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Foreword 
Study of man's performance in his driving environment will 
probably never be fully accomplished, but the growing body of 
research is giving us considerably more insight into that most 
interesting subject-man as a driver. Concentration of re
search effort is being made on all three elements of the trans
portation problem-the road, the vehicle and the driver-and 
their interrelationships. The seven papers in this RECORD 
portray interesting aspects of man as a driver. Developed 
almost entirely by professional researchers, the papers show 
to some extent how far we have gone in ascertaining behavior, 
and also how far we have yet to go. The latent interest in this 
subject has, of course, been brought more to the surface by 
the national interest in safety and increased research effort 
throughout the world. All those concerned with driver im
provement and training will find this RECORD to be of extreme 
interest; fellow researchers will likewise find much to their 
liking and those that are just simply intrigued with driving will 
also wish to acquaint themselves with the presentations. 

In the first paper, four California researchers have studied 
aspects of short individual driver improvement hearing ses
sions upon driving records. It was found that attendance at 
such hearings did not serve to reduce accidents or point counts 
against the records of drivers but that they did serve to reduce 
court convictions for the year following the hearing and to a 
lesser extent for the second year following the hearing. 

Five New England researchers have studied driver infor
mation processing in a unique manner, as reported in the sec
ond paper. By limiting the amount of time that the road and 
surroundings were observed, parameters for a mathematical 
modeling simulating the driving task were developed. The 
preliminary research indicated fairly good approximations to 
actual driving behavior. 

Two Arizona researchers have studied•variations in driver 
characteristics at intersections. Using time-lapse photog
raphy, the gap acceptance and headway characteristics of both 
in-state and out-of-state vehicles were measured to see what 
differences might exist. For left-turning vehicles no signifi
cant differences were found between the two categories. How
ever, out-of-state vehicles were found to have longer headways 
when they were located at beginnings or ends of queues than 
when they were in the middle portions. 

The next report, by two Franklin Institute researchers, 
gives results of car-passing studies when several degrees of 
varying knowledge of the oncoming car situation were made 
available to the car attempting the passing. The research in
dicated that passing performance was linked to the degree of 
knowledge of the speed characteristics of the oncoming car
the greater the knowledge, the lesser the variance in driver 
performance in the maneuver. 

The fifth study is by a Bureau of Public Roads researcher 
and reports on the ability of drivers to estimate velocity of 
their vehicles. It was found that peripheral vision stimulation 
produced more accurate velocity estimates than did frontal 



stimulation. The author suggests that fixation of the frontal 
field of vision could be a factor in highway hypnosis. The de
gree of knowledge of velocity needed to adequately perform 
steering and multiple car maneuvers is pointed out. 

Two Kansas researchers investigated a new system for 
braking automobiles, using the left foot for braking and the 
right for acceleration. A braking system incorporated into 
the steering wheel was also tested. Using a range of subjects 
in the study, it was found that significant reductions in braking 
time were achieved with the unique braking system. This has 
interesting implications concerning safety as shorter stopping 
distances are thus achieved. 

The last paper, by two Massachusetts researchers, de
scribes a mathematical model developed to describe a vehi
cle's path in an emergency. Comparisons with both TV simu
lation and actual roadway conditions were made in the research. 

Above all, the research in this RECORD serves to point out 
the difficulties connected with fruitful study of the driving task 
and its implications and the many-faceted approaches that are 
being used by researchers to accomplish their various ob
jectives in extending the frontiers of knowledge. 
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The Effectiveness of Short Individual 
Driver Improvement Sessions* 
R. S. COPPIN, R. C. PECK, A. LEW, and W. C. MARSH 

Research and Statistics Section, California Department of Motor Vehicles 

The study' s main purpose was to evaluate the effects of short individual 
driver improvement sessions on the subsequent driving records of negli
gent operators. Also investigated was the influence of age on the effec
tiveness of these sessions. The report concludes that (a) those requested 
to attend a hearing had significantly fewer convictions during the first 
12-month period following such a scheduled hearing than did a control 
group; (b) these effects appeared to shrink during the second 12-month 
period to a point where differences between experimental and control 
groups were not statistically significant; (c) accident frequency did not 
appear to be reduced as a consequence of the driver improvement hear
ing; (d) the hearing did not reduce the point count of the negligent opera
tor during a one-year follow-up to that of the "average" driver; and 
(e) theeffectsof thehearingwereconstant atallage levels. Among other 
topics discussed are the effects of attending a hearing vs merely receiv
ing a hearing notice and certain limitations in the findings and research 
design. 

•THE control of licensed drivers is currently one of the major problems confronting 
driver licensing officials. Although the majority of the licensed driving population does 
not accrue a large number of violations and accidents, there is at any given point in time 
a small proportion of the population who violate traffic laws and are involved in accidents 
to such an extent that they become at least a potential hazard to the safety and welfare 
of the general public and themselves. Any means of effectively controlling the behavior 
of such drivers would represent an important contribution to the prevention of needless 
death and injury. 

It is the basic objective of the Driver Improvement Program of the California Depart
ment of Motor Vehicles to improve the driving habits and performance of such drivers 
who, because of traffic law violations and/ or accident involvement, are legally classed 
as negligent operators. According to statute, a prima facie negligent operator is any 
person whose driving record shows a violation point count of 4 or more points in 12 
months, 6 or more points in 24 months, or 8 or more points in 36 months. 

One means presently employed to obtain the objective of post-licensing control is the 
Negligent Operator Informal Hearing, whereby the negligent operator is informed of his 
record and is allowed to state his case. Such hearings generally consist of a 30-40 min
ute contact between the subject and a departmental driver improvement analyst, during 
which the subject's record is discussed, and various suggestions for improvement are 
made by the analyst. Consistent with the legalistic, social-control orientation of the 
program, the hearing process is not therapeutically structured, and, as a consequence, 
the driver improvement analyst (i.e., hearing referee) does not follow or receive train
ing in contemporary counseling techniques. All driver improvement analysts must have 
at least one year's experience as drivers license examiners and, in addition, all are 

*The original report contained extensive statistical analyses and related moterial in appendixes which 
are not included herein. 

Paper sponsored by Committee on Highway Safety and presented at the 46th Annual Meeting. 
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given specialized in-service training in the form of a six-week course. College train
ing is not required, except for those entering the drivers license examiner series with 
no prior experience. This latter group must have a B. A. (in any field) from a recog
nized college or university. 

The analyst's basic role is to impress upon the subject the importance of safe driving 
habits and of the ramifications of continued traffic law violations and accidents. At the 
end of the hearing, the analyst informs the subject that a final decision as to the depart
ment's course of action will be made by headquarters, and the subject is then dismissed. 
His case is later reviewed, and he is informed by mail of the action taken. Typically, 
an initial action is to place the subject on probation for a minimum of one year, which 
was by far the predominant form of action taken in this study. Occasionally, however, 
the record and prognosis for improvement indicates that a more severe action is needed, 
such as suspension or revocation of the subject's driving privilege. In arriving at these 
determinations, the analyst considers the various aspects of the driver's record, in
cluding the severity of the record and the attitude of the subject during the hearing. The 
action indicated by the hearing analyst is in the form of a recommendation to headquar
ters, with the final decision resting with a review analyst. In the present study, the 
review analyst concurred with the initial recommendation in 84.2 percent of the cases 
sampled. One hundred and forty-one cases (14.6 percent) received a less severe action 
than was recommended, compared with 12 cases (1.2 percent) who received a more 
stringent action. However, the rationale and effectiveness of the review changes were 
not within the scope of the research design employed in this study and could therefore 
not be evaluated. Further particulars regarding the hearing process and philosophy can 
be obtained elsewhere (6 ). 

Insofar as possible, t he present analysis was limited to first-time negligent opera
tors-those who had no prior contact with the department beyond receipt of a warning 
letter. The reasons for this restriction are twofold. First, the obtainment of a control 
group of "hard-core" negligent drivers presented administrative and technical difficul
ties which could not be surmounted. Second, the precedures for handling the hard-core 
negligent operator are varied, depending on the history of departmental actions with re
spect to each hard-core subject. An evaluation of the effects of a single hearing ses
sion on such a heterogeneous group was not felt to be a particularly meaningful or fruit
ful enterprise. 

It is the department's philosophy that progress in the area of post-licensing control 
can be best achieved in conjuction with a thorough, ongoing, empirical validation of pres
ent and future programs. Only in this way can the effectiveness of a given program be 
evaluated with any degree of confidence and scientific rigor. Such evaluation allows one 
to progress toward the development of optimally effective programs by precipitating re
finements in current programs and suggesting or exploring alternative approaches. To
ward this end, the current study is just one of several efforts by this department in the 
general area of individual and group driver improvement techniques. 

The authors feel that the findings reported here represent a definite contribution to 
the area of post-licensing driver control, especially when viewed in relation to the de
partment's (and others') overall research efforts in this area. It will be our specific 
purpose here to describe and evaluate the effectiveness of the department's individual 
hearing process in reducing the accident and citation frequencies of negligent drivers. 
By so doing, we do not wish to imply that an empirically demonstrable citation or acci
dent reduction is the only meaningful criteron for evaluating the negligent operator hear
ing process. The program may have subtle indirect effects which would not be reflected 
in an analysis of comparative accident and citation frequencies. One such effect might 
be the influence which the existence of the program has on the overall public. In other 
words, mere awareness of the existence of a driver control program may have a deter
rent effect on the overall driving population, but not on drivers so extreme as to be 
classified as negligent operators. 

In addition, the hearing program serves another important function-that of provid
ing due process in connection with the social control obligation of the Department of 
Motor Vehicles. Since the department has a role in maintaining adherence to traffic 
laws, it is sometimes necessary that these prescribed norms be reinforced by with-
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drawing the driving privilege of habitual violators without regard to the improvement 
possibilities of the program. The hearing process fulfills the due process requirement 
inherent in taking restrictive legal action against any citizen of the state. In short, it 
is the department's objective that the Driver Improvement Program achieve the maxi
mum in rehabilitative power while fulfilling the important requirement of due process. 

METHODOWGY 

Research Design 

As originally conceived, the experimental design of the study was a conventional 
two-group model, in which one group received some form of "treatment" (experimental 
condition) and a comparison group received no "treatment" (control condition). In the 
present study, the "treatment" or experimental condition was the department's conven
tional negligent operator hearing; the group 'of subjects who initially received suchhear
ings will henceforth be referred to as hearing subjects or the "hearing group," whereas 
those who did not receive an initial hearing will be referred to as control subjects or 
the "control group." Since the subjects were not assigned to the groups at random, it 
was necessary to adopt a matching design, in which relevant data on a large number of 
subjects from each group were collected and used in obtaining two groups who matched 
each other with respect to all available relevant variables (age, sex, marital status, 
prior accidents and prior traffic citations). These were selected on the basis of known 
driver record relationships within the overall driving population. The extent of these 
relationships within the California negligent operator population was not known at the 
time of the study. By controlling the effects of the relevant variables, significant dif
ferences between the two groups on subsequent measures (dependent variables) can be 
attributed to the effects of the treatment (i.e., hearing). In this study, the dependent 
variable used to evaluate the effects of the hearing was the subsequent two-year driving 
performance of the groups, as measured by departmental records of reported accidents 
and traffic citations (abstracts of court convictions). 

This description should suffice to give the reader a general understanding of the re
search design employed in the present study. A more detailed and comprehensive dis
cussion of the more salient design aspects of the study will be reserved for later. 

Data Collection Procedures 

Of the approximately 18,000 first contact hearings held in 1961, a pool of 9,000 sub
jects was identified as having received a hearing during the first eight months of that 
year. Slightly more than 3, 500 of these cases were selected for coding and subsequent 
keypunching. (All 9,000 cases were initially screened on the basis of the accumulated 
number of negligent operator points in the 12-month period prior to hearing, and those 
with point counts in excess of five were eliminated. This was done because no control 
subjects with point counts in excess of five were available for comparison.) A control 
or comparison group of 2, 000 subjects who also had no prior departmental contact and 
who had attained negligent operator status during the summer of 1961 was also identified 
for subsequent coding and keypunching. 

Between February and September of 1964, the relevant data were transcribed from 
driver records to code sheets for the selected subjects. The coding was done in accor
dance with instructions delineated in a coding manual designed specifically for this study. 
For the hearing group, the coded categories can be conveniently divided into four gen
eral areas: (a) biographical and miscellaneous data available from drivers license ap
plication; (b) biographical and miscellaneous data from hearing form (mileage, type of 
action, etc.); (c) prior (to hearing) 12-month driver record; and (d) subsequent two-year 
driving record (e.g., court abstracts of traffic citations and reported accidents). 

The items for the control group can be categorized in a similar manner with the ex
ception of the data from the hearing form, which did not exist for the control subjects. 
Instead of a hearing date, the control assignment date was coded for the control group. 
It is around these dates-the hearing date and control assignment date-that the one
year prior and two-year subsequent driving record was resolved. 
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The coding of the two groups (hearing and control) was consistently alternated through
out the data collection period, in order that any temporally related biases or distortions 
in coding precision and judgement would be counterbalanced (i.e., affect each group 
equally). In addition, the coders were alternated between groups in order to counter
balance any bias which might have resulted from differing sets and idiosyncracies among 
the coders. 

All coders were thoroughly trained, and a complete accuracy check was made on all 
coding during the initial phases of the project. Afterwards, systematic spot checks 
were made on each coder's accuracy to insure against coding deterioration over time. 
Based on an ongoing tally of spot checks, the coding error on the driver record cate
gories was estimated at about one percent-one error per every 100 coded driver rec
ord categories. Errors on the non-driving record portion were almost nonexistent. 
Although some driver categories were coded incorrectly more often than others, there 
was no evidence of differential coding errors between the control and hearing group. 

In order to further verify the coding accuracy, a correlational analysis was done by 
coder and item on a random subsample of 50 records-25 control and 25 hearing cases. 
The codes assigned to each of the items by the raters were correlated with those as
signed by two professional analysts. High correlations between coder and judge reflect 
a high degree of accuracy and concurrence, whereas low correlations are indicative of 
inaccuracy and non-concurrence. The overall accuracy was very high for most item 
categories. However, three items were considered deficient in accuracy and therefore 
removed from any analytical interpretation. 

After all cases had been coded, the data were scanned, punched into card format and 
subsequently converted to tape. Detailed machine edit checks were performed and any 
detected inconsistencies were corrected. At this point, the matching of subjects was 
ready to commence. 

Derivation of Matched Samples 

In order to determine whether any selective bias had occurred in the assignment of 
subjects to the two groups, preliminary distributions were derived on the entire coded 
pool with respect to the variables of age, sex, marital status and prior driver record. 
Statistically significant differences were found between the hearing and control group 
on each variable, indicating that the two groups were not representative of the same 
underlying population of negligent operators and, therefore, not comparable. It was 
therefore necessary, as mentioned earlier, to resort to a matching design, in which 
the coded pool of subjects comprising the two groups were matched on age, sex, marital 
status, and number of accidents and countable traffic citations in the 12-month period 
prior to hearing or control assignment, including Failure to Appear stops (FTA's) for 
moving violations. FTA' s represent traffic citations for which the cited subject has not 
appeared in court as promised. 

In addition, it was decided to split the experimental group by season of hearing as
signment-non-summer (January-May) and summer (June-August). This was done to 
control for the possible influence of seasonal effects, since the control subjects could 
only be drawn from the summer months. Because the possible influence of season would 
only be controlled for the summer-hearing matches, it was decided to utilize them in 
deriving the matched control sample, and afterwards to match as many non-summer 
hearing subjects to the matched control sample as possible. Thus, the goal was to match 
two hearing subjects-one summer and one non-summer-to each control subject. In 
this way, the summer and non- summer hearing subjects would be matched to each other, 
as well as to the control subjects. (This goal was not quite attained since a non-sum
mer hearing match could not be found for 35 of the control subjects.) 

Since the number of exact matches derived through the collating procedure was dis
appointingly small, it was decided to relax the matching requirements slightly by al
lowing subjects to match who were no more than two years apart in age, but who were 
identical with respect to all other matching variables. Of the summer matches, 322 
were exact, 179 inexact; of the non-summer matches, 304 were exact, 162 inexact. 

A total of 501 summer hearing matches and 466 non-summer hearing matches was 
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derived from the original pool of 3, 500 hearing subjects and 2, 000 control subjects. 
Since only the 501 control subjects who matched summer hearing subjects were used in 
deriving the non-summer hearing sample, the control subjects in each group are largely 
the same subjects, minus the difference between them. In other words, all 466 of the 
controls who matched a non-summer hearing subject are also among the 501 who matched 
the summer hearing subjects. Further details concerning the matching outcome are 
given later. 

Limitations of Data 

Before commencing with a description and analysis of the results, certain limiting 
facets of the data should be made clear since they place qualifications on the inferences 
one can draw from the findings. Although implicit in any study of this nature, it should 
be emphasized that the driving performance criteria are those events (accidents and 
citations) contained on the departmental record. It is known that many accidents and 
violations are not reported to the department. In order to generalize the treatment ef
fects (hearing) from departmental records to actual driving behavior, one must assume 
the events to be linearly correlated. This assumption permeates all studies of this type 
and to the authors' knowledge, no data are available to either support or refute it. How
ever, it is felt that the assumption is a reasonable one. 

A second limiting factor concerns the generality of the data. The hearing sample, 
strictly speaking, is only representative of the population of hearings from which it was 
drawn-in this case, 1961 hearings. Consequently, any changes in the hearing program 
subsequent to sample selection would not be reflected in the sample selected for this 
study. Also, to the extent that the matching procedure produced samples which were 
not representative of the overall negligent operator population on variables such as age 
or prior driver record, any generalization of sample findings to such a population must 
rest on the assumption that the hearing effects are relatively homogeneous with respect 
to these attributes. 

A further assumption which must be made is that there was no appreciable difference 
between the two groups with respect to the types and temporal spacing of citations in the 
prior 12-month driver record period. If either of these assumptions were false, sub
sequent driver record comparisons could be distorted. A similar assumption concerns 
the exposure and socioeconomic variables. Since these variables were not available 
for the control group, the groups could not be matched on them. It seems reasonable 
to assume, however, that these variables would vary at random between the two groups, 
especially in view of the between-group homogeneity introduced by the matching proce
dure. This is particularly true for variables such as mileage and occupation, which 
were not available at the time of hearing-control assignment, and which therefore could 
not be utilized selectively in assigning subjects to the treatment groups. 

Probably the most trenchant limitation to the study concerns the confounding of the 
hearing and control conditions as a result of differential treatment in the subsequent-to
assignment periods. Since a subsequent hands-off policy could not be adopted at the time 
this study was initiated, subjects in both the control and hearing groups were scheduled 
for hearings if they continued to violate subsequent to the initial assignment. Although 
not optimal, such a procedure is permissible from a design standpoint as long as the 
criterion for assigning subsequent treatments is the same for both groups. In the pres
ent study, however, the control group subjects were assigned subsequent hearings much 
more readily than the initial hearing group subjects, thereby confounding the initial dis
tinction between the two groups. Fortunately, the direction of the findings was such that 
relatively definitive conclusions could still be derived concerning the intital treatment 
effects. This factor will be explored more comprehensively in the next section. 

RESULTS AND FINDINGS 

Adequacy of Matching and Composition of Groups 

Hearing-Control Comparisons-It will be recalled that the hearing and controlgroups 
were matched on five variables-age, sex, marital status, number of prior accidents, 
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and number of prior citations. In all cases the matching between control and hearing 
subjects was very satisfactory. In fact, an exact match was obtained on all variables 
except age, where only negligible deviations occurred. Statistical tests indicated all 
age differences to be the result of chance occurrences. 

Since area of residence within the state is known to be related to driving record, the 
reader may question why this was not included as a matching variable. To avoid further 
reduction of sample size, the authors decided to allow area to vary between groups on 
the assumption that its effects would be randomized. This proved to be the case. Sta
tistical tests of significance on the area distribution proved to be non-significant, as 
were differences in the overall citation and accident rates derived from the various 
areas of the state. Thus it can be concluded that the hearing and control groups repre
sent the same underlying population with regard to all three area variables. 

Summer and Non-Summer Hearing Comparisons-It was pointed out earlier that the 
hearing group was subdivided into two categories-those who had received their initial 
hearing during the summer months, and those who had received their initial hearing in 
the non-summer months. This dichotomy was necessitated by the fact that control sub
jects were available for only the summer months, and the effects of season of hearing 
upon subsequent driving record were not known. Because the non- summer hearings 
and summer controls were selected from different periods of time, the possibility that 
subtle differences might exist in the composition of the two groups must be considered. 
Such differences could occur either as a result of true differences between groups who 
met the negligent operator definition at different times of the year or they could be arti
facts produced by subtle differences in selection and scheduling procedures. Also it 
must be remembered that the prior and subsequent records between two groups se
lected at different points in time are not perfectly parallel. It was therefore decided 
to split the hearing group by season and to obtain the rnaximum number of matched con
trol subjects for each hearing group. Such a procedure has the advantage of allowing 
for separate analyses within season of hearing, thereby isolating any distortion due to 
seasonal variation. 

Before undertaking any hearing-control (treatment) comparisons, the summer and 
non-summer hearing groups were cross-compared with respect to a number of bio
graphical and driver record variables. Statistical tests of significance indicated a sig
nificant difference between the hearing groups with respect to only one variable, area 
citation index. Thus, we have some evidence in support of our initial speculation
namely, that summer and non-summer hearing cases may not represent an identical 
population of negligent drivers. Such a speculation is also consistent with the fact that 
the subsequent driving records of the two groups were consistently different. Whether 
such differences were a result of pre-existing differences in the composition of the 
groups or temporal changes in the hearing structure and its effectiveness could not be 
determined from this analysis. Fortunately, comparisons between the hearing and con
trol group within season of hearing produced the same decision with respect to hearing 
effectiveness, so that the issue has no bearing on the basic hypotheses which the study 
was designed to test. 

Since the matching controls for the non-summer hearings were selected entirelyfrom 
the summer months, subsequent driver record comparisons between these two groups 
(non-summer hearing vs summer controls) may be slightly biased. Driver record anal
yses with respect to treatment effects should therefore be considered more accurate in 
the case of the summer hearing vs summer control comparisons. In the pages which 
follow, emphasis will be placed on the latter comparisons, especially when evaluating 
the magnitude of the hearing effects. 

Composition of Hearings by Response Categories-Based on the outcome of the hear
ing notice, the hearmg groups can be d1v1ded mto three "response" categories: (a) ap
peared-subjects who attended the hearing; (b) non-appeared- subjects who did not at
tend and whose notices were not returned "unclaimed"; and (c) notice returned-subjects 
who did not attend and whose notices were returned "unclaimed," indicating that these 
subjects were possibly no longer residing at the address. The breakdown of the sum
mer and non-summer hearing groups in terms of the delineated response categories 
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showed that, of the summer hearings group, 420 appeared, 57 did not appear, and 24 had 
the notices returned. Of the non-summer group, 417 appeared, 38 did not appear, and 
11 had the notices returned. 

Although a detailed analysis of the comparative driving records of these groups will 
be reserved for later, some general comments concerning the implications which these 
response categories have with respect to the present research design should be included 
at this point. In order to construct valid treatment comparisons from which unbiased 
inferences may be derived, it is necessary that the entire hearing group ("appeared," 
"did not appear" and "notice returned") be included when making comparisons with the 
control group. Such a procedure is dictated by the fact that those persons who did ap
pear may differ in a number of respects from those who did not appear, and that these 
differences may be related to driving record. Therefore, if we were to limit our treat
ment comparisons to the appeared group, the outcome could be biased since the control 
group could not be given the same "opportunity" to have subjects (potential "did not ap
pear" and "notice returned" cases) removed. 

Subsequent Driving Record by Type of Treatment 

In this section, the effects of the hearing program are evaluated with respect to the 
following driving record criteria variables: 

1. Citation reduction in the first and second year subsequent to hearing-control 
assignment; 

2. Accident reduction in the first and second year subsequent to hearing-control 
assignment; 

3. Months till first citation subsequent to hearing-control assignment; 
4. Months till first accident subsequent to hearing-control assignment; and 
5. Net months till first incident (accident or violation) subsequent to hearing-control 

assignment. 

All comparisons will be between the control and hearing groups by age within season 
of hearing. Because there were so few females in the sample, the analyses will be con
fined to the combined male and female samples. 

Subsequent Citation Frequency-The mean number of subsequent citations by treat
ment (conti·ol vs hearing) within season of hearing are as follows: 

First-Year Record Second-Year Record 
Season of Hearing 

Hearing Control Hearing Control 

Summer 1. 06 1. 43 0. 93 1. 01 
Non-summer 1. 21 1. 44 0.99 1.02 

In the first subsequent year, both hearing groups have significantly fewer citations than 
their respective control groups. Thus, one can be confident that the hearings resulted 
in a real (non-chance) reduction in citation frequency during the initial one-year subse
quent period. The most dramatic difference occurred with respect to the summer hear
ing comparison, and for reasons discussed earlier, the latter comparisons probably 
represent the more accurate reflection of the magnitude of the hearing effects. In terms 
of percentage difference, the summer hearing group had 35 percent fewer citations in 
the first subsequent year than did their control counterparts. For the non- summer hear
ing, a citation reduction of approximately 19 percent was noted. An analysis of the sec
ond-year differences indicates that the hearing effects shrank dramatically over time. 
In fact, the second-year citation differences, though favoring the hearing groups, are 
not statistically significant. In other words, one cannot be confident that the latter dif
ferences are anything but random sampling variations (chance). For reasons which will 
be discussed later, there are grounds for suspecting that the full hearing effects have 
been suppressed, especially with regard to second subsequent year comparisons. 
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In order to determine whether the hearings were differentially effective by age, the 
treatment comparisons with r espect to subsequent citation frequency were split into 
four age groups. AlthOugh there appeared to be a tendency for the hearing effects (on 
citation frequency) to decrease with increasing age, statistical tests of the age by treat
ment interaction did not reach significance. We therefore cannot conclude that the vari
ous age groups are affected in different degrees by the hearing process. 

Subsequent Accident Frequency-The comparative performance of the hearing and 
contr ol groups r e lative t o subsequent accident frequency are as follows : 

First-Year Record Second-Year Record 
Season of Hearing 

Hearing Control Hearing Control 

Summer 0.25 0. 24 0. 18 0. 16 
Non-summer 0.25 0.23 o. 19 0. 17 

It is immediately apparent from these figures that the situation relative to subsequent 
accident frequency deviates considerably from the outcome encountered with respect to 
subsequent citations. With accidents, there is practically no difference between any of 
the hearing and control accident means, and in each instance the direction of the differ
ence is in favor of the controls. Statistical tests confirm that all differences reflected 
in the subsequent accident data can be attributed to chance. Although there is a theo
retical possibility that contaminations in the research design could have suppressed 
subsequent accident reduction, the findings relative to subsequent accident frequency 
present a disappointing picture of the accident-reducing power of the individual hearing 
program, at least as the program was constituted in 1961. 

Months Till First Citation-Another method of evaluating hearing effectiveness is to 
determine whether the hearing delayed the onset of violation behavior in the subsequent
to-treatment period. This was accomplished by coding the number of months till first 
subsequent citation for each subject in the study and employing statistical tests of sig
nificance on the tabulated results. The mean number of months till first citation by 
treatment and season for all those who received at least one countable citation in the 
two year subsequent driver record period are as follows: 

Season of Hearing 

Summer 
Non-summer 

Mean No. of Months Till First Citation 
(Citation-Free Drivers Excluded) 

Hearing 

7.31 
7. 08 

Control 

5.57 
5.50 

It can be seen from these data that all comparisons favored the hearing group. Asta
tistical test indicated that the hearing did produce a real delay in the receipt of initial 
citations in the subsequent-to-treatment period. The amount of the delay for the sum
mer comparisons was 1. 7 months. Thus, coupled with the earlier finding that the hear
ing process reduced the subsequent frequency of traffic citations, it can also be con
cluded that the hearing process produced an initial delay in committing traffic violations. 

Months Till First Accident-An identical analysis was performed with respect to de
lay of an initial subsequent accident. The descriptive details are as follows : 



Season of Hearing 

Summer 
Non-summer 

Mean No. of 
Months Till First Subsequent Accident 

(Accident-Free Drivers Excluded) 

Hearing 

9.70 
9.92 

Control 

8. 18 
8.27 

9 

Although the comparison tends slightly to favor the hearing group, it is not statistically 
significant and could therefore be attributed to chance variation. Thus, it cannot be 
concluded with any assurance that the hearing delayed the occurrence of reported acci
dents. In direct contrast to subsequent citation incidence, there is no evidence that the 
hearing either delayed or reduced the occurrence of accidents in the subsequent driver 
record intervals. 

Net Months Till First Incident-Because some of the hearing subjects received ini
tial suspensions and also had a greater likelihood of receiving subsequent suspensions, 
it was anticipated that the months of net temporal exposure for the hearing group would 
be less than that of the control group. A statistical test on the net temporal exposure 
variable indicated that the hearing group did, in fact, have significantly less net tem
poral exposure subsequent to treatment than did the control. Because of this, one could 
speculate that the comparative reduction in subsequent citation frquency for the hearing 
group could possibly be attributed to reduction in exposure. To test this hypothesis, 
the authors formulated a "net months till first incident" variable; this variable consisted 
of the number of months accrued by each subject between treatment assignment and his 
initial subsequent incident (citation or accident) minus the number of months each sub
ject was suspended during this interval. The means for all those with at least one in
cident on their record are as follows: 

Season of Hearing 

Summer 
Non-summer 

Mean No. of 
Net Months Till First Subsequent Incident 

(Incident-Free Drivers Excluded) 

Hearing 

6.61 
6.34 

Control 

5. 15 
5. 12 

As can be seen, all comparisons still favor the hearing groups and the margin of the 
differences does not appear to have been appreciably affected by holding net temporal 
exposure constant. A statistical test on the data indicated that the hearing resulted in 
significant net delay in the occurrence of initial incidents during the 24-month period 
subsequent to hearing-control assignment. It would appear from this analysis that the 
hearing effects are relatively independent of net temporal exposure. To the authors' 
knowledge, this is the first successful attempt at analyzing this factor. 

Subsequent Driving Record by Response Category 

In order to make driving record comparisons within the hearing group by response 
category, the summer and non-summer hearings were combined into one group and their 
prior and subsequent driving records tabulated for analysis. The analysis of variance 
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employed on the prior driver comparisons indicated that the three response categories 
did not differ significantly with regard to prior number of citations and accidents: 

Variable 

Accidents 
Citations 

Appeared 

0.26 
1. 14 

Response Category 

Did Not Appear 

o. 18 
0.91 

Notice Returned 

0.20 
1. 34 

Inspection of the first subsequent year's driving records of the groups proved to be 
considerably more interesting. In every case, the non-appeared group was found to have 
the superior subsequent record, with the appeared group occupying the intermediate posi
tion. Although statistical tests of the citation and accident differences failed to reach 
significance, the direction and consistency of the differences is notable. This finding 
cannot be interpreted as indicating that the overall hearing process (including receipt 
of hearing notice) is ineffective, but it does serve to reinforce suspicions concerning 
the effects of the hearing contact per se. In other words, one is tempted to speculate 
that the primary source of the hearing program's effectiveness lies in communicating 
to the subject the possibility of impending action, rather than the face-to-face inter
action with the hearing analyst. Another possibility is suggested in the response cate
gory by net temporal exposure comparisons: 

Variable 

First subsequent year 
Second subsequent year 

Appeared 

11. 26 
11. 15 

Response Category 

Did Not Appear 

9. 43 
9.97 

Notice Returned 

10.34 
11. 00 

The numbers represent the average number of months which the subjects in each re
sponse category could legally drive during the subsequent 12-month interval. From this 
it can be seen that the driving of the "did not appear" group was the most restricted in 
the first one-year subsequent-to-hearing period. In other words, this group was sus
pended more than any other, thereby reducing their legally permissible temporal ex
posure below that of the other two groups. Statistical tests indicate that these exposure 
differences are real and not attributable to chance sampling variations. If the "did not 
appear" group actually adhered to their suspensions by not driving, then this reduced 
exposure could have decreased their incidence of accidents and citations subsequent to 
hearing. Another possibility is that the more severe action (increased suspensions) 
imposed on the "did not appear" group resulted in increased improvement. Finally, it 
can be argued that persons who refuse to appear for their scheduled hearings are, at 
the very outset, different from those who do appear, and that any subsequent difference 
could be a function of these pre-existing differences. More will be said about these re
sponse category findings in the next section. 

DISCUSSION AND CONCLUSIONS 

This section will relate certain of the study' s research design qualifications to the 
findings in the previous section and will provide an overall interpretation of the data. 
Based on this interpretation, recommendations will be made as to future researchneeds 
and the direction of program development relative to control of the negligent driver. 
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Biased Nature of Driver Record Comparisons 

It will be recalled from the discussion of research design and methodology that the 
two groups-hearing and control-were not treated equivalently in the period subsequent 
to treatment assignment. In verification of this statement, the following table shows 
that the control group received subsequent actions to a much greater extent than did the 
hearing group: 

No. of Actions per 
Negligent Operator Months Till First 

Season of Hearing Point in Subsequent Action 
Two-Year Period 

Hearing Control 
Hearing Control 

Summer 0. 13 o. 18 10.7 5. 1 
Non-summer o. 14 0. 19 9.5 5.2 

Thus, not only was the control group "treated" with hearings subsequent to control as
signment, but they were treated to a much greater extent than was the hearing group. 
Apparently, the fact that the control group did not initially receive an action made it 
more likely that they would be called in for a hearing or action soon after violating in 
the subsequent period. In the hearing group, on the other hand, the mere presence of 
a hearing form on record delayed scheduling for subsequent hearings, despite continued 
traffic involvements. 

The implications of this factor are very far-reaching and important. Since the con
trol group received more actions per subsequent negligent operator point count than the 
hearing group, any effect which the initial hearing may have had would be obscured by 
the greater likelihood of a subsequent hearing for the control group. In effect, then, 
each time this happened the "pureness" of the control group was lessened. The ques
tion thus raised is how the findings are affected by such a bias. In view of the fact that 
the hearing group still received significantly fewer citations than the control group, we 
can be even more confident that the hearing reduced the number of subsequent citations. 
In other words, had the control group remained "pure," larger differences would prob
ably have occurred. However, the accident comparisons were not significant, and we 
have no way of knowing whether a reduction would have occurred had the groups received 
equal treatment subsequent to hearing or control assignment. One thing seems certain, 
however; if the hearing process does have an effect on accident frequency, it must be a 
small one, detectable by only the purest of measures. 

Comparison With Overall Driving Population 

How does the subsequent one-year record of the hearing group compare with that of 
a similarly stratified (re. age, sex, marital status composition) group selected from 
the overall population of California drivers? By utilizing data from the 1964 California 
Driver Record Study (8), and adjusting it to the age, sex, and marital status composi
tion of the hearing group, mean accident and citation rates of 0.14 and 0.58, respectively, 
are derived. Compared with the respective values for the combined summer-non-sum
mer hearing group of 0.25 and 1.13, it can be seen that the hearing group still has al
most twice the accident and citation incidence subsequent to hearing as does the adjusted 
overall California driving population. A previous study by Coppin and Van Oldenbeek {7) 
produced a similar finding. It is quite apparent, then, that the hearing program does -
not reduce the count level of negligent drivers to the average level of all California 
drivers. 
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Effects of Attending a Hearing 

As indicated by our results relative to the response category comparisons, there is 
no evidence that it is the face-to-face contact with a hearing analyst which results in an 
improved subsequent record. In view of the finding that the "did not appear" group had 
a record that was as good, if not better, than the "appeared" group, it is quite possible 
that a large amount of the hearing program's effectiveness is a result of receiving the 
hearing notice. 

However, it should not be inferred from this speculation that a mere warning letter 
would necessarily have the same impact as the overall individual negligent operator 
hearing program. In the hearing notice, the subject is requested, with threat of penalty, 
to appear at the hearing. A mere warning letter, no matter how severe, may not carry 
the same impact as notice of a legally constituted hearing scheduled on the subject's 
behalf. 

Generality of Findings 

As mentioned earlier, the matching restrictions rather severely reduced the hetero
geneity of the hearing group with respect to variables such as age and prior driver rec
ord. In fact, not one subject in the study had a prior negligent operator count in excess 
of 5 points at the time of selection. The question is then raised as to how far the find
ings can be extrapolated beyond the population which is represented by the matched sam
ples. The authors are of the opinion that the generality of the findings has not been ex
cessively restricted, except possibly with respect to sex and prior driver record. In 
other words, since negligent operators at the more extreme count levels (6, 7 and above) 
were not included in the samples, and females were included to a very limited degree, 
the findings cannot be legitimately generalized beyond male 5-count subjects, unless 
one assumes that the effects of the hearing are homogeneous with respect to prior count 
level and sex. 

Unresolved Issues 

The authors wish to emphasize that the present research sheds little light on the ac
tual mode by which the individual hearing is effective. Does the hearing actually change 
the attitudinal process of drivers, or is the improvement merely a function of the au
thoritarian aspects of departmental contact? What types of psychological makeups are 
most affected and least affected by this hearing process? Can any of the hearing effects 
·be attributed to possible subsequent exposure reduction? Is the improvement which re
sults from the pre sent program the maximum which can be expected from any treatment? 
To what extent have the improvement and its duration been suppressed by the previously 
mentioned design contaminations? Are some analysts more effective than others in 
bringing about improvement? Are some types of actions more effective than others? 
Why does the hearing reduce violations, but (apparently) not accidents? Can accident 
frequency be reduced by any treatment short of completely removing the negligent driver 
from our roads and highways? 

The answers to these questions can only be derived through more extensive research 
in the area of the negligent driver and treatment techniques. Toward resolving at least. 
some of these issues, the department has undertaken a massive, rigorously controlled, 
multi-treatment research project in which subjects are assigned at random to one of a 
variety of control and experimental conditions. This multi-treatment study, combined 
with the results from the present study and a former study on group techniques (5), 
should go a long way toward developing an empirically based approach to the effective 
treatment and rehabilitation of the negligent driver. 

SUMMARY 

Analysis of the subsequent-to-treatment driving records of the hearing and control 
subjects indicated the following: 
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1. The hearing groups had significantly fewer citations in the first subsequent year 
than the control groups. No significant differeJ!Ces were found between the hearing and 
control groups with respect to citation frequency in the second subsequent year. How
ever, because of research design contaminations which could theoretically have sup
pressed the full hearing effects-especially in the second year-it could not be concluded 
with assurance that the hearing effects diminished completely after one year. 

2. No significant differences were found between the hearing and control groups with 
respect to subsequent accident frequency in either the first or second subsequent year. 
However, because of the previously mentioned design contaminations, it could not be 
concluded with complete assurance that the hearing program was completely ineffective 
as a reducer of accidents. 

3. The various age groups did not appear to have been differentially affected by the 
hearing process. In other words, there was no evidence that the hearing was more (or 
less) effective with one age group than another. 

4. The hearing significantly delayed receipt of intital citations in the subsequent-to
treatment interval, and the magnitude of the delay was too large to be attributed to the 
reduced net temporal exposure of the hearing groups. No significant difference in the 
onset of subsequent initial accident involvement was noted between the groups. In other 
words, it could not be concluded that the hearing program delayed the receipt of initial 
accidents in the subsequent-to-treatment period. 

5. The subsequent citation and accident frequencies of those who attended their 
scheduled hearing were not significantly different from the frequencies of those who did 
not attend. Thus, it could not be concluded that it was the face-to-face contact with the 
hearing analyst which effected the subsequent reduction in citations for the hearing 
group. 

6. The subsequent accident and citation frequencies of the combined hearing groups 
were approximately twice as high as a similarly stratified sample from the overall 
California driving population, indicating that the hearing did not reduce the point count 
of the negligent driver to the state average. 

The authors propose the following speculative interpretation of the above findings: 

1. The overall individual hearing program is an effective means of reducing subse
quent citation frequency, but the effects probably diminish with time. 

2. The overall hearing program, at least as constituted in 1961, either does not re
duce subsequent accident involvement or reduces it to such a small extent that the re
duction can only be detected with the purest of research designs, employed on very large 
samples. 

3. Receipt of the hearing notice and/ or initial action probably constitutes an impor
tant source of the hearing program effects, apart from face-to-face interaction with a 
hearing analyst. 

Recognizing the study' s limitations and findings, the department has initiated one 
comprehensive, multi-treatment approach, in which a variety of rehabilitative tech
niques will be compared within the structure of a definitive research design. This latter 
approach should provide answers to many of the unanswered questions raised by the 
presently completed study. 
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The Attentional Demand of Automobile Driving 
J. W. SENDERS, Department of Psychology, Brandeis University, Waltham, Mass.; 
A. B. KRISTOFFERSON, McMaster University, Hamilton, Ontario; and 
W. H. LEVISON, C. W. DIETRICH, and J. L. WARD, Bolt Beranek and Newman Inc. 

A theoretical analysis and an experimental investigation of certain aspects 
of automobile driver information processing were undertaken. The theo
retical analysis was the result of an effort to avoid difficulties associated 
with a servomechanistic approach to the automobile driving problem. The 
analysis is predicated on the assumption that a driver's attention is, in 
general, not continuously but only intermittently directed to the road. Be
tween observations, uncertainty about both the position of his own vehicle 
on the road and the possible presence of other vehicles or obstacles in
creases until it exceeds a threshold. At that moment in time, the driver 
looks again at the road. This simple model appears to be a useful analog 
of the driving process. The analysis makes specific predictions about the 
form of the functional relationship between intervals between observations 
and vehicle speed. 

The experimental program had two goals. One was the empirical in
vestigation of the relation between amount of interruption of vision and 
driving speed. The other was the determination for various drivers and 
various roads of the values of some of the parameters in the mathematical 
model. This report presents the results of the theoretical and experi
mental investigation. In general, the model is a fair approximation of 
actual behavior and it remains for future work to determine whether this 
approximation is good enough to be useful for the specification of vehicle, 
highway, and user characteristics. 

•ALL of us who drive are aware that at times we do not seem to pay very much atten
tion to what we are doing. Drivers tune radios and light cigarettes; they blink and 
talk to passengers; they listen to news or music. It is said that drivers become "road 
hypnotized"-staring without seeing at the scene ahead. They look into rearview 
mirrors and scan for traffic police; they read advertising signs and search for turn
offs. Some of these activities are legitimate parts of the driving task; most are not. 
All of them constitute a diversion of attention away from the primary task of control
ling a vehicle along a highway in accord with law and custom. 

Driving is, in one sense, an error-free performance. No normal driver deliberately 
undertakes to get into an accident or into a collision. Collisions are (with some ex
ceptions stemming from psychopathological origins) involuntary and accidental. For 
most driving situations, then, we can say that the driver accomplishes about what he 
intends to accomplish. The problems of analyzing error-free systems are great. In 
particular, where the system is a road, an automobile, and its driver-for whom a 
preview of the path ahead is directly available-it is difficult to use the techniques of 
simple linear servo-analysis. The output of the system is easily measured and easily 
understood, but it is extremely difficult to specify what the input is which results in 
the observed output. 

Paper sponsored by Committee on Highway Safety and presented at the 46th Annual Meeting. 
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Prior attempts have been made by other investigators to determine those elements 
in the complex visual world of road and traffic which elicit the driver's responses. 
Gordon (1) used the technique of restricting the driver's view in order to enforce head 
movements. Then a head-mounted camera photographed what the driver fixated upon, 
permitting the investigator to identify the important and salient features of the visual 
environment. Sheridan et al (2), rather than limiting the field of view by artificial 
"tunnel vision," limited the forward field of view in two other ways. One way was to 
present everything out to a distance, d; the other was to present only the segment of 
road from d to d +A The distance ahead that the driver can see, d, was controlled 
as the chief experimental variable, and his performance measured. 

Our approach is to treat the driver as an information processing device. He takes 
in information visually through the windshield by observation of the entire road ahead, 
and transmits information by manipulations of the steering wheel, brakes, etc. Using 
this as a conceptual model, we have indulged in some speculation about the informa
tion processing task, and have erected a not too complicated mathematical theory of 
how information flows into the driver and is processed. 

Some of our theoretical notions arose from some personal observations made by 
the senior author while driving on a straight road with little oncoming traffic. A heavy 
rain resulted in the windshield wipers' being able to clear only a small sector of about 
20 degrees behind the blade, so that visual conditions for the driver were somewhat 
analogous to those which would be presented by a radar sweep. The wiping speed was 
independent of the speed of the car. The driver became aware of a ,,psychological 
speed limit." Up to that speed, there was no anxiety; above that speed the driver be
came anxious and had to slow down. 

This observation suggested a parallel between the sampling of a time function (in 
which the minimum sampling rate for signal reconstruction is related to the bandwidth 
of the signal) and the sampling of a road (a space function), where the minimum sam
pling rate is related to the characteristics of the road and to the velocity at which it is 
traversed. One might imagine that the road had a certain information rate built into 
it-that is, there were so many bits per mile. The faster one traverses a portion of 
the road, the more bits per unit of time must be processed. Were the driver to see a 
road only at fixed intervals, he would develop uncertainty about what might have ap
peared on the road since his last observation, and about where he is on the road. If 
the intervals between observations were very long, then the accumulated uncertainty 
and the amount of information to be absorbed on the next observation would be greater. 
If the observation time itself were very short, the driver would be unable to completely 
reduce his uncertainty by absorbing the required amount of information. 

The analogy leads to a parallel between information flow rate and some "equivalent 
bandwidth" of the road. The equivalence, of course, would be established by the 
driver's selection of a speed at which he traverses the road. Given a fixed sam
pling rate, then, if a driver were to traverse a road at his "maximum" speed, one 
might argue backwards that the speed/ sampling-rate combination would permit es
timation of the equivalent bandwidth of the road and of the information density of 
the road. 

There are a number of factors which can influence the selection of a driving speed. 
One would be the wiggliness of the road-that is, the frequency with which the road 
deviates from a straight path by enough to require corrective action. Another factor 
would be the overall density of significant obstacles in the road. Still another might be 
related to how accurately the vehicle can be steered and the degree to which, without 
attention, it maintains the desired path. Less easily quantified is the driver's estimate 
of the probability that some new object will enter the road or the probability that op -
posing traffic will deviate into the path of his vehicle between observations. In general, 
all of these factors can be reduced to an uncertainty estimate per unit length of road. 

We have considered two experimental situations. In one the sampling rate is fixed 
and the driver modifies his speed according to the road, traffic, etc. The alternate is 
to cause the vehicle to travel at a constant speed and allow the driver to control the in
terval between observations at will. Thus, if the vehicle is very stable it does not 
need to be attended to as often as if it were very unstable; and if the uncertainty of 
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steering is small, the driver does not have to look as often as he would if it were 
large. Similarly, objects at a distance produce less uncertainty than objects close at 
hand. One would expect that as opposing traffic approaches, the driver must attend 
more often. If there are many side streets, driveways, and the like, then the proba
bility of cross traffic is high and the driver has to pay more attention. 

Naturally, the rate at which one would look would not ordinarily be constant. In
stead, it would be a continuous variable function of the instantaneous state of affairs. 
For example, if one were traversing a road at a constant speed and entered a populated 
area so that the probability of animal or human entry was high, then the frequency with 
which one looked at the road would go up. The more often the road turns, the more 
often must the vehicle be controlled, and the more often must the driver look in order 
to control. The point at issue is that a road demands attention. The attentional de
mand of a road is a characteristic of that road and of the traffic situation which may 
exist upon it as well as the velocity at which it is traversed. 

A rather important notion which underlies the theoretical work is that drivers tend 
to drive to a limit. We suggest that the limit is determined by that point when the 
driver's information processing capacity, either real or imagined, is matched by the 
information generation rate of the road, either real or estimated. The drivers may 
be wrong in their estimates, but they will tend to achieve this balance of input infor
mation rate and information processing rate. A driver in unfamiliar territory sees a 
great deal more uncertainty in the situation than a driver familiar with the territory. 
With familiarity there comes reduction of uncertainty, a reduction of information flow 
rate, and a higher permissible velocity, granted the same territory and circumstances. 
This is reflected in the different ways people behave in automobiles in familiar and in 
unfamiliar terrains. It might be said that a curvy familiar road is "perceptually 
straight" since uncertainty about the road ahead is low. 

Finally, drivers will accept different levels of risk and drive to a limit such that 
the probability of an accident is no greater than, but approaches, some upper thresh
old. Subjective acceptable risk level is a measurable characteristic of drivers and 
directly influences their behavior on the road. 

We have identified a number of factors which tend to control the speed of the driver 
traversing a road in the presence of traffic and other dynamic obstacles. These are, 
in brief: the width of the road and the frequency with which it turns; the estimated 
probability of intrusion from other vehicles and animals; the uncertainty associated 
with the vehicle dynamics; the precision of the steering mechanism; the residual errors 
of vehicle aiming; and a risk acceptance level which is a characteristic of each driver. 
We are then led to the development of a theoretical model of driver behavior which de
scribes and quantifies the cumulative uncertainty of the driver between looks at the 
road. The experimental program examined the actual behavior of drivers with inter
mittently occluded views of the road. 

AN UNCERTAINTY MODEL OF THE DRIVING SITUATION 

The following derivation is based on steady-state driving with intermittently oc
cluded vision. That is, the driver is assumed to have adjusted the vehicle velocity 
(or the period of occlusion) to meet his criteria of performance and risk. Thus both 
velocity and period of occlusion may be treated as constants. 

Driver Information 

Let the information density of the road be H (x) bits per mile, where x is the road 
distance in miles. The reference point for distances (x = 0) is taken as the location of 
the driver at some reference time (t = 0). The amount of road information available to 
the driver depends on the limits of visibility and on the way in which the driver weighs 
the information. It is reasonable to assume that the weighing is a monotonically de
creasing function of distance since the driver will attach more importance to the nearer 
sections of road (which require an immediate response) than to the sections further on. 
Let us assume, therefore, that the weighing function is e-x/D, where D is the weighing 
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Figure 1. Timing of events. 

constant in miles. This function meets 
the requirement of being monotonically 
decreasing and is mathematically 
convenient. 

The driver, therefore, constructs a 
road information model that hq.s an in
formation density of H (x) e-x/D bits/ 
mile. The maximum amount of informa
tion that can be stored by the driver is the 
integral of this density function over the 
range of visibility. The lower limit of 
useful vision, x1' is the distance one re
action time ahead, or the distance oc
cluded from view by the vehicle, which-

ever is greater. The upper limit, x 2 , 

by limitations on the viewing time. 
may be determined by external conditions or 

For ease of calculation, let the road information density be constant (H) over the 
section spanned by x1 and Xa- If we assume further that negligible error is introduced 
by taking the limits of visibility between 0 and infinity, the stored information reduces 
to 

Ir = H · D (1) 

As the vehicle proceeds over sections of the road stored in the driver's image, in
formation contained in these sections becomes obsolete. At the vehicle velocity of V 
miles/ sec, information becomes obsolete at a rate of HV bits/ sec. Let us consider 
the situation in which vision is periodically occluded. The timing of events for one 
cycle is illustrated in Figure 1. At t = -T.f. vision is unobstructed and the driver ab
sorbs information. The maximum amount of information is in store at t = 0. Vision 
is obstructed for the following T d sec, during which time the store of information con
tinually diminishes. The minimum amount of information is in store at t = T d at 
which time vision is restored and the cycle repeats. 

During the period of vision the driver absorbs information at a rate of R bits/ sec. 
Let us assume that R is constant as long as there is information to be absorbed. If 
the driver is able to absorb all the road information available before the period of 
vision has terminated, the rate of information input then drops to a level that exactly 
balances the rate of obsolescence. 

There are two sources of information loss during the period of vision: (a) the rate 
of information obsolescence, HV, and (b) the rate of forgetting, which we shall as
sume to be proportional to the amount of information stored. Let the rate of forgetting 
be Ir (t)/F bits/sec, where Fis the time constant in seconds. If the maximum amount 
of road information available to the driver is HD, as derived in Eq. 1, the net instan
taneous rate of information absorption during the period of vision is 

d 
dt Ir (t) 

~ I : -HV - Ir (t)/F Ir (t) <HD 

Ir (t) =HD 
(2) 

It will be assumed in the following discussions that the driver is able to absorb all 
the information available by the end of the viewing period; that is, Ir (t) = HD at t = 0. 

We shall now determine the amount of information stored by the driver at time t 
during the period of occlusion. The two sources of information loss remain, whereas 
there is no information input. The rate of forgetting is Ir (t)/F, as assumed above. 
Because of the way in which information is weighed by the driver, the rate of obsoles
cence varies with distance (and hence with time). Clearly, the rate at which informa
tion is "driven out" is related to the rate of forgetting. The faster the driver forgets, 
the less information there remains to be lost through forgetting. 



The relationship between the rate of information obsolescence and the amount of 
information remaining in storage is 

d 
dt Ir (t) -(V /D) Ir (t) 

The total rate of information loss is 

Given that the information in storage is HD at t = 0, Eq. 4 yields 

Ir(t) = H. D e-[(V/D) + (1/F)] t when O~ti:Td 
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(3) 

(4) 

(5) 

Before proceeding with the development of the model, let us review the assumptions 
and derivations that have been made so far: 

1. The driving situation is in the steady state. The vehicle proceeds at a constant 
velocity, V miles/ sec; the timing of looks is periodic such that vision is allowed for 
Tt sec and occluded to Td sec. 

2. The road has a constant information density of H bits/ mile. 
3. The information density of the dr iver's stor ed image is He-x/D bits/ mile. 
4. The period of view is sufficient for the driver to absorb all the information 

available. The amount of information stored at t = 0 is HD bits. 
5. Information is forgotten at the rate of Ir (t)/F and becomes obsolete at the rate 

of Ir (t)V/ D bits/sec . The amount of information in storage t sec after the onset of 
occlusion is HD e- (V/D + l/F) t bits. 

Driver Uncertainty 

The driver is assumed to adjust the vehicle velocity (or the occlusion time) so that 
his uncertainty U(t) is never greater than some criterion level Uc, measured in bits. 
Since the uncertainty is greatest at the end of the occlusion interval (t = Td), the cri
terion may be stated mathematically as 

(6) 

The driver uncertainty at time t sec after occlusion is 

(7) 

where Ur(t) is uncertainty about the road due to a loss of relevant information and Un(t) 
is uncertainty about the position of the vehicle arising from random disturbances in the 
orientation of the car. The latter term takes account of the vehicle dynamics, the 
ability of the driver, and external disturbances such as wind and variations in the road 
surface. 

The uncertainty about the road, Ur(t), is equal to the amount of information that has 
been lost. It is equal to the maximum amount of information originally available minus 
the amount of information in store at time t. Thus 

Ur(t) = H . D[ 1-e-(V/D + 1/F)t] (8) 
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Figure 2. The driving situation. 

This component of uncertainty starts 
from zero at t = 0 and rises asymptot
ically to H · D. 

The other component, Un(t), also starts 
from zero but increases without limit as 
Tct is increased. To determine this com
ponent, let us analyze the situation in 
which uncertainty arises only from lack 
of knowledge about the lateral position of 
the vehicle. Assume that during the view-

ing period the driver is able to center the vehicle within the lane and orient it parallel 
to the (imaginary) centerline. The driver then has to worry about wandering into the 
next lane during the period of occlusion of vision. A reasonable rule for the driver to 
adopt is that ay/T ct-the expected value of the rms displacement of the vehicle from the 
centerline at time T d-must be less than some level Y S • or that the uncertainty of the 
lateral position of the vehicle must be less than Uc, where the uncertainty is propor
tional to ay/Td. 

We shall now determine a/T in terms of velocity and occlusion time. The driving 
situation is diagrammed in Figure 2. Let B(t) be the angular orientation in radians of 
the vehicle with respect to the centerline of the lane. Let y(t) be the lateral distance 
of the center of the front bumper from the centerline. The lateral component of the 
vehicle velocity is dy(t)/dt = V sin e(t). Since B(t) is typically a small angle, 

Thus, 

dy(t) 
dt 

ve(t) 

d~ y(t) = vddte(t) = yae(t)dx = y2 oe (t) 
i; (lX dt oX 

(9) 

(10) 

where ~ 8 (t) is the rate of change of or ientation with respect to distance along the r oad 
in radiaEs/mile. The value of the l ateral displacement at a particulro.· t ime T is ob
tained by double integration of the right-hand expression of Eq. 10: 

y(T) v' l l ;:(t)dt I"' (11) 

Y: oe 
In order to compute O'YT' E(y2 T) 2, we must know something about ox(t). For math-

ematical ease, let us assume that this function can be described by a wide-band Gaus
sian random process that has a rectangular s pectrum from 0 to w

1 
radians/ sec. Let 

the spectral density be a constant s9 randian-sec/mile2. 
The variable y(t) may be considered to be a continuous random process which is 

obtained by filtering the continuous random process ~ (t) with a system that scales by x 
V2 and performs a r unning double integral from T-t to T. 

Hence, the relation between y(t) and :: (t), expressed in the frequency domain, is 

given by the following system function: 

( -jwT)2 

H(jw) = y2 ..o.l_-_e_· ._'-
-w 

(12) 
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The power density spectrum of y(t), which shall be denoted as Sy, can be obtained 
e 

by multiplyin.g the power-density spectrum of i (t) by the square of the magnitude of the 
system function. Thus, 

The average power of the process y(t) is the integral of Sy over the entire frequency 
range. Thus, 

y2(t) = 4v4 S9 / 1 (1-cos wT)
2 

dw 
2!T 0 w• 

(14) 

Let a new variable z be defined such that w = z/T, and assume that negligible error 
is introduced if the integral is carried to infinity. Then, 

4v4S 8 / (1-cos z)
3 

d(z/T) 
~ O z4/T 4 

(15a) 

Since the integral in the above expression is a constant, Eq. 15a can be reduced to 

(15b) 

Assuming that the random process y(t) fulfills the condition of er godocity (3) , we 
m al. equate the time average y2(t) to the ensemble average E [yT2] * which is identical 
to L OyT r. Thus , the expected valu.e of the later al displacement of the vehicl e is 

(16) 

Since the driver's uncertainty concerning the lateral position of the vehicle is as
sumed to be proportional to oy, 

(17) 

where the constant Kn includes the power density spectrum S9 and other scaling factors. 
Substitution of Eqs. 17 and 8 into Eq. 7 shows that the total driver uncertainty is 

U(t) = H · D [ 1-e-(V/D + l/F)t] + KnV2 (Td)% (18) 

Thus, the driver's rule of behavior, obtained from Eq. 6, is 

(19) 

*The replacement oft by T as the time index is justified since both y(t) ana YT have been defined to 
represent deviations of the vehicle after T seconds of occlusion. 
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Figure 3. Device for controlling driver vision. 

EXPERIMENTAL PROGRAM 

An experimental program was devised with two goals. One of these was to provide 
data with which to test the adequacy of the theoretical notions previously expressed 
and to evaluate their utility. The other was to estimate the attentional demand imposed 
on a driver by various combinations of road, vehicle, and speed, and to explore a wide 
range of these variables in order to obtain data relating, for example, the radius of a 
curvature of a highway to attentional demand as a function of speed. Thus, the experi
ments st~11d on their own as empirical i..11vestigations into the effects of i...11terrupted 
vision upon driving behavior. 

In order to accomplish the goals of the program, we wished to investigate a broad 
spectrum of road difficulty or road attentional demand. Accordingly, two kinds of 
roadway were used. One of these, the "easy one," was I-495 in Massachusetts. The 
road is essentially straight, i.e., the radii of curvature are sufficiently large so that 
the viewing distance ahead is always large and the lanes are sufficiently wide so that 
no great precision of steering is required to stay in lane. For the difficult road we 
chose a closed-circuit sports-car racing course, the Bryar Motorsport Park at Loudon, 
New Hampshire. 

Two kinds of experiments were done. One of these involved the use of a constant 
period of occlusion and a constant observation time, with the driver controlling speed 
to his maximum. The other used a constant speed and permitted the driver "to look 
when he wished to." The experimental apparatus was designed to permit both kinds 
of operation. Driver vision was controlled by a translucent screen which could be 
lowered over the driver's eyes and through which no road or vehicle detail could be 
seen. This screen was the pivoting face shield of a protective helmet and was re
motely actuated by a pneumatic cylinder and linkage mounted on the helmet itself 
(Fig. 3). 

The system provided for a variety of methods of control and safety override. The 
experimental vehicle was a 1965 Dodge Polara with a number of modifications. Details 
of roadways, recording and control apparatus, subject population and experimental 
procedures are given elsewhere (4). 

There were four experiments using two kinds of road and two procedures: 

Experiment 1-I-495, fixed occlusion and viewing time; 
Experiment 2-1-495, fixed velocity and viewing time; 
Experiment 3-BMP, fixed velocity and viewing time; and 
Experiment 4-BMP, fixed occlusion and viewing time. 

Table 1 shows the conditions which were experimentally investigated. The entries 
are for numbers of series each of which consists of a number of runs. A total of more 
then 550 runs was accumulated. 
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TABLE 1 

NUMBERS OF SERIES COMPLETED AT THE VARIOUS CONDITIONS, 
OVERALL PROGRAM 

Subject 
Condition Total 

D.H.K. D.C.M. C.W.D. W.V.D. J.W.S . 

Experiment 1 

Td 1. 0 3 3 6 
1. 5 1 3 6 1 3 14 
2. 0 1 3 6 1 3 14 
2. 5 6 1 3 10 
3. 0 1 3 6 1 3 14 
3. 5 1 1 
4. 0 3 6 1 3 14 
4. 5 1 1 
5. 0 1 1 2 
5. 5 3 3 6 
6. 0 1 3 1 3 8 
7. 0 3 3 1 7 
7. 5 1 3 1 3 8 
9. 0 1 3 6 1 3 14 

Total 8 24 48 12 27 119 

Experiment 2 

v 22 2 1 1 4 
25 1 1 1 3 
30 1 1 1 3 
40 1 1 1 3 
50 1 1 1 3 
60 1 1 2 

Total 7 0 5 6 0 18 

Experiment 3 

v 22 2 2 1 6 
25 2 2 1 5 
30 3 3 2 9 

Total 7 2 7 4 0 20 

Experiment 4 

Td 0.5 2 5 2 9 
1. 0 2 5 2 9 
1. 5 2 3 2 7 
2.0 2 1 2 5 
3.0 2 1 2 5 

Total 10 0 15 10 0 35 

Experiment 1-1-495: Fixed Occlusion and Viewing Times 

This experiment dealt with the problem of constant viewing time, T~, and constant 
occlusion time, Td. Five subj ects were used: C . W. D., J. W. S., D. H.K., W. V. D., 
and D. C. M. Subject C. W. D. replicated the experiment completely. As a result, six 
sets of data are available. 

Based on the preliminary experiments, three values of Tt were chosen: 0. 25 sec, 
0. 50 sec, and 1. 0 sec. The Tt of 0. 25 sec was the shortest practical time which the 
driver could use. It allowed for at least a change of accommodation, even if not for 
more than one fixation of field of view ahead. The 0.50-sec viewing time was apparently 
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TABLE 2 

SPEED IN MPH AS A FUNCTION OF VIEWING TIMEa AND OCCLUSION TIME 
FOR SUBJECT C.W.D. (1) 

Occlusion Trial Run No. Obt. Stand. Time No. Mean Dev. Cale. 
(sec) 2 3 4 5 6 7 8 (n) 

1. 5 2 62 59 62 60 59 60(5) 2 86 
2.0 27 no limit 
2.5 9 27 44 45 51 46 50 47(5} 3 54 
3.0 19 52 55 57 61 61 60 60(4) 1 45 
4.0 28 35 50 45 45 48 40 46(5) 3 34 
6.0 21 15 17 17 22 18 16 17(6) 2 21 
7.5 22 6 9 13 13 12 13 13(4) 0.5 15 
9.0 6 11 6 4 6 4 6 5(5) 1 11 

N = 42 

0
View ing time = 0.50 sec. 

long enough to provide nearly all the information needed to drive at any speed, and only 
a slight increase in velocity was expected tQ occur with a 1. 0-sec viewing time. 

The number of runs made in each series was determined by the stability of the re
sults. The earlier trials tended to be more variable than the later ones as the driver 
experimented with modes of perceiving, remembering, and controlling. Since each 
trial, by definition, was terminated only at a limit velocity, and since the limit ve
locity, by direction, was the "maximum possible," the task of driving was an arduous 
one. Subjects were relieved after fifteen minutes of driving and, in turn, acted as 
recorder or experimenter. Trials would take various amounts of time depending on 
the experience which had been accumulated and the speed involved. The criterion for 
performance was "adequate driving." The driver was required to stay in lane as he 
would if he were able to view the road continuously. On no occasion was it necessary 
for the safety driver to take over control. 

The data for C. W. D. and J. W. S. are presented in Tables 2 and 3 and show, on suc
cessive runs, the speed reached as a limit by the subject for various Td. The number 
preceding the tabular entries of mph was the position of that particular combination in 
the sequence of that subject for that experiment. Thus, the second run made with sub
ject C. W. D. (1) was with a viewing time of 0. 50 sec and an occlusion time of 1. 5 sec. 
Runs were continued until, in the opinion of the experimenter, stable performance had 

TABLE 3 

SPEED IN MPH AS A FUNCTION OF VIEWING TIMEa AND OCCLUSION TIME 
FOR SUBJECT J. W.S. 

Occlusion Trial Run No. Obt. Stand. Time No. Mean Dev. Cale. 
(sec) 2 3 4 5 6 (n) 

1. 0 23 48 53 50 50 49 49 50(6) 2 62 
1. 5 17 46 48 47 45 45 40 45(6) 2 44 
2.0 16 39 39 38 41 38 35 38(6) 2 34 
2.5 3 25 32 33 35 32 33(4) 1 28 
3. 0 12 20 22 20 20 24 21(5) 2 24 
!l. 0 22 19 20 20 19 20 19 19(6) 0.5 18 
6. 0 6 13 11 12 12 19 13(5) 3 11 
7. 5 18 11 7 5 5 7 7 6(5} 1 8 
9.0 21 4 3 6 5 5 5 5(6) 1 6 

N = 51 

0
Viewing time = 0.25 sec. 
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been reached. The mean was calculated on the basis of a number of points, never less 
than 4, which appeared to represent stable performance. The parenthetical entry after 
the mean is the number on which the mean is based. The standard deviation is com
puted on the basis of that n and is in mph. The last entry is the speed in mph calculated 
on the basis of the best fitting solution of the theoretical model. 

Figures 4 and 5 show the obtained and the theoretical relationship between Ta and 
terminal speed. The calculated values are those based on a best mean square fit to 
the theoretical model. The fit is that which minimizes the variability of the permis
sible uncertainty, Uc, and allows the other parameters of the equation to vary in order 
to minimize the variation in Uc. Thus, for each subject, there is a table of the ob
tained data and of the theroetical points fitted to the curve by a minimization of the 
squared deviations of the permissible uncertainty, and a graph. Two such sets, for 
C. W. D. (1) and J. W. S., are shown. The complete data are given elsewhere (4). 

The results of Experiment 1 show, as would be expected, that as occlusion time is 
decreased the maximum velocity which can be achieved by the subject-drivers is in
creased. With few exceptions, the function is a monotonic relationship and where re
versals have occurred they can almost always be identified as being the result of 
learning. 

It is possible to adjust the parameters of the model to provide a good fit to the ob
tained data in most cases. Table 4 shows the values of the parameters for each sub
ject, for each condition. D, F, and Uc are individual parameters which, of course, 
will vary with the subject and with the conditions under which data are taken. The 
parameters H and K are situational and proportional parameters; K, in particular, is 
the same for all, having been set to adjust the general position of the model to corre
spond to the real numbers obtained in the experimental situation. H presents some
what more of a problem. As we can see, H varies from as high as 34 for subject 
C. W. D. (2) to as low as4 for subject J. W. S. Whether this represents a different at
titude toward the roadway is not clear. Subject J. W. S. uniformly had a very small D 
which suggests that his performance was based largely on the information relatively 
close to the vehicle. Subject C. W. D. had a somewhat higher D factor and, in general, 
a much larger H. In this respect, it must be noted that subject J. W. S. was, in general, 
a more cautious subject than C. W. D. or D. C. M. In particular Uc-the amount of un
certainty which the driver will permit to be accumulated in bits-is consistent and 
small for subject J. W. S., and larger and more variable for the other two subjects. 

An impressive feature of the data is the fact that, with the exception of subject 
J. W. S., an occlusion time of 1. 0 sec resulted in no limit speed-at least no limit with
in the speed limit of the highway. The only exception to this finding occurred with a 
Tt of 0. 25 sec for subject C. W. D. (1), and on one trial with a Tt of 0. 5 sec. At the 
other extreme, subject C. W. D. (2) drove with complete control with no tendency to 
deviate from his path or to exceed the limits of his lane at speeds in excess of 70 mph 
with 1. 0-sec looks at the road separate by intervals of 4. O sec of complete occlusion 
of vision. 
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TABLE 4 

MODEL PARAMETERS FOR VARIOUS Tt 

Tt 

Subject Parameter 0.25 0.50 1.0 

C.W.D. (1) D 0.26 0.42 0.32 
H 14.0 12.0 20. 0 
F 6.0 10.0 7.5 
K 0.0002 C.0002 0.0002 
u 3.13 3.76 5.22 

J.W.S. D 0.20 0.18 0.20 
H 6.0 6.0 4.0 
F 9.5 6.0 5.0 
K 0.0002 0.0002 0.0002 
u 0.99 1. 07 1. 13 

D.H.K. D 0.50 
H 18.0 
F 3.5 
K 0.0002 
u 4.93 

C.W.D. (2) D 0.22 0.46 0.20 
H 12.0 34.0 26.0 
F 8.0 5.0 7.0 
K 0.0002 0.0002 0.0002 
u 2. 57 13.47 8.24 

D.C.M. D 0.30 0.30 0.30 
H 20.0 20.0 12.0 
F 4.5 5.0 3. 5 
K 0.0002 0.0002 0.0002 
u 7.16 5.96 4.29 

W.V.D. D o. 32 
H 24.0 
F 4.5 
K 0.0002 
u 6.99 

EXperiment 2-1-495: Fixed Velocity and Viewing Time, Voluntary Control of 
Occlusion 

This eXperiment dealt with the situation where speed and Tt are fixed and Td is 
under the voluntary control of the driver. As described earlier, the driver has avail

able a switch (to be operated by the left 
foot) which initiates an observation time 
of fixed duration equal to Tt. The pur-

TABLE 5 

MEAN VOLUNTARY OCCLUSION TIME AS 
A FUNCTION OF SPEED, EXPERIMENT 2 

D.H.K. 

v 

60 
50 
40 
30 
25 
22 
22 

l. 48 
1. 66 
1. 75 
2. 10 
2. 26 
3. 63 
2. 60 

W.V.D. 

v 

60 
50 
40 
30 
25 
22 

1. 84 
2.50 
2.82 
3.19 
3.95 
3.98 

C.W.D. 

v 

50 
40 
30 
25 
22 

2.21 
2.42 
3.25 
3. 57 
3.64 

pose of the eXperiment was to obtain 
something more analogous to a point-to
point index of the attentional demand 
placed upon the driver by the highway. 
A fixed Tt of O. 5 sec was used. The 
subject was fitted with the helmet and 
given preliminary familiarization with 
the operation of the foot switch and the 
viewing time. 

The subject steered into the right
hand lane of the road and accelerated 
with the visor up until he reached the 
preset speed. When the driver had 
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provided an adequate sample of behavior, 
i. e, , some 60 to 120 operations with the 
visor in the course of 5 minutes, the ex
perimental run was terminated with the 
visor's being raised, a new speed se
lected, and the experiment repeated. 

The average Td's chosen by the various 
subjects for the various speeds resulting 
from the process analysis are given in 
Table 5. It can be seen that there are no 
reversals of the functional relationship be
tween V and the mean value of T d chosen 
by the driver. The longer times obtained 
for subject D. H.K. were the result of his 
not adhering to the rule of error-free per
formance on the first 22-mph run. When 
the instruction was reiterated the shorter 

times were obtained. The results are shown in Figure 6 with the functional relation
ships between V and Td for the same subjects obtained in Experiment 1 presented for 
comparison. 

For all three subjects, it can be seen that the voluntary control Ta's are lower than 
would have been expected if this technique resulted in a simple replication of the re
sults of Experiment 1. From the subjective point of view, the technique of Experiment 
2 provides the driver with a more immediate control over his perceptual environment. 
The response time of the visor to the depression of the foot switch is virtually instan
taneous. On the other hand, the vehicle, when traveling at a fairly high speed, is rel
atively slow to respond to minor changes of accelerator or brake pressure whichmight 
be applied in Experiment 1. The assumption of a constant limit speed in Experiment 
1 is predicated on the idea of a constant H for the highway and this is almost surely 
not the case. The variability which is evident in the voluntarily controlled Td's shows 
that the driver perceives the highway as possessing a variable H. Consequently, there 
is variation in the rate of uncertainty generation during occlusions. This suggests that 
the technique of Experiment 2 will be a more useful one for evaluating the attentional 
demand placed upon the driver by traffic situations or by different vehicles. 

Experiment 3-Bryar Motorsport Park: Fixed Speed and Viewing Time, Voluntary 
Control of Occlusion 

This experiment dealt with the problem of constant viewing time, Tt, and constant 
velocity, with subject control Td. It was thus identical with Experiment 2 but done on 
a very different road. Bryar Motorsport Park is 1. 6 miles of well-paved and banked 
roadway with ten turns which vary in radius from virtually straight to "hairpin." 

As was seen in Table 1, a total of 20 trials was made, with each trial consisting of 
a number of laps. Each lap produced a record which was analyzed separately. Our 
interest was in the functional relationship between the voluntary period of occlusion and 
the radius of curvature of the track. Since no other vehicles were permitted on the 
track and there was a sufficiently long period of familiarization, the only residual un
certainty would be that associated with steering around curves and maintaining the ve
hicle properly within the lane. Accordingly experiments were done at three constant 
speeds: 22, 25, and 30 mph. A speed of 35 mph is not beyond the limits of the vehicle 
but would present serious control problems in the event of error. For this reason, no 
higher speed attempts were made. (These were reserved for Experiment 4, which 
dealt with constant Tt and T<i and allowed the driver to vary the speed at will.) A 
sample record (Figs. 7 and 8) shows the interval between observations as a function of 
position along the track. The data on a point-to-point basis are jagged, due to the 
discrete nature of the performance. Accordingly, running averages of 3 were made 
and are plotted on the same graph. The numbers of the record identify the five signif
icant curves of the track. 
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It can be seen that, in general, the higher the speed, the shorter the interval be
tween observations. For a sufficiently low speed, we might assume that the driver 
will behave as he does on the superhighway. That is to say, the interval between ob
servations would be nearly independent of the radius of curvature on the roadway. At 
sufficiently high speeds, on the other hand, the driver might be unable to maintain 
adequate steering, given a roadway that curves as it does, even with continuous view
ing. At intermediate speeds, on some parts of the track the roadway will be effectively 
a straight road (even though in fact it may be curved), and on other parts of the track 
the radius of curvature might be so small as to demand more frequent viewing. We 
should not expect, therefore, to find a simple relationship between the speed at which 
the track as a whole is traversed and the total number of observations which might be 
made of it at any speed, since in a sense each increment of speed merely increases 
the part on which more frequent observations must be made rather than requiring that 
this be done over the whole length of the track. 

If we examine the performance of W. V. D., for instance, we find that the total num
ber of looks increases slowly with increasing speed. But there is suprisingly little 
difference as the speed changes from 22 to 30 mph. Thus, it would appear that the 
major factor which induces a new look at the road is that of distance traversed rather 
than either time or speed per se. Thus, at 22 mph 74 looks were taken at the track; 
at 25 mph 79 looks; and at 30 mph 80 looks. 

We find that our estimate of the distance traveled between observations is 83. 6 ft 
for 30 mph, 87. 7 ft for 25 mph, and 100 ft for 22 mph. Since, presumably, the in
formation content of the roadway is invariant and the Uc of the driver is likewise in
variant, the variation in distance traveled must correspond to an increase in the noise 
power generated by the vehicle itself. In other words, at the higher speeds, the pre
cision of the driver's steering and aiming, as well as the residual uncertainties in the 
steering mechanism, become more important and require more frequent observations. 
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Figure 8. Interval between observations as function of position on track. 
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For subject C. W. D., the mean number of looks taken at the track is 69 for a speed 
of 30 mph, 68 for 25 mph and 67 for 22 mph. The corresponding distances traveled 
between observations for these same speeds are 97, 102, and 102 ft for 30, 25, and 22 
mph, respectively. Thus, although there is less variation for the three speeds for this 
driver, the same general trend can be seen. 

A factor which has not so far been considered in our discussion of Experiment 3 is 
the "size" of the turns or total amount of direction change. Thus, turn 2 and turn 6 
involve very nearly 180 deg of direction change, turn 8 somewhat less, turn 10 still 
less and turn 4 less again. Turn 3 has a fairly large radius of curvature that involves 
a directional change of about 90 deg. Turns 5, 7, and 9 have the largest radii of cur
vature and involve changes of direction of only 15 deg, approximately. The more 
directional change there is, the more interference with vision ahead and the more de
manding of attention from the driver. Thus, turn 3 has a radius of curvature approxi
mately the same as curve 4, but involves only about half as much directional change, 
and it can be seen that curve 4 elicits observations from the driver in general much 
more often than does curve 3. Presumably, this elicitation is a result of the limita
tion of forward view rather than the radius of curvature per se. 

Curve 10 is a special case due to the departure of the exit roadway immediately 
prior to its entrance. In addition, there are bridge railings which constrain, to some 
extent, the freedom of the driver to approach the edge of the road on the outside com
ing into curve 10. The remaining data for all subjects, although not presented'here, 
have been analyzed sufficiently to show that they conform to the same general pattern. 

An effort was made, on the basis of maps of the track, to determine the radius of 
curvature of the various curves. These were then ranked according to radius, the 
smallest number being the smallest radius. Similarly, the inter-observation interval 
utilized by the subject was also ranked, the smallest number being given to the smallest 
interval. In this way we were able to get an estimate of the extent to which there is 
agreement between the attentional demand as measured by the interval between obser
vations and the radius of curvature of the road. 

Although there is general agreement, there are factors which prevent us from ar
riving at a firm conclusion. First, in addition to radius of curvature and total extent 
of directional change which have been noted, there is also the effect of road width which 
controls the actual path which can be taken by a driver in negotiating a curve. A driver 
driving on a track attempts on each curve to negotiate the curve with a path of maxi
mum constant radius of curvature. This path of "maximum constant radius" (MCR) 
minimizes the degree of control activity required and also permits the fixed speed to 
be most easily maintained through the curve. The line of MCR is a function both of the 
radius of curvature of the track itself, the width of the track, and the amount of direc
tion change which the curve involves. Quite clearly, a circular track would have an 
MCR precisely equal to the radius of the outer boundary of the track. A segment of 
that curved road resulting in a change of perhaps 10 deg and connected by straight seg
ments before and after will have an MCR which would be many times larger and which 
would be a direct function of the width of the track. Curve 10 appears to be the most 
demanding even though its radius of curvature shares only the second rank with curve 
6. However, the constraints on the entrance to curve 10 mean that the MCR which the 
driver can attain is small with the consequence that the "functional radius" of this curve 
may in fact be smaller than the "functional radius" of any other curve. Thus, there is 
not a monotonic relationship between radius of curvature and attentional demand, such 
that the attentional demand is always less when the radius of curvature is larger, but 
rather the constraints on paths through the turn must also be taken into account. Of 
course, in dealing with highway curvature where cars are by custom or by law required 
to stay in lane, the curve taken by the car has a radius more nearly equal to that of the 
road and thus a more precise relationship could be obtained. On exit roadways from 
superhighways as well as on roads where visibility around curves is good due to the 
flatness of the terrain, there is an almost unavoidable tendency on the part of the 
drivers to cut curves and in this way enlarge the radius of curvature with which they 
negotiate the curve. This is observed, also, in open highway driving where there is 
little opposing traffic. 
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However, and this finding is more general, by comparison of the voluntary intervals 
between viewing on the superhighway and those obtained on the race track, it can be 
seen that when the average Hof the road increases, the interval between observations 
at a given speed tends to decrease. We have, of course, only two points and we do not 
have any immediate estimate of where these points lie, since the fitted curves for the 
various drivers are best fitted by different H's. Whether H is therefore a demonstra
ble external physical variable or one which is a compound of psychological and phys
ical variables is yet to be determined. The extent to which a driver is familiar with 
the very minor aspects of the road as well as with its statistical structure (that is, the 
probability of intrusion, etc.) probably modifies for him whatever basic H or uncer
tainty exists in the road purely because of its physical nature. Thus, the timorous, 
unfamiliar driver sees the same road as possessing a larger H than the man who has 
traversed it many times. Presumably, this would be one source of the variation in the 
value of the fitted parameter H of the various subjects in Experiment 1. More detailed 
examination of the visual stimuli present at various points along the track as well as 
those which exist along the highway is needed. 

Experiment 4-Bryar Motorsport Park: Fixed Viewing and Occlusion Times, 
Voluntary Control of Vehicle Speed 

The fourth experiment dealt with the problem of constant viewing time Ti and with 
the constant occlusion time Td while the driver retains control of the vehicle speed. 
The experiment is thus identical with Experiment 1 but done at Btyar Motorsport Park. 
The operating procedure was identical with that described in Experiment 3. After 
familiarization runs the experimenter in the left rear seat initiated a run by setting a 
particular T rl> with a fixed T_,, of 0. 5 sec, and started the apparatus. The driver then 
circled the track driving as rapidly as possible and varying his speed from point-to
point along the track. Errors were not permitted; that is to say, the driver could not 
leave the road or cross the white line at the edge for any reason. If he did so, the run 
was terminated and another run begun. At the conclusion of three satisfactory runs 
the visor was opened by the experimenter at the finish line and the driver would rest 
briefly before initiating runs with a new Td. 

Thirty-five trials were made at Td's of 0. 5, 1. 0, 1. 5, 2. O, and 3. 0 sec, by sub
jects D. H.K. , C. W. D. , and W. V. D. Each trial consisted of a number of runs as 
previously described. Each lap produced a record which was analyzed separately. 
Our interest, of course, was in finding a functional relationship between the speed 
adopted by the driver and the radius of curvature of the track for each given T d· Since 
no other vehicles were permitted on the track and there had been a sufficiently long 
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period of familiarization, the only residual uncertainty would be that associated with 
steering on the curves and maintaining the vehicle within the lane. In addition, the 
available view ahead was a function of the radius and of the total directional change 
of each curve as indicated in the discussion of Experiment 3. 

The data were obtained in the form of strip chart recordings of speed. The general 
form of the functions is similar to that for the constant velocity and voluntary control 
of visor time. In other words, if the driver is faced with a greater attentional demand 
at a constant speed he must look more often and similarly, if his information intake is 
limited, he varies his speed accordingly. The data for one subject, C. W. D. , for T d 
of 0.5 and 2.0, are shown in Figures 9 and 10. There is a consistent reduction of speed 
on the curves with increasing Td. It must also be noted that the increased Hof the 
track produced speed-limited runs even with occlusion times as short as 0. 5 sec. It 
would have been possible for the vehicle to accelerate to higher speeds than those 
which were in fact reached, as was evidenced by the performance of the same driver 
with the same vehicle with no occlusion, striving for maximum circuit speed of the 
track. 

The increased H of the track as compared with the Interstate highway resulted both 
from the curvature and from the limitation of the viewing distance ahead, and markedly 
reduced the speeds which the driver could attain with occlusion times in the region 
from 1 to 3 sec. It is difficult to identify on the speed records the odd numbered curves, 
since the reduction in speed for these was very small, if present at all. However, as 
is evident from Figures 9 and 10, the salient features of the record are those corre
sponding to the even numbered curves and it is in these turns that a reduction in speed 
with increasing Td is most evident. The records for the other subjects show the same 
general trend. In order fully to understand the relationships which are implicit in 
these data it will be necessary to obtain the same information about maximum constant 
radius as is required to deal with the data for Experiment 3. As a result, a full anal
ysis and interpretation of the results of this experiment must await the availability of 
these additional data. 

GENERAL DISCUSSION AND RECOMMENDATIONS 

The general purpose of the experiments was to determine empirically certain re
lationships between characteristics of the road upon which a car is driven, the amount 
of time a driver has to look at the road, the interval between such observations, and 
the speed at which he drives. Experiments 1, 2, 3, and 4 attempted to do so for two 
different classes of roads and for two different modes of operation of the experimental 
apparatus. The results indicate, as would be expected, that the less frequent the ob
servations, or the shorter the period of observation, the slower will be the speed that 
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the driver can maintain, and, conversely, that the greater the level at which the speed 
is fixed the more often the driver must look at the road. In addition, the difference 
between the roads appears as a modifier in that the more complicated road results in 
a lower speed at any constant viewing and occlusion times, and results in shorter oc
clusion times for any constant speed and viewing time. The data with which to express 
the functional relationships among all of these variables have been obtained and sub
jected to partial analysis. 

Another part of the program was aimed at testing the adequacy of a theoretical 
model which described the behavior of the driver in terms of information processing 
and uncertainty accumulation. The data for Experiments 1 and 2 provide an oppor
tunity to verify the adequacy of the model. Figures 4 and 5 show the extent to which 
the model fits the observed data. Table 4 gives the parameters of the model for the 
various subjects for the data for Experiment 1. Because of time and cost limitations, 
no effort was made at this time to apply the model to the data of Experiment 2. In
stead, a simple comparison of the latter data has been made with those of Experiment 
1 to show that with voluntary control of occlusion by the subject the times which he 
generates himself are somewhat shorter for any given speed than those which permitted 
that same speed in Experiment 1. Experiments 2 and 3, both of which permitted vol
untary control of occlusion time by the driver, suggest by their results that this tech
nique is a useful one for measuring the attentional demand of a driving situation. 
Figures 7 and 8 show quite clearly that for various constant speeds, the driver must 
look more frequently as he enters and passes through the various curves on the track, 
and that this increased frequency of observation is not independent of the nature of the 
curve itself. Thus, we believe that this technique will allow an objective measure, 
based on driver behavior, of the attentional demand of any segment of a road. 

Data about the view ahead n1ust be obtained by field n1easureinents both on I-495 
and at Bryar Motorsport Park and the curve of maximum constant radius must be cal
culated for the various turns. When this has been done, it should be possible to es
tablish the parameter H for the various parts of the track, and to calculate more pre
cisely the driver uncertainties, distance constants, and forgetting time constants 
which will be needed to provide a crucial test of the ability of the model to predict the 
behavior of a driver on some new road. 

If the model can make such predictions, then the identification of these parameters 
D, F, and Uc might permit a preliminary classification of drivers in terms of skill 
level. This, in turn, suggests a means of identifying those drivers who may be poten
tially "accident prone." The use of trained drivers as measuring instruments, using 
the voluntary occlusion technique, may facilitate the identification and quantification 
of hazardous or excessively demanding road configurations or vehicle characteristics. 
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Discussion 

J. W. McDONALD, Director, Engineering and Technical Services, Automobile Club 
of Southern California-The authors of this work have set for themselves a very im
portant goal-the definition of a measure they call "attentional demand" -which has 
potential application to all three basic elements of highway safety, the road, the ve
hicle, and the driver. Various measures have been developed in efforts to determine 
the quality of a highway, the driveability of an automobile, and the competence of 
drivers. However, this is the first measure of which I am aware that has application 
to all three. 

Applications, incidentally, are of particular interest to those of us who are in con
tact with drivers and with the people who design highways and automobiles. The basic 
notion proposed by the authors has an easily understood, logical appeal which comes 
through clearly because of the careful, thorough explanation presented. In addition, 
there are good illustrations of how the notion applies in various circumstances with 
which others can identify. 

Two additional applications occur to me which may not be wholly distinct from those 
suggested by the authors but which are worth mentioning. The first of these would 
have to do with the efforts of traffic engineers to measure "level of service" of a high
way. Time is the basic measure of service level, but perhaps "attentional demand" 
could provide a supplemental, qualitative measure. The second possible application 
would relate to more effective use of highway signs and warning devices. I am in
trigued with the discussion in the report of the H factor-the "information density" of 
a highway. This offers a new perspective regarding warning signs and devices, and 
possibly a better approach to their effective use when the true H value of a highway is 
not apparent to the driver. As a simple illustration, a warning sign at a blind inter
section should serve to alert the driver and provide the higher H value which reveals 
the true character of that section of highway. A dangerous situation is created, of 
course, when the true H value of a roadway is not apparent. 

Also of interest is the discussion of curvature of a highway and its relationship to 
attentional demand. This has application and pertinence to discussions of scenic high
way design-a popular subject at the moment. If the driver is to participate at all in 
the enjoyment of a scenic highway, the attentional demand cannot be all-consuming. 
A fine example exists today on the new interstate highway over Donner Pass in Cali
fornia and a comparison of this with the old road, US 40. Some argue that the old road 
was more scenic than the new, but certainly from the standpoint of the driver, the new 
road is by far superior from all standpoints, including the scenic. I know in my own 
experience I never felt that there was anything too scenic about the rear-end of a large 
truck. 

Concerning limitations of the method, it would seem that in an effort to use this 
measure for determining proficiency or competency of drivers, there would be a vary
ing influence of the apparatus on the normal behavior of different drivers. Some would 
probably take it in stride, whereas others would be badly distracted. Another limita
tion would occur in trying to pursue this technique in actual traffic circumstances. Such 
an extension of the research would seem desirable, but perhaps a little risky. Pos
sibly dual controls could be used here, or a full-scale driver-vehicle-roadway system 
with controlled traffic as is contemplated at Ohio's Transportation Research Center. 



Driver Characteristics at Intersections 
MATHEW J. BETZ, Associate Professor, and RICHARD D. BAUMAN, Instructor, 

Civil Engineering Department, Arizona State University 

Headways and gap acceptance characteristics of drivers at sig
nalized intersections in the Phoenix metropolitan area were 
analyzed using time-lapse photographic techniques. Simulta
neous operation of two cameras allowed for the recording of the 
particular movement involved and for the recording of license 
plates. 

Out-of-state vehicles have headways significantly longer than 
in-state vehicles when the yehicles in question are at the begin
ning or near the end of the queue. When the out-of-state vehicles 
are located in the center of the queue, their headways approach 
those of the in-state registrants. For left turning vehicles, 
there is no significant difference between the gap acceptance 
characteristics of in-state or out-of-state vehicles. Vehicles 
registered in the states which do not have the "right turn on red" 
law make little use thereof. All categories of drivers had 
similar gap acceptance characteristics when they did make use 
of the law. A sign indicating the legality of the movement in
creased its usage by all categories of drivers. 

•THERE is a widespread agreement among traffic engineers working in Arizona con
cerning the fact that out-of-state drivers display different driving characteristics from 
in-state drivers. If the driving characteristics of the two groups are different, then 
signs and signals along streets carrying high concentrations of tourist traffic should be 
designed to compensate for the unusual characteristics of this group. Because of the 
importance of tourism to the economy of Arizona and the influence of out-of-state 
tourist traffic on the capacity and safety of Arizona streets and highways, if was felt 
that this problem should be investigated. 

STATEMENT OF THE PROBLEM 

The number of waiting vehicles that can cross a signalized intersection in a given 
period of time depends basically on how soon the vehicles begin to move after the sig
nal changes to green and how fast each individual vehicle in the queue reacts to the ac
celeration of the vehicle immediately ahead. This process continues until all cars in 
the queue are progressing or have progressed through the intersection. The dissipa
tion of a queue of vehicles after the signal changes to green depends on the reaction 
time and acceleration characteristics of each individual driver and vehicle. Thus, the 
total time for a group of vehicles to pass through a signalized intersection can vary 
considerably depending on the alertness and aggressiveness of the individual drivers, 
their familiarity with the intersection in question, and the acceleration characteristics 
of the vehicles which the drivers control. 

The fact is accepted that all drivers, when exposed to the same situation, have dif
ferent reaction times. That different drivers when placed behind the wheel of identical 
cars will accelerate from a standing start at different rates is also accepted. These 
characteristics inject a certain expected variability into any field data collected con
cerning vehicle performance at intersections. 

Paper sponsored by Committee on Road User Characteristics and presented at the 46th Annual Meeting. 
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Following similar reasoning, it could be possible that drivers unfamiliar with an 
area might display different reaction and acceleration characteristics from local driv
ers. One specific group of drivers who would be unfamiliar with an area and would 
probably display different driving characteristics are tourists. Also, the fact that they 
are on vacation may well influence their aggressiveness. 

From November to April each year, Arizona experiences a major influx of tourists. 
Although many tourists arrive in Phoenix by plane or train, predominantly they arrive 
by car or have use of a car while in the area. 

In addition to the problems which out-of-state drivers encounter due to their unfa
miliarity with the local street and highway system, Arizona has a law concerning the 
right turn on a red light which is not in conformance with the standards as set forth in 
the "Manual on Uniform Traffic Control Devices" (1). The Manual states: "Permitting 
vehicle operators to make right or left turns during the showing of the red signal with
out a modifying arrow or sign is not recommended." The Motor Vehicle Laws of 
Arizona (2) state the following: "The driver of a vehicle which is stopped as close as 
practicable at the entrance to the crosswalk on the near side of the intersection, or, if 
there is no crosswalk, then at the entrance to the intersection, in obedience to a red 
or "stop" signal, may make a right turn, but shall yield the right-of-way to pedestrians 
and other traffic proceeding as directed by the signal. " 

The purposes of this investigation were threefold: (a) to determine and compare 
headway characteristics of in-state and out-of-state vehicles at signalized intersections; 
(b) to determine the "right turn on red" characteristics of in-state and out-of-state driv
ers; and (c) to determine the gap acceptance characteristics of in-state and out-of-state 
drivers turning left. 

PREVIOUS RESEARCH 

A thorough analysis of literature related to the problem was accomplished. Reports 
concerning vehicle headways and gaps and turning characteristics were analyzed, and 
pertinent information is summarized in this section. 

Acceleration Characteristics 

The simplest method of determining intersection characteristics involves a deter
mination of vehicle headways. The Highway Capacity Manual (3) defines headway as 
"The interval of time between individual vehicles moving in the- same lane measured 
from head to head as they pass a given point. " This definition was adhered to in this 
report. 

Considerable research has been conducted concerning the characteristics of vehicular 
flow at signalized intersections. Apparently Greenshields (4) in 1947 was the first to 
investigate comprehensively all aspects of traffic performance at urban street intersec
tions. Since 1947, many others (5, 6, 7) have performed similar investigations. 

In order to determine accelerat ion characteristics of vehicles at signalized intersec
tions, Greenshields studied the following factors of individual behavior: (a) the time 
required for vehicles to commence motion; (b) distances reached by vehicles in given 
time intervals after starting, which are dependent on average accelerations between 
points; and (c) spacing between vehicles. The time required for a vehicle to commence 
motion is determined by the reaction time of the driver. Greenshields considered two 
types of reaction times: first, reaction time of the first vehicle related to the signal 
change, and second, the reaction time between the movements of successive vehicles. 
Starting reaction time is defined as the interval between the signal change to green and 
the movement of the first waiting vehicle. It was found that this time varied from 0. 6 
to 2. 9 sec. Reaction time between successive vehicles is defined as the time elapsed 
between starting movements of two successive vehicles in line. This time seems to 
vary from 1. 0 to 1. 75 sec (4). 

The three primary factors which affect vehicle performance in a queue are position 
of stop, reaction time, and time-distance performance. Reaction time, as discussed 
previously, depends on the characteristics of individual drivers. The exact position of 
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stop depends on pavement markings. The time-distance performance of each individual 
vehicle is not as easily analyzed. However, the distances reached in given times are 
of great significance to the traffic engineer because they form the basis for timing sig
nals and for determining street capacities. 

Generally, most investigators have found that headways between successive vehicles 
decrease at a lessening rate as one progresses through the queue. As speeds increase, 
time-spacing between vehicles decreases until the fifth-in-line vehicle has entered the 
intersection. After the fifth vehicle, headways tend to level out at approximately 2. 0 
sec (4, 8). 

The results of a study conducted by Wildermuth (7) indicate that the length of the 
green phase does have a substantial effect on average headways; with a 10-sec green 
phase, the average headway was 2. 35 sec, and with a 35- to 45-sec green phase, 2. 00-
sec headways were obtained. Large vehicles and turning traffic both tend to reduce the 
capacity of signalized intersections because they have greater headways. This conforms 
to the results of other investigators. As the green phase of an intersection increases, 
the effect of the initial starting characteristic of the queue is decreased and the vehicles 
far back in the queue have a greater effect on the average headway. Therefore, for long 
phases, average headway will be less than for shorter phases. 

The preceding information formed a foundation upon which the analysis in this report 
is based. However, after a thorough search of the literature, no information was found 
which analyzed headway characteristics of different groups of drivers. Information 
abounds concerning all vehicles as a single group and the average headway character
istics of the individual vehicles within this group. It is unfortunate that so little has 
been determined concerning headway characteristics of specific groups of drivers and 
the relationships of these characteristics of overall headway characteristics. 

Acceptable Right Turn Gaps 

Because of the limited use of the "right turn on red" law, apparently no research has 
been accomplished concerning the gap acceptance of vehicles turning right on red. Con
siderable research has been conducted concerning gap acceptance at stop-signed inter
sections. 

The term gap as used in this report is defined as the time interval between the ar
rival at a point by one vehicle and the arrival at the same point by the next succeeding 
vehicle traveling in the same direction. Gaps were measured from the rear of the first 
vehicle to the front of the succeeding vehicle. The vehicles' lengths were not included 
in the measurements. 

The definition of gap as used in this report differs from the definition used by Solberg 
and Oppenlander (9 ), Bissell (10), and Greenshields (4). Their gap measurement con
formed to the definition of headway as given previousiY in this report. Solberg found in 
his research that the median acceptance time for right turns was 7. 30 sec. In his field 
investigation Bissell obtained median lag and gap acceptance times of 5. 25 sec. 

Greenshields defines the average minimum acceptable gap as that value which is ac
cepted by 50 percent of the drivers. At a stop-sign intersection, the minimum accept
able time gap for right turning movements was found to be about 6. 1 sec. It should be 
noted that Solberg did his research in Indiana, Bissell in California and Virginia, and 
Greenshields in Connecticut. Perhaps different areas of the country contain drivers 
who will take more chances (by accepting a smaller gap) than drivers from other parts 
of the country. 

"Right Turn on Red" 

Published data concerning right turn on red as related to successful use of the law 
were reviewed. Rankin (11) sent a questionnaire regarding the use of the right turn law 
to 20 cities with populations from 100, 000 to 500, 000. Of the 18 cities which replied, 11 
allowed right turns on red with an arrow, 2 allowed right turns on red if signed, 3 al
lowed right turns on red with no sign, and 2 did not allow right turns on red. Bothcities 
which did not allow right turns on red indicated that they had in the past but had elimi
nated the law because of numerous accidents. Of the 11 cities which allowed right turns 
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on red with an arrow, six indicated that they restricted the practice to special locations 
at outlying intersections which had low pedestrian volumes and ample lanes to allow 
merging movements. Unfortunately the responding cities were not grouped into geo
graphical classification as to states allowing or not allowing the right turn on red. 

A paper concerning the right turn on red problem where answering cities were seg
regated as to geographical location was written by Ray (12). A questionnaire regarding 
accidents and delays as related to right turning movements at signalized intersections 
was sent to 57 cities; 45 cities in 25 states replied. In responding to the question, "Have 
accidents resulting from right turns on red been a significant part of total accidents at 
intersections?" 4 cities indicated that they had experienced an accident problem. Three 
of these permitted such a turn only when a green-arrow indication appeared. 

None of the 13 California cities contacted reported any problem. This is significant 
because the right turn on red law prevails in California as it does in Arizona. In con
nection with the California analysis, Ray attributed the apparent success of the turn law 
to the following factors: (a) traffic in California must stop on a red light before turning 
right; (b) traffic does not need to stop on a red light before turning right with a green
arrow indication; and (c) motorists in California must observe pedestrian right-of-way 
at all times. These factors apply equally well to Arizona traffic. 

As a continuation of the analysis, Ray studied travel time and delay at specific in
tersections in California. The study was controlled so that the only factor affecting 
travel time was the manner in which right turns were made. It was determined that 
during off-peak periods travel time was reduced 7 percent by making use of the right 
turn on red law. During off-peak periods delay at each right turn signal was reduced 
68 percent. During peak periods delay was reduced 38 percent. 

Ray found that the right turn on red law does not add any hazard at signalized inter
sections. He concluded that the use of the law presents an opportunity to decrease de
lay and increase capacity at all signalized intersections. 

Acceptable Left Turn Gaps 

The subject of delay of left turning vehicles and left turn channelization has been 
studied at length. However, reference was found in the literature to only one study con
cerning left turn gap acceptability. This report by Kaiser (13) investigated opposed left 
turn crossings at an urban intersection. He found that delayed left turning drivers re
fused all gaps less than 3. 75 sec and accepted all gaps of 4. 75 or greater. The median 
value was 4. 25 sec. 

SURVEY ON RIGHT TURN ON RED LAW 

A wide diversity of opinion exists concerning the use of a right turn on a red signal 
indication. Traffic engineers in many parts of the country feel that a turning movement 
of this type will decrease the capacity of an intersection and endanger the lives of pe
destrians in the crosswalks. However, other traffic engineers feel that intersection 
capacity is increased and pedestrian lives are not jeopardized through the judicious use 
of the right turn on red law. 

Classification of Drivers 

In order to analyze the use of the right turn on red law in Arizona, three groups of 
drivers were established. Group 1 contained all drivers of vehicles registered in Ari
zona. Group 2 contained all drivers of vehicles registered in other states which have a 
similar law concerning right turn on red. Group 3 contained drivers of all vehicles 
registered in states which do not have a similar turn law. Presumably drivers in Group 
1 would be aware of the law and act accordingly at all times. Since in the "before" sec
tion of the study none of the intersections studied were signed to explain the legality of 
the movement, considerable uncertainty existed concerning the turning characteristics 
of drivers in Group 2 and Group 3. 
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Figure 1. Typical camera location, headways end right turn gaps. 

To determine the legality of the right turn on red law in other states, a questionnaire 
was sent to the traffic engineer of each highway department in each of the 48 contiguous 
states. Prevailing opinions concerning the use of the law and the existing legality of the 
law were received from engineers in 44 states. Connecticut, New York, Tennessee, anc' 
West Virginia did not respond to the questionnaire. Of the states which answered the 

( 

Figure 2. Dri ver's view of equipment installation. 

letter, 6 indicated that the right turn on red 
was allowable by state law. The states 
where the turn is legal are Arizona, Cali-
fornia, Nevada, Oregon, Utah, and Wash
ington. Alabama and South Dakota indicatec 
that the law could be legally adopted by any 
municipality desiring to do so. 

There is general disagreement concern
ing the use of the right tur n on red law. 
Basically, areas of the country where the 
law had never been used were strongly 
opposed to the concept, while states in 
which the turn law was l egal wer e strongly 
in favor of the practice. Also, it was ob
served that engineers in all states where th~ 
turning movement in question was a legal 



Figure 3. Location of equipment in truck. 
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maneuver felt that intersection capacity 
was improved and no specific' hazards to 
pedestrians were caused by the use of the 
law. No record was found of a state which 
had legalized the right turn on red and then 
revoked the law. 

Gap Acceptance 

The fact that intersection capacity is 
either increased or decreased through the 
use of the law is obviously in question. 
One method of determining the actual ef
fect of right turns at an intersection in
volves a study of gap acceptance. If the 
mean gap accepted is only 2 or 3 sec and 
through traffic is moving through the in

tersection at more than 2 5 mph, turning cars will force through traffic to slow down 
and thus the capacity of the intersection will be decreased and the accident potential will 
be increased. Howetrer, if the mean gap accepted is 6 sec or more, turning cars will 
not force through traffic to slow down and the capacity of the intersection will be in
creased with no increase in the vehicle accident potential. 

EQUIPMENT AND PROCEDURES 

To provide a permanent study record, and to facilitate desired exactness of mea
surement, time-lapse photography was selected as the most appropriate means of re
cording gaps and headways. 

Equipment 

Two 16-mm Bell & Howell movie cameras, Model 70-Dr, driven by electric motors, 
were used to film the traffic. The drive unit connected to the camera mounted on a 
tripod was geared for speeds of either 60 or 100 frames per min. For this analysis 
the 100-frames/min speed was used throughout. A 12-volt battery working thl·ough an 
inverter powered the electric motorized drive unit which operated the camera; thus the 
entire assembly was portable and self-contained. 

The camera which was used to collect headway and gap data was equipped with a 
10-mm wide-angle lens. This camera operated at a shutter speed of 'i'ro sec. The 
camera used to collect license-plate data was equipped with a 50-mm telephoto lens. 
This camera operated at a shutter speed of 1/100 sec. 

Upon receipt of all components, a test 
location was filmed and drive speed was 
checked. Variation was found to range 
from -1. 7 to +3. 0 percent. The drive 

I speed was checked periodically during 

Figure 4. Camera view of intersection. 

filming and was found to be consistently 
within this range. 

Camera Location for Collection of 
Headway and Right Turn Data 

At each intersection, the camera tripod 
was mounted in the bed of a pickup truck 
which was parked from 80 to 125 ft from 
the corner. The camera in the truck was 
positioned 10 ft above the ground and off
set 8 to 12 ft from the oncoming (outside) 
traffic lane. The focal axis was perpen
dicular to the traffic lanes in which headway 



40 

TRAFFIC 
SIGNAL D 

LEFT TURN DATA 
OBTAINED FROM 

THIS LANE 

GAP DATA TAKEN WITH 

THIS CAMERA 

CAMERA ANGL \ PICKUP 
OF VIEW ' TRUCK --~---- APPROX .='<='1'=1'-""' 

DTRAFFIC 
SIGNAL 

APPROX. 
20 · 

I 

100 ' 

- CAMERA ANGLE 
OF VIEW 

LICENSE PLATE DATA 
TAKEN WITH THIS 

CAMERA 

Figure 5. Typical camera location, left turn gaps. 

and right turn gap data were being collected. The field of vision necessarily encom
passed at least one traffic signal head to establish the initiation of the green phase. In 
all cases, the initiation of green on the street under analysis coincided with the initia
tion of red on the cross street. 

The camera used to obtain license-plate data was placed approximately 100 ft in 
advance of the approach. The focal axis was oriented nearly parallel to the approach 
lanes and toward the intersection. Thus, rear license plates were photographed as 
vehicles entered the queue. This system was adopted after several other possibilities 
were tried. 

Figure 1 is a sketch of an intersection and the locations of the pickup trucks contain
ing the cameras. Camera orientation with respect to the lanes of traffic under analysis 
may be observed. Figure 2 shows a driver's view of part of the equipment installation. 
This photo was taken from the point marked (2) on the intersection sketch (Fig. 1). The 
unobtrusive nature of the equipment in the background of the photo should be noted. 
Figure 3 shows the location of the camera equipment in the bed of the truck. Use of the 
stepladder shown in the photo was necessary when determining the field of view prior 
to filming. Figure 4 shows the view of the intersection as seen through the camera 
with which the headway data were collected. 

Camera Location for Collection of Left Turn Data 

The camera used to collect the gap data was located in a manner similar to the loca
tion used to obtain headway data. However, the camera used to obtain license-plate 



TABLE 1 

SUMMARY OF INTERSECTION CHARACTERISTICS 

Posted 

City Major Street Speed ADT Limit 
(mph) 

Scottsdale Scottsdale Rd. 35 20, 280 
Tempe Apache Blvd. 35 23, 531 
Phoenix Van Buren St. 35 18, 900 
Scottsdale Scottsdale Rd. 25 19, 700 
Phoenix McDowell Rd. 35 20, 730 
Phoenix Indian School Rd. 40 16, 125 

Note: Major street= street on which headways were measured. 
Minor street= street on which gaps were measured. 
Grades at all intersections were level or nearly level. 
Adequate sight distance existed at al I intersections. 
Commercial development at all intersections was extensive. 

Minor Street 

McDowell Rd. 
Rural Rd. 
32nd St. 
2nd St. 
Central Ave. 
44th St. 
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Posted 
Speed ADT 
Limit 
(mph) 

35 20, 560 
35 6, 670 
35 10, 350 
25 1, 830 
35 25, 750 
35 14, 460 

information was positioned so that the left turning vehicle passed through the field of 
view of the camera immediately after the turning maneuver was completed. This was 
done to obtain photographs of the rear license plate of each vehicle. 

Figure 5 shows the locations of the pickup trucks containing the cameras. It is im
portant to position the camera which photographs the rear license plates of the turning 
vehicles close to the intersection corner. Once the vehicles accelerate to 25 mph or 
more, it becomes extremely difficult to read the plate from the film. 

Analysis Procedure 

Data were collected on weekdays. All data were collected on color film. Two ob
servers, upon commencement of filming, noted the color of the leading car in each 
queue and the length of the queue. 

A daylight rear projection screen with an acetate cover was used to view the de
veloped film containing the headway and gap information. Headways were measured 
with reference to an extension of the curb line which was nearest and parallel to the 
stop line. Gaps were measured at the merge point of turning traffic on the cross street. 
All reference lines and measurement points were drawn on the acetate cover. 

The film containing the license-plate information was viewed on a screen adjacent to 
the rear projection screen. Both films were viewed concurrently. One technician read 
the license plate of the vehicle and thus classified the origin of the vehicle while at the 
same time the other technician measured the headway or gap of the same vehicle. 

A frame counter on the projector was used to obtain the time increment of each mea
surement. Occurrences were estimated to the nearest quarter frame (0. 15 sec). 

Intersections Studied 

A total of seven intersections were studied. In all but one case, one approach was 
filmed for analysis at each site. At Scottsdale Road and McDowell Road two approaches 
(north and west) were analyzed. All intersections were normal at-grade designs with 
right-angle crossings. All locations were signal-controlled. Some used fixed time and 
others had actuated equipment. The general characteristics of the intersections are 
contained in Table 1. 

Statistical Procedures 

Statistical tests were utilized to determine whether there were significant differences 
between vehicle time headways at different intersections and also to determine relation
ships between headways of in-state and out-of-state vehicles. It was determined that in 
order to detect a headway time difference of 0. 3 sec with 9 5 percent confidence, a 
sample size of at least 37 was required. 
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When testing whether there was a difference between in-state and out-of-state head
ways, it was assumed that the data had a normal distribution. This assumption was 
made only after several plots of the data were drawn and found to reasonably approxi
mate the normal curve. 

Various statistical tests were then utilized to study the difference in the headway 
data. The Student's "t" distribution was used to determine the existence of significant 
differences between in-state and out-of-state headway data at a particular intersection. 
Cochran's test was used to study the homogeneity of variances of data from several i ntex
sections. A test devised by Hicks (14) was used to determine if there was a significant 
difference in the data collected fromseveral intersections. 
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TURNING CHARACTERISTIC RESULTS 

The results of the field measurements concerning left and right turn gap acceptance 
and acceptance of the right turn on red law follow. All data pertain only to passenger 
vehicles and light pickup trucks. 

Gap Acceptance of Vehicles Turning Left 

Left turn gap data from the westbound approach on McDowell turning south on Scotts
dale Road and from the southbound approach on Scottsdale Road turning east on Mc
Dowell were collected and combined. The left turning movements of 260 passenger ve
hicles and light trucks were obtained. Twenty-one percent of the vehicles were from 
out of state. 

A complete description of the actual number of in-state vehicles turning left and the 
gap acceptance characteristics of the vehicles are shown in Figure 6. Figure 7 pre
sents the same data for out-of-state vehicles. Figures 8 and 9 show the data with the 
number of vehicles expressed as a percentage. 

It can be seen that the point of intersection of the acceptance and rejection curves 
in Figures 8 and 9 is approximately 5. 5 sec. This point indicates a gap time which has 
an equal chance of acceptance or rejection by the average driver. Tests indicate that 
there is no significant difference between the gap acceptance characteristics of in-state 
and out -of-state drivers. 

It may be possible to adopt a corollary to the 8 5th percentile rule as applied to speed 
limit determination for gap acceptance analysis. It appears that from 10 to 15 percent 
of the drivers will accept a gap which is so small that through traffic is impeded. Field 
observations indicate that for speed limits of 35 to 40 mph a 6-sec gap is the minimum 
gap which can be safely accepted without impeding through traffic or requiring excessive 
acceleration on the part of the turning vehicle. Figure 9 indicates that the gap which 
15 percent of the drivers will accept is 6 sec. 

Gap Acceptance of Vehicle·s Turning Right 

It was determined that the gap data from different intersections could be combined. 
Consequently, all gap data presented represent a combination of data obtained from the 
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TABLE 2 

RIGHT TURN GAP ACCEPTANCE AND REJECTION CHARACTERISTICS 
BY STATE REGISTRATION GROUP 

Registration of Vehicle 

Characteristic 
Arizona 

{a) Number of Vehicles 

Accepted a gap 50 
Rejected all gaps 24 
Rejected all gaps but had at least one 

gap >6 sec 11 
Total vehicles 74 

{b) Percent of Vehicles 

Accepted a gap 67 
Rejected all gaps 33 
Rejected all gaps but had at least one 

gap > 6 sec (% in terms of total 
rejections) 46 

Other States 
With RTOR 

2 
4 

2 
6 

33 
67 

50 

Other 
States 

6 
10 

9 
16 

37 
62 

90 

following intersections: Scottsdale Road and McDowell Road westbound; Apache Boule
vard and Rural Road westbound; 32nd Street and Van Buren Street westbound; and Indian 
School Road and 44th Street eastbound. 

The sample population in the film analysis contained 3, 606 vehicles, 403 of which 
turned right. Of these 403 turning vehicles, 58 accepted a gap and turned right on red. 
Approximately 28 percent of the turning vehicles showed out-of-state registration. All 
data represent a combination of both in-state and out-of-state gap acceptance. Since it 
was proved in the left turn study that vehicle origin had no effect on gap acceptance, it 
was assumed that if a driver was aware of the law, the actual gap accepted would not 
depend on the driver's home state. Figure 10 shows the data in terms of total number 
of accepted and rejected gaps and Figure 11 shows percent of accepted and rejected gaps. 

The fact that the time gap acceptable by an individual driver depends to a certain ex
tent on the lane position of the cars in the through lanes is acknowledged. For example, 
when the gap occurs between a car in the right lane and a car in the left lane, a driver 
will accept a slightly smaller gap than when the gap occurs between a car in the left 
lane and a car in the right lane. However, there is no way to predict the distribution 
of cars in the through lanes. Therefore, determining different acceptable gaps for dif
ferent positions of cars in the through lanes would introduce unnecessary complexity 
into the analysis. 

Figure 11 shows that the point of intersection of the acceptance and rejection curves 
is 6. 6 sec. This point of intersection indicates a time, in this case 6. 6 sec, which 
represents a gap that would have an equal chance of acceptance or rejection by the aver
age driver. Because of the compatibility of the left turn and right turn gap analysis, a 
6-sec gap will be considered to be the minimum acceptable time gap. The results are 
given in Table 2 where turning characteristics in terms of total numbers observed and 
in terms of percent observed are listed. One section of the table notes the number and 
percent of vehicles that rejected all gaps but had at least one gap greater than 6 sec. 
Although the sample size is small, the data indicate that drivers from states without 
right turn on red laws react differently. This difference is obvious since 90 percent of 
those out-of-state drivers rejecting all gaps had a gap of greater than 6 sec, whereas 
only 50 percent of other drivers rejected these longer gaps. This may indicate that a 
significant proportion of drivers are unaware of the law. The fact that data on only 96 
vehicles were obtained where the population size (vehicles in right lane) was over 3,600 
indicates the data collection problem involved with obtaining this type of information. 
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Figure 12. Right turn on red opportunities. 

TABLE 3 

D ACCEPTED 

~REJECTED 

RIGHT TURN CHARACTERISTICS AT SCOTTSDALE ROAD 
AND 5TH AVENUE 

Registration of Vehicle 

Characteristic Other States Other Arizona With RTOR States 

Before 

Total traffic 
Number 5218 1572 
Percent 76. 8 23. 2 

Total right turns 
Number 725 71 211 
Percent 72. 0 7.0 21. 0 

Right turns on red 
Number 67 12 13 
Percent of right turns 9.2 16.9 6.2 

After 

Total traffic 
Number 5011 1684 
Percent 74.9 25. 1 

Total right turns 
Number 685 51 267 
Percent 68. 3 5. 1 26.6 

Right turns on red 
Number 84 8 22 
Percent of right turns 12. 3 15. 7 8. 2 
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TABLE 4 

VElllCLE CLASSIFICATION BY REGISTRATION FOR THROUGH-LANE HEAOWAY 
MEASUREMENTS, INITIAL PERIOD 

Total Total In- Out-of~ 

Location In-State Out-of-State State State 
Vehicles Vehicles % % 

Scottsdale Rd. and McDowell Rd. southbound 310 90 77. 5 22. 5 
Scottsdale Rd. and McDowell Rd. westbound 345 45 BB. 5 11. 5 
Apache Blvd. and Rural Rd. westbound 225 80 73. 8 26.2 
van Buren St. and 32nd St. westbound 324 107 '75, 2 24.8 
Scottsdale Rd. and 2nd St. northbound 321 95 7'7. 2 22. 8 

Acceptance of the Right Turn on Red Law 

In order to further study gap acceptance characteristics, a T intersection in Scotts
dale was observed. At this intersection there was no cross traffic; therefore, motorists 
desiring to turn right were not faced with the choice of accepting a suitable gap in order 
to accomplish the right turn. 

Because the right turn gap acceptance characteristics study indicated poor utilization 
of the right tUJ:n on red law, it was decided to perform a "before-and-after" study at 
this intersection. The "before" part of the study consisted of manual observation of 
driver acceptance of the law. The "after" part consisted of manual observation of dri
ver acceptance of the law when the drivers were reminded that the right turn on red 
movement was a legal maneuver at that intersection. This was accomplished by the 
installation of a standard 24 by 18-in. sign on which was printed "RIGHT TURN ON 
RED AFTER STOP." 

In the "before" study a total of 6, 890 vehicles traveling in the outside lane were ob
served. Of these, 1, 007 vehicles turned right. Twenty-eight percent of the turning 
vehicles were from out of state. 

In the "after" study a total of 6, 695 vehicles traveling in the outside lane were ob
served. Of these, 1, 003 vehicles turned right. Thirty-two percent of the turning ve
hicles were from out of state. 

More complete information concerning turning characteristics of vehicles at this in
tersection is given in Table 3 and Figure 12. Table 3 gives a numerical breakdown and 
Figure 12 shows a graphical comparison of the data. The "before" test indicates that 
65 percent of the Arizona drivers, 63 percent of drivers from other states with the 
right turn law, and 30 percent of drivers from other states accepted the law. The "after" 
test indicates that 75 percent of the Arizona drivers, 89 percent of drivers from other 
states with the right turn law, and 47 percent of drivers from other states accepted the 
law. Use of the information sign significantly improved acceptance of the right turn on 
red law. 

TABLE 5 

VEHICLE CLASSIFICATION BY REGISTRATION FOR THROUGH-LANE HEADWAY 
MEASUREMENTS, FINAL PERIOD 

Total Total In- Out-of-
Location In-State Out-of-State State State 

Vehicles Vehicles % % 

Scottsdale Rd. and McDowell Rd. southbound 483 95 83. 5 16. 5 

Scottsdale Rd. and McDowell Rd. westbound 509 67 88.4 11. 6 
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HEADWAY RESULTS 

The investigation of headway characteristics can be separated into three distinct 
phases: the initial study, the final study, and the seasonal study. All data presented 
pertain only to passenger vehicles and light pickup trucks. 

The Initial Study 

The initial headway measurement period began in September 1964, and continued 
until June 1965. During this period, measurement techniques were developed and a 
variety of intersections were studied. Since the purpose of the investigation was to 
study phenomena caused by changes in driver population, it was desired to find an in
tersection through which large numbers of out-of-state vehicles passed. In order to 
determine the effect of out-of-state drivers on all positions in the queue, an intersec
tion where large queues developed also was required. 

It was soon determined that very few intersections met the out-of-state vehicle and 
queue requirements. It seems that because of the progressive signalization which exists 
on most streets in the area, the only period of the day when queue lengths greater than 
six cars consistently occur is during the morning and evening peak periods. Unfortu
nately, out-of-state vehicles, whose drivers are usually tourists, tend to stay off the 
streets during peak periods. Thus, analysis during peak periods proved to be generally 
unsuitable. 

Consequently, the first problem encountered was to find an intersection which suited 
the project requirements. Next, it had to be determined whether o.r not headway data 
from a particular intersection would be representative of headway characteristics of 
the entire area. 

The first step in the investigation involved data accumulation at several intersec
tions in the area where volume counts indicated both high volumes and a large propor
tion of out-of-state vehicles. Table 4 summarizes the registration of vehicles whose 
headways were measured during the initial portion of the study. The data shown are 
only for vehicles in the inside lane (the through lane nearest the centerline) and all 
measurements were made during off-peak periods. In general, headways in the out
side lane are not comparable with headways in the inside lane because of the right 
turning and parking movements which occur in or near the outside lane and do not occur 
in the inside lane. At all intersections but one (Scottsdale Road and 2nd Street), a 
seP.arate left turn lane allowed traffic in the inside lane to proceed without obstruction. 
Thus, the headways are based on lanes with uninterrupted through movements. 

In all cases concerning vehicle headways, the time required for the first vehicle in 
the queue to respond to the light change and advance to the reference line is not included 
in this section of the report. The figures show the headway between the first and sec
ond vehicles and all succeeding vehicles. The time required for the first vehicle in the 
queue to cross the reference line is not reported because the distance to the reference 
line varies from intersection to intersection. 

The total population size for the headway data was 5, 347 vehicles, approximately 23 
percent of which were out-of- state vehicles. In spite of the sample size, some inter
sections produced meager data concerning the headway characteristics of vehicles 
within the queue. 

In this initial portion of the study, data suff icient to form definite conclusions con
cerning headway characteristics were not obtained. However, it was determined that 
there was no significant difference between headway characteristics at four of the ap
proaches tested. Because of the data collection problems, it was decided to collect 
headway data intensively at one specific intersection in order to obtain information in 
large enough quentities to form conclusions which were statistically correct. After 
examining the data collected during the initial study and considering the queue lengths 
which occurred at each intersection, the intersection of Scottsdale Road and McDowell 
Road was selected for more intensive study. 
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Figure 14. In-state headways for air-conditioned 
and non-air-conditioned vehicles. 

The final headway measurement period began in January 1966, and continued until 
April 1966. This time period was selected because of its higher proportion of out-of
state traffic. Table 5 summarizes the registration of vehicles whose headways were 
measured during the final portion of the study. As in the initial study, the data shown 
are only for vehicles in the inside lane traveling during off-peak periods. 

The headway relationships of in-state and out-of-state vehicles are shown in Figure 
13. The points shown on the curves represent a compilation of dataobtainedduringboth 
the initial and final study. Analysis indicated that data for all the locations in question 
could be combined without impairing the significance of the results. 

It can be determined by examining the curves in Figure 13 that the headway between 
the first and second cars for in-state vehicles is significantly different from the head
way for out-of-state vehicles. The difference between in-state and out-of-state vehicle 
headways of the third, fourth, and fifth cars is not significant. After the fifth car, the 
divergence between in-state and out-of-state vehicles begins to increase until for the 
eighth car in a queue, the mean headway of in-state vehicles is 1. 98 sec while the mean 
headway of out-of-state vehicles is 2. 78 sec, an 0. 80-sec difference. In all cases but 
that of the fifth ca:v;, the mean headway of out-of-state vehicles is greater than the mean 
headway of in-state vehicles. 

The Seasonal Study 

Because of the extremely high temperatures which occur in Phoenix during the sum
mer months, a large proportion of cars in the area are air-conditioned. One objective 
was to determine if there is a difference in headways when comparing air-conditioned 
and non-air-conditioned vehicles. The second objective was to determine if there is a 
difference in headways when comparing in-state vehicles operating during the summer 
months and in-state vehicles operating during the winter months. 

o.o 
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An intersection in downtown Phoenix 
(Central and McDowell) was selected for 
the study. Data were collected during the 
afternoon peak hours in March and August, 
1965. During the afternoon peak hours, 
the lanes in question were flowing at about 
practical capacity. 

The average maximum daily tempera
ture in Phoenix during the month of August 
is 102 F. In the sample taken for this 
analysis, 46 percent of the vehicles were 
found to be air-conditioned. Because of 
the high temperature during the summer 
data collection period, if the windows of 

Figure 15. In-state headways for summer and' the vehicle were up, it was assumed that 
winter. the vehicle was air-conditioned. 
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No data relating to the driver characteristics of persons in air-conditioned and non
air-conditioned vehicles were found during the literature search. Consequently, at the 
beginning of the test, various theories were proposed concerning the driver character
istics of the two groups. For instance, it was thought that drivers in-non-air-conditioned 
vehicles would be more erratic and aggressive than drivers in air-conditioned vehicles. 

Headway measurements were taken in the two through lanes of eastbound traffic. It 
was determined that there was no difference between the vehicle headways of air-con
ditioned vehicles and non-air-conditioned vehicles. The data are shown in Figure 14. 

There is approximately a 40-degree seasonal difference in the average maximum 
daily temperature in Phoenix. After it had been determined that there was no difference 
between headway characteristics of air-conditioned and non-air-conditioned vehicles, the 
next step in the procedure was to determine if there was a seasonal difference in head
way characteristics of vehicles operating during August and March. 

No data relating to seasonal variations in headway data were found during the litera
ture search. It was thought that the out-of-state traffic, which forms a large percentage 
of the total traffic in winter, might influence the vehicle headways of Arizona drivers. 
Out-of-state traffic during the summer months was less than 1 percent on the street in 
question during the observation period; therefore, during the summer, headway char
acteristics of Arizona drivers are independent of out-of-state drivers. The sample 
taken during March contained 305 Arizona vehicles and the sample taken during August 
contained 568 Arizona vehicles. It was determined that there is no seasonal variation 
for in-state vehicle headways. The data are shown in Figure 15. 

CONCLUSIONS 

The three main purposes of this investigation were to (a) determine and compare head
way characteristics of in-state and out-of-state vehicles at signalized intersections; (b) 
determine the right turn on red characteristics of in-state and out-of-state drivers; and 
(c) determine the gap acceptance characteristics of in-state and out-of-state drivers 
turning left. The conclusions which have been reached from this research are dis
cussed in the following. 

Headway Characteristics 

In general, during off-peak periods, the headway for the first and second vehicle in 
a queue is longer in the case of an out-of-state vehicle than in the case of an in-state 
vehicle; the headway of the third, fourth, and fifth vehicles is basically the same for 
in-state and out-of-state vehicles; and the headway of the sixth, seventh, and eighth 
vehicles (and probably subsequent vehicles in the queue) is significantly longer in the 
case of an out-of-state vehicle than in the case of an in-state vehicle. For example, 
the headway of the second out-of-state vehicle in the queue is 0. 3 sec longer than the 
headway of the second in-state vehicle, and the headway of the eighth out-of-state ve
hicle in the queue is 0. 80 sec longer than the headway of the eighth in-state vehicle. 

Probably drivers of out-of-state vehicles located in the first or second position in 
the queue take longer to accelerate than local drivers because of unfamiliarity with the 
intersections, thus causing the observed increase in headway. Drivers of vehicles in 
the third, fourth, and fifth position in the queue began to accelerate at similar rates 
regardless of driver origin because of two factors: (a) the drivers merely have to 
follow the car ahead of them, so familiarity or lack of familiarity with an intersection 
has little effect on headway; and (b) because the vehicles are situated in the midst of the 
queue, the drivers are under pressure from following vehicles to accelerate as quickly 
as possible. However, when an out-of-state vehicle is near or at the end of a queue and 
under little pressure from following vehicles, the driver does not accelerate as rapidly 
as a local driver. 

The result of this phenomenon presents an interesting effect on capacity analysis. 
Where possible capacity is being considered (with the corresponding formation of long 
queues which do not clear with each signal cycle), there is little significant difference 
between headways of in-state and out-of-state drivers. But, if practical capacity is to 
be attained, then the value of the capacity would be decreased as the proportion of out
of-state traffic increases. This would be necessary since each queue should clear 
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within a green phase and, as indicated above, this would produce longer headways for 
the out-of-state vehicles near the end of the queue. 

Development of specific adjustment factors to be used in capacity analysis has not 
been accomplished. The new Highway Capacity Manual (15) was not available until the 
last month of this project. This manual includes fundamental changes in definitions 
and concepts from the old manual (3). The preceding paragraph describes how the ob
served phenomena could be interpreted in terms of the older concept of practical and 
possible capacity. 

Gap Acceptance Characteristics 

Both in-state and out-of-state drivers exhibit similar gap acceptance characteristic 
for both left and right turning movements. It has been determined that a 6-sec gap is 
the minimum acceptable time gap for a section of roadway which has a maximum spee( 
limit of 35 mph. At least 85 percent of all turning vehicles will reject all gaps of less 
than 6 sec. Thus, the gap accepted is nearly always large enough so that thrC'ugh-traf 
fie is not forced to s low down because of turning movements. Therefore, the capacity 
of an intersection where 6-sec gaps are available will be increased. 

Right Turn on Red Characteristics 

As a result of this research, it has been shown that informing the public of the 
legality of the right turn on red maneuve1· improves the acceptance of the law. At the 
intersection of Scottsdale Road and 5th Avenue, installation of an information sign in
creased acceptance from 65 to 75 percent for Arizona drivers; from 63 to 89 percent 
for drivers from other states where the law exists; and from 30 to 47 percent for driv 
ers from states where the turn is illegal. More effective communication concerning 
the law would probably further increase the above percentages. 

In Arizona, use of the right turn on red law reduces delay and tr4vel time and in
creases the capacity of signalized intersections. However, this turning movement cru 
only be used successfully in states where pedestrian rights are observed by the drivin 
public. 
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Knowledge of Oncoming Car Speed as 
Determiner of Driver's Passing Behavior 
EUGENE FARBER and CARL A. SILVER, Franklin Institute Research Laboratories, 

Philadelphia 

•THE purpose of the present study is to examine the effect of increased information 
about oncoming car speed on driver judgment in accelerative passes. An accelerative 
pass is one in which the overtaking driver starts the pass from a close following posi
tion with little or no speed advantage and must accelerate to complete the maneuver. 
In such a pass, the passing opportunity is limited by sight distance, legal passing zone 
boundaries or oncoming traffic. Where an oncoming car (OC) is the limiting factor, the 
passing driver must take into account his own speed and the speed of and distance to the 
OC to make a valid passing decision-that is, to pass when it is safe to do so, and not 
to commence a pass when it is not safe. 

A number of workers (1, 2, 6) have studied driver QC-gap acceptance. These papers 
have been reviewed in detaiCelsewhere (3). However, the results indicate (a) that driv
ers are relatively good judges of distance in passing situations, but (b) very poor judges 
of either closing rate or OC speed. Support for the latter result is provided by Michaels 
(5), whose data suggest that at the distance at which most passes take place, the speed 
cue associated with the rate of change of the visual angle subtended by the OC is below 
the detection threshold. Further evidence for this conclusion was obtained by Franklin 
Institute Research Laboratories in field observational studies of passing practices in 
which it was noted that the passing decision appears to be completely unrelated to OC 
speed. However, in another study of sight distance judgment (4) it was found that driv-
ers were able to make accurate distance judgments. -

On this basis it appears that since a driver has first-hand phenomenal and metric 
knowledge of his own speed, and is able to discriminate distance with reasonable accu
racy, much of the variability in passing judgment is associated with poor judgment of 
OC speed. It was thus hypothesized that if the necessity to make OC speed judgments 
were eliminated, a significant improvement in gap acceptance accuracy would result. 
The purpose of the present series of experiments is to evaluate this hypothesis and fur
ther elucidate the roles played by OC speed and distance judgment in accelerative passes. 

EXPERIMENT 1: "LAST SAFE MOMENT" 

The first experiment was conceived as a pilot study to provide an initial check on the 
proposition that judgment of OC speed is a major source of variability in passing judg
ments. 

Method 

Test Site-All of the studies described were conducted on a completed but unopened 
section of Interstate Highway 9 5 in Philadelphia. The test section provided over a mile 
of sight distance of which 3500 feet was straight and level. The tests were conducted 
on the one side of the expressway which consisted of four 12-foot lanes. 

Test Vehicles-Three cars were used in the tests. A Rambler sedan and an Ambas
sador station wagon, loaned to the project by American Motors, were used, respectively, 
as the QC and lead car (LC); a 19 6 5 Ford Galaxie sedan was used as the overtaking car (OT). 

Paper sponsored by Committee on Operational Effects of Geometrics and presented at the 46th Annual 
Meeting. 
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Figure 1. Experiment 1: Experimental design. 
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The OT was equipped with power steering, automatic transmission and a 352-cubic-inch 
VB engine. 

Instrumentation-The OC and OT were each equipped with fifth wheels for measuring 
speed and distance. Position calibration was provided by photocells mounted on the OC 
and OT which responded to the presence of strips of reflective marking tape laid across 
the roadway at 400-foot intervals. Together, the fifth wheel and photocells provided 
longitudinal accuracy of± 4 feet. In addition to the speed and distance measuring equip
ment, the OT was equipped with transducers to measure lateral and longitudinal accel
eration and steering wheel and throttle positions. A once-per-second time hack was 
generated in the OT and broadcast to the OC to provide a common time base. 

Subjects-Six subjects took part in the experiment, all college students with a mini
mum of 4 years driving experience. 

Procedure-The experimental procedure was designed to provide an estimate of the 
pass-no pass threshold on each trial and is similar to the technique first used by Rock
well and Snyder (6). On each trial, the subject (S) driving the OT was presented with a 
passing situation and was instructed to pass at the last safe moment. The time (or dis
tance) separation between the LC and the OC at the start of the pass was considered to 
be an estimate of the threshold separation. 

TABLE 1 

EXPERIMENT 1: MEANS, VARIANCES, AND STANDARD DEVIATIONS 
ACROSS SUBJECTS FOR K AND NK BLOCKS AT EACH OC-LC 

SPEED COMBINATION 

Speed (mph) K NK 

QC LC x 02 a x 02 a F 

30 35 6.58 1. 52 1. 23 6.48 4.38 2 . 09 2.88" 

30 55 6.59 1. 42 1.19 6.66 2. 86 1. 69 2. 40 .. 

40 35 6.41 0. 70 0.84 6.26 2. 35 1. 53 3 . 36a 

40 .5S s. 70 0 . 78 0. 82 6.27 2.87 1.69 3 .68a 

so 3S 6.02 1.62 1.2 7 s. 71 2 .0S 1. 43 1. 27 

so SS s. 70 0.64 0. 80 S.73 0. 89 0 . 9S 1. 39 

60 3S 5.95 1.03 1.01 5.38 1.51 1. 23 1. 4 7 

60 55 5. 70 1.01 1.01 5.43 1.69 1. 30 1.66 .. 

"significant at ,01 level. 
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Figure 2. Experiment 1: Frequency distribution of passing time gaps for Kand NK trials for different 
OC-OT speeds. 
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Figure 3. Experiment 1: Passing time gap variance of like speed trials for Kand NK conditions as a 
function of oncoming car speed. 

The technique employed was as follows. Before the start of a trial, the OC and LC 
were positioned at opposite ends of the test section with the OT immediately behind the 
LC. On the start signal the OC and LC (with the OT following) accelerated to their as
signed speeds and drove toward each other in the two adjacent center lanes. S was in
structed to follow the LC at a close distance and to pass the LC at the last safe moment. 
The observer (0) riding as a passenger timed the passing time gap, the OT-OC separa
tion, measured from the start of the pass until the OT and 0C were abreast, and the LC 
driver timed the passing time. Subjects were instructed never to enter either of the 
outside lanes to insure safe emergency maneuvering room for the OC and LC. 

Experimental Design-Each subject had eight 16-trial blocks. Four of the blocks 
were knowledge (K) blocks and four were no knowledge (NK) blocks. 

On NK blocks, the OC speed was varied randomly between 30, 40, 50, and 60 mph 
within the constraint that each OC speed was presented four times. LC speed was also 
varied randomly between 35 and 55 with the additional constraint that each of the two LC 
speeds occurred twice in combination with each OC speed. On NK trials subjects were 
given no information of any kind about OC speed (except, of course, what they could 
judge for themselves). 

On K blocks OC speed was held constant at 30, 40, 50, or 60 mph for all 16 trials of 
a block and LC speed was randomly varied between 35 and 55. Each S had one K block 
at each of the four OC speeds. Prior to the start of each K block, S was told that OC 
speed would be constant for the next 16 trials and was also told the OC speed. Thus on 
K blocks, S had "perfect" phenomenal or experiential knowledge of OC speed after the 
first few trials, i.e., after the first few trials there was no need for S to make judg
ments of or compensations for speed. All S had to consider was the distance to the OC 
and his own (OT) speed. The experimental design is shown schematically in Figure 1. 

According to the hypothesis, it was predicted that the variance of the passing time 
gaps would be significantly less across a K block than across NK trials of the same OC 
speed. 

Results 

The results of the experiment are summarized in Figure 2, which shows eight pairs 
of histograms. Each histrogram is a frequency distribution, combined across subjects, 
of the passing time gaps. The histograms on the left show the distribution of time gaps 
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Figure 4. Experiment 2: Experimental design, verbal knowledge of oncoming car speed. 

recorded under K conditions; the NK histograms show the time gap distributions observed 
across like OC speed NK trials. There is a pair of histograms for each of the eight 
OC-LC speed combinations. 

Note that the K histograms tend to show less variability and more clustering about the 
center than the NK histograms. This observation is summarized in Table 1, which shows 
the means and variances for each distribution and the F ratio between like K-NK pairs. 
In each comparison the K condition produced less variance from trial to trial than the 
corresponding NK condition. However, the difference in variances was significant in 
only five of the eight comparisons. Somewhat surprisingly, the variability of the NK 
trials was consistently higher at the lower OC speeds. These data are summarized 
graphically in Figure 3, which shows passing gap variances as a function of OC speed 
for K and NK conditions. 

The inconsistency in the results is attributed to the fact that the experimental tech
nique tended to produce spuriously low variances. Since all subjects passed on each 
trial, and the passing gaps were quite small generally, the range of variation of ac
cepted time gaps on the low side of the average was obviously restricted. This effect 
can be seen in the NK histograms which tend to be skewed to the right. Note also that 
since the time gaps tend to decrease as OC speed increased, the variance restriction 
effect is greater at high OC speeds than at low OC speeds. Further, since the correla
tion between OC speed and average time gap is greater for the NK trials, the variance 
reduction effect is also greater for NK trials-a possible explanation of the lack of sig
nificant differences at the higher OC speeds. 

Perhaps the most important factor which could account for the low variability of the 
NK data is the fact that the average passing distances were small enough for the rate of 
change of the apparent size of the OC to be well within threshold. In support of this con
tention is the fact that the variation in average NK passing gap with OC speed is some
what less than would be expected if subjects were completely insensitive to OC speed. 

In spite of the inconsistencies in the data, the weight of the observation tends to 
support the contention that a significant proportion of the variability in passing judg
ment is associated with oncoming car speed. 

EXPERIMENT 2: VERBAL KNOWLEDGE OF OC SPEED 

The objectives of Experiment 2 were (a) to obtain a more precise estimate of the 
contribution of OC speed to the variability of passing judgments; (b) to determine the 
accuracy with which drivers can judge distance to the OC; and (c) to determine the ef
fect of presenting verbal information about OC speed to drivers. 

Method 

Subjects-Four subjects were used, all public school teachers with a minimum of 6 
years driving experience. 
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TABLE 2 

EXPERIMENT 2: MEANS, VARIANCES, AND STANDARD DEVIATIONS 
OF TIME GAP JUDGMENTS ACROSS SUBJECTS BY BLOCKS 

Knowledge Block 
Speed (mph) x a2 

Condition Numbe r 
a 

1 30 12 . 07 1.69 1. 30 

K 
2 40 11. 40 l.SO 1.22 

3 so 12 . 14 2 .S8 1.60 

4 60 11. 79 1.60 1. 26 

1 12 . 11 2 .2 3 1. 49 

2 11.63 l.S4 1. 24 

VK 3 Varied 11. 30 1. 48 1.21 

4 11. 62 2.02 1. 42 

s 11.62 2.00 1. 41 

6 11. 73 1. 42 1.19 

1 12.16 S.72 2. 39 

2 11.98 6.18 2. 49 

NK 3 Varied 11. 2 3 s .07 2.2S 

4 11.32 3.4S 1. 86 

s 11. 71 S.22 2 . 29 

6 12. 30 s. 7S 2. 40 

Test Site, Vehicles and Instrumentation-As described for Experiment 1. 
Procedure - The general procedure was similar to that employed in Experiment 1. 

However, to avoid the hazards and spuriously low variances inherent in the "last-safe
moment" technique, a new measure of passing judgment accuracy was developed. Sub
jects were instructed to estimate the time gap between the OT and the QC and to pass 
when the time gap closed to 12 seconds. After each trial, subject was told what the 
time gap actually was at the start of the pass. Subjects were further instructed to es
timate the time gap by judging distance and to adjust their response according to their 
performance on the previous trial, taking QC speed into account. Thus, if on the pre
ceding trial a subject passed at a time separation withagivendeviationfrom12seconds, 
he would adjust for the error by passing a little sooner or later, depending on the di
rection of the error and, to the best of his ability, the change in QC speed. This 

TABLE 3 

EXPERIMENT 2: DISTANCE JUDGMENT 95 PERCENT 
CONFIDENCE LIMITS 

9S-Percent Confidence Limits 
Mean Judged 

Speed (mph) 
Distance (ft) Feet Percent 

30 1328.0 286 .1 21.S 

40 1421. s 304. 3 21. 4 

so 1691. 9 446.0 26.4 

60 1816.0 388.2 21.4 
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Figure 5. Experiment 2: Variance of passing time gaps cs a function of blocks of trials. 

technique is clearly quite sensitive to a subject's ability to judge distance and OC speed, 
and to take OC speed into account. If subjects were able to judge and take into account 
OC speed and distance perfectly, they would pass at 12 seconds on every trial. Hence 
the consistency of the time gaps about 12 seconds observed from trial to trial is taken 
as a measure of passing judgment accuracy. Also, by having subjects pass at or close 
to distances equivalent to 12-second separations, all of the artifacts and most of the 
hazards associated with the previous technique were eliminated. 

Experimental Design 

Each subject had 16 blocks of 12 trials each. The first four trials for each subject 
were constant OC speed, knowledge (K) blocks with QC speeds of 30, 40, 50, and 60 mph. 
Thereafter, each subject had six no knowledge (NK) blocks and six verbal knowledge (VK) 
blocks in alternating sequence. Each NK and VK block consisted of 12 trials in which 
OC speed was varied randomly between 30, 40, 50, and 60 mph within the constraint 
that each speed had to appear three times. LC speed was held constant at 45 mph 
throughout the experiment. On NK blocks, subjects had no OC speed information at all 
except what they could judge for themselves. The experimental design is shown in Fig
ure 4. 

The purpose of the four K blocks was to provide subjects with training and phenomenal 
experience with each of the QC speeds, and to meet the objective of providing an esti
mate of the ability of drivers to judge distance to an OC. Note that with LC and OC 
speeds held constant, the only variable determining the time gap is distance. Hence 
the variability of passing time gaps across a block of trials would be directly related 
to variability of distance judgments. 

Results 

Table 2 shows the means and variances, across subjects, of the observed passing 
time gaps for K, VK and NK blocks. The variances under the K condition indicate the 
consistency or accuracy with which the subjects were able to judge distance to the OC. 
Because distributions of the estimates were quite normal, it is legitimate to state the 
distance judgment accuracies in terms of confidence limits. These data are shown in 
Table 3, which gives the distance~judgment error limits in feet and percent within 
which 9 5 percent of the judgments fell. The high variance in the 50-mph condition may 
have resulted from several halts in testing in the middle of a 50-mph K block due to 
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TABLE 4 

EXPERIMENT 2: MEANS, VARIANCES, AND STANDARD DEVIATIONS OF 
TIME GAP JUDGMENTS ACROSS SUBJECTS BY OC SPEED 

Knowledge 
Speed (mph) x 02 0 

Equivalent Mean 
Condition Distance 

30 12 .07 1. 69 1. 30 1328.0 

40 11.40 l.SO 1. 22 1421.5 
K so 12.14 2.S8 1.60 1691. 9 

60 11. 79 1.60 1. 26 1816.0 

30 12.03 2 . 49 1.58 1323. 6 

VK 
40 12.16 2.00 1. 41 1516. 3 

so 11. 72 1.64 1.28 1633.4 

60 11.12 1.56 1. 2S 1712 .9 

30 14.40 3.83 1.96 1S84. 3 

NK 40 12. 36 3.19 1. 78 1S41. 2 

50 11.13 2.58 1. 60 lSSl.1 

60 9. 6 7 1. 76 1. 32 1489.S 

0 K 

• VK 
x NK • 

x Figu re 6. Experiment 2: Mean pass ing distances 
x x for K, VK, and NK t rials as a function of on-

coming car speeds . 
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Figure 7. Experiment 3 : Experimental design. 



TABLE 5 

EXPERIMENT 3: MEANS, VARIANCES, AND STANDARD 
DEVIATIONS FOR SIX SUBJECTS OF PASSING TIME 

GAPS FOR K, VK, AND NK CONDITIONS BY 
OC AND LC SPEEDS 

Speed (mph) 
Condition oc LC x (J2 CJ 

30 3S 13.00 4.24 2.06 

30 SS 12 .4S 4.02 2.00 

40 3S 12. 40 S.48 2.34 

K 40 SS 10. 86 1. 92 1. 39 

so 3S 12 .10 3.23 1. 80 

so SS 11. 76 1. 68 1. 30 

60 3S ll.9S 4.20 2.0S 

60 SS 11.37 2.48 1. s 7 

30 3S 14.87 6. 82 2 .61 

30 SS 12. 47 2.37 l.S4 

40 3S 12. 71 2.9S 1.72 

VK 40 SS 11. 97 3.92 1.98 

so 3S 13.23 6.26 2.SO 

so SS 11.08 7.S2 2.74 

60 3S ll.S9 2.22 1. 49 

60 SS 11.16 3.lS 1.77 

30 3S 1S.S6 4.19 2.0S 

30 SS 13.SO 4.S4 2.13 

40 3S 13. 40 2.49 l.S8 

NK 40 SS 11.Sl 2 .12 1. 46 

so 3S 11.91 1. 76 1. 33 

so SS 10. 76 2 .s 7 1. 60 

60 3S 10.30 2.33 l.S3 

60 SS 9.S7 2.38 1. S4 

61 

mechanical difficulties with the test vehicles. If the 50-mph data are ignored, the evi
dence is that the subjects were able to make distance estimates with an error of 20 per
cent or less 9 5 percent of the time. 

Table 2 also shows the variance of the passing time gaps for the six VK and NK 
blocks. These variances are summarized in Figure 5. All of the VK variances are 
significantly lower than the NK variances, indicating that subjects were able to take 
verbal OC speed information into account in judging the time separations. There is a 
suggestion of learning in the variable downward trend of the VK variances while the NK 
variances are uniformly high. The means of the judgments show no systematic trend. 
Note that the Kand VK variances are quite comparable, even when the high variance 
associated with the 50-mph K condition is not considered. The implication is that pro
viding the subjects with OC speed information is equivalent to holding OC speed constant. 

Table 4 shows the means, variances and standard deviations for K, VK and NK con
ditions for each OC speed. The K data are repeated from Table 2 to facilitate comparison. 
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TABLE 6 

EXPERIMENT 3: MEANS, VARIANCES, AND STANDARD DEVIATIONS 
FOR SIX SUBJECTS OF PASSING TIME GAPS FOR VK AND NK 

CONDlTIONS BY OC AND LC SPEEDS 

Condition Block LC Speed (mph) x 02 a 

1 35 13.28 4.11 2.03 

1 55 11. 87 3. 10 1. 76 

VK 2 35 12.61 7. 72 2.78 

2 55 11.11 1. 76a 1. 33 

3 35 12.65 4.18a 2.04 

3 SS 12.54 3.Sl a 1. 87 

1 35 12. 46 5.23 2.28 

1 55 11.11 3.26 1. 81 

NK 2 35 12 .42 8.32 2. 88 

2 55 11.16 4.91 2 .22 

3 35 12.56 9 .0 8 3. 01 

3 55 11.91 5.74 2. 40 

a Significantly larger than the corresponding NK value. 

Note that for both knowledge conditions the mean passing time gaps tend to remain con
stant, while under the NK conditions subjects increasingly overestimated the time gap 
as the speed of the OC increased. These data are shown graphically in Figure 6, in 
which mean passing distances for K, VK and NK conditions are plotted against OC speed. 
The straight line indicates the 12-second equivalent distance for each speed and is ob
viously a very good fit for the K means. The NK means show no such trend, indicating 
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Figure 8. Experiment 3 : Variance of passing time gaps as a function of blocks of trials. 
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little if any speed judgment. The fact that the mean NK passing distance at 60 mph was 
actually less than at 30 mph indicates that the subjects were not able to discriminate be
tween these extreme speeds. This is in contrast to the results of the previous experi
ment in which there was some suggestion of speed discrimination at the very short dis
tances which obtained in that study. The VK means show a consistent increase with OC 
speed, with relatively low variability. However, the trend does not follow the theoref
ical line and appears to be curvilinear. The indication is that subjects did not com
pletely compensate for OC speed. The difference between the VK and NK means in 
Figure 6 reflects the difference between knowing and having to judge OC speed while 
the difference between the VK and K (or theoretical) means is associated with having 
to apply knowledge of OC speed. 

Note that the variances associated with the time gap means shown in Table 4 diminish 
consistently with increasing OC speed under all three conditions. The variances about 
the 60-mph mean are quite low and very close while at 30 mph they are much higher, 
with the NK variance significantly larger than the K or VK variances. These data are 
similar to those obtained in the first experiment, but none of the explanations developed 
to explain similar results in the previous study apply here. One possible explanation is 
that at the higher speeds the amount of tangent roadway was somewhat limited placing 
an artificial upper limit on the time gaps. 

To summarize the above results it was found that (a) subjects were able to make 
relatively good judgments of the distance between the OT and OC-a 20 percent error 
or less 9 5 percent of the time; (b) subjects showed virtually no ability to judge OC speeds 
at distances equivalent to a 12-second OT-OC gap; and (c) subjects were able to use in
formation about OC speed in adjusting their time gap estimates. 

EXPERIMENT 3: VARIABLE LC SPEED 

Experiment 2 established that with constant LC speed most of the variability in pass
ing gap judgments was associated with OC speed; that distance judgment was relatively 
good; and that subjects were able to make effective use of verbal OC speed information. 
The purpose of the third experiment was to determine the effect of LC (and hence OT) 
speed on passing gap judgment. 

Method 

Six subjects were used, all public school teachers with a minimum of four years 
driving experience. The experimental setup and procedure was identical to that em
ployed in the previous experiment except that subjects had 16 trial blocks and LC speed 
was varied randomly between 35 and 55 mph throughout the experiment. The design is 
shown in Figure 7. 

Results 

The results of Experiment 3 are summarized in Tables 5 and 6. Table 5 shows the 
means, variances, and standard deviations of the passing time gaps for K, VK, and NK 
trials broken down for OC and LC speeds. As in Experiments 1 and 2, higher variances 
are consistently associated with the lower speeds. This is shown graphically in Figure 
8. Note that the Kand NK variances are generally higher than those obtained in Exper
iment 2, and the difference between the knowledge and no knowledge conditions less. 
These effects can be attributed to variability associated with having to correct for LC 
speed. 

Table 6 shows the passing time gap statistics for VK and NK blocks, broken down 
for LC speed but computed across OC speed. In each comparison the NK variances are 
larger than the VK variances but the differences are not as striking as in the previous 
study and only three of the differences are significant. Apparently the variable LC speed 
produces a general increase in variability which tends to mask the effect of giving OC 
speed information. 

Figure 9 is a plot of the mean passing distances against OC speed for K, VK and NK 
conditions and with LC speed as a parameter. As in Figure 2, the straight line shows 
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the 12-second equivalent passing distances. Under the 55-mph LC speed condition the 
K means fit quite well. The VK fit is also good although there is a pronounced drop-of 
at the higher OC speeds. This tendency also appears to a lesser extent in the K means 
and is attributable in part to the relatively large effect of subj ect and experunente1· 
(stopwatch) reaction time at high closing rates. Under the 35- mph LC . speed condition 
the K fit is good although there is a tendency to overcompensate at low OC speeds. Tht 
VK means show a trend in the right direction but there are reversals and a pronounced 
tendency to overcompensate, i.e., to underestimate the time gap. The poor fit is 
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reflected in the relatively high VK block variances. As in the previous experiment the 
NK means indicate no QC speed discrimination at all and a tendency to pass at a con
stant distance equivalent to 12 seconds at a closing rate of 80-90 mph. 

In Figure 10, the VK mean distance data have been combined for both LC speed con
ditions to show mean passing gap distance as a function of closing rate. A straight line 
provides a good fit and the line shown in the figure is a least-squares approximation. 
The slope of the line is somewhat less than the ideal, or 12-second, line indicating that 
the drivers tended to pass a little too soon at low closing rates and a little late at high 
closing rates. Nevertheless, the performance represented by the slope of the VK means 
is a considerable improvement over the time gap judgments obtained under the no
knowledge condition. Drivers apparently were able to compensate effectively for their 
own speed and QC speed, when the QC speed was known. 

CONCLUSIONS 

This series of experiments produced a number of clear-cut results. It may be con
cluded (a) that drivers are able to make good judgments of the distance to an oncoming 
car; (b) that at normal passing distances drivers do not respond appreciably to oncom
ing car speed; and (c) that drivers are able to make good use of verbal knowledge of 
oncoming car speed in making passing judgments. The finding that drivers were unable 
to judge oncoming car speed is consistent with that of Michaels (5), who showed that the 
relevant cues are below threshold at normal passing distances, and with Bjorkman's 
(1) data. 
- It would appear then that one way to improve passing performance is to provide some 

information about oncoming car speed. The present data show that a marked reduction 
in passing time gap variance (and hence, safety margin variance) can thus be achieved. 
It should be noted that the mean passing time gap and resultant mean safety margin 
adopted by a group of drivers may not be affected by the provision of oncoming car speed 
information. Nevertheless, a reduction in variability in passing gap acceptance and 
safety margin can have important consequences for both safety and throughput. Lower 
variance means that more drivers will pass when they should and fewer will pass when 
they should not. Therefore, it is felt that alternative techniques for presenting oncom
ing car speed information to drivers should be explored from a cost-effectiveness 
standpoint. 
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Estimation of Vehicular Velocity 
Under Time Limitation and 
Restricted Conditions of Observation 
SANTO SALVATORE, Traffic Systems Division, U.S. Bureau of Public Roads 

This study reports an investigation of the ability of subjects to 
estimate the velocity of the vehicle in which they are traveling. 
Equipment was developed to control the locus of visual stimu -
lation and the time that the stimulation was available for ob
servation. The acceleration of the vehicle was a parameter of 
the experiment. Stimulation time was held constant. 

Results show that, with time limitation, the locus of visual 
stimulation is significant in determining the accuracy of the 
estimates. Peripheral visual stimulation results in more ac
curate estimates of the absolute velocity of the vehicle than 
stimulation of the frontal visual field. The higher accelera
tion rate used to attain velocities alters the function such that 
all velocities are underestimated. 

It is hypothesized that fixation of the frontal field in "nor
mal" driving may be a factor in highway hypnosis, i.e., gross 
underestimation of absolute velocity. The significance of ab
solute velocity appreciation for steering behavior and multiple
car maneuvers is pointed out. 

•FIELD studies concerned with the estimation of the absolute velocity of the vehicle 
in which one is traveling l1ave been few. In 1916, Richardson (1), in a paper devoid 
of numerical values, emphasized the irregularity and variabilitY of the estimates ob
tained in his particular experimental situation. 

After a lapse of forty years, two studies of direct interest appeared. Suhr (2) in 
1957 compared speed estimation for laboratory and field conditions. A range effect 
was found. Low speeds were underestimated and high speeds overestimated. Also, 
overestimation at the high speeds was more pronounced with the laboratory device. 
Barch (3) in 1958 attempted to reproduce the effects of speed adaptation or highway 
hypnosis, which has been suggested as a contributing factor in certain types of traffic 
accidents. An adaptation speed of 50 mph maintained for as long as 8 minutes did not 
produce the effect according to the criterion used. A slight underestimation of the two 
terminal velocities, 30 and 40 mph, was attributed to the 50-mph anchor point and the 
fact that only deceleration was used to arrive at the estimate. The speed judgments 
were found to be "quite reliable. " 

Of particular interest are the studies of Hakkinen (4) who compared estimates made 
by subjects responding to films in which the camera was in the position of the driver 
with estimates made by passengers in an actual traffic situation. It was found that 
though the split-half reliability for each technique was high the correlation between the 
two techniques was not significantly different from zero. 

The most recent work in speed estimation has been done at Ohio State University. 
Chubb and Ernst (5) explored the velocity subjects attained in response to a velocity 
commanded by the-experimenter across two traffic densities. They report an inversio 
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of the range effect-lower velocities overestimated and higher velocities underesti
mated. Also, heavy traffic increases the estimate uniformly. Snider (6) examined 
the factors of (a) order of presentation of the estimation or production procedure, (b) 
presence or absence of feedback, (c) time under feedback condition, and (d) velocity, 
using the technique of the analysis of variance. Of these factors only velocity was 
statistically significant; however, many significant interactions were reported. 

The literature concerning the perception of motion in the laboratory, though in
structive, will not be reviewed here. The laboratory studies generally display small 
moving targets usually within the confines of the parafovea, whereas for the situation 
of interest-the vehicle moving through the environment-it has been shown (7) that 
angular velocity is minimal in the fovea and maximum in the periphery. -

In the real world, the rapidity with which an estimate is obtained is of importance. 
Especially in those emergent traffic conditions which call for a reappraisal, the esti
mate which takes longer is worth less if the two estimates are of a given accuracy and 
reliability. It is one purpose of the research to test the hypo thesis that with time limi
tation, stimulation of the peripheral visual field1 results in more accurate assessment 
of absolute velocity than stimulation of the frontal visual field. A second subsidiary 
hypothesis states that the estimates obtained with peripheral stimulation are of greater 
magnitude than those estimates obtained with frontal stimulation. 

The question of whether the velocity of moving objects is perceived directly or by 
a cognitive operation relating perceived spatial displacement to perceived duration is 
pertinent. In the periphery, angular velocity is high and movement obvious so that 
movement of the vehicle through the environment can be apprehended directly, whereas 

" , 
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Figure 1. Equipment and visual field, top view. 

1Frontal field refers to the 25 deg centered on the optical axis or line of sight and in the direction of 
motion; peripheral field refers to the field subtended between 65 and 90 deg (see Figs. I, 2 and 3). 
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in the fovea movement is slower so that ve-locity may have to be computed from an es
timation of distance traversed and a separate estimate of elapsed time. The latter is, 
of course, more time-consuming and in the extreme, corresponds to the solving of the 
equation, velocity equals distance divided by time, after the proper measurements have 
been made in the appropriate units. 

METHOD 

Apparatus 

The equipment constructed to control the segment of the visual field available and 
its duration for observation is ·shown in Figure 1. All observations were made binoc
ularly. The frontal field was controlled by two camera iris diaphragms. The distance 
between iris centers, corresponding to interocular distance, was made adjustable to 
accommodate individual variation. 

The peripheral field was controlled by two slats in a groove running parallel to the 
optical axis at a distance of 5 in. on either side of the observer's eye. The rear slat 
subtended an angle of 90 deg and the forward slat 65 deg at the observer's eye. Baf
fles blocked out all but the visual field of experimental concern (Figs. 2 and 3). The 
apparatus was positioned in the front passenger seat of the experimental vehicle, a 
1963 Ford sedan, by means of a boom. The subject's head was kept in position by means 
of a chin rest. 

The duration that the visual field was available for observation was controlled by 
three 4%-in. diameter shutters. An electronic timer controlled the voltage to the 
solenoids that operated the opening and closing of the shutters. 

Test Site and Subjects 

Experimental runs were conducted on a 5-mile stretch of unopened Interstate 64, a 
4-lane divided freeway in Virginia. The utilized westbound road consisted of two con-

Figure 2. The frontal field. 




























































