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Abstract (Cont'd) 

accidents involving both speeding and drinking. There was also a signifi­
cant interaction between speed-prior-to-impact and drinking, due to an 
excess of drinking accidents above 46 mph. While both of these interac­
tions were statistically reliable, the combination, speed-and-drinking, 
was found for only 2.5 to 3.5% of sampled drivers, involved in 1.5 to 
2.0% of the sampled accidents. 

Drivers judged culpable for their accidents also showed 'an interaction 
between speed-prior-to-impact and drinking, but did not demonstrate a 
significant interaction between suspected speeding violation and drinking. 

There was no difference in the speeding violation-drinking interac­
tion as a function of driver age. However, the interaction of drinking 
and speed-prior-to-impact did change as a function of age. Inspection of 
the data revealed that young drivers had an excess of drinking accidents 
at speeds above 46 mph, while older drivers had an excess of drinking 
accidents at speeds between 25 and 45 mph, as well as above 46 mph. There 
was no evidence that the speeding-drinking combination posed a special 
problem for young drivers. 

There was no change in the speeding-drinking relationship as a func­
tion of driving experience. 

The following recommendations were made. First, there is'no basis 
for a countermeasure targeted precisely at the combination of speeding-
and-drinking at this time. Second, further study of speeding and drinking 
among culpable drivers is warranted. Third, further study of speed-prior­
to-impact, especially as it relates to other factors such as time of day, 
type of road, and traffic conditions, is warranted, since it may lead to 
the development of improved alcohol countermeasures targeted at particu­
lar age segments of the driving population. Fourth, in future research 
concerned with prior driving experience, consideration should be given to 
the precise definition (in terms of years of driving) of experienced and 
inexperienced drivers. 
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SUMMARY 

The objective of this project was to obtain empirical data on the 
joint influence of slightly excessive speed and low-to-moderate blood-
alcohol concentration upon accident-involvement as a function of age and 
driving experience, and to determine if the combination of speeding and 
drinking is a significant problem in highway crashes, particularly for 
young or inexperienced drivers. 

The objectives were addressed by obtaining and analyzing a sample of 
7,354 drivers involved in accidents in North Carolina during 1974. The 
judgments made by police officers of "low-to-moderate" alcohol concentra­
tion and "slightly excessive" speed as factors contributing to accidents 
were studied and determined to be sufficiently accurate. As a result, 
the classification of accident-involved drivers on these criteria was 
considered reliable, thus insuring that the data base was of sufficient 
quality to permit valid conclusions to be drawn. 

The data were cross-tabulated to produce a series of contingency 
tables. Log-linear analyses were carried out to obtain orthogonal esti­
mates-of the relationships among drinking, speeding, age, and experience. 

The analyses revealed a significant interaction between suspected 
speeding violations and drinking which was attributed to an excess of 
accidents involving both speeding and drinking. There was also a signifi­
cant interaction between speed-prior-to-impact and drinking, due to an 
excess of drinking accidents above 46 mph. While both of these interac­
tions were statistically reliable, the combination, speed-and-drinking, 
was found for only 2.5 to 3.5% of sampled drivers, involved in 1.5 to 
2.0% of the sampled accidents. 

t Drivers judged culpable for their accidents also showed an interaction 
between speed-prior-to-impact and drinking, but did not demonstrate a 
significant interaction between suspected speeding violation and drinking. 

There was no difference in the speeding violation-drinking interaction 
as a function of driver age. However, the interaction of drinking and 
speed-prior-to-impact did change as a function of age. Inspection of the 
data revealed that young drivers had an excess of drinking accidents at 
speeds above 46 mph, while. older drivers had an excess of drinking acci­
dents at speeds between 25 and 45 mph, as well as above 46 mph. There 
was no evidence that the speeding-drinking combination posed a special 
problem for young drivers. 

There was no change in the speeding-drinking relationship as a function 
of driving experience. 
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The following recommendations were made: 

There is no basis for a countermeasure targeted precisely at 
the combination of speeding-and-drinking at this time. 

Further study of speeding and drinking among culpable drivers 
is warranted. 

Further study of speed-prior-to-impact, especially as it 
relates to other factors such as time of day, type of 
road, and traffic conditions, is warranted, since it may 
lead to the development of improved alcohol countermeasures 
targeted at particular age segments of the driving 
population. 

In future research concerned with prior driving experience, 
consideration should be given to the precise definition 
(in terms of years of driving) of experienced and inex­
perienced drivers. 
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INTRODUCTION 

To develop effective countermeasures, it is important to understand 
the factors which contribute to automobile accidents. While a complete 
model of accidents is not technically feasible at present, adequate under­
standing of individual or small sets of contributing factors could lead to 
countermeasures targeted precisely at particularly potent factors. In many 
cases factors are uncovered which show strong statistical associations to 
accidents, even though causal linkages have not yet been established. 
Research is needed to clarify the relationships of such factors to acci­
dents, so that specific countermeasures may be developed which will reduce 
the frequency of accidents associated with these factors. 

Objectives 

Highway accidents are the single largest cause of death among youths 
between the ages of 15 and 24 years. Preusser, Oates, and Orban (1975) 
speculated that the joint occurrence of slightly excessive speed and low-
to-moderate levels of alcohol in the blood was prominent in crashes 
involving young drivers. The objective of the present effort was to deter­
mine clearly and firmly the relationship among age, alcohol, and speed as 
factors jointly contributing to highway crashes. In particular, if an 
accident involves drinking and excessive speed, is the driver more likely 
to be young (24 years old or less) than if the accident involved no 
speeding and/or drinking? Additional questions to be addressed included 
whether or not an interaction between speed and alcohol exists (i.e., 
are speed and alcohol found in accidents more often than would be expected 
based on the frequency of each individually); whether there is an inter­
action among experience, speed, and alcohol; whether the culpability of the 
driver in question impacts on these interactions; and, how adjustment for 
exposure affects the conclusions drawn from the above questions. 

Background 

The interaction of driver age and alcohol is well established (see 
Preusser, Oates, & Orban, 1975, for a recent review). The interaction of 
driver age and speed has been studied by at least one team of investiga­
tors (Filkins, Clark, Rosenblatt, Carlson, Kerlan, & Manson, 1970) who 
found that fatally injured young drivers were typically driving faster 
than fatally injured older drivers. Only one published report has appeared 
on the combined effects of age, alcohol, and speed. White and Clayton 
(1972) examined 30,479 male drivers involved in accidents which occurred 
on rural North Carolina highways with speed limits between 50 and 60 miles 
per hour. They classified each driver according to age, drinking, and 
speed prior to impact. A reanalysis of their data showed a significant 
interaction of age, alcohol, and speed. However, several factors limit 
the usefulness of this study. First, by sampling only male drivers, good 
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weather accidents, and locations with high speed limits, the generaliza­
bility of the findings is limited. Second, the restrictions on the data. 
collected do not permit one to investigate the reason for the interaction. 

Two hypotheses have been put forth to account for such interactions. 
The first suggests that alcohol, as a psychoactive drug which releases 
the user from normal inhibitory controls, is a particular danger to young 
(immature?) drivers; their release from inhibition results in speeding. 
Presumably, older (mature?) drivers are less likely to react to alcohol 
with speeding behavior. The second hypothesis proposes that one must 
learn to drink, just as one learns to drive. The problem for young 
drivers is that they are learning to do both simultaneously, and their 
inexperience at both tasks leads to accidents. The experienced driver-
drinker, for example, may have learned to slow down when driving after 
drinking, and thus avoid accidents. 

Data Source 

Initial efforts were primarily devoted to selecting a source of 
accident data which would allow the issues described above to be analyti­
cally addressed. Thus, the source had to supply, at a minimum, driver 
age, whether or not he had been drinking prior to the accident, whether 
or not he was speeding prior to the accident, how long the driver had been 
driving, and whether or not he was culpable. Further, since low-to­
moderate BAC levels were of interest, an arrest for "driving under the 
influence" was not an acceptable indicator for drinking since the usual 
presumptive level for such a charge is .10%, while levels as low as .05% 
seem to make drivers prone to accidents (especially young drivers--c.f. 
Preusser et al., 1975). Similarly, formal charges placed against a driver 
for "exceeding the speed limit" or "driving too fast for conditions" were 
too restrictive a criterion to be used as an indicator of speed. Since 
collecting specific supplementary data on a new sample of accidents would 
have been a relatively expensive undertaking, our search for a data source 
focused on states whose normal accident reporting procedures would provide 
the necessary data. As an additional criterion, a state was sought which 
collected its records statewide into a central reporting system, preferably 
computerized, so that sampling procedures could be readily implemented. 

The state of North Carolina was found to have central accident record 
systems with the necessary data. The North Carolina Division of Motor 
Vehicles maintains an automated accident data file consisting of informa­
tion transcribed and/or reduced from a uniform report used statewide by 
all police agencies to report all accidents involving a fatality, personal 
injury, or property damage of over $200, and not occurring totally on 
private property.l This file contains data for all but one of the 

lActually, all accidents reported to the Division are included in the 
file, but this study will be limited to those described above, which are 
required by law to be reported. A copy of the report form is included in 
Appendix C. 
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necessary variables and allows a cross-reference to another file which 
contains the remaining one. Each accident report contains driver age at 
the time of the accident. In addition, each driver is judged by the 
officer at the scene as to his sobriety. This data is collected for 
statistical purposes, and is independent of any alcohol-related charges 
made. The officer uses one of four codes: "had not been drinking," 
"drinking--ability impaired," "drinking--unable to determine impairment," 
and "unknown." 

For each of 121,681 drivers of "vehicle one" in reportable accidents 
for 1974, 81.9% were judged "had not been drinking," 5.1% "drinking-­
ability impaired," 6.0% "drinking--unable to determine impairment," 4.5% 
"unknown," and in 2.5% of the reports, no code was entered. Thus, in 
93% of these cases, an unambiguous judgment of drinking was available; 
similar unambiguous judgments were available for 90.1% of the "vehicle 
two" drivers involved in two-or-more vehicle accidents. 

Information on vehicle speed-prior-to-impact is also contained on 
the form. First, the actual speed of each vehicle is estimated from evi­
dence at the scene and recorded. Then, based on this estimate, road, 
traffic and weather conditions, and any other relevant factors, the 
investigating officer indicates whether or not an "excessive speed" vio­
lation is indicated for each involved driver. This "violation-indicated" 
rarely results in actual charges, since the violation is usually inferred 
rather than recorded (via radar, etc.), and is collected for statistical 
and research purposes. 

Culpability may be assessed for many accidents by inference. The 
report indicates whether traffic charges were placed against each of the 
involved drivers. By considering only those accidents in which a single 
driver was charged, one may obtain a sample of culpable drivers. 

Driving experience is not recorded directly on the accident report 
form. However, using identifying information from the form, it is possi­
ble to retrieve this information from another automated file maintained by 
the Division of Motor Vehicles, the Driver Record File. This file contains 
the date-of-issue of the original operator's license for each driver, 
and whether he has held out-of-state licenses prior to the issuance of 
a North Carolina license. Thus, driving experience information, in 
terms of time-with-a-driving-license, is available for most accident-
involved drivers.2 

Data Characteristics 

The preceding discussion on the source of accident data considered 
the identification of a data base containing the information necessary 

2Date of first issue has been consistently recorded only since 1973. 
Thus, for accidents which occurred in 1974, driving experience greater 
and less than one year may be reliably discriminated. 
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and sufficient for the study of youth, alcohol, and speeding, but was quite 
glib with respect to one very important point; the quality of the data. 
Inferences from this study have to do with drivers and the events surrounding 
their accidents, but the data themselves were obtained from accident reports. 
Thus, the investigating officer stands as a crucial intervening agent 
between the actual occurrences and the data utilized. It is not sufficient 
merely to assume that he is a neutral agent. At best, he probably makes 
errors which add noise to the data; at worst, he has systematic biases 
which relate to the variables of interest and which may act to filter the 
data in important ways. For this reason, a major activity of the project 
was to examine the quality of the data, particularly with respect to how 
well the investigating officer transmits the actual occurrences at the 
accident scene. 
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DATA QUALITY 

Three major areas were isolated as potentially important to the 
quality of the accident data contained in any centralized reporting 
system. They were: 

t 
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(1)­ Policies and procedures prescribed by cognizant 
agencies for the collection and handling of 
accident data; 

(2)­ Training and experience of data collectors, 
particularly for any judgments or "expert 
opinions" which are required; and 

(3)­ Empirical estimation of data validity and 
sources of bias. 

Each of these topics is discussed below as it refers to the North Caro­
lina data collection system. 

Policies and Procedures 

Regardless of the format for data collection, there is always the 
possibility that the policies and procedures of an agency regarding 
accident investigation may seriously constrain the gathering of informa­
tion. For example, in Maryland it is the policy of the Department of 
Motor Vehicles that the information on driver condition (e.g., "had been 
drinking") be collected for statistical purposes and reflect the officer's 
expert opinion, whether or not sufficient evidence exists for an arrest. 
The Maryland State Police subscribe to this policy, and pass it on to 
State Police officers in the course of training. However, the procedures in 
some local agencies (e.g., county police) are not consistent with this 
policy: Officers are sometimes instructed not to check "had been drink­
ing" unless an alcohol arrest is made. These restrictive policies would 
suggest that the data supplied by some agencies in Maryland are not com­
parable to others. 

On the other hand, accident investigation in North Carolina is sub­
ject to more central control. Standards for training and procedures for 
investigations are primarily set by the Highway Patrol and the Division 
cif Motor Vehicles. Their policy on reporting the data elements of inter­
est to us is unconstrained, and the use of judgment in accident investiga­
tion is cultivated. Further, a primary responsibility of the Highway 
Patrol itself is the investigation of accidents, and they investigate 
almost half of the crashes which occur in North Carolina. Thus, they 
directly supply about half of the accident data in the state's computer­
ized system. 
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Not only are the drinking data from North Carolina collected according 
to the relaxed criteria established for this study, but the same is true 
for speeding. In North Carolina the investigating officer has a ,list of 
possible "violations indicated," including excessive speed, and he simply 
checks as many-as he judges relevant to each driver. Further, accident 
investigators are required to estimate the speed-prior-to-impact of all 
accident-involved vehicles. 

Training and Experience of Data Collectors 

All new recruits to the North Carolina Highway Patrol receive their 
training at a central location. They receive 48 hours of classroom instruc­
tion in accident investigation, plus approximately 10 additional hours of 
practical instruction. The course is based on Baker's Northwestern Uni­
versity Traffic Institute text (Baker, 1963), and follows his philosophy 
in general. Heavy emphasis is placed on understanding the etiology of 
crashes, and the course deals with determining causative factors. Sub­
stantial training is provided in the estimation of speed-prior-to-impact, 
the measurement of skid marks, post-crash vehicle path, collision damage, 
and the use of speed-drag homographs. Some attention is given in the 
accident course to drinking drivers, particularly on detection'of alcohol 
during post-crash interrogation (via motor and speech cues, driver affect, 
and odor). In addition, new recruits receive a separate, five-hour, 
alcohol investigation course which is specifically aimed at detecting 
intoxicated drivers. The focus of this training is to identify drinking 
drivers as well as to determine if they are legally "driving under the 
influence." Troopers interviewed indicated that removing a drinking 
driver from the road (via arrest or threat of arrest) is part of their 
job whether or not a conviction is obtained. 

The Highway Patrol also provides an in-service training program to 
its troopers which serves both to refresh earlier training, and to provide 
older officers with training materials introduced to the new-recruit 
course after their graduation. For example, the use of speed nomographs 
was introduced into the accident investigation course about seven years 
ago. Shortly thereafter, the Patrol provided in-service training on 
nomographs to its troopers in the field. 

3Training is similar, though sometimes not as intensive, for most municipal 
police departments in the state. The city police, together with the High­
way Patrol, handle 99.4% of the accident investigations. We believe that 
the Highway Patrol probably supplies, on the average, the highest quality 
data, and had originally planned to study only Patrol-investigated acci­
dents. However, 82.4% of the accidents they investigate occur in rural 
areas, while, statewide, only 40.7% of the accidents occur in rural areas. 
Thus, to avoid a serious rural bias, it was decided to include data from 
other agencies (e.g., city police). This may have decreased slightly the 
overall level of data quality, as a trade-off against. better representa­
tion of the full accident population. 
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Empirical Estimation of Validity 

The material provided above indicates that on the basis of face 
validity, the accident data obtained from North Carolina is of sufficient 
quality to be used in the study of youth, alcohol, and speed. Empirical 
validity is discussed in this section. Specifically, two questions are 
addressed (1) Are police investigator judgments of alcohol and speed 
involvement accurate? (2) Are judgments concerning the involvement of 
alcohol in highway crashes biased with regard to the age of the drivers 
involved? Satisfactory answers to these questions were necessary prereq­
usites to the interpretation of any relationship among alcohol, speed, 
and age as contributing factors to highway crashes. To the extent that 
judgments of speed and alcohol involvement were not accurate, then it 
was questionable whether an evaluation of the data should have been car­
ried out. If accomplished, certainly any interpretations drawn would 
have to be carefully qualified. If a judgmental bias with regard to age 
was found to exist, then either qualifications of interpretations would 
have to be made or an estimate of such bias be secured and the accident 
data relating to alcohol involvement adjusted in order to eliminate the 
age bias statistically. 

The highway safety literature has little to offer in answer to the 
questions posed. Filkins et al. (1970) compared police estimates of 
drinking involvement with actual blood alcohol levels for driver fatali­
ties in the state of Michigan. They found that of the reports marked 
"had been drinking" the police were incorrect in only 15% of the cases 
(i.e., 85% of the drivers judged "had been drinking" had non-zero BAC 
levels). The discrepancy was greater for those checked "had not been 
drinking." The police were incorrect in 47% of those cases. In addition, 
35% of those drivers judged "had not been drinking" had BAC levels of 
0.10% or greater. Where the police checked "not known if drinking," 69% 
actually were drinking, and 63% had blood alcohol concentrations greater 
than 0.10%. It is important to note in this study that police estimates 
were made only for fatally injured drivers. Thus, many of the cues that 
are often available, such as those involving motor behavior, were not 
available in many of these police estimates. Further, it is unknown if 
the errors made by police involved primarily drivers with very low BAC 
levels. Twenty-two drivers in the sample had actual BACs of .01-.04%, 
and are included among the 34 cases (47%) of police "misses." These 
facts may account for the low accuracy of judgment in several of the 
drinking categories judged. 

Carlson (1972) had a team of scientists randomly stop and interview 
drivers and then test these drivers for blood alcohol concentration. No 
accidents were involved in this study nor were judgments made by police 
personnel. Carlson found that 85% of the time that drivers were judged 
not to have been drinking, they in fact demonstrated a 0.0% blood alcohol 
concentration. On the other hand, 56% of the drivers who proved to have 
a blood alcohol concentration greater than 0.0% were classified as 
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had been drinking. It would appear then that nondrinking drivers are 
accurately classified as not having been drinking, whereas drivers who 
had been drinking are so categorized only about half of the time. Judg­
ments of "had been drinking" increased in accuracy with the BAC of drivers 
as indicated by the finding that 45% of drivers with BACs ranging between 
.01 and .04% were correctly classified, as were 67% having BACs between 
.05 and .09%, and 80% having BACs greater than .10%. Carlson pointed out 
that his scientists had "no prior opportunity to observe suggestions of 
alcohol such as erratic driving behavior or traffic law violation. It 
is, therefore, reasonable to expect that properly trained and experienced 
police officers should be able to subjectively classify drivers more 
accurately than did our interviewers" (pp. 16-17).­

Waller (1971) studied narrative reports of accidents involving fatally 
injured drivers and found that no matter what the blood alcohol concentra­
tion, no mention was made at all about either the presence or absence of 
alcohol in 20% of the reports. Further, at all blood alcohol concentra­
tions, there was substantial underestimation of the presence of alcohol. 
Even at the extraordinarily high range of .20% or greater, individuals were 
reported not to have been drinking 13% of the time. .Here again it should 
be noted that these were fatally injured drivers and therefore the alcohol 
involvement cues available to the police investigators were minimal. Fur­
ther, the requirement of writing alcohol information rather than checking 
a box or filling in a code number, may have affected reporting levels. 

We were unable to identify any studies in the literature relating to 
the question of the accuracy of judging speed as a contributing factor in 
accidents. 

The overinvolvement of young drivers in alcohol-related crashes is a 
well-documented statistic. However, the literature does not have much to 
offer on the question of whether police judgments of alcohol are biased 
by the age of the driver. Waller (1971) conducted one study on this ques­
tion. From the narrative descriptions of accidents involving fatally 
injured drivers, he found that if the concentration of alcohol was low 
(BAC less than .05%), the officer was less likely to mention alcohol in 
the report when the driver was age 60 or older than if the driver was 
younger. If the alcohol concentration was high, police officers were 
almost twice as likely to report that a person age 60 or older had not 
been drinking than he was to make a similar report for drivers between 
ages 20 and 59. 

In order to provide a better base of information than was obtainable 
from the literature on the questions of accuracy of judging speed and 
alcohol involvement, and possible age bias in alcohol judgments, and to 
obtain data from the jurisdictions of interest in this effort, two empiri­
cal studies were undertaken. One study addressed the question of judg­
mental accuracy of alcohol and speed involvement and the other addressed 
the question of age bias in the judgment of alcohol involvement. 
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Accuracy of Judgments of Alcohol and Speed Involvement. A list of 12 
cues, which enable police to judge if the driver in an accident had been 
drinking, was prepared using accident investigation manuals, interviews 
with police training personnel, and other consultants. This list, shown 
in Table 1, consists of commonly reported pieces of evidence used in the 
assessment of alcohol involvement. A second list of indicators was simi­
larly derived, representing cues which purportedly enable police officers 
to judge excessive speed in an accident. This list is presented in Table 
2. Police officers were to rank-order each list of indicators from most 
to least important for judging that a driver involved in an accident had 
been drinking or had been speeding. The data derived could then be used 
to determine whether or not officers do in fact use those cues which are 
commonly accepted to be the most accurate indicators of alcohol or speed 
involvement. 

In a subsequent exercise immediately following the ranking of impor­
tance of the two sets of cues, the same police officers provided esti­
mates of the confidence they had in each of the cues being indicative of 
either speeding or drinking, respectively. Specifically, they were 
asked how certain they would be about whether a driver had been drinking 
or had been speeding based exclusively upon evidence from that single 
cue. The objective was to secure an estimate of the accuracy of judg­
ments concerned with alcohol and speed involvement based upon the officers' 
subjective confidence in the predictability of each of the cues. Research 
in human decision-making has repeatedly demonstrated that estimates of 
subjective confidence are highly correlated with accuracy of judgments. 
(See, for example, Levine & Samet, 1973, and Levine, Samet, & Brahlek, 
1974.) It was expected that if police officers' judgments of alcohol and 
speed involvement were accurate, this would be demonstrated by consistently 
high rankings being given to the commonly accepted most important cues and 
by an indication of high degrees of subjective confidence associated 
with these cues. 

Age Bias in the Judgment of Alcohol Involvement. Ten brief scenarios 
were prepared describing accident situations in a fashion ambiguous with 
respect to whether the drivers had been drinking. The drivers were all 
indicated to be age 25 or older. A second set of 10 scenarios was then 
prepared describing the identical accident situation except that the age 

t 
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of the driver was indicated as being young (16- to 19-years-old). Police 
officers were asked to read several of these scenarios and indicate 
whether or not, based on the information therein contained, the driver 
(1) had been drinking and his ability was impaired, (2) had been drinking 
but ability impairment could not be determined, (3) had not been drinking, 
or (4) the drinking situation was unknown. 

By evaluating the frequency with which drivers in each scenario were 
categorized as having been drinking or not, as a function of the age 
characteristics described in the scenario, age bias was assessed. If it 
appeared that there were significant differences as a function of age, 
then it would be concluded that a bias did exist. Furthermore, an 
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Table 1 

List of Indicators Which May Enable Police to Judge That a 

Driver in an Accident Had Been Drinking 

Chemical Test (Blood, Breath, Urine) 

Driver's Appearance 

Smell on Driver's Breath 

Smell in Driver's Vehicle 

Smell in Other Vehicle to Which Driver was Removed 

Incriminating Evidence in Vehicle 

Driver Admission 

Reports from Other Drivers, Passengers, Witnesses 

Affective Behavior of Driver at Accident Scene 

Driving Behavior of Driver Prior to Accident 

Speech Behavior of Driver 

Motor Behavior of Driver 
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Table 2 

List of Indicators Which May Enable Police to 

Judge Excessive Speed in an Accident 

Extent of Damage to Automobile (Interior & Exterior) 

Extent of Property Damage 

Extent of Injuries 

Driver Reports 

Passenger Reports 

Witness Reports 

Police Observation Prior to Accident 

Expelled Passenger 

Path of Vehicle Prior to Impact 

Path of Vehicle After Impact 

Skid Marks 

Location of Accident Debris 

11




Table 3 

Ranked Importance and Confidence in Drinking Indicators 

Indicator 

Smell on Driver's Breath 

Motor Behavior of Driver 

Driver's Appearance 

Affective Behavior of Driver 

Speech Behavior of Driver 

Driving Behavior Prior to Accident 

Reports from Others 

Driver Admission 

Smell in Driver's Vehicle 

Evidence in Driver's Vehicle 

Chemical Test 

Smell in Other Vehicle 

Mean Rank 

2.63 

2.66 

4.29 

4.89 

5.86 

6.57 

6.77 

7.00 

8.00 

9.03 

10.09 

10.23 

Mean Confidence 

87.71% 

72.00% 

45.57% 

61.00% 

55.86% 

46.86% 

52.29% 

80.71% 

41.14% 

33.86% 

65.57% 

28.29% 
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empirical estimate of the magnitude of this bias would be available with 
which to adjust the data on alcohol involvement in highway accidents. If 
no evidence of an age bias in the data were found, there would be no reason 
to suspect the alcohol judgments made on accident reports filed by police 
officers. In this case, the accident data base could be analyzed in its 
existing form. 

Method. Participants for the two empirical studies were members of the 
North Carolina Highway Patrol based in two different parts of the state. 
Fifteen officers operating in the central portion of the state and 20 offi­
cers from the western portion were used. Data was collected from diverse 
geographical zones in order to include a sampling of officers having inves­
tigation experience with diverse kinds of accidents. 

Two survey booklets were prepared. The first contained the Indicator 
Survey and was designed to examine the accuracy of judging speed and 
alcohol involvement. The second contained the Scenario Survey, designed 
to detect the presence of an age bias in those judgments. Each scenario 
booklet contained one version of each of the 10 scenarios, five involving 
younger drivers and five involving older drivers. The assignment of 
driver age was randomized in such a way that half of the officers judged 
a younger driver, and half an older driver, on each scenario. Sample 
materials are shown in Appendix D. 

Results and Discussion. The data collected on indicators of drinking 
and speeding were encouraging with regard to the quality to be expected in 
reported accident data. Table 3 contains the mean rank and confidence 
ratings for each drinking indicator. The indicators ranked highest in 
importance correspond precisely to those emphasized in recruit training as 
well as in most standard reference works: smell on the driver's breath 
and the driver's motor behavior. Officers have particular confidence in 
the first two as bases for decision-making. This suggests that judgments 
of alcohol involvement based upon these cues are likely to be accurate. 

The parallel data for the speed indicators are presented in Table 4. 
The rank and confidence values for speed indicators tend to be clustered 
somewhat toward the middle, suggesting more diversity in the cues officers 
use. However, the two cues clearly judged most important correspond to 
those cues considered most reliable; skid marks and officer observation. 
The rank order of indicators corresponds roughly to the true accuracy of 
these indicators as judged by experts (e.g., Baker, 1963). The two cues 
of greatest importance also have very high confidences associated with them 
suggesting that speed judgments based upon these cues are likely to be 
accurate. 

On the basis of the close agreement among the ranked importance of 
both alcohol and speed indicators with commonly regarded reliable indica­
tors of drinking and excessive speed, it was concluded that officers 
indeed make judgments using the most important sources of evidence. The 
high confidence shown for the important indicators suggests that officers 
use these indicators accurately to produce sufficiently valid judgments 
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Table 4


Ranked Importance and Confidence in Speed Indicators


Indicator 

Skid Marks 

Police Observation 

Damage to Vehicle(s) 

Path Prior to Impact 

Path After Impact 

Witness Reports 

Property Damage 

Location of Debris 

Passenger Reports 

Injuries 

Driver Reports 

Expelled Passenger 

Mean Rank 

2.91 

3.46 

4.03 

4.83 

5.63 

5.83 

6.60 

7.46 

8.43 

9.06 

9.23 

10.34 

Mean Confidence 

83.43% 

92.00% 

65.14% 

60.71% 

63.57% 

60.86% 

60.80% 

45.14% 

43.43% 

37.43% 

31.00% 

24.43% 
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of alcohol and speed involvement. This conclusion is further supported by 
comparing the relatively high confidences in individual indicators to the 
confidence officers have in the actual judgments they record on the acci­
dent report form. The average confidence reported by officers in their 
overall sobriety and speeding judgments seems quite reasonable based on an 
aggregation of information from many semi-independent cues with moderately 
high individual confidence ratings. Troopers reported overall confidences 
of 97.4% and 91.5% in their actual accident report judgments of drinking 
and speeding, respectively. 

The data from the scenario study were transformed so as to constitute 
an arbitrary but rational ordinal scale (i.e., "1" corresponded to "had 
not been drinking;" "2" corresponded to "unknown;" "3" corresponded to 
"drinking--unable to determine impairment;" and "4" corresponded to 
"drinking--ability impaired"). The mean judgments for old and young 
drivers were then compared for each scenario via the t-test. Of the 10 
tests performed, two were marginally significant. On one, older drivers 
were judged more harshly, while on the other, younger drivers had higher 
mean judgments. The frequency distribution of responses for all scenarios 
combined is presented in Table 5. 

The overall distribution suggests that young drivers are judged 
"unknown" more often than older drivers, and that older drivers are judged 
to have been "drinking" more often than younger drivers. When the two 
drinking categories and the two nondrinking categories were collapsed, the 
data appeared to be unbiased with respect to age. We concluded that the 
sample of officers was not biased toward finding disproportionate drinking 
among young, accident-involved drivers, since, when presented with identi­
cal evidence, they make the same findings for both young and old drivers. 
Note that this is not necessarily inconsistent with Waller's (1971) find­
ings, since he compared judgments of drivers between 20 and 59 to drivers 
over 60. 

Data on trooper experience was collected for sample-description pur­
poses. Mean age was 34.3 years, mean time in the Highway Patrol was 10.3 
years, and mean prior police experience was 0.9 years. The subjects, in 
the month prior to testing, investigated an average of 11.0 accidents, 
made 6.2 drinking arrests, and 36.0 speeding arrests. 
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Table 5 

Distribution of Responses in Accident Scenarios 

as a Function of Driver Age 

Overall Collapsed 

Response 

Young Old Young Old 

Had not been drinking 67 70 
144 137 

Unknown 77 67 

Drinking--unable to deter­
mine impairment 25 29 

31 38 
Drinking--ability impaired 6 

r 
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EXPERIMENTAL DESIGN AND ANALYTICAL PLAN 

A restricted random sample of accident reports was drawn from among 
the 138,876 reports contained in the North Carolina Division of Motor 
Vehicles automated file for the calendar year 1974. The data on accident-
involved drivers was then cross-tabulated into a series of contingency 
tables, each of which were analyzed in order to address empirically the 
following questions: 

(1)­ Is the relative frequency of accidents involving speeding 
and drinking in combination greater than that which one 
would expect based on the random association of accidents 
involving drinking, speeding, or neither? In other words, 
is there a speeding-by-drinking interaction? 

(2)­ Is the speeding-by-drinking interaction different for

culpable drivers?


(3)­ Is the speeding-by-drinking interaction different for

young drivers and old drivers?


(4)­ Is the speeding-by-drinking interaction different for,

inexperienced drivers and experienced drivers?


Sampling Plan 

The sampling of accident-involved drivers for analysis was accomplished 
in two major stages: total sample selection, and selection of analytical 
subsamples. An outline of the first stage is presented in Figure 1. 
A restricted random sample of accidents was drawn from the total reported 
accident population with a sampling fraction of .049. Non-reportable 
accidents (no injury and less than $200 damage), as well as accidents 
involving commercial vehicles'(large trucks, buses, etc.) or which occurred 
entirely on schoolyards or playgrounds were excluded from this sample. 
Accidents which involved drivers who did not reside in North Carolina or 
who were under 16 years of age were also excluded since no driving exper­
ience information was available for these drivers. Each of the 4,311 
accidents sampled was scanned to determine the number of vehicles and 
drivers involved; the accident sample was then converted to a driver 
sample by taking up to two drivers from each accident (information on the 
third, and succeeding involved drivers is not contained in the automated 
file), resulting in a sample of 7,395 accident-involved drivers. After 
excluding drivers on whom data was missing from the file, a final sample 
of 7,354 accident-involved drivers was obtained. 

Six groups of accident-involved drivers were defined from the final 
sample as depicted in Figure 2. These groups, designated as the basic 
groups, were: 
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138,876 accidents, 
North Carolina, 
1974 

0, 

Restricted random 
sample, p =.049: 

• reportable accidents 

• North Carolina 
residency 

• non-commercial 
vehicle 

• Driver 16 or older 

• exclude schools 
and playground 

4 
4,311 accidents 
sampled 

4 Convert from 
"accidents" to. 
"drivers" 

(7395 cases) 

Figure 1. Procedure for selecting the sample 

Exclude cases 
with miccinn rlntn .......-.1 ---­

on: 

• age 

• sex 

• speed-prior­

to impact




All Drivers, 
adjusted for 
exposure 
(7354 cases) 

Male Drivers 
(4882 cases) 

Culpable Drivers 
(1918 cases) 

Final Sample of 
All Accident 
Involved Drivers 

(7354 cases) 

Request experi­
ence data for a 
random sub-
sample 
(3659 cases) 

Male Drivers,

adjusted for

exposure

(4882 cases)


Culpable Male 
Drivers 
(1276 cases) 

All Drivers, 
experience sub-
sample, adjusted 
for exposure, 
(3609 cases) 

All Drivers, Male Drivers, 
experience sub experience 
sample H sub-sample 
(3609 cases) (2371 cases) 

Culpable Drivers, 
experience 

71 sub-sample -4 
(959 cases) 

Male Drivers, ex­
perience sub-sample 
adjusted for expo­
sure (2371 cases) 

Culpable Male 
Drivers, experi­
ence sub-sample 
(625 cases) 

Figure 2. Generation of analytical subsamples 
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All accident-involved drivers; 

All accident-involved drivers adjusted for exposure-to-risk4; 

Male accident-involved drivers; 

Male accident-involved drivers adjusted for exposure-to-risk; 

Culpable drivers; and 

Culpable male drivers. 

Adjustment for exposure-to-risk was accomplished since earlier studies 
have indicated that the kinds and amounts of driving done by youthful 
drivers is different from that of older drivers, and may impact upon 
accident characteristics (c.f. Pelz'and Schuman, 1971). Male drivers were 
singled out since earlier work suggests that alcohol and speed effects 
are stronger for male drivers than for females (Preus.ser et al. 1975). 
Culpable drivers were examined separately to try to disentangle alcohol 
effects which lead to accident-causative driving errors from those which 
impede accident-avoidance behavior. 

Culpable drivers were selected in the following way: If, in a 
two-vehicle accident, one driver was cited by police for an accident-
related violation, and the other driver was not cited, then the cited 
driver was labelled culpable. This conservative definition was employed 
since all relevant information could be automatically processed. The 
use of police narratives, a commonly employed procedure, would have been 
prohibitively expensive. 

In addition to these six basic samples, six corresponding samples were 
derived for the analysis of driving experience (see Figure 2). A random 
subsample of the full sample of all accident-involved drivers was drawn, 
and driving record abstracts for these drivers were requested.from the 
Division of Motor Vehicles. The abstracts were then used to determine the 
amount of driving experience each driver had prior to his accident. An 
unambiguous determination of more or less than one year of experience 
(computed from the date of issue of the driver's original operator license) 
was made for 98.6% of the requested abstracts. 

4The method of induced exposure (Waller, Reinfurt, Freeman, and 
Imrey, 1973) was used to estimate risk-adjusted frequencies as a function 
of age and experience. Contingency table entries were then estimated to 
fit the adjusted age and experience marginals. More traditional, road­
side survey exposure data were also obtained and compared to the induced 
exposure measures using a Chi-square goodness-of-fit: test. No signifi­
cant difference was found between the two estimates (X2(s)=5.36, p > .25). 
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The sampling and subsampling procedures resulted in a final set of 
six basic groups of accident-involved drivers and an additional six 
groups each representing a corresponding subset of drivers for whom 
experience data was obtained. These twelve groups constituted the 
complete data set to be analyzed. 

Independent Variables 

Each sampled driver was coded according to the levels of five independent 
variables. These were age, alcohol involvement, speed involvement, speed 
prior to impact, and experience. Four categories of age at the time of 
the accident were used: 16-19, 20-24, 25-49, and 50 years old and above. 
The division at 25 years was selected since it has been the traditional 
breakpoint between young and old drivers; the other two breakpoints were 
selected since they have been found empirically to be points of inflection 
in the alcohol-risk curves in several previous studies (e.g., Borkenstein, 
Crowther, Schumate, Ziel, and Zylman, 1964), and to provide a more detailed 
understanding of age effects. Sobriety was coded as either "had been 
drinking" or "had not been drinking," based on the judgment of the accident 
investigator. Investigator judgments of "unknown" were included in the 
"had not been drinking" group. Suspected speeding violations were coded 
from the judgment of the accident investigator. Estimated speed-prior­
to-impact was divided into four categories which correspond roughly to 
four kinds of driving: not moving (standing, waiting, etc.); 1-24 mph 
(starting, stopping, parking); 25-45 mph (urban driving); and 46 mph and 
above (highway driving). Drivers for whom driving experience information 
was available were divided into those with less than one year of experience, 
and those with more than one year of experience. One year was selected 
since the acquisition of driving skill is presumed to proceed substantially 
over at least this time span, and it was the longest period which could be 
reliably determined from the North Carolina records. 

Design and Analysis 

Four contingency table designs were used to analyze the data. Two 
of these contingency tables were associated with the six basic groups. 
A cross-tabulation based on age by sobriety by speeding violation and 
one based on age by sobriety by speed-prior-to-impact was used to study 
the speeding-drinking interactions, and to examine the possible effect 
of age on these interactions. The other two contingency tables were 
associated with the corresponding six "experience" groups. Cross-
tabulations of experience by sobriety by speeding violation, and exper­
ience by sobriety by speed-prior-to-impact were used to study the 
speeding-drinking interaction as a function of the amount of prior 
driving experience. 
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The resulting contingency tables were analyzed using the non-
hierarchial log-linear model on each sample and subsample (Goodman, 1970; 
Shaffer, 1972, 1973). This technique, although. not yet well known, is 
the only way of obtaining a complete orthogonal decomposition of all 
simple and higher-order interaction effects for multi-dimensional con­
tingency tables. Some earlier workers have used the analysis of 
variance in this situation, but, in addition to requiring several unlikely 
assumptions, the analysis of variance approach uses the highest order 
interaction effect as an error term (by assuming that it is zero) when 
analyzing contingency tables. This is clearly unsuitable in the present 
study, since the highest order interaction effects are of particular 
interest: they are, in fact, the age-by-speed-by-drinking and experience-
by-speed-by-drinking effects. Other studies have used the classical 
chi-square technique to analyze contingency tables, partitioning the 
total chi-square to estimate the size of effects due to simple and 
higher-order interactions. However, Goodman (1964) has demonstrated 
that this method is incorrect. 
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RESULTS AND DISCUSSION 

A contingency table corresponding to each of the four design models 
was derived for each of the 12 groups studied. Log-linear analyses were 
performed on the data in each contingency table. An examination of these 
analyses revealed that the six basic groups clustered into two sets with 
essentially identical results. The first set consisted of the four 
groups, all drivers, all drivers adjusted for exposure, male drivers, and 
male drivers adjusted for exposure; the second set included the culpable 
and culpable male groups. 

The only major difference among groups in the first set was between 
adjusted and non-adjusted groups. Adjustment for exposure decreased the 
size of the age and experience main effects, and, to a small extent, 
increased the size of other effects not involving age. These changes are 
to be expected, and represent a reduction in uncontrolled. variability in 
the unadjusted data resulting from removal of the age-exposure confounding. 
It was also expected that the male driver group would show stronger alcohol 
effects than the group including all drivers but this increase was, in 
fact, very small. 

Since these two sets of groups represent two fairly homogeneous pat­
terns of findings, the results will be presented with reference to one 
group from each set, all accident-involved drivers, and culpable drivers. 
Results will also be presented for the two corresponding groups on which 
experience data was obtained. Thus, the description of findings to follow 
will consider a total of four of the 12 groups studied; all drivers, a 
subsample of all drivers for whom experience data was obtained, culpable 
drivers, and a subsample of culpable drivers for whom experience data was 
obtained. Tables 6 and 7 present the contingency tables for these four 
groups of drivers. Similar tables for the remaining groups are presented 
in Appendix A but will not be discussed further. The log-linear analysis 
summary tables for these four groups are presented in Tables 8 and 9; 
summary tables for the remaining groups are presented in Appendix B. 

The results are presented in two parts. This section deals with the 
outcomes of analyses as they relate to the four major questions of the 
study. Appendix E briefly presents a set of auxiliary findings available 
from the complete log-linear analysis. 

Each of the four major questions which were the basis of this study 
was addressed by considering one or more interaction effects. The relevant 
results are presented below. 

Is there a speeding-by-drinking interaction? The analysis of all 
accident-involved drivers indicated that there was a statistically signi­
ficant interaction between drinking and speeding violations (see Table 8). 
Table lOa shows the proportions of drivers expected to be speeding and 
drinking, speeding but not drinking, drinking but not speeding, and neither 
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Table 6 

Driver Frequency Contingency Table for All Accident-Involved Drivers 

) Suspected Speeding Violation 

Sober Drinking 

Speeding Violation No Yes Yes 

Age 

16-19 1194 251 44 43 

20-24 1160 133 78 59 

25-49 2539 207 204 80 

50+ 1238 61 54 9 

b) Speed-Prior-to-Impact 

Sober Drinking 

Speed-prior-to- 0 1-24 25-45 46+ 0 1-24 25-45 46+
impact (mph) 

Age 

16-19 226 441 547 231 3 5 30 49 

20-24 247 414 471 161 7 19 29 82 

25-49 577 957 943 269 20 49 102 113 

50+ 232 576 428 63 8 13 31 11 

c) Suspected Speeding Violation--Experience Subsam le 

Sober Drinking 

Speeding Violation No Yes No Yes 

Experience 

< 1 year 355 55 16 11 

> 1 year 2646 268 181 77 

d) Speed-Prior-to-Impact--Experience Subsample 

Sober Drinking 

Speed-prior-to- 0 1-24 25-45 46+ 0 1-24 25-45 46+ 
impact (mph) 

Experience 

< 1 year 73 133 151 53 2 4 8 13 

> 1 year 558 1015 1032 309 16 34 80 128 
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Table 7


Driver Frequency Contingency Table for Culpable Drivers


a) Suspected Speeding Violation 

Sober Drinking 

Speeding Violation No Yes No Yes 

Age 

16-19 342 87 15 4 

20-24 286 59 26 4 

25-49 458 101 88 24 
50+ 352 39 28 5 

b) 

Age 

Speed-Prior-to-Impact 

Speed-prior-to­
impact (mph) 

16-19 

20-24 

25-49 

50+ 

0 

24 

18 

32 

30 

Sober 

1-24 25-45 

199 173 

174 123 

303 187 

238 108 

46+ 

33 

30 

37 

15 

0 

0 

2 

8 

6 

Drinking 

1-24 25-45 

5 10 

11 10 

32 45 

8 17 

46+ 

4 

7 

27 

2 

c) Suspected Speeding Violation-Experience Subs am le 

Speeding Violation 

Experience 

< 1 year 

> 1 year 

No 

112 

623 

Sober 

Yes 

18 

120 

No 

5 

67 

Drinking 

Yes 

1 

13 

d) Speed-Prior-to-Impact--Experience Subsample 

Speed-prior-to­
impact (mph) 

0 

Sober 

1-24 25-45 46+ 0 

Drinking 

1-24 25-45 46+ 

Experience 

< 1 year 

> 1 year 

5 

48 

73 

388 

46 

258 

6 

49 

1 

7 

2 

20 

1 

32 

2 

21 
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Table 8 

Log-Linear Analysis Summary Table for All Accident-Involved Drivers 

a) Suspected Speeding Violation 

Degrees of 
Effect Freedom X2 _ 

Age (A) 
Speeding Violation (SV) 
Drinking (D) 

3 
1 
1 

298.91 
592.76 

1150.14 

.001 

.001 

.001 

.20 

.28 

.40 

A x SV 
A x D 
D x SV 

3 
3 
1 

81.87 
46.55 

155.33 

.001 

.001 

.001 

.11 

.08 

.15 

A x D x SV 3 3.46 nsa .02 

D x SV @ Al 
D x SV @ A2 
D x SV @ A3 
D x SV @ A4 

1 
1 
1 
1 

46.89 
93.79 

109.75 
11.21 

.001 

.001 

.001 

.001 

.17 

.26 

.19 

.09 

b) Speed-Prior-to-Impact 

Age (A) 
Speed (S) 
Drink (D) 

3 
3 
1 

273.65 
164.72 

1583.92 

.001 

.001 

.001 

.19 

.15 

.46 

A x S 
A x D 
D x S 

9 
3 
3 

78.70 
26.24 

227.78 

.001 

.001 

.001 

.06 

.06 

.18 

A x D x S 9 17.55 .05 .05 

D x S @ Al 
D x S @ A2 
D x S @ A3 
D x S @ A4 

3 
3 
3 
3 

63.65 
122.11 
168.89 
26.48 

.001 

.001 

.001 

.001 

.20 

.29 

.24 

.14 

c) Suspected Speeding Violation--Experience Subsample 
Experience (E) 1 326.06 .001 .30 

Speeding Violation (SV) 1 150.33 .001 .20 
Drinking (D) 1 384.40 .001 .33 

E x SV 1 4.44 .05 .04 
E x D 1 2.73 ns .03 
D x SV 1 45.07 .001 .11 

E x D x SV 1 0.02 ns .00 

D x SV @ E1 1 13.29 .001 .17 
D x SV @ E2 1 91.74 .001 .17 

Speed-Prior-to-Impact--Experience Subsample 

Experience (E) 1 267.16 .001 .27 
Speed (S) 3 37.00 .001 .10 
Drink (D) 1 467.07 .001 .36 

ExS 3 .17 ns .01 
ExD 1 .49 ns .01 
DxS 3 75.50 .001 .14 

ExDxS 3 1.12 ns .02 

DxS@E1 3 16.98 .001 .20 
DxS@E2 3 205.49 .001 .25 

aNot significant--p> .05 
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Table 9 

Log-Linear Analysis Summary Table for Culpable Drivers 

a) Suspected Speeding Violation 

Degrees of 
Effect Freedom X2 p< 

Age (A) 
Speeding Violation (SV) 
Drinking (0) 

3 
1 
1 

82.10 
177.49 
387.58 

.001 

.001 

.001 

.21 

.09 

.45 

A x SV 
A x D 
D x SV 

3 
3 
1 

4.64 
27.23 
0.54 

nsa 
.001 
ns 

.05 

.12 

.01 

A x D x SV 3 1.22 ns .02 

0 x SV @ Al 
D x SV @ A2 
D x SV @ A3 
D x SV @ A4 

1 
1 
1 
1 

0.05 
0.14 
0.78 
1.21 

ns 
ns 
ns 
ns 

.01 

.02 

.03 

.05 

b) Speed-Prior-to-Impact 

Age (A) 
Speed (S) 
Drink (D) 

3 
3 
1 

70.60 
161.03 
267.26 

.001 

.001 

.001 

.19 

.29 

.37 

A x S 
A x D 
D x S 

9 
3 
3 

19.27 
26.74 
27.97 

.05 

.005 

.001 

.06 

.12 

.12 

A x D x S 9 9.88 ns .07 

D x S @ Al 
D x S @ A2 
D x S @ A3 
D x S @ A4 

3 
3 
3 
3 

5.57 
6.41 

34.20 
15.69 

ns 
ns 
.001 
.005 

.11 

.13 

.23 

.19 

c) Suspected Speeding Violation--Experience Subsample 

Experience (E) 1 68.04 .001 .27 
Speeding Violation (SV) 1 40.01 .001 .20 
Drinking (D) 1 97.86 .001 .32 

E x SV 1 0.02 ns .00 
E x D 1 1.24 ns .04 
D x SV 1 0.29 ns .02 

E x D x SV 1 0.22 ns .02 
D x SV @ E1 1 0.28 ns .05 
D x SV @ E2 1 0.01 ns .00 

d) Speed-Prior-to-Impact--Experience Subsample 

Experience (E) 1 97.20 .001 .32 
Speed (S) 3 37.39 .001 .20 
Drink (D) 1 100.24 .001 .32 
E x S 3 1.03 ns .03 
E x D 1 0.65 ns .03 
D x S 3 20.81 .001 .15 

E x D x S 3 2.59 ns .05 

D x S @ E1 3 8.97 .05 .26 
D x S @ E2 3 34.70 .001 .21 

aNot significant--p> .05 

27 



Table 10


Expected and Obtained Percentages of All


.Accident-Involved Drivers as a


Function of Speeding and Drinking


A B 

Expected Percentage 

Suspected Speeding 
Violation 

Obtained Percentages 

Suspected Speeding 
Violation 

Yes No Yes No 

Drinking 

Sober 

.9% 

10.6% 

6.9% 

81.8% 

Drinking 

Sober 

2.6% 

8.9% 

5.2% 

83.4% 
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speeding nor drinking under the null hypothesis of independence between 
speeding and drinking. Table 10b shows the proportions of drivers in 
each of these categories actually found in the sample. If speeding and 
drinking were independent, the observed and expected proportions in the 
speeding-drinking cell would be about the same. In fact, it can be seen 
that the proportion of drivers who are both speeding and drinking is about 
2.5 times greater than would be expected for this category. While only 
2.6% of all accident-involved drivers were found to be both speeding and 
drinking, note that this represents fully one-third of all of the drinking 
drivers. 

The interaction of drinking with speed-prior-to-impact was also 
examined and found to be significant (see Table 8). This interaction is 
depicted in Table 11 as differences between observed and expected propor­
tions. It can be seen that the proportion of drinking drivers differed 
substantially from the proportions expected under the null hypothesis of 
independence between drinking and speed-prior-to-impact in three of the 
four speed categories. The proportion of drinking drivers found in each 
speed category increased as speed-prior-to-impact increased. In the 
highest speed category 3.5 times as many drinking drivers as would be 
expected were found. It should also be noted that fully 45% of all 
accident-involved drivers who were drinking were traveling above 46 mph. 

Note that, while both these interactions are statistically quite 
strong, only 1.5 to 2% of all accidents examined involved the combination 
of drinking and speeding, or drinking and high speed-prior-to-impact, 
respectively. Thus, while the effects are reliable, the implications for 
countermeasures are unclear. Even if one had a 100% effective counter­
measure for the combination of speeding and drinking, the impact on the 
entire accident population would be small. 

Is the speeding-by-drinking interaction different for culpable 
drivers? In contrast to the finding for all drivers, the analysis of the 
speeding violations by drinking interaction for the culpable driver group 
revealed no significant effect (see Table 9). Culpable drivers were found 
to be drinking and speeding in about 1.9% of their accidents, as compared 
with the 1.7% expected. The interaction of drinking and speed-prior-to­
impact, however, was significant for culpable drivers, although the size 
of the effect was somewhat smaller than for all drivers. As was the case 
for all drivers, there were more culpable drivers than were expected in 
the drinking-and-driving-faster-than-46-mph condition. Two percent of the 
culpable drivers were observed in this condition, which is about 2.5 times 
the expected rate. 

Is the speeding-by-drinking interaction different for young drivers 
and older drivers? The answer to this question is no. While the drinking-
by-speeding violation interaction for all accident-involved drivers was 
significant for each of the four age groups studied (see last four lines, 
part a, Table 8), the failure of the three-way interaction to achieve 
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Table 11 

Expected and Obtained Percentages of All


Accident-Involved Drivers as a Function of


Speed-Prior-to-Impact and Drinking


A B 

Expected Percentages Obtained Percentages. 

Speed-Prior-to-Impact (mph) Speed-Prior-to-Impact (mph) 

0 1-24 25-45 46+ 0 1-24 25-45 46+ 

Drinking 1.4% 2.6% 2.7% 1.0% Drinking 0.5% 1.2% 2.6% 3.5% 

Sober 16.6% 31.0% 32.4% 12.3% Sober 17.4% 32.4% 32.5% 9.8% 
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significance indicates that the speeding-drinking relationship did not 
change as a function of age. Thus, the combination of speeding and 
drinking had no greater effect on relative accident frequency for young 
drivers than for old drivers. The interaction of drinking and speeding 
violations for culpable drivers was not significant for.any particular 
age group, and did not change as a function of age (see last four lines, 
part a, Table 9). 

Examination of Table 8 reveals that a significant effect was found 
for the interaction of age, speed-prior-to-impact, and drinking (see part 
b of Table 8). This interaction is depicted in Figure 3 which shows the 
frequency of driver involvement in accidents (converted to natural loga­
rithms for the sake of clarity) as a function of drinking and speed-prior­
to-impact within each age category. 

The proportion of drinking drivers found in each speed category 
increased as speed-prior-to-impact increased for the two youngest age 
groups whereas it increased only up to the 25-45 mph category for the two 
oldest age groups. A comparison of selected observed and expected pro­
portions revealed that young drivers had more drinking accidents above 
46 mph than expected, while older drivers had more drinking accidents than 
expected in the 25-45 mph range as well as above 46 mph. Thus, the older 
drivers have more drinking accidents than expected over a wider range of 
speeds than do younger drivers. Therefore, despite the significant age 
by speed-prior-to-impact by drinking interaction, there is no reason to 
single out youthful drivers for special treatment in countermeasure 
development concerned with the combination of drinking and speeding. 

Is the speeding-by-drinking interaction different for inexperienced 
drivers and experienced drivers? No. Neither the experience-by-drinking­
by-speeding v.iolation nor the experience-by-drinking-by-speed-prior-to­
impact interactions approach significance. 

Summary of primary results. The interactions of drinking with speed­
ing violations and with speed-prior-to-impact are statistically significant, 
but probably too small to be of practical utility for countermeasure design, 
since the proportion of accident-involved drivers who are found to be both 
drinking and speeding is very small. These two drinking-by-speeding inter­
actions do not vary as a function of driving experience. The interaction 
of drinking, speeding violation, and age was not significant. However, 
when speed was defined in terms of speed-prior-to-impact, the three-way 
interaction was significant. This did not indicate a consistent relation­
ship between speed and alcohol as a function of age. Rather, it appears 
as if drinking drivers have an excessive proportion of their accidents in 
different speed ranges as a function of age: young drinking drivers above 
46 mph, and older drinking drivers above 25 mph. 

The strengths of association for each of the relevant interactions 
are presented in Table 12. 
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Figure 3. Interaction of speed-prior-to-impact with drinking as a function
of age for all accident-involved drivers.
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Table 12


Summary of Primary Resultsa


All Drivers, Male Drivers Culpable 
All Adjusted For Male Adjusted For Culpable Male 

Drivers Exposure Drivers Exposure Drivers Drivers 

Speeding 
Violation: 

D x SV(A)b .15 .15 .16 .16 .01 .00 
bD X SV(E) .11 .17 .12 .17 .02 .01 

A x D x SV .02 .02 .02 .03 .02 .04 
E x D x SV .00 .00 .00 .00 .02 .02 

D x SV @ Al .17 .17 .18 .18 .01 .04 
D x SV @ A2 .26 .26 .27 .27 .02 .02 
D x SV @ A3 .19 .19 .21 .21 .03 .03 
D x SV @ A4 .09 .09 .10 .10 .05 .06 

DxSV@El .17 .17 .18 .17 .05 .04 
D x SV @ E2 .17 .17 .18 .18 .00 .00 

Speed: 

D x S A)bb .18 .19 .19 .20 .12 .13 
D x S^E) .14 .22 .16 .25 .15 .18 

A x D x S .05 .04 .05 .05 .07 .09 
E x D x S .02 .00 .02 .02 .05 .08 

D x S @ Al 
D x S @ A2 

.20 

.29 
.20 
.29 

.21 

.30 
.21 
.31 

.11 

.13 
.13 
.15 

D x S @ A3 .24 .24 .26 .26 .23 .25 
D x S @ A4 .14 .14 .07 .16 .19 .22 

D x S @ E1 .20 .20 .24 .24 .26 .35 

D x S @ E2 .25 .25 .28 .28 .21 .24 

a Cell entries are ^', a standardized measure of the strength of the effect 
which varies between 0 and 1 (Hays, 1963). Significant values are in 
italics, non-significant are in block type. 

b Two estimates are available for these effects, one from the full 
sample analyzed for age (A), and the other from the experience 
subsample (E). 
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CONCLUSIONS AND RECOMMENDATIONS 

Based on the log-linear analyses of the data, conclusions and recommenda­

tions corresponding to the four primary experimental questions are discussed

below.


First, accident-involved drivers who were judged to have been drinking 
and were suspected of a speeding violation did have a significantly higher 
accident frequency than expected relative to accident-involved drivers who 
had been drinking but not speeding, speeding but not drinking, or neither. 
Further, when speed-prior-to-impact was considered,accident-involved drivers 
who had been drinking were involved in more accidents than expected at speeds 
above 46 mph. Although both the drinking-by-speeding violation and drinking-
by-speed-prior-to-impact interactions were statistically reliable, the 
critical category of speeding and drinking included a very small proportion 
of drivers. Thus, it is recommended that a si'gnficant effort not be expended 
to develop or implement a special countermeasure targeted precisely at the JJ 
combination of speeding and drinking at this time, since even a highly effec­
tive countermeasure would have a relatively minor impact on the total accident 
problem. Rather, resources might be better devoted to developing improved 
countermeasure responses to the problems of speeding and drinking independ­
ently. Such an approach is likely to have an impact on the speeding and 
drinking combination as an incidental benefit. One caveat should be raised 
regarding this recommendation: it is possible that the small proportion of 
speeding-drinking accidents includes an inordinate proportion of serious injury 
or fatality accidents. If this is the case, the low frequency of accidents 
involving this combination of factors is of less concern relative to the 
serious consequences of such accidents. The net result may then be a deter­
mination that it would be desirable to develop countermeasures specially 
designed to reduce accidents precipitated by the joint influence of drinking 
and speeding. 

Second, the findings regarding culpable drivers in speeding-drinking 
accidents appear to be counterintuitive. These drivers, like all accident-
involved drivers, had an excess of drinking accidents at speeds above 46 mph. 
However, no significant interaction between drinking and speeding violations 
was found for culpable drivers. Perhaps the methodology for assessing 
culpability is not adequate. If these findings are substantiated in future 
research, alternative explanations will have to be explored. In the meantime, 
the result should be interpreted with caution. 

Third, the results of the analyses of the interactions of drinking and 
speeding violations with age, as well as drinking and speed-prior-to-impact 
with age indicated that the speeding-drinking problem is not a special problem 
of young drivers. Therefore it is recommended that, if efforts are launched 
to impact upon the speeding-drinking combination, no concern should be given 
to the age of the driver. The significant interaction between age and drink­
ing suggests a potentially effective new approach to alcohol countermeasure 
design targeted at specific age groups. The age-by-drinking-by-speed-prior­
to-impact interaction provides a clue for developing such countermeasures. 
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Speed-prior-to-impact may represent, to a large extent, underlying factors 
such as type of road, time of day, traffic congestion, and so on. If this 
is the case, then the interaction may, in fact, be an age-drinking-situation 
interaction. While this is admittedly speculative, it may be empirically 
verified using the same approach taken in this project. If this relationship 
is substantiated, then one may be able to make positive statements about the 
times, places, and events leading up to frequent kinds of alcohol 
accidents as a function of age. Alcohol countermeasures aimed at particu­
lar age segments of the population might be developed which take advantage 
of locational or situational differences among the alcohol accidents for 
different age groups. For example, two prototypes might be: 

•­ young drivers have an excessive number of alcohol accidents 
after drinking in "singles bars" on weekend evenings and 
driving home on uncongested, highspeed, roadways, 

while 

• older drivers have an excessive number of alcohol accidents 
after drinking in business district bars between 3 and 5 P.M., 
and driving home on rush-hour congested urban streets. 

In such cases, one could develop and promote countermeasures to be espe­
cially relevant to these prototypes: 

•­ advertise in singles bars that drivers should reduce speed 
while driving home; 

and 

•­ advertise in business district bars that drivers should 
increase their following distances on the way home. 

Finally, experience was not found to be a potent variable in this study 
in terms of its joint influence with speeding and drinking upon accident 
frequency. One explanation is that experience is simply less important than 
its counterpart, age. Another is that the acquisition of driving skill takes 
place over a much longer period than one year (the experienced vs. inex­
perienced driver break used in this study). Indeed, the findings of many 
studies of motor skills have indicated that such skills continue to improve 
substantially over very extended periods (Irion, 1966). Further research on 
driving experience should consider this possibility when arbitrarily par­
titioning drivers into experienced and inexperienced groups. It may be more 
reasonable to consider drivers with several years of driving experience (e.g., 
less than three years) as inexperienced. 
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Table A-1


Driver Frequency Contingency Table for All

Accident-Involved Drivers Adjusted for Exposure


Suspected Speeding Violation


Sober Drinking


Speeding Violation No Yes No Yes


Age 

16-19 1954.6 410.9 72.0 70.4 1 

20-24 1472.0 168.8 99.0 74.9 

25-49 1155.3 94.2 92.8 36.4 

50+ 1502.9 74.1 65.6 10.9 

b) Speed-Prior-to-Impact 

Sober Drinking 

Speed-prior-to- 0 1-24 25-45 46+ 0 1-24 25-45 46+
impact (mph) 

Age 

16-19 370.0 721.9 895.4 378.1 4.9 8.2 49.1 80.2 

20-24 313.4 525.4 597.7 204.3 8.9 24.1 36.8 104.1 

25-49 262.5 435.4 429.1 122.4 9.1 22.3 46.4 51.4 

50+ 281.7 699.3 519.6 76.5 9.7 15.8 37.6 13.3 

c) Suspected Speeding Violation--Experience Subs am le 

Sober Drinking 

Speeding Violation No Yes No Yes 

Experience 

< 1 year 1762.6 273.1 79.4 54.6 

>1year 1201.3 121.7 82.2 35.0 

d) Speed-Prior-to-Impact--Experience Subsample 

Sober Drinking 

Speed-prior-to- 0 1-24 25-45 46+ 0 1-24 25-45 46+ 
impact (mph) 

Experience 

< 1 year 362.5 660.3 749.7 263.1 9.9 19.9 39.7 64.5 I 
> 1 year 253.3 460.8 468.5 140.3 7.3 15.4 36.3 58.1 
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Table A-2 

Driver Frequency Contingency Table for Male Accident-Involved Drivers 

Suspected Speeding Violation 

Sober Drinking 

Speeding Violation No Yes No Yes 

Age 

16-19 782 212 38 41 

1 
20-24 722 93 75 54 
25-49 1557 136 180 73 
50+ 813 48 49 9 

Speed-Prior-to-Impact 

Sober Drinking 

Speed-prior-to­ 0 1-24 25-45 46+ 0 1-24 25-45 46+impact (mph) 

Age 

16-19 151 257 400 186 3 5 26 45 
20-24 154 216 319 126 7 17 28 77 
25-49 322 553 625 193 20 37 90 106 

50+ 152 359 302 48 8 10 29 11 

c) Suspected Speeding Violation--Experience Subsam le 

Sober Drinking 

Speeding Violation No Yes No Yes 

Experience 

< 1 year 210 49 13 11 
> 1 year 1655 197 164 72 

d) Speed-Prior-to-Impact--Experience Subsample 

Sober Drinking 

Speed-prior-to- 0 1-24 25-45 46+ 0 1-24 25-45 46+ 
impact (mph) 

Experience 

< 1 year 45 72 104 38 2 2 7 13 

> 1 year 341 586 694 231 16 27 73 120 
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Table A-3 

Driver Frequency Contingency Table for Male 
Accident-Involved Drivers Adjusted for Exposure 

a) Suspected Speeding Violation 

Sober Drinking 

Speeding Violation No Yes No Yes 

Age 

16-19 1278.6 346.6 62.1 67.0 

20-24 919.8 118.5 95.5 68.8 

25-49 727.1 63.5 84.1 34.1 

50+ 897.5 53.0 54.1 9.9 

Speed- rior -to-Impact 

Sober Drinking 

Speed-prior-to- 0 1-24 25-45 46+ 0 1-24 25-45 46+impact (mph ) 

Age 

16-19 247.0 420.5 654.4 304.3 4.9 8.2 42.5 73.6 

20-24 197.0 276.3 408.0 161.1 8.9 21.7 35.8 98.5 

25-49 150.7 258.8 292.5 90.3 9.4 17.3 42.1 49..6 

50+ 168.0 396.7 333.7 53.0 8.8 11.1 32.1 12.2 

c) Suspected Speeding Violation--Experience Subsample 

Sober 1! Drinking 

Speeding Violation No Yes ' No Yes 

Experience 

< 1 year 1090.3 254.4 67.5 57.1 

>1year 715.0 85.1 70.9 31.1 

d) Speed-Prior-to-Impact--Experience Subsample 

Sober Drinking 

Speed-prior-to- 0 1-24 25-45 46+ 0 1-24 25-45 46+ 
impact (mph) 

Experience 

< 1 year 233.6 373.8 540.0 197.3 10.4 10.4 36.3 67.5 

> 1 year 147.3 253.1 299.8 99.8,E 6.9 11.7 31.5 51.8 
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Table A-4 

Driver Frequency Contingency Table for Culpable Male Drivers 

Suspected weeding Violation 

t Sober Drinking 

Speeding Violation No Yes No Yes 

Age 

16-19 220 72 15 3 

20-24 170 39 23 4 

25-49 283 64 78 21 

50+ 225 30 24 5 

b) Speed-Prior-to-Impact 

Sober Drinking 

Speed-prior-to- 0 1-24 25-45 46+ 0 1-24 25-45 46+
impact (mph) 

Age 

16-19 16 120 134 22 0 5 9 4 

20-24 14 92 83 20 2 9 9 7 

25-49 18 180 122 27 8 26 40 25 

50+ 20 144 78 13 6 6 15 2 

c) Suspected Speeding Violation-Experience Subs am le 

Sober Drinking 

Speeding Violation No Yes No Yes 

Experience 

< 1 year 69 15 4 1 
> 1 year 384 80 60 12 

d) Speed-Prior-to-Impact--Experience Subsample 

Sober Drinking 

Speed-prior-to- 0 1-24 25-45 46+ 0 1-24 25-45 46+ 
impact (mph) 

Experience 

< 1 year 1 43 35 5 1 1 1 2 

> 1 year 32 226 176 30 7 17 28 20 
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Table B-1 

Log-Linear Analysis Summary Table for All 
Accident-Involved Drivers Adjusted for Exposure 

a) Suspected Speeding Violation 

Effect 
Degrees of 

Freedom X2 

Age (A) 
Speeding Violation (SV) 
Drinking (D) 

3 
1 
1 

149.93 
649.41 

1260.24 

.001 

.001 

.001 

.14 

.30 

.41 

AxSV 3 93.42 .001 .11 
A x D 3 56.38 .001 .09 
D x SV 1 166.22 .001 .15 

A x D x SV 3 4.36 nsa .02 

DxSV@Al 
DxSV@A2 
DxSV@A3 
D x SV @ A4 

1 
1 
1 

76.12 
118.43 
49.62 
12.18 

.001 

.001 

.001 

.001 

.17 

.26 

.19 

.09 

I peed-Prior-to-Impact 

Age (A) 
Speed (S) 
Drink (D) 

3 
3 

25.61 
192.38 

1837.08 

.001 

.001 

.001 

.06 

.16 

.50 

A x S 9 94.68 .001 .07 
A x D 3 30.61 .001 .06 
DxS 3 263.34 .001 .19 

AxDxS 9 20.47 .05 .04 

0xS@Al 
D x S @ A2 
DxS@A3 
D x S @ A4 

3 
3 
3 
3 

104.06 
155.33 
76.88 
31.39 

.001 

.001 

.001 

.001 

.20 

.29 

.24 

.14 

c) Suspected Speeding Violation--Experience Subsample 

Experience (E) 
Speeding Violation (SV) 
Drinking (D) 

1 
1 
1 

30.21 
341.15 
878.61 

.001 

.001 

.001 

.09 

.31 

.49 

E x SV 9.63 .005 .05 
ExD 1 7.19 .01 .04 
DxSV 1 100.81 .001 .17 

E x D x SV 1 0.03 ns .00 

DxSV@E1 
0xSV@E2 

1 
1 

63.20 
41.41 

.001 

.001 
.17 
.17 

d) Speed-Prior-to-Impact--Experience Subsample 

Experience (E) 1 14.30 .001 .06 
Speed (S) 3 88.51 .001 .16 
Drink (D) 1 1028.40 .001 .53 

E x S 3 0.27 ns .01 
E x D 1 2.43 ns .03 
D x S 3 178.23 .001 .22 

ExDxS 3 1.50 ns .00 

D x S @ E1 
D x S @ E2 

3 
3 

85.30 
93.31 

.001 

.001 
.20 
.25 

aNot significant--p> .05 
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Table B-2 

Log-Linear Analysis Summary Table for 
Male Accident-Involved Drivers 

a) Suspected Speeding Violation 

Effect 
Degrees of 

Freedom X2 p< 

Age (A) 
Speeding Violation (SV) 
Drinking (D) 

3 
1 
1 

226.18 
474.25 
782.55 

.001 

.001 

.001 

.22 

.31 

.40 

A x SV 
A x D 
D x SV 

3 
3 
1 

78.22 
55.36 

122.81 

.001 

.001 

.001 

.13 

.11 

.16 

t 

t 

A x D x SV 

D x SV @ Al 
D x SV @ A2 
D x SV @ A3 
D x SV @ A4 

3 

1 
1 
1 
1 

2.45 

33.90 
67.64 
87.02 
9.28 

nsa 

.001 

.001 

.001 

.005 

.02 

.18 

.27 

.21 

.10 

b) Speed-Prior-to-Impact 

Age (A) 
Speed (S) 
Drink (D) 

3 
3 
1 

221.07 
151.29 

1148.51 

.001 

.001 

.001 

.21 

.18 

.49 

A x S 
A x D 
D x S 

9 
3 
3 

68.30 
28.39 

178.72 

.001 

.001 

.001 

.07 

.08 

.19 

A x D x S 9 12.67 ns .05 

D x S @ Al 
D x S @ A2 
D x S @ A3 
D x S @ A4 

3 
3 
3 
3 

46.58 
87.51 

129.31 
24.10 

.001 

.001 

.001 

.001 

.21 

.30 

.26 

.07 

c) Suspected Speeding Violation--Experience Subsample 

Experience (E) 
Speeding Violation (SV) 
Drinking (D) 

1 
1 
1 

286.72 
98.02 

267.17 

.001 

.001 

.001 

.35 

.20 

.34 

E x SV 
E x D 
D x SV 

1 
1 
1 

8.46 
3.79 

31.81 

.005 
ns 
.001 

.06 

.04 

.12 

E x D x SV 1 0.00 ns .00 

D x SV @ El 
D x SV @ E2 

1 
1 

8.91 
66.87 

.005 

.001 
.18 
.18 

d) Speed-Prior-to-Impact--Experience Subsample 

Experience (E) 1 226.76 
Speed (S) 3 35.67 
Drink (D) 1 296.95 

.001 

.001 

.001 

.31 

.12 

.35 

E x S 
E x D 
D x S 

3 
1 
3 

0.76 
0.77 

62.87 

ns 
ns 
.001 

.02 

.02 

.16 

E x D x S 3 0.62 ns .02 

D x S @ E1 
D x S @ E2 

3 
3 

16.25 
159.15 

.001 

.001 
.24 
.28 

aNot significant--p> .05 
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Table B-3 

Log-Linear Analysis Summary Table for 
Male Accident-Involved Drivers Adjusted for Exposure 

a) Suspected Speeding Violation 

Degrees of 
Effect Freedom X2 P< 

Age (A) 3 153.57 .001 .18 
Speeding Violation (SV) 1 493.19 .001 .32 
Drinking (D) 1 813.78 .001 .41 

A x SV 3 87.56 .001 .13 
A x D 3 66.44 .001 .12 
D x SV 1 124.59 .001 .16 

A x D x SV 3 3.17 nsa .03 

D x SV @ Al 1 54.99 .001 .18 
D x SV @ A2 1 85.73 .001 .27 
0 x SV @ A3 1 40.40 .001 .21 
D x SV @ A4 1 9.17 .005 .10 

b) Speed-Prior-to-Impact 

Age (A) 3 34.56 .001 .08 
Speed (S) 3 172.50 .001 .19 
Drink (D) 1 1297.68 .001 .52 

A x S 9 79.02 .001 .07 
A x D 3 32.72 .001 .08 
D x S 3 198.30 .001 .20 

A x D x S 9 14.73 ns .05 

D x S @ Al 3 76.72 .001 .21 
D x S @ A2 3 112.53 .001 .31 
D x S @ A3 3 60.64 .001 .26 
D x S @ A4 3 26.17 .001 .16 

c) Suspected Speeding Violation--Experience Subsample 

Experience (E) 1 44.55 .001 .14 
Speeding Violation (SV) 1 216.90 
Drinking (D) 1 596.95 

.001 

.001 
.30 
.50 

E x SV 1 18.35 .001 .09 
E x D 1 9.54 .005 .06 
D x SV 1 69.52 .001 .17 

E x D x SV 1 0.00 ns .00 

D x SV @ E1 1 44.62 
D x SV @ E2 1 28.59 

.001 

.001 
.17 
.18 

d) Speed-Prior-to-Impact--Experience Subsample 

Experience (E) 1 14.35 .001 .08 
Speed (S) 3 85.77 .001 .19 
Drink (D) 1 687.00 .001 .54 

ExS 3 2.47 ns .03 
ExD 1 3.64 ns .04 
DxS 3 151.79 .001 .25 

E x D x S 3 0.92 ns .02 

DxS@E1 3 86.49 .001 .24 
DxS@E2 3 68.77 .001 .28 

aNot significant--p> .05 
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Table B-4 

Log-Linear Analysis Summary Table for Culpable Male Drivers 

a)	 SuspectedSpeeding Violation 

Degrees of 
Effect Freedom X2 

Age (A) 3 63.19 .001 .22 
Speeding Violation (SV) 1 143.28 .001 .34 
Drinking (D) 1 260.30 .001 .45 

A x SV 3 2.01 nsa .04 
A x D 3 26.74 .001 .14 
D x SV 1 0.02 ns .00 

A x D x SV	 3 1.61 ns .04 

D x SV @ Al 1 0.38 ns .04 
D x SV @ A2 1 0.12 ns .02 
D x SV @ A3 1 0.44 ns .03 
D x SV @ A4 1 0.99 ns .06 

b)	 Speed-Prior-to-Impact 

Age (A) 3 56.59 .001 .21 
Speed (S) 3 131.12 .001 .32 
Drink (D) 1 183.03 .001 .38 

A x S 9 16.81 ns .07 
A x D 3 25.76 .001 .14 
D x S 3 22.16 .001 .13 

A x D x S 9 10.16 ns .09 

3 DxS@A1 4.86 ns .13 
3 5.63 ns .15 Dx5@A2 

DxS@A3 3 27.32 .001 .25 

D x S @ A4 3 13.66 .005 .22 

1	

I	

c) Suspected Speeding Violation--Experience Subsample 

Experience (E) 1 60.44 .001 .31 
Speeding Violation (SV) 1 30.52 .001 .22 
Drinking (D) 1 71.49 .001 .34 

E x SV 1 0.27 ns .02 
E x D 1 1.72 ns .05 
D x SV 1 0.14 ns .01 

E x D x SV	 1 0.16 ns .02 

D x SV @ El	 1 0.17 ns .04 
D x SV @ E2	 1 0.00 ns .00 

d)	 Speed-Prior-to-Impact--Experience Subsample 

Experience (E) 1 80.70 .001 .36 
Speed (S) 3 28.57 .001 .21 
Drink (D) 1 50.46 .001 .28 

E x S 3 0.56 ns .03 
E x D 1 0.32 ns .02 
D x S 3 21.39 .001 .18 

E x D x S 3 4.38 ns .08 

D x S @ E1 3 10.79 .05 .35 
D x S @ E2 3 31.21 .001 .24 

aNot significant--p> .05 
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APPENDIX C


North Carolina Accident Report Form
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        *

Date of Day of A. . P.M. Do not write in this space
Accident 19 Week Hour LI
Accident In

z Occurred nNear City or
O In County Town of

Outside City or Town Miles L7 E] )( of [] Limits M Center
N E S W

Patrol Area0 On
Hwy. No. (I., U.S., N.C., R. P., R.U.) If No., or within corporate limits, identify by none

[]Miles At or
O Feet tai n [] C] From Toward,

(0 Ft. if fntersec.) N E S W Hwy. No., or Adjacent County Line Hwy. No., City, or Adjacent County Line

Ran off Road Non-Collision in Road Collision ofMntor Vehicle in Road With:

~ 1. Right 2. Left 3. Straight Ahead 4. Overturn S.Other in Road 6. Pedestrian 7. Parked Vehicle S.rrain 9. Bicycle 10. Animal 11. Fixed 12. OtherILo W I Obj. Obi.

U>_ Collision of M.V. in Road With AnotherM. V.

13. Read End 14. Rear End 15. Left Turn 16. Left Turn 17. Right Turn 18. Right Turn 19.Heod Jn 20. Sideswipe 21. Angle 22. Backing
Slow or Stop Turn Some Roadway Cross Traffic Some Roadway Cross Traffic

VEHICLE NO. 1 VEHICLE NO. 2 or PEDESTRIAN
No. of

Vehicles Driver: Driver:
Involved First Middle LaatName First Middle Last Name

Address: Address:

City: State: City: State:
Yes No Yes No

,Is above address some as on Driver's License? Is above address some as on Driver's License? [',L71 El E

Race/Sex: Drivers Lie: State: Race/Sex: Driver's Lic. State•

Date of Birth: Specify Restriction: Date of Birth: Specify Restriction:
Month Day Year Month Day Year

Member of Yes No. Veh. Veh. Veh. Member of Yes No. Yoh. Veh. Veh.
Armed Forces ['1 C) Year: Make: Type: Armed Forces o n Ysor:_ Make: Type:

Lic. Plate No. State: Year: Lie. Plate No. State Year:

VIN ODOM._____,_ VIN ODOM.--_-_e

Owner: Owner:

Address: Address:

City: State: City: State:

Parts Amount Parts Amount
Damaged (TAD) of Damage $ Damaged (TAD) of Damage $

Drivable: Drivable:

Vehicle VehicleYes No Yes No
C1 ^ Removed to: [] n Removed to:

By: Authority: By: Authority:

Other Amt. of Dam. Owner and
Property Damogad $ Address

INJURY SECTION INSTRUCTIONS
 **

Indicate which seats were occupied at the time of the collision, the degree of injury, the type of restraintuaid, the race, sex and age of the occupants. If
occupant not injured, you do not need name and address. For type of Restraint (Res.) used: N=None, L=Lap Belt, LS=Lop & Shoulder, S=Shoulder Bart-only

K=Killed A=Incapacitating B=Nonincapacitafing-Injury other than K or A•evident at the scene C=No visible sign of injury but complaint O=No injury
of pain, momentary unconsciousnessI

SEAT Inj Res Race Age INJURED NAMES AND ADDRESSES SEAT Inj Res Race Age INJURED NAMES AND ADDRESSES
cl usd sex cl usd sex

First Name Lost FiratName Last

Left
DRIVER 1 DR IVER .2 OW PEDESTRIAN

F ant F rofnt

U

Z Center Center
Front Front

Right Right
Front Front

Left Left
Rear Rear

Center Center
Rear Rear

Right Right
Rear Rear

Total No. Occupants Total No.lnj. Total No. Occupants Total No. Inj.

/y Injured taken to:\

Y
a WIT- Name Address Phone No.

NESSES Name Address Phone No.

Arrests: Name Charge(s) (Cit. No.)
Name Charge(s) (Cit. No.)

Sign Here
Officer's Rank and Name Number Department Date of Report
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VEHICLE 1 POINT OF INITIAL CONTACT VEHICLE 2 POINT OF INITIAL CONTACT 

M M 

1! 1! 

10 

,,o a 
° 4 G w 

10 ?n o a n ° o 
s q 20 

Und.mwth: 
il_7 - Underneath: 

FrontO 22 FrontO 22 
CenarO 23 Center 0 23 

rO RarC 24 El U Rur Li q 24 
5 6 1 3 6 

Cl Check hari UnspecifiedUnspecified 0 25 over O O 26 
Check here if roll over 0 26 

1. Locality 9. Traffic Control Not Operating E] Not VisibleQ VEHICLE I VEHICLE 2 

2. Speed Limit 10. Object Struck 15. Veh. Maneuver 

3. Road Feature DRIVER 1 DRIVER 2or PED. 16. Veh. Defects 

4. Road Surface 41. Sobriety 17. Estimated Speed 

5. Road Defects 12. Physical Cond. 18. Tire Impressions(ft) 

6. Road Condition 13. Chem. Test 19. Distance Traveled YES NO YES NO 
After Impact (ft.) 7. Light Condition Q El IJ 

8. Weather 14. Pod. Action 

INDICATE

NORTH


Vehicle 1 was Traveling Q Q ] Q on Vehicle 2 was Traveling El L_j Q Q on 
N E S W N E 5 W 

DESCRIBE WHAT HAPPENED: 

Vehicle VIOLATION INDICATED EMERGENCY ASSISTANCE RESERVED FOR STATE USE: 
1 2 INFORMATION 20. 1 21. 1 22. 23 24

Q Q 1. No. Violation Indicated 
25 26• 27. 28. 29.[1 [} 2. Excessive Speed INVESTIGATOR Ea.m.


Q Q 3. Yield Violation NOTIFIED L--) p.m. RESERVED FOR CITY OR OTHER USE:


[^ Q 4. Left of Center BY 

5. Passing Violation


[^ Q 6. Stop S. or Yield S. Vio. INVESTIGATOR [1 a.m.


LJ [^ 7. Traffic Signal Vio. ARRIVED Q p.m.


B. Safe Movement Via.


Q [^ 9. Too Close AMBULANCE Q a.m.


Q Q10. Improper Turn ARRIVED L-] p.m.


[ i =11. Improper or No Signal OTHER COMMENTS:


CJ Q 12. Improper Parking Location 

Q Q 13. Other Improper Driving 

(describe) 
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APPENDIX D


Sample Materials From Data Quality Studies
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This appendix contains samples of the materials. used 

in the field study on data quality. The first four items 

are the forms used for ranking and rating confidence for 

the alcohol and speed indicators. The experience question­

naire and a sample scenario booklet follow. 
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LIST OF INDICATORS WHICH MAY ENABLE POLICE TO JUDGE THAT A DRIVER 

IN AN ACCIDENT HAD BEEN DRINKING 

Rank 

Chemical Test (Blood, Breath, Urine ) 

Driver's Appearance 

Smell on Driver's Breath 

Smell in Driver's Vehicle 

Smell in Other Vehicle to Which Driver was Removed 

Incriminating Evidence in Vehicle 

Driver Admission 

Reports from Other Drivers, Passengers, Witnesses 

Affective Behavior of Driver at Accident Scene 

Driving Behavior of Driver Prior to Accident 

Speech Behavior of Driver 

Motor Behavior of Driver 
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LIST OF INDICATORS WHICH MAY ENABLE POLICE TO JUDGE THAT A DRIVER 

IN AN ACCIDENT HAD BEEN DRINKING 

Confidence 

Chemical Test (Blood, Breath, Urine) 

Driver's Appearance 

Smell on Driver's Breath 

Smell in Driver's Vehicle 

Smell in Other Vehicle to Which Driver was Removed 

Incriminating Evidence in Vehicle 

Driver Admission 

Reports from Other Drivers, Passengers, Witnesses 

Affective Behavior of Driver at Accident Scene 

Driving Behavior of Driver Prior to Accident 

Speech Behavior of Driver 

Motor Behavior of Driver 

i 
0 50 100 
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LIST OF INDICATORS WHICH MAY ENABLE POLICE TO 

JUDGE EXCESSIVE SPEED IN AN ACCIDENT 

Rank 

Extent of Damage to Automobile (Interior & Exterior) 

Extent of Property Damage 

Extent of Injuries 

Driver Reports 

Passenger Reports 

Witness Reports 

Police Observation Prior to Accident 

Expelled Passenger 

Path of Vehicle Prior to Impact 

Path of Vehicle After Impact 

Skid Marks 

Location of Accident Debris 
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LIST OF INDICATORS WHICH MAY ENABLE POLICE TO 

JUDGE EXCESSIVE SPEED IN AN ACCIDENT 

Confidence 

Extent of Damage to Automobile (Interior & Exterior 

Extent of Property Damage 

Extent of Injuries 

Driver Reports 

Passenger Reports 

Witness Reports 

Police Observation Prior to Accident 

Expelled Passenger 

Path of Vehicle Prior to Impact 

Path of Vehicle After Impact 

Skid Marks 

Location of Accident Debris 

0 50 100 
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Please complete the following questions concerning your experience. 

1.	 How long have you been in the Highway Patrol? 

2.	 Have you had prior similar experience? If so how long did you 

serve in each prior position? 

3.	 How old are you? 

4.	 About how many accidents have you investigated within the last 

month? 

5.	 About how many drinking-driving arrests have you made in the 

last month? 

6.	 About how many speeding arrests have you made in the last month? 
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On the next several pages you will find brief descriptions of several 

traffic accident situations. Indicate for each accident how you would 

judge the sobriety of Driver 1 in the space provided. Use the same codes 

you normally use on your accident report form: 

1. Had not been drinking 

2. Drinking--ability impaired 

3. Drinking--unable to determine impairment 

4. Unknown 
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The right front corner of Vehicle 2 impacted on the left rear 

quarter of Vehicle 1 as Vehicle 2 attempted to pass Vehicle 1 on a 

divided highway. After the initial collision, Vehicle 2 crossed the 

grass median strip and collided with the far side guardrail; Vehicle 1 

ran off the road to the right, rolled over once, and came to rest against 

a tree. The 18-year-old driver of Vehicle 1 was killed, but the driver 

of Vehicle 2 was injured only slightly. He reported that as he overtook 

Vehicle 1, it was weaving erratically, and crossed over the lane divider 

while being passed. A broken pint bottle of bourbon is found in the front 

seat of Vehicle 1, and the smell of alcohol is strong in the vehicle. 

Sobriety 
Driver 1 

I 

63 

A 



A 1973 Ford station wagon was hit by a freight train at a rural grade 

crossing marked with signs but no automatic signal or barrier. The driver 

of the automobile was a 62-year-old woman, residing in a neighboring state. 

The engineer reported that the vehicle was stopped on the tracks, and that 

he applied his brakes and sounded his horn as soon as; he saw the vehicle, 

but was unable to stop in time. The driver apparently was not in the 

vehicle at the time of impact, and reported that she could remember nothing 

of the accident. The last thing she recalled was driving down the highway 

approaching the crossing. The key was in the ignition, but the engine was 

probably, not running dt the time of the accident. The engine block was 

cool and the emergency brake was on. There was no odor of alcohol detectable 

on the driver's breath. 

Sobriety0Driver 1 
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1 

Vehicles 1 and 2 sideswiped each other while avoiding a head-on 

collision on an access road to an interstate highway at approximately 

a.m. on a rainy night. The driver of Vehicle 2 accused the driver 

of Vehicle 1, a slight-looking man of twenty, of having entered the ramp 

the wrong way. When you arrived on the scene, you called the two parties 

into your patrol car for questioning. The driver of Vehicle 1 explained 

that the heavy rain prevented his seeing the "Do Not Enter" sign at the 

ramp entrance. As the two drivers described what happened, you became 

aware of a faint smell of alcohol in your vehicle but could not trace it 

to either driver. 

Driver 1


Sobriety
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You come upon the scene of a multiple-car accident in a suburban 

shopping mall in which one vehicle, traveling erratically and at a high 

speed, had jumped a parking divider and skidded into a row of parked cars. 

Witnesses report that the vehicle was used in a robbery of the drive-in 

bank immediately preceding the accident. The bank teller reports that the 

driver, a middle-aged male, looked extremely nervous while committing the 

robbery. The driver, who was seriously injured in the accident, has been 

taken to the hospital. An examination of the vehicle reveals evidence 

of the robbery and a half-empty pint bottle of whiskey. 

Driver 1 

Sobriety 
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Vehicle 1 collided with Vehicle 2 at 2 a.m. Vehicle 2 had run out 

of gas and was abandoned by its driver on the edge of the traffic lane 

on a well-lighted suburban street. The driver of Vehicle 1 is a middle-

aged male and he is a local resident. He claims that the headlights of a 

third vehicle coming in the opposite direction had momentarily blinded him. 

You note two unopened six-packs of beer on the front seat of his vehicle. 

His speech is slightly slurred, but his motor movements seem well coordinated. 

Physical evidence indicates a low-speed collision. 

Driver 1 

Sobriety 
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You come upon the scene of a single-car accident in which the vehicle 

failed to negotiate a moderate right-hand curve, ran off the road, and 

rolled over. Skidmarks indicate the driver applied his brakes as he entered 

the curve and lost control. The driver is 19 and has no visible injuries. 

The gas tank of his vehicle has ruptured, and as you lead him away, the 

wreck bursts into flames. As you attempt to interview him, his speech 

is slurred and barely coherent. He is unsure of what has happened, and 

suddenly passes out. There is no obvious odor of alcohol on his breath. 

A witness suggests that he was traveling at a high rate of speed, and this 

is confirmed by the skidmarks and location of accident debris. 

Driver 1 
Sobriety 
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Vehicle 2 collided with Vehicle 1 which had abruptly pulled out of a 

parking lane in an urban shopping area around 4 p.m. The driver of Vehicle 1, 

a young white male, jumped out of his car to assess the damage and began to 

yell obscenities at the driver of Vehicle 2. You arrived at the accident 

scene in time to witness this outburst. One witness to the accident 

reported that he thinks he saw the driver of Vehicle 1 leave the tavern 

up the street ten minutes or so earlier. 

Driver 1


Sobriety
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        *

While driving along a rural two-lane road, the driver of Vehicle 2

observed Vehicle 1 ahead of him preparing to make a left-hand turn. (Both
 * 

drivers agreed that Vehicle l's left turn signal was flashing.) Vehicle 2

pulled onto the shoulder in order to pass Vehicle 1, when Vehicle 1

unexpectedly made a right turn, causing Vehicle 2 to impact on the right

side of Vehicle 1. The driver of Vehicle 1 was a well-dressed black male

in his fifties and admitted that he wasn't paying as close attention to

his driving as he probably should have. He was quite disturbed by the

incident; no physical injury was noticed.

Driver 1

Sobriety
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Vehicle 1 hit the back of Vehicle 2 at 1:30 p.m. while proceeding 

through the commerical area of town in the right-hand lane. The driver 

of Vehicle 1 was a 19-year-old white female who was transporting four 

colleagues from work back to the office after an office party.. The woman 

claims that the driver of Vehicle 2 gave no indication of stopping. The 

brake lights of Vehicle 2 were both damaged and not operable after the 

accident. The driver of Vehicle 2, a taxi driver in his forties, stated 

that traffic was moving at approximately 25 mph and that he stopped to 

pick up a passenger hailing him from the sidewalk. There were no skidmarks 

visible from either Vehicle 1 or 2. 

Driver 1 

Sobriety I 
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        *

The front of Vehicle 1 hit the side of Vehicle 2 in the center of an

intersection which has "STOP" signs controllin * g all four directions. Vehicle

1 was driven by a 38-year-old male, and entered the 'intersection from the

south; Vehicle 2 was driven by an elderly woman and entered the intersection

from the east. Both drivers claimed that they had stopped before entering

the intersection, and that the other driver had failed to stop. Driver

2 was uninjured but quite anxious and was obviously hard of hearing.

Driver 1 was argumentative and threatening. He admitted to having a "couple

of beers" at a nearby bar within the last hour.

Driver 1
Sobriety
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APPENDIX E 

Auxiliary Results 

Because the log-linear analysis provides an orthogonal decomposition 
of all interactions in a manner analogous to classical analysis of vari­
ance, significance tests were performed on several two-way interactions, 
some of which have been previously investigated and which may be of interest 
to researchers studying the impact of alcohol and speed on accidents. 
These findings are presented below. 

Age and drinking. The interaction of age and drinking was found to 
be significant in each of the samples analyzed, and the strength of the 
association was approximately constant. Generally, the interaction was 
due to an overinvolvement of 20- to 24-year-olds and 25- to 49-year-olds 
among the drinking drivers. The 20- to 24-year group was found to be 
drinking at about 1.25 times the expected frequency, and the 25- to 49­
year group was found above expectation by only a little less. However, 
among the culpable and culpable male samples, only the 25- to 49-year­
olds were overrepresented among drinking, accident-involved drivers; 
they were found to be drinking at about 1.67 times the expected rate. 

Age and speeding violations. Significant age-by-speeding interactions 
were obtained for all accident-involved drivers and male accident-involved 
drivers (both raw and adjusted for exposure), but not for the culpable or 
culpable male drivers. For the non-culpable samples:, this interaction was 
produced by a higher than expected frequency of speeding violations among 
accident-involved drivers less than 24 years old. The youngest drivers 
(16-19) were found to be speeding about 70% more often than expected, 
while the 20- to 24-year-olds were speeding about 15% more often than 
expected. 

Age and speed-prior-to-impact. The age-by-speed interaction was 
significant for all samples analyzed. It was characterized by strong 
overrepresentation of young drivers (16-24) in accidents which involved 
speeds higher than 46 mph, small overinvolvements of drivers 24-49 at 
speeds of 0 mph and above 46 mph, and a large overinvolvement of the 
oldest drivers (50 and older) at speeds between 1 and 24 mph. 

Experience and drinking. The interaction of drinking and prior 
driving experience was significant only for the two exposure-adjusted 
analyses, and in both of these it appeared to be a very weak effect. Note 
that it was not found that 16- to 19-year-olds (which includes 66% of our 
inexperienced drivers) were overinvolved in drinking accidents. The 
failure to obtain a strong drinking/experience interaction may reflect 
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this confounding; since the legal age for drinking in North Carolina is 
21, these findings may not be particularly surprising.6 

Experience and speeding violations. The interaction of experience 
and speeding, like the interaction of age and speeding, is significant 
for all groups except the culpable and culpable male groups. Thins inter­
action is produced by a higher than expected proportion of inexperienced 
drivers involved in accidents with speeding violations; they are expected, 
under the assumption of independence, to be involved and speeding in 1.4% 
of the accidents, when, in fact, they are involved in 1.8% of the 
accidents. 

Experience and speed-prior-to-impact. In none of the analyses were 
experience significantly associated with speed-prior-to-impact. 

6The legal age is 21 for all alcoholic beverages except for beer with 
3.2% or less alcohol content. 
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APPENDIX F 

Detailed Crosstabulations 

This appendix presents a detailed breakdown of drinking and speeding 
violations by sex and by age in years from 16 to 100. This breakdown is 
presented for two groups, all accident-drivers and "innocent drivers." 
The innocent drivers are a subset of all accident drivers selected to be 
used as the control population for exposure adjustments. The following 
criterion for selection was used: 

For every two-vehicle accident where one driver was charged with an 
accident-related violation, or suspected of a violation (determined from 
the violation-indicated section of the report form--see Appendix C) and 
where the other driver was neither charged nor suspected of a violation, 
the latter driver was selected for the innocent group. 
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Table F-1 (Cont'd) 

Detailed Breakdown of Accident-Involved Drivers: 
Age by Sobriety by Sex by Speeding Violation 

Innocent 
All Accident-Involved Drivers Accident-Involved Drivers 

Sober Drinking Sober Drinking 

No Speeding Speeding No Speeding Speeding 
Violation Violation Violation Violation 

Age Male Female Male Female Male Female Male Female Male Female Male Female 

57 33 16 0 1 2 0 0 0 15 5 0 0 

58 48 27 2 1 3 0 1 0 23 9 0 0 

59 32 18 0 3 0 1 0 12 7 0 0 

60 41 16 0 0. 1 0 0 0 18 5 0 0 

61 33 15 2 0 4 0 0 0 13 8 0 0 

62 35 13 3 0 1 0 2 0 12 .4 0 0 

63 34 18 2 0 1 0 0 0 11 5 0 0 

64 28 19 0 1 0 0 0 0 16 6 0 0 

65 24 10 1 0 1 0 0 0 10 3 0 0 
66 19 15 2 0 0 0 0 0 8 2 0 0 

67 19 13 2 0 1 0 1 0 6 5 0 0 

68 16 11 1 0 0 0 0 0 8 1 0 0 

69 17 9 1 0 0 0 0 2 2 0 0 

70 23 6 0 0 1 0 0 0 6 1 0 0 

71 17 11 0 1 0 1 0 0 3 2 0 0 

72 15 3 0 0 0 0 0 0 3 0 0 0 

73 16 6 2 0 1 0 0 0 3 2 0 0 

74 10 7 0 2 0 0 0 0 3 1 0 0 

75 13 4 0 0 0 0 0 4 1 0 0 

76 8 1 0 0 0 0 0 1 0 0 0 

77 5 0 0 0 0 0 0 0 0 0 0 

78 9 2 1 0 0 0 0 0 2 0 0 0 

79 5 1 2 0 0 0 0 0 0 0 0 0 

80 5 1 0 0 0 0 0 0 1 1 0 0 

81 6 0 0 1 0 0 0 0 1 0 0 0 

82 6 1 0 0 0 0 0 0 0 0 0 0 

83 5 1 0 0 0 0 0 0 1 0 0 0 

84 2 0 0 0 0 0 0 0 1 0 0 0 

85 1 1 0 0 0 0 0 0 1 0 0 0 

86 2 1 0 0 0 0 0 0 0 0 0 0 

87 0 0 0 0 0 0 0 0 0 0 0 0 

88 1 0 0 0 0 0 0 0 0 0 0 •0 

89 0 1 0 0 0 0 0 0 0 0 0 0 

100 0 0 1 0 0 0 0 0 0 0 0 0 
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Table F-1 

Detailed Breakdown of Accident-Involved Drivers: 
Age by Sobriety by Sex by Speeding Violation 

Innocent 
All Accident-Involved Drivers Accident-Involved Drivers 

Sober Drinking Sober Drinking 

No Speeding Speeding No Speeding Speeding 
Violation Violation Violation Violation 

Age Male Female Male Female Male Female Male Female Male Female Male Female 

16 184 104 52 8 4 0 4 1 46 26 0 0 

17 224 101 66 11 7 1 9 0 61 30 0 0 

18 199 108 54 9 15 2 20 0 55 38 0 0 

19 175 99 40 11 12 3 8 1 50 34 0 1 

20 178 82 21 11 9 0 19 2 59 24 0 0 

21 145 97 25 9 14 2 12 1 51 44 1 0 

22 137 92 20 6 20 0 8 1 59 34 2 0 

23 138 92 20 9 16 0 6 1 51 30 1 0 

24 124 75 7 5 16 1 9 0 47 36 1 0 

25 104 60 15 4 11 0 5 0 51 30 3 0 

26 137 67 16 3 10 3 11 0 70 31 0 0 

27 100 66 14 6 19 1 8 2 35 27 4 1 

28 100 54 15 7 11 2 3 0 44 28 2 0 

29 63 49 8 4 8 1 6 0 28 25 1 1 

30 84 50 3 9 10 1 5 1 39 26 1 0 

31 85 52 6 5 9 2 4 0 36 27 2 1 

32 65 42 6 4 7 1 2 1 34 21 1 0 

33 61 47 8 3 5 2 4 0 34 28 0 0 

34 64 39 1 4 7 0 3 1 26 18 0 0 

35 48 38 3 3 7 1 3 0 21 20 0 0 

36 43 35 8 2 6 0 4 0 20 21 0 0 

37 58 34 6 2 7 2 0 1 24 22 0 0 

38 46 39 1 1 5 0 1 0 25 18 0 0 

39 41 32 2 2 7 0 1 0 19 15 0 0 

40 53 30 6 1 8 1 3 0 26 13 0 0 

41 43 19 3 3 7 0 2 0 25 9 1 0 

42 46 35 3 2 4 0 0 0 23 16 0 0 

43 53 33 3 0 1 1 2 0 27 14 1 0 

44 38 25 2 2 4 0 2 0 22 11 0 0 

45 48 31 3 2 6 0 1 0 14 15 0 0 

46 45 33 1 0 7 0 0 0 19 13 1 0 

47 45 23 2 0 9 1 0 1 19 9 1 0 

48 42 29 0 1 5 1 0 0 22 15 0 0 

49 45 20 1 1 0 4 3 0 21 10 0 0 

50 41 22 4 0 10 0 0 0 16 9 1 0 

51 39 31 3 0 4 1 2 0 17 18 1 0 

52 40 27 5 2 2 1 0 0 21 8 0 0 

53 38 34 4 0 1 0 0 0 16 10 0 0 

54 41 28 4 2 3 2 0 0 15 10 0 1 

55 47 22 2 1 3 0 2 0 26 14 0 0 

56 39 14 2 0 7 0 0 0 17 6 0 0 
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