained by Thorson and Glennonl.

1t is on this basis that they conclude that the reguired survey duration
is not practical. The survey durations according to our analysis are
approximately five times shorter for the same probability of failure

to obtain reduction in counts (gee Column 3).

The discrepancy between

the two results stems from the difference in the assumed variability

of daily conflict counts. While Thorson and Glennon assume a constant
variance of 530, our calculations are based on a variance to mean ratio
of 2.2 as obtained from the data described in Section 4.




On the basis of Table 5 it appears that as long as the difference
between the 'before' and 'after' expected conflict rates is large, surveys of
modest duration guard sufficiently against the probability of not observing a
reduction in counts. When the difference between the expected conflict rates
is small, even very long surveys do not offer Protection against the chance
that the 'after' count is larger than the 'before' count.

- With four days as a largest ‘practical survey duration the solid line in
Table 5 is the boundary of combinations of expected conflict rate reductions
and probabilities of failure to obsexve a reduction in conflict counts.

If the probability is to be as low as 0.05 (as in Reference (1)) a conflict
Survey seems practical only when the 'before' and 'after' rates differ by
more than 25 per cent. If a 0.3 probability of not observing a reduction in
conflict count is still acceptable, differences as low as 15 per cent can be
measured. (It need be remembered that if the effectiveness of the treatment
is tested at say 20 sites, then with a probability of 0.3 pertaining to each
site, the chance of not obtaining a reduction at the majority of sites is
less than 5 per cent.)

In summary, there is nothing sacred about a 'confidence level! of 0.05.
In many circumstances, lesser levels may be regarded satisfactory. However,
small differences between expected daily conflict rates can not be measured
even with very modest 'confidence levels'. This limitation is inherent in
every estimation based on random variables with large variance.

In spite of thig limitation, one needs to retain the Proper perspective.
At present, safety can be measured using accident records or conflict counts,
Accident records fluctuate no less than conflict counts. TIf a site has on
the average 50 conflicts per day, then, for a 10 per cent 'confidence level'
in a 25 per cent reduction in the rates one needs to count conflicts for
three days. If the same site has ten accidents per year, then, for a
similar accuracy, accident records for 15 years (before and after treatment)
need to be collected. Thus, the very real limitations on the conflict
method of safety measurement discussed above are even more severe when
accident data are used for the same purpose. (This comparison is not guite
fair as it disregards the question of proportionality between conflicts and
accidents. It serves, however, to illustrate the main attraction of
measuring safety via conflicts and the accelerated collection of information.)
The argument for indirect safety measurement {eg by conflict studies) cannot
be based on a claim of great estimation accuracy. Such is crdinarily not
attainable. 1It-is based on the simple fact that in some circumstances
indirect safety measurement is more accurate than any other method at our
disposal.

So far we were concerned about the possibility of not being able to
show through a reduction in the count of conflicts a real reduction in the
expected conflict rate. This may be thought of as the danger of not recom-
mending for implementation a treatment which in fact is effective. The
converse, of course, must be alsoc of concern. Tt is quite possible (in Ffact
very likely) to obtain a reduction in the count of conflicts in spite of
there being no change in the expected conflict rate. This error is associ-
ated with the danger of implementing treatments (because of reduction in
conflict counts) which are without effect. Such practice is wasteful of
regsources which could be spent more effectively elsewhere.
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Example 8 — Observing improvement when no improvement exists

The expected daily rear-—end conflict rate is 16 and remains so after
treatment. What is the probability of obtaining a reduction in the
average daily conflict count of 2, 4, 6 or more in a two day 'before
and after' survey?

Solution: From Table 6.

Difference between the Average Daily
Conflict Count Before and Aftex

Probability of Equalling or

Exceeding the Difference -35 21 .1

Discussion: Note that even failrly large reductions are not unlikely in
spite of there being no real change in the rate at which conflicts
occur. Out of 100 such sites to which an ineffective treatment has been
applied, in a two day survey, some 21 will show a reduction of 4 or more
in the average daily conflict rate. Conversely, if only treatments
which reduce the daily conflict count in a two day survey by 4 or more
are implemented, then 21 per cent of all useless treatments under
consideration will be implemented.

Also note that if the daily rate of the sum of all conflict classes is
involved Table 7, and not Table 6, ghould be used.

Example 9 — Effect of survey duration

Continuing example 8, find the probability of cobserving a reduction in
the average conflict count of 4 or more if survey durations up to 6
days are considered.

Solution: From Table 6.

Number of Days 1 2 3 4 5 )

Probability of
" Difference being .30 .21 .16 .12 .10 .08
4 or more

Discussion: As expected, when counting longexr, the probability of
obtaining a reduction exceeding a specified magnitude diminishes. This
is illustrated graphically in Figs 7 and 8.

Example 10 — Distribution of the difference between count averages. Use of
the normal approximation

For large expected conflict rates, the normal approximation may be used.
To illustrate, £ind the probability of the difference between the

average counts (sum of all conflict classes) of two day surveys to

exceed 10 if the expected daily conflict xate both ‘vefore' and ‘'after’
is 30.
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TABLE 6 P(X before ™ X after:; v } when no improvement exists

homogeneous conflict classes

Reduction in average daily conflict count (r)
m
1 2 3 4 B 6 7 8 9 10
2s T] €.605 0,262 0,730 04065 0,030 0,015 6,605 0,002 0,001 0,000
EM 2 1 o316 0,136 0049 0,014 0,003  0.0600 0,000 0,000 9,600  0.000
Ze ot 31 04264 0,086 0,019 04903 0.000 0,000 6,000 0,000 0,000  0.000
2o 41 0e224 0,055 0,008 0,001 0,000 0,000 0,000 0,000 0,000 0.000
2a 50 04193 G086 6,003 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2» 6] o168 0,023 0,001 0,000  0.000 0,900 0,000 0,000 ¢,¢00  0.000
by Tl 94437 00318 0,217 0,139 0,084 0,049 0,027  0.0%4  0.007 0,004
he g1 04372 §.226 J.118 0,055 0,022 0,008 0,002 0,001 0.000 0,000
be |3 04330 D168 04067 0,023 0,006 0,001 0,000 0,000 0,000 0,000
ba 41 06297 Gh127 0,042 0,010 0,002 0,000 9,000 0,000 Q.000 0,000
by S 0271 0.100 049026 0.006 0,000 0,306  0.000 0,000 8.000 0,000
I 6] 0:269 0,077  0.015 0,602 0,000 0,000 9,000 0,000 0,000 0,000
6o Tl 04469 0,351 0,264 0.189  0.130 0,086 0,054 0,033 0,019 0,011
by 2] 04395 0,267 0,168 0.095 0,049 4,023 0,000 0,006 0,001 0,000
6o 3] 0360 0,216 04113 0,052 0,020 0,007 0,002 0,000 0,000 0,000
64 ] 0u332 D178 0,079 0,029 0,008 0,002 9,000 0,000 G.000 0.000
o 5[ ¢a310 04148 0,056 04016 0,006 0,001 0.000 0,000 0,000 0.000
6y 6 1 94290 04126 04040 0,009 0,001 0,000 0.000 0,000 0,000 0.000
8, T 0u456 0,372 0,293 0,224 0.166 0,118 0,082 0,055 0,034 0,022
B 2] Ceh09 G297 0,202 D129 0,076 0,042 6,021 0,090 0,004 0,002
8r | 3] 0.378 0,249 0,148 0.079 0,038 0.016 0,006 0,002 0.000 0,000
g, 40 04354 0,212 0,111 04050 0,019 0,006 0,002 06,000 0,000 0,000
Ba 51 Ga334 04183 04084 0,032 0,010 0,002  0.000 0,000 0,000 0,000
8y 61 0316 0,157 0,065  0.021 0,005 0,001 0,000 0,000 8,000 0,000
10, 1] 0u481 0385 0,314 0,249 0,193 0,145  0.106 0,076 0,053 0,036
10, Z ] 0:419 0,318 0,228 0,156 0,100 0,061 0,035 0,019 0,000 0,004
104 33 0,391 04272 04175 9,103 0,056 0,028 0,012 0,005 0,002 0,001
10, 4] 0e369 .23 0,137 0,070 0,032 0,013 0,006 0,001  0.000 0.000
10, 51 04350 0,209 04109 0,049 0,019 0,006 0,002 . 0,000 0,000 0,000
10, 6 0 0,334 G186 0.0B7  0.034 0,011 0,005 0,001 0,000 0,000 0,000
12, 1] 02480 6,395 0,330 0,269 0,215 04168 0,128 0,095 0,069 0,049
120 E | 0ob26 0,332 0,245 0.178 0,121 0,079 0,049 0,029 0,016 0,008
120 | 37 0400 04290 04197 0,126 0.073 0,040 0,020 0,009 0,006  0.00t
12, b1 G380 0,257 0,159  0.089 0,045 0.029 0,008 0,003 0,001 0,000
12, 51 04363 0,230 04136 0,065 0,029  0.011 0,006 0,001 0.000 0,000
12, 6§ 00368 0,208  0.10B  0.048 0,018 0,006 0,002 0,000 0,000 0,000
T4 T ] 05467 0,403 9,342 0.285 0,232 04188 0,146 0,113 0.085 0,061
Tav | 2] Gobd1 0,346 0,265 0,196 0,140 0,095 0,065 0,039 0,024 0,014
1y 31 beA07 0,304 04215 0,143 0.089 0,052 0,029 0,015 0,007 0,003
thy &1 0,389 0.278 0,17 0,107 0.059  0.030 0,014 0,008 0,002 04001
144 51 04375 Ge267 04149 0,081 0,039 0,017 0,006 0,002 §,001 0,000
14, 6| 9:359 00225 0,126 0,062 0,027 0,010 0,003 0,001 Q0.000 0,000
16, 1] 0e469 0,409 0,352 0,297 0,247 0,202 0,163 0,129 0,100 0,076
165 | 29 04636 0,354 0,279 0.292 0,156 0.111 0,076 0,080 0.032 0,019
16e | 3] 0a613 0,316 0,230 0,159 0.104 0,063 0,038 0,021 0,011 0.005
16, 1 04396 0,288  0.196 0,122 0,072 04039 0,019 0,009 0,004 0,001
16, 51 0,381 0,261 0,165 0,093 0,050 04024 0,010 0,004 0,001 0,000
16, 6 F 0,367 0,240 O¢thz 0,075 0,035 0,015 0,005 0,002 0,000 0,000
18 1] 0ed71 04415 0,360 0,308 0,260 0,214  0.1F7 0,143 0,113 0,089
et 2] 0,839 0,362 0,290 0,225 0,170 0.126 0,088 0,060 0,040 0,025
18, 31 06418 04326 02263 0,173 0,118 0,076  0.047 0,027 0,015 0,008
18, 41 0,602 0,297 0,208 0,136 0,084 0.046 0,026 0,013 0,006 0,002
18, B ] 02387 0,273 0,179 0,108 0,060 0.031 0,014 0,008 0,002 0,001
18, 6 | 0a375 0,253 .56 0,087 0,048 04020 0,008 0,803 0,001 0,000
20, 1] 0eb72 0,419 0,367 0,318 0.27F 04228 0,190 0,156 0,126 0,100
20, | 2| 0,443 0,36% 0,300 0.238 0,183 0,137 0,100 0,070 0,043 0,032
20, 3 ) 00422 0,334 04255 0.186 0,130 04087 0,056 0,036 0,020 0,0t
204 47 0,406 0.307 0,220 0,149 0,095 0.057 0,032 0,617 0,008 0,004
20, 5 0a393 0,284 04192 .12 0,071 0,038 0,019 0,009 0,004 0,001
20y | 6 ) 0,38t 0,264 0,169 0,099 0,053 00026 0,09t 0,006 G.002 0,000

m  Expected daily conflict rate
j Number of survey days
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TABLE 7 P{X before— X

0,264
0,239
0.217

Bebhs
olsgl
0,359
0,333
Ge311
0.292

04457
L I

G.097
G073
0,058

04341
01268
Ge217
0,180
Oe151
04128

0:375
Gv308
0s263%
0,228
04201
0vt77

00393
04333
0,292
0u260
04234
0y212

02405
04350

0,237

Oud21

0e273

Gab26
Ga382
0a351
G325
Ga305
0,286

04430
0,388
03509
0p338
04315
b.298

04634
0,394

sum of all conflict cfasses

3 4

Go045 0,015
0,827 0,008
Ge0te 0,002
0.009 9,009

04250  ¢,18p
Cs200 0,123
0,183 5,094
0:135 0,070
4112 0,052

0.370 0,322
0,307 0,246
0o26% 0.198
3.230 0,140
0,202 0,13z
Go?80 0,109

0,379 0,333
04318 p.260
0277 0,212
By243 G176
0:.218 0,148
0.196 0,125

0.386 9,342
Ge328 0,272
0.289 9,226
0,257 0,199
0e231 0.162
G.210 0,939
0392 1,350
0,283
0.237
0,203
4175
0s152

after= ) when no improvement exists

5

0004
0.001
04000
0,000

0,126
0,053
04024
0,011
02905
9.002

0,174
G091
04050
0.029
0,017
0,009

0.212
04124
0,077
0,049
0.032
6,021

0,239
0.151
0,101
0,070
04048
0,034

Gu260
Ga173
O.122
¢,088

GuG48

6

04001
0,000
0,000
0,000

0,086
G027
0,009
0003
Ge001
04000

0,139
G055
0e025
0019
04005
0.002

0'166
0.082
04063
0s024
0,013
0.007

00194
0,107
8,063
0,038
04023

0014

G217
0e128
0,080
0u0%2
0.03¢
0,023

04235
04147
0,097
0a066
04046
0032

G.250
04163
0.112
0080
Q4057
Oobit

0.263
0s177
0:126
Bol92
0.068
00051

0.274
0a190
0,139
0:104
0,079
0.060

m Expected daily conflict rate
j Number of survey days

Reduction in the average daily confiict count {r)

7

0,002
G000
0.000
0,000
0.000

0.057
0,013
0,003
0,001
0,600
0.000

0,095
0.032
0.111
04004
0.001
0,000

0,128
D052
0,023
0.010

0002

0.239
0.152
0.102
0,070
0,049
0,035

2.010

0,000
0y 000

D 000

Get16
04043
0.017
0007
0,503
0.001

04134
04054
0,025
0a012
0,008
0'002

0,150
0a069
0034
0,017
0,009
Ja004

0,148
0,080
G 042
0,023
G.012
0007

G.178
0,092
6,051
0,029
G617
0,010

B i e

0,000
¢, 000
¢,000
0,800
0,000

0,015
0,001
0,000
0,000
0,000
0,000

0,033
0.004
0.000
0,000
8,000
0,000

0,053
0,011
0,002
0.000
G,000
0.000

0,073
8,019
0,005
0,001
0,000
O.000

0,091

9,000

0,138




Solution: The difference is approximately normally distributed with a
mean of O and variance = [(2)(30)(1.83)/(0.83)(j)] = 66 (seg equation 1
and examples 3, 6). The standard normal variate is 10/{66)° = 1.23.
From tables of the normal distribution, the probability of the
difference to exceed 10 is 0.11.

Discussion: In general, the standard normal variate is given by:

Difference between conflict count averages

[2 (expected daily number of conflicts)(1+a)/(aj)];'5

where a and j are defined in egquation 1.

8. SUMMARY AND DISCUSSION

Counts of the number of conflicts occurring per day are characterized by
considerable variation. Using available data it appears that for homogenous
classes, the variance to mean ratic is 1.4; for sum of =everal (7) conflict
classes the variance to mean ratioc is 2.2, Accordingly, conflict counts do
not follow a simple Poisson distribution. It is convenient to assume that
the expected conflict rate varies from day to day. The negative binomial
model is invoked to account for this variation.

Using the negative binomial model in conjunction with the aforementioned
empirically derived variance to mean ratios the probability distribution has
been tabulated, confidence intervals derived and probabilities of type I and
II errors computed. Their use is introduced through ten illustrative
examples substantiated by graphs and tables.

Interest centres on questions of result accuracy and survey duration.
Result accuracy is characterized through confidence limits and probabilities
or error in testing hypotheses with respect to treatment effectiveness. It
is suggested that unless coupled with formal decision analysis the framework
of hypothesis testing is given to misinterpretation. Thus, for judgemental
decision on survey design and standards of accuracy, confidence limits may be
Preferred.

As illustrated, accuracy increases with survey duration. However, the
increase in accuracy per additional survey day diminishes rapidly. 1In
general, there is not much to be gained by counting longer than three days.
Thus, there is a practical limit to the accuracy with which the value of the
expected daily conflict rate can be estimated. Existence of this practical
limit on estimation accuracy must be considered when investigating treatment
effectiveness. Conflict rate differences of 15 per cent or less will prove
difficult to demonstrate through conflict studies,
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11. APPENDIX

The purpose of this appendix is to show the origin of equation 1 and to
provide useful auxilary information about characteristic functions, moments
and estimation.

Let X be the number of conflicts counted on a day during
a given period of time and

A be the expected number of conflicts that day.

If the count of that day obeys the Poisson distribution,

pek[n) = (F/xne e )

Regarding A as a continucus random variable which assumes different
values on different days, the distribution of X over many days is given by

<0

P (X=k) =]P(X=k|)\)f()\)d?x. vons (3)

(e}

When A obeys the gamma distribution,

(@ "t &3 for A >0

Q) = {0 for A< O coes {4)

with » >0 and a >0.

Substituting (4) into (3) and integrating, we obtain:

p(x=k) = (-1)¥ (’1’2 o*a”,

k=0f l' zp LRI o 080 (5)
where

p = 1/(1l+a)

g=1-p

Fo

The probability distribution defined by (5) is the negative binomial
distribution. Its characteristic function is given by

);= () (-v-1) .... {(-¥v-k+1)/%!

¢ () =q @ -pet” ceen (6)

Ordinary moments of order r are given by
r-1
_ r-1 fr-l L r=i
m =2, (-1 (J.) (p/q) =v)__; cees (T)

i=o

and the two central moments by
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poo=v p/q) =v/a {8)

po = pg (1 +p/q) =¥ (1+a)/a° ceen (9)

Thus, the negative binomial distribution is completely specified by the two
parameters ¥ and a. To estimate theiyr wvalue, from (8) and (9},

H2
a=1/( =~ 1), enee (10}
H1
also from (8) and using (10Q)
v = ul/(-r- 1) eees (11}

1
Thus, when conflicts belong to a homogeneous class, a = 1/(1.4-1) = 2.5.

When the sum of all conflict classes is of interest, a T 1/(2.2-1) = 0.83.
The variance to mean ratios 1.4 and 2.2 were obtained in section 5.

In the final account we are interested in the digtribution of the average
conflict count obtained from counting j days. Denote dally counts by
Xl, xz, veoy Xi, v Xj and

- lj
X == X, .
Iy N
As counts on successive days are statistically independent, using (6),

¢ () = [qu(t/j)]j = q"F (1-pelt/3y13 ceen (12)

The characteristics function in (l2) belongs to the modified negative
exponential distribution

(X =n/4) = (-1)° (";3) p'g”?
n=20,1, 2, .

with

eeoe {13)
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ABSTRACT

TRAFFIC CONFLICT SURVEYS : SOME STUDY PESIGN
CONSIDERATIONS: E Hauer: Department of the
Enviromtent Department of Transport TRRL
Supplementary Report 352: Crowthorne, 1978

(Transpoxrt and Road Research Laboratory). The
traffic conflicts technique is a device for

indirect safety measurement. It requires at present
the conduct of a field survey to count conflict
occurrence. On this basis the rate at which conflicts
occur 1s estimated. This report deals with the
accuracy of such estimation and its dependence on the
design of the field suzvey.

First, present practice in conflict count
duration is reviewed. Next, the relationship between
count duration and estimation accuracy is examined.
Using data obtained from several sources the daily
variability of conflict counts is described. It is
concluded that the expected conflict rate varies from
day to day. Use of the negative binomial distribution
is suggested as appropriate for the representation of
the distribution of sample means obtained from
conflict studies. On this basis, confidence limits
and probabilities of Type I and Type II errors in
hypothesis testing are obtained and tabulated, Their
use in study design is illustrated by numerical
examples.

The marginal increase in estimation accuracy
diminishes rapidly as conflict counting time
increases. Thus, there is little to be gained by
counting longer than three days. This establishes a
practical limit to the accuracy with which expected
daily conflict rates can be estimated.
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