
variables. Solutions to the problems, which have been 
reemphasized here, should be of top priority for both 
the engineers and the researchers who work on road
side safety. 
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Evaluation of Highway Safety Projects 
Using Quality-Control Technique 
Tapan K. Datta, Brian L. Bowman, and Kenneth S. Opiela, Wayne State University 

Highway improvement projects are generally aimed at alleviating highway 
deficiencies related to traffic flow, congestion, and safety. Although sig
nificant effort is expended in developing and implementing the most ap
propriate countermeasures for specific deficiencies, not enough work is 
undertaken by highway agencies to evaluate the impact of such improve
ments. The evaluation of implemented projects is critical in determining 
future courses of action for the agencies regarding specific counter
measures related to individual problems. Although statistical methods 
of analysis using Poisson and chi-square distributions have been in ex
istence, they are neither suitable for locations with very low accident 
frequency nor responsive to local conditions or standards. This paper of
fers an alternative procedure-quality-control technique-that overcomes 
the shortcomings of the other methods and offers the advantages of per
forming parametric comparisons by facility type or improvement type 
utilizing various measures of effectiveness. This procedure can also be 
adapted for identification of safety deficient locations. Parametric con
trol charts required for this procedure can be readily prepared by com
puter or manual methods from existing data for various facility types. 

Increased highway travel during the past decade has re
sulted in increasing numbers of accidents and fatalities. 
However, due to higher traffic volumes on the highways, 

the accident rate is not increasing (1). Recent emphasis 
on various highway safety programs-is believed to have 
contributed to decreasing the rate of highway accidents 
and fatalities. Decisions on whether to continue, delete, 
or improve various highway safety programs depend on 
the ability to measure their individual effectiveness. 
While overall program evaluations are done at the state 
and federal levels, the evaluation of specific projects 
and treatments at the local level is often neglected. 
Hence, program evaluation is often subjective and based 
on limited data. 

A comprehensive traffic engineering project was ini
tiated in Oakland County, Michigan, to assess the cur
rent status of traffic engineering activities and to de
velop and implement appropriate projects for the pro
motion and improvement of traffic engineering activities 
to reduce the safety deficiencies. As a part of the proj
ect, a need was established indicating that a simplified 
and practical methodology for the evaluation of highway 
safety projects is necessary. Furthermore, this meth
odology must be in a suitable format to encourage in-
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creased usage by the traffic engineering personnel in the 
county. 

This paper presents the evaluation methodology de
veloped as a part of the comprehensive traffic engineer
ing project and demonstrates its applicability by per
forming a typical highway safety project evaluation. That 
part of the evaluation methodology, which is reported in 
this paper, relates to the parametric comparison of high
way accident experiences. 

EXISTING PARAMETRIC TEST 
PROCEDURES 

Determining the significance of highway improvements 
requires the evaluation of the effect of specific projects 
or treatments on accident experience, other measures 
of effectiveness, or both. A small change in accident 
experience can be called a matter of chance, whereas 
a large reduction is generally attributable to the spe
cific improvement. 

There are currently two basic methods of testing the 
significance of a change: the Poisson and the chi-square 
tests of significance. The first test involves measuring 
the change in accident experiences and comparing it with 
a set of Poisson significance curves developed for a spe
cific range of confidence intervals (!). A change greater 

Figure 1. Poisson curves for test of significance in 
accident reduction. 
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than the minimum percent change necessary for the cor
responding accident frequency at a given level of confi
dence limit is interpreted as a significant improvement. 
The tests of means and the distributions are described 
as conservative and liberal measures of significance 
respectively (see Figure 1). For example, if the inter
section point of the number of before accidents at the 
study site and percent reduction during the post
improvement period is above the top curve, it can be 
stated that the null hypothesis can be rejected at the 
given level of confidence. In this case, the null hypothe
sis is that there is no difference between the pre- and 
post-improvement accident experiences. When accident 
data for a specific project fall between the two curves 
(conservative and liberal), the significance of the im
provement is not conclusively demonstrated; more data 
are necessary to obtain a more specific conclusion. 

The chi-square test is similar to the Poisson test in 
that two curves are used to represent the limiting con
ditions (Figure 2). The liberal curve is based on the 
Poisson distribution and minimizes the probability of 
judging a reduction as nonsignificant when in fact it is 
really significant. The conservative curve is based on 
the chi-square distribution and serves to minimize the 
probability of defining a reduction as significant when 
the opposite is true (~. 
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Figure 2. Chi square curves for tests of significance 
in accident reduction. 
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These two techniques can provide an adequate method 
of testing the significance of a safety improvement when 
the magnitude of a pre-improvement accident frequency 
is sufficiently high. As the accident frequency de
creases, a higher accident reduction percentage is nec
essary to attribute the accident reduction to the specific 
improvement. This point can be demonstrated by using 
significance curves shown in .Figure 2 (4). Suppose that a 
safety improvement were performed at a location where 
the preproject accident data indicated an average of 10 
collisions per year. Looking at the significance curves, 
we can observe that the improvement must reduce ac
cidents to three or four per year before it can be 
called statistically significant. Thus, a very high re
duction in accidents is required to show a statistically 
significant change resulting from the improvement. 

Classical quality-control theory has been applied to 
manufacturing processes in the past. In the field of 
highway safety, a similar approach has been used in the 
identification of hazardous locations. Jorgenson (2) has 
presented the rate quality-control method as one method 
for the identification of hazardous locations. 

The methodology used in the evaluation procedure 
presented in this paper uses similar quality-control 
theory. This procedure involves determining accident 
experience averages and upper confidence limits for 
groups of similar highway locations at selected levels 
of confidence. The upper confidence limit (UCL) of 
group i is defined as 

where 

X1 = average frequency of accidents for group i, 
a~ = variance of accident frequency in the same 

group i, and 

(]) 

g = constant used to define selected confidence level. 

The similarity in highway locations can be dependent 
on several variables. In this study the number of lanes 
and .demand volumes-Le., average daily traffic (ADT)
were used to classify the highway locations. The se
lection of classification variable increments depends on 
sample size and ability of the independent variables to 
explain the variability in the dependent variable, in this 
case, accident experience. 

The highway locations within each category (number 
of lanes and demand) that fall above the upper confidence 
limit line are defined as abnormal or out of control when 
compared with its group. Such abnormal sites are can
didates for improvements. If a location indicates a pre
improvement accident frequency falling into the abnor
mal category and post-improvement accident frequency 
under the upper confidence limit, it would indicate that 
the applied treatment was successful in bringing the site 
from out of control to within control. Thus, it can be 
concluded that the treatment was effective in alleviating 
the accident problem. 

Groups of highway locations will range from low to 
high accident frequencies and from low to high traffic 
volumes. Each group has its own mean and variance 
from which upper confidence limits are determined. 
Therefore, evaluation of a site that has very low acci
dent frequency and also has very low traffic volume can 
be out of control within its own group and, as a conse
quence of safety treatment, can be within control after 
improvement. 

The resulting increases in traffic volume from an 
improvement may change the group to which a location 
is classified, but it is still possible to determine whether 

or not it is within control by using a different quality
control chart. 
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For example, Figure 3 shows hypothetical confidence 
bands for four-legged unsignalized intersections with two 
lanes on each approach. The horizontal axis indicates 
increasing groups of approach traffic volumes. The 
vertical axis represents total accident frequency, which 
will be the measure of effectiveness in this sample. The 
upper limits of the band, Y3 - Y4, Y1 - Ya, and Yu - Y12, 
represent 95 percent confidence limits for the distribu
tion of accident frequencies observed in the various 
volume groups. The total accident frequency at the test 
site before the safety improvement is indicated by point 
Z1. Consider that the post-implementation accident ex
perience results in a shift in total accident frequency to 
Z2 or Z3. The movement of the site from Z1 to Za indi
cates the site was out of control before the safety im
provement and is in control after improvement; however, 
the location remained in the same group of traffic vol
umes. Similarly, consider that point Z1 shifted to- Z3. 
This shift indicates only a minor reduction in total ac
cident frequency. However, it indicates that the loca
tion is in control in a different volume group; thus, the 
reduction can be considered statistically significant at 
the 9 5 percent level of confidence. 

By employing this technique, it is possible to evalu
ate the change in accident experience resulting from im
provements and to compare the improved facility with 
similar locations. This, coupled with the technique's 
ability to measure the improvements on low as well as 
high frequency locations, provides a valuable tool in the 
overall highway safety evaluation strategy. 

STUDY AREA 

Oakland County is located in southeastern Michigan. The 
county has 39 cities and villages and 22 townships; it is 
one of the most rapidly growing counties in the Detroit 
metropolitan ar.ea. It has a population of over 900 000 
and an area of 2408 km2 (867 miles2

) with app roximately 
7500 km (4500 miles) of highway network. 

A computerized accident record system has been es
tablished for the county that analyzes a preselected 
set of links and intersections on an annual basis for ac
cident frequency, accident rate, and accident type. The 
accident rate is computed in customary units to reflect 
accidents per million vehicle-miles for roadway sections 
and accidents per million vehicles for intersections. 

There were 1205 links in the system that experi
enced one or more accidents in 1975. These links vary 
from two-lane roadways to freeway links. The overall 
ranking of these links on the basis of accident frequency 

Figure 3. Hypothetical confidence bands for 
unsignalized intersections. 
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Table 1. Accident characteristics for various link types. 

Maxi.mum Minimum Mean Standard Deviation 

Acci- Acci- Acci- Acci-
No. of Acci- dent Acci- Acci- dent Acci- Acci- dent Ace!- Ace!- dent Ace!-

Roadway Links dent Fre- dent dent Fre- dent dent Fre- dent dent Fre- dent 
Link in Fre- quency/ Rate/ Fre- quency/ Rate/ Fre- quency/ Rate/ Fre- quency/ Rate/ 
Type Group quency Mile MVM quency Mile MVM quency Mile MVM quency Mile MVM 

Freeway 41 65 60 3. 57 3 3 0.41 22.1 17.1 1.31 13.8 12.2 0.67 
6 or more 39 177 188 12.56 16 17.8 1.03 84.9 80.5 4.7 38.2 36.8 2.5 

lanes 
5 lanes 46 146 146 17.12 2 2 1. 72 49.9 45.8 5.7 36.0 31.0 3.23 
4 lanes 119 242 143.33 29.39 2 1.2 0.15 42.8 37.4 5.5 40.2 31.0 4.4 
2-lane, 919 126 115 277.17 l.O 0. 33 0.20 13.52 12'.03 10.24 18.45 16.8 16.2 

2-way 

Table 2. Accident characteristics for Mean 
2-lane, 2-way facilities. 

No. of Acci-
Links dent 

Demand Level in Fre-
(ADT) Sample quency 

0-4 000 495 4.1 
4 001-8 000 140 13.4 
8 001-12 000 129 19.2 
12 001-16 000 62 27.36 
16 001-20 000 48 40.77 
20 001-24 000 23 50.27 
24 001-28 000 22 66.19 

or rate does not necessarily reflect their hazardousness 
relative to their characteristics. It was recognized that 
the number of lanes in the links represents a significant 
distinguishing feature that may influence differences in 
accident e:xperience. 

Objectives and Procedure 

The objectives of this study were: 

1. Determine whether or not there is significant dif
ference in accident patterns between various types of 
links, e.g., two-lane, four-lane, five-lane, and freeway; 

2. Develop quality-control charts so that highway 
link locations which are abnormal in terms of accident 
e:xperience can be recognized; and 

q m.-.-.1. --•L.-..LL.-.- .LL ... - ..... 1.:J.. •• .-..-.-L- ... 1 ... L.-.-L- --- 1.-,.. 
"· .L C.01. WllC.l,llCJ. lll'C, y_ua..u.ty-\.,V.lllJ. V.I. \;Uct..L LO \.,a,U. UC 

used in the evaluation of safety projects. 

In order to accomplish the above objectives, an analy
sis of the available accident data for the county was per
formed. The analysis consisted of a two-step procedure. 
First, all 1205 links were stratified according to the 
number of lanes and types of facilities, which yielded 
the following groups: 

Number Number 
in in 

Type of Links Group Type of Links Group 

Freeway 41 5-lane 46 
6 or more lanes 39 4-lane 119 

for highways 3-lane 1 
without access 2-lane 919 
control Unknown 40 

The "unknown" category means an absence of lane 
number information in the data file. The three-lane cat
egory was eliminated from further analysis due to insuf
ficient data points. 

The accident e:xperience of each group was statisti
cally analyzed to determine the maximum value, mini-

Standard Deviation 

Acci- Acci-
dent Acci- Acci- dent Acci-
Fre- dent dent Fre- dent 
quency/ Rate/ Fre- quency/ Rate/ 
Mile MVM quency Mile MVM 

3.16 14.5 4.94 3.68 20.9 
11.3 5.4 8.2 6.98 3.36 
17.6 5.0 14.89 12.23 3.3 
25.44 5.07 16.05 13.98 2.74 
36.1 5.63 24.12 17.87 2.87 
49.24 6.17 20 .02 19.48 2. 57 
63.45 5.82 28_36 26.2 2.63 

mum value, mean, and standard deviation. In each case, 
the various measures of accident e:xperience were ana
lyzed (i.e., accident frequency, accident frequency per 
mile, accident ratel. The results of this analysis are 
shown in Table 1. The resulting data indicate that there 
is a substantial difference in mean accident frequencies 
and mean accident rates between the link types: freeway 
links have the lowest accident rates, and two-lane road
way links have the highest accident rate. 

In the second step, the data files for two-lane road
way facilities were then segregated on the bas is of traf
fic demand (ADT) data in order to study the variations 
of accident e:xperience as a function of traffic demand. 
Several different increments of demand were used to 
substratify the two-lane, two-way facilities. Table 2 
presents data classified using 4000 ADT as the demand 
! ____________ 1_ ~-- J_ ____ "'--- L---- ------ ---...J ....... ,,_ ... _,.... mi.. ... _ ... 
.L.Ul;J. IC'JUIC'UL .LUJ. twu-.1.ct.1u;, twu-w a.y .a. ua.uwa.yo u,ay. .a. .i.n:::;oc 

data clearly show that there is a steady increase in 
mean accident frequency for increased ADT. 

The upper limits of the various demand groups were 
computed using sta11dard statistical tables for 80 percent, 
84.13 percent (1 s tanda.rd deviation), 90 percent, and 95 
percent confidence levels. These limits of the cotlfidence 
level were then determined by using standard (z) one
tailed distribution values from statistical tables. They 
indicate that a particular link will be under the upper 
limit of its appropriate category, the percent time indi
cated by the confidence level. The selection of higher 
corlfidence levels will mean more stringent criteria for 
identifying a specific location as critical. 

Results 

The two-lane roadways were segregated by demand 
gl'oups. The mean frequency lines and the upper con
Iidence limit lLnes were generat ed for all groups of de
mand, and t hen appropriate quallty-conu·ol graphs were 
prepared (Figures 4-7). 

Figure 5 presents tbe mean frequencies and one stan
dar d deviation line for various volume groups. Figures 
4, 6, and 7 show 80 percent, 90 percent, and 95 percent 



confidence levels respectively. They represent in
creasingly stringent criteria for finding statistically 
significant results from safety projects. 

These charts can be used to determine the hazard
ousness of a location. A location plotted on the appro
priate chart falling above the mean value line may indi
cate a somewhat abnormal accident experience, since 
its accident experience is above the mean experience of 
the group. Those values falling above the confidence 
limit lines would indicate locations that are critical or 
out of control. 

In an evaluation study, if it is found that a location 
was out of control before the treatment was applied and 
comes under control either in the same volume group or 
in a different volume group, then safety improvement has 
been achieved. This type of quality-control chart can be 
developed for various categories of accidents and can 
be used to test specific evaluation objectives. 
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The quality-control charts shown here (Figures 4-7) 
are for a highway network in a specific area (Oakland 
County, Michigan), The same charts may not be appli
cable in other areas. Therefore, quality-control charts 
may have to be developed for a specific area on the basis 
of existing areawide accident experience before they can 
be used for evaluating highway safety projects in the area. 

CASE STUDY 

In order to demonstrate the use of the quality-control 
procedure in the evaluation of a highway safety project, 
an improvement site was selected for evaluation. The 
site chosen was a 3.2-km (2-mile) stretch of two-lane 
roadway that was outmoded due to the land use develop
ment and resulting increased traffic demand and high 
accident experience. In an attempt to alleviate the con
gestion problem and reduce the accident experience, the 

Figure 4. Quality-control graph for 
confidence level 80 percent. 
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Figure 5. Quality-control graph for 150 I I I confidence level 84.13 percent. 
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Figure 6. Quality-control graph for 150 .----..-----..---------..-- ---,.----..-----
I I I confidence level 90 percent. 

Figure 7. Quality-control graph for 
confidence level 95 percent. 
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roadway was widened to a four-lane facility. The volume 
and accident data available for this study were as follows: 

Averages for use in the evaluation study were computed 
as: 

Traffic Volumes 

Link Pre-Project Post-Project 

Number 1973 1974 1975 1976 

1 12 000 14 000 25000 27 000 
2 13 000 15 000 26 000 29 000 

The accident experience in the above locations was as 
follows: 

Link 
Number 

1 
2 

Traffic Accidents (yearly) 

Pre-Project 

1973 1974 

54 
79 

44 
65 

Post-Project 

1975 1976 

55 
64 

47 
50 

Pre-Project Data 

Link 1 Volume= 13 000 ADT 
Accident Frequency= 49 

Link 2 Volume= 14 000 ADT 
Accident Frequency = 72 

Post-Project Data 

Link 1 Volume = 26 000 ADT 
Accident Frequency= 51 

Link 2 Volume= 27 500 ADT 
Accident Frequency= 57 

When the pre-project data are plotted on the quality
control graph pertaining to the 95 percent confidence 
level (Figure 8), it can be seen that link 2 was out of 
control. The improvement to four lanes resulted in a 
change in volume and accident experience. Since the 
link is now a four-lane facility, a differe11t quality
control graph (Figure 9) must be used fol' post-p r oject 
evaluation. When these data are plotted on Figure 9, it 
can be readily seen that the post-accident experience is 
below the mean accident frequency for the appropriate 
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Figure 8. Case study application of 
quality control graph (2-lane, 
2-way facility). 
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Figure 9. Case study application of 150 
quality control graph (4-lane, 
2-way facility). FOUR-LANE LINKS 
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volume group; therefore, it can be concluded that the 
improvement has had a significant impact on the acci
dent experience. 

CONCLUSIONS 

The quality-control technique yields a method of de
termining the statistical significance of safety improve
ment projects that is not only responsive to low accident 
frequencies but is also r epresentative of local conditions 
and standards. The necessary quality-control charts 
are easily generated using available data for specific 
areas. The development of appropriate quality-control 
charts for various facilities and accident types will allow 
the evaluation of various highway safety improvements. 

The study indicated that there is considerable dif
ference in accident experience between types of highway 
facilities, such as freeway, two-lane, four-lane, five-

CONFIDENCE LEVEL• 95 % 

12 16 20 24 28 
VOLUME (ADT x 1000) 

lane, and six-lane. The data also indicated that the ac
cident experiences change with a change in traffic volume. 

Quality-control charts may be developed for various 
levels of traffic demand for all types of roadway, if there 
are sufficient data points available. The choice of traf
fic volume increments should be made by analyzing vari
ous grouping schemes and observing the accident dis
tribution characteristics. The quality-control charts 
can be used to identify specific highway locations as ab
normal or critical, depending on their location with re
spect to the confidence bands. 

The example cited demonstrates that it is possible to 
use quality-control charts for evaluating a highway safety 
improvement or project. It provides a way to evaluate 
highway safety projects that involve low accident fre
quencies, since the procedure only recognizes out-of
control and in-control situations. It also assists the 
evaluators in determining whether significant improve
ments have taken place. 
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Michigan Dimensional Accident 
Surveillance (MIDAS) Model: 
Progress Report 
Thomas L. Maleck, Michigan Department of State Highways and 

Transportation 

The Michigan Dimensional Accident Surveilance Model is being de
veloped by the Michigan Department of State Highways and Transpor
tation. The model aims to objectively analyze the entire roadway sys
tem (not just locations with the worst accident histories), to select can
didate locations for upgrading that are the most sensitive to correction, 
and to choose sets of the most likely cost-effective corrective measures. 
This paper introduces the procedures; reports on progress, accomplish
ments, and shortcomings to date; and stimulates related interest and de
velopment elsewhere. The model may be visualized as grouping all road
way segments with identical predetermined physical and accident char
acteristics into one cell of a multicell array. Subsequent statistical analy
sis, cost estimating, and accident predictions assess probable impacts on 
transforming all sites from one cell type to another. Data sources are 
several master tapes of accident reports, road features inventory files, 
and a traffic volume file. The identification of segments having a sta
tistically significant number of accidents and the determination of logi
cal countermeasures work well. The prediction of expected accidents 
for each corrective action at present lacks precision and requires addi
tional work. 

The Michigan Department of State Highways and Trans
portation has maintained computerized accident report 
data since 1963. Candidate locations for possible spot 
safety improvements were selected, in rank order, by 
total accidents an.cl accident rates for 0.3-km (0.2-mile) 
roadway segments. Threshold values were used to con
trol the size of the listing. The sarr.- locations tend to 
appear year after year. Feasible corrective treatments 
are eventually exhausted. Yet engineering attention is 
still given, although lower ranked candidate sites may 
not be investigated due to limitations of time, personnel, 
and funding. 

MODEL DEVELOPMENT 

A desire to identify sites with correctable accident pat
terns (independent of the number of total accidents) ini-

tiated the development of an accident analysis system
the Michigan Dimen.sional Accident Sltrveillance (MIDAS) 
model. The guiding objectives for model development 
are to 

1. Greatly expand knowledge by including as much 
pertinent information as possible in the analysis; 

2. Analyze objectively the entire roadway system, 
not just locations with poor accident histories; 

3. Optimize injury avoidance; 
4. Select candidate locations that are the most sensi

tive to correction and select sets of corrective measures 
that are likely to l)A thA moBt r.o>-t effedive; and 

5. Provide a managerial tool to test policy. 

The model consists of three stages: (a) locating all 
sites with statistically significant injury accident pat
terns, (b) investigating all feasible countermeasures, 
and (c) optimizing expenditures based on cost effective
ness. Due to spatial limitations, this paper will pri
marily address the progress in developing stage 1. 

The principal concept of stage 1 is to aggregate road
way segments with s imilar physical and environmental 
characteristics into one cell of a multicell array, with 
the array containing all conditions in the universe. The 
dimensions and principal variables are 

1. Geometry-number of lanes, horizontal align
ment, vettical aUgument· 

2. Environment-roadside development, day /night, 
wet/dry intersection/midblock, operational controls; 

3. Cross section- lane width, s houlder width, curb 
type; and 

4. Accident-accident characteristics. 

From these variables, it is mathematically possible to 
create 514 080 data sets. Most of the conditions do not 




