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1.0 Introduction 

This is the final report of a three-year research program entitled "Tri-Level Study of the 
Causes of Traffic Accidents," performed by the Institute for Research in Public Safety (IRPS) 
of the Indiana University School of Public and Environmental Affairs. The study was 
performed for the National Highway Traffic Safety Administration (NHTSA), U.S. 
Department of Transportation, under Contract No. DOT-HS-034-3-535. The period of 
performance was from 15 August 1972 to30 September 1975,' which coincides with IRPS data 
collection Phases III, IV, and V. Phase II data, acquired under a previous NHTSA contract 
(1),2 are also reported. Phase I data appear in a previous report (1). 

1.1 Research Objectives 

The study was conducted to satisfy a broad range of NHTSA's needs for up-to-date data 
regarding traffic accident causation. The basic research question was "what causes traffic 
accidents?," and all potentially causative factors- human, vehicular, and environmental
were of interest. Accomplishment of this overall objective involved several specific objectives, 
including the following: 

I. Identify those factors which are present and serve to initiate or influence the sequence of 
events resulting in a motor vehicle accident (Vol. 1). 

2. Determine the relative frequency of these factors and their causal contribution within a 
defined accident and driving population (Vol. 1). 

3. Assess the errorjaccident relationship as a function <?f driver age, driving knowledge, 
vision, driving experience, and vehicle familiarity (Vol. II). 

4. Apply taxonomy development and group-identification concepts to the identification and 
definition of problem driver types, and from this to formulate recommendations for 
dealing with particular classes of drivers (particular attention was to be given to the 
alcohol-impaired driver, in order to identify the types of driving-performance mistakes 
made by particular types of alcohol-impaired drivers under particular types of conditions). 
(Vol. II). 

5. Assess the potential benefit of radar and anti-lock braking systems in reducing the 
incidence and severity of automobile accidents (See Interim Report II, Vol. II). 

6. Develop new methodologies for assessing the role of human factors in accident causation. 
(Vol. II). 

1 Later extended to June, 1977 for supplemental analysis tasks, to be separately reported. 
2 Numbers in parentheses refer to references which are listed near the end of this volume. 
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1.2 Report Structure 

This final report is comprised of two volumes. Volume I reports causal factor tabulations 
and asses'sments, while Volume II reports several special analyses based ori,·project data. 

Several earlier: (interim) reports ·of this three~year · st~dy' have been: :published; in 
·chronologiCal order, these include:· '~.r~ / 

• Tri-Level Study. oft he C~uses of Traffic Accide!zts.: Interim Reporti, 'Vols . 
. ' ~- . ' . 

I & 1/... 
,~ .. 

Prepared under Contract No. DOTcHS-034-3-535, August 1973, DOT 
Report Nos. HS-801-334 and HS-801-335. This was a final report.-of the 
first year of activity under the present three-year program. It provided 
causal factor tabulations for Phase III, as well as cumulative results for 

. Phases Jl and III. Volume .I· included methodology, conclusions, and 
recommendations sections; causal result- tabulations; .comparisqns of 

· Phase II and III results; assessments ofacciderit severity as a function of 
_ causalfactor;· an analysis of the modeLyear distribution among vehicles 

involved in accidents· as a result of, vehicular problems; a comparison of 
results obtained on-site and in-depth; a comparison of accident. and control 
sample populations; results of an initial cluster analysis effort; an 
assessment of relationships between various driver, accident and causal 

. factor characteristics; and an assessment of the representativeness ofstudy 
samples. The glossary section of Volume· I included the overall causal 
hierarchy and causal factor definitions. Volume II provided a more detailed. 
description of methodology, as well as the principal data collect~ on forms 
and the detailed causal result data tables (2). · 

.• ·· Tri-Level Study of the Causes of Traffic Accidents: -Interim :R~port lL 
Volumes I & II. · ' 

Prepared under -Contract No: DOl;-HS-034-3-535. Volume I dated 
f..ugust, 1974; Volume II datedDecember, 1974 (Nos,HS-8~1-968 and HS-

.. 801-631). Th~se 'Yere.final reports of the second y~ar of activity. Volume I 
provided a report of causal result tabulations and trends, while Volume II 
dealt exclusively with assessments of th~ potential p~yo_ff ofrap.ar -warning, 
radar actuated, and anti-lock braking systems in preventing accidents or 

· reducing their 'severity. Causal result data inyolum~ I included both Phase 
IV and cumul~tive Phase II, III, IV data. A third document (Volume lll) 
was produced ·but not published. h1stead, its contents were upaated and 

. incorporated in the present final report. It dealt with. results. of dynamic 
vision testing, driver. knowiedge testing, on~site and in-depth cluster 
analyses cif d~ta, an AID analysis relating driver characte'iistics and 
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accident causes, and new methodology development, including ,profile 
scores of drivers (3) . 
. \ ,,. 

The pres~nt document is a comprehensive final report of the three-year study. However, 
not all materials previously published have been replicated herein. For example, r:esults of the 
radar I anti-lock assessments (Interim Report II, Volume II) are not included. The present 
report includes causal factor tabulations from the Phase V collection period, as well as 
cumulative data· from Phases II through V. · · 

Prior to the present study, IRPS was engaged in a related tri-level study under NHTSA 
sponsorship, entitled '-'A Study to Determine the Relationship Between Vehicle Defects and 
Crashes .. (DOT-HS-034-2-263).ln chronological order, relevant documents from that study 
were: '·' 

·.· • Interim Report of A Study to Determine the Relationship Between·Vehicle 
Defects and Crashes:· Methodology. 

Prepared under Contract No. DOT-HS-034-2-263, November, 1971. DOT 
Report No. DOT-HS-800-661; Provides details of tri-level methodology. 

·This •document 'was produced during Pha~e I of IRPS' several data 
collection phases (4), 

• Results of a Study to Determine the Relationship Between Vehicle Defects 
and Crashes, Vols. I & II. 

· ··Prepared under Contract No. DOT -HS-034-2-263, November, I 972: DOT 
Report Nos. DOT-HS-800-850 and 851. Provided' results .from data 

.. collection J>hases .I and II. _Although the emphasis was on the role of 
vehicular factors, human and environmental factors were also tabulated in 
a manner consistent with that employed in later phases. Volume I provided 
causal result tabuiati_ons, while Volume II dealt with comparisons of 
component outage rates in the accident and general vehicle populations, 
comparisons of results obtained at the on-site and in-depth levels, and the 

·representativeness of study samples. The teport was aproduct of data 
colleCtion Phase II (I). 

1.3 StatUs of Accident Investigation and Data· Collection. Activities 

As described in the methodology oven:iew (Volume I, section 2.0), a tri-level methodology 
has been employed Jeaturing baseli'ne. data collection on Level A, on-site investigations of 
moderate detail on Level B; and in-depth investigations of intensive detail .on Level C. 

Durin$ Pha~ V IRPS. continued. to build both baseline and accident data ftles (Tables 
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1-1 and 1-2). Baseline data includes information describing Monroe. County.l!:pcidents re~ 
ported· to the state (location, date, etc.), drivers licensed in Monroe County (age, sex, vision 
as measured by the dynamic vision tester, etc.), vehicles registered in Monroe County (make, 
model, year, etc.), and ¥onroe County roadways (miles of surfaced and uniurfaced roads, 
etc.). · · · . . 

Throughout Phase V, twenty-four hour per day coverage was maintained on Level B; 
·permitting a sizeable increase in the acCident data files. An additional894 on-site (Level B) and 
102 in-depth (Level C) investigations were conducted, bringing the total for the three-year 
study to 1728 on-site and 269 in-depth. These data are generally compatible with those 
collected during Phase II (530 on-site, 151 in-depth) providing a total base of2258 on-site and 
420 in-depth accidents readily available for analysis. Also during Phase. V, infor~ation was 
acquired on all 3068 Monroe County accidents reported to the state during this period, 
bringing the total number of state accident reports fo,r the Phase II-V period tol3,568 (Table l-
2). ·.· 

1.4 Background 

:The National Highway Traffic Safety Administration (NHTSA) has spo~sored a variety of· 
accident investigation studies since 1968. These studies to collect and analyze rel:ll-world 
accident data provide a foundation for development of safety strategies, rule-making plans, 
assignment of priorities, ~:~.nd measures of the effectiveness of countermeasure programs at the 
national level. Thus, the critical real-world data developed provide a technical base for 
intelligent planning and decision-making. In summary, specific objectives of the national 
accident investigation system are to: . 

e Identify the causes and mechanisms of motor vehicle accidents and 
subsequent injuries, so that effective measures, devices, and traffic safety 
programs can be initiated. 

• Provide accident information and analyses on priority safety problems for 
research and rule-making. · 

• Assess the worth of motor vehicle and highway safety standards now in 
force, and predict the potential effectiveness of new standards under 
consideration. · 

• Pinpoint defects in motor vehicles or highway <tesign as the basis for 
scientific investigation. 

• Validate advanced accident investigation techniques in the field to improve 
the precision, accuracy, and. efficiency of the collection of accident data 
while reducing the collection burden of on~scene investigators •.. 
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Table 1-1 

Summa·ry ot Baseline Data Collected by IRPS 

; File Name File Description Data Collection. No. of No. of Sampling 
Period (source) Sampling Units Variables Technique 

p 
H PH2E30 Age and sex of May. 1972 (1971 1,061 3 Systematic 
All Monroe Co. licensed driver's license sampling from 
s drivers appli.cations) a list 
E 

ISP71 Monroe Co. Police April, 1972 (ISP) 3,914· 56. Entire popula-
, reported accident data tion 

PH3E30 Age and sex of May, 1973 (1972 1,000 3 Systematic 
· Monroe. Co. licensed driver's.license sampling from 
··drivers applications) a list 

p PH3E31 Make & model year of June. 1973 (1973 2.000 2 Systematic 
H Monroe· Co. passenger Monroe Co. pass~nge r sampling I rom 
Alii vehicles vehicle registrations) a list 
s 
E PH3E09 Monroe Co. driver- 29 April, 1973 to 900 43 Quota sampling 

vehicle character- 3 June, 1973 (stratified by 
istics (Monroe Co. drivers) age and sex) 

ISP72 Mo-nroe Co. police "April, 1973 (ISP) 3,272 56 E.1tire popula-
reported accident data lion 

PH4E30 Age and sex of April, 1974 (1973 980 10 Systematic 
Monroe Co. licensed driver's license sampling from 
drivers applications) a lisr 

PH4E60 Monroe Co. licensed 8 April, 1974 to 149 70 Quota sampling. 
p driver vision . B July, 1974 (Monroe (stratified by 
H Co: licensed drivers) · age and sex) 
AIV 
s PH4E61 Monroe Co. licensed . 8 April, 1974 to 51 112 Quota sampling 
E driver vision test- 8 July; 1974 (Monroe (stratified by 

retest. Co. licensed drivers) age and se~<) 

PH4E62 Monroe Co. licensed August. 1974 63,000 16 Entire popula-
drivers . (Indiana BMV) tion 

PH4E63 Monroe Co. regis- June, 1974 33,921 35 Entire popula-
tered vehicles (Indiana BMV) lion 

ISP73 Monroe Co. police April, 1~74 (ISP) . 3,314 56 Entire popula-
reported accident data tion 

p PHSE30 Age and sex of July, 1975 (1974 2.081 18 Systematic 
H Monroe Co. licensed 'driver's license sampling from 
AV drivers applications) ·a list 
s 
E ISP74 Monroe Co. police April, 1975 (ISP) 3,068 ~6 Entire JlOpula-

reported accident data lion 
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Table 1-2 

Summary of Accidents Investigated by IRPS Using Tri-Level 
Methodology 

Data Collection Police Reports On-Site In-Depth 
Phases & Dates (Level A) (Level B) (Level C) 

1-10/70-5/71 3458 in 1970 469 68 

11-6/71-5172 3914 in 1971 530 151 

111-6/72-5/73 3272 in 1972 306 64 

IV-6/73-5/74 3314 in 1973 528 103 

V-6/74-5/75 3068 in 1974 894 102 

Combined Phases' 
II, Ill, IV, V 13,568 2258 420 

' Phases II, Ill, IV, and V were assessed using the same causal assessment scheme, and are presented 
both separately and cumulatively. Phase I differed somewhat and, for the_, most part, is not reported 
herein. · 

Recent trends in accident research have led to a multilevel approach to national accident 
data collection, processing and analysis (see Figure 1-l). The level of sophistication ranges 
from population data and the_ basic, minimal amount of data contained in routine police 
reports of all accidents, to the most comprehensiv-e, in-depth data contained in speciaJ reports 
by professional accident investigation teams. In the basic level of collection, a small number of 
data elements are collected on the population at liuge and on a large number of accidents. Data 
from vehicle registrations and drivers licenses are utilized as supplement information at this 
basic level. At the top level, hundreds of data elements are collected on a: small number of select 
accidents which are designated for study. Intermediate levels involve various additional data· 
elements not routinely collected at the basic level in order to study some specific aspect on a. 
subsample of accidents. . . . . . 

A composite approach, designated as a tri-level study, was devised from this multilevel 
national concept. Tri-Ievel studies involve simultaneous accident. data collection an~ 
investigation from three levels of detail, within a single study. Thus, the three levels oftbe IRPS 
tri-level program, in order of increasing detail and cost per investi_gation and decreasing case 
volume are: 

• The collection of baseline data on the study county from police reports, 
vehicle registration files, driver license files, roadway inventories, and local 
surveys (Level A). 
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Figure 1-1 - Multi-Level Concept 

IN-DEPTH STUDIES 

SPECIAL STUDIES 
AND 

81-LEVEL POLICE STUDIES 

ACCIDENT DATA COLLECTION AND ANALYSIS 

Diagram Courtesy of NHTSA. 
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• The on-site .investiga_tion of accidents immediately following their 
occurrence by teams of technicians (Level B). 

• The independent, in-depth investigation of a subset of the accidents 
investigated on-si~e, by a multidisciplinary team (Level C). 

Data collected on Level A enable the representativeness of study samples to be assessed, 
and also provide a basis for comparison of accident and general populations. The Level B (on
site) investigations enable moderately detailed information to be collected from a relatively 
large number of accidents. Since the extension of coverage in'February, 1974 from IO.hours to 
24 hours per day, IRPS has acquired accidents on Level Bat the rate of approximately 70 to 80 
accidents per month (840 to 960 per year). On Level C~ a multidisciplinary team has conducted 
highly-detailed investigations at a rate which has averaged about 100 accidents per year. 

In Figure 1-2, the location of many of the teams currently funded by NHTSA is shown, 
including the present study of accident causation. Each of these is a "special study," focusing 
on a particular aspect of the highway traffic safety problem. At its core, each also includes a 

.. multidisciplinary accident investigation team composed of medical doctors, engineers, 
psychologists, and other accident reconstruction specialists who scientifically analyze 
accidents to determine accident and injury causation and to make recommendations for 
possible solutions. Increasingly, these studies are developing levels of data which provide for 
both clinical evaluations of accident and injury causation, as well as statistically significant 
information on specific priority problems. 

Not reflected in Figure 1-2 are several previous NHTSA studies conducted during the first 
two years of the present study. These include a study of Intersection Accidents in San 
Francisco, Restraint Usage Comparisons in Salt Lake City, a study of Alcohol-Involved 
Accidents in Albuquerque, a study of Fatal Accidents in Oklahoma City, a study of Injury and 
Damages Indices in San Antonio, a Pedestrian-Alcohol Involvement Study in New Orleans, a 
Single Vehicle Accident study in Miami, and Alcohol Safety Action Project Evaluation teams 
in Baltimore and Boston. 

The present IRPS study has built extensively on the. earlier "Vehicle Defects Project," and 
differs most notably in directing increased attention to the role of human and environmental 
factors. Additional details concerning the study approachare provided in the methodology 
overview section (Vol. I, Section 2.0). 
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2.0 Driver Attributes in Relation to Accident Involvement and Causation 

Grouped in this section are several separate examinations of relationships between selected 
driver attributes and measures of accident involvement. The latter include comparisons 
between groups which either have or have not had accidents within specified periods. and 
between those in accidents judged to have made causally-relevant driver errors and those 
adjudged error-free. Topics inc~uded are as follows: 

• Section 2.1: Driver Vision (static and dynamic acuity, angular movement, 
and other measures using a device of advanced-d·esigri). 

• Section 2.2: Driver Knowledge (tested via a shun pen and pencil battery). 

• Section 2.3: Driver Psychological and Personality Factors (based on 
measures of social and personal adjustment, impulsivity, · 
information-processing ability, etc.). · 

• Section 2.4: Driver Characteristics and Culpability (focusing on age, sex, 
driving experience, vehicle familiarity, annual mileage, and 
road-area familiarity). 

2.1 Driver Vision Test 

The general purpose of this section is to obtain a closer lo.ok than afforded before, at the 
relatwnship between driving performance and vision. Despite the fact that visual information 
is generally believed to constitute over 90 percent of the driving-relt:vant input to the driver 
(Hartmann, 1970), the measured relationships between driving performance measures and. 
traditional measures of visual acuity are at best tentative (c.f., Goldstein, 1961; Burg, 1964). 
Several factors may account for these results: 

The Limited Range Effect-there typically is a redl,!ction of the .observed relationship 
between two factors when the range of values of either or both is limited. In driving, this ef{ect 
is manifested in.the typical elimination (through licensing) of all those people with a corrected 
foveal static acuity less (poorer) than 20/50. · 

The Limited Number of Visual Functi~ns Studied-typically, only static foveal acuity and 
color vision tests are administered for licensing purposes. Yet, good driving performance 
requires adequate peripheral vision (Mourant & Rockwell, 1972), acuity in the presence of 
glare and low levels of illumination (Allen, 1970), and adequate dynamic visual acuity (Burg, 
1968). 

The Limited Data Base for Driving Performance-here the basic problem remains one of 
defining the driving task. Various approaches such as information processing (Rockwell, 1972) 
and functional taxonomies (McKmght and Adams, 1970) have been taken, and the resulting 
models of the driving task have been useful in generating the visual functions necessary For 
driving. However, to test the relevance of the visual functions one must compare the visual 
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performance of drivers to empirical driving-task~related data. Typically driver records are 
used as indicators of driving performance (Burg,1967. 1968; Fergenson, 1971). HOW!!Ver, for 
the present purpose, accident and violation records are relatively crude and indirect measures 
of driving" performance for the following reasons: 

I. They do not· contain information on the particular human error. ~that caused the 
accident__:__or even the violation. ! -~ : -

2. Assessment of culpability is based on legal considerations ratherthan human perceptual
motor limitations. 

3. They contain data a~cumulated over a long period of time during which visual 
performance on seiected visual functions may deteriorate significantly. 

4. Drivers' accident and-violation records, are greatly influence'd by more "central;' facto'rs 
such asrisk-taking,tendencies, and information processing rates (Fergensqn,),971), as well as 
personality characteristics (Herano, 1968). 

2.1.1 Methodological Approach 

In the present research the relationship between visual ability and d~iving.perfo~mance is 
studied by measuringmultiple visual pedormance abilities on the one hand and analyzing in
depth accident involvement on the other hand. Thus, this effort constitutes a methodological 
improvement with respect to the last tw~ ofthe three confounding factors above~more visual 
functions studied and better data on driving performance. The following is a brief description 
of this approach (a more detailed description of the instruments and procedure is provided in 
Section 2.1.3). - --

The visual performance of accident~involved drivers was tested via a recently developed 
driver vision screening instru~ent specially designed by Systems Development CorporatioJ1 
and built under a Department of Transportation contract (Contract N 0. DOT-HS,-009" 1-009). 
This device, while only a prototype, may serve as a modelfor a new generation of vision 
screening devices planned to replace those now in use by many states in proc:essing driver 
license applica~ts. It is the product of an extensive resear~h and evaluation program conducted 
by Burg (1967, 1968) and Henderson & Burg (1973, _1974) that identified a number of visual 
capacities and skills thought to be crucial for safe accomplishment of the driving task. A 
repertoire of tests' capable of measuring those visual parameters was developed. This repertoire 
was then incorporated into a single testing unit known as. the ·:integrated driver vision test 
device," to be referred to here as the Dynamic VisionTest (DVT). Among the visual functions 
tested by the DVT are static and dynamic foveal acuity, static p~ripheral ~cuity, foveal and 
peripheral acuity for lateral movement and movement in-depth, and foveal acuity in the 
prt·~ence of spot and H:iling glare. Initial research utilizing the DVT by Henderson and Burg 
( 1974), showed that poor performan¢e on several of the vision test~was related to poordriving 
record. Where such statistically significant relationships were obtained, the magnitude or the 
relatiOJ;)ship was relatively small, and in many cases counterint~itive; i.e., poor visual 

. performance was associated with good record. These counterintuitive results were attributed 
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to the confounding of the vision and driving r~cord variables. with age; and the generally weak 
relationships.nia:y be attributed to limitations in Henderson & Burg's ( 1974) data base, i.e., 
drivi~g records. · · . 

In the present.research, driving performance was evaluated on the basis of an analysis of 
accident involvement behavior by a multi-disciplinary research team. This analysis yielded the 
types.of driving errors that resulted in the accident. While accident.involvement is an indirect 
measure of driving performance, the methodological approach is unique (and is an 
improvement over previous procedures) in that (I) visual performance is measured in close 
temporal p~oximity to the accident (within a week) and (2) the quality .of the accident
describing data is. much better than typically afforded from police and· insurance files. 

2.1.2. Object{v.es. 

· The specifi~ objectives of this re5earch were: to test the. reliability and practicality of the 
DVT as a screening device and to identify the validity of the DVT scores as factors related 
to driving performance 

Reliability-to be a reliable and useful screening device the final DVT battery must meet 
several criteria: · · 

1. The scores obtained for a gi.ven individual should be stable across short 
periods of time. This measure of consistency is typically obtained by 

·calculating test-retest reliability. · 
An initial assessment of the DVT's reliability was made by Henderson & 
Burg (1974). For the various visual performance measures, the test-retest 
correlations ranged from r = .08 to r = . 75 for a group of 28 SDC. 
employees; from r = -.04 to r = . 70 for high school students; and from 
r = .12 tor = 1.00 for 99 paid volunteers with a revised battery consisting of 

. a· smaller number of visual-function tests, and more trials per test. The. 
importance of a test's reliability becomes obvious when one considers the 
fact that the upper limit of a test's validity (the ultimate criteria i'or its 
usefulness) equals the square of its ri:liability (in terms of correlation value). 
Thus, it is felt that prior to the assessment ofihe relationship between visuill 
and driving performance-a measure of validity~some measure of 
reliability must be .obtained. · 

2. The visual performance score should be relatively insensitive to practice and. 
familiarity with the DVT; I.e.: learning should be minimal or. a method to 
correct for it should be applied. Thus, in addition to. the test-retest 
correlations~ an absolute score difference between the tw'O testing sessions'. 
should also be calculated. 

3. The test score should not be examiner-specifi~; i.e,, for a given indJvidual 
the score should be the same with different administrators and scorers. For 
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. this reason two diffeninf people were used for both test sessions .. 
4. Due to practical limitations the final DVT battery should pe 'relatively 

short. Presently the DVT .m!uires approximately 30-40 minutes to 
administer an'd score, A factor analysis should be applied to determine 
which Of the tests measure similar capacities so that some of the redundant 
tests may be dropped. ' 

. . . 
,- . ' 

Validity-the usefulness-.of the DVT for licensing purposes depends on its relationship to 
driving performance. Presently the battery can be said to have content validity since its 
con~truction was based on driving task an~lysis by experts (Burg, 1968). The specific objectives 
of the validation effort are to find whether: 

1. Poor performance on any of the DVT measures is related to accident 
·involvement. · 

2. There is a relationship between DVT performance and the human error that 
caused the accident (as assessed by the accident investigation team). 

3. There is a relationship between specific accident configurations and visual 
deficiencies; e.g., do people involved in right angle accidents have poorer 
peripheral and dynamic acuity? 

2.1.3 Method 

2.1.3.1 The Vision Test 

The dynamic vision tester ({)VT) is a prototype of an experimental battery that 
incorporates visual tests which are theoretically relevant to the driving .task. The DVT, 
developed by Henderson & Burg (1974), consists of 12 tests of binocular visual acuity, and 
presently requires 30-40 minutes to .administer and score. A brief description of each of the 
tests and its rationale is given below. For a more technical and detailed description, see 
Henderson & Burg (1974). . 

In all. tests. except _those for m.ovement threshold, the_ target is a Landolt ring (a circle with a 
break in it) with the break at any one of the four positions:. top, bottom, right or left. The 
subject's task is to identify the location of the break.ln the movement thresholdtask the target 
is a filled circle, and the subject's t_ask is to identify the direction of the movement. In aH tests 
the target brightness is greater ttian that of the background (i.e., negative contrast). The tests 
are. administered in the same order as described below. 

I. Static acuity-Normal illumination (SA-N). Presently, the basic visual ability to r~solve 
de.tiils of stationary objects pr?jected on the fovea is the primary acuity criterion for passing or 
failing license applicants. Subjects are presented with Landolt rings in decreasing size. The 
range is from the Snellen equivalent of 20j175to 20/20. Figure/ground contrast is .991. The 

• Contrast = Background n..-Target n.. 
Background n.. 
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acuity score is in Snellen numbers of I 75 to 20, with 20 being the best possible score. 
2. Central Angular Movement (CAM)-Since most of the ti,me the driver is moving, a state 

of relative I,llOVement exists between him and his surroundings. Thus, stationary objects 
adjacent to or on. the road "achieve" angular. movement just before he passes .. them, while 
opposing and passing traffic is /perceived to be moying in depth (t,oward, or aw~y from the 
driver) once they are more than several hundred feet away. To m~asure angular movement 
threshold, a 2° circle of light moves across the subject's field of view from either right-to-left or 
left-to-right, for a constant one second duration. On each trial, in a sequence of 10, the extent 
of movement is decreased. The range decreases from 256' to 2; of arc. The entire test consists of 
two such sequences making up a total of twenty trials. The test yields two scores: threshold of 
movement detection and total number of trials correctly identified. 

3. Central Movement in Depth (CMD)~This test is relevant to the ability to perceive a 
change in distance between the driver and cars ahead of him. The test is similar to CAM except 
that the target varies in size, creating a sense of movement in depth~· The range ofmovement is 
from 190' of.arc to 2' o[arc from the initial size of 2°. The subject's task is to identify whether 
the circle is getting larger orsmaller. The test yields three scores: two thresholds for increasing 
and decreasing circle size, and total correct out of.twenty trials. 

4. Peripheral Angular Movement (PAM)-The test is designed to test the driver's ability to 
;dentify movement in his peripheral visual field. The ability to perceive movement in the 
peripheral field is crucial in many situations where the driver is directing his gaze.in orie 
direction, e.g., straight ~head, but must be respqnsive to events elsewhere, such as a car pulling 
out from an alley, a child jumping into the road, etc. The task isto identify the directl()n.of 
movement as in CAM while the eyes are fixated on a lateral point 45° away from the moving 
disc. To insure that the subject does not shift his fixation, the fixation point ''jumps" ori a 
random periodic basis and he must respond to these jumps by pressing a button, thus this task 
actually is a time sharing task between peripheral and foveal 'vision. The scores on this test are: 
threshold, and total number of movements correctly identified. 

5, Peripheral Movement in Depth (PMD)-The rationale and procedures are similar to 
PAM except that the nature of the per'ipheral movement is as in CMD. The scores are: 
thresholds and total trials correct. 

4-5. Tone Count (TC)-In tests 4 and 5, whenever the subject fails to press the button 
immediately following the jump of the fixation dot a high frequency tone is sounded .Thus, the 
total number of tones is a measure of ability' to perform the secondary task, i.e., to foveally 
fixate and attend to the jumps. The best score here is 40, since the·total number of tones is 40. 

6. Static Acuity-Low Level Illumination (SA-11)-ln order to provide a measure of acuity 
under low level light conditions-such as dusk or night~the SA test described above is 
administered with Landolt ring brightness reduced from 2.3 fL to .02 fL, yielding a contrast of 
.05. The final score is the subject's threshold. 

7. Field ofView (FV)-This test is designed to measure the subject's ability t,o detect a change 
ir. brightness in his peripheral field. While thesubject fixates on a centnal point a sequence of 
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small Landolt rings are flashed for a duration of .5 seconds at various angles· away from his 
fixation. The range of angles is from 60° to 90? to either side. The subjec.t\,\_ask is to state 
whether the light on each trial was to the right or to the left of the fixation spot. The ability 
measured here is different. from that in PAM and PMD since it does not rel.J ~ire that S be 
attentive to ~ny events in his foveal field, and thus no time sharing is involved. Three scores are 
derived from ihe t~st: threshold angle of detection to the right, threshold angk,to the left, and 

total number. of trialscorrect mH of 14: . . 
8. Detection-Acquisition-Identification of peripheral patterns (DAI-90)-The test is 

assumed to meawre .s's overall visuai search ability since it. requires that he first detect a 
peripheral target, consisting of a Landolt ring, move his eyes (and head if necessary) to acquire 
(or fixate) it and then identify the position of the break. The targets appeal in a random 

sequence anywhe1e from 60° to 90° away from the central fixation point. Target d.uration is .8 
seconds and S's task is to identify the .position of the break. The test yields three scores: 
threshold angles of identification in the right and ieft fi~lds and total trials corrc~t out of 14 

9·. Detection-Acquisition-Identification of para-foveal patterns (DAI-35)-The test is 
similar to DAI-9(1 exceptthat the r.elevant target field is now 10° to 35° away from the central 
fixation, and its duration is only . 5 seconds. The S's task and scoring procedure> are the same .. 
In terms of vi sua i requirements, the task is different since the resolving power in the para
foveal region is ~ufficiently high so that no head movements are required at all and at the 
smaller angles no eye movements are required; and hence the motor mechanisms involved in 
the task are different. Almost all of the driver's traffic information is within the para~foveal 
range. 

10. Dynamic Visual Acuity (DVA)-Critical information such as t-igns are typically in 
relative movement to the moving driver and hence, perhaps more important than static acuity, 
is dynamic acuity or the ability to resolve information from a moving pattern. The ability 
tested here is different since it is time dependent. In the test a Landolt ring moves across a 30° 
arc in the lateral plane at the rate of 60'/second. On each trial the ring size is decreased. The 
total range is from the Snellen equivalent of 20/200 to 20/30. The final score is the acuity 
ili~ilioW. · · 

II. Static Acuity with Veiling Glare (SA-VG)-Under conditions of veiling glare, such as 
d1rect sunlight or strong reflections from the windshield and dashboard, figure/ ground 
contrast is reduceJ and ability to resolve detail is impaired. In this test the glare is produced by 
flooding the visua I field with a uniform white light of 40.25 fL resulting in a cont1 ast of.05. The 
S's score reflects bis Snellen threshold. 

12. Static Acuity with Spot Glare (SA-SG)-The analogous driving situation is one where 
the glare source is a low lighting fixture or the headlighb of an oncoming car. In the test the two 
glare sources are located on the two sides of the Landolt rings. The brightness levd of each bulb 
is 40,000 fL. The test procedure and scoring are identical to the other three SA te>ts. 
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2.1.3.2 Subjec!s 

Three hundred and fifty-eight lic'ensed drivers were administered the DVT. The drivers 
were sampled out of two populations: ' 

1. The Accident group consisted of 209 out. of the 351 drivers who were 
. actl.!ally involved in automobile accidents that were investigated by the in
depth (Level C) multidisciplinary teams during the period that the DVT was 
available for this project. Sampling was based on availability. 

2. The Control group consisted of 149 drivers not involved in investigated 
accidents, representatively sampled by age and sex from the general driving 
population in Monroe County. For assessment of test-retest reliability 51 
drivers from this control group took the DVT twice. 

The degree to which the two groups are representative of their population in terms of age is 
Illustrated in Table 2-l. For the accident gt Qup, in the sample of those taking the vision test the 
35-54 year olds are underrepresented. (This bias is probablydue to the fact that 35-54 year old 
people have less time to contribute, while the 16-24 year-old group typically has more time 
during regular working hours). The "reliability" drivers are highly representative Of their 
population since the sampling was. stratified by age arid sex categories. 

2.1.3.3 Driving Data 

For all drivers the following information was obtained through questionnaires and clinical 
interviews: 

Sex 
Age 
Exposure 
Aided vision 

License restrictions 
Accident history 

Traffic violations history 
Driving knowledge 

- miles driven in the past year 
-. whether or not they wear glasses or contact lenses 

when driving 

number of accidents in the past 5 and I year periods 
and whether at fault or not 

- number of and types of violations 
- based on a forced-choice driver knowledge question-

naire (described in section 2.2 below) 

In addition to the above information available for all drivers, the following information 
was obtained from all the accident group drivers: 

• Detailed biographical information, and accident relevant information 
obtained in an hour long in~depth interview. 

• Accident cause analysis which resulted in assigning each driver relevant (if any) 
human factors that. might have caused the acCident. 
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··Table 2-1 

The Age Distributions of All G_roups of Drivers Administered the 
DVT. . . . . 

ACCIDENT GROUP CONTROL GROUP . 

All In- Vision-Tested All Control Reliability 
Age Depth Drivers In-Depth Drivers Drivers Drivers 

N % N % N %. N % 

16-19 67 19.2 53 25.4 23 15.4 8 15.7 
20-24 112 . 31.8 75 . 25.9 26 242 12 23.5 
25-34 82 23.3 47 22.5 39 26.2 f2 25.5 
35-44 36 10.4 16 . 7.7 19 12.8 7 13.7 
45-54 40 11.3 11 5.3 15 10.1 6 11.8 
55-64 5 1.6 3 1.4 11 7A 3 5.9 
65+ 9 2.5 4 1.9 6 4.0 ' 2 3.9 

Total 351 100.0 209 100.0 149 100.0 51 100.0 

Finally, each of the drivers was classified as belonging to one of three categories, based on 
his/ her accident history in the last three years: 

• . Never been involved in accident: 

• Involved but not at fault. 

• Involved and at fault. 

2.1.4 Results and Discussion 

2.1.4.1 Introduction 

Before any of the results can be discussed, it should be rioted that several subjects failed to 

reach even the highest threshold level on some of the tests. Since a score. of ~'0" is most 

inappropriate for all the tests (for the static and movement acuity tests "0" implie.s "perfe~t'' 
. performance), extrapolated scores-of one additional level_ beyond the poorest 
performance_:_were given on these occasions. Thus, complete failur~ is given a threshold value 

.· of200 forthe static acuity tests (SA-N, SA-LL, SA-SG, SA-VG); a value of225 for .the DVA; 
and a value of 512 for the movement acuity tests (CAM,CMD, PAM, PMD). · 

Statist;cal analyses were performed in parallel on two different scales. In the first scale the 
actual raw scores obtained by the drivers on each ·of the driving tests were used as·. the 

dependent measures. For all the tests these scores are clearly defined as points on a ratio scale 
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on a physi~al continuum. However, these scores are probably not appropriate for a 
psychophysical scale; i.e., an interval scale defined on a psychophysical continuum. For this 
reason the_ second scale was developed. _ _ 

It has been known· for a long time that equal increments on a physical continuum 
correspond to decreasing increments on a .psychophysical continuum. For example, an 
increase in the intensity of an illuminated sign from I to 2 foot candles (ft-c) is perceived as a 
much greater change than a change from 2 ft-c to 3 ft-c. A generally accepted relationship 
between the physical and psychophysical is a logarithmic function2 originally proposed by 
Fechner in 1860 in which: 

S = alogM + b 
where: S is the magnitude of the sensation on a psychophysical scale 

M is the magnitude of the stimulus on a physical scale 
a, bare c~nstants which differ for individuals imd sensations. 

To illustrate, a case in point is the change from a score of2 to 4 on the movement acuity tests 
(CAM, CMD, PAM, PMD). On a physical scale such a change is minute relative to a change 
from 128 to 256 but on a psychophysical scale they may be identical! Obviously, statistical 
analyses on the two scales will yield grossly different results, since the physical scale 
(spuriously?) gives more weight at one end of the continuum (256) than at the other end (2). 

In the present study the constants in the logarithmic functions were arbitrarily determined 
in order to yield a numerically convenient set of points to correspond to the physically defined 
points .. The transformation S = 3.322 log M was used for the movement acuity tests (CAM, 
CMD, PAM, PMD), and the functionS = 3.322'log M - 3.322 was used for the static acuity 
tests (SA-N, SA-LL, SA-SG, SA-VG) and the DV A. These functions are "convenient" since 
they yield a score of" I" for the highest acuity level tested and an increment of I for every. 
doubling of the physical magnitude. The corresponding points on the physical and 
psychophysical scales are represented in Table 2-2. No transformations were needed for "total" 
scores and thresholds for the FV and DAl tests. 

2.1.4.2 Test-Retesl Reliabiliry 

Four of the vision tests were excluded from the retest session in order to increase the 
subject's cooperation by significantly shortening the test session duration. It was hoped that 
this would eliminate the fatigue and stress involved in the retest (see Henderson & Burg, 1974, 
p. Ill"l4), and thus insure that motivation would remain high in both sessiom. The tests ex
cluded were those judged by Henderson & Burg (1974) to be the less predictive of accident 
involvement: DAl-90, PAM, and PMD; and SA-VG, which was previously found to have a 
high correlation (.80) with spot glare, and was thus assumed to be redundant. 

Test-retest correlations and standard error estimates for the 15 measures derived out of the 
remaining eight tests are presented in Table 2-3, alongside the test-retest correlations obtained 

l An alternative relationship, S = M b has been suggested by Stevens (1957). 
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table 2-2· 

Threshold Levels on the Physical and Psychophysical Scales for All 
Tests of Static and Movement Acuity 

Static Acuity and OVA 

Physical 
20 
25 
30 
35 
40 
50 

• 60 
70 
85 

100 
125 
150 
175 
200 
225 

Psychophysical 
100 
1.32 
1.58 
181 
2.00 
2.32 

. 2.59 
2.81 
3.09 
3.32 
3.64 
3.91 
4.13 
4.32 
4.49 

.Movement Acuity_ 

Physical 
2 
4 
6 
B 

12 
16 
32 
64 

128 
190 
256 . 
512 

Psychophysical 
100 
2.00 
2 58 
3.00 
3.58 
4.00 

. 5.00 
6.00 
7.00 
7.57 
8.00 
9.00 

. . ' 

by Henderson & Burg (1974) in two independent SOC studies. Scatter plots for each of the 
tests on the p_hysical scal~s are presented in Appendix A of this volume. These plots are very 
useful in determining why some tests yield a low or high· reliability estimate. 

In general, performance on the static acuity tests-for either statiOnary or dynamic · 
targets"-is more ~table than p~iformance on movem~rg.acuity and field ofvision .~csts. SA~N 
and SA-S.G ··~re ·the only two tests that yielded hightest:r:ete~t coirelations. i~ both, the present, : .. ·· 
and the SOC studies. Total number of trials correct appears to be a more reliable measure than 
the threshold level (for all tests except CAM), but this may change when a highcr.reliability is 
obtamed (as in SOC:2). Compared with the'reli~bility btiman:s obtain~d by soc; the present 
results are more similar to the SOC-I test than the SDC-2. Procedurally too, the tests here were 
more similarto·SOC-1 in. terms of control conditions and number of trials per,tesh The higher 
correlations obtained in SDC-2 are attributed to higher level of mouvation ·and a greater 
number of stimuli or tr~als per test.. However the exact changes that yielded these higher 
correlations are not specified by Henderson & Burg ( 1974). 

Comparisons between the correlations obtained with the two scales reveal that correlations 
are either· the same or slightly lower when the performance is scored on the psychophysical 
scale. On the three tests inwhich the correlations are lower-CAM, OVA and SA-SG-thc 
higher reliability estimates with the physical scale can be attributed to the inflated effect of a 
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Table,2-3 ,',.', ., . ' 

Test-Retest Correlations and Standard Errors Obtained by IRPS 
with Corresponding Correlatl()ns Obtalne~-.by SOC 

soc~1 · SDC-2 · lAPS (N=51) 
(N=23) (N='99) Physical Scale ··'Psychophysical. ~cale 

Test , r S.E. S.E. 

SA-N: Threshold .69* 1.00* .75* 1.73 .75* .10 
CAM: Total .75* ' .29* ' .31 1.70 

Threshold :56*' .51* .sa~ 3.56 .34" .a6 
CMD: Total · .70*' ' .33* .40* 1.62 

Small-Threshold : .73* .so·· -.03 3.3a .05 .95 
Large-Threshold .53 .12 -.11 6.33 -.04 1.06 

SA-LL Threshold .71" .75* .54* 33.05 .56' .45 
FV: Total .46 .62* .63* 1.55 

Left-Threshold 64*} .37*+ .51* 5.23 
Right-Threshold .57* ':46* 3.94 

DAI-35: Total .24 .. 69* v .39* 1.70 
Left-Threshold .17}J .a9~+v .14 2.93 
Right-Threshold .20 J .04 ' 3.11 

OVA: Threshold .08 .as· 12.40 .61* .41 
SA-SG: Threshold .51 .as· .92* 12.06 .81' .41 

. Significant at p :S .01 
+ Combined Extent 
J DAI- 40 

single (legally blind) subject. In addition to providing a more realistic reliability estimate, the 
psychophysical scale provides a. more meaningful measure of standard error. Thus the general 
decrement in acuity on the SA-LL test relative toDVA and SA-SG, resulted in a spuriously 
higher S.E. _estimate on the physical scale (JJ.05 vs. 12.40 and 12:06), but not on the 
psychophysical scale (.45 vs . .41 and .41 ). 

2.1.4.3' Additional Comments on the individual Tests 

SA-N 

Performance on this most b~sic acuity function is relatively (compared to the rest pf the 
tests) high, but still accounts for no more than 56% of the variance in the performance 
(r2 = .56). The corresponding scatter plot (Appendix A) suggests that this estimate is 
spuriously low due to a ceiling effect---'-i.e., even though only ones exhibits a marked change 
(50~ 25) 84% of the Ss score on both tests either 20 or 25. The reliability. estimate is the same. 
when the psychophysical scale is used since the poorest score was 50. 
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CAM 

. Unlike the static and dyn~mic acuity tests where the probability of a corre_ct guess is .25. the 
probability of a correct guess here is .5. Inevitably this increases the error in determining a 
correct threshold. The scatter diagrams (Appendix A) indicate that the low correlations for 
both tot~l score and threshold are real and are probably ~ot due to a limited range (either 
ceiling or floor) effect. One method to increase the reliability of this test may be to define the 
movement as both up or down and right or left~ and thus lower guess level to .25. Apparently an 
increase in the number of trials (SOC-2) does not yield a m()re stable score on either measure. 
Experience in scoring this test indicates. that this test lacks a good scoring criterion. Some 

. ex,<.J.mples that illustrate the difficulty are given in Appendix B. 

CMD· 

This test was the least reliable here, and in the SOC-2 research. While aceiling effect may be 
a contrib1Hing factor for the small-threshold score (Appendix A), this is not the case for the 
large-threshold or total score. The apparent shortcomings of this test are two: first, the number 
of trials for the determination of each threshold is half of that available for the CAM; secondly, 
as a result, given a true threshold, the probability of a shift in estimated threshold by one !~vel 
up or down is .5. This may explain the much higher correlation obtained for the total s~ore 
than for the threshold estimate (admittedly, this does not account for the result patterns 
obtained,by SOC). 

SA-LL· 

. Despite the fact that procedurally this test is as robust as the other two SA tests, its test
retest n!liability was significantly lower than the other two. The scatter diagram reflects this 
low correlation by showing neitherconsistent linear or non-linear trend, nor limited range 
effects. The correlation coefficient is only slightly higher with the psychophysical scale since 
the effect of three Ss who had large test-retest differences is offset by three Ss who scored 
poorly ( >ISO) on both sessions (Appendix A). The most probable t!Xplanation for" this 
relatiyely low correlation is in the shortcoming of the retest battery. In the test session 
following the SA-N test the target luminance is loweredfor the CAM, CM 0, PAM, PMO and 
SA-LL. By eliminating the PAM and PMO tests from the retest session, the dark adaptation 
time available to Ss for the SA-LL test was reduced· from approximately 8 minutes to 4 
minutes. This difference is critical because of the complex nature_ of the dark adaptation curve 
(see Cornsweet, 1970, for details). For our present purposes it is sufficient to assume that 
during the retest session acuity was measured at different points on the dark adaptation curve. 
Thus the low correlation is as much a reflection on individual diffe~ences in the temporal dark 
adaptation function as it is a measure of performance under low levels of illumination with full 
adaptation. Note t_hat the levels obtained in both SOC studies are higher and similar to the 
level obtained here for the SA-N. In both SOC tests the interval between the SA-N and SA-LL 
during:. which Ss could dark-adapt was longer than in the present retest. 
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FV 
Although it appears as though the test is not very reliable, an inspection of the scatter 

. diagrams in Appendix A reveals that whil~ the re'iiabil;·ty of the t~)tal scon:'is easily retlccted in 
the distribution of the scores, the smalier threshold correlations are due to a limited range 
effect: for bo'tli right and le'ft field thresholds, 94% oft heSs achieved a score ~f80 oi 90 on bo'th 
the test and the· retest. · ' · ' · · . 

DAI-35 

Inspection of the correlations along with the dita plotted in Appendix' A ref1ect a: pattern 
similar to that observed for FV----'the reliability estimate for the total score appears to reflect 
the distribution of scores, while the low estimates for the. left and right field thresholds are due 
to a Iimited range effect. For both right and left field 90% of the Ss scored 30 or 35 on both tests. 

OVA 

This test, assumed to reflect a criticahisual requirement for safe driving (H~riderson & 
Burg, 1974, p. II~6l) yielded a low reliability on the first SDC check for reliab'il!ty, a~d was 
altogether omitted from the. second (SDC-2) t~st. In the IRPS study this test tuf:ned out to be 
the second most reliable with a test-retest c,orn!lation of 88. Some of the proble~s encoilntered 
in the preliminary analysis may shed light on the low reliability ribtained by SDC. Firia, a 
scoring error was found in which a complete failure was s~ored as zero t.ather th~n 225. Second, 
here too a significant. proportion (53%) scored 30 or 40 in the two sessions, and the high 
correlation is due mostly to one deviating S who failed the first test and scored 200 on there test. 
By excluding this S, the test-retest correlation for the remaining 50 Ss drops down tor :;: .61. 
The effeCt of this deviating s lS also ,reduced whi:n the S'cores are transformed to the 
psycnophysicalscale (r = .61). 

SA-SG 

The correlation obtained for this measure was the highest of all tests (r = .92), definitely 
greater than the correlation obtained for SA-N or SA-LL. Several reasons may account for 
this: first, the test is the last in the series and thus Ss are task-familiar by the time they perfo~m 
it, whereas the SA-N test 'is the first in the series. Second, unlif.e the problems encountered 
because of the lengthy dark adaptation proces~ involved in SA-LL, light adaptation is much 
faster and it is relatively safe to assume that by the time the threshold region is reached Ss are 
fully light adapted. Third, the degradation in performance al~ost eliminates the limited range 
effect encountered in the SA-N (compare plots in Appendix A). · . · . 

2.1.4.4 Additional Measures of Stability. 

Three additional analyses were conducted to provide indicators of stability. In addition to 
overal1 test-retest reliability it was sought to determine the effects of test administrators, the 
effects of time of day at which the test is taken and the extent-if any-of learning effects.· 
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Administrator Effect 

Five different testers were trained in test administration and scoring. An analysis of 
variance test with the administrator as the independent variable and test score as the dependent 
varia'ble revealed· no significant (p ~ .05) administrator effect on any of the vision tests 

. administered in the: test (first) session. . 

Constancy of Time-of-Day and Administrator 

If test performance is stable and the test is sufficiently' objective in its administration and 
scoring procedure, then test-retest correlations should not be significantly affected by a change 
in the time-of-day and of the administrator between the two .testing sessions. To test for this, 

· partial c:orrelations were conducted on the vision scores partialling out in one case 
administrator (same vs. different) and in another case time-of-day (same vs. different). The 
results are p_n::sented in Table. 2-4. A comparison o~ the partial-correlation wlumns with the 
original (zero partial) correlation,s reveals that a chan~e in the administrator and time-of-day 
has no statistically or practically significant effect on any of the resulting scores. 

Table 2-4 

Partial Test-Retest Correlations Controlling for Operator and Time 
of Day. ( N = 51) (Based on raw scores-i.e., physical continuum) 

Test 

SA-N Threshold 
CAM: Total 

Threshold 
CMD: Total 

Small-Threshold 
Large-Threshold 

SA-LL: Threshold 
FV: Total 

L-Threshold 
A-Threshold 

DAI-35: Total 
L-Threshold 
R-Threshold 

OVA: Threshold 
SA-SG: Threshold 

• Signiticant at p ~ .01 

Controlling for 
Operator Time of Day 

7~ 7~ 
.33 .31 
.6~ .6~ 
.41" .40* 

-.04 -.02 
-.11 -.10 
.53* .54* 
.64* .63* 
.53* .52* 
.47* .47" 
.41* .38* 
.13 .14 
.03 .05 
.88 .88 
.92* .92* 
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·Zero-Order 
Partials 

.75* 

.31 

.68" 

.40* 
-.03 
-.11 
.54* 

.. 63* 
:51*' 
.46* 
.39* 
.14 
.04 
.88 
.92* 



Learning 

A valid test of visual performance. should exhibit minimal learning effects, or 
improvement, as a result of previous experience with the test. T tests were conducted to 
compare performance on the test and retest sessions in each of. the vision tests. Mean 
performance levels and t value for the difference is given in Table 2-5. As is immediately 
apparent, all the changes in performance (except on SA-LL) indicate improvement i'n the retest 
session. However, this change is significant for only four of the 1.5 measures. Thr~e . .9f these 
four are scores obtained from the. first two tests indicating perhaps lack of understandmg of the 

.Table 2-5 

Mean Performance Scores on the Test arid Retest Sessionsj and T 
Values for the Difference Between the Two 

Test Test Retest Diff. T Value 

SA-N.: Threshold 22.84 20.88 -1.96 -2.80· 

CAM: Totalt 15.73 16.92 1.20 3.2r 

Threshold 12.00 5.37 -6.62 -2:6r 

CMD:. Totalt 17.25 17.55 0.30 1.00 

Small-Threshold 4.98 :4.00 -0.98 -0.73 

Large, Threshold 9.88 7.92 -1.96 -1.13 

SA-(L: Threshold 9706 101.86 4.80 .91 

FV: Totalt 12.43 12.80 0.37 1.53 

Left-Thresholdt 87.06 87.25 0.20 .24 

Right-Thresholdt 86.67 87.45 0.78 .94 

DAI-35: Totalt 12.35 12.69 0.33 1.10 

Left-Thresholdt 33.24 33.62 0.59 1.03 

Right-Thresholdt 32.55 33.43 0.88 1.22 

OVA: Threshold 43.62 42.16 -1.47 -0.77 

SA-SG: Threshold 45.20 37.30 -7.90 .:.4.56" 

t Low score= poor performance; all other measures. high score= poor performance 

• Significant at p < .01 
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task in the original test session resulting in spuriously low scores for this initial session. This:'?) 
may be especially true with the CAM test where initiallysubjects tend to respond "no· · 
movement" rather than guess small angular movements. Increased prodding on the part o!the 
administrator to guess in the first two tests might eiiminate the learning effect as well as/ 
increase the test-retest reliability. The large improvement in static acuity with spot glare (SP.-·· 

. SG) should be further investigated especialiy in light oft he high reliability of this test. Presently 
·.it can only be hypothesized that increased motivation at the end of the retest session (due to 
shorter retest version), and a greater tendency to guess may be responsible for the 

improvement. . . 
One interesting finding is the large but non-significantdeci:errient in static acuity under low 

levels of illumination. This result supports the "dark adaptation" argument presented above. 
Because adaptation time is less in the retest, mean performance level is poorer; but due to large 
individual differences in the tempo~al dark adaptation process t.he change is riot statistically 
significant. · 

2.1.4.5 Praclicalily Assessments 

Presently, the administration of a typicalvision test used for licensing purpqses consumes 
less than one mipute of the total test durati~n. Obviously any future vision tests will also be 
judged in terms of their brevity. The DVT used in the present study requires 30-40 minutes of 
the examiner's anq examinee's time. It is therefore important to see which tests can be 
eliminated because they are· either unimportant to driving, or redunda~t with other tests. This 
section investigates only the latter (i.e., redundancy), while the next section addresses the 

- < 
"importimce" question. 

Pearson correlations were conducted between all the test score pairs and are presented in 
Table 2-6. The correlations are based ori the total sample of both accident and control groups 
having no missing data and not included in the reliability analysis (N = 290). Four points may 
be noted here: 

I. For a· given vision test the highest correlations are typically obtained for 
different meas~res obtained from the same test (note correlations. enclosed 
in triangles). The only exceptions are the movement detection tests (CAM, 
CMD, PMD) which are probably the least reliable (Table 2-3). 

2. The 'four measures of static acuity-SA-N, SA-LL, ·sA-VG, SA
SG~orrelate higher among themselves than with any other variable. 

3. The tone count, which was time-shared with the two periphera(movement 
tasks, is almost unrelated to the five PAM and PMD performance 
measures. Similar negligible correlations were obtained by Henderson and 
Burg (1974, p. F5). This independence suggests that the tone count and 
vision scores may be treated independently (rather than as covariates), as 
they are in the "measures of stability" discussion, above. 
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I 

~ 

· Inter-Test Correlations1 for the DVT 

Variable 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Variable 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

FV Totalt · FV Leftt 
1 - 2 

FV Rightt 
3 

----------..... 

SA-N 
10 

-.48 
-.44 
-.52 
-.32 

. -.26 
-.20 
-.39 
-.35 
-.15 
1.00 

SA-LL 
11 

-.23 
:..21 
-.25 
-.37 
-.31 
-.29 
-.47 
-.27 
-.38 
-.33 
1.00 

SA-VG 
12 

-.36 
-.31 
-.34 
-.40 

,. -.32 
-.26 
-.46 
-.34 
-.34 

.56 

.61 
·1 DO 

DAI-90t 
Total 

4 

DAI-90t. • DAI-90t 
Left Right 
5 . 6 

.53 .46 .40 

.43 . .42 .33 

.43 .. 39 '.32 

~--81 --.83 1.00. .66 
1.00 

SA-SG 
13 

-.46 
-.39 
-.43 
-.45 
-.36 
-.32 
-.49 
-.35 
-.29 

.69 

.53 

.78 
1.00 

CAMt 
Total 

14 

CAM 
Thresh. 

15 

.24 -.38 

.18 -.32 
·.29 -.49 
.26 -.21 
.17 -.18 
.20 -.13 
.28 -.35 
.29 -.44-
.14 -.10 

-.37 .73 
-.23 .21 
-.26 .36 
-.3.1 .. 48 

~-·-.s6_. 
1.00 

DAI-35t 
Total 

7 

CMDt 
Total 

16 

.19 

.16 

.18 

.15 

.21 

.07 

.20 

.10 
·.11 

-:21 
-.24 
-.20 
-.25 
:28 

-.24 
1.00 

Table 2-6 

DAI-35t DAI-35t 
Left Right 
8 9 

CMD 
Small 

17 

-.29 
-.22 
-.33 
-.15 
.-.15 

' -.11 
-.28 

. -.38 
-.09 

.53 

.19 

.25 

.32 
:...37 
.75 

-.32 
1.00 

CMD 
Large 

18 

-.32 
-:-.22 
-.36 
-,-,28 
-:28 
-.21 
-.32 
-.31 
-.13 

.46 

.18 

.28 
.. 34 
-.34 

.61 
-.38 

.51 
1.00 



N 
00 

Variable 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2G 
21 
22 
23 
24 
25 

PAMt 
Total 

19 

PAM 
Thresh. 

20 

.24 -.39 

.27 . -.39 

.23 -.40 

.23 -.20 
:15 . -.11 
.19 -.16 
.19 -.15 

-.02 -.01 
.09 -.14 

-.29 .39 
-.16 .23 
-.20 .28 
-.36 .44 

.35 -.22 
-.23 .29 

.25 -.18 
-.11 .06 
-.24 .16 

~ . 1.00 

PMDt 
Total 

21 

PMD 
Small 

22 

PMD 
Large 

23 

.18 -.12 -.25 

.16 -.17 -.25 

.19 -.16 -.28 

.11 -.08 -.20 

.11 -.03 -.20 

.03 -.03 -.16 

.25 -.07 ·:: -.20 

.12 .06 -09 

.23 -.08 -.16 
-.38 :27 .45 
-.15 :06 .18 
-~ ~ .~ 
-.34 .22 .40 . 

.21 .00 -.27 
-~ .w ~-

.~ -.00 -.~ 
-.20 .02 .36 
- 16 . -.01 .36 

.35 -.20 -.30 
-~ .~ ~ 

~-.-.57 1.00 .. . . .30 . 
. ' . 1.00 

. . 

t Low score = poor· performance; all other measures, high score = poor performance 

' N = 290; p $ ·,o5 = r' ? .11; p $ 01 = r ? .15 · 

Table 2-6 continued 

To net 
Count 

24 

.34 

.29 

.34 

.43 

.42 

.41 

.26 

.14 

.14 
-:34 
-;-.17 
-.17 
-.25. 
.. 29. 
-.28 

.15 
-.20. 
-.26' 

.30 
-.31. 

.20 
-.11 
-.21 
1.00 

•, 

.~OVA 

25 

-.32 
~ .31 
-.34 
-.30 
-.28 

·-.18 
-.5.0 
-.32 
-.32 
.53 
.JQ 
.44 
.58 

-.27 
.54 

~ 24 
.40 
38 

-.34 
.41 

~.3B 
.23 
.40 

-.24 
1.00 



4. The· DV A score correlates most highly with the :static acuity measures .. 
Theoretically the latter can be considered as a special case of the former. The 
relatively high correlations of DV A with most movem~.:nt detection . 
thresholds (CAM, CMD-Small, PAM, PMD-Large) suggest that these are 
additional visual capacities that are inv~lved in the DV A task. 

A factor analysis with a varimax rotation .was. conducted on the obtained correlation 
matrix. The variable loadings on the first seven' f~ctors-a~·counting for 70 percent· of the 
vanance-are presented in Table 2-7. The factor loadings support the observatiom(made 
above and ~an be summarized as follows: 

I. For vision: tests yiel~ingmore than o~e score, all the different scores load 

·Table 2-7 

Factor Loadings of Each of the DVT Measures on the Seven Rotated 
Factors (N = 290) (.Variance Accounted tor= 69.6%) 

Variable Factor II Ill IV v VI VII 

1. FV-Totalt -.18 28 89 .10 -.08 -.14 -.09 
2. FV-Lettt -.13 21' T6 .06 -.08 -.14 -.16 
3. FV-Rightt -.32 .19 Ts 12 -.DB -.12 -.13 
4. DAI-90-Totalt -.11 .92 .21 .17 -.04 -.20 -.07 
5. DAI-90-Leflt -.11 .77 .21 .16 -.05 -.14 .01 
6. DAI-90-Aightt -.07 .81 .14 .13 .02 -.11 -.10 
7. DAI-35, Totalt -.24 13 .06 .82 -.06 -.27 -.05 
8. DAI-3Heftt -.37 .13 .07 .59 .05 -.16 .10 
9. DAI-35-Rightt .01 14 .11 18 -.10 -.14 -.07 

10. SA-N .60 -.07 -.27 -:04 .25 .45 .13 
11. SA-LL ]8 -:.21 -.04 -.29 .04 .55 .10 
12. SA-VG .. .18 -.14 -.15 -.19 .10 ]Q .04 
13. SA-SG .29 -.16 -.21 -.15 .20 .76 .20 
14. CAM-Totalt -.53 .17 .03 .10 -.09 -.04 -.20 
15. CAM-Thresh. "']4 . ~.00 -.17 -.06 .05 .16 .13 
16._ CMD-Totalt -11 .07 .08 .11 -.17 -.10 -.11 
17. CMD-Small 7s . -.00 - 14 -.08 .09 .09 -.10 
18. CMD-Large ]8 -.16 -.13 -.13 .05 .10 .06 
19. PAM-Totalt -13 .14 .07 .04 -.25 . -.09 -.65 
20. PAM-Thresh. .11 -.03 -.26 .01 .22 .18 B2 
21. PMD-Totalt -.14 . -.00 .04 .14 -.94 -.07 -11 
22. PMD-Sinall -.00 -.02 -.05 .03 "']1 .05 .16 
23. PMD-Large .26 -.08 -.10 -.03 .53 . 19 .14 . 
24. Tone Countt -.21 .34 .17 .06 -14 -.04 -.23 
25. OVA -.41 -.08 -.10 -.30 .22 .35 .25 

t Low score ='poor performance; all other measures, high score = poor performance. 

Underlining indicates highest loading for each variable. 
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highest on a single common factor. Thus, some saving in the scoring--,-ifnot 
in the administration of the test- may be ga tncd by using only the more 
reliable of the diffen;nt scores obtainable. 

' 

.. Most of the tests appear to test functions that arc independent of each other, 
vJth the exceptions specified be low. 

3. A:! static acuity tests may be measuring the same baste capacity; glare (and 
perL;-!p~ low level) causing a more-or-less constant shift in the kvel of 
rerforniance on a basicall) stab!~ function. Additional data might support 
the a1 1wment that onl} one foveal static acuity Lest ts needed for a di·iver 

. viswn 1cst. Parenthnically, note tl1at SA-N is physically different from SA
LL, SA- VG, and SA-SG only in the figure/ ground contrast. 

4. Dynamic visual acuity has it~ htghcst loading on the same factor (I) as the 
SA-N and central movement th.:tcction tesb ~uggcsting that foveal acuity 
while toa(·king may be a CPIL1hlllation of its >talic acuity and movement 
detectlllll threshold. Furihcrmon;, DV A 1s the only test that loads to a 
significant extent on ~II but two (11 & Ill) of the factors. Thus, OVA may be 
argued }o be a·complex task that involves a combination of all measures of 
foveal sensitivity tested hy the DVT along with peripheral movement 
detection ability. 

5. The ability to detect mov~mcnt in the central field may be a single process 
that determines both CMD-Large and CMD-Small as well as CAM. It is 
possible however that in a three-dimensional field-- where stereopsis is a 
factor--CMD and CAM would load on different factors. 

6. The ability to detect movement in the peripheral field ts probably controlled 
by two independent processes, since PAM and PMD load heavily on two 
different factors (V and VII). 

2. I .4.6 Validity Assessments 

Given that the DV-1 battery ur a ,L·It:cted sample oft he tests-- is 'L·!ficiently reliable. the 

critical remaining questibn is whether the h:sts a1 e also valid indicators of driving safety. 
Before any version of the DVT can be implemented as a screening device, it mu~t be shown to 
be relevant 'to the overall licensing screening purpose, i.e., allow only "capable" drivers on the 
road. In the present study the safety criteria against whichDVT petformance was evaluated 
were all a function of the accident m volvemc nt- and accident cause as assessed by the.in-<kpth 
team--of the T AC in-depth sample of accident-involved drivers. 

Validity Assessment-Involvement Analysis 

The most intuitively relevant measure of the D VT \ alidity as a scn:cuing devi.:e is predictive 
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validity: Do poor drivers score differently on the visio'n tests· than good drivers? If the vision 
tests do not help distipguish between potentially poor drivers and good drivers, or if more 
straightforward measures (e.g., age) distingui~h bl.!tter, the OVT would be of dubious value in 
driver selection. 

In order to provide mformation concerning the validity of the DVi' as a licensing screening 
device, vision test scores were compared among three groups of drivers: (I) the Accident-At
Fault Group consisted of 112 accident-involved drivers who had received in-depth accident 
investigations and were determined to be at fault, (2) the Mixed Gioup consisted of l:\0 

accident-involved drivers who had received in-depth imc~tigations and were determined to be 
not at fault, and-2!1 control drivers who reported having been involved in one or more accidents 
during the previous two years, and (3) the Control-No-Accident Group consisted of 121 
cornrnl drivers who had not been involved in any traffic acudents fm two years. 

Based on the foregoing analysis of the DVT, the more reliable tests were selected for the 
present mtensive ~tudy.In addition two non-v1sual measures, a simple reaction time (SRT) and 
a choice reaction time (CRT), were included in this analysis. ·1 he relevance of reaction time to 

accidents was demonstrated by Fergemon ( 1971) who found that an;ident-involved drivers arc 
slower informa~ion processor~ than non-accident involved drivers. The a v~.:rage scores for each 
of the selected tests, for each of the three involvement groups, is shown in Table 2-l:\. Separate 
one-way analyses of variance were conducted comparing the group means for each test (raw 
data) and comparing the group means on each test adjusted for age .(age adjusted data). 

Prior to adjustment for age, significant differences among the raw means were obtained for 
measures of Field of Vision (FV-Right) and Static Acuity (SA-N, SA-LL). However, on all 
three measures\he performance of the at-fau.lt drivers was significan lly better than that of the 
control drivers. The surprising finding that the Accident-At-Fault Group performed bdter 
th~n the other groups on several tests could be due to the confounding 'or visua I performance 
with age (Henderson & Burg, 1974). In other words, our Accident-At-Fault Group has a 
disproportionate number of young drivers relative to the other two groups; and there is 
evidence that young drivers perform better on certain vision tests. Support for this idea 1s 
reflected in the fact that differences among the in:olvement groups were not statistically 
significant for FV -Right or SA-N when scores were adjusted for the effects of age. In addition, 
·the ANOYAs based on the age adju~ted data revealed significant differences amlmg the groups 
for OVA and CAM-Threshold, favoring the Control-No-Accident Group. However, 
ANOV As on the age adjusted data still yielded significant differences among the groups in 
Static Acuity (SA-LL) favoring the Accident-At-Fault Group. Thus, there is no evidence that 
the relatively superior performance of the Accident-At-Fault Group on.this test 1s a function of 
age. Nonetheless, it .is unlikely that good static acuity is a direct cause or accident involvement. 
It is. however, possible th~t drivers with above average visual acuity may take more risksand 
thus be .involved in more accidents. 

I he fact that Accident-At-Fault drivers performed bettc1 on the relati,dy simple or 
uncomplicated tests uf Static Acuity but were worse in Dynamic Visual.Acuity and Central 
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, Table 2-8 

Selected DVT Scores ~Y Involvement Group 

Involvement Group AN OVA ANOVA · 

Accident Control No- (raw data)· . (adjusted data) 
Visio'n Test ·At-Fault Mixed · Accident F p p· 

(N=112) . (N=108) (N=121) 

FV-LeW .87.9 '87.3 87.2 . < 1.00 ns ns 
FV-Right* 88.5 87.0 86.9 ' - 2.20 .10 ns 
DAI-90-Left* 75.6 76.5 74.1 1.04 ns ns 
DAI-90-Rigllt* 76.3. 73.8 73.6. 1.48 ns ns 
DAI-35~LeW 33:4 . 32:9 33.1 <roo hs . ns 
DAI-35-Right* 32.8. 33.0 . 32.5. < 100 ns -ns 
SA-N. 21.4 26.3 23.9 2.86 .06 ns 
SA-LL 86.1 87.5 96.4 2.74 .. 07. .05i 
SA-VG 62.5. 67.4 69.3 f35 ns ns · 

·CAM-Threshold 9.4 15.5 8.6 1.68 ns. .06+t. 
CMD-Small 4.1 5.7 4.4 1.01 · ns ns 
CMO-Large 9.6. 13.1 11.8 <1.00 ns ns 
DVA 46.4 46.4 43.0 1.10 . ns .09tH 
SRT .475 .474 .494 1.44 ns ns · 
CRT ' .573 .552 .547 1.89. ns ns 

· (CRT-SAT) .097 .078 . ,052, 6.34 .. 002 .09ttt j· 

• High score indicates good performance: for other tests low score i~dicates good periormance. 
. . . . . . . . 

r When adjusted for age, the mean scores for the three groups were 8l.7, 85.6 and 96.5. 
.. . 

I i When adjusted for age, the mean scores were 12.5, 14.4 and 6.8 degs. 

,-1 i When adjusted for age, the scores were 48:1,46.1 and 42.4. 

11 ~ c When adjusted for age,. the scores were .089, .109, and .038 sees. . . . ' .. 

Angular Movemt:nt. relative to Control-No-Accident dt'iven., suggests that there are 
differences between the groups in term~ of the ailwunt of comple;-,tty tltcy ai"c.si.·nsitivc to. The 
liypl>thdis that higher level infot matiori processmg mn.:lia tttsms, 01 person-ality 

characteristics, may "be involved deserves more t:ardul study Ill Ctiturc tnvesttgations. 
The above comments are' limited to the extent that si.:paratc Al\0\'As do not provide a 

. unilicd picture of the effectiveness of the DVT. and bccau~c in till' <.:ourS~: of pet forming 20 F
Iest~ 11 would be expected that one would 'rea~.:h siatist"i<.:al ~ignificari<.:c at the .OS level or t\-\-o at 
the .10 level by chance alone:· In order to provide auditiot1al "information cuncerning the 

valu.lity ol the DV rasa unified battery, and to overcome' these objc<.:tions, a discrih1inant 
amilysi~ was performed on the age adjusted data. 
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The discriminant-analysisrevealed that the main variables in distinguishing the Control-
No-AcCident Group from the Accident-A.t-Fault Group were, in order of importance: age, 
complex RT, and DV A. In other words, the single .most important visual function in 
distinguishing between the three groups was dynamicvislialacuity .. Alth_ough thediscriminant 
function based on this analysis was able to reliably distinguish among the groups (p < .001), 
even with all variables included it would have correctly "predicted" only 62 out ofl79 for the 
Accident-At-Fault Group (17% of the total sample), 37 out of 165 for theM ixed Group (14%), 
and 88 out of 121 for the Control-No-Accident Group (32%). Using this battery, one can 
therefore correctly ide.ntify 63% of the drivers compared to 36% based on assigning all drivers 
to the largest group. It appears that the present battery would not provide a sufficiently strong 
licensing criterion. 

The general results with respect .to the predictive validity of the DVT are not overly 
promising when accident involvement is the· criterion variable; i.e., these measures do not 
discriminate very well between drivers who werej udged to be "culpable" in an accident, drivers 
who were involved in at least one accident in a two year period (not necessarily culpable), and 
drivers who had not bee~ involved in an: accident ove~ ·;a two year period. Of all the tests 
investigated, Dynamic Visual Acuity was the. best in distinguishing poor from good dr1vers, 
and was the only test in which the control (good) performed significantly better than the at
' fault (bad) drivers. Performance on the central angular. movement test also distinguished 
between good and poor drivers but was not very useful when considered with the rest of the 
battery (discriminant analyses). lt is likely that DV A incorporates some of the sensitivity 
requirements for CAM and therefore the additional value· of CAM is minimal. One reason the 
other tests may not have yielded better discriminability is that they measure very specific visu~l 
abilities; our analysis of driver performance in actual accidents may have been too general, or 
too crude, for these detailed visual variables. Therefore, the following section attempts to use 
slightly more detailed measures of driving performance. · · 

Validity Assessment-Recognition Error Analysis 

A more detailed question concerning the validity of the DVT is whether the occurrem:e of 
certain types of drivii:Jg errors is related to performance on certain vision tests. Since a sizable 
proportion of at-fault drivers were judged to have committed "recognition errors"-.including 
improper lookout, ext"rnal distraction, etc.-one important question is whether drivers who 
commit such errors. perform differently .on the visio.n tests from drivers ;yP,o commit other 
.types of errors (e.g., decision err()rs) or no errors. Information on this question is provided by 
comparing the test scores of accident-involved drivers who commi~ted recognition errors 
(Non-Recognition Error Gro~p. n=42), and accident-involved drivers wh() committed no 
errors (No Error Group, n=80). 

The same vision tests were selected for this iqvestigation as in the previous section, and the 
average score on each of the basic vision tests for each error group is shown in Table 2-9. 
~eparate one-way ANOV As were conducted comparing the grou'p means for each test (raw 



Table 2-9 

Selected DVT Scores by Error Group 

,, 
Error Group ., 

. '. Recogrii~ . Other human· No Age ... 
tion Error error error ' ANOVA Adjusted · 

Vision Test (N=70) (N=42) (80) F p p 

FV-l. 87.4 88.8 88.1 1.02 ns ns 
FV-R" 88.2 88.8 88.1 '1.00 ns· ns 
DAI-90-L• 74.4 77.8 77.4 1.43' ns .. 10+ 
DAI-90~R*. 75.7 77.3 74.9 ' 1.00 ns ns 
DAI-35-L• 33.3 33.5 33:6 1.00 ns ns 
DAI-35"R·· ' 32.8 ·' 32.9 33.0 1.00 ns ns· 
SA-N·· '• 21.3 ... 21.5 22.4 1.00 ns ns 
SA-LL 85.6 86.9 80.3 1.00 ns .02++ 
SA-VG 62.9 61.9 60.7 1.00 ns ns 
CAM-Th. " 9.8 8.6 9.8 1.00 ns ns 
CMD-Sm. 4.0 4.3 4.3 1:00 ns ns 
CMD-Lg. 9.9 9.3 10.8 1.00 ns ns 
OVA 45.0 48.9 '45.3 1.00 ns ns 
SAT . 48 .47 .46 . 1.00 ns ns 
CRT .58 .56 .5~ 1.00 ns ns 
CRT-SRT .10 .09 .09 1.00 ns ns 

• High score indicates good performance, for other tests low score indicates good performance. 

+ When adjusted for age effects the means are 73.9, 78.0, and 77.8. 

++ When adjusted for age effects the means are 88.3, 89.9. and 74.8. 

data) and comparing the group means on each test adjusted for age (age adjusted data). 
N ony oft he tests yielded significant differences between the three groups, based on. the raw 

data. When adjusted for age effects, DAI-90-L became marginally significant, and SA-LL 
became highly significant. In both tests drivers who committed recognition errors performed 
worse than accident involved drivers who committed no errors at all. Conclusions based on 
these findings, especially concerning the DAI-90, should again be qualified because of the high 

. likelihood of a single significant effect due to chance alone: 
A discriminant analysis conducted on the three groups yielded a significant function but 

the function was able to accurately assign drivers to their respective category in only 45 percent 
of the cases compared to the 42 percent accuracy obtainable by assigning all drivers to the 
largest category . 

.These results, like those in the previous section, do not provide overwhelmingevidence for 
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' . 
the validity of the DVT :~san accident predictor. Th~· l'ind1ng that. most vision test scor~·s :IlL' 

apparcnlly unrdated to recugnition eno1 s was surprising. S111ce the most comnwu recognition 
errors committed by the drivers were improper lookout, inattention, and internal and external 
distraction, these results suggest that most recognition error accidents are the result of the 
visual information not reaching the sensory system at all(e.g., improper lookout due to 
looking in the wrong direction) or at a more central level in the information processing 
system-not processing information thar was available to and physically resolvable by the· 
:visual system( e.g., inattention due to being preoccupied). In thelatter case the driver may be 
described as a single-channel information processor whose central processing system is 
temporarily blocked to incoming visual inputs. 

Validity Assessment-Collision Ty'pe and 
Specific Visual Impairments 

There still remains the possibility that the variety and complexity of accidents make 1!-n'y 
expectation to find a simple relationship between accidents and vision unrealistic. In this sense 
it is possible that our classification of error types was not sufficiently sensitive to reflect the 
effects of visual limitations on driving. An alternative approach, originally taken by Babf!rik 
(1968) would be to look at specific accident configurations and hypothesize which visual 
functions would have been involved. Thus a specific visual impairment such as tunnel vision 
(i.e., narrow visual field), may be a causal factor in a specific type of collision such as right angle 
accidents. To test for such a possibility right angle (RA) accidents were singled out. The 
hypot~esis to be tested was that people involved in RA accidents will have a narrower effective 
peripheral field or, in terms of performance on the DVT, will have lower scores on the FV test 
and peripheral mo:vement detection tests than drivers involved in rear end (RE) accidents 
(which can be considered as a control group). Similarly, predictions were made with respect to 
other tests; specifically, DAI, OVA, peripheral and central movement detection. It was 
predicted that of the drivers with poor DAI, PAM, and PMD, the proportion involved in RA 
accidents will be greater than the proportion involved in RE accidents. The reverse prediction 
was made with respect to CAM and. CMD, for which it \\-as expected that poor vision drivers 
will be involved more in RE accidents than in R A accidents. The relationship of DV A to 
involvement in the two collision types was also tested (simply because most previous analyses 
have shown it to be the most relevant vision test) though no a priori predi~tion was made. 

Contingency analysis of each of the above mentioned vision tests as a function of the 
collision type was conducted, and the significant findings are shown in Table 2-10. Two 
measures of peripheral sensitivity showed that involvement in RA accidents increases as (I) the 
ability to identify targets in the peripheral field decreases (DAI, T<ible 2-IOa), and (2) the ability 
to detect movement of objects approaching the driver from his peripheral lield decreases 
(PMD-Large, Table 2-IOb). 

'The first measure, DAI-90-Left, indicates that as the ability to rapidly detect and identify 
targets in the left field decreases, the 1nvolvement in RA accidents relative to RE accidents 
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decreases. It is inte.res~.ing:.that this ~elationsllip. exists r.ur ·the .lcl'l field on I). since this i~ 

typicaiJy the side.oftlle roa<:f·with a great~r unubsll:uctcdfidd Mvicw.Pcrhaps more surprising .. 
is that none of the Field of View measures were signdicantly related to a~:c1dent type. It suggests · 

Table 2-10 

Conti.oge~c.y.Tabl,,s.for lnvolvementin·Right Angle (RA) and Rear. 
End (RE)> Accidents 'as a Func.tion of VIsion Scores (Numbers in 
Parenth~ses Represent Percentages) 

Accident 

RA 
RE 

X2 = 7.38, p = .12 

Accident 

RA 
RE 

X2 = 19.44, p ·= .02 

Accident 

50 -70 
n % 

29 (40) 
9 (20) 

. 2- 6' 

23 (35) 
28 (67) 

DAic90-Left (10a) 

80 
n % 

29 (40) 
18 (41) 

PMD-Large (10b) 

8 - 190' 

42 (65) 
14 (23) 

CAM-Threshold· (10c) 

2' 4 - 8' 

90 
n % 

14 (20) 
17 (39) 

12 - 64' 

RA 
RE 

21 (30) 
7 (15) 

~23 (33) 
31 (67) 

27 (37) 
18. (18) 

X2 = 15.75, p = .03 

DVA (10,d) 

Accident 20/30 .20/40 - 20/100 

RA 22 (31) 49 (69) 
RE 9 (20) 36 (80) 

--~------~------------~~----~-
X2 = 11.01, p = .05 

Total · 

72 
44. 

Total 

65 
42 

Total· 

71 
56 

Total 

71 
45 

NOTE: The -X2 and significance levels are based on the same tables prior to collapsing across several 
levels of scores on the vision tests. 
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that more important than a'large field is the ability to effectively riiOnjtor,the field with foveal 

fixations. 
The PMD measure was both highly significant (p < .02) and highly characteristic of actual 

right ,angle traffic conflicts in which either one of the two drivers is not aware of the 
approaching car, i.e., the peripheral movement in-depth toward the driver (PM 0-Large). The 
effect of CAM was also significant but hard to interpret since the proportion of RA accidents 
was gr;~ater than.RE accidentsforboth the drivers with thepoorestand-best CAM scores. The 
trend was reversed for the majority of drivers who fell between the two extremes. 

Finally, dynamic visual acuity_.:_by far the visual ability that is most consistently related to 
accidents-was also significantly related to accident type; poor DV A increases the 
involvement in both accident·types; but the increase is slightly.greater for RE accidents (Table 
2-JOd). 

Validity Assessment-Case Studies 

During Phases ii-V Of the TAC project, in only eight cases was reduced vision cited as a 
causal factor. Of these eight; five of the assessments were based on DVT performance while the 

other three were based on the drivers' own reports (Phases 1-HI;·befcire the DVT was avail
able). The only conclusion that can be drawn .from these datids that reduced vision played a 
minor role in the accident sample obtained in this study; i.e., in only two percent of the acci
dents. This, no doubt, is due to the over-representativeness· of young drivers in ·Monroe 
County (college town)-i.e., hi~h accident drivers with good vision. Notwithstanding these 
,4ualifications, it might be noted here that in the remaining five cases SA~N was 20(30.or better, 
but other measures---.:DAI, ·DV A, and PMD-indicated impaired vision. Interestingly, these 
are the same measures that were statistically significant in the previous analysis, where 
collision type, was related to specific visual impairments. 

2.1.5 Summary,. Conclusions, and Recommendar ions 

Methodology and Results-"'--A Driver Vision Test (DVT) which is an integrated battery of 
. 12 different driving related 'tests was administered to 358· drivers. The .tests are assumed to 

measure the following visual skills. 

I. Static acuity-In normal illumination, low-level illumination, veiling glare, and 
· spot glare. 

2, Foveal movement acuity-:--The ability to detect direction of small angular 
movement and movement in-depth. 

3. Field of vision-The effective visual field for target detection, and identification 
(with and without eye movements). 

' 
4. Dynamic visual acuity~The resolution tll1 L·slwlu ·fo1 angularly moving target~. 

5. Peripheral movement acuity-Same as 2 cx~.:t·pt thaHhe observer v1ews the target 
peripherally. · 
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Reliability analyses were conducted on 51 drivers stratified by age and sex .according to 
accident involvement for. the general population. These dr},vers were administen!deight of the 
12 tests on two occasions, approximately one week apart. 

The main findings pertaining to the reliability, practicality and validity of the DYT in its 
present form can be summarized as follows: 

I. Test~retest correlation,s were statistically signific~nt .on most: ot' the tests, .but were 
adequately high'on only three tests: static acuity in no;·mal illumination (r = . 75), 
static acuity in the presence pf spot glare (r = :92);' and dynamic visua-l acuity 
(r = .88). 

2. Significant learning effects (improved performance during the retest) were observed 
for only three of the tests (static acuity-normal and with spot glare, and .foveal 
a~gular movement). These changes were attributed to lack of understanding of the. 
ta:sk during the initial test session. . . 

3. ·An in-depth analysis of the "less reliable" tests revealed that in all but three of the_ 
tests (foveal ang~lar movement, .foveal movement in-depth, and statiC acuity with 
low levels of illumination) the low test-retest correlations were due_ to a limited 
range·effect-i.e., the differencesin visual capabilities between the drivers tested 
were small to begin with; consequently magnifying changes in performance between 
the two sessions. 

4. The practicality of the DVT was assessed with partial test-retest cor~elations 
controlling for change oftest administrator and change in the time-of-day {morning 
vs. afternoon) between test and retest. None of the correlations were ·significantly 
affected by these two variables .. 

5. Inter-test correlations and a principal component factor analysis were conducted to 
see if any of the tests can be eliminated on the basis ofredundancy considerations. 
The main results showed that all four tests of static foveal acuity correlated with 
each other more than with any of the other tests, and dynamic visual acuity 
correlated highly with most of the measures reflecting movement thres.hold acuity. 
These results suggest that for licensing purposes the DVT could be significantly 
shortened. 

The usefulness of the DVT as a villid indicator ofdrivers' accident invol~ement ~as 
assessed by measuring the relationship between drivers' DVT performance scores and their 
accident involvement. The main results from these analyses indicated that: 

I. Dynamic visual acuity {DV A) is the single best test that discriminates· between 
accident-at-fault drivers and the control group drivers; once· the effect~ of age are 
controlled for. 

2. Static acuity \ln<fer lo~ levels of illumi~ation of drivers judged to have committed 
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perceptual recog~itibri is ~ignificarltly poorer than th~ acuity (;fd'rivcrs"judged to 
have committed no errors (20(88 ~vs: 20/75). 

3. Individual case by ca~e analysis of right angle collisions relative to rca rend collisions 
revealed that involvement in right angle collisions increases as peripheral ~wa reness 
and acuity decreases, while involvement in rea rend collisions increases as the ability 

. to detect angular movement straight ahead decreases. 

CoJ;Iclusions and, Recommendations--These resl,Jits suggest that, the DVT can be 
considered adequate for te~ting foveal static acuity under normal and glare conditions but may 
be less than satisfactory for measuring static acuity under low levels of illumination unless a 
sufficient dark adaptation period is provided. In addition, the DVT yields a stable' measure of 
dynamic visual acuity and effective' visual field. The present administration and scoring 
pro~edures,make measures of both central arid' peripheral movement acuity' too unreliable to 
be useful. ' , 

For licensing purposes the administration of the DVT requires too much time and the 
equipment is bulky compareqto the devices presently in use (e,g., Keystone Telcbinoculars). 
An tmprovement in both respects could be obtained by retaining only th.ose tests which are 
definitely related to driving ability, and are independent of each other, ·1 he factor analysis and 
validity analyses suggest that t~o such .tests may be foveal static acuity under low levels of 
illumination, and dynamic visual acuity. 

, Before such recommendations are implemented, the reliability of the presently unreliable 
tests must be improved. This is n~cessary before any definite conclusions about their relevance 
to drtving ability" and accident involvement can be made. The gener~l pattern of the results 
obtained here suggests: that reliability can be greatly impr(lvcd by i1;cn.:as111g the possible range 
of scores on the one hand. and accuracy of measurement of the other hand. A methodological 
improvement incorporated in a newer version of the DVT presently being developed by 
Honeywell,.lnc., is aimed at achieving these goals. 

In summary, in its present form, of the more reliable measures obtai11ed f1 Om the DVT, 
DVA (dynamic 'visual acuity) appears to be the only variable which is consistently and 
significantly related to accident involvement. Static acutty, under normal 
illumination-presently the only,visual screening criterion in licensing tests-'-- is apparently not 
a causal factor in accidents; or at least not within the range of foveal acuities tested in this 
study. The importance of other measures of vis.ual performance (e.g., SA-LL, PMD-Large) 
cannot be determined. before the reliability of these measures is improved. 

2.2 Driver Knowl~dge Test 

2:2.1 introduction and Overview 

The Nation~! Highway Traffic Safety Administration (NHTSA) has gathered· a pool of 
multiple choice items concerning many facets of information relevant to 'safe driving. Since 
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tests of driver knowledge are used in state licensing, and in industry, the N HTSA pool allows 
for a more careful analysis of the effectiveness of a <;!river knowledge test. 

The purpose of the present investigation was to evaluate the.extent to which knowledge of 
the driving task-as measured by a paper and pencil test-correlates with accident 
involvement. Although the results reported below do not support the notion that the two 
measures are at all related to each other, the repeated examination of this issue and its practical 
implications {or driver training and screening programs warrant a detailed description of the 
rationale underlying this study, the methodology used, and the results obtained. 

The implicit assumptions underlying the use of paper and pencil knowledge tests by both 
state licensing agencies and in the present study have been aptly stated in an interim synopsis of 
an N HTSA contract for the "Development of a National Item Bank for Tests of Driving 
Knowledge" as follows: 

Measuring driver and driver-trainee knowledge of driving principles and 
regulations through paper and pencil tests has long been a feature of most 
driver licensing and driver education programs. Such cognition measures are 
logically assumed to be predictors of individual driving success. That 
assumption, however, is based on two somewhat tenuous contentions-one, 
that kno.wledge required for safe, efficient driving is completely specifiable 
and, two, that a driver's knowledge is highly correlated with his driving 
behavior. To a large extent, evaluation of the second contention depends on 
successful completion of the first. (Highway Safety Research Institute, 
University of Michigan, under NHTSA Contract No. FH-11-7616; February, 
1972.) 

The present study was conducted at the Institute for Research in Public Safety (IRPS) as 
part of an ongoing accident investigation effort, in order lo establish the usefulness of tests of 
driver knowledge as indicants of accident involvement. lt was hoped that, based on the 
University of Michigan study quoted above, and the systematic item selection procedure 
detailed below, the first contention would be satisfactorily completed so that the second 
one-the relationship between knowledge and accidents-could be validly measured. 

2.2.2 Method 

Subjects 

The subjects w~re 178 drivers from an Accident Group and l33 drivers from a Control 
Grqup, as described in Section 2.1.3 of this volume (subjects were the same as used in the vision 
testing program). 

Selectio_n of Items . 

Table 2-11 shows the set of 20 multiple choice, four-alternative, questions concerning 
driver knowledge that was selected from a pool of 246 items collected by the University of 
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Table 2-11 

In-Depth Human Factors Form 
Driver Knowledge Qu-estionnaire 

1'rllfUe Unit 

uunlbcr: 

Ploase rcii'd aacll question carflfulJy and scdccl tho one re!=:pon5o· that i'Cu fc<:'l \.Jest ~nswers 

it. Indico.Lc you~ ~;ho.icc I.Jy pldcing an ~ in the correspondin~ bl.unk. on its left·. Ba &ure 

tho1t you an!:>~o.•or cvary question and thut you mark one and only one rcspon5cl 

l. Under 1'1orm.,l r.onclitions the top 
speed limlt for drivin9 Ln a 
busino&Y d1striet is: 

( l I 1~ mph 
( 2) 20 nl["'h 
(31 25 mph 

:!.(41 )0 n.~h 

2. If tl1ccc are no painted lines on the 
road you: 

(l) IIBIJ": drive anywhere on your sidr:. 
):(2') Sh.ould drive as iC i:.hC'rc were 

lin~s. 
(3') Should drive 'w]l(lrevcr traffic 

tr. moving the fastest. 
(4) May drive ln the center of the 

road. 

), When driving at dusk or.dawn, or 
on an unusually dark day: 

(1) Turn on youi park1ng lights. 
12) ~~e~ your ~un9lus5es on to cut 

down headlight glare. 
(3) Turn y~ur lights On h1.g.'"l. beam. 

J[C4) Turn your lights o~ low beam. 

4. If ,your brakos are not holding 
because thay are wet, you should: 

11) Continue drivin-g and they will 
- dry off. 

X{::;!) Keep on'e foot On th~ qilr;;. anrl one 
r--..·~-l..i.""ri\:ly on the brclkC unt1.l dry. 

(J) Stop on the side of the road 
-- nnd wuit for them to dry. 

(4) Don't use your bra.ltes unti J they 
are dry. 

~- For driving on sand or snow, the 
best forward traction can bG 
attained: 

(2) 

_Ill 

.!_14) 

~y l~tting nir out of the rear 
t1res so they are several pounds 
below. 
By lctti~g air o~t of the rear 
tlres and ndding weight over the 
drivin~h(•~l!:.. 
lly ~in1ply kC"'Cpill(J llle tirt~5 ~t 
thci r recommended prl!ssurc. 
By .adding we-ight over the drivJ.nq 
whcrJs nnd kccl1i11~r ll1cm ~t 
rcconurh·i.-d-or sli~ht.Jy higher 
pressur-e. 

.. 

,, 

,, 

•• 
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6. When you w;1n.t to make o. rj~ht tyrn 
into a drlv4'!way you should: 

X (1) l\vojd !'>LO[l[linq on lh.~ codd. 
--(2) s~"i.nq to the 1cfl before md,!onq 

thr turn. ' · 
{]}Signal after .. l"ou"beCJin.~o tc~rn.; 
( 4) ·Signal the t'raffic beh1nd you to 

pose 

7. If you corne to ~1'1 lnlcrs.C>clion the~t 

is hard to sec around beCause'-of 
trees or buildings: 

(1) Proceed as jf thuro ~~~ ~.yi~ld 
sign at Lhc' intnrScctl'oh. 

(2) Stop nc.:~r the Cl...,nt~I" of the .. 
intcrscc~:.i.on and then contlnuc 
whon it is ~afn. 

( 3) SlO\" Uown, unO blOw your hOI n 
to warn drivers ~ho cannot 
sec you . 

..!_(4) Stop at th€' int~rscction and 
edge forward slo~ly. 

a. The most da.ngerous tiroe to dr1 :e 
in the ral.n is: 

(1) Just be~orc the r~in start~ 
bcc~usc it gets dark but m~~L 
motorists have not slowed "doWn 
Y<'t. 

_!_(2) .Just after the rain st.:.rtr~o be
cause the ~ain mi~cs with road 
film making tho ro~ds slicl .. 

(l) l\ftcr it ha~ rauicd for aiHll't 30 
mlnutcs because the rain ha•-, 
washed aw4~' c1ll the qrit that 
gives you traction 

(4) Just after th~ rain ~tops because 
other motorists can. see aga1n, 
and start to d~ive faster but 
the streets ar~ still wet. 

9. If brakes arc applied continuallyr 
such &:~s is ncce::n•a.ry wh(•n cornj ng clown 
a lonq, s tccv CJradc, th~y m.:~~y bc'come 
very hot. k'ltcn this h.3pp~1~S:: 

(1) The ~rake wa.rning ldmp on t11c da!!ih
IJo.,rd will ('01Tk.~ on. 

_!:.(2) The.· llr~oJ.:C!; wi.ll loosC' lh~JiJ.· :-;topping 
ability . 

(3) 'J'hc Lrukc:; will improve in 'l:'ffcctiv~
nc!:!>;: br.JkC'"s worY. t:of·~·l · •• :hc11 hot. 

"(4) ,..,., L>r • .J"•s .o:,ould" op•.'l"dLC "·" <n~lly. 
sin~·c heat has very 11ttlc ••ffect. 
on them. 

-;. .... .' -,.:.:· .~ .". ~"' ·.-' . . ~....,.__;.___._._.~ 
· Rep.roduced from 

besl. avaUable copy. 

" 

.. 
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Table 2-11 continued 

!·N- :li~J1·! .I llli~V1N ffi.CI'OI(S i'UU.M 
Do.:! Vt.;H /~NO\.Ji,l::UL;I~ \/llLS'J' L ONI~All\t: 

.--------.,..----......,...------. r--·--· -·- ---
10, lf_ you arc~ drivinCJ at. high speed 

and have a blowout, you ~hould: 

(21 

~(l) 

( 4) 

l.<!t go of tile Slccrin<J Wheel 
because the car will straiqhtcn 
j tscl [ au tOIIIOLl cally. 
StC!p hurd on t..hc broJJt:cs ·to 
slop as quickly as po~~ibJc. 
Apply th~ ~r~kcs qcntly, with 
CXlt-clnL! ~dulion. 

Pull off tl1c road first then 
slOW' clown. 

ll. If t.hc Icolr of your v~hiclr.! i!i 
skidding to the left you should: 

(l) 

~(2] 

. (l) 

(4) 

No'vc th~ stccr1n9 wheel l><lck . 
and forth .1.n a ziq-za(._J I.H:.ttcrn. 
1'urn the lop of your stecriuq 
~heel to th~ l~ft. 
Hold your st~ering wheel from 
movlnq unt1l out of the :3kid. 
Turn the top of your sleerin9 
wheel to the rjght. 

1.:2. If you cannot stop jl"l ti.mc bcfon; 
hitting another vchiclo, it is 
best to: 

(1) Gradually slow dO'"'r' and then ~it 
t.hc other vctuclc. 

{2) nlow tile horn a.nd continue at 
normal s~P.ed. 
·rry to steer around Lhc vehlclc 
and avoid bc~kinq hard. · 
Remove your loot from the gdS 
and put on the brake as hard 
as poSsible. 

13, If' you have locked your vehicle's 
brakes ~n~ you arc sl1ding toward 

-.anothc~ vehi.clc, you· ~hould: 

_Cl) Attempt to steer around the 
vehicle. 

(2) 

_!(J) 

( 4) 

Sound your horn and flash your 
ligllts. 
Pum!) your brakes and attempt 
to steer i.H'Olllld ttia vchlcll;;!. 
Usc your ~mcL·goncy brake. 

·'' 
14. If you kn~ tha~ yc-u.will soon be 

making a turn you should: 

...!_(1) ·Look ""ell ahead··to locate th~ 
turning poinl. 

(2) llJci.-1 tiH! horn scvc['·Jl hundred 
(cct bcfot"c 'fOU tur:n." 

(l) rlosh vour bright lights to 
war11 otn~r traffic. 

(4} Spt:c.:d up so :'\S to uvoid making 
other veh1clcs walt. 

.J Reproduced from 
~'<' best available copy. 
~( ~~~· ... ,., __ ""~~ ·~: -~~~.-:·· ... 

.. 

,, 

" 

15. if i~c. sign~l ~i: a r~liro~d crossing· 
doc~ noL J utlic.llc thuL a Lr • .un 1s 
connng you t•llO\.lhl: 

(ll 

( 21 

X (JI 
-(4) 

Spucd.up'·and cr'os~ 'the track 
tjuiclor;ly. 
Cont 1nu~ oll .th•....! ~z.;nc !...peed .wd 
clll'ck !o!' a trcdn bcfoL·c crossing, 
~ l()to,• drn..,r. ,ond J oo~ buth 'wa~'!:i. 
com{.) to a COI11pl<·tc stOfJ l>cfore 
continuing ucros~ . 

]li .. \>/hen pass.imJ u vehicle> yotl should 
n•tucn to 1 he t'.i.<:jht ~:>H.Jc of the 
roold when: · 

( l) 

(2) 

(J) 

2;. ( 4) 

.You an~ SO f~ct in fnmt of Lh~..• 
p.Jssed vehicle. 
The other dr1vcr s.oynals ~lou. to 
clo so. 
Yon have clea'rl!d ·r.··~c~ front bumper 
hy a vehicle lcngt~. 
You can sc~ ils ontirc front end 
;n your. rl..?~iz:vlc~ m1rr.or. 

17. Il :is best to check. tiro 1-lressurE>s: 

.!. (l) 

(2) 

(J I 

_(4) 

~fler the car has ~ccn llarked for 
a long time and the ti1·cs are 
"cold 11

• 

;.ft~r Lhc c~r ha~ ~e~n dciv~n 
vig~rously and the tires ar~ qhot• 
\·lllcnever convcn1ent; it do('sn't 
matter if the tlrt>s are ho._ or 
cold. 
With the car on a l.1.!t, so th~t 
there is ~o we1ght on tl1c t1rcs. 

18. When driving through fay ilt nlghL, 
you sllOLild u~c your: 

(l} Higtl beam hctl.:lligh l~. 
(2l PC'1rk1ng lights. 

X'(3] Low beam hctLdl.Lght~. 
--(4) ·1-way flnshct"s. 

19; n~iorco lc.JvinCJ the i·'c:,;.d tc avoL.J ... 
head-on crastl you ShQ.ujd s la•..,. Uown by: 

X (1) Pumping the hra.kes. 
==(2} Applying constdnt pressure on the 

lJrakcs. 
Pl 'l'urning 'atE the cr.r:rinc. 

=(4) :lhifting Lnto ncutrcil. 

20. 1\t I"IJght.: y•JU sho\ud chive !rll)l..t 
cnoo~J'"~ to b· u.Ldc lo stop with.1t1.: 

(1) 
:X(2) 

()) 

(4 l 

5 car lengths. 
'l'hc dist.:&ncc lighted by your 
hc•.ldli~htz. 

The tLmc lt tu.r..es fen· il liqhl 
Lo change frorr• )fcll0..., Lo .L'~d. 
J 0 second~ f.1·c'm th~ t utc _you 
hit the b'rake::. · ' 
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Mithigan (under the above-referenced contract), and from a pool of items contributed by 
appropriate members of the staff of the Institute for Research in Public Safety. The latter were 
added to fill apparent subject-matter voids, particularly in the area of vehicle maintenance and 
effects of degradation. First, to eliminate questions in" which performan"ce is confounded with 
verbal ability, all items from the NHTSA/ M\chigan pool that correlated with verbal ability 
above the first quartile (r ~ .09) were eliminated. In add.ition, items with test-retest 
correlations below the median (r ::; .47) were also eliminated from consideration. (Note that 
verbal skills and test-retest information of this kind was not available for the lRPS
contributed questions). The conjoint application of both criteria yielded· a pool of61 items (out 

. of the original246). Second, judges from the IRPS multi-disciplinary team who were familiar 
with human, vehicular and environmental factors rated each of the 61 NHTSA items and each 
of the items suggested by the IRPS staff on their "importance" for traffic safety. The summed 

. ratings produced a ranked ordering for the items.· The resultant Driver Knowledge Test 
consisted of the ll most highly ranked items from the NHTSA pooi and the nine most highly 
ranked items from IRPS staff suggestions, with all seven of the content areas cited by NHTSA 
being represented. 3 Time constraints on the already-extensive in-depth driver interview 
precluded any lengthier testing. 

Procedure 

Accident Group drivers took the 20-item driver knowledge test (DKT) as part of their in
depth interview. Control Group drivers took the DKT along with the battery of tests for 
dynamic vision (DVT) described earlier (Section 2.1). · 

2.2.3 Results and Discussion 

' 2.2.3.{ AgeAnaiysis 

Table 2-12 shows the average score on the driver knowledge test by question for drivers in 
each of seven age groups. Separate analyses of variance were performed on each .question. 
The~e were significant effects due to age for questions I, 12, 13, 14, and 16, and marginally 
significant age effects for questions 2, 3, 6, 9, II, 17, 19, and 20. In addition, the total D K T 
scores of drivers in the seven age groups differed reliably. The general P,attern for total score, 
and for most of the individual questions, was for very young drivers to score relatively low, 20-
34 year old drivers to progr~ssively score higher, and for scores to fall progr~ssively after age 
35, with the over 65 group· scoring the lowest of all. 

This .general curvilinear relation between age and DK T suggests that age alone is not the 
onl~ \qfluence on driver knowledge. The fact that DKT scores tend toincn!ase progressively 
with age only up to age 35 and then drop off suggests that the first years of driving may add 
useful knowledge, but after about the age of 35, additional experience does not add to_DKT 
scores. 

3 Preoperative procedures, basic knowledge, driving situations, vehicle care and driver conditions, driver 
responsibilities, vehicle code-laws and regulations, and tr.aff!c control signs, signab and markings. 
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Table· 2-12 

Proportion Correct Response by o·KT Question for Drivers in Seven 
~ge Groups · · · · · 

Ques. AGE GROUP Total Age Effects 

Below 20 20-24 . 25-34 35-44 45-54 55-64 64 over F p 

1 .49 .44 .35 .13 ·. .08 .33 .11 .33 5.51 <.01 

2 .98 1.00 .98 .95 .97 .87 .89 .97 1.91 <:.08 

3 .86 . 86 .96 .95 . .95 .87 1.00 .91 1.61 < 15 
-· 

4. .55 .55 .57 .55 '.51 .67 .67 .56 .24 ns 

5 .39 .29 .33 .26 .27 ' .13 .22 .30 .83 ns 

6 .75 .67 .75 . 76 .59 .47 .44 .69 2.08 . <.06 
-· 

7 .61 .53 .62 .63 .68 .67 .67 .61 .54 ns 

8 .77 .80 .85 .92 .87 .93 .89 .84 .98 ns 

9 .47 .66 .68 .76 .76 .60 .55 .65 1.80 < 12. 

10 ·.84 .92 92 .92 .97 1:00 1.00 .92 1.34 ns 

11 .70 .82 .74 .79 .57 .71 .78 74 1.60 <.16 

12 .68 .76 .72 .71 .51 .79 '11 .68- 3.88 <:01 

13 .63 .65 .73 .50 .46 .36 .33 :so 2.'96 <.01 

14 .'97 .96 .99 .97 1.00 1.00 .78 .97 2.47 <.03 
'-· -~--

15 .72 .80 .81 .82 .73 .64 .78 .77 .67 ns 

16 .72 .87 .82 .63 .78 1.00 .66 .79 2.61 <.02 
c---- r-- '· 

17 .39 .49 .50 .57 _.54 .14 .22 .46 2.10 <.06 
I- -~ 

18 .95 .. 93 .95 .90 .97. .93 .89 .94 .44 ns 
·f--· 

19 '.61 .75 .69 .74 .69 71 .22 .69 2.10 <.06 
1------:- , __ - ' ... 

20 .54 _. _ __:__ ____ .63 .77 .74 .61 :57 .44 ... 65 1.98 <.07 

· T-DKT· ' 14.0 14.8 15.1 14.6. 14.1 13.3 11.9 14.5 3.48 <.01 
' 

N 57 76 79 38 37 I 15 9 311 .. 
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2.2.3.2 Sex Analysis 

Table 2-13 shows the average score on the driver knowledge test by question for males and 
females within seven age groups. Separate analyses of variance were performed on each 
question. Males performed significantly better than femal~s on "4·~~st1~ns 4, 9, !·3, and "20; 
males performed marginally better on questions 10 and 15; and females perfo~med marginally 
better on question 19. As can be seen in the table, the superiority of males over females for 
questions 4, 9, 13, and 20 is found in nearly every age group, and the general trend ofhigher 
scores for males is reflected in the fact that the total score was significantly higher for males. 
The questions bes~ answered by males seem to concentrate on handli.ng in emergencies and 
mechanical considerations rather than on general driving style or laws_ 

2.2.3.3 Driver Education Analysis 

Table 2-14 shows the average score on the driver knowledge te~t for drivers whoreceived 
formal driver training vs. drivers without formal training within seven age groups. Separate 
analyses of variance revealed that the driver training group performed significantly'· better oil 
questions I, 6, 13, 16, and 20. The questions best answered by driver training people 
(predominantly young) seem to emphasize general driving style and laws rather than 
emergency handling or mechanics. . - . ~ 

The fact that the drivers with formal training perform better on the DKT provides some 
encouragement for the effectiveness of drivers' training courses. It is not possible, however, to 
determine whether this finding is due to the effectiveness of the course or to "self 
selection" -the fact that conscientious, knowledgeable drivers ar.e the ones who are more likely 
to register for driver training courses. 

In addition, the fact that proportionately more young drivers had had. driver training than 
older drivers makes comparisons within age groups difficult, and also confounds the general 
comparison between training groups. In general, however, .these re~ults are consistent with the 
intuitive notion that formal driver training should increase drivers' knowledge. 

2.2.3.4 Fa,ctor Analysis 

Another question concerns the internal structure of the DKT-for example, does it 
measure one general driving ability or several independent basic abilities? Doe~ each question 
tap a separate type of knowledge or are some of the questions redundant? In order to answer 
these questions, a factor analysis was performed on the DKT scores of all drivers. ,Since 

·questions 2, 3, 10, 14, and 18 were extremely easy, and therefore nondiscriminati~g among 
drivers (answered correctly by over 90% of the drivers), the factor analysis was conducted on 
the remaining 15 items only. No stable factor structure could be obtained, suggesting that each 
of the 15 items was a separate factor. Interestingly, the items within conten.t ar~as are as 
independent of each other as items between content areas. Thus, the analysis suggests that each 
question measured a separate, independent and specific kind .of driving knowledge. 
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Table 2-13 

Proportion Correct Response by DKT Question for Males and 
Females.by Seven Age Groups 

Male 

Ques. Below 20- 25- 35- 45c 55- 65 & Total 
20 24 , 34 · · 44 54 64 Over Male 

1 
2 
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Table 2-14 

··Proportion Correct Response by DKT Question for Drivers with. 
Formal·· Training and Drivers Without Training by .Seven Age 
Groups 

No Training Training · Training 
Below 20- 25" 35- 45- 55- 65 Total No Below 20- 25- 35- 45- 55- 65 Total w/ Effect 

Ques. 20 24 34 44 54 64 O"Ver Training 20 24 34 44 54 64 Over Training F p 

1 .50 .39 .32 .10 .07 .33 . .11 .22 .49 .47 .37 .22 13 - - . 42 13:47 < .01' . 
2 .83 1.00 1.00 .83 1.00 .87 .89 .. 95 1.00 1.00 .97 1.00 .88 - - .98 2.29 < .10 
3 .67 .. 83 1.00 .93 .97 .97 i.oo .92 .88 .86 .94 1.00 .88 ~ - .90 .51 ns 
4 . .50 .39 .56 .59 .48 .67 .. 67 .54 .56 .60 .57 .44 .63 - - .57 .34 ns 
5 .67 .17 ... 29 .31 .24 .13 ~22 .26 .35 .33 .35 .11 .38 - - .33 1.84 ns 

... 6 .83 :44· .67 .76 .55 .47 .44 .60 .75 .74 .79 .78 .63 - - .75 8.53 <m 

..... 7 .83 .44 .56 .66 .69 .67 .67 .63 .59 .55 .65 .56 .63 - - .59 .31 ns 
8 .83 .67 .80 .93 .. 83 .93 .89 . 84 .17 .85 .87 .89 1.00 - - .84 .00 . ns 
9 .67 .44 .64 .79 .72 .60 .56 .66 .45 .72 .71 .67 .88 - - .64 . .05 ns 

10 .83 .94 .92 .97 .97 1.00 1.00 .95 .84 .91 .93 .78 1.00 - - .89 3.54 ·< .05 
11 .67 .78 .75 .79 .59 .71 .78 .72 .71 .83 .74 .78 .50 - .75 .29 ns 
12 .83 .72 .76 .72 .48 .79 .11 .65 .67 .78 :?o .67 .63 - - .71 1.47 ns 
13 .67 .56 .79 .52 .41 .36 .33 .53 .63 .67 .70 .44 .63 - - .66 5.22 < .05 
14 1.00 1.00 .96 .97 1.00 1.00 .78 .97 .. 96 .95 1.00 1.00 1.00 - - .97 .03 ns 
15 .83 .67 .76 .83 .72 .64 .78 .75 .71 .85 .83 .78 .75 - - .79 1.00 ns 
16 .50 .61 .75 .62 . .79 1.00 .67 .72 .75 .95 .85 .67 .75 - - .84 ~.36 < .01 
17 .17 .44 .36 .61 .52 .14 .22 .42 .41 .50 .57 .44 .63 .50 1.66 ns 
18 .83 .94· .96 .93 .97 .93 .89 .94 .96 .93 .94 .78 1.00 - - .94 .00 ns 
19 .83 .89 .58 .76 .68 .71 .22 .69 .59 .71 .74 .67 75 - - .68 .00 ns 
20 .33 .44 .QB .76 .54 .57 .44 .59 .57 .69 .82 .67 .88 - - .70 4.11 < .05 

Total 14.2 13.4 14.3 14.9 13.9 13.3 11.9 13.9 14.0 15.2 15.4 13.6 14.9 14.8 9.56 <.01 
. N 6 18 25 29 •29 ' 15 9 131 51 58 54 9 B 160 



. '·.· 

2.2.3.5 Involvement ·Analysis. f~· •. •' t( 

In order to det~:r111111e whether driv~:r k.no\\kdg~: ~~ 1dat~:d to dll\1:1 p~·llollllall~:~:, av~1agc 
scores on each question. of the driver knowledge test (OK T) _were compared _among three 
groups of drivers as described in Sectio~ 2.1.4.6: ' I) A~c1de.nt-at-Fault Group; 2) Mixed 
Group; and 3) Control-No-Accident Group. 

Table 2-15 shows the average proportion correct on each of 1'5 questions for each ~f the 
three involvement groups. Separate ANOV As comparing the groups for each question and 
for total DKT score revealed no statistically significant differences among the groups. Thus, 
there is no evidence, in this analysis, to support the idea that driver knowledge as mea,sured 
by the DKT is related to accident involvement. ·· 

One possible reason for the failure oft he DK T to distinguish among the.groups could be 
that the test covered basic. information that any driver would have. acquired during a ~hort 

Table 2-15 

Proportion 'Correct Response by:·Drlver Knowledge Test (DKT) 
Question for:Three Involvement Groups 

Involvement Group 

. ' _Question Accident Mixed Control No 
At Fault .. Accident F p 

. . 
1 . 30 .32 .37 .63 ns · 
4 .60 .54 .55 .38 ns 
5 .31 .23 .. .35 1.45 ns 
6 . 67 .72 .68 .32 ns 
7 :62 .62 .59 .18 ns 
8 .82 .87 .83 .51 ns 
9 .64 .61 .69 .70 ns 

11 .78 .71 .72 .79 ns 
12 .68 .72 .66 .42 ns 
13 .60 .60 .60 .00 ns 
15 .80 .74 ..78 .48 ns 
16 .74 .n .84 1.68 < .19 
17 .52 .47 .41 1.41 ns 
19 .65 .67 .73 .77 ns 
20 .. 65 .60 .69- .87 ns 

Total 9.49 9.31 9.48 ... .18 ns 

NOTE: The Total row represents mean number of correct responses 'out of the 15 items. N for each 
group is 95, 87, and 120. · 
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period of driving experience. Secondly, the fact that accide~t-involvcd drivers may have 
acljuircd new driver knowlcd~l' as a «.!•reel result Ill" llh:ir an·idcnt would ~L'II<lll.~ly li111il tile 
effect of DK T scores given after the accident. A third problem-similar to that with the 
DV"J:-:'=-may'be that the DKTcovers many very specific kinds of knowledge, and that our 
c~lte~ion of ~ccident involvement is too broad. The:followirig section is ail attempt to inspect 
:!river behaviors in more detail. 

2.2.3_;6,: Error Analysis 

"In order to· determine whether specific accident-causing driver behaviors are related to 
specific areas of driver knowledge, a more detailed analysis was performed. For this analysis, 
ten hypotheses on the relationships. between specific acciderit causes and knowledge in specific 

. areas \vere generated. Each hypothesis is represented in Table 2-16 and was formulated as 
follows: Drivers failing to answer question nuinber X"correctly will be more likely than not to 
be involved in an accident caused (at the certain and/ or probable level) by factor Y. A Chi 
square finalysis in which the answer was scored correct or incorrect and the factor was listed as 
cit~d 'or not ~ited was conducted on each of the hypotheses; and the res~lb, as shown in Table 
2-16, do not reveal any significant relationships. The one marginally significant result obtained 
(P ;: l6)was for the hypothesis relating knowledge of proper. recovery. from skidding{No. ll) 
and the "improper driving technique~· causalfactor. 

Table 2-18 

The Relationship Between Specific Accident" Causes and Specific 
Causal Factors. 

DKT question 
numqer 

2 
7 
B 

10 
11 

. 11 
12 
13 
17 
19 

Causal Factor 

Ambience related· 
Improper lookout 
Slick roads 
Vehicle factors 
Improper dr-iving technique 
Improper evasive action• 
lmpropl)r evasive action• 
lm proper evasive action•. 
Vehicle factors 
Improper evasive action• 

Chi Square Significance 
df=1 

.11 ns 

.14 ns 

.76 ns 

.01 ns 
1.98 .16 

.14 ns 

·. *This hypothesis could not. be teste_d. since none of the accident group drivers taking· the DKT viere 
cited for improper evasive action. 
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These generally negative results show that even at this level of focused examinations, 
accident involvement and driver knowledge as tested here are independent. It is very likely, 
however, that the driver knowledge test results were biased due to discus~ions that the drivers 
had with friends and/ or family about their accident just prior to the in-depth interview. In fact, 
several drivers even stated that "now they know" what they should have done. This gain in 
knowl~dge-while useful in itself-would probably wash out any rcl;1 tionship that might have 
existed between the accident cause and driver knowledge at the time of the accident. 

2.2:4 Conclusions and Recommendations 

The general trends of the present analysis of the driver knowledge test (DKT) are: 
I. DKT performance is related to age, with older drivers performing most poorly and 

middle-aged drivers performing best, in general. 
2. In general, males obtained higher DKT scores than females . 

. 3. For some questions, drivers with formal training obtained higher. scores than drivers 
without training. · 

4: Each question ·may be considered to be measuring a separate, independent aspect 
of driver knowledge. 

5. There was no evidence of a relationship between D K T score and accident involvement. 
6. There was no evidence of a relationship between the performance on specific DKT 

questions and type of driving error cmnmitted. 
Despite the discouraging results obtained here, it is quite unlikely that all aspects of driving 

performance are unrelated to all the content areas identified by NHTSA or all the required 
driving skills identified by McKnight and Adams (1971). The results obtained here suggest that 
when driving performance is measured by accident involvement, other skills and knowledge 
not measured by the DKT may be relevant. Since the intent of this research is to identify 
accident-causing behaviors and remedial approaches to these behavwrs, it might be argued 
that more specific and relevant definitions of driver knowledge should be tested. The following 
are two general recommendations based on such definitions: 

I. Driver knowledge should be tested in the areas that have been determined 1 o be the major 
causes of accidents; and immediately following the accident, before any addHtonallearning 
takes place. Questions that assess proper lookout techniques, awareness of inattention risks, 
proper evasive maneuvers, etc., are probably more relevant to accident avoidance than 
questions dealing with maintenance and knowledge of traffic regulations. 

2. Driver knowledge of accident avoidance maneuvers should be tested under temporal 
stress. Drivers frequently report that they "know" that they perlormed an inappropriate 
avoidance maneuver but responded "instinctively." When taking the OK T, these drivers often 
answer these questions appropriately. If a new test is designed, it should test both whether 
drivers know the right answer and how much time they need to reach this deci~ion. If passive 
knowledge-even under .temporal stre~s- [,, not enough, then knowledge of avoidance 
maneuvers should be measured in an active simulation environment where the driver will be 

· rey_uired to actually perform the appropriate motor response. 
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2.3 !Viethodology Development: New Driver Measures 

2.3.1 introduction 

. This section presents the results of an effort to develop new driver measures which would be 
useful in the context of accident investigation studies to better understand the question of "who 
make-s .. what kind of on-road behavioral errors leading to accidents." 

Results were consistent with the idea that personal maladjustment and social 
maladjustment are related to accident involvement. To a lesserextent, cognitive abilities (as 
measured by a test of clerical abilities) and impulsivity were also found to be related to 

accidents. 
The materials in this section are organized around the following sequence of activities: 

l. Literature review 
2 .. Pilot test on pool of 23 high accident and 23 no accident college students. 
3. Validation study on 7 high accident and 7 no accident college students. 
4. Post-hoc study of 287 drivers based on in-depth accident investigations 

already completed. 

2.3.2 Background 

One question which has generated considerable interest within the traffic safety literature is 
what could be called the "human factors problem"-the problem of ascertaining the 
dist~nguishable characteristics of the over-involved or "problem driver." Most research in this 
area has involved comparing the demographic, biographic, attitudinal, personality, driving 
knowledge/ experience, or skill characteristics of "problem drivers" (generally defined by 
number of accidents or violations per time frame) vs. the characteristics of the general driving 
population. Such studies have produced an impressive list of variables, to bed iscussed in the 

remainder of this section, which have been found to distinguish between problem and normal 
drivers; however, this work has produced few theories useful for training and remediation, nor 
have relations involving theoretically interesting human factor~ been very strong (for reviews 
see: McFarland, Moore and Warren, 1955; Goldstein, 1961, 1962; Miller and Dimling, 1969; 
Selzer a!ld Vinokur, 19?4). This work has also generated some potentially important 
measurement devices for detection of the "problem driver;" but such devices give few clues as 
to the "causes" of poor driving behaviors, are based on locating "the problem driver" rather 
than locating tendencies towards various types of poor driving behaviors, and haveachieved 
only limited success in selection when validated against accident/violation rates (see: Haner, 
196\ Pelz and Schuman, 1970; Schuster and Guilford, 1964; McGuire, 1956; Selzer and 
Vinokur, 1974). 

The present review attempts. to advance, and hopefully clarify, this worthwhile research 
· efl~rt by suggesting more integrated investigations of independent vaFiab1es (i.e., measures of 
.JlUman factors) and more detailed analyses of dependent variables (i.e., measures of driving 
behaviors). First, rather than deal with the myriad of human factors on the level of raw 
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··empiricism (as was so successfully done, for example, in the famous "California Studies"), the 
independent variables to be considered in the present paper will be limited to a number of 
theoretically interesting human traits which may be related to on-road behaviors involving 
~isk-takirig, poor decision making, and driv'ingskill. ScL:ond, i·ather than simply relate these 

. basic human traits to accident or violation rates, dependent variables will be investigated 
which involve a set of driving behaviors characteristic of different types of problem driving. 

2.3.3 Independent Variables: Basic Human Traits and Characteristics 

A review of the recent literature provides a lengthy list of individual factors which have (in 
at least two studies) reliably distingu,ished between poor and normal drivers. These factors are 
derived from several ·main sources including demographic and biographic information, 
medical/ physiological data, alcohol/ drug use, prior driving record and experience, records 
with social institutions, data concerning personal problems, personality test scores, attitude 
test scores, and cognitive-perceptual-skill test scores. The most frequently cited factors which 
are predictive of poor driving are: drivers under 25 or over 60 years old; male drivers; 

. unmarried or separated/ divorced drivers (except for drivers under 25); lower occupational, 
. educational and income levels; prior accident/ violation history; heavy alcohol/ drug use; 
records of conflicts with social institutions; current life changes and personal problems; 
depression; anti-social feelings; and poor impulse control. While the validity and reliability of 
many of these factors have been seriously challenged, the factors listed in Table 2-17 seem to be 
likely candidates for further study, based on our current state of knowledge. 

A list such as the one given in Table 2-17 is obviously a helpful first step, but it does not 
provide a clear understanding of why humans with these characteristics have more violations 
or accidents, and many of the relations are quite weak. Based on patterns of these observable 
data, several basic internal mechanisms or traits have been proposed, however, and the current 
level of knowledge now allows the preliminary assessment of some of these theories of how 
driver traits influence driving behavior. The main sets of traits which have been proposed can 
roughly be grouped into several categories: 

I. no traits (chance theory and carelessness theory); 
2. medical/ physiological theory; 
3. inexperience theory; 
4. drunk/ drugged driver theory; 
5. social maladjustment theory; 
6. personal maladjustment theory; 
7. impulse non-control theory; and 
8. information processing defect theory. 

No Traits Theories 

The chance theory (discussed by Froggatt and Smiley, 1964; Shaw and Sichel, 1971) rejects 
the idea that humans differ in traits related to "having an accident" and states instead that most 
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Table 2-17 

Observable Human Characteristics Which May Distinguish Prob-
lem Dri>Jers from General Drivers · · 

De mographi~ Characteristics 
Age: 16-25, over 65 groups 
Sex: Male 
Marital Status: Divorced/separated or non-married 

(except males under 25) 
Education: Low 
Income: Low 
Job Status: Low 

Medical/Physiological Characteristics 
Medical history: chronic medical illness 
(Note-Tests of vision, physical .handicap and related. physiological factors produced no 

reliable relations to accidents/violations except for extreme cases.) · 
' .' . " . 

Drinking/Drug Usage Record 
Alcoholic Consumption: Chronic or Binge . 

. Drug Consumption: High · · 
Cigarette Consumption: High 

Driving Experience and Record 
Prior accidents: High 
Prior violations: High 
Prior license suspensions and loss of insurance: High 

· ,D~iving experience: Low 
Driving knowledge: Low 

Record with Social Institutions 
'Prior non-traffic arrests and convictions: High 
Employment record: Many job changes and firings 
Marital record: Divorced or separated 
School record: Truancy, low dropout age, low grades 
Home and family history: Broken, unhappy home 
Mental health services: Previous treatment, previous .suicide attempt.. 
Financial record: Poor credit rating 

. Public health and welfare: Frequent contact 

Current Personal Stress 
Interpersonal conflicts including marital: High 
Personal tragedy or loss: High 
Vocational problems: High 
Financial problems: High 

· Parent~child problems: High 
Change in responsibility: New family, new job 
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·Table 2•17 con·tlriued 

l'er sor1alily I csls 
Neuroticism, emotional unstability: High · 
Anxiety, depression, suicidal: .High 
Extroversion: High 
Aggressiveness, hostility, anger: High 
Anti-sociability, rebellion, lack of social responsibility: High· 
Impulsivity, intolerance ·of ambiguity, need to act out, inability to 

feeling of repression: High · · 

Attitudes and Values 
Anti-social. rebellious, anti-academic, anti-religious: High 
Intolerance. inflexibility: High ' 
Internal locus of control: High 
Enjoy working on cars and emotional release from cars: High 

Perceptual, Cognitive, and Motor Tests 
· Dynamic visio·n: Poor · 

Motor task performance: Poor. 

delay gratification, 

:··. 

(Note~ Memory. and intelligence do not seem to. be strongly related to driving perform
ance.: lhere is insufficient. evidence to judge the predictive power of perceptual 
and motor skills.) 

.accidents can be explained as random events. The chance theory predicts the accident 
population for any given time span ought to have the sa111e characteristics as.the general 
drivi~g population; however, there now exists a massive data base (summarized in Table 2-17) 
which contradicts this prediction and which shows that accident drivers tend. to have different 
characteristics than normal drivers. Hence, it see~s prude':Jt to suggest thatth~ chance th~ory 
be modified to include different "probabilities of accidents" (arH.I different. ~·probabilities of 
poor driving behaviors") for diff~rent drivers. It then rem~ins to underst~uid the,factors which 
influence these iQdividual differences. . 

The .carelessness theory, like the chance theory, rejects the.idea that drivers may differ in 
traits related to driving performance. The theory states that accidents are. largely due. to drivers 
being temporarily .careless and that if drivers would be more careful, accidents w'ould be 
reduced. The implicatiOJ:I is that all drivers are equally well equipped to drive: safely andJh.e 
~nly factor c~ntributing to human error is a sort of .laziness on the pa.rt oftl{e drive~." The 
carelessness theory may be rejected on the sanie grounds as 'the_ chance theory- if carelessness 
were randomly distributed among equally capable drivers the accident population would not 
differ, significantly from the overall p_opulation i.n vari~bles such as demography, personality, 

· . attitudes, etc. · . .. . · 

Medicalj Physiological Theory 

. The medi~l/ physiologicai deficiency theory stat~s ~hat accidents occ~r largeiy due to 
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drive(s:having inadequate health or some other physical. handicap. There have been many 
studies 'or the physical defe~t~ of drivers, including autopsies of fatally injured drivers (Finch 
and Smith, 1970; Baker, 1970) and analyses ol records ofdrivcrs with disabilities (McFarland, 
Dorney, Duggar, Crowley and Stoudt, 1968; Cresswell.and Froggatt, 1963), but there is no 
consistent evidence of an unfavorable relationship between physical deficiencies and accidents 
or violations. ln fact, Mc.Farland eL al. report that 625 disabled drivers sustained significantly 
less accidents and violations than a sample of non-disabled drivers; however, there was no 
control for exposure and since disa.bled drivers may be expected to driye less than non-disabled 
drivers' .there is difficulty. in interpreting these· findings: Only extreme cas.es such as near 
blindness or personally upsetting medical problems such as chronic illness,. seem .related to 
poorer driver performance (Waller and Goo, 1969; Crancer and McMurray; 1967; Crancer 
and Quiring, 1968; Crancer and O'Neal, 1969). Unfortunately, however, as Burg (1972) points 
out, the Washington State Studies conducted by Crancer and his associates produced 
equivocal re.sults with chronic illness related to poorer driver records in some studies but not 
others, and the California Study conducted by Waller compared 2672 drivers who had chronic 
disea~es with a controlled group that differed in derriography-thu~, making interpretation 
difficult. Even if chronic illness is related to driving behavior, it is not deaf. whether the 
physical problems caused by. chronic illness .or the physiological problems .caused by such 

• illness are responsible for the noted higher accident rate. In summary, there is reason to suspect 
that physical and medical defects per se may not be importanq)redictors of driving behavior. 

. Jne xperience TheorY. 

The inexperience theory states that accidents occur largely due to drivers not knowing 
traffic laws and/ Of ha.ving inadequate experience in actual driving situations. ThiS'theory is 

·strongly implied by the repe~ted finding that drivers under 25 years old are over-repi'esented 
'among problem drivers (Solomon, 1964;·Mcfarland and Moore, 1960; Harrington, 1970).· 
:However, in these studies age and experience are heavily confounded since· most American 
drivers b~gin as teenage'rs; evidence that experience, .rather than age per se, is related to 
accidents comes from several sources. In a study of German drivers-many of whom began 
driving as adults ·rl1ther than teenagers-more accidents occurred within the first 3-4 years 
regardless of age (Munsch, 1966). Similarly, comparing the one year driving records of newly 
licensed Canadian drivers and experienced drivers matched for age, Brezina (1969) found the 
inexperienced group had generally poorer records. Ferdon, Peck arid Coppin (1967) also· 
report that. teenagers who drive less tended to have more accidents. unfortunately; there is the 
problem of"self selection" in these studies""-poorer. drivers may choose to drive less or to put 

·. offlearQing to drive precisely because they are poor drivers. In a study which overcomes this 
particular critic~sm, Farmer and Chambers ( 1939} found that bus drivers had .less· accidents as 
exp~rience with the company increased up to one year; however, after one year experience was 
nOt a factor. 

In studies uncontrolled for age, there is additional evidence that minor (property damage 



. only) crashes areover-represented .in groups of drivers with less than two years of experience 
(McFarland, 1968) but there is also evidence of an increase in accident/violation rates of a 
more serious nature (personal injury and fatality) in the two to five years of experience group 
(Pelz and Schuman, 1968). In addition there is only occasional and mild support for the claim 
that drivers who had .drivers' training have less accidents (Harrington, 1972), and such results 
are often subject to the problem .of "self-selection"-good drivers choose to take (or. are 
afforded the opportunity of taking) driver training. 

These findings suggest that while lack of minimal experience and knowledge may account 
for minor accidents and violations, it cannot account for an incn;ase in crashes identified by 
Pelz and Schuman, nor the fact that poorer driving records occur over the entire nine year age 
span from 16 to 25. Apparently, other factors besides experience alone are responsible for the 
importance of the demographic characteristic of age; one possibility to be discussed later is that 

. this 'age period is accompanied by a number of life changes and stress (e.g., employment, 
. matriag.e, moving, etc.) which may produce personal· adjustment problems. Thus, while 

experience may be a contributing factor for a short time, it is probably not the cornerstone of a 
very strong theory. 

A similar idea is that drivers with poor prior driving records are likely to be poor drivers in 
the future due to poor driving techniques which have developed. Mild support for this idea has 
been found by many researchers including Schuster ( 1968), Crancer ( 196 7), Coppin, McBride 
and Peck (I 967); however, lack of control for exposure limits the generalizability of such 
findings, nor do such findings provide useful information on the underlying causes of chronic 
poor driving. 

The prunk/ prugged Driver Theory. 

The drunk/ drugged driver theory states that accidents are largely due to temporarily 
· impaired mental efficiency due to consumption ofalcohol or drugs. Almost without exception, 

studies of this issue have found the group of accident drivers contains a disproportionate 
number of DUljDWI people and/or chronic problem drinkers (Baker, 1970; . .Rarmack and 
Payne, 1961; Finch and Smith, 1970). Because. of the importance of this factor it has received 
mor~ attention than any other factor; however, as an explanation, the drunk/ drugged theory is 
inadequate because it offers no explanation of why drivers drink or why they mix drinking and 
driving. The next theories view drinking.as a manifestation of deeper causes, and therefore, we 
now turn to them. 

Social Maladjustment Theory 

The social maladjustment. theory, first popularized by Tillman and Hobbes (1949), states 
that problem drivers. are people who show a pattern of conflicts with society and .social 
institutions; i.e., are people .who do not feel part of society and who do not feel a strong degree 
of social responsibility. Such people are more apt to drive irresponsibly (i.e., dangerously) 
because they do not feel a part of society's rules, have fallen into a pattern of rule-breaking 
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which extends into their on-road behaviors, and hence, they are likely to be over-represented in 
the pool of accident/ violation drivers. They are likely to be characterized as aggressive, hostile, 

anti-social, irresponsible, non-conforming. The fact that drivers of lower socio-economic 
status (SES)-as measured by the demographics of low income, low occupational level; low 

educational level-tend to have more accidents/VIOlations i~ consistent with the social 
maladjustment theory only if it can be shown that low SES drivers, on the average, feel less a 

part of society and less responsible to society. Unfortunately, studies which investigate the role 
of social adjustment while controlling SES or which investigate the role· of SES while 
controlling for social adjustment are not available; so the problem of confounding is present in 
the studies presented below, and should be considered. 

Biographic Data: There is a wealth of information concerning the social adjustment idea, 
based mainly on comparing the biographic characteristics of "problem" drivel'S with normal 
drivers. For example, in the classic Tillman and Hobbes ( 1949) study·orcanadian taxi drivers, 
the biographic records of96 accident repeaters were compared with 100 matched controls. The 
table below shows that problem drivers were la1 more likely to have a history of contact with 
social institutions including adult court, credit bureaus, juvenile court, public health agencies, 
and social service agencies. 

Repeaters 
Controls 

Adult 
Court 

34% 
1% 

Credit 
Bureau 

34% 
6% 

Juvenile 
Court 

17% 
1% 

Public 
Health 

14% 
0% 

Social 
Service · 

18% 
1% 

At Least 
. One-

66% 
9% 

In what was essentially a validation study, McFarland and Moseley (1954) attempted to 
predict future accidents by using a measure of social maladjustment based on biographic 
factors such as repeated contact with social agencies, truancy, poor employme11t record; no·n
traffic arrest, broken home, etc., as well as prior driving record. Based un the'c factors, U.S. 
truck drivers having three or more accidents in one year were reliably distinguishable from 
those having two or less. Thus, a history of conflicts with social institutions seem~ 'to be related 
to on-road behaviors; however, one problem with these studies is that they involved unusual 
dnvers-taxi and truck drivers-and thus, their generality may be questioned. 

Replicative support involving "normal" car drivers is availa bh.: and seems to be consistent 
with the above results. For example, Crancer and McMurray (1968) ·investigated the driving 
records of 415 automobile drivers who had good credit ratings vs. the driving records of 339 
drivers who had poor credit ratings. The importance of factors indicating soctal adjustment 
was again demonstrated in the finding that a significa~tly higher accident·rate was obtained in 
the poor credit rating group. In an earlier study, Dennis ( 1930) developed a measure of "good 
citizenship" based ontwenty biographic traits. As would be predicted by the social adjustment 
theory, non-acc~dent driv,ers obtained the highest average score, drivers involved in· non
reckless crashes had the next highest average ·score, and drivers who caused accidents due to 
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recklessness had the lowest citizenship ~cores. Furthc r supporting evidence for t.hc ·social 
adjustment theory comes from studies focusing on young drivers which show that problem 
drivers differ from general drivers by havmg more academic and disciplme problems in school 
.(Carlson and Klein, 1970; Asher and Dodson, 1970; Harrington, 1972; Kraus et. al., 197Q; Pe1z 
and Schuman, 1968), a rebellious attitude towards parents and leaving home (Rommel, 1959; 
Harrington, 1972), parents who do not participate in communitY activities or who have a 
criminal record (Tillman and Hobbes, 1949; Carlson and Klein, 1970; Be~mish and Malfetti, 
1962), a lower grade iri ''Citizenship" in high school (Harrington, 1972), a history tl{ violent 
behavior (Pelz and Schuman, 1968), less automobile l1ability insurance (Coppin and Van 
Old~nbeck, 1966), poor job stability (Heath, 1959; Brody, 1957), a non-traffic crimin,al record 
(Kraus Cl. al., 1970; Willett, 1964; Barmack and Payne, 1961 ). Thus With rroh:.~sional drivers, 
young drivers and general drivers there is consistent and reliable evidence that a history of anti-
social behaviors is related, at least moderately, to driving behavior. ' . 

A~titudes: Attitude tests concerning aggression and hostility against society provide a 
further source of information. Intensive interviews by Tillman and Hobbes ( 1949) of twenty 
accident repeaters and twenty controls revealed an attitude of intolerance and aggression 
towards authortty on the part of poor drivers. Goldstein and Mosel\ ( 1956) facto'r analysis of 
the Driver Attitude Inventory indicated a reliable correlation between a cluster ~f questions 
measuring competitiveness-aggressiveness and violations or accidents for a group of 254 rnale 
drivers; similar findings were obtained for female drivers but the correlations were not 
statistically significant due to small sample ~ize. Similarly, Selzer and Yinokur ( 1974) obtained 
a mild but reliable correlation between aggressive attitudes and accidents. ln interviews and 
tests of the attitudes. of young drivers, problem drive1' scored reliably higher on questions 
involving anger, rebellion, and hostility (Pelz and Schuman, .1971) and lower in "conformity" 
(Beami~h and Malfetti, 1962); similarly, Levoni~n ( l 969) found that the attitud.e of orienting 
towards self benefit at the expense of others was significantly correlated with traffic violations 
for a group of over 1000 lOth grade students, even when controlling for sex, exposure, SES, 
and other personality measures. Finally, intensive analyses of six truck drivers, recognized for 

- their drivmg excellence including 20 years of safe driving, indicated that they differed from the 
norm n~ither in physical nor intellectual traits, but rather in the personality characteristic of 
social stability and conformity (Malfetti and Fine, 1962). One problem ~ith taking attitude 
measures from groups of known poor or good drivers is that au river\ record may intlu~nce his 
attitudes, e.g., poor drivers may try to justify their records, and there has been insuff~cient work 
in validating attitude scores against future driving. For example~ a study of young drivers in 
Michigan (Kenel, 1967; O'Leary. 1971) revealed that the Mann Attitude 
Inventory-measuring aggressiveness---and driver training instructors·· ratings of 
aggressiveness related to future violations, for 24 and 60 months after tcstmg and for accidents 
24 months after testing. However, these findings taken as a whDle arc consistent with the social 
adjustment theory and provide an independent line of supporl. . . . 

Personality: A third source of information concerning the social adjustment theory is 
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studies cpmparing the personality test scores of problem and general drivers. MeG uire (1956a; 
1956b).gave items from the Minnesota Multiphasic Personality Inventory (M M PI) to matched 
groups of Marines and found that the most important scale for distinguishing problem drivers 
from non-problem drivers was the Psychopathic Deviate scale (Pd)~a scale designed to 

measure. anti-social te.ndencies or deviance from social norms. Similarly, Rommel (1959) 
found ihat poor, young drivers scored reliably higher than matched controls on the Pd scale 
and the Ma scale (Hypomania or excess activity). Brown and Berdie (1967) gave the MMPI to 
993 male college students and found a very small but, reliable correlation between 

·accident/violation rates and score on the Pd scale; only the Pd scale was able to distinguish the 
100 best from the 100 worst dr-ivers in the group. In a study of U.S. Airmen (Conger, et. al., 
1957, 1959) the Pd scale distinguished accident repeaters from non-repeaters with marginal 
reliability, but failed to do so in a follow-up study. It is interesting to note that the only scale on 
the MMPI which has consistently been found to be related to poor driving Is the scale which 
measu,res deviance from social norms, or what could be called social maladjustment. It is of 
particular significance that the Pd scale was not designed to locate problem drivers, nor does it 
investigate primarily driv,er-related areas-thus the fact that it does reliably distinguish 
problem from general drivers. is an independent source of support for the social adjustment 
theory. Unfortunately, as a dri•.1er screening test the Pd scale still is far too weak and inaccurate 
to be used (Miller and Dimling, 1969), but as an independent support for the social adjustment 
theorY: it is valuable. · 

Other tests have also been used with less replicative support. For example Shaw and Sichel 
( 1972) report a study of accidents of South African bus drivers who were given projective tests 
such as the Thematic Apperception Test (TAT). The correlation between what was called the 
E-factor (measuring social iue'sponsibility, anti-social tendencies, psychopathic deviance, lack 
of control and impulsivity) and the number of accidents was an astounding r = .61. This 
relation is considerably higher than other correlations cited in similar studies and may be due 
to the power of combining a set of measures into the single E-factor, or to a peculiarity in the 

. way' the TAT was administered and scored. Further replications, especially with typical 
automobile drivers, are needed before accepting these findings. . 

In three separate studies involving U.S. Airmen, Conger et. al. (1957, 1959) found that the 
Allport-Vernon Study of Values test successfullydistinguished repeaters from non-repeaters. 
Accident drivers scored lower in Religious Values-which Conger eL al. suggest reflect 
conventional social mores-and higher in Aesthetic arid Theoretical Values-reflecting more 
sophisticated, and possibly non-conventional mores. 

There have also been failures to distinguish problem drivers from general drivers based on 
stan.dardized tests of social_traits such as extroversion (Quenalt, 196 7), and others (Preston and 
Harris, 1965), and as Goldstein (1962) has pointed out, many of the relationships involving 
personality character~stics are quite weak. However, there seems to be considerable evidence 
that tests measuring anti~social tendencies do distinguish problem from general drivers, and 
contiruied replication especially involving predictive validation of such findings would provide 
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a badly needed independent line of support for the social adjustment theory. 
Apparently, the existing findings ·suggest that problt:m drivers tend to feel less social 

responsibility and less affiliation with social rules, on the average, than general drivers. Further 
research in this area should be directed towards determining how these measures of sociaJ 
adjustment relate to demographic cha~acteristics, especially SES;whether drivers scoring high 

. in social maladjustment are more apt to be involved only in certain types of accidents or all 
types of accidents equally, and whether special training and· remedial techniques can be 
developed for this type of problem driver. 

Pe~simal Maladjustment Theory 

A second theory which attempts to get at the "root'~ cause of accidents is the personal 
maladjustment theory, the idea that accident drivers are people under personal stress going 
through a difficult period in their lives. The personal pres~u;es facing the driver may reduce his 
driving judgment or decision making ability, or may actually beinte,nse enough to manifest 
itself as a sui<;:ide wish while ddving, and thus result ln.higher accident/violation .rates. Such 
drivers are likely to be characterized as emotionally unstable, depressed, anxious, neurotic. 

Biographic Data:As with the social adjustment theory, there is also an impressive research 
~literature concerning the. personal' adjustment idea, based on comparing the biogra'phic 
characteristics of problem and normal drivers.· Both. the. stress related. to "life changes" and 
stress related to immediat~ly preceding. events affe~ting "pre-crash state" have received close 
attention. For example, Selzer,Rogers, and Kern ( 1968) compared the life change stresses 
impinging on 96 driver fataiities vs .. 96 matched controls and Brown and Bohnert ( 1968) did the 
same for 25 driver fatalities vs. '25 matched controls. The table bdow shows that the fatal 
drivers as a group were more apt to be under personal stress· due to personal arid interpersonal 
conflicts, personal·tragedy or loss of dear one, job problems, or financial problems. 

Personal Personal Job · Financial · One or More 
Seltzer et. al. Conflict Tragedy Problems Problems Stresses 

Fatalities 32% 9% 30% 10% 53% 
Controls 7% 5% 4% 7% 18% 

Inter-
personal Loss of Job Financial. One or More. 

Brown & B.ohnert Problem Dear One . Problems Problems Stresses 

Fatalities 56% 16% 40% 40% .80% 
Controls 12%. 0% 8%. 8% 12% 

Such results provide solid support for the idea that drivers who have personal problems may 
drive in a way to ?tirt themselves; however, since fatalities represent such a small, and perhaps 
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atypica~ l}t1mber of accide.nt.~, the .generality of such result_s lllay .be called into question. A 
furtherproblem with investigationsoffatal crashes is thatJirsthand data may not be collected, 
and researcher~ must rely on. ~nterviews with those who knew the deceased. 

For these reasons it is particularly important to investigatethe role, of life changes and other 
stress-arousing events related. to non-fatal accidents. Mc~tu~ray ( 1968) investigated the . 
driving.reco~ds of 410 drivers who obtained divorces_.in order to determine whetherthe stress 
produc:e.d by the_divorce proceedings affected driving behavior. The accident/ violation rates of 
divorced .persons ,for the six months before and. after the court proceedings were reliably higher 

. than the average. Schuman, Pelz, Ehrlich, and Selzer ( 1967) found that young drivers who 
were married and working full time had reliably more acciden.ts thanyoung drivers who did 
not hlive to adjl,lst to a new marriage or new job; in a followup study it was also found that life 

. changt!s such as change in marital,status, new responsibilities, family events,.and change.injob, 
each related .to poor driving rc;con;ls for young males (Pelz and Schuman, 1971). Similarly, a 
recent. study by Selzer and Virwku~ (1974) obtained a small b~t reliable.correlation between 
measures of traumatic life events and stresses and number of.accidents.Thus, the findings in 
studies o.f non~fatal acciden:t~- ~~~m to be consistent with that offatal accidents-personal ,, ,, ,-· ' ' . . 

problems and accidents seem to happen together. 
Many researchers have:also reported that a 'disproportionate number of problem drivers 

incurred personally upsetting events such as an aq~ument or bad news within 24 hours of the 
crash (Selzer, Rogers, and Ker[l;. 1968; Brown and Bohnert, 1968). In comparing the pre~crash 
state of25fatal drivers and 25 controls, Finch and Smith (1970) reported that fatal drivers were 
more apt to have been feeling suicidal, depressed or angry and less apt to have been in a normal 
emotional state .. Selzer, Rogers and Kern ( 1968)also found thatf~tal drivers were more apt to 
have been in suicidal, depressed, or violent states as compared to controls. The life stresses idea 
has been underlined by Paykel's ( 1969) argument that adjustment to life changes is closely 
related to clinical depression ,and emotional unstability. · 

Such results suggest ·that personally troubled persons may be driving poorly as an 
expression of depression or even suicidal tendencies. Adams ( 1972) reported a correlation of 
r=.86 between per capita accident rate and suicide rate for selected localities; this indicates 
geographic localities with high suicide rates also lend to have high accident rates, but' no causal 
inferences may be drawn. Crancer and Quiring (1968} investigated the driving records of 438 
perspns hospitalized for suicide attempts .. The suicide group had almost twice the accident rate 
and twice the violation rate of the general population; in addition, the suicide group tended to 
have more serious. accidents· (injury I fatality) and more serious violations (automatic 
mandatory license· suspension) than the' general population. Similar results were also obtained 
with suicide patients studied by Selzer and'Payne (1962) and by MacDonald (!964). The 
suicide id~a is also consistent with the finding of Sterling-Smith and Fell (1973) that of 75 
drivers who killed themselves in. automobile .accidents, 50 died in single car accidents. In 
addition, of 110 drivers who were responsible for crashes involving fatahnjury, 21 (19%) had 
documented suicide, his tori~~; however, the suicide idea seems inconsistent with the additional - . . 
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puzzling finding .that drivers who. killed others were more likely to have a suicide hi~t.ory than 
drivers who killed themselves. These findings taken together strongly imply a rcl:1tiq~ between 
suicide history and problem driving behaviors, am.! since depression and s~icidal tendencies 
may be the result of. unsuccessful adjustment to life changes, life changes may be related to 

' . ' . . ' ~ . ~ 

crashes. · · 
Allitudes ani Personality: To complement the biographic measures of personal . -

maladjustment (e.g., life stresses and changes) a second source of information inv~lves the 
relationship between driving behavior and personality test scales for perso11al adjustment. An 
early study conducted by the ENO Foundation (1948) found that accident repeaters received 
higher scores in personal instability on the Cornell Word Forms Test than did accident-free 
drivers. In comparing 84 young male traffic offenders with two or more accidents with 186 
drivers ,matched for age and sex, Beamish and Malfetti (1962)found a significant difference in 
the emotional stability of the two groups, and .in a study comparing young driyers ,who were 
fatally injured in accidents with matched controls K:aest'n~r c 1964 >also noted a difference iri the 
emotional maturity of the two groups. More recently, Selzer and Vinokur (1974) obtained mild 
but reliable correlations between scares on a test of manifest anxiety and numberof accidents . 

. b~e reas~n the correl(!.tion was low could have been the distribution of accident frequencies; if 
most drivers had very few accidents then correlation may not be the best indicator ofa 
relationship and. a comparison of anxiety test scores of accident repeaters vs. non-repeaters 

.. ma·y have been mo~e informative,. In a study involving more accidents, Shaw and Sichel ( 1972) 
report the results of an investigation of the correlation between accidents sustained by South 
African bus drivers and their scores on the TAT. The N-factor, consisting of measures of 
neuroticism, anxiety, depression, etc., correlated r = .47 with number of accidents: However, 

, Quenalt (1967) failed to obtain reliability for the "neuroticism" scale or" the. Ma~dsley 
. Personality Inventory, ;md as has been discussed in. the .previous section, ·the. personal 
adjustment scales of the MMPI do not seem to distinguish accident from general drivers. Thus, 
personality measures of anxiety and depression offer mixed support for t,he personal 
maladjustment idea, with some indication that emotional unstability often is related to poorer 
driving behavior. 

In the "psychological autopsy" studies of fatally injured drivers, fatal drivers were judged 
significantly higher . than matched . controls in personality · disorders or general 
psychopathology (Finch and Smith, 1970; Selzer, Rogers, and Kern, 1968). The ~atz 
Adjustment Scales (KAS) have been used in a number of psychological autopsy studies to 
investigate the personality characteristics of fatal drive.rs (Fischer, 1972; Shaffer et.al., 1972, 
1974; Schmidt et. al., ·1972). Driv.ers who killed themselves in crash(;!s scored reliably higher in 
general psychopathology, belligerence~ negativism, hypera~tivity, .and lower in withdrawal 
than norms. The idea that anxiety may manifest itselfas a sort of suicide gesture while driving 
was supported by the finding that non-traffic suicide victims showed a similar but stronger 
KAS proflie as compared to fatal driv~rs, and that fatal drivers involved.in single car accidents 

·were s,igriificantly higher than the norms in general psyc~opathology and the other disorders 
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listed above, while fatal drivers involved in multi-car accidents did"riot differ reliablyfrom the 
norms. Although there are serious methodological· problems in"administcring the KAS, e;g., 
the tend~ncy for respondents to "justiff' the fatal driver's behavior, these results do provide 
striking independent support for the personal adjustment theory. Adams·(J972) suggests. that 
suicide may not necessarily be the goal of some troubled persons; rather, drivers with personal 
problems may be a'ttempting only to injure' themselves and thtis· make their problems 
"acceptabie" or "justifiable." Unfortunately,' tHere are insufficient data available to directly 
i~terrogate this suggestion. · · 

., · These findings do, however, strongly suggest that' inability to adjust to personal problems, 
stress and anxiety, is an important factor-at least in some cases-influencing drivirig 
behavior. Especially noteworthy is the suggestion that, in some cases, reckless driving may be a 
manifestation of anti-personal feelings, just as it was suggested in the previous seCtion that 
some cases of poor driving may be-manifestations of anti-sociarfeelings. 

Impulse Non"Control Theory 

Although drivers m!'jy poS$ess intense a·nti-so~ial or anti-self di~positions; the ability to 
·control these and related impulses may be another factor innuencing driving behavior. The 
impulse no~-control theory states that some driversare Ids able to control th-eir impulses while 
driving, more apt t~ allow driving to serve as an emotional release, and thus more likely to 
engage in accident related behaviors. For example, Klein (1974) has suggested that some 
driver~ may have no outlets for ili.eirexpressions of independence and achievement (e~g., lower 

-SES workers on routine, fixed jobs) and th4s use driving to expressem.otions which have to be 
repressed elsewhere. · 

Biographic Data and Attitudes: The relationship between · biogra.phic infor~ation 
. concerning impulse control and aec::idents is 'orie source of data. A q uestionnaite developed by 

Pelz and Schtima.n(l968) was given to young drivers, and it .;.,as found that problem dri~ers 
had a history of poo~ impulse ~ontrol, that they more easily express~d impulses (e.g., had been 

·in fist fight re:cently), thatthey derived emot.ional releasefrom driving (e.g.·; drive to "bJow off· 

steam"), and that they felt powerful while driving (e.g., customized and meed cars) as 
compared to other young drivers. In line with Klein's idea, young problem drivers ·were more 
apt to be in low paying,' routine jobs rather than in school (i.e., less chance to express 
independence and ·ad:tievement). · · ' · 

Other attitude inventories given to young drivers reveal that problem' drivers more Often 
than non-problem drivers view driving .as tension relea~ing; ego-building, and as a .;ya/of 
making ont;:self powerful (Rommel, 1959); a source ofpleasu~e (Asher and Dodson, 1970);a 
way io avoid feeling held do'wn and a way no( to have'to consider the consequences of one's 
behavior (Be~mish and Malfetti, 1962); and as a way to escape w'on'ies and tension 
(Harringt~n, 197:2). Unfo~tunately, the bulk of these. studies concerns drivers under 25 yea~s 
old; thus the generality of the imp~lse ~oritrol factor can be questioned, Furthermore, sin~e 
rpost of these studies involve questioning krtown groups of poor. drivers, it i~·possible that 
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"impulsive" attitudes were formed as consequence of-or means of justifying-----:poor driving 
records. Clearly, the. strength of. the impulse non-controltheory would be increased by 
predictive or validational studies conducted on the gene~·~! driving population. · . 

. Personality: Personality tests fo_r impulsivity have also been relatt:d to driving behavior. 
For example, the.impulsiviwscale of the Thurston~ 'remperment Schedule was found to be 
related to accidents (Heath, 1959). Conger et. a\. (1959) reported that inability to control 
hostility or tolerate tension .was a main factor distinguishing poor and good dri~ers, and 

. Whittenberg, Pain, McBride and Amidei(l972) also report several studies in which measures 
of inability to control hostility arid tension were related to acc1dent rates (Hertz, 1970). 
Measures of manifest aggressiveness and impulsivity correlated with number o(accidents in 
Selzer and Vinokur's (1974) study, and impulsivity was a factor used in the design of other tests 
of driving (McGuire, 1956;Schuster and Guilford, 1964; Haner, 1963). Although impulsivity 
score has not been strong.enough to merit use as a single criteria of driver selection, the fact that 
high impuisive drivers tend to ha'v~ poor driving records provides support f~r the impulse non
control theory, and adds another type of poor driver. 

lnjurmation Processin-g Deject Theory 

Another factor which may underlie driving behavior is.the perceptual and motor ability of 
the driver. 'The information-processing or perceptual-motor skill theory states that problem 
drivers may have accidents due to information processing problems such as difficulty in 
recognizing relevant stimuli, m ·processing them effedively and in performing the required 
motor response. Perceptual-motor deficiencies may be a factor responsible for the 
disproportionately high number of accidents/ violations obtained by driwrs over the age of 60; 
however, there is insufficient data to test this idea . 

. Perception Processes: One source of information involves tests of perceptual ability. An 
early ENO Foundation report (1948) compared serious ac~.:ident repeaters with a matched 
group of accident-free drivers on a series of perceptual tasks. Reliable differences favoring 
the accident-free group were obtained for some tests-e.g., acuity with both eyes, depth 
perception, resistence to fatigue-but no dith~1 cnccs were obtained Cor othe1· factors .. e.g., 
dark adaptation, peripheral perception. More recently, Burg and Henderson (Burg, 1972; 
Henderson and Burg, 1973; Henderson, Burg; and BraLelton, I Y71) ha\ c reported that several 
tests of dynamic, vision give·n to a sample of California drivers· were reliably related to 
accident/ violation rates: Although the differenceo were not great in these studies, and although 
there was no good explanation ;>f why some tests "work" and some do not, such findings do 
suggest that further study of perceptual factors is warranted. 

Decision Processes: A second source of information involves tests ofgcneral cognitive 
ability such as decision making and intelligence. Cobb (1939) and Shaw and Sichel (I 1}72) 
report studies in which~mall negative correlations between accident rate and illtclli'gcncc tests 

. score were obtained. However, there are also ir1stances of no relationship (e.g., Farmer and 
Chamber~, 1~39) .. Thus, there is insufficient evidence at this time to draw any strong 
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conclusions concerning cognitive abilities, but it seems. appropriate that future research be 
directed towards measures of cognitive ability that arc more closely related to driving, such as 
d~cision making. 

Response Processes: Finally, tests of human performance have received some attention. 
For example, on a test of moving a long stylus through a narrow winding pathway without 
touching the sides of the path, accident repeaters made twice as rhany errors as a group of 
matched controls (Eno Foundation, 1948). Asmall negative correlation between reaction time 
and acCide~t rate was reported byShaw 'and Sichel (1972). In addition, Miller and Dimling 
(1969) have -reviewed a series of experiments involving driving simulators and bthcr driving 
performance devices, and suggest that there has been some success in relating various human 
performance abilities to driving ability .. 

Unfortunately, perceptual-motor theory still lacks a rich body of research literature, but it 
seems to be a good candidate for further study, and may produce yet another type of problem 
driver. 

2.3.4 Dependent Variables: Risk Taking, Poor D'{cision Making, 
Poor Recognition and Poor Motor Skill 

Most of the studies of the "human factors problem" ~s applied to highway safety research 
have relied on criteria of driving performance, such as accident and/ or violatio'n rates .. In this 
$ection, it is suggested that a richer understanding could be achieved by analyzing problem 
driving behaviors into various types. The traits and conditions existing within a person-such 
as those described in the preceding section-may be translated into certain driving styles or 
patterns once one gets behind the wheel. The basic types of driving styles or propensity ).mder 
primary consideration .in the present section are risk-taking, poor decision making,, and poor 
recognition or m!)tor skills.· 

Risk Taking 

Risk taking refers to the intentional creation of~ dangerous situation by the driver. Much 
progress has been made in the. development and successful use ofa taxonomy of human driving 
behaviors which cause or influence the severity of crashes (consult: Institute for Research in 
Public Safety, 1973). Based on data collected by l RPS; the most common risk taking behaviors 
seem to be ex,cessive speed, impr~per maneuver, improper driving technique, and insufficiently 
defensive driving. Cfuster analytic techniques and other possible coding systems are required 
to determine exactly which: behaviors best characterize risk taking, and the .propensities 
discussed below. 

Poor Decision Making 

Poor decision making refers to drivers making improper decisions about what response to 
make to dangerous ~ituations once they are recognized. Based on data collected by IRPS, the 
most common poor decision behaviors are _iinpropere.vasive action and false assumption. (For 
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purp(JSeS of this section, "excessive' speed'; is COnsidered a "risk-taking~' factor. r;1ther than a 
decision error). , 

Poor Recognition Skill 

.. Poor pe~ceptual or recognition s.kill refers to 1mpro per processing ~f stimuli necessary for 
recognition o( a· dang~rous situation. Common recognition problems cited by IRPS arc 
internal distraction, improper lookout; and matlcntion. 

Poor Motor Perj'qrrnance Skill • 

Poor motor performance refers to 1mpropcr execution of respon~cs w.hich have been 
determined necessary by a driver for remediation of a dangerous situation. The most common 
driving behaviors cited by II~PS which seem to . imply poor motor control are 
'overcompensation and inadequate directional control. 

2.3.5 Resultant Plan for Future Research 

· :Based on the literature review, suggestions were made here for a series of related 
studies-some of which were then performed by IRPS under this contract,as reported further 
on in the section. 

The recommended sequence is as follows: 

l. A preliminary test of several theories derived from the literature review, comparing 
high and no-accident drivers . 

. 2. A-follow-up validation of t)le above study, if the e,xpected relationships emerge. 
J. ·A pilot study using information already collected in the course of past IRPS in

depth investigations. Existing questions pn I R PS' in-depth human factors form will 
be used to· form ad hoc scales foi· such measures as personal and social 
maladjustment. 

4. A study in which an entire battery of questions specifically designed around these 
; scales are prospectively given to a stratified; representative sample of the general 
driving population, while also collecting data on previous crashes and violations. 

5, A final, major study in which the entire revised battery is administered to a 
representative sample of accident-involved drivers (as part of a series of prospective, 
in-depth investigations). The objective here would be to examine in detail the extent 
to. which different types of accident causing behaviors are related to different basic 
human traits. At least 50 to 100 accident drivers would be included. A follow-up 
study would monitor driving records for a future period, to determin~: the· predictive 
validity of the measures used. 

Studies one, two, and three from the list above were completed as part of this project, and 
are reported later in this section. Note that studies four and five were in no way within.the scope 
of the current contract, and are merely recommendations for future research~ 
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The following discussion provides added details on studies three, four, and five from the 
· above list. 

General Approach and Background 

. Table 2-18 shows the basic human characteristics and traits (independimt variables)which 
may 'be related to various on-road behaviors characteristic of risk-taking, poor decision 
making, and poor perceptual-motor skill (dependent variables). One direction for future 
research suggested by this review is to determine which human traits are related to which types 
of drivirig behaviors; for example, whether information processing deficiencies are related 
mainly to poor recognition and motor performance driving errors ~r whether social 
~aladjustment is related rna1nly to risk taking behaviors, etc.' ' . 

Thus instead of asking, "How do each of several qozen human characteristics relate to 
having accidents/ violationsT', the proposed study asks; "How do these few basic human traits 
and ronditiqns relate to various types of driving behaviors characteristic of risk takers, poor 
decision makers, poor recognizers and poorly skilled drivers?" Rather than attempt to validate· 
a measurement device for the '.'problem drive(' against accident( violation rate, the proposed 
st.udy will investigate the possibility of generating several scales for different types of probiem 
~riV~L . . 

The general design of these studies, as indicated below, is to use as independent variables 
each driver's score on various demographic and biographic questionnaires, and personality, 

Table 2-18 

Development of Independent and Dependent Variables 

OBSERVABLE HUMAN 
CHAFIACTERISTICS 

Demographic & 
biographic data 

Records with social'· 
institutions 

Personal data 

Personality t~st 
scores 

Attitude test 
scores 

Perceptual-Motor 
skill test scores 

INTERNAL HUMAN 
TRAITS (IVs) 

Demography 

Driving experience & 
record 

Alcohol/drug usage 

Social' adjustment 

··• Personal Mjustment 

Impulse control 

Inadequate information 
pro~essing 

DRIVING 
PROPENSITY 

Risk taking 

Poor decision m,aking 

Poor recognizing and 
motor skill 
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DRIVING 
BEHAVIOR (DVs) 

·· Exi:e.ssive speed 
Improper· maneuver. 
Improper driving 

technique 

· Improper evasive action 
False assumption 

Inattention 
Improper lookout 
Internal distraction 
View obstruction 1• 

Overcompensation·· · · 
Inadequate directional 

control ·· · 



attitudinal and perceptual-skill tests, and to use as dependent variables a classification of the 
specific driving behaviors engaged in by accident drivers. 

Human Traits (Independent Variables) 

1. Demographic Characteristics 
a. Age 
b. Sex 
c. Marital Status 
d. Socio-economic Status 
e. Etc. 

2. Experience; Exposure/ Fmpiliarity 
a. Driver Knowledge 
b. Driver Experience 
c. Driver Exposure -
d. Prior. accidents and violations · 

3. Alcoholism/Chronic Drug Use 

4. f'ersona!Adjustment . . 
. a. Presence of stressful life changes and s1tuatwns 

b. Type _N personality traits: depressive, anxious, emotionally unstable 

5. Social Adjustment 
a. Record of anti-social behaviors, contacts with social agt:ncies, social 

non-participation 
b. Type E personality traits: anti-sociability,· hostility, psychopathic 

deviation, aggressiveness 

6. Impulse Control 
a. Re~ord of impulsive behaviors, especially while driving. 
b. Type R personality traits: impulsiveness, rigidity, repression. 

7: .Perceptual-Motor Skill 
a. Perceptual speed/ accuracy 

. b. Spacial relations 

Driver Behaviors (Dependent V<~riables)' 

1. Risk taking behaviors 
a. Excessive speed 
b. Improper maneuver 
c. Improper driving technique 
d. Improper defensive driving 
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2. Poor decision making behaviors 
a. Improper evasive action 
b. False assumption 

3. Poor recognition behaviors 
a. Inattention 
b. Improper lookout· 
c. View obstruction 
d. Internal distraction 

4. Poor skill behaviors 
a. Overcompensation 
b. Inadequate directional control 

The final materials rt;quired for "Study 5" are obviously not yet known. However; 
the following would be used as a starting point in the development of needed materials 
for "Study 4." For "Study 4," demographic information will be collected using a 
standard questionnaire (shown in Appendix C). Driving knowledge will be assessed 
using items from Nl-ITSA's list of driver knowledge questions (see Table 2-1 1} and 
driver experience, exposure, familiarity and prior accident/ violation record will be 
obtained from~ standard questionnaire (Appendix D). Alcoholism and drug usage wiiJ 
be ascertained by means. of a standard questionnaire (Appendix E), and, if necessary, 
the Michigan Alcoholism Screening Test (MAST). Personal adjustment will be 
assessed by a bi~graphical questi~nnaire concern~ng life changes and stresses 
(Appendix F) and by selected items from anxiety, depression, or emotional unstability 
scales qf existing standardized personality tests ~uch as the California Psychological 
Inventory "Depression" Scale (Appendix G). Social adjustment will be assessed by a 
biographical questionnaire concerning conflicts with social agen~ies and institutions, 
social instability, social non-participation (Appendix H), and by selected items from 
socialization, hostility and psychopathic deviation scales of existing driver attitude 
inventories and standardized personality tests such as the MMPI's Pd Scale or CPl 
"Socialization" scale (Appendix I). Impuhe control will be assessed by a biographic 
4uestionnaire concerning control of impulses and emotional release with cars, such as 
the Pell.-Schuman test (Appendix J), and by . modifying scab from·. existing 
attitudinal and personality tests such as Rotter's Internal-External Control Scale or 
the CPI's "Impulsivity Scale" (Appendix K). Perceptual motor skill will b~ measured 
by the Dynamic Vision Tester, and paper-and-pencil tests of perceptual 
speed/ accuracy such as the Minnesota Clerical and of spacial relations such as the 
Minn~sota Paper .Form Board (Appendix L). 

Forms and procedures Jor determination of driver behaviors which cause or 
influence the severity of accidents have been developed as part of the present study 

(see Vol. I, Sec. 2.0). 
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Study Three · 

A pilot study will use in-depth accident data on file.at the Institutefor Research in 
Public Safety: These files conta.in some information concerning human characteristic~ 
of the accident-involved drivers, and a detailed assignment of causallactors for human 
errors committed by accident involved drivers .. The objective of thisstudy.is to provide 
preliminary information concerning the relationship between driver traits an<-1 <-Inver 
behaviors, v.:ith special focus on determining whether drivers with certain traits are 
more apt to engagein risk taking, or poor decision making, or poor perceptual and 
motor skill behaviors. The results of Study 3. will take advantage of existing data and 
help in designing details of further studies. Scales for each of the independent variables 
will IJe. derived from questions .on the In-Depth Human .Factors Form, the Pelz~ 
Schuman Test, the DriverKnowledge Test, and the Dynamic; Vision Test (Appendix 
M). 

Although there are no specific tests of personal adjustment, social adjustment, or 
imp~lse control, the following sets of questions may be used to form ad hoc scaks for 
each: For personal adjustment, questions concerning emotional strain (#28), 
arguments (#29), manifest.anxiety (#30-34)~ life problems (#35~38 ), smoking t #I OJ), 
worry (#217), perceived pressur~ (#232-235), chronic· illness (#12). For social 
adjustment, questions concerning job stability (#10-11), marital stability. (#14-15), 
residence stability (#17-18), social participation (#39), completion of school (#203), 
anger (#220, #228-231). for impulsivity, social i.ntlucnces on risk taking (#204-206), 
dangerous driving (#210, 213), driving as emotional release (#222-227, #236-239), 
led~ngs ofrepression (#231~235), restraint Lise (#73). The dcpcndent variables (<-I riving 
behaviors) are coded in the data, thus allowing an analysis ill the relationship between 
driver traits and type of driving behavior.. ' . 

Siudy Four 

A second study involves giving the enure, revised battery ol questionnaires and 
tests described in t~e above section to a stratified, n.:pH:sl:ntativt: ~ample of the general 
dnving populatiop, while also collecting data conccming prcviou~ traflic cr~shes and , 
violations. Drivers participating in this.study shou)d be paid ror theircooperation, and 

... the ,drivers selected should be stratified for age and sex to representthe general driving . 
. . population. At least 50 to I 00 drivers should take part in Study 4. Spe~ific infqrmation 

concerning the type of accident. type of ¥iolation, and type of dnver behaviors 
contributing to the crash or violation will be coll~ctcd, following the fmmat of 
dependent variables indicated above .. The same type of analy~is a~ above \Yill b~ 
performed. On" objective ofthis study is to provide a replication or Study 3 and to test 

. (and revise) the questi~nnaires and tests which will be used in these studies. A second 
objective is to provide control group norms for Study 5, 

- 70-



Study Five 

The fifth, and major study involves giving the entire revised battery to a representative 
sample of accident-involved drivers, as well as collecting the'usualdetailed in-depth analyses of 
the causal ahd severity-increasing factors attributable to the driver. Drivers·participatirig in 
this study should be well paid for their cooperation, and at least 50 to 100 drivers should take 
part in Study 5. This study will provide the most detailed data available concerning whether 
different types of accident-causing behavior,s an! related to different basic human traits; or 
more specifically, whether, drivers who score high in personal maladjustment, , social 
maladjustment; impulse non-control, perceptual-motor deficiency, etc.,.are over;.represented 
in groups of drivers committing risk taking, poor decision making, poor perceptual or skilled 
driving errors. A further follow-up study would be to monitor the driving records of those 
involved in Study 5 for a future period (e.g., 24 months); this would provide data that could be 
used to determine the predictive validity of the measures used. 

Implications of Studies 

The proposed investigations would provide a level ·of analysis rarely achieved in the traffic 
safety field, and could generate the bases for useful tests of specific types of driving behaviors 
such as 'risk' taking, poor decision making OI'poor perceptual-motor-skill. The development of 
tests for prediction of specific classes of problem drivers-rather than "the problem 
driver"-would have immediate implications for diagnosing, training, retraining, remedial 
and persuasion programs. Drivers tending to make different kinds of errors, for_different kinds 
of reasons, could be reached by different instructional techniques, different persuasive 
arguments, and different remedial programs. The development of-tests of specific kinds of 
driving propensities would also help· advance the field of knowledge in the traffic safety area by 
:Clarifying questions raised by the extremely weak relations often obtained between 
theoretically interesting h'uman factors and accident; violation rates. A better understanding 
of existing theories would also likely lead to improved remedial and training innovations in 
general. 

2.3.6 Preliminary Study (Study No. 1) 

Identification of the distinguishable and theoretically interesting characteristics of high 
risk drivers (e.g., drivers involved in three or more accidents in a. three-year period)'would yield 
an important first step in establishing countermeasures-possibly including recommendations 
for road .and vehicle design and maintenance, and for driver training, licensing, and 
employment. 

The present study was designed to provide information on four p~tentially important 
theories· of accident causation which are suggested by the foregoing review of the literature: {I) 
the :·social maladjustment theory" posits that poor driving is just' one facet of a more general 
pattern of anti-social or irresponsible behavior and attitudes (e.g., Tillman & Hobbes, 1949); 
(2) the "pe:sonal maladjust~ent theory" posits that accident drivers are more likely to be 
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people under personal stress going through difficult periods in their lives (Brown & Bohnert, 
1968; Selzer, Rogers, & Kern, 1968); (3) the ".impulse non-control theory" suggests that poor 
drivers are less able to cope with risk-taking impulses while driving and thus arc more likely to 
allow driving to serve asan emotional release (Klein, 1974); (4) the "information processing 
defect theory" suggests that poor drivers lack efficient perceptual/ motor speed and accuracy. 

This preliminary study was conducted to compare a group of young accident repeaters with 
a matched group of non-accident drivers with respect to alcohol-drug use, personal 
adjustment, social adjustm~nt, impulsivity and clerical ability. Based on the. foregoing 
literature review and analyses, test scales were constructed which for theoretical reasons had 
been hypothesized to relate to recognition errors, decision errors, and risk-taking behaviors 
inyolved in traffic accidents. This study should be considered preliminary since its results and 
conclusions are based on a non-representative sample of the driving population, i.e., college 
students. 

2.3.6.1 Methodology 

Subjects and Design. Four hundred Indiana University freshman students who were 
licensed drivers between the ages of 18 and 19 inclusive served as subjects in order to fulfill a 
requirement for their Introductory Psychology course. Subjects who reported being involved 
(regardless of fault) in three or more traffic accidents as a driver during the prior three years 
were classified as the High Accident Group (N = 23), and a No-Accident Group (N = 23), 
matched for age, sex and average annual mileage, was selected from the pool of subjects who 
reported no accidents during th,e prior three years. There were 13 males and I 0 females in each 
group. 

Materials. A 24-page questionnaire was developed which consisted of two basic 
information sections, twenty short untimed test scales, and two timed tests of three minutes 
each. The tests are described below. 

I. B.asic Demographic Information: consisted of 12 questions concerning age, sex, marital 
status, income, education, etc. 

2. Basi~ Driving Record: consisted or' 10 questions concerning average annual mileage, 
total number of years as a licensed driver, traffic violation history, traffic accident history 
including description of driver's "errors", damage, configuration. 

3. Alcoliol and Drug Use: consisted of four questions concerning tranquilizer, cigarette and 
· alcohoi usage. 

4. Manifest Anxiety: consisted of !l-item checklist of manifest anxiety, such as headaches, 
stomach aches, etc., adapted from Selzer and Vinokur(l974), and from items from the MMPI. 

S. Citizenship: consisted of 6 questions concerning voting frequency, church attendance, 
. club meeting attendance~ . . 
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6 .. Social Participatwn: asked subjects to list all club or organizations they belonged to 
during past five years and the extent of their participition · ·· · 

7. School Socialization: asked subjects to check "often", "sometimes", "rarely" or "never" 
for 15 such school-related events such as playing hooky, receiving awards, getting suspended, 
having conflicts with teachers, etc. 0 • • • • 

80 Juvenile Delinquency: 9-itemchecklistconsisting of regular cigarette ~making before age 
17, juvenile arrests and convictions, running away, full-time job during school year, school 
drop out, etc. 

9. Life Changes: 23-item checklist of current changes involving getting married, trouble 
with parents, death of friend, school problems, financial change, etc., adapted from Selzer and 
Vinokur (1974). 

I 0-13. Katz Adjustment Scales: asked subjects to check "almost never", "sometimes", "often", 
"almost always" to 44 behaviors occurring during the past six months; consisted.· of the 
following four scales adapted from Katz and Liverly (1963). · · 

I 0. General Psychopathology: consisted of 24 questions such as "Felt people didn't care 
about me," "Had mood changes without reason," "Acted confused," "Behavior was child1sh," 
etc. 

II. Belligerence: consisted of 4 questions such as "Got angry and broke things," "Got into 
fights with people," etc. ' 

12. Negativism: consisted of 9 questions such as "Was stubborn" and "Did the opposite of 
what was asked.'' 

13. Withdrawal: consisted of6 questions such' as "Was very slow to react" and "Was quiet." 

14. Anti-Social Tendencies: consisted of 20 yes-no items selected from the Pd scale of the. 
M M PI and Socialization scale of the CPI, such as "My parents often objected to the kind of 
people I went around with," or "My way of doing things is apt to be misunderstood by others." 

0 • 

15. Anx1ety: consisted of 10 yes-no items selected from the MMPI and CPI such as "1 find it 
hard to keep my mind on a task or job," or ''I work under a great deal of tenswn." 

16. Impulsivity: consisted of 10 yes-no items from the MMPI and CPI such as "I consider a 
matter .from every standpoint before I make a decision," or "1 do whatever makes me feel. 
cheerful here and now." . 

17,. Pro-Religious Attitudes: eight forced choice items adapted from the Allport-Lind~ay 
Scale of Values Test, such as "I would prefer to be: mathematician or clergyman,'' or"Which is 
more important' for mankind: mathematics or theology." · · 

18° External Locus of Control: seven forced choice items adapted from Rotter's Internal
External Locus of Control Test, such as "Concerning inflation: We have means to handle 
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' inflatlo~··ot There's little we can do," or "People like myself can change the course ofworld 
events: I agre~ 5)f I disagree." 

19.' Drivef A'tti'tudes(or Risk Taking: consisted of 9 yes'-~6· items adapted from the P~lz
Schuman Test, such as: "During the past few months I have gone driving to blow off steam 
aftet: ·an argument at least once.". 

I 

. ,20. Driver Attitudes for Unsafe Driving: consisted of lO yes-no items adapted from the 
Rommel Driver Attitude. Scale, such as "I find driving a _form of relaxation which I .use to 
relieve my tension," or "I'd rather have an old car with plenty of guts than a newer model with 
less power." 

21. Driver Attitudes for Competition: consisted of 6 yes-no items adapted from Goldstein 
(1962), such as "It's a thrill to outwit other drivers." 

'j • I 

22. Driv~r Attitudes for Speed: consisted of 5 yes-no items adapted from Goldstein (1962) 
such as ~·Driving at higii speeds gives you a sense ofpower." 

· 23. Clerical Ability foi Findings A's: gave subjects 3 minutes to circle each word in a 750-
word list that contained a letter "a"; score based on total words correctly circled, adapted from 
French (1963). 

24·: Clerical Ability for Number Comparisons: gave subjects 3 minutes to check each pair of 
digit strings in a 96-pair list that were not the same,· such as 34861890173-34861840173. Score 
based .on number correct minus number wrong, adapted from French (1963). 

A complete questionnaire is shown in Appendix N. 

Procedure. The questionnaires were passed out to subjects during class. Instructions were 
read, but no mention was made of the true purpose of the study. Subjects· were fold'notto sign 
their questionnaires and that their responses would be totally confidentiaL During class the 
two 3-minute timed tests-Finding A's and Number Comparison-'were administered. 
Subj~crs were then allowed to take the questionnaire home and to return the completed 
questionnaire at the next class meeting. 

Subjects. without a driver's license and who we_re not either 18 or 19 years old were 
eliminated from the sample. Of the remaining gtoup, test responses were scored for the 23 
subjept~ who reporte!f involvement in three or more acCidents (High Accide:r:'t Group) and 
for a more matched control group of 23 subjects (No Accident Group). · 

2.3.6.2 Results 

. The mean score for the two groups for each of the 22 short tests (or scales) is presented in 
Tabte, 2-19. Individual t-tests indicated several reliable differences between means (see Table 2-
. i 9) and a discriminant analysis of the standardi~ed scores revealed that the seven tests which 
disc~tjninated best between the two groups were, in order of their discriminant function 
coefficients: General Psychopathology (.90), Anti-Social T~ndericies (.64), Number 
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Table 2-19 

Me~n Score for High Accident and No Accident Groups on 22 Tests 

No Accident High Accident t.Value p Value Discriminant 
Test Group Group (df=44) Function 

Coefficient 

Alcohol-Drug Use (+) 3.74 5.26 -2.06 <.05 -.38 

Personal Maladjustment 
Manifest Anxiety (+) .78 .83 ~ .13 ns ~24 
Lite Changes(+) 3.35 4.96 -2.16 < .05 .04 
Katz: General.· 

Psychopathology (+) 14.65 21.26 -3.24 <.01 .91 
Katz: Withdrawal(+) 4:22 4.70 - .67 ns -.43 

' Anxiety(+) 2.57 
. ' i 3.04 -1.14 .. ns -.03 

Social Maladjustment 
Citizenship(-) 9.04 7.83 .76 ns -.53 
Social Participation (-) 33.83 '·32.57 .14 ns .08 
Juvenile. Delinquency (•) .26 .91 '-2.86 <.01 .27 
School Socialization(-) 12.87 11.35 2.05 <.05 -.52 
Katz: Negativism (•) 14.74 16.52 -2.17 <.05 .58 

. Pro-Religio~s Values(-) 4.09 3.74 .52 ns .08 
hternal Locus of Control (-) 3.26 2.26 2.05 < .05 -.57 
Antisocial Tendencies(+) 6.74 9.13 -'3.01 <.01 :64 

Impulsivity 
Katz: Belligerence(··) 530 6.04 -1.60 <.12 -.41 
lmpu.Jsivity (+J 
Pelz-Schuman: Risk Taking 

. 3.87 . 5.17 -1 89 < .07 -.14 

·Attitudes ( ·) 3.17 . 4:04 -1:53 <.14 .24 
Rommel: Unsafe Attitudes(+) .5.52. 5.35 
Goldstein: Pro-Competition 

.29 ns :.39 

· Attitudes(+) 2.13 2.13 0 ns .23 
Goldstein: Pro-Speed 

Attitudes(+) 2.70 2.57 .44 ns -.14 

Clerical Speed Accuracy 
Finding A's (-) 42.13 38.09 1.32 < .20 . .07 
Nu1J1_ber Comparison (-) 28.30 20.30 2.87 < .01 -.59 

Note. Plus (• l indicates prediction that High Accident score is higher than "No Accident score: minus(-) indicates pre-
·diction that High Accident score is lower. Out of 22 tests. 19 scores occurred in the predicted direction. 1" tied. and 2 
occurred in the reverse direction. 

Comparison (-.59), Negativism (.58). External Control (-,57), Citizenship (-.53), School 
Sociali~ation (-.52). ' 

A .. factor analysi~ revealed· eight major factors with the following structure (loadings 
indicated in parenthesis): 

l. Negativism (.78). 
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2. Social Participatio,n (.4.1), Pro-Religious (.31). 

3. Risk-taking Driving Attitudes (.19), Unsafe Driving Attitudes (.25), Pro-
. Speed Attitudes (.4.5). . 

4. School Socialization (.21), Belligeren~:. (.18), Pro-Competitive Driving· ' 
Attitudes (.47). 

5 .. General Psychopatl:lology (.65), Withdrawal. (.27), Anxiety (.23), 
Citizenship ( -.28). 

6. Anti-Social Tendencies (.55), Alcohol-D~ug Use (.28), Life Changes (.17). 

7. Number Comparison (.41), Finding A's (.41) .. 

8: External Control ( -.31), Juvenile Delinquency (.24), Impulsivity· (.23), 
M~nifest Arixiety (.08). 

' . 
Of'these factors, #2. (Pro-Social Institutions) and #3 (Risk-taking Driver Attitudes) ~ee~ to 

be of little valu~ in distinguishi~g the accident from the confrof group. Of the remaining six 
. factors which may be impqrt~nt, #5 seems to correspond to the general factor of personal 

maladjustment, #6 seems to _correspond ~0 th~ gef1eral factor of social maladjusiment with #8 
(hostility), #1 (negativism) and #4 (competitiven-ess) closely related. Number 7 seems to 
measure general clerical ability. 

The High Accident group scored. reliably higher in alcohol-drug use; however, the fact that 
the alcohol-drug scale did not play a strong ro.le in the discriminant functi~n suggests that it 
adds little information to other,. more discriminating test$ .. For example, fa~tor analy~is 
revealed that the alcohol-drug scale has its high~st factor loading on the same facforas the 
Anti-Social. Tendencies Scale's highest loading. , . . 
. Tlile High. Accident group also scored higher on all five te~ts of personal maladjustment, 
revealing higher levels of manifest anxiety, anxiety, withdrawal; generai psychopathology and 
life changes; however, only the latter two measures reached stati~tically reliable levels. Again 
the fact that only the general psychopathology scale achieved a hlgh discriminant function 
coefficient suggests that the other tests add little information. This idea is supported by the 
results of a factor analysis. which revealed that general psychopathology, withdrawal and 
anxiety all load most heavily on the same factors, while life changes·loads most heavily on the . 
same factor as anti-social tendencies, and manifest anxiety doesn't load heayilf?n any factor. 

The High Accident group also scored reliably higher in social maladjustme'nt as measured 
by j,uvenile delinquency, negativism, ariti-social t~ndencies, and. scored lower in social 
adjustment as measured by school socialization, external locus of control; citizenship, social 
partiCipation, a~d pro-religio~s values, although the latter three ·failect'.to reach statistical 
significance. Five scales received high discriminant function coefficientsindicating that each 
adds unique information in distinguishing the accident from the control group. None of these 
factors-citizenship, school socialization, negativism, external control and anti-social 
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. tendencies-has its highest loading on the same factor, while juvenile delinquency loads on the 
same factor as external control; in-addition, pro-religious values and socialparticipation share 
a common factor which apparently does not distinguish the accident from the control group: 
Apparently social maladjustment is an important variable that. has several unique 
components. . . . . . 

Th~ High Accident group also te'rided· \o score higher . on personality measures of 
impulsi~ity and belligerence, but of the related driver attitude measures, only the adapted Pelz
Schuman test forrisk taking driver attitudes produced large differences. Even in these cases, 
the differences among the groups reached only marginally reliable levels and none of these tests 
received a high discriminant function coefficient. The factor analysis revealed a mutual loading 
of the driver attitude scales on a single factor, apparently one that does not powerfully 
distinguish between the two accident groups, and the remaining factors do not seem to load 
highly on any of. the eight factors. These results ~uggest _that impulsivity is only a mildly 
important factor, and that the driver attitudes about risk may be tapping a different factor than 
personality measures of impulsivity. . 
; Finally, the High Accident Group performed more poorly on the two clerical tasks, and 

thes~ two tasks load- neatly onto the same factor. Thus, derical ability seems to be a single 
factor' mildly· related to ~ccident record, with· number comparison-by virtue of its high 
discriminant coefficient-the more useful meas~re. 

2.3.7 Validation Study (Study No. 2) 
. . 

· · In order to ascertain the predictive validity of the discriminant function established in the 
above study, the identical questionnaire was administered to 200 subjects with the same 
characteristics as the original study. From these, seven High Acddent and seven matched No 
Accideiit·drivers were obtained; as in the original study. The discriminant function of the 
miginal study correctly assigned over 90% ofthe original sample (i.e:, 42 out of 46) and 

··correctly pre-dicted the actual group membership of over 85% of the validation sample (12 out 
of 14). 

Tije .disciimin~mt function score and predicted group membership is given in Table 2-20 for 
the validati6n subj~cts. These results ~!early indicate that it i~ possible to distinguish between 
very hi.gh risk drivers and no accident drivers on the basis ofshort tests not "directly relevant" 
to the driving task. The fact that the discriminant function established in the original sample 
was able to predict group merilbership of raew cases in the validation sample indicates that 
measures such as social and personal adjustment are relevant and valid measures. of driving 
behavior. '' 

For purposesoffurther analysis, the original and validation samples were combined (Table 
2-21 ). All the reliable differences noted with 46 drivers were retained at similar or sinaBer oc 

.levels, and two additional scales reached· statistical. significance: the High Accident Group 
scored ~igher than the No Accident'Group on the 10-item personality measure ofimpulsivity (1 
(58) ='~2.61, p < -.01) and on the modified Pelz-Schuman test of drivillg attitudes related to 
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Table 2-20 

Prediction of Group Membership of Validation Sample Based on 
Discriminant Function of Original Sample 

Driver Actual Predicted Discriminant 
No. · Mem·bership M~mbership Score 

1 Control Control -3.86 
2 Control Control - .78 
3 Control Control -1.36 
4 Control Control -1.10 
5 Control Accident +1.46. 
6 Control Control -2.07 
7 Control Control -1.40 
8 Accident Accident + .24 
9 Accident Accident + .04 

10 Accident. Accident +3.75 
11 Accident Control - .93 
12 Accident Accident + .35 
13 Accident Accident +2.31 
14 Accident Accident +1.03 

. impulse control and risk-taking (t (58)= -2.26,p < .05). The scales which best distinguished the 
groups based on a discriminant were (coefficients in parentheses): Citizenship (-.87),Anti
social Tendencies (.80), General Psychopathology (.61), Number Comparison (-.56), 
Withdrawal (-.54), Negativism (.48), External Control (-.47), and School Socialization (-.37). 
This list is essentially similar to the one obtained earlier except that the Katz scale of 
Withdrawal has been added. A factor analysis based on the data for 60 drivers revealed the 

· same general factor structure as with 46 drivers except that Belligerence now.loads highest on 
factor I, and factor 8 is eliminated with Impulsivity and ManifestAnxiety now loading on 
factor 4, External Control onto factor 5, and Juvenile Delinquency onto factor 6. It may be. 
seen (Table 2-21) that results do not differ markedly· between sexes; in fact, males and females 
displayed similar patterns for nearly every scale, rendering the number of reliable differences 
for the total (male and female) groups of particular interest. 

Conclusions from Studies 1 and 2 

Because these results are based on a small (N =60) and fairly limited sample (licensed college 
freshmen, ages 18 and 19), their generality is obviously limited. However, these findings 
provide modest support for the idea -that high accident drivers do differ from no accident 
drivers, .and are most promising in their support for several theoretical notions concerning the 
differ~nces .. These results . are overwhelmingly consistent with the idea that personal · 
maladjustment (i.e., problems with one's self) and social maladjustment (e.g., problems with 
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Table 2-21 

Mean Score for Accident (3 or more) and Control (No Accidents) Groups on 22 
Tests 

---
Males females Total Discrimi"nant 

Control- Accident ControL Accident ControL . Accident Function 
Test (N=18) (N=18) (N=12) .(N=12) (N=30) (N=30) Coefficients 

AICOhQI-Orug 'use (+) 4.44 6.11m 3.00 4.50m. 3.87 . 5.47* 
Personal Malad1ustment 

Manifest Apxiety (+) 1.00 0.72 1.00- 1.2& 1.00 0.93 
Life Changes(+) 3.44 5.00m . 383 4.42 3.60 4.77m 
KatZ: General 

Psychopathology(+) 15.78 . 21.00' 14.25. 21.os· 15.17 2L03' +0.6i 
Katz: Withdrawal (.,.) _ 4.44 ·4.94 3.50 3.25 4.06 4.27 
Anxiety ( +) - 2.78 3.00 . 2.58 3.58m 2.70 3.23 

Social-Maladjustment 
Citizenship(-) 8.72 6.17m 9.67 8.75 9.10 7.20m "-0.87 
Social Participation (-) · 18.44 19.56 46.42 .. 39.42 29.63 27.50 

..... ·· Juvenile Delinquency(+) 0.39 1.22. 0.17 0:50m. 0.30 0.93' 
\C) School Socialization(-) 12.56 10.56. 13.25 12.75 12.83 1143' ~0.37 

Katz: Negativism(+) 14.88 17.22" 13.92 . 15.33 14.50 ·16.47'' +0.48 
Pro-Relig1ous Values (-) 3.78 3.89 4.92 3.75 . 4.23 3.83 
External Locus of Control (-) 3.61 2.28. 308 2.58 3.40 2.40' :,0.47 
Anti-social Tendencies(+)· 7.22 8.83m 6.50 9.75•m 6.92> . ·9.20' +0.80 

Impulsivity 
Katz: Belligerence(+) ·s_n 6.22 . 5.25. 6.08 5.53 6.17m: 

· .Impulsivity(+) 4.17 5.67* 3.75 5.17m 4.00 5.47" 
· Pelz-Schuman: Risk Taking -

Attitudes ( +.) 2.94 4.56·· 2.75 3.00 2.87 3.93• 

"'· 
Rommel: Unsafe Attitudes ( +) ?39 .57s 4.75 4.25 . 5.13 5.17 
Goldstein: Pro-Competition· 

Attitudes(+) · · 2.22 2.56 1.42 1.58 1.90 2.17 
Goldstein: Pro-Speed 

Attitudes (') 2.83 2.78 2.25 2.50. 2.60 2.67 
Clerical Speed Accuracy. 

Finding A's (-) 43.67 39.67 39.50 40.25 42.00 39.90 
Number Comparison (-) . 31.78 22 so· 24.75 22.33 28.97 22.43. -0.56 

·-- ------
Note. Plus (+) indicates prediction that Accident score is higher than Control score; minus(-) indicates prediction that ACCI· 

dent score is lower. Asterisk (") indicates significant difference between Accident and Control means at p < 0.05 by two-tailed 
1-test, and the letter "m" indicates a marginally significant difference at p < 0.10. Out of 22 tests, 18 differences occurred in the 
predicted directi011 for males. 19 for females, and 21 for total. 



society) are related to higher accide~t rate; to a lesser extent cognitive abilities (e.g., clerical 
abilities) and impulsivity are related to accidents. 

At this point in our understanding, the mechanisms underlying the relationships may only 
be hypothesized. Several reasonable interpretations of the fact that high accident drivers score 
higher in personal maladjustment are: (l) that such drivers are "mixed up" (e.g., their 
information processing system is cluttered with non~driving information), and thus they are 
more likely to miss important information or td misinterpret it; (2) that such drivers are 
depressed to the point of being mildly suicidal, and thus they are ,less likely to protect 
themselves from danger. Possible implications of these respective theories are that drivers 
scoring high in personal maladjustment should be more likely to commit perceptual errors, 
and decision errors, or to be involved in single vehicle accidents. 

The fac.t that social maladjustment is' higher in accident drivers than controls suggests a 
general sense ~f antisociability, negativism, and hostility that is manifested in the driving 
situation. 'this idea predicts that drivers would lash out against society by intentionally 
engaging in risk-taking behavior and thus be engaged in accidents involving high speed, etc. 

Impulsivity and driver risk-taking attitude were only mildly important in this study. 
However, this may be due to the low number of subjects and very short attitude scales used. 
Impulsivity would be expected to result iri risk-taking behaviors. 

Finally, the faCt that poor clerical ability was related to auto crashes is also consistent with 
the information processing idea that people who are poor at processing perceptual information 
are likely to make recognition errors while driving. Future research is needed to test these 
pred 1ctions. 

In short, while the generality of these results is limited, we believe they are quite promising 
for future research aimed at developing a theory of human accident involvement. While our 
questionnaire is not intended to be, nor would it serve well as, a licensing criteria, this line of 
research can contribute modestly to our understanding of the mechanisms underlying human 
error in driving performance. The present results indicate that the same patterns exist for males 
and females, but differences in the absolute levels encourage separate norms, by sex, in future 
test development (Harrington, 1972). 

2.3.8 Supplemental Study Using In-depth Interviews (Study No. 3) 

2.3.8.1 Introduction 

Although the pilot and validation studies described above encourage the idea that certain 
psychological, social and cognitive factors may be related to accident involvement, the findings 
are limited by the fact that self-reports of a small, young sample were used. Toh~lp overcome 
the problems inherent in self-reports and to expand the subject pool, the following 
analysis-based on accident-involved drivers already interviewed as part of IRPS' in-depth 
level of data collection (Level C)-was conducted. This approach also permitted a companson 
of driver measures with "culp,ability" or specific type of error committed. 

In order to initially' evaluate the role of psychological factors in accident involvement, the 
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responses of drivers on the In-Depth Human Factors Form were analyzed. I terns were selected 
lrum ·the In-Depth Form to produce scales for six psychological-social and related lactors 
which-based on the review and results of the section-.might be related to driver risk-taking 
behaviors that result in accident involvement. The six scales, or profile scores, were personal 
adjustment, social adjustment, impulse control, alCohol-drug use, prior record and socio
economic status (SES). These scales include all" the independent variables listed in Table 2-18 
except information processing. Although selection of scale items was post-hoc in the"present 
study, one purpose was to determine the usefulness of devising a new Human Factors Form 
specifically aimed at these factors. · 

2.3.8.2 Method 

Subjects and Design. The data was based on 287 drivers who had been involved in traffic 
accidents and were given In-Depth Human Factors interviews. Of these, 110 drivers were 
found by a multidisciplinary team to have been not-at-fault, and 177 drivers were assigned one 
or mor·e human errors based on the causal factors. 

Materials. The six profile sc~les, based on items selected post-hoc from the In-Depth 
Human Factors Form, are as follows: 

l. Personal Adjustment-10 questions concerning emotional strain, manifest 
anxiety, disagreements, etc. (Questions 12, 18, 19-24, 98 and 106 on the In-Depth 
Human Factors Form; see Appendix M). 
2. Socia!Adjustment-3 questions concerning marital status, attitude towards police 
(Questions 9, 10, 135 on the Human Factors Form). 
3. Socio-Economic Status (SES)-4 questions concerning income, education, 
occupation (Questions 5-8). 
4. impulse ,Control-S questions concerning seat belt .use, steering and braking 
habits, etc. (Questions 73, 74, 97, 98, 148). 
S. Alcohol/Drug Usage-20 questions concerning frequency and amount of drug and 
alcohol consumption (Questions 28-32, 33-42). 
6. Prior Record-9 questions concerning prior traffic citations and prior accident 
involvement (Questions 28-36). . 

Procedure. Accident-involved drivers provided spoken responses to questions read to them 
by IRPS interviewers as part of the in-depth human factors investigation. 

2.3.8.3 Results and Di~cussion 

involvement Analysis. Table 2-22 shows the profile scores of drivers who were involved in 
accidents and were judged to have committed an error and those who did notcommit an error. 
Higher scores indicate-maladjustment, lower SES, poorer impulse control, more drug/ alcohol 
usage and worse prior record. Separate analyses of variance revealed that drivers who . 
committed errors tended to score higher in personal and in social maladjustment as compared 
with drivers "who did not commit ~rrors, A discriminant analysis performed on these data 
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Table 2-22 

Average Profile Score for Drivers Who Did and Did Not Commit 
Human Errors 

Profile No Human 
Scale Error Error F p 

Personal Adjustment 2.34 2.76 3.47 .06 
Social Adjustment .69 .88 5.76 .02 
Socio-Economic Status 1.66 1.64 <1 ns 
Impulse Contro·l 2.10 2.10 <1 ns 
Alcohol/Drug Use .67 .82 <1 ns 
Prior Record 2.80. 3.25 2.24 .14 

NOTE: Higher scores indicate maladjustment, lower SES, poorer control, more alcohol use,. poorer 
record. For each group theappro~imate number of drivers was 1.10 and 177 respectively. 

. ' 

revealed social adjustment, personal adjustment and alcohol use as the inost important scales 
in discriminatingthe two. group~; however, the.discriminant function failed to reach statistical 
significance., 

· These results are encouraging for the idea, .suggested by a review of the literature, that 
personal and social maladjustment are related to accident involvement. In order to determine 
whether these profile scales were related to specific types of driving errors, a subsequent 
analysis was performed. 

Error Analysis. Table 2-23 gives the profile scores for drivers involved in accidents who 
· committed a· recognition errot, other eriot, or no error. Accident-involved drivers who did not 
commit ari error may be considered a control group with which drivers who commit errors may 

<be compar~d. For personal and social adjustment, the no-erro.r group scored lowest and the 
non-recognition error group scored slightly higher than the recognition error group. These 
differences were marginally reliable, based on separate analyses of varianc~. 

Since the literature review (above )·strongly suggested social and personal adjustment as the 
two most likely personality factors related to driving behavior, the present results are 
consistent. In the present case the differences in profile scores between at-fault drivers who 
committed recognition errors and those committing other types of errors are not great, 
although both are considerably higher than the not-at-fault group especially for social and 
personal adjustment. Thus, although our scales were notable to predict type of error, they do 
seem related to ac~ident causation. 

In order ·to further assess the relationship between our profile scores and type of driver 
erro'r, the average scores for several non-mutually exclusive error groups were·determined.and 
are, shown: in Table 2-24 .. 

For personal maladjustment, no err,ar drivers scored lowest (best a,djusted) and drivers who 
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Table 2-23 

Average Profile ~core by Type of.Error Committed 

Type of Error 

Profile No Recognition Non-Recognition 
Scale Error Error Error F p 

Personal Adjustment 2.26 ?.70 2.78 2.02 .14 
Social Adjustment .70 .84 .91 2.76 .07 
Socio-Economic 

Sta:tus 1.62 1.62 1.70 .15 ns 
Impulse Control 2.09 2.04 2.14 :38 ns 
Alcohol/Drug Use .70 .92 .84 .35 ns 
Prior Record · 2.86 •. 3.59' 3.16 1.72 .18 

NOTE: Higher ~cores indicate maladjustmeht; lower SES, poorer control, more alccihol use, poor record. 
For each group the number of drivers was approximately 99, 69 and 88, respectively. 

committed errors due to conditions and states (including alcohol) and inattention scored 
highest: Separate analyses of variance comparing each ermr group with the non-error group 
indicated reliable differences for inattention, alcohol and human conditions and states. These 

. results are .consistent with the idea that personal problems may distract and pre-occupy the 
driver. 

For social maladjustment, the "no error" gro,up and performance error group s.cored low, 
but the other error groups scored higher. Separate. analyses of variance revealed significant 
differences from the no error group for decision and recognition error. groups. Thu's, anti
social drivers may ~hare some of the problems of the above group, but also may commit 
decision errors· presumably due to a conscious decision to drive recklessly. 

For impulse control, only alcohol drivers·scored.reliably higher than the control group, For 
prior record of alcohol use, drivers committing inattention errors scored lowest, and as would 
be expected, drivers with alcohol-related errors scored highest. For prior driving record, 
alcohol drivers and drivers making decision errors 'scored highest,. as compared with the 
control group. In our study, socio-economic status scores were equivalent for.all error groups. 

These results ar~ consistent with the cluster analysis discussed in Section 4.0 of this volume. 
For example, the persomil adjustment scores of cluster 2 (not~at-fault), cluster 1 (recognition 
error), cluster 4 (decision error), and cluster 5 (human conditions and states) were 1.5, 2.2,2.8, 
and 3.5 respectively;. the same .scores for sociaL adjustment were .50, .90, .70, and 1.1 
respectively (where in .each c!lse, higP,er scores reflect poorer adjustment). Since both the 
cluster analysis and the present analysis are based on the same data, this correspondence is not 
. surprising; however, togethe~ they',, encourage further res~arch in this area. 
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Table 2-24 · 

A~erage Profile Scores for Groups of Drivers Who Committed Specific Errors 

Human 
No Recognition Decision Performance Conditions Alcohol Inattention 

Profile Error Error Error Error · and States Error Error 
Scale (N=110) · (N=177) (N=89) (N=20) . (N=20) · .(N=5) . (.N=23) 

Personal Adjustment·. 2.34 2.70m 2.73m .3.05m 3.45** 4.so·· 3.26*• 
00 
~ Sol:i_al Adjustment .69 .84* .as· .65 .95m 1.00m .87 

Socio-Economic 
· .. Statu~ . 1.66 .· 1.62 1.58 1.35 1.67 1.60 1.50 

Impulse Co'ntrol 2.10 2.04· 2.09 2.17 2J1 3.00*·· 2.27 

AlcohollDrug Use .67 . 92 1.02m .33 . ;.87 •. 4.50** . .15. 

Prior Record 2.80 3.59m · 3.66·· 3.56 2.79. 4.25 . 3.45 

Note: For each gro~p the approximate number of subjects was approximately 110, 77, 89, 20, 5, 23 
.. , ' r~spectively. Asterisk (*) indicates score is significantly different from No.Error group at p < .10, 

and 'double asterisk (•*) indicates significant difference. at p < ,Q5, m indicates score is mar-· 
ginally d!fferent from No Error gr:oup at p <:: .20. 

,. 
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2.3.8.4 Conclusionill 

Taken together, these studies suggest that: 

l. Personal inaladjustment---.,.including anxiety, personal problems, etc.-is 
related to accident involvement.·· 

2. Social maladj~stment-ihcluding anti•social attitudes, failures wit~ social 
institutions, etc.-is related to accident involvement. 

3. Drivers committing any error, especially alcohol, conditions and-states.and 
inattentio~ ·errors are mote. personaliy maladjusted than. controls. One 
hypothesis is that personal problems may pre-occupy or distract the driver. 

4. Ddvers committing almost any error, especially recognitiC?n and decision 
errors (and. possibly alcohol errors) are more anti-social than controls. 
~ocially maladjusted drivers may make a conscious decision to drive more 
recklessly. 

5. Alcohol,-error drivers tend to la~k impulse control. J:hese l~st three findings 
suggest that personal maladjustment, social. maladjustment and lack of 
control may all be factors .underlying the alcohol-erring driver. Further 
research is needed to clarify this point. 

2.4 Driver Characteristics and Culpability 

The purpose of this section is to investigate the relationships between accident-involved 
driver characteristics and .driver culpability. Driver characteristics chosen for investigation are 
driver age, sex, driving experience, vehicle familiarity, annual mileage and road area 
familiarity. Culpability is decided by technician level investigators. Accident-involved drivers 
are classified as culpable if investigators determine driver behavior/ physiological'
psychological conditions oistates have in some way caused or increast;d the severity of a motor 
vehicle ~ccident --:-otherwise they ani nonculpable. 

The first subsection investigates the effects of accident-involveddriver age and sex on 
driving experience, vehicle familiarity, annual mileage·and road area familiarity.lnformation 
from this aq_alysis. is use~ in subsequent analyses to adjust driving experience, vehicle 
familiarity, annual mileage and road area familiarity for the effects ofage and sex, allowing the 
assessment of culpability relationships after effects attributed to age and sex have been 
removed. 

The sefond subsection discusses the procedures used to control driving experience, vehicle 
familiarity, annual rtlil~age and road area familiarity for the effects of age and sex. 

The third -subsection analyzes the relatio~ships between culpability and age, driving 
experience~ vehicle familiarity, annual mileage and road area familiarity for male and female 
accident;,involved driver groups. In addition, male and female, culpable and nonculpable 
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drivers are compared on the basis of age-adjusted driving experience, vehicle familiarity and 
annual mileage. 

Summary of Results 

Female culpability is related to road area familiarity, age-adjusted driving experience, and 
age, but not to either vehicle familiarity or average mileage. Nonci.Ilpable accident-involved 
women are characterized as ha~ing high ro~d area familiarity, more driving experience than 
would be expected for their age and either being over 54 or 35 to 44 years old. Culpable women 
drivers are characterized as having zero to moderate road area familiarity, moderate driving 
experience for their age and being under 25 or between the ages of 45 and 54. 

Male culpability is related to road area familiarity, age-adjusted vehicle familiarity and 
"age 1 experience," but not to annual mileage .. N onculpable men are characterized as being more 
familiar with the road, having more familiarity with their vehicles than would be expected for 
their age and being between the ages of 35-54. Culpable men are characterized as having little 
road area familiarity, having less familiarity with their vehicles than would be expected for 
their age and being young (15-19) or old (over 64). 

2.4.1 Re/(uionships Between Age/ Sex and Driving Experience, Vehicle Familiarity, 
Annual Mileage and Road Area Familiarity 

In order to assess the effects o( accident-involved driver age and sex on driving experience, 
vehicle familiarity, annual mileage and road area familiarity, a two-factor analysis of variance 
model was used. Drivers were divided into two sex groups (l'<lctor I) and seven age groups 
(factor 2)-a 2x7 factorial design-with the criterion measures being driving experience, 
vehicle familiarity, annual mileage arid road area familiarity. Results are presented in figures 2-
l through 2-4. 

Two-way AN OVA results of driverage and sex on driving experience arc presented in 
Figure 2-1. Results show th~t accident-involved men have significantly more driving 
experience than women (168.25 months for men and :152.11 months for womeri). In addition 
there is a large age main effect-younger drivers have less experience and older drivers more. 
An interesting interaction effect is also present. Men and women under 35 have about the same 
average driving experience while women over 35 have increasingly less experience than their 
male counterparts. This is probably because more women than men enter the licensed driving 
population at a later age. · 

Age and sex effects on vehicle familiarity are presented in Figure 2-2. Results show that 
accident-involved women are more familiar· with their vehicles than accident-involved men 
(19.27 months for men and 23.62 months for Women). Vehicle familiarity is also significantly 
related to age. Young accident-involved drivers have less vehicle familiarity than older drivers. 
There is no significant interaction effect. ·. ' 

Age and sex effects on exposure as measured in annual mileage are displayed in Figure 2-3. 
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Driving 

:::xperience 
.in 

Months 

Figure 2-1 

Average Driving Experience (In Months) by Age and Sex for 
Accident-Involved Drivers 

600 
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Two-Way . Analysis of Variance Table for Driving 
Experience In Months 

Source of 
variation Sum of Squares DF F Significance 

. Sex ~08,602.472 3096.789 p~001 

Age 74',440,670.325 6 118.702 p.:;;,.oo1 

Sex by Age 765,345.007 6 37.056 p.S.001 

Residual 10,485,092.541 '3046 

Total 85,869,883.508 3059 

Source: Phases II, Ill, IV and Von-site accident-i1 •• u1ved drivers .. 

under 
20 

20-24 

+ -~------ + 
,0 ------- 0 

m'en 
women 

25-34 35-44 45-54 ' . .55-64 

Driver Age 

'(n = 2021) 
(n = 1039) 
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Average 
Vehicle 

Familiarity 
(in Months 

Driving 
Experience) 

, , Figure 2-2 

Average Vehicle Familiarity (Months Driving Experience) by Age 
and Sex for.Accident-lnvolved Drivers 
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o/o---o/•. 
/ .. 

+ 

U.way Analjiolo of Variance Table for Vohlclo 
+ Familiarity in Months 

Sourc.e of 
Variation Sum of Squares OF F Significance 

Sex 8,8_64.91 1 17.988 p:;;:.oo1 

Age 179, 709.528_ 6 60.777 . p.::;;.oo1 

Sex by Age 3,122.393 6 1.056 p~387 

Residual 1 ,48_5,824.915 3015 

Total 1,681,530.190 . 3028 

Source: Phases II, Ill, IV. and Von-site accident-involved drivers. 

under 
.20 

20-24 . 25-34 35-44 45-54 55-64 65 
and 
over Driver Age 

+ -------- + men (n = 1995) 
0 -------- 0 women tn = 1034) 
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Average 
Annual 
Mileage 

Figure 2-3. 

Ave~age Annual Mileage by Age and Sex tor Accident-Involved 
Drivers 
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Two-Way Analysis of Variance Table for Annual Mileage 

Source of 
Variation Sum of Sq~ares OF F Significance 

Sex 2,877,667.456 1. 38.490 p.:.,.oo1 

Age 1 ,926,573.907 6 178.675 p..; 001 

. Sex by Age 433,278.535 6 4.484 p.:;;, 001 ' 

Res1dudl 11.694,449.342 2713 

Total 48,467,053.254 2726 

Source: Phases II, Ill, IV and V on-.site accident-involved drivers. 

25-34 ~5-44 

Driver Age 

men (n =: 1686) 
women (n = 841) 
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Accident-involved men drive more thim accident-involved women ( 17,200 annually for men 
and 10,800 annually for women). Accident-involved drivers under 20 and over 64 drive 
significantly less than middle aged accident-involved drivers. A significant interaction effect 
exists between age and sex. This is because annual mileage for accident-involved women 
between the ages of 20 and 54 remains relatively constant ( l J ,000 miles per year) while annual 
mileage for men in that age range first makes an initial dramatic increase (for 25-34 year olds) 
followed by a gradual decline during later years. 

Age and sex of accident-involved drivers do not influence road area familiarity( see Figure 
2-4). This is quite a surprising finding. One might expect young accident~involved drivers to be 
less familiar with the roads they drive than older drivers. Sinc_e this did' not happen, it's possibly 
reflective of the highly mobile/ transient nature of the study area driving population. 

2.4.2 Adjustin_g Driving Experience, Vehicle Familiarity, Annual Mileage and Road Area 
Familiarity for Driver Age and Sex· 

In order to adjust driving experience, vehicle familiarity, annual mileage and road area 
familiarity for the effects of sex, drivers were divided into male and female groups and analyzed 
separately. This was done. in lieu. of numerical adjustrpents .in order to simplify the 
interpretation of results. 

Male and female groups were adjusted separately for the effects of age. Regression 
techniques were used to remove age effects from driving experience, vehicle familiarity and 
annual mileage distributions. (Road area familiarity was not adjusted for age because ANOV A 
results indicate no age effect exists). Drivers were divided into seven age classes (under 20, 20-
24, 25-34,35-44,45-54,55-64,65 and over) and the residuals of dummy variable regression (age 
classes as dummy variates) ofage on driving experience, vehicle familiarity and annual mileage 
used in subsequent analyses as "age-adjusted:' driving experienc~, vehicle familiarity and 
annual mileage. 

2.4.3 D(jferences Between Culpable a~d Nonculpable Dri~ers 

Culpable and n~ni::ulpable drivers w~re compared on the basis of driver age, driving 
experience, vehicle familiarity, annual mileage, road area familiarity, age-adjusted driving 
experience, age-adjusted vehicle familiarity and age-adjusted annual mileage. Median tests 
and Kolmogorov-Smirnov (K-S) tests were run for each comparison. Note: The K-S Z statistic 
was computed on raw ungrouped data. Results for females are presented in Table 2"25 and for 
males in -Table 2-27. 

Females 

The best predictor of culpability for women is road area familiarity. Table 2-29 shows the 
distribution of road area familiarity for culpable and nonculpable drivers. A K-S Z of 3.07 (p 
:S .000) indicates the two distributions are significantly different.. . 
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Figure 2~ 

Average Road Area Famlllarlty1 by Age and Sex for Accident
Involved Drivers 
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2.0 
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Two-Way Analysis of Variance Table for Road Area 
Famlllarfty 

Source of 
Variation Sum of Squares OF F Significance 

Sex .154' 1.538 p = .999 

Age 48.136 6 1.758 p = .103 

Sex bY Age 55.850 6 2.040 p = .057 

Residual 13,953.068 3058 

Total 14,057.979 3071 

Source: Phaaea II, Ill, IV and Von-site al:cldent-involvad drivers. 

under 
20 

20-24 25-34 

Driver Age 

+ -- + men (n = 2024) 
o --- o women' (n = 1048) 

45-54 

' Higher Average Scores Indicate Leas Road Area Familiarity 
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Table 2-25 

Comp~rlson of F'male; Culpable and Nonculpable Accldent-hivolved Driver 
Distributions Before .and After Adjustment for Driver Age 

Driver Characteristic 

Driver Age 

Driving Experience 
(months) 

Vehicle .Familiarity 
· _(months) 

Annual Mileage in 
· 100's of Miles 

Road Area 
Familiarity* 

'_-.. 

Before Age Adjustments · 

Not 
Culpable Culpable+ Median K-5° 
Median Median Test ·Test 

x'=6.20 .Z=1.54 
27.5 25.7 n=1037 · n=1126 

p=.0128 p=.0173 

x' =5.26. z;1.68 . 
11.4.3 92.5 n=1037 . n=1037 

p=.0218 p=.0072 .. 

x' =.95 Z=.71 
18.1 14.5 n=1031 n=1031 

p=.3287 p=7009 

x'=2,10 . Z=.95 
98.7 98.3 n=840 · n:;:840 

p=.1470 p=.3302 . 

·x',=38.52 Z=3.07 
1.38 2.24 n=1047 n=1047 

p.:S.oooo p.:S.oooo 

• Larger median indicates le~s road area fam-iliarity. 

Kolmogorov-Srriirnov 2-sample test. 

.. 

. After Age Adjustments 

Not 
Culpable . Culpable Median K-S 
Median Median Test Test 

16o'.2 

18.8 

'95.9 

x' =6.88 Z=1.82 · 
149.1 n=1034 n=1034 · 

p=.0087 p=.0026 

x' ~.02 Z=.79 
·18.2 n=1028 · n=1028 

95.9 

p=.8818 p=.5596 

X
2 .=.00 
n=837 

p=.9513 

Z=.85 
n=837 

p=.4609 

+ At the certain or probable, causal or severity-increasing levels of certainty and significance. 



Relative Importance of Variable Cla,sses in Discrimi~~tlng Between. 
Culpable and No.,culpa_ble Female·Ac~ldent-lnvolved Drivers 

. '•!· ) . • ' 

Age,-Adjusted Driving 
Road Area . . Experience · 
Familiarity in Months Age 

Class Rank Class. -Rank Class Rank 

Driven Daily 1. Under 54 7M Under 20 7-

Twice a 2* 54.·113' 4M 20~24 ' 6-
Week 

114·137 3M 25-34 4M 

Once Weekly 3- 138-161 8- 35-44 2* 

Twice Mon'thly 6- 16N85. 2* 4Sc54 5-

Once Monthly 4- 186·2.11 1* 55-64 3* 

Very 5- 212-233 6M 65 and over ,. 
lnfrequeritl,y 

First Time qn Roadway 7'- 234-473 SM 

• . Descriptive of nonculpable female drivers 
- Descriptive of ·culpable female drivers 
M Little discriminatory power 

Tabl~ Z-29 indic!ltes women who drive- the road at least twice a week· are less often culpa- . 
ble in accidents than those who drive the road lessoften. In addition to testing for distribu

.. tion differences, the median test was run to. check for differences in central tendency. The 
.·medians for nonculpabJe.and culpable womim are (38 and 2.24, respectively (the smaller 

mediaris indicates more. road are~ familiarity), Culpable women arc .~hown to he ,;gml i~.:a111ly 
(p .S .0000), less familiar with the road area at the accident scene. 

The .second ·most ·powerful ·prediclon of ft"millr culpability 1s age adjuo;ted dr1v1ng 

experience (1<,-S ~Z=l JQ, p=.0026). The distribution of age-adjusted driving experience is 
presented in Tabfe 2•34; c~lpable women are shown to have less ·driving experience than 
would be .expected for their age. The median test (p=.0087) confirms this finding. AHer adjust
ment fo'r age the median driving .experience for nonculpable wornen is 160.2 months and the 
median for culpable women is 149.1 months (see Table 2-25). 
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Table 2-27 · __ 

Comparison of Male, Culpable and Nonculpable Accident-Involved Driver · 
Distributions Before and After Adjustment for Driver Age · 

Before Age Adjustments -. · After Age Adjustments _ • 

Not - Not 
Culpable Culpable+ Median K-S 0 Culpable Culpable+ Median - K-S 

· Driver Characteristic Median .Median Test Test Median Median Test Test 

·i =14.27 Z=2.12 
Driver Age I 25.7 23.4 n=2208 n=2208 

p=~0002 p=.0002 

I X
2 =17.67 Z=2.22 x, =.36 Z=.93 

10 _ Driving Experience 109.5 82.6 n=2010 n=2010 168.0 167.9 n=2006 11=2006 _,. 
(months) pS.oooo p=.0001 p=.5495 p=.3524 

i =14.98 Z=2.28 i =4.02 Z=1:59 
Vehicle Familiarity _-12.2 11.0 n=1982 n=1982 14.4 12.7 n=1979 n=1979 

(months) p=.0001 - p=.0001 p=.0449 p;::.0129 

X
1 =.15 Z=1.09 l =.92 Z=.90 

Annual Mileage In 132.0- 126.0 n=1873 n=1873 133.9 144.1 n=1870 n=1870 
100's of Miles p=.6957 - p=.1850 p=.3386 p=.3942 

---i =30.09 Z=2.70 
Road Area 11.44 2.02 n=2013 n=2013 

Familiarity* -- pS.oooo p:S.OOOO 

* L~rger median Indicates less road area familiarity. 

a Kolmogorov-Smirnov 2-sample test 

+ At the certain or probable, causal or severity-Increasing levels of certainty and significance. 



Table 2-28 

Relative Importance of Variable Classes in Discriminating Between 
Culpable and Noncu.lpable Male Accident-Involved Drivers. · 

Road Area 
·Age-Adjusted 

·Vehicle Familiarity 
Familiarity In Months 

Class Rank Class Rank 

Driven Daily .1* Less than 3 7-

. Twice a 2" '. •··I· 3-6 6M 
Week 

. Once Weekly 3- 7-12 5M 

, Twice Monthly 5- 13-24 3M 

Once Monthly 6-. '25-36 1 •. 

Very 4..: . 37-60 2* 
Infrequently 

First Time 7-: 61 and over 4M, 
on Roadway 

• Descriptive of. nonculpable male drivers · 
- Descriptive of culpable male drivers 
M Little discriminatory p?wer 

Age 

Class. ,Rank 

Und~r 20 . 7-

20-24 ·sM 

25-34 · 3M 

35-44 1* 

45-54 2. 

55-64 4M 

65 and over '6-
'">'j 

Driver age ranks as the thi.rd best predictor offemale culpability (K·~s Z= 1.54, p=.O 173). 
Age distributions of culpable and nonculpable women are presented in Table 2-30. The most 

·culpable age group~ for w,emen are _l5-24.~nd 45-54. The median test (p=.Ol28) shows that 
culpable women (median~i5.7 years) are younger than nonculpable women '(median=27.5 

· years). . · ·· · · · . 

'Neither vehicle familiarity nor annual mileage are related to female culpability (see Tables 
2-32 and 2-35 for vehicle familiarity and Tables 2-33 and 2-36 for annual mileage). 

In addi~ion to the above analy~i.<>, road area falillliarlly, age-iH.ljll~ll:ll UIIVIII!: c.\ilcllliiU.: 

and age'w~re used in a discriminant analysis to predict culpable and nonculpable group 
membership. ln this analysis, classes of road area familiarity. age-adjusted driving experience 
and agt: were used .as dummy variables to predict culpable and noriculpablc group_ membership 

. -thus allowing each class of road area familiarity, age~adjusted driving experience and age to 
be rank~d by discriminatory power. Results of this analysis are presented in Table2~26.:CJasses 

- 9S-



Table 2-29 

·Comparison ot Male. and Female; Culpable and .Nonculpable 
Accident-Involved Drivers by Road Area Familiarity ... ·' 

Males Females 

Road Area Non- Non-
Familiarity Culpable Culpable 1 Culpable Culpable 1 

n % n % n % n % 

Driven Daily 453 53.4 499 42.9 245 56.6 253 41.2 

Twice a Week 130 15.3 159 13.7 68 15.7 73 11.9 

Once ~eekly 68 . 8.0 100 8.6 38 8.8 66 '10.7 

Twice Monthly 28 3.3 ' 45 3.9 11 2.5 28 4.6 

. Once Monthly 30 3.5 58 5.0 17 3.9 28 4:6 

Very 105 12.4 200 17.2 44 10.2 120 19.5 
Infrequently 

.. 

: 

First time 35 4.1 103 8.8 10 2.3 46 7.5 
o.n Roadway 

Total 849 100.0 .1164 .·100.0' 433 100.0 614 100.0 

Kolm ogorov-Smirnov Kolmogorov-Smirnov 
Z=2.70, p=.OOOO Z=3.07, p=.OOOO 

Source: Phases 'II, 111: IV and V on-site investigated accidents; 

. 1 At the certain or pr.otJable, causal. or severity-increasing levels of-certainty and significance, 

· with high rank, e.g., ·I, are'more descriptive of nonciJipable drivers; classes with low rank are 
more descriptive of culpable drivers. To further clarify, classes have been marked with stars(*), 
minuses "-" or M's. "Starred" Classe's are descriptive of nonculpable drivers and "min used" 
classes are descriptive of 'culpable drivers. M's mark Classes with little 'discriminatory power. 
Culpable accident-involved women are shown to have little road area familiarity, moderate 
driving experience for their age and are 15-24 or 45-54 years old. Nonculpable accident
involved women are familiar with the road area, have more than expected driving experience 
for their age and are 35-44 .or over-54 years old. 
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Table 2-30 

Comparison of Male and Female, Culpable and -Nonculpable 
Accident-Involved Drivers by Age 

Males Females 

Non- Non-
Age Culpable Culpable' Culpable Culpabie, 

n % n % n % n % 

Under 20 ·.1.57 '17.3 318 24.5 60 - 13.0 127 ·19.1 

20-24 266 29.3 395 30.4 115 .24.9 ' 184 27.7 

25-34 194 21.4 . 252 19.4 121 26.2 143 '21.5 

35-44 103 11.3 100 7.7 81 17.5 84 12.7 

45-54 91 10.0 83 6.4 45 9.7 74 11.1 

55-64 55 6.1 64 4.9 22 4.8 28 4.2 

65 and over .42 4.6 88 6.8 18 3.9 '24 3.6 

Total 908 100.0 1300 100.0 462 100.0 -664 1()0.0 

Kolmogorov~Smirnov Kolmbgorov-Smirndv 
Z=2.12, p=.0002 . Z=1.54, p=.0173 . 

Source: Phases II, Ill, IV and V on-site investigated accidents. 

1 At the c~rtain or probable, cau~al or severity~increasing levels of certainty and significance. 

In summary,· female (.;Uipability in accidents is highly related io road area familiarity, age
adjusted d~iving experience and age but not to either vehicle familiarity or annual rriileage. 
Nonculpable women drivers are characterized as having high .rmid area familiarity, more 
driving experience than would be expected for ~heir age and either being over 54 or 35 w 44 
years old. Culpable women drivers are characterized as having zero to moderate road area . ' . 

familiarity, moderate driving experience for their age and being under 25 or between the age~ 
I , ' I 

of 45 and 54. · 

Males 
I' ' I ' • I 

Results for males are presented in Table 2-27. The best predictor of culpability for men is 
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Table 2-31 

Comparison of Male_ and Female, Culpable an~ Nonculpable 
·Accident-Involved Drivers by Driving Experience 

Males Females 

Months Non-
.. 

Non-
Driving Experience · Culpable Culpable 1 Culpable Culpable 1 

n % n % n % n % 

Under 18 51 6.0 . 124 10.6 23 5.3 69 11.4 

18~29 . 54 6.4 98 .8.4 26 6.0 42 7.0 

30-41 55 6.5 91 7.8 29 6.7 . 45 7.5 

42-53 66 7.8 91 7.8 32 7.4 42 7.'0 

54-113 208 24.6. '308 26.4 107 24.7 140 23.2 

114-233 163 19.3 190. 16.3 101 23.3 133 22.0 

234-353 92 .. 10.9. 73 6.3 69 15.9 69 . 11.4 

354-473 . 72- 8.5 . 66 5.7 25 5.8 36 6.0 

474-593 45 5.3 ·63 5.4 ·16 3.7 18 3.0 

594 and over · 38 4.5 62 5.3 5 1.2" 10 l7 

Total 844 100.0 1166 100.0 433 100.0 604 100.0 

Kolmogcirov-Smirnov Kolmogorov-Smirnov 
Z=2.22; p:;:.0001 Z=l.68, p=.0072 

Source: Phases II, Ill, IV and Von-site investigated accidents. 

1 At the certai~ .or probable, causal or severity~increasing levels of certainty and significance: 

road area familiarity (K-S Z=2.70, p :::;_ .0000). Road area familiarity distributions a're 
.presente~ in Table 2-29. A(.;cident-involved males who drive the road at least twice a week.ar~ 
less culpable than those ~ho drive the road less frequently. The medi~n test (p = .0000) 
indicates culpable males have significantly less road arl'!a familiarity than nonculpable males. 

The se~ondbestpredictor of mal~ _culpability is vehicle familiarity (K-S Z=2.28, p=.OOOJ). 
After adjustment for age, results a,re still signif~cant (K-S Z=(59; p=.Ol29). This is important 
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Table 2-32 

Comparison of Male' and Female, Culpable and. Nonculpable 
Accident-Involved Drivers by Vehicle Familiarity · · · · · 

Males Females 

Vehicle Non- Non-
Familiarfty 'Culpable Culpable 1 ·Culpable 'Culpable 1 

n % n % n -% n % 

Less than 3 128 15.3 244 2t3 48 11.3 66 .10.9 

3-6 '128 15.3 226 19.7 58 13.6 99 16.3 

7-12 186 22'.3- 238 20.7 83 . 19.6 130 21.5 . 

13~24 181 21.7 204. 17.8 97 22.8 133 21.9 

25-36 93 11.1 102 8.9 55 12.9 80 13.2 

37-60 72 8.6 76 6.6 . 57 13.4 . 63 10.4 

61 and over 47 5.6 57 5.0 27 6.4 35 5,8 

Total '83~ 1'00.0 1147 100.0 425 100.0 606 "1~0.0 

Kolmogorov-Smirnov Kolmogorov-Smirnov 
Z=2.28, p=.0001 Z=.71, p=.7009 

Source: Phases ll, Ill, IV and Von-site investigated accidents. 

1 At the certain or probable. causal or severity-increasing levels of certainty and significance. 

because it indicates that, for men, vehiclefamiliarity independent of age is related to culpability 
in accidents. The distribution of age-adjusted vehicle familiarity for culpable and nonculpable 
males is presented in Table 2-35. After adjustments for age, males with less than 25 months 
driving experience are more culpable; males who have 25 or more months driving experience 
are less culpable.· The median test (p=.0489) shows that,· culpable males have less vehicle 
familiarity independel(lt of the effect of age than no,nculpable males-14.4 months for 
nonculpable males and 12.7 months for culpable males. ' 

The next most predictive driver attribute for males is driving experience (K-S Z=2.22, 
p='.OOOl). However, after the· effects of age are removed; this relationship disapp·ears (K-S 
Z=.98, p~.3524) indicating the relationship betweenqriving experience and culpability can be 
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Table 2-33 

Comparison of Male and Female, Culpable and Nonculpable 
Accident~lnvolved Drivers by Ann·ual Mileage 

,, .. ,' 

Males . Females· 

Annual Non- Non-
Mileage· Culpable Culpable 1 Culpable Culpable 1 

n % n % n '% n .% 

Less than 6,000 65 8.1 133 12.4 . 74 20.7 115 ·2J9 

6,000 to 10,999 . 247 30.9 . 306 28.5 175. 48.9 224 46.5 

11,000 to 15,999 189 23.7 255 23.7 67· 18.7 87 18.0 

16,000 to 20,999 131. 16.4 148 13.8 18 5.0 37 6.4 

21,000 to 25,999 46 5.8 84 7.8 11 3.1 11 2.3 

26,000 to 30,999. 54 6.8 39 3.6 7 2.0 5 1.0 

31 !000 and over 67 8.4 109 10.1 .6 1.7 9 1.9 

Total 799 100:0 1074 100.0 .. 358 100.0 482 100.0 

Kolmogorov-Smirnov Kolmogorov-Smirnov 
Z=1 .09, p=.1850 Z=.95, p=.3302 

Source: Phases II, Ill, IV, and Von-site investigated accidents. 

1 At the certain or probable, causal or severity-increasing levels of certainty and significance. 

accounted for by the effects of driver age. This does not mean an "experience" :effect is 
nonexistent; it does mean that experience and age effects for males on overall culpability 
cannot be sepa'rated. 

Driver age is the .next best predictor of male culpability (K-S Z=2.2, p=.0002). Age 
distributions of culpable and nonculpable males are presented in Table. 2-30. Accident
involved males 15-20 and over 64 are most culpable, while accident-involved males 35-64 are 
least culpable. The median test (p=.0002) shows that culpable drivers are younger than 
nonculpable drivers. 

No significant relationship exists between culpability and arinual mileage before or after 
·adjustments for driver age (see Tables 2-33 and 2-36). 
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Table 2-34 

Comparison of Male and Female, Culpable and No~culpable 
Accident-Involved Drivers by Age-Adjusted Driving Experience 

Age Adjusted 
Driving 
Experience 
in. Months 

Under 18 

18-29 

30-41 

42-53 

54-113 

114-137 

138-161 

162-185 

186-211 

212-233 

234-3.53 

354-473 

Total 

Males Females 

Non-
. Culpable Culpable 1 

None 
Culpable Culpable 1 

n % n % n % n % 

8 1.0. 12 1.0 21 4.9 29 4.8 

2 .2 0 0 3 . .7 4 . .7 

8 1.0 .4 . 3 .7 5 .8 

2 .2 4 .3 4 .9 6 1.0 

23 2.7 28 2:4 29. 6.7 • 41 6.8 

56 6.7 81 7.0 66 15.3 92. 15.3 

218 25.9 316 27.1 105 24.4 203 33.7 

278 33.0 418 35.9· 90 20.9 100 16.6 

150 17.8 179 15.4 48 11.1 39 6.5 

52 6.2 64 5.5 25 '5.8 31 5.1 

44 5.2 54 4.6 36 8.4 52 .8.6 

.1 3 .3 .2 .2 

842 100.0 1164 100.0 431 100.0 603 100.0 

Kolmogorov-Smirnov 
Z=.93, p=.3524 

Kol mogoroii-Sm irnov 
Z= 1.82, p=.0026 

Source: Phases II, Ill, IV and V on-site investigated accidents. 

1 At the certain or probable, causal or severity-increasing levels of certainty and signfficance. 
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Table 2-35 

Compariscm of. Male and Fe.ma~e, Culp(lble and Nonc:ulpable 
Accident-l"'volved. Drivers· by Ag~~Adjusted Vehicle. Fain!li~rity . 

•, ' ' ' . ' '- ~ 

Males Females 

Age Adjusted 
Vehicle 
Familiarity Non- Non-
in Months Culpable 'Culpable 1 Culpable Culpable 1 

n % n % n % n % 

. Less than 3 J30 15.6 183 16.0 64 15.1. 71 11.7 

3-6 113 .1~:6 164 .. .14.3 35 8.3 46 7.6 

7-12 142 17.1 238 20.7 52 12.3 93 15.4 

13-24 196 . 23.6 279 24.3 109 25.8 184 30.4 

25-36. 123 14.8 137 11.9 74 17.5 93 15.4 

37-60 84 10.1. 88 7.7 62 ·14;7 83 13.7 

61 and over 44 5.3 58 5.1 27 6.4 35 5.8 

Total 832. 100.0 1147 . 100.0 423 100.0 605 100.0 

Kolmogorov-Smirnov Kolmogorov-Smirnov 
Z=1.59, p=.0129 Z=.79, p=.5596 

Source: Phases II, Ill, IV, and V on-site investigated accidents. 

' At the certain or p:robable, causal 'or siweri/y-increasing levels of certainty and significance. 

In addition to the above analysis, road area familiarity, age-adjusted vehicle familiarity and 
age were used in a discriminant analysis to predict culpable 'and. nonculpable group 
membership.· In this analysis, classes of road area familiarity, age~adjusted v~hiclefamiliarity 
and . age were used as dummy variables. to predict culpable and n-~nculpable group 
membership. Each class ~froad area fa~iliarity, age~adj us ted vehicle familiarity and age was 

.. ranked by discriminatory power after taking into account the effects of other variable classes. 
Results of this ~nalysis are displayed in Table 2-28._ Classes withhigh rank, e.g., I, ~re more 

. 'descriptive' of nonculpable drivers; cl~sses. witti low rank are more _descriptive of culpable 
· driver~. To further clarify, classes have been marked with stars "*"',"minuses"-" an~IM's. 

' ·' • ;., ··: '·• ' I ' ' • • 
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Table 2-36 

Comparison of Male and Female, Cu.lpabh~ itlid · "'on~~l-pab.le 
Accident-Involved Drivers by Age-Adjusted Annual Miieage 

Males·· Females 

Age Adjusted 
Annual Non- Non-
Mileage Culpable Culpable 1 Culpable Culpable 1 

.. 

n % n % n % n % 

Less than 6,000 93 11.7 121 11.3 69 19.4 117 24.3 

6,000 to 10,999 209 26.3 275 25.6 174 48:9 192 39 .. 9 

11,000 to 15,999 195 24.5 288 26.8 68 ' 19.1 112 23.3 

16,000 to 20,999 130 16.3 150 14.0 20 5.6 34' 7.1 

21,000 to 25,999 63 7.9 97 9.0 1.1 3:, 12 . '2.5 

26,000 to 30,999 39 4.9 37 3.4 . 8 2:2 4 .. .8 

31:ooo and over r 67 8.4 106 9.9 6 1.7 10 2.1 

To~~ I 796 100',0 1074 100.0 356 100.0 481 100.0 

Kolmogoroii-Smirnov Kolinogorciv-Smirnov 
Z=.90, p=.394 Z=.85, p=.4609 

SolJrce: Phases II, Ill, IV, and V on-site investig~ted accidents .. 

· At the certain or probable, callsal or severity-increasing levels of certainty and s1gnif1cance, 

. ' ' . 
"Starred" classes ~ue descriptive of nonculpable drivers· and "min:used" classes are descriptive 

· ofqilpable drivers. M's indicate classes with little discriminatory power. Culpable accident
in~olved me~ are shown to have little road area familiarity, less than expected vehicle 
familiarity for their age and are young ( 15-20) or old (over 64 ). N onculpable accident-inVolved 
men are familiar with the road area, are more familiar with their vehicles thap wo·uld be 
expected for their age and are 35-54 years old. ' . 

In summary; male culpability is related to road area familiarity, age-adjusted vehicle 
· familiarity and "age/experience" but not to annual. mileage: "Nonculpable men.-are 
. characterized as being more familiar with the road, having more familiarity with their vehicles 
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than would be expected for their age and being between the ages .of 35-54. Culpable·IT!en are 
characterized as havirig little road area familiarity, having Jess familiarity with their vehicles 
than would be expected for their age and being young (15-19) or older (over 64). 
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3.0 Special Analyses: Human,· Vehicular, and Env:ironmental Characteristics and 
Accident Causation 

In this section, results of separate analysis efforts employing cluster analytic and 
Automatic Interaction Detector (AID) procedures, are presented. The overall objective of 
these two efforts was to obtain a better understanding of who makes what type of errors, and 
under what conditions. 

3.1 Cluster Analysis 

3.1.1 Introduction 

In an effort to arrive at a taxonomy of human involvement in accidents, causation data for 
traffic units (95% were drivers of passenger vehicles, the remaining 5% were bicyclists or 
motorcyclists) from the phase IV arid V sample of in-depth accidents were used as input to a 
cluster analysis. The purpose of the analysis was to: I) determine whether there were any 
natural groupings of traffic units in terms of human causation; and 2) assess if these natural 
groupings of drivers differed with respect to driver knowledge, vision, and psychological 
makeup. 

When performing the cluster analysis, the drivers which were most similar on the basis of 
causation variables were grouped together. As the clustering of variables continued, the 
groupings became larger, and the number of groups decreased until only two groups remained. 
It is always difficult to know exactly how many groups are sufficient to describe the data. As 
the number of groupings decreases, the error of classification increases. The increase in error 
and associated imprecision must be balanced against the parsimony of description provided by 
fewer groups. 

Examination of the cluster analysis results for the in-depth data suggests that an optimal 
number of groups is somewhat less than ten. Figure 3-1 describes the results of the cluster 
analysis in terms of a dendrogram. At the base of the dendrogram, the clusters at the 1 0-cluster 
stage are shown. Below each cluster is listed the size of the cluster at that stage. It should be 
noted that the size of the clusters varies from 3 to 133. 

As one moves up the dendrogram, the clusters collapse. The point at which two clusters join 
into a single cluster is called a node. It should be noted that the nodes do not occur at equal 
intervals along the vertical scale. This is because the vertical scale is an index of the relative 
error at each stage of the clustering. Since precision decreases as fewer groups are formed, the 
error index increases. The amount of increase when one goes from, say, 10 to 9 clusters is thus 
an indication of the incremental error associated with that particular grouping-a small 
increment is interpreted as a small increase in error (or small cost) when combining two 
particular clusters. Inspection of Figure 3-1 shows that the error associated with 10 groups is 
about 300 and that associated with two groups is about 800, Therefore, since the clustering 
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started with 353 traffic units, the average increase in error per clustering when going from 353 
to 10 groups is approximately .87(300/ 343). On the other hand, the average increase per step in ·· 
going from 10 to 2 groups is over 60 (500/8). Finally, because there was a very small increment 
in error associated with the move from I 0 t'o 9 clusters, and because' a very small cluster was lost 

. when: going from 9 to 8 clusters, the primary cluster description will begin at the eight-cluster 
stage. 

3.1.2 Cluster Structure at 8 Groups 

The ml.tial description (and labeling) of the clusters will be on the basis of the causal 
hierarchy which was used to describe and record the involvement of human factors. The eight 
clusters vary in size from 3 to 133. The primary variables in the hierarchy which serve to define 
each cluster are listed in Table 3-l. The first cluster, A, (and the largest, n=l33), consists of 
drivers for which no causal factors could be found at the probable level of confidence. (Note: 
When,no causal factor was present, the factor was causal or severity-increasing in less than 
10% of the cases in the cluster. On the other hand, a factor is said to be present when it was 
judged as causal or severity-increasing in 25% or more of the cases in the cluster.) 

The second largest cluster( B) consisted of 72 drivers in which Decision errors were present 
89% of the time. Also present, but at a much lower rate (35%), are EnvironmentaJ factors. 
Associated with this cluster is Cluster G, which has only 14 drivers, but for which Decision 
errors, false assumption in particular. are present in all cases. A secondary characteristic of this 
small cluster isthe presence of highway-related Environmental errors in 9 ofthe 14cases (64%). 

The third largest cluster (C) Is a Recognition Cluster. In this cluster, Recognihon errors 
(Delays in particular) were judged to be causal or severity-increasing for 100% ofthedfivers. 
Improper Lookout was a factor in 42%, and Internal Distraction was a factor in 25%.-It should 
be noted that thi~ cluster does not contain all of the Recognition errors in the total sample; 

. rather, it contains those errors which were judged most similar at this particular stage ~f the 
clustering. Recognition errors, when coupled consistently with other factors, may be and are 
present in .other clusters. , 

The next cluster, Cluster E, is a fairiy large cluster of 43 cases in which Environmental 
factors ~ere cited as causal or severity-increasing in 100% of the cases. Of these, 74% were 

. highway,-related, and 33% were ambience-related. A secondary characteristic of this cluster 
·was Recognition errors, which were present in 30% of the cases. . 

, ln.each of the final three clusters (Clusters D, F, and H) Human Conditions and States were 
indicated as causal or severity-increasing in 100% of the cases. In Cluster D, consisting of 12 
cases, Physical Conditions were cited in all cases, and Alcohol in 42%., Secondary 
characteristics of this cluster were the presence of Decision and Recognition error:s. lriCluster 
F, Experience-Exposure was cited as a factor in alll2 cases. Secondary characteristics were 
either Decision errors (primarily excessive speed) and Performance errors or Environmental 
factors. The smallest cluster (H) consisted of three cases in which Mental-Emotional States 

. were cited and were coupled with Decision errors. As noted in the table,- there were secondary 
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Tabl~ 3-1 

Description of 8 Clusters in Terms of Causal Hierarchy 

CLUSTER A (n = 133) CLUSTER C (n = 69) · 
Not at Fault Recognition 1;00 

Delays.·. 1.00 
CLUSTER B (n = 72) · Improper Lookout .42 
Decision .89 Internal Distraction .25 
Environmental .35 .... 

CLUSTER G (n = 14) 
CLUSTER E (n =·43) 

. ' ' . ' 

foo Decision 
Environmental 1.00 False Assumption 1.00 

Highway Related .74 ErlVironinental · .64 
Ambience Related .33 Highway Related .64 

Recognition errors . 30 .CLUSTER D (n = 12) . 
·Conditions or States 1.00 

CLUSTER F (n = 7). Physical 1.00 . 
Conditions or. . . Alcohol .42 

States 1.00 Decision .42 
Experience- Recognition· .33 
Exposure 1.00 Delays .25 

Decision ]1 
ExcessiVe Speed .. 43 · CLUSTER H (n = 3) • 

Performance Errors .43. Conditions or States 1.00 
Environmental .29 : Mental-Emotional .1.00 

Non~Siick . .29 Decision .. .1.()() 
_Improper. Driving 

Techniqlle .67 
· Excessive Speed .67 

Environmental Factors ·.33' 
· Slick :.-' .33 
· Non-Slick .33 

Highway Related •. 33 
. i' · Ambience R!i!lated .33 



characteristics for this chister; however, since the number of cases is so small, no firm inference 
may be drawn. 

The Dendrogram Structure 

It is often instructive to study .the tree structure on which the clusters are based since it 
indicates the degree to which different clusters are linked with each other. This is especially 
important since the decision to describe the data in terms of a given number of different clusters 
is (as =noted above)- somewhat arbitrary. 

As the eight clusters are reduced to seven, Clusters F and Hare combined. The result is a 
Human Conditions and States Cluster comprised of drivers in which Experience~ Exposure or 
Mental-Emotionalaspects are present. At the next iteration;the two Decision error clusters (B 
and G) are combined. At the five-cluster stage, the Human Conditions and States (Clusters D, 
F, and H) have been combined into a single cluster (D) consisting of 22 cases. 

To reach the four-clustentage, the Decision and Environmental Clusters (Band E) are 
combined into a single cluster. At this stage the other clusters are a Human Conditions and 
States Cluster, a Recognition Error Cluster, and a Not-at-Fault (no error) Cluster. 

At the next stage; the Decision Cluster and Conditions and States Cluster are combined. 
Finally, the Recognition Error Cluster is combined into the by now quite large cluster of At
Fault Drivers . 

. One implication to be ·drawn from the cluster analysis at this point is that De.cision:~rrors · 
and Environmental factors are closely linked since the associated clusters were combined very 
early. To a lesser ·extent, Huma~ Conditions and States and Decision Errors are linked. A 
more or less unitary concept is the Recognition error. Evidence for this is that this cluster 
remains intact and isolated from the other at-fault clusters until the last iteration. 

It should be. noted that the clustering, at the four-clus.ter stage;· into Not-at-Fault, 
Recognition, Conditions and States, and Decision and Environmental factors is at least 
partially due to the human accident-<:ausation model used in this study. The model vie'>'ls the 

. driver as a real-time information processor in which information is first recognized, then. 
evaluated (decision), ari'd finally acted upon (response). In determining human direct causes, 
the search was typically for the first critical error. Thus, if a driver misperceived the situation, 

. he would·have. been cited fora ~ecognition error but not a Decision error, whereas if a driver 
perceived the situation correctly but then made an inappropriate decision, he would be cited 
for a Decision, but not a Recognition, error. Thus, to the extent that only one of the two 
processes was a criticaLcause, the other would not be cited. The observed association between 
Decision errors and Environmental factors, however, and the independence of Conditions and. 
States from the Direct Human errors cannot be attributed to the human factors model, but is 
rather a direct outcome of the cluster analysis. 

3 .1.3 The Dimensional Structure of the Eight Clusters 

When there are eight distinguishable clusters, they may be completely represented by seven 
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dimensions. As a part of the discriminant analysis, the dimensional structure of the clusters can 
be described. The successive dimensions account for successively less of the data, so that the 
firs1 tlimrnsion i!i nws1 impm1unl. and lht' srvrulh dimcusu111 is lcasl inapoiluul (in.lhc 
statistical sense). It is possible to locate each cluster on each dimension and, as a result, to give 
the dimension substantive interpretation. A plot of each cluster across dimensions i~ 
represented in Figure 3-2. The following discussion will describe each dimensionin order of its. 
(statistical) salience. 

Dimension 1. The first dimension appears to be a bipolar dimension with theN ot-at-Fault · 
·Cluster (A) at one extreme and the Decision Clusters B, H, G, and F bunched together at the 
other extreme with D, also a Decision Cluster, located nearby. Although Clusters H, G, and F 

· are Human Conditions and States Clusters, they do have Decision errors as secondary 
characteristics, as may be seen in Table 3-1. At the center of the dimension, Cluster E, the 
Environmental Cluster, is l~cated toward the Not-at-Fault Cluster and the Recognition 
Cluster (C), located toward the Decision errors. Thus, this dimension appears to be a Not-at
Fault vs. Decision errors dimension. 

Dimension 2. This is a Recognition vs. other error type dimension. All of the other ~lusters, 
··with the exception of Cluster D (the Physical Conditions and States Cluster), are grouped very 

close together at the other end of the distribution. 
Dimension 3. This dimension is an Environmental factor vs. other error dimension. While 

the other cluste.rs are rather.spread out, the Environmental Cluster is clearly isolated from the 
others. 

Dimension 4. This dimension has all clusters grouped close together with the exception of 
Cluster D, which is a Human Conditions and States Cluster comprised of drivers for whom 

· Physical Conditions were cited as causal. 
Dimension S. This d1mension is a secondary Decision dimension. While Dimension I 

grouped all Decision clusters together, this cluster has Cluster G, a Decision and 
Environmental factor cluster, isolated at one extreme. 

Dimension 6. Like Dimension 4, this dimension may be described as a Human Conditions 
and States dimension. This dimension, however, contrasts the Mental Condition ·Cluster 
against all other clusters. 

Dimension 7 •. This dimension is also a Human Conditions and States dimension since at 
one extreme is located Cluster F, which is the Experience-Exposure Cluster·. Midway between 
it and all of the other clusters is Cluster H, the Mental Conditions Cluster. 

In summary, then, the seven dimensions may be characterized as a Not-at-Fault vs. 
Deci£ion error dimension (1 ); a Recognition dimension(2); an Environmental dimension (3); a 
secondary Decision error dimension (5); and three Human Conditions and States dimensions 
(4, 6, and 7). 

The Precision of the Clusters 

Since the clusters were generated by means of clustering drivers on the basis of the causal 

- 110-



2 

3 
r./) 

I' z =o 
- u;,4 

I Z· 
w, 
~I 

a 5 

6 

7 

-4 

c 

Figure 3-2, 

Location of Clusters on Each of 7 Dimensions 

-3 ·. -2 -1 0 .2 3 4 

D c E A 

• 2 
D 

ill. _ _. ~ -• 3 
C F G E 

4 
H 

F H G 5 

H 6 

.H F 
7 

0 
' . ' 

.LOADING 

(see Table 3-1 for Cluster Labels) 



hierarchy, and since it is. not clear exactly how precise the clustering is at the eight-group stage, 
a discriminant analysis was performed on the eight groups using the 29 causal hierarchy 
variables. [In addition, 29 additional variables were used-the Driver Knowledge Test (DKT), 
the Driver Vis.ion' "fest (DVT), and ~he Profile Scores (PS). The results of this analysis 
indica ted that these 8 clusters can be distinguished on the basis of the variables used. It should 
be noted that the inclusion of 29 additional variables which were not used in the categorization 
al!tually may increase the errors of classification. In this analysis, however, the 8 clusters can be 
Classified and reconstructed with very small error.) If the results of the discriminant analysis 
are "summarized in te~ms of the accuracy of classification, we find that 95.8% of the cases are 
classified correctly. The results of this classification are summarized in Table 3-2. The patterns 
of mlsclassification should be noted. Of the 15 misclassifications, I I are misclassifications into 
Clusters B and G, which are Decision Error Clusters, and 8 of those II are from clusters in 
which Decision e-rrors are a factor. There are very few misclassifications into or out of Cluster 
C, which suggests the strength and cohesiveness of the Recognition factor. In addition, there 
were no misclassifications into the Human Conditions and States Clusters (D, F, and H). Also, 
there were no misclassifications into the Not-at-Fault Cluster. 

3.1.4 Stability of the Cluster Structure Model-Comparison with On-Site Cluster Analysis 

Before further analyses based on the eight-cluster structure can be judged as viable, it was 
decided to conduct a similar analysis on the on-site data base. The extent to which the on-site 
clusters would then correspond to the in-depth clusters would b~ an indication of the 
reproducibility of the results, i.e., a measure of the reliability of the clinical evaluation 
method. 

Because of the large number of units involved in the on-site data file, and because of the 
expense of doing cluster analysis by computer, the procedure adopted was that of analyzing 
(by means of cluster analysis) random samples of 200 traffic units from the on-site data file. 
While such a random sampling procedure results in multiple descriptions, it is economical and 
has the advantage of providing a further indication of how stable the accident clusters are. That 
is, if the cluster descriptions are relatively consistent across samples, then it is reasonable to 
conclude that the .resultant clusters indeed describe viable grouping of accidents. 

Cluster analyses were performed Of?. .14 random samples selected from the on-site file. A 
general dendrognim describing the structure found across all cluster runs is summarized in 
Figure 3-3. This result is similar to that for the in-depth cluster analysis and the more detailed 
analysis done in Interim Report II. Perhaps due to the smaller sample size, no consistent 
pattern emerged at cluster levels greater than five. Note that at the five-cluster level, the 
correspondence.between the clusters in Figure 3-1 and Figure 3-3 is very good. Thus, for both 
in-depth and on-site data, the main groupings of cases are based on the categories Nat-at
Fault, Conditions a~d States, R~cognition, Environmental, and Decision, with the split 
between Decision errors and Env~ronmental factors being the last 
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Table 3-2 

Summary of Classification Errors for 8 Clusters Using 58 Variables 
(Causal Hierarchy, Driver Knowled.ge Test, Driver VIsion Test, and 
Profile Scores) 

Predicted Cluster Membership 

Actual Cluster 
Membership N 'A B. c D E F G .H 

A 133 131 0 1 0 0 0 1 0 
B 72 0 70 0 0 1 0 1 0 
c 69 0 0 67 0 0 0 2 0 
D 12 0 2 1 8 0 0 1 0 
E 43 0 0 1 0 42 0 .0 0 
F 7 0 1 . 0 0 0 6 0 0 
G 14 0 2 0 0 0 0 12 0 
H 3 0 1 0 0 0 0 0 2 

(95.8% of cases classified correctly) 

3.1.5 The Distribution of Other Variables on the Clusters 

At the eight-cluster stage, the scores on the driver knowledge test, driver vision test, and 
profile scores were computed for each cluster. The mean score on each of these variables within 
the eight clusters is summarized in Table 3~3. Also included in Table 3-3 is the grand mean on 
each variable for the 353 drivers. In order to see how well these variables characterize 
differences between the groups, a multivariate analysis of variance (MANOV A) was 
performed on·the29 dependent variables listed in Table 3-3. There were large and significant 
differences (p < .001) among the clusters of these variables. it should be noted that none of 
these variables was used· in the formation or the clusters. 

The results ofthe multivariate analysis are sum'marized. in Table 3-4, which also contains 
the 29 variable names. Univariate ANOVA tests indicate that there are differences at beyond 
the .05 level for 14 of the 29 .variables. 

Inspection of Table 3-4 shows that there are overall differences among the clusters for the 
Driver Vision Test and the profile scores of Impulse Control, Alcohol-Drug Usage, and Prior 
Record. While there are large sex differences among the clusters, no significant age differences 
were found. For the Driver Vision Test, Hie results are c.omplex: significant differences were 
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Table 3-3 

Means Within Cluster Groupings on Oriver Knowledge Test, Driver -
.. _Vision Test, an~ Profile Scores 

'· :·· :-
_.Cluster A "B c D E F G ·· .. ·•· H Total 

'·I 

-··Number :133 72 69 i2 < 43 7 14 3 353 

. Variable 
1 . 9.20 10.2 9.43' 9.60 9.00 7.83 9 .. 85 9.67 9.43 
2 . 87.6 87.2 87.7 90.0 89.3 90.0. 87.8 90.0 ,. 87.9 
3 :. 87,8 87.6 88.4 .90.0 89.6 86.8 88.9 90.0 88.2 
4 77.1 76.3 73.7 76.3 76.3 66.7 83.3 70.0 76.1 

·5 · .. 74.6 76.0 . 74.3 . 81.3 . 75.2 76.7 80.0 70.0 75.3 
6 33.6 33.2 33.4 : 33.9 33.9 33.3 33.3 35.0 33.5' 
7 33.0 . 32.7 33.5 . 32.8 . 32.8 31.7 32.8 32.5 33.0 .. 

8 22.6 21.3 21.6 20.6 21.8 25.0 20.0 22.5·' 21.9 - 9· 80.1 86.7 84.1 91.7 92.6 86.7 85.6 7,7.5 ·84.5 -.. 10 . 60.7 57.3 66.3 • 66.1 67.7 60.0 55.7 70.0. ' 62.0 
' 11 38.2 39.4 43.1 33.1 46.2 45.0 31.4 30.0 40.0 

12 9.84 '7.50 . 10.3 . 9.33' 8.50 6.67 9.78 34.0 9.41 
13 4.16 3.78 3.80. 5.33 5.04 2.00 3.78 17.0 4.21 
14 10.9 -- 9.94 - . 9.90 . 9.00 . 10.4 5.33 . 7.11 12.0 10.1 

'15 26.6 .20.6 25.7 31.1 . 22.5 13.3 21.8 18.0 24.3 
16 42.3 29.1 18.0 27.3 -22.2 18.7 17.5 7.00 . ·30.2'· 
17 23.1 10.8 15:o . 14.3 28.1 34.0 5.75 ' 9.00 18.7. 
18 31.6 32.3 32.5 34.2 31.8 29.0 36.3 33.5 32.2 
19 43.6 47.1 45.8 46.7 48.1 53.3 ·, 50.0 50.0 45.9. 

:20 ' . 47.3 45.7 47.8. 48.7 47.0 52.7 44.4 ·5o.o 47.1 
21 56.0 56.4' 58.5. . 58.3 54.9· 64.7 50.2 53.5· 56.5 
22: 1.61 1.54 1.84 ' 1.91 1.68 1.43 1.50 1.33 1.65 
23 2.40-. 2.48 2.79' 3.64 . ·2.54 3.17 '2.45 . 3.33 2.58 
24 ·- .71 .80 .89 1.00 .76 .86 1.00 1.00 .80 
25 2.54 2.20 2.27 . 2.78 2.22 2.16 2.09 1.67 . 2.35 . 
26 .70 1.05 .68 2.00 .80 0 .14 .33 ' .78 
27 3.04 3.84 2.74 3.40 2.41 2.29 3.57 1.50 3.07 
28 .50 .25 .41 .08 .. 35 .. 43 .29 .67 .39 
29 30.3 28.9 29.4 29.6 29.9 23.7 23.4 29.7 29.3 



found for 10 of the 20 DVT variables used in the analysis. Differences were found in Field of 
Vision variables and the Peripheral Movement In-Depth Thresholds. Finally, large differences 
were fo4nd in both simple and complex reaction time. 

The results summarized. in Table 3-4 indicate the variables for which.there are differences 
between the clusters, but fail to specify which clusters differ. In an effort to specify differences 
among the clusters more precisely, ordered planned comparison analyses were performed~ 
These tests examined differences between At-Fault and Not-at-Fault drivers (Comparison 1), 
and among the At-Fault Clusters. These comparisons were (II) Human Conditions and States 
versus Other At-Fault (Clusters B+C+E+G vs. Clusters D+F+H); (III) for the Human 
Conditions and States Clusters, Physical vs. Mental and Experience/ Exposure (Cluster D vs. 

· F+H); (IV) Mental vs. Experience/Exposure (Clusters F vs. H); (V) Decision Clusters 
(B+E+G) vs. the Recognition Cluster (C); (VI) comparison of the two Decision Error Clusters : 
(B+G) against the Environmental Factor Cluster (E); and finally, (VII) comparison of the two 
Decisio11 Error Clusters (B vs. G). The results of these comparisom are summarized in Table 3-
5. Each comparison will be discussed in turri. 

/. Comparison of Ar-Fault vs. Not-at-Fault Clusters 

In the comparison of the clusters of Not-at-Fault drivers (Cluster A) with all other drivers, 
the seven At-Fault Clusters were pooled. 

The multivariate analysis of variance resulted in large differences between the two groups. 
The multivariate F was 3.846 with 29 and 317 degrees of freedom (P < .001). The univariate F 
tests on each of the 29 dependent variables are summarized in Table 3-:5. There were significant 
differences found between these two groups on 9 of the 29 variables. There was no significant 
difference between At-Fault and Not-at-Fault drivers on the Driver Knowledge Test. For the 
Driver Vis.ion Test. there were differences in Static Acuity among the two groups. For acuity, 
the Not-at-Fault drivers scored poorer (higher) on the no-glare/ normal condition and 
considerably better on the no-glare/low level condition. In addition, there were large 
differences in Peripheral Movement In-Depth Threshold, and Dynamic Visual. Acuity. The 
Peripheral Movement In-Depth Threshold scores were significantly poorer (higher) for the 
Not-at~Fault drivers. The size of this difference is 29 arc minutes/ sec.ond for variable 16 and 7 
arc minutes/ second for variable 17 (see Table 3-3 for means). This result is counter-intuitive 
since it indicates that the Not-at-Fault drivers had poorer peripheral movement detection 
ability than the At-Fault Drivers. On the other hand, the Dynamic Visual Acuity Scores are 

. significantly better for the Not~at-Fault drivers (20/44 vs. "20/48). There was no difference 
found between the two classes of drivers in terms of either simple or complex reaction time. 

For the Profile Scores, there were no differences between the At-Fault and Not-at-Fault 
drivers in socio-economic status, personal adjustment, alcohol-drug usage, and prior record. 
Differences were'significant for social adjustment and impulse control where theN at-at-Fault 
drivers scored better (i.e., lower) on social adjustment and poorer (i.e., higher) on impulse 
controL While the Not-at-Fault drivers were on the average 1.5 years older than the At-Fault 
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Table 3-4 

Summary Results of Analysis of Varlanc~·on 29 Variables From 
Driver Knowledge Test, Driver VIsion Test, and Profile Scores for 
the 8 Clusters · 

Variable 

. 2 
a· 
4• 
5 
8 
1 
a 
9. 

10 
11 
12 
13 
14 
15 

. 18 
. 17 

18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 
29 

Driver Knowledge Test Score 

Driver Vision Test 

DVT -Field ol Vision-Right 
DVT-Field ol Vision-Left 
DVT-Detect Acqu+lnterpret 90'Angle-Lett 
DVT-Detect Acqu+lnterpret 90 Angle-Right 
DVT-Detect AcQu+lnterpret 30 Angle-Left 
DVT-Detect Acqu+lnterpret 30 Angle-Right 
DVT -Static Acuity-No Glare-Normal 
DVT-Static Acuity-No Glare-Low level 
DVT -Static Acuity-Vel ling Glare . 
DVT-Static Acuity-Spot Glare 
DVT -Central Angular Movement-Threshold 
DVT-Central Movement In-depth Threshold S 
DVT-Central Movement In-depth .Threshold L 
DVT-Peripheral Angular Memnt-Threshold 
DVT-Peripheral Memnt ln~l!epth-Threshold S 
DVT-Peripheral Memntln-depth"Threshold L . 
DVT-Peripheral Movement-Tone _ 
DVT-Dynamic Visual Acuity 120 Angle 
Average Simple Reaction Time 
Average Complex Reaction Time 

Profile Scores . 

Socio-Economic Status 
Personal Adjustment 
Social Adjustment ·· 
Impulse Control 
Alcohol-Drug Usage 
Prior Record 
Sex 
Age 

F-value 

2.007 

2.043. 
2.513 
3.376 
1.506 
.487 
.825 

2.105. 
1.478 
1.569 
1.707 
3.861 
4.823 

.668 

.686 
5.499 
4.666 
2.704 
1.520 
2.071 
.3.593 

.699 
1.298 
.992 

1.815 
1.960 
2.134 
3.182 

.830· 

Pless than 

.054 

.049" 

.016" 
.002"" 
.164 
.844 
.507 
.042" 
.174 
.143 
.106 
.001""* 
.001**• 
.700 
.684 
.001""* 
.C(J1••• 
.010 .. 
.159 
.046" 
.ccn··· 

.673 

.250 

.437 

.083 

.060 

.040* 

.003** 

.563 

NOTE: All entries are Univariate F 'tests with 7 and 345 Degrees of Freedom. The overall Multivariate 
F is 2.421 with 203 and 2175 Degrees of_Freedom (p < .001). 

•. p $..05 
•• p$. .01 
••• p~.001 · 
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Table 3-5 

Results of Comparisons of Clusters and Cluster Groupings (Table 
. entries are significanc~ probabilities) 

Comparison 

Overall Significance: .001 .001 ,007 .001 .003 .001 .022 

. Variable I II Ill IV v VI VII 

Driver Knowledge Test Score .. 14 .26 .22 .25 .35 .or· .63 
o·river Vision Test 

2 . DVT -Field of Vision-Right .21 .02* .99 .99 .62 .o1·· .68 -· 
3 DVT-Field of Vision-Left .11 .48 .11 .16 .96 .004"* .19 . 
4 DVT-Oetect Acqu+lnterpret 90 Angle·Lelt .12 .09 .03" .60 .01"" .51 .. 01"" 
5 DVT,Detect Acqu+lnterpret 90 Angle-Right .27 .2i .12 .32 .20 .43 .16 
6 DVT-Oetect Acqu+lnterpret 35 Angle-Left . . 77 .47 .. 96 .36 .98 .17 .85 ... 7 OVT-Oetect Acqu+lnterpret 35 Angle-Right .85 :30 . .46 .66 - .05" .91 ·.93 - 8 DVT-Oetect Acuity-No Glare-Normal .02* .37 .. .03" .36 .· .67 .37 .42 -00 9 DVT-Static Acuity-No Glare-Low LeveL .m·· .84 .48 .60 .24 .20 .87 

10 DVT·Static ll,'cuity-Veiling Glare .39 .67 .74 .52 .09 .01"" .80 
11 OIJT-Static Acuity-Spot G_lare .20 .. 26 .39 .28 .46 .03" .17 
12 DVT -Central Angular Movement-Threshold .50 .15 .16 .001 ... '.10 .71 .39 . 
13 DVT-Central Movement In-depth Threshold S .87 :06 .52 . 001*•• .. 52 .11 .99 

··14 DVT-Central Movement In-depth Threshold L .23 .45 .67 .30 .92. .60 .30 
15 . OVT:Peripheral Angular Memnt-Threshold .23 .90 .16 .. 80 . .29 .73 . .89 
16 DVT-Peripheral Memnt In-depth-Threshold S .001""" .87 .37 .. 59 .11 .39 .20 
17 DVT-Peripheral Memnt In-depth-Threshold L .005*" .40 .20 .11 -.78 .001" ... 44 
18 DVT -Peripheral Movement-Tone .06 .91 .06 .17 .. 84 .19 .005 .. 
19 DVT-Oynamic Visual Acuity 120 Angle .01"* .44 .29 .70 .30 .80 .43 
20 Average Simple Reaction Time .62 .01"" .24 .53 .os· .18 .50 
21 Average Complex Reaction Time· .43 .06 .36 .04" .oo5·· .74 .oar· 

Profile Scores 
22 Socio-Economic Status .61 .98 .25 .. 89 .10 .44 .90 
23 . Personal Adjustment . 13 .OJ• .56 .89 . . 25 .85 .95 . 
24 Social Adjustment .65· .42 .72 .75 .36 .57 .28 
25 Impulse Control .oor· .34 .07 .47 .58 .83 .70 
26 Alcohol-Drug Usage .46 .35 .oo5·· .76 .42 .74 .05" 
27 Prior Record .83 .53 .19 .63 .09 .002"" .70 
28 Sex .001""" .60 .04" .45 .08 .26 .77 
29 Age .25 .68 .44 .48 .67 .40 .13 

• p :S .05 
•• p $. .01 



drivers (30.3 years vs. 28.8 years), the difference was not significant. There was a significant sex 
difference between the Not-at-Fault drivers and the At-Fault drivers (50% males vs. 68% 
males, respectively). These age and sex differences could account for .vision and profile score 
differences noted above. · 

II. Human Conditions and States Cluster versus All Human Direct Errors Clusters 

There is a significant difference between these two cluster groups (multivariate F = 2.212, 
with 29 and 317 degrees of freedom, p < .001. These differences a:re largely confined to some of 
the Driver Vision Tests, 'but primarily simple reaction time (p < .0 I), which was slightly longer 
for the drivers classified as impaired (Cluster D); There is a difference on the Personal 
Adjustment Profile Score (p < .. 03), the drivers in the Human Conditions and States Clusters 
having higher scores on personal adjustment, indicating poorer personal adjustment. 

ill. Human Conditions and States Clusters: Physical versus Menial/ Envl·ronmenta! 
and Experience/ Exposure 

ln this comparison within the Human Conditions and States Clusters, there are highly 
significant differences (p. _< ;007) on the Driver Vision Test (see Table 3-5), but not on the 
Driver Knowledge Test, Drivers classified as physically impaired had better static acuity, and 
were apparently. better at time-sharing different tasks (based on Variable 18-tone count) than 
those classified into the Mental and Experience-related Conditions and States. On the Pmfile 
Scores, there are significant differences on impulse control, and alcohol~rug usage;. the 
members of the Physical Condition Cluster having poorer impulse control and greater alcohol
dr~g usage. Some of these effects may be due .to confounding with sex since there are 
significantly more males in Cluster D. · · 

. IV. Human Conditions and States Clusters~· Mental (F) versus Experience( Expo~ure (H) 

Although there ar!= significant differences between theSe t~o clusters, the small sample sizes 
_tend to render the differences not meaningful. The differences foqnd were on the Driver. Vision 

_ Test. and complex reaction- time. 

V. Decision versus Recognition Clusters 

In the comparison of the Decision Clusters (B, E, G) with the Recognition Cluster (C), an 
overall significant difference was found (p < .OOJ). These differences were found on five Driver. 
Vision Test items, and in particular, both reaction time measures. Both simple and choice 
reaction times were slightly longer for the drivers in the Recognition Cluster. These driven; also 
had poorer acuity in the presence of veiling glare. There were no differences on the Profile 
Scores although there is a slight difference in prior record, with those drivers making Decision 

.errors having a slightly poorer record. In addition, there are significantly more females in the 
Recognition Cluster;·. 
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VI. Decision Cluster versus Environmimtal Error Clusters 

There i~ 11 largr Jilfctclllc between theMe two du~lcl type~ (p- .00 I). lhrrc 1s :r~1guil11 a111 

Driver Knowledge Test difference, with the scores of those drivers in the Environmental Error 
Cluster scoring significantly lower on the test than those in the Decision Clusters. There were 
five differences on the Driver Vision Test (see Table 3-5). Drivers classified into the Decision 
Cluster had a slightly narrower visual field, had worse peripheral movement detection ability 
(PMD-i..: 28 minutes of arc/ second vs. 9 minutes of arc/ second), but had better acuity under 
veiling glare (20/57 vs. 20/68). There were no sex and age differences, although there was a 
significant difference between the clusters in terms of prior record, the Environmental Error· 
group having a significantly "better" prior record. 

VII. Within Decision Clusters Comparisons, Cluster B versus Cluster G 

There is a slight, but significant, difference between these two clusters. These differences are 
largely confined to the Driver Vision Test and complex reaction time. There was a difference in 
terms of the Profile Score on alcohol-drug usage, the smaller cluster (G) evincing virtually no 
alcohol-drug usage, compared with a fairly high rate for the drivers within the other duster (B), 
i.e., driyers making Decision errors other than False Assumption. 

3.1.6 Summary 

The result;· o-f the cluster analysis of the causal hierarchy-indicate that the hierarchy is 
consistent, in that there are clear groupings or clusters of traffic units. These "natural" 
groupings are on the basis of Qecision errors, Recognition errors, Environmental factors, 
Human Conditions and States, and no errors. This pattern is consistent with the causal factor 
hierarchy and suggests that the accident investigators were in fact able to use it properly. The 
groupings also appear to be highly stable since they were obtained for both the in-depth data as 
well as random-sample analyses of on-site data. 

The grouping of drivers into the above clusters also appears to be meaningful in terms of 
other driver attributes (vision, knowledge, personality, and reaction time) which were not used -
in the process of deriving the clusters. These results indicate that the causal hierarchy is a useful 
system for.a taxonomy of accident-involved dJ;iyers. In particular, analyses of the accident~ 
involved driver vision (Section .2.1) and personality (Section 2.3) results also support the 
usefulness of the hierarchy's classification code. 

3:2 AID Analysis 

3.2.1 Introduction 

In the development of hypotheses related to the design of models of the driver role in traffic 
accidents it is advantageous to know the characteristics of drivers who are most likely to 
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commit errors of any kind, the errors they are most likely to commit, and the characteristics of 
drivers most likely to commit each type of error .. It might be o(interest, for example, to know 
the particular characteristics of people who were l.nvolved in accidents because they 
improperly entered a travel lane, or to have a description of the most error-prone type of 
driver. Such information, confirmed by subsequent hypothesis testing, would permit the 
tailoring of educational programs to specific types of students, thereby ma.ximizing the 
effectiveness of instruction; it could be used in the design and targeting of public information 
programs; and it should lead to hypotheses which would inform the design of future accident 
causation studies. This section represents an exploratory attempt to develop profiles of 
accident-involved drivers for a number of error types drawn from the IRPS causal hierarchy. 

3.2.2 Methodology 

With a typology of errors defined by the IRPS causal hierarchy (1), and with a large 
number of driver and accident situati~n characteristics collected, the problem is t~ choose a 
technique which can best utilize all available information. One obvious _approach is through 
some form of index construction, but construction ofindices from the type of data available on 
accident errors would require the ability to assign differential weights to possible predictors. 
Since there are no a priori criteria for the assignment of weights, some form of analysis which 
would allow the computation of weights based on available data is necessary. The ultimate 
choice of technique was dictated by the nature of the problem, as. already stated, and the nature 
of the data. Taking error type as the dependent variable, four related techniques present 
themselves as obvious choices for the solution of this problem: discriminantfunction analysis, 
multiple regression, multiple classification analysis, and the Automatic Interaction Detector 
(AID). Since (I) most ofthe predictor variables involved are either categorical or crude ordinal 
scale variables; (2) there is every reason to expect nonlinear relationships between certain 
predictors and most of the dependent variables; (3) .there is also every reason to expect 
nonadditive, i.e., interactive, relationships between sets of predictors and dependent variables; 
and (4) it was not possible to specify the precise nature of those relationships; the first three 
techniques were clearly not suitable. AID, because of its use of nominal and ordinal level 
predictors and because of its lack of restrictive assumptions .concerning linearity and 
additivity, was the best available technique to permit the "discov~ry" of patterns of 
relationships that might otherwise not have been detected. 
. The Automatic Interaction Detector(AID), a technique developed principally by Sonquist 
and Morgan (2, 3) and tested by Sonquist (4), is designed for use as an ex.ploratory device to 
discover patterns of relationships between a continuous dependent variable and one or more 
predictors. Utilizing principles of analysis of variance (ANOV A) to rep~atedly subdivide a 
sample, AID generates a hierarchical "tree" of the type presented in section 3.2.3. Each split is 
decided by finding the predictor (independent variable) that accounts for the greatest 
proportion of the variation in the dependent variable in each group. In analysis of variance 
terms, a split is made on the predictor which maximizes the ~orrelation ratio (E2), which is the 
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ratio of the between (explained) sum of squares to the total sum of squares (BSS/TSS) (5). A 
group is not split if the total variation within it is too small by arbitrary criteria; the group size is 
too small, defined as less than 20 for purposes of this study; or if E2 is less than .006, i.e., the 
split would not account for at least 0.6% of the variation in the dependent variable. These quite 
liberal criteria are useful for exploratory research even .though they present a risk ofallowing 
some spurious splits, a relatively minor risk with the 2,433 cases analyzed. The ultimate test of a· 
split must therefore be a judgment by the an.alyst that .the results are reasonable and 
substantively explicable (4). 

The analysis using 2,433 complete cases from the on-site traffic unit level data from Phases 
II, III, IV and V was performed in three stages: once with only those predictors which define 
driver characteristics, once with both driver-related and accident situation-related predictors, 
and, finally, with a subset of the larger group that most frequently appeared to have some 
relationship to human errors. The results of the third set of analyses are presented here. The 
dependent variables used in the analysis, all drawn from the IRPS causal hierarchy described 
in a previous IRPS report (1), are presented in Table 3-6. · All dependent variables were 
collapsed into dichotomous categories coded as follows: 

0-Not identified at the probable or certain level as a causal or severity-in-
. creasing factor, and . · 

!-Identified at the probable or certain level as a causal or ~everity-increasing 
fac.tor. 

Hence; the mean on any independent variable is also the proportion of ones, i.e., the 
proportion of cases identified. That .pr~portion is the expected value of the dependent variable, 

. given no other information, and is the prior probability that any case will have been identified 
as having committed that error. The mean of any subgroup defined in the AID tree is the 
posterior probability that a case in that gr_oup will have been so identified. 

The set of analyses reported here tests the proposition that dri~er errors can be classified 
according to the ten selected driver demographic and environmental ch~uacteristics described 
in Table 3-7. 

3.2.3 Findings 

Figures 3-4 through 3-17 are tlie AID trees for the causal factors that split on at least one of 
the dependent variables used in-the analyses. Table 3-8 is the summary table of the 13 AID runs 
showing not only the splits that occurred in the trees; but the competition between different 
predictor variables which could have split the sample at the same point but which were 
overshadowed by a more powerful predictor. 

Reading 

Figure 3-4 can be read as follows. The box on the left re.presents the entire sample before:~ 
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Figure 3~4 
Human Factors 

~ 

Entire Sample-

N = 2433 
Mean= .5750 

Road Familiarity
at least weekly 

N = 1717 
Mean= .5277 

Road Familiarity
less than weekly· 

N = 716 
Mean= .6885 

Age-
25-64 yrs. 

N = 809 
Mean= .4610 

Age-
under 25 yrs. or 
65 yrs. or older 

N = 908 
Mean= .5870 



Causa·l Factors Employed In Analysis 

Human Factors (Summary)
Direct Human Causes 
Internal Distraction 
External Distraction 
Recognition Errors_(Summary) 
Delays in Recognition 
Improper Lookout _ 

Ca~sal Factors Producing ~plits 

Improper Lookout while Entering Travel Lane fr()m Intersecting Street or Alley 
Improper Lookout Prior to Changing Lanes or Passing 
Improper Maneuver_ 
Decision Errors 
Excessive Speed 
Human Conditions or States 
Vehicular.Causal Factors 

Inattention 

_ Causal Factors Which Would Not Split 

. -to Traffic Stopped or Slowing _ 
Improper Lookout-while Pulling Out from Parking Space 
Delays in Perception· < · · . 
Driving Technique Inadequately Defensive --
Tailgating ' · · · - - · 
Improper Evasive Action 

-Locked Brakes 
Improper Driving Technique 
False Assumption 
Physical/Physiological Factors 

·-Alcohol impairment 
Driver In Hurry 

'··'. 

·- . -

Tal;)le .3-6 

any splits. N, the total. number of cases employed, is 2,433. The i:nean of the human factors 
summary variable is .575, .indicating that 57.5% of all drivers involved in on-site cases were 
adjudged by the investigators t~ have committed some kind of human error.1 At the first stage, 
the sample was ·spilt into two groups on the basis of road familiarity, with those drivers who 
claimed to driv~ the road on which the accident occurred at least weekly exhibiting a so111ewhat 
lower human ~~ror, rate than did those less familiar with the road. The group more familiar 

: with the road splilagain on age, w~th ~rivers under 25 years of age and those 65 or older having. 
· . -a human factor identi.t'ic~tion rate substantially greater than that of drivers between the ages o( 

I At the certain or probable, causal or severity-increasing Jevei. 
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Table 3-7 

Predictor Varlabies Employed In AID Analysis 

Variable:Nanie Code • Values Frequency % 

- Sex 1 Male 1682 69.13 
2 Female 751 30.87 

Age 1 Under 20 years 451 18.54 
2 20-24 years 729 29.96 
3 25-34 years 523 21.50 
4 . 35-44 'Jears 263 10:81 
5 45-54 years 214 8.80 
6 55-64 years 124 5.10 
7 65 years or older 129 5.30 

• Driving Experience 1 2 months or less 17 .70 
2 '3-6 months 45 t85 
3 7~12 months 100 4.11 
4 13-24 months 175 7J9 

·5 25-60 months 533 2t91 
6 61-120 months 544 22..77 
7 Over 120 months 1009 41.47 

Exposure 1 o-6000 milestvear 402 16.52 
2 6001--12,000 miles/year 984 40.44 
3 ~2.001-18.000 miles/year 413 16:97 
4 18,001-24,000 miles/year. 259 10.64 
5 Over 24,000 miles/year 375 15.41 

Vehicle Familiarity 1 . 2 months or less 376 15.45 2 . 3-6 months · 400 16.44 
3 7-12 months 526 21.62 
4 13-18 months 172 . 7.07 
5 19-24 months 339 . 13.93 
6 Over 24 months 620 25.48 

Road. Familiarity. 1 Dally· '1145. 47.06 
2 Twice weekly 343 14JO 
3 · Once weekly 229 9.41 
4 .. Twice monthly 88 3.62 
5 Once monthly 105 4.32 
6 Very Infrequently 372 15.29 
7 .First time on road 151 6.21 
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Table 3-7 continued 

Variable Name Code Values Frequency % 

1 None 2017 ' 82.90 
2 Light 316 12.99 

Precipitation Intensity 

3 Moderate 90 3.70 
4 Heavy 10 :41 

Visibility 1 Clear 2114 86.89 
2 Hazy 297 12~21 
3 Fog 22 .9() 

Traffic Volume 1 Light 803 33.00 
2. Moderate 1147 47.14 
3 Heavy 483 19.85 

Pavement Condition 1 ·ory 1731 71.15 
2 Damp 634 26.06 
3 · Wet 31 1.27 
4 Slush 37 1.52 

25 and 64. The 809 drivers between 25 and 64 years of age who drove the road of accident at 
least weekly had a human factor identification rate of sliglitly more than 46%, compared to 
almost 69% for drivers who drove the same road less than once weekly. As these trees are 
drawn, the group with the highest identification rate will normally appear in the lower right 
hand corner of the page, and the group with the lowest identification rate, i.e., the safest group 
with respect to that particular factor, will appear in or near the upper right hand corner. 

Reading the Summary Table 

·Table 3-8 is designed to show the step-by-step process that the AID algorithm employs in 
the determination of which variable to use in splitting a sample. The predictor variable 
showing the largest between sum of squares to total sum of squares ratio for a split between a 
program-determined dichotomous grouping of codes on that variable is used to split the' · 
sample into two groups. It is frequently possible that a split could be made on more than one 
predictor, and in many cases, predictor variables are in fairly close competition with each othef 
for the privilege of making a particular split. For the purpose of examining the impact of 
different predictors on the error rates, or identification rates, on different causal factors, it is as · 
important to examine the competitor variables as it is to observe the splits that actually did 
occur. In the summary table column one shows the dependent variable, the causal factor under 
analysis. Column two defines the group to be split at that stage, beginning with the entire 
sample and proceeding through each box in the AID tree that is in fact split. The third column · 
shows the predictors that meet the minimum criterion for splitting a sample, i.e., those having a 
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Figure 3-5 
Direct Human Causes · 
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Figure 3-6 
Internal Distraction 
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Figure 3-7 
External Distraction 
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Figure 3-8 
Recognition Errors 
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Figure 3-9 
Delays In Recognition 
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Figure 3-10 
Improper Lookout. 
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Figure 3-11 
Improper Lookout While Entering Travel Lane from Alley or 

Intersection 
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Figure 3-12 
. Improper Lookout Prior to Changing Lanes or Passing· 
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Figure 3-13 
Improper Maneuver 
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Figure 3-14 
Decision Errors 
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Figure 3-16 
Human Conditions or States 
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Figure 3-17 
Vehicular Causal Factors 
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Table 3-8 

AID SummarY' Table 

Probability 

BSS/TSS 
of Having 

Dependent Group to Committed 
Variable ._Be Split Predictor E2. Resultant Groups Error 

Once a week or more .527J 
Human Factors Entire Sample Road familiarity .02200 
(Summary) Less often than once a .6885 

; week ... 

25-64 .5133 
Age .01336, 

Under 25; 65 and older .6280 

.. More than 10 years .5213 ' 
Driving Experience .00836 

10 years or less .6131. 

One y~ar or more .5480 
Vehicle Familiarity :00639 

Less than one year . .6327 

Drivers who . 25-64 .4611 
drive road Age .01586 
of accident Under 25: 65 and older .5870 
at least 
once a week More than 10 years .4711 

\ Driving Experience .00941 
10 years or less .5691 

- 6 months or less .4991 
Vehicle Familiarity .007o9 ·-

More than 6 months .5896 

Once a week or more .5213 
Direct Human Entire Sample Road Familiarity .02137 
Causes Less often than once a .6802' 

·week 

25-64 .5080 
Age .01260 

Under 25;. 65 or older .6196 

More than 10 years .5154 
Driving Experience .00801. 

10 years or less .6053 

Drivers who 25-64 .4549 
drive road Age .01573 
of accident Under 25: 65 and older .5804 .. 
at least 
once a week More than 10 years .4642 

Driving Experience .00956 . 

" 
10 years or less .5631 

.•. 
More than one year .4791 . 

Vehicle Familiarity .00640 
1 vear or less .5591 
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. ' ' - -~- ' Table 3-8 continued 

, . Prooaoility . . 
of Having 

Dependent Group to BSS/TSS 'Committed 
Variable Be Split · Predictor (EZ) . . Resultant Groups Error . 

... .. -
Internal Entire Sample· 20 and over .0333 
Distraction · '" ·Age .00615 

Under 20 .0732 

At· least once monthly: 
Very infrequently .0278 

External Entire Sample ·Road Familiarity .00636 
Distraction Twice monthly; 

Never before .0753 

Under 20; 35-54 
65 and older .0200 

. -· Drivers who Age .03161 
drive the 20-44; 55-64 .1151 
road of 
accident twice 2 mos. or less; 7-12 .0400 

. , '-- •. m·onthly or wlio · ... 
" . mos.; more than 2 yrs . 

have never Vehicle Familiarity .03018 
driven it before 3-6 mos.: 13-24 mos. .1348 

.. 2 years or less 0 
Driving Experience .01588 

More than 2 years .0900 

18,000 miles or less .0562 
Exposure .01534 

More than 18,000 miles . 1311 

·First time on road .0596 
.. Road Familiarity .00608 

Twice monthly .1023 

2 mos. or less: 7-12 .0625 
mos., more than 2 yrs. 

Drivers who Experience in .03684 
drive the 

.. 
Vehicle 3-6 mos.; 13-24 mos . .186<1 

road of 
accident twice ,,, ' .. 18,000 miles or less .0900 
morilhly or Expos~re .01587 
·never before More than 18,000 miles .1795 
and who are <' j 

of ages 20- 20-34 .1032 
34 or 55-64 Age .01355 

55-64 .2308 

Never before .0864 
Ro,ad Familiarity .D1128 

' Twice monthly .1552 ' .. 
3 months through 10 yrs. .0971 

Driving Experience .00912 
.. , More than 10 yrs. .1667 

-. 
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Table 3-8 continued 

"' 

Probabi I ity 
of Having 

Dependent Group to BSS/TSS Committed 
Variable Be Split Predictor (E2) Resultant Groups Error 

-
External Light or moderate .1026 
Distraction Traffic Volume .00822 
continued Heavy .1818 

At least weekly; 
monthly .2739 

Recognition Entire Sample Road Familiarity .01541 
Errors Twice monthly; very in· 

frequently; never before .4059 

Daily; Once weekly; 
Once monthly .2398 

Delays in Entire Sample Road Familiarity · .01039 
Recognition Twice monthly; Very 

infrequently; Never .3437. 
before 

.. Once monthly or more 
often .1031 

Improper Entire Sample Road Familiarity .00812 
Lookout Less often than once 

monthly or never before .1740 

Under 65 .1115 
Age .00798 

65 and older .2403· 

Drivers who Under 45 .o877 
drive road Age .01104 
of accident 

.. 

at least 45 and older .1694 
monthly 

Improper Lookout Male .0584 
while entering 
travel lane Entire Sample Sex .00648 
from intersecting Female .1034 
street or alley . 

Improper Look.out At lea~! monthly .0099 
prior to · Entire Sample Road Familiarity .00675 
changing lanes Infrequently or. never 
or pas>ing before .0344 

Has driven road before .0337 
Improper Entire Sample ·Road Familiarity .01482 
Maneuver Has never driven road .1325 . 

Light or heavy .. 0581 
Driver has Traffic Volume .00238 
never driven Moderate .0048 
road of accident 
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·Table 3-8 continued 

Probability 
of Having 

Dependent Group to BSS/TSS Committed 
Variable Be Split Predictor '(P) Resultant Groups Error 

-
Improper Driver has A year or less: 2-10 
.Maneuver. never driven yrs. .0588 
continued road of accident Driving Experience .06076 

• .. , continued. One to 2 yrs.: greater 
than 10 yrs. 2273 

.. Wet .1233 
' . Precipitation .02331 

Dry .4000 
... 

Less than 12,000 miles: 
19,000 through 24,000 
miles .1019 

Exposure .02046 
13,000 through 18,000 
miles: more than _24.000 

'.2093 mlles 

Under 35 .1062 
·Age .. 01784 . 

35 and older .2105 

2 months or less: 7 
through 12 months .0909 .. Vehicle Familiarity .01166 
3 through. 6 months: 
more than 1 year .1647 

Moderate or heavy .2717 
Decision Entire Sample Traffic Volume .00895 
Errors light .3642 

At .least twice monthly .2770 
Road Familiarity .00858 

Less often than twice 
_, monthly .3742 

25 through 64 .2580 
Age,_ .00792 

Under 25 or over 64. .3400 

At least twice monthly .3134 ' 
Light Traffic Road Familiarity .02491 

., Less often. than twice 
monthly .4m .. 

Under 25: 45-54 ."4136 
Age .01500 

25-44: 55 or older .2939 

Dry or Ice .4786 . 
Precipitation .01200 

Rain or snow .3399 
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Table 3-8 continued 

Probabi lily 
of Having 

Dependent Group to BSS/TSS Committed 
Variable Be Split Predictor. (E2) Resultant Groups Error 

Decision Light Traffic More than one year .3133 
Vehicle Familiarity .00742 

Errors continued 
continued One year or less .3920 

More than one year .3520 
Driving Experience .00717 

One year or less .5000 

0-6000 miles; 13,000-

.00693 
18,000 miles .4182 

Exposure 
7,000-12,000 miles; 
More than 18,000 miles .3346 

Dry .3347 
Pavement Condition .00648 
(Striking Vehicle) Not dry .4150 

Moderate or heavy .0477 
Excessive Entire Sample Traffic Volume .02502 
Speed Light .1377 

20 or older .0590 
Age .. 02051 

Under 20 .1574 

More than two years .0630 
Driving Experience .01782 

Two years or less .1662 

Female .0439 
Sex .00696 

Male .0917 

Dry .0636 
' Pavement Condition .00651 '· 

Not dry .1111 

More than one year .0548 
Vehicle Familiarity .00614 

One year or less .0968 

20 or older .1032 
Light Traffic Age .03737 
Volume Under 20 .2663 

More than two years .1118 
Driving Experience .02962 

Two years or less .2734 
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·Table 3-8 continued 

Probabilrty 
of Having 

Dependent Group to BSS/TSS Committed 
Variable Be Split Predictor (P) Resultant Groups Error 

----·--- - --·-
Excessive light Traffic More than one year .. 0932 
Speed Volume Vehicle Familiarity .01324 
continued continued One year or less .1730 

' Precipitation None .1214 
Intensity .01050 

Light or moderate .2143 

Female .0841 
Sex .00955 

Male .1573 

Daily, weekly or 
Road twice monthly .1084 
Familiarity .00940 

Twice weekly or once .1758 
monthly or less 

--------
I Dry .1160 

Pavement Condition .00764 
Not dry .1795 

Clear .1278 
Visibility .00671 

Hazy or foggy .2184 

Drivers age 20 Precipitation None .0841 
or older in Intensity .01916 
light traffic Light or moderate .1963 

Dry, wet, or icy .0992 
Pavement Condition .00705 

Slushy or snowy .2667 

Infrequently or at 
least twice monthly .0940 

Road Familiarity .00649 
Once monthly or 
never llefore .1688 

I Drivers age 20 · Daily; weekly; once 
or older in or twice monthly .1395 
light traffic Road Familiarity .08354 

1 

in precipitation Twice weekly or 
never llefore .4286 

Female .0968 
se~ .02559 

Male .2267 

Wet, icy .1685 
Pavement Condition .02409 

Dry, snowy .3333 
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Table 3-8 continued 

.. 
Probability 

... of Having ,. 

BSS/TSS Dependent Group to Committed 
Variable · Be Split Predictor (P) Resultant Groups Error 

Excessive Drivers age 20' 3-6 months; 19-24 mos. .1351 
Speed 

; or older in Vehicle Familiarity .01252 
continuetl light traffic 2 months or less; 7-18 

in 'precipitation months, more than 2 yrs .2286 
continued .. 

Five years or less; 
more than 10 years .1786 

Driving Experience .00725 
5-10 years .2609 

6000 miles or less; more 
than 24.000 miles .1471 

·' Exposure .00715 
6,100-23,900 miles .2192 .. 

Drivers under· Clear, foggy .2350 
20 in light ·Visibility .03753 
traffic Hazy .5000 

.. 

. More than 6 months 
through 10 years .2378 

Driving Experience .02288 
6 months or less; .. 
more than 10 years .3885 ' 

Female .1538 
' , ·Sex .01941 .. Male .3000 

13-24 months .1250 
Vehicle Familiarity .01691 
'. 12 months or less; 

more than 2 years .2897 
'. 

. '. 

.. Weekly .0'/69 
Road Familiarity .01529 

Less often or more 
often than weekiy .2821 

Dry, icy .2315 
Pavement Condition .01097 

Wet, snowy .3279 
.. :•-

7000-12,000 m1les; more 
than 24,000 miles .2179 

Exposure .01024 
0-6000 miles; 13,000-
24,000 miles .3077 

, .. ,. 
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Table 3-8 continued 

Probability . 
of Having 

Dependent Group to BSS/TSS Committed 
Variable Be Split Predictor (P) Resultant Groups' Error 

-- -· 

Hu!Tian Condi- Entire Sample At least weekly or 
lions or monthly .0351 
States 

... , 
Roail Familiarity .. 01757 

.. Twice monthly; infre-

' quently; or never before .1031 
.. 

3 months or more .0505 
Driving .Experience .00832 

Less than three months .2941 

Moderate or heavy .0387 
Traffic Volume .00753 

Light .0797 

3 months or more .0982 
Drives road·. Driving Experience .01586 
twice monthly; Less than three months .4000 
infrequently 

( 
or has never More than 12,000.miles .0605 
driven it . · Exposure .01342 

j 
before· 12,000 miles or less .1322 

! Has driven road before .0848 
Road Familiarity ·.01106 

Never before been on 
road .1589 

Vehicular Entire.Sample Dry, snowy, or icy .0350 
Causal Factors Pavement Condition .00890 

Wet .0804 

Precipitation None .0387 
Intensity .00727 

Any precipitation .0865 

Less than 3 or more than 
' 6 months .0444 

Driving Experience .00723 
3-6 months .ms 
20 or older .0389 

Age .00631 
Under 20 .0820 

Wet Pavement More than 2 years .0646 
Oriving Experience .02444 

2 years or less .1948 

20 or older .0654 
Age 01398 • 

Under 20 .1491 
. 
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Table 3-8 continued 

Probability 
. ,of Having 

Dependent Group to BSS/TSS Committed ' 
Variable Be Split. Predictor (E2) Resultant Groups Error 

Vehicular Wet Pavement Less often than daily .0536 
Causal Factors continued ·Road· Familiarity .01101 
continued Daily .1107 . 

More than one yea·r . ·· .0514 
Veh_icle Familiarity .00976 

One year .or less· .1053 

Female .0481 
se~ .00691-

Male .0962 .. 

BSS/TSS rati~ ~fatleast.006, rank~d in order of the BSS/TSS ratio. The fifth colu~n defines 
the group that did result or would have resulted from the split in question, and the last column 
gives the identification rates for each subgroup. Note that the first predictor listed (ore~ch 
group is the one on which that group was in fact split. · , 

Human Factors 

The human factors summary, a variable that indicates whether or not a partic~iar drive·~ 
was identified as having committed any given error, split first em road familiarity, 'with an 
identification rate of .53 among those who were relatively familiar with the road (those who 
drove it at least once a week), and .69 among those who were relatively unfamiliar ":ithit. The 
sample could also have been split on the basis ofage, driving experience, or vehicle familiarity, 
with the age split being relatively strong; Note that the probability of identification for the 
subgroups produced by splits on either age ·or driving experience would be roughly the 5ame, 
and that these two variables are close competitors for splitting the sample at that point. 

The high road familiarity group was further split on the basis of age, with drivers between 
the ages. of 25 and 64 being less likely to have committed an error than those either under 25, or 
65 or older. Again, driving experience split at the 1 0-year experience point is a close competitor 
with age. 

Direct Human Causes 
. ' . . 

This variable is closely related to the human.factors summary above, but exclu~es e~r.ors. 
·related to a driver's physiological or psychological state (inCluding alcohol and drug usage). 
The results are essentially the same as for the human factors summary except that the entire 
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sample for direct human causes coul~ not have ~en split on the basis ofvehicle familiarity. 
Since the ~ehicle familiarity split for the human factors. summary was so close to the rejection 
point, this difference is not considered to have any important interpretation. 

Internal Distraction 

The :only possible split on this variable occurs on the basis of age, with drivers under 20 
more than twice as likely to have an accident caused by internal distraction. 

External·· Distraction 
. ' 

The only predictor that could split the entire sample is road familiarity, w1thdrivers who 
d1'livc the road at least once weekly, or who said they drove it very infrequently, heing much less 
fre~uen-tly identified th~n other drivers. This split is not a$ neat as one would like, and, 
combined, with other similar splits in previous analyses, appears to result from a problem- in 
reporting on this particular variable. Briefly, drivers appeared to rank the response '"very 

· infrequently" at radically different places in the group of possible responses, th~reby producing 
. a response category that.is extremely difficult to interpret, and which behaves erratically in this 
kind :.Of analysis. . 

D~ivers who drive the road of the accident twice monthly and those who had never driven it 
before produced ·a fairly strong split on age, but the 'nature of the split is not the~retically 
interpretable. The same group. could have split on vehicle familiarity?. driving exp~rience, 
exposure, and road familiarity. Results of this type are presented for the benefit of other 
analysts who may find them useful, but no attempt here is being made to interpret them. It 
should be noted that the very low identification rate in these groups, i.e., the extreme skewness 
in the dependent variable, tend~ to ptodi.Jce unreliable splits in AID, and any interpretation 
thai· is made on this particular dependent variable should be made very ca,utiously with the 
understanding thai the results may be an artifact of the skewness problem. . 

Recognitio~ Errors 

. .The only possible split ofthe sample of recognition errors ":as made on road familiarity, 
~ith drivers,m<lre familiar wit,h the road less likely to have committed !! recognition error, 

D~lays in Rec~gnition : · 

· This causal factor, a subset of the recognition errors facto'r mentioned above, produced 
similar results. • 

Improper Lookout 

Ro.1d familiamy and age proved to be close competitors to split the overall sample, with 
r()ad faPliliarity producing ihe actual sp_lit Based onthe identification rates, it appears that 
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drivers who are unfamiliar ~ith the road or who are 65 years o.f age or older are_ substantially 
more likely than other drivers to' commit some kind· of improper lookout. The high familiarity 
drivers then split on age, with drivers 45 years of age or older, who are relatively familiar with 
the road, being twice a~ likelyto commit an improper lookout than younger drivers equaily 
familiar. · · 

·Improper Lookout While E~tering Travel Lane from Intersecting Street or AHey 

The only possible split of this group came on sex, with women being roughly twice as likely 
as men to commit this type of error. 

Improper Look'out Prior to Changing Lanes or Passing -

The only possible split on this factof'Came on road familiarity, 'with the probability of 
identification for drivers who drove the road of the accident at least monthly being roughly 1%, 
and that for other dnvers being roughly 3.5%. It may be that citation of this particular error is 
an indication of misjudgment of distance between vehicles, ~r misjudgment of visibility. 

· Improper Maneuver While Entering a Travel Lane Prior to Changing Lanes or Passing 

The overall sample could only be split on road familiarity between drivers who had bee~ on 
the road and those who had not. Appa'rently, any prior experience with the roadway in 
question gives a driver a tremendous advantage where this maneuver is concerned, with the 

- identification rates being 3% and 13% respectively. . 
The group of dri~ers who had never before been on the road ofth.e accident split on traffic 

volume, with moderate traffic volume produCing an error probabilit~ of 23%, as opposed:to 
5.8% for either light or heavy traffic volume. Apparently, light traffic volume presents few 
maneuver problems, and heavy volume restricts vehicle activity_ sufficiently to make 
maneuvering relatively unimportant, while a moderate traffic volume provide~ the potential 
hazards and obstacles of h~avy volume without its concomitant restrictiOIIS on vehicle 
·movement. This group could also have been split on driving experience, precipitation, 
exposure, age, and vehicle familiarity. One might speculate that the split between drivers 
having a year or less, or two through ten years of experience, and those with one to two years, 
or greater than ten years experience is eX'plicable on the grounds of insufficient skills at one 
extreme and excessive' exposu-re to risk occasioned by the size of the group and the time and 

. experience splln covered at the other. The precipitation split dm be explained in much the same 
terms as the traffic volume split, with wet pavement imposing restrictions and engendering a 
certain amount of caution that reduced the probability of an improper maneuver. No 

• interpretation is offered of the possible splits on exposure, age, or vehicle familiarity. 

. Decision Errors 

The sample split on traffic volume, with an identification rate of27% in moderate or heavy 
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traffic and 36% in light traffic. Apparently, the greater the traffic volume,. the greater the 
propensitY of drivers to commit decision errors, or at least the propensity for' those decision 
errors to result in traffic accidents. As· one might expect, dec~sion errors are'more commonly 
committed by drivers o'n unfamiliar roads 'than on roads with which they are familiar. Drivers 
between .the ages of 25 and _64 are much less likely to be cited for decision errors' than either 
young drivers or old drivers. _ 

The lighttraffic group split further on road familiarity, with dnvers_who drove the road of 
the accident at least twice monthly being identified as having committed decision errors at a 
rate ·of 31%, as·opposed to 48% for drivers-less familiar with the road. This same group could 
have been split on age, with young drivers and middle aged drivers (those between 4:5 and 5.4) 
being more frequently identified than drivers of other ages. In light traffic, decision errors were 
most likely to occur or result in accidents on either dry pavement or on ice. than on either- rain or 
snow, indicating a possible caution factor at play again in this case. Vehicle familiarity also 
appears to be a dete~inant of decisio~ errors in light traffic, with drivers with one year or less 
time in their vehicles being somewhat more likely than those with. more than_a year to commit a -' 
decision error. The same is true Qf driving experience in gene~l. No interpretation. is offered 
for the apparently erratic split on expos. >re. · - - · · 

Excessive Speed · 
' 

As might be expected, excessive speed split first on traffic volume, wlth an identification 
rate of sljghtly u_nder :5% in m()derate or heavy traffic and .one of almost 14% In hg~t traffic. 
This result is consistent with conditions that provide an opportunity to speed. Young qrivers 
were almo~t three times as likely as drivers 20 or older to be cited for excessive sl>eed; maies 
were twice as likely as females; less eiperienced drivers (those with two years or less driving 
experic:n,ce) were roughly two' and a half times as likely as more experienced driver~; and those 
\\lho are relatively unfamiliar with their vehicle~ w~re roughly twice as likely as those who were 
more familiar. It is possible that great familiarity with the vehicle permits a driver to gain a 
_superior ability to control it, thereby increasing the probability of avoidance in accident 
situations in which excessive speed might become a factor .. Excessive speed was cited almost 
twice as often on wet, snowy, or icy pave~ent than on dry pavement, probably related .to .the 
driver's ability to control the vehicle, to maneuver, andto stop. . . 

The light traffic volume group split on age, with an iden~cation rate of .27 fordrivers 
under 20 and .10 for those 20 or older. This subgroup_ could have ~n split 0~ the sa~e other 
variables as the entire sample with roughly the .same results .. Additionally, when traffic_volume 
is light, the probability of an accident being-caused by excessive speed appears-to be related to 
precipitation intensity, roadfa.miliarity, and visibility. Accidents caused by excessive speed in 
iight traffic are more likely to occur i~ hazy or foggy co-nditio·ns-on pavement that is not dry and 
when there is some kind of precipitation. They are more likely to involve drivers under 20, 
those who are relatively inexperienced, those who are unfamiliar with their vehicle, males, .or 
those who are unfamiliar with the road. · 
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Drivers .age 20 or. older who were involved in accidents in light traffic are almost two and 
one half times as likely to be cited for excessive speed ifthere is some kind of precipitation. The 
20% rate in this group indicates apparently strong need for countermeasures related to 
instruction in the assessment of safe speeds in wet weather. The possible split on pavement 
conditions separating slushy or snowy pavement conditions from dry, wet, or icy pavements 
again highlights the need for some way to teach drivers to properly assess the maximum speed 
at which they can safely operate their vehicles under certain· environmental conditions. Road 
familiarity is also a factor, as might be expected, since ignorance of certain hazards or certain 
hazardous locations on a particular roadway might lead the driver to set an unsafe speed. 

Drivers age 20 or older in light traffic in precipitation split on road familiarity, but the split 
is obviously unstable, possibly due to the small size of the group being split. Results in this 
category should be interpreted by readers with great caution. 

Drivers less than 20 years of age driving in light traffic have a probability of committing an 
excessive speed error of 50% if visibility conditions are hazy .. This same group is more likely to 
be identified as having committed an excessive speed error if they have been driving for 6 
months or less, or more than I 0 years; if they are male; if they have a year or le~s. or more than 2 
years experience with the accident vehicle; or if they are driving on wet or snowy pavement. No 
interpretation of the road familiarity or exposure splits is offered. 

Human Conditions or States 

Many traffic accidents are certain to be attributable to different human psychological or 
physical conditions, especially alcohol and drug use. This factor split first on road familiarity, 
leading to .the hypothesis that some kind of physical· or psychological impairment is 
compounded by a lack of familiarity of surroundings in such a way that some other errors may 
not be. The possible splits on driving experience and traffic volume are consistent with the 
interpretation that an impairment of the type that would lead to identification of a human 
condition or state factor might be compounded by any other potential disadvantage (such as 
road familiarity, driver inexperience, or traffic volume patterns of the type that permit 
excessive speed). Drivers who drove the road of the accident twice monthly, infrequently, or 
never before (which we are interpreting here as being an unfamiliar group) are 4 times as'likely 
to be identified as having some relevant human condition or state if they have less than 3 
months driving experience; if their exposure rate is 12,000 miles annually or less; or if they are 

· on the r.oad of the accident for the first time. 

Vehicular Causal Factors 

The possible first splits on this factor were pavement condition, precipitation intensity, 
driving experience, and age. The high identification rates for wet pavement and precipitation 
are consistent with the fact that a majority of the vehicular factors are related to tires and 
brakes - problems which would be greatly intensified by environmental factors that might 
increase stopping distances or degrade vehicle handling. The two driver characteristic 
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variables are consistent with. the widely held belief, .in part confirmed by other analyses 
presented in this report, that inexperienced drivers and young drivers are more likely than 
others to drive defective vehicles. 

Drivers involved in accidents on wet pavement are more likely than others to be cited for 
some vehicular factor if they have been driving two years or less, they are under 20 years of age, 
they drive the road of the accident daily, have one year or less experience with the accident 
vehicle, or are male. 

3.2.4 Com;lusions and Recommendations for Future Research 

The exploratory analyses presented here indicate that it is possible to identify subgroups of 
accident-involved drivers that exhibit a particularly high probability to commit a particular 
type of errorthat leads to traffic accidents, given knowledge of a few basic characteristics of the 
drivers and of the environmental circumstances under which their accidents occurred. 
Particularly important in discriminating between drivers who committed human causal or 
severity-increasing errors are variables related to the driver's experience with the driving task, 
measured in terms of the number of years of driving experience and annual exposure; 
familiarity with the road on which the accident occurred, measured in terms of the frequency 
with which he travels it; familiarity with the accident vehicle, measured in terms of the length of 
time he has been driving it; and driver age and sex, which are presumed to be related to 
experience, risk-taking behavior, type of exposure, and, at the high end of the spectrum, 
deterioration in motor skills and attention span. The commission of'certain errors- those 
related to distractions, maneuvering, evasive actions, and speed -are also related to certain 
environmental characteristics of the accident scene such as traffic volume, precipitation, 
pavement condition, and visibility. For the most part these latter variables appear to affect the 
probability that some kind of driving error on the part of the driver will actually result in an 
accident, e.g., speeding is more likely to be cited as a causal factor in accidents on wet pavement 
than on dry, presumably because the potential for loss of control at unsafe speeds is greater on 
wet pavement .than on dry. 

Lack of familiarity with the road is apparently related to the commission of a broad range 
of human errors, and research should be conducted into the possibility of finding ways to 
alleviate that problem. While it is obvious that familiarity with a road can only be gained by 
driving on it, it might be profitable to explore the possibility of designing research which would 
identify the discrete components of familiarity in perceptual and behavioral terms and to 
design training programs that would teach drivers to more rapidly learn the relevant 
information from a new road. If a.generally usable driver education program component could 
be developed to shorten and steepen the learning curve with respect to roadways, vehicles, and 
driving in general, it could ultimately have, the effect of reducing that portion of traffic 
accidents attributable to driverinexperience. , 

.. Some of the potential splits on sex which turned up in this analysis are of interest. It is 
frequently assumed .that the qight:r involvement rates and high error rates of male drivers are in 
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part attributable to the substantially greater exposure that the average male driver has over the 
average female driver. The presence of a number of possible splits on sex (always showing 
higher identification rates for men) in situations in which a split on exposure was not possible, 
raises the question of whether there is some other characteristic of male drivers that leads them 
to commit certain types of errors. In the case of speed-related errors, it is commonly agreed that 
meri are more likely to exhibit risk-taking behavior which may manifest itself in speeding; but 
this kind of explanation is somewhat weaker when applied to the apparent propensity of men 
to be driving rela tivdy more defective vehicles. Of special interest in this subject is the finding 
that accident-involved women are twice as likely as accident~invol~ed men to have p'ulled out 
into traffic with' looking adequately. 

Finally,this kind of exploratory assessment is greatly hampered by the relatively small 
subsainple sizes with which it, was necessary to deal. Even with the 2,433 complete cases 
available froni the IRPS on-site investigations, the decomposition of a sample into subparts 
quickly produced relatively small groups of interest that cannot be adequately studied or 
further·dec,omposed due to their small size. It is clear that future studies of accident causation 
Will continUe' tO refine both the definitions Of causation and the human factors data collected. 
They should increase the ability of researchers to analyze relatively large subgroups ,by 
providing a longitudinal data set of cases currently available, and those to be subsequently 
collected in a form consistent with previous work. Of course, this problem could be solved if 
NHTSA could dev~lop a relativ~ly simple causal assessment scheme that could be_applied by 
the NASS level ~ teams. 
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4.0 Motorcycle Accidents and Causes 

The purpose of this section is to provide information useful in the development of motor
cycle operator training and other programs aimed at reducing the frequency and severity 
of motorcycle acci~ents. The following discussion is divided into three main sections: 

The first assesses differences between the characteristics of accidents involving motorcycles 
and accidents involving other types of vehicles. Motorcycle and other accidents reported to the 
Indiana· State Police in 1973. are compared on the basis of accident configuration [as de
veloped by Reiss, Berger and Vallette (1)]; severity; place of occurrence; month; day of week; 
time of day; road surface condition; light condition; sex, age and alcohol presence of 
motorcyclist/ driver. 

Second, characteristics of IRPS motorcycle accidents are compared with 1973 Indiana 
State Police motorcycle data to determine the representativeness of the IRPS motorcycle 
sample .. 

Third, the. IRPS motorcycle sample is analyzed on the basis of accident causation. Errors . 
of accident-involved motorcyclists and errors of other vehicle drivers involved in motorcycle 
accidents are described and compared to error rates of all IRPS accident-involved drivers. 

4.1 Summary of' Results 

4.1.1 Differences Between Motorcycle Accidents and Other Traffic Accidents (1973 Indiana 
State Police data) 

Motorcycle accidents and other motor vehicle accidents take place in different situations. 
Motorcycle accidents when compared with other traffic accidents are more frequently single 
vehicle, rural, non-intersection; while other traffic accidents are more frequently multi-vehicle, 
urban. 

Motorcycle accidents in Indiana occur at different times of the year. Motorcycle accidents 
happen more frequently in May, June, July, August and September; while accidents involving 
other motor vehicles occur more frequently in October through April. 

Motorcycle and other motor vehicle accidents happen on different days of the week. 
Motorcycle accidents occur on the weekend and other motor vehicle accidents occur more 
'often during the week . 

. Motorcycle accidents happen at different times of day. Motorcycle accidents occur more 
frequently between the hours I :00 P.M. to I :59 A.M. while other motor vehicle accidents occur 
more often between 2:00A.M. and 12:59 P.M .. 

Motorcycle accidents happen more frequently in rural settings than accidents involving 
other motor vehicles. 

Motorcycle accidents are more injury producing than accidents involving other motor 
vehicles. 

Motorcycle accidents occur more often on dry road surfaces while other accidents happen 
more frequently on wet or snowy I icy road surfaces. 
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There is no difference between motorcycle accidents and other accidents with respect to 
· light conditions at the time of the accident. 

Accident-involv.ed motorcyclists are younger ·than ·drivers of other accident-involved· 
vehicles. . ·· · · . 

Accident-in ;olved motorcyclists are more frequently male than drivers of other accident
involved vehicles. 

There is no difference between motorcyclists and other drivers with respect to the presence 
of alcohol. 

4.1.2 Representativeness of /RPS Motorcycle Sample 

IRPS investigated 52 motorcycle accidents during the 5 yearly study phases (II f I j70 to 
5/31 /75). These accidents are representative of aU 1973 ISP reponed motorcycle accidents 
with respect to accident ,configuration, severity, place of occurrence, month, day ~f week, time 
of day, road surface c6ridition and light conditions. IRPS accident-involved mot<?rcyclists are 
representative with respect to sex and presence of alcohol but not with respect. to age; The 
IRPS sample 'is overrepresented with 20-34 year-olds and underrepresented with motorcyclists 

' . . 
less than 20. 

4.1.3 Motorcycle Accident Causes 

Accident-involved motorcyclists cause accidents primarily because of poor decision 
making and by not responding appropriately to environmental hazards. The most frequent 
decision making· error is excessive speed, fc!lowed by false assumption (e.g., assumed other 
driver was required to stop or yield at intersection) ~nd improper driver technique (e.g., should 
have adjusted speed). The most frequent enviro.nmental· hazard for motorcyclists is view 
obstructions (e.g., hillcrests and sags) followed by slick roads and special hazards (e.g., non
contact vehicle) .. 

Other motorists involved in motorcycle· accidents are at-fault because they fail to recognize 
the presence of motorcycles, make poor decisions and respond improperly to environmental 
hazards. The primary recognition: error is inattention to other traffic, improper lookout or 
other delays in perception when entering a travel lane from an intersecting street or alley. The 
second most frequent-recognition error is internal distraction (e.g., conversation). The most 
prevalent decision error is improper maneuver (e.g., turnfrom wrong lane). The most frequent 
environmental hazard is view obstructions (e.g., parked traffic). 

When compared with other accident-involved drivers motorcyclists make fewer human 
errors, make significantly fewer recognition errors (p.:::;, .001) and have fewer ~ccident causing 
vehicle malfunctions. On the other hand, other vehicle drivers involved in motorcycle 
accidents are more ·culpable, make significantly more recognition errors (p = .016), make 
significantly-fewer decision errors (p = .044) and are le'ss likely to .be. affected by adverse· 
physiological/psychological states (e.g., alcohol or d'rug impairment). -
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4.l.Il'etailed Discussion 

4.2.1 Di.fferences.f!etwef!n Motorcycle Accidents and Other Traffic Accidents (1973 Indiana 
State Poli::e Data) 

In order to comp·are the characteristics of motorcycle accideriis and.'other motor vehiCle 
accident's', it was necessary to access the 1973 IndianaState Police Accident file. By using this 

. data, iiifOmlation from 4,326 motorcycle accidents was available for surriinariZation. 
· ·All 1973 Indiana motorcycle accident da'ia and a 1.15% systematic sample of crashes 
involving other motor vehicles were extracted from this file and saved for further analysis. This 
resultant motorcycle/ either vehicle .accident file (M I 0 file) contained information from4,326 
motorcyCle accidents and 4,181 accidents involving other moior vehicles. The M/0 file was 
then used to analyze the differences between characteristics of motorcycle accidents (M/ A) 
and ~t'h:er motor vehicle accidents (OMV J A), accident-involved motorcyclists and other 
accident-involved drivers. M/As and OMV I As were compared ori the basis of accide.nt 
'typology, severity, place of occurrence, month, day of week, time of day; road surface 
condition and light conditions~ Mo-torcyclists and other acciderit~involved drivers were 
compared by age, ·sex and alcohol presence~ Two-sample chi-square tests and significance 
l~vels were computed on the M/A and OMV/ A distributions; results are presented at the 
bottom ofthe first two columns ofTables ~I through 4-ll. M/ A and OMV J A distributions 
are significantly different at the p ~ .001 level of significance for the following accident 
ch~racteristics: ac~iderit typology, s~verity, place of occurrence, month, day of week, time of 
day, road ·surface conditio·n, motorcyclists/driver age and-sex. . 

Note: When significant differences do exist between M/ A and OMV 1 A distributions, 
.accurate explanations are at times difficult to inake without the·added information provided 
by exposure and causation statistics. When M/ As are shown to happen more frequently at 
particular times, .situations, etc .. it is impracticable to judge if it is because motorcyclists log 
more mileage during those times~ are exposed to a situation niore frequently, or ifparticular 
times, situations, etc. are more dangerous for motorcyclists. Even in the absence of exposure 
and causation data, comparisons of this _type are useful in describing MIA phenomena and in 
showing how they differ from OMV /As~ 

Accident typology distributions for M/ As and OMV I As are preSented in Table 4-l. 
Accident typology is defined in terms oft he scheme developed by Reiss, Berger and Vallette ( 1). 
M/ As are shown to-differ from.OMV I As in that they are more frequently single vehicle, rural, 
non-intersection and less .frequently urban, multi-vehicle. This is probably because 
motorcyclists ~rive more in rural than in urban areas. There ishoweveran over-involvement of 

. single vehicle motorcycle accidents at urban intersections (.7% ofOMV I As are single vehicle, 
urban, intersection accidents while 2.4% of M I As are in this class). If motorcyclists d_rive more 
in rural than urban areas, as is hypothesized, an over-involvement of single vehicle M/ As at 
urban intersections indicates urban intersections are a panicularly dangerous situation for 
motorcyclists. · 

- 157-



•' • ' '- • ' ' 'II ;, L •I • ' • ' ' • • ·~ o>, \ • 

When M/ As and OMV I As are compared by month of occurrence, M/ As are shOwn to be 
more prevalent in summer months. This is probably because of exposure - motorcyclists 
drive more during fair weather. Results are presented in Ta:t>le 4-2. · 

• M/ A's take pla:ce on weekends. 35.7% ofM/ As happen on the weekend compared to 27.7% 
for OMV /As. There is also a slight over-involvement of M/ As on Thursdays. Again this 
weekend .over-involyement is probably because of exposure; Results are presentdHnTable 4-
3. ' 

When Mj As and OMV 1 As are compared by time of day (Table 4-4), M/ As are.shown to 
occur more frequently between the hours of 1:00 P.M. and 2:00A.M. It is probably true again 
that the over-involvement of M/ As. in afternoons and evenings is primarily due to 
overexposure at these times: . · · ' · :·: 

Results for M/ A and OMV I A comparison by· urban and rural places are. p~esented in 
Table 4-5 .. The overrepresentation of rural M/ As is, as stated earlier,· probably a function of 
exposure. .. . , . . 

Table 4-6, Comparison of M/ As and OMV I As by Accident Severity, shows th~tlridiana 
Police reported Mj As are more injury producing than OMV 1 As. 2.3% of Ml As are fatalities 
compared to .5% for OMV I As. 75.9% of M/ As are injury producing compared to 22.4% for 
OMV 1 As. One contributing factor to this large difference is the tendency for minorM/ As to 
not be reported to police agencies thus making ISP estimates of less severe Ml A aceidents too 
small. 

When comparing M/ As and OMVI As by road surface condition (i'able4-7), results show 
more M/ As take place on dry road surfaces (93.4% for M/ As and 68.5% for OMV f As) and 
proportionally fewer M/ As happen on wet or snowy/ icy roads. Again this is probably because 
·motorcyclists drive less.during rainy, snowy or icy conditions. 

Light condition comparisons are presented in Table 4-8. No statistically significant 
difference exists between M/ As and OMV 1 As with respect io light conditions. There is a_ slight 
over-involvement of daylight M/ As and corresponding under-involvement of night M/ As. 

Comparisons of accident-involved motorcyclists and other vehicle drivers are presented in 
Tables 4-9 through 4-11. Motorcyclists are shown to be younger, are usually male (96.4% male) 
and are no different with respect to alcohol presence. Again the over-involvement of young 
males in M/ As is primarily due to the over-exposure of younger, male motorcyclists. 

4.2.2 Representativeness of the IRPS Motorcycle Accident Sample 

Fifty-two M/ As were investigated by the IRPS on-site investigation team during the 
period November 1,1970 to May 31, 1975. M/ A characteristic distributions of the IRPS 
sample were compared .with the dfstributi()ns for a:lll973 .ISP M/ As., One-sample chi-square 

. statistics and significance levels were compu"ted. ISP and IRPS distributions/chi-square one
sample tests for each characteristic are displayed at the bottom of columns two and three of 
Tables 4-1 through 4-11. 

Generally, the IRPS sample is representative of 1973 ISP reported Ml As. Only one 
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Table 4-1 

Comparison of Motorcycle Accidents and other Motor Vehicle 
Accid,Ot$.by AccidentC~:mf.iguration .. 

) - . - l . ~ 

':·;.·. 

Accident.· 
Configur~tion . 

Multi-vehicle 
Urban • 
Intersection 

Multi~vehitle: 
Urban : , 
NorHntersection 

Multi-vehiCfe 
Rural 
· Intersection 

Multi-vehiCI'e 
Rural 
Non-Intersection 

Single Veh!cle 
· Urban 

Intersection 

Single Vehicle 
Urban 
Non-lnte.rsectiori 

Single Vehicle 
Rural 
Intersection 

Single Vehicle· 
Rural 
Non-Intersection 

• p $.05 
.. p $.01 
.... p $.001 

i•,' 

1973 Indiana . 
Accidents .. ·. ' 
Involving Other .. 

· Motor Vehicles. 

n % 

1271 . 30.4 

,',I• 

858 20.5 

·. 442 10.6 

560 13.4 

28 .... 7 

549 13.1 

20 .. 5 

453 10.8 

1973 Indiana 
· · Accidents· .. 

Involving . . 
. Mo,torcycles 

n % 

1079 24.9 

655 15.1 

.. 498 11.5 . 

589 13.6 

102 2.4 

511 11.8 

72 1.7 

820 19.0 

. Phases I thru V . 
.On-Site Accidents 

· Involving 
Motorcycles 

n 

19 

7 

5 

7 

,, ·~ i 

9 

% 

36.5 

13.5 

9.6 

:9 

17.3 

4181 100.0 4326 100.0 . 52 . 100.0 
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Table 4-2 

Comparison: of Motorcycle· Accidents and other- Mota,r Vehicl.e 
Accidents by Month of Accident 

1973 Indiana 1973 Indiana Phases I thru V 
Accidents. Accidents. On-Site Accidents 

Month of · Involving Other Involving Involving 
Accident· Motor ·Vehicles Motorcycles Motorcycles 

n % n % n % 

January 313 7.5 50 1.2 2 .3.8 

February 326 . 7.8 40 .9 

March 351 8.4 193 4.5 5 9.6 

April 338 8.1 342 7.9 8 15.4 

May 367 8.8 478 11.0 7 13.5 

June 350 8.4 758 17.5 4 7.7 

July 330 . 7.9 718 16.6 4 7.7 

August ,_342 8.2 700 16.2 8 15.4 

September 328 7.8 524 12.1 6 11.5 

.October . 380 9.1 335 7.7 5 9.6 

November 326 7.8 134 3.1. 2 3.8 

December 430 10.3 54 1.2 1.9 

Total 4181 100.0 4326 100.0 52 100.0 
x~ = 1309.48 with 11. d~f .... 

~ = 16.446 with 11 d.f. NS 

. Sources: lndiana-1973 ISP statistics; IRPS-Phases I thru V on-site accidents 
NS-Not Significant · · · 

• p :::;:._05 
•• p :::;: .01 
... p ~'.001 
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' .;. ··~- Table 4-3 

Comparison ·of Motorcycle Accidents· and oiher ·Motor Vehicle 
Accidents by Day of Week · 

1973 Indiana 1973 Indiana Phases I thru V 
Accidents Accidents· On-Site Accidents 

Day Involving Other Involving Involving '. 
of Week Motor Vehicles Motorcycles Motorcycles 

n % n % n % 

Monday 594 14.2 488 11.3 . 13 . 25.0 

Tuesday 554 13.2 .501 .11.6 6 11..5 

Wednesday 565 13.5 524 12.1 5 9·.6 

Thursday. 571 13.7 617 14.3 9 17.3.. 

Friday 738 17.6 653 15.1 4 7.7 

Saturday 719 . 17.2 853 19.7 9 17.3 

Sunday 441 10.5 690 16.0 6 11.5 

·Total 4182 100.0 4326 100.0 52 100.0 

X2 = as.40 with 6 d.f.* ... l. · . • I 
iX2.= 11.919 with-6 d-.f. NS 

Sources lndiana_;,19731SP statistics; lAPS-Phases I thru Von-site accidents 
NS-Not Significant 

• p ;:; .05 
*" p $. .01 
••• p .5 .001 

characteristic, motor~yclist age, is not repreSented prop~rly. The IRPS sample is significantly 
different from the ISP age qistribution; it is underrepresented with motorcyclists less than 20 
and overrepresented with older age groups. No significant differences exist for ~my of the other 
comparisons (accident configuration, month of accident, day of week, time of day, urban and 
rural places, accident severity, road surface condition, light conditions, motorcyclist sex and 
alcohol presence). 

4.2.3 Motorcycle Accident Causes 

In order to analyze M/ A causes, accident cauSative errors of motorcyclists (n =54) and 
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Table 4-4 

-- -

Comparison of Motorcycle_ Accidents and other Motor Vehicle 
Ace, dents ~Y Time .of Day 

1973 Indiana 1973 Indiana Phases I thru V 
Accidents Accidents On-Site Accidents 

Time Involving Other Involving Involving 
of Day Motor Vehicles Motorcycles Motorcycles 

n % n % n % 

12:00 A.M. -
12:59 A.M. 89 _-2.2 105 2.5 

1:00 A.M.-
1:59 A.M. 55 1.4 71 1.7 

2:00A.M.-
2:59A.M. 60 1.5 53 1.2 

3:00A.M.; 
3:59A.M.\ 45 1.1 33 .8 

4:00A.M.· 
4:59A.M. 24 .6: 14 .3 -

- 5:00A.M.-
5:59A.M. 36 .9 _18 .4 1.9 

6:00A.M.~-

6:59A.M. 87 2.1 55 1.3 2 3.8 

- 7:00A.M.· 
7:.59 A.M . 173 4.3 94 2.2 3 5:8 

. . 
8:00A.M.· 

8:59.A.M. 187 4.6 61 1.4 2 3.8 

9:00A.M.· 
9:59A.M. 158 3.9 61 1.4 2 3.8 

10:00 A.M. • 
10:59 A.M. 159 3.9 100 2.3 3 5.8 

11:00 A.M. -
11:59 A.M. 216 5.3 196 -4.6 2 3.8 
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'· .. _.-[:;"~ Table 4-4 continued 

12:00 P.M. -
12:59 P.M. 255 6.3 238 '5.6 2 3.8 

1:00 P.M.- .. 
1:59 P.rJI. 208 5.1 271 6.4 5 9.6 

2:00 P.M. -·' 
2:.59 P.M. 247 6.1 289 6.8 4 7.7 

3:00P.M,-
3:59P.M. . 405 10.0 399 9.4 5 9.6 

4:00 P.M. -
·· 4:59P.M. 409 10.0 440 10.3 5 . 9.6 

5:00P.M.-
5:59P.M. 321 7.9 399 9.4 3 ·5.8. 

6:00 P.M. -
6:59P.M. 218 5.4 329 7.7 3 5.8 

7:00P.M.-
7:59P.M: 178 4.4 291 6.8 4 7.7 

8:00 P.M. -
8:59P.M. 168 4.1 266 . 6.2 2 3.8 

9:00 P.M. -
9:59P.M. 124· 3.0 181 4.2 1.9 

10:00 P.M. -
10:59 P.M. 131 3.2 176 4.1 1.9 

11:00 P.M. -
11:59 P.M. 117 2.9 125 2.9 2 3.8 

Total 4070 100.0 4265 100.0 52 100.0 

X2 = 273.01 with 23 d.f!** 
~2 = 23.353 with 23 d.f. NS 

Sources: lndiana_-1973 ISP statistics; lAPS-Phases I thru V on-site accidents 
NS--Not Significant '[ . p s. .05 .. p;::;, :01 
••• p:;:;;: :001 
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Table 4-5 

Comparison:.of Motorcycie Accidents and other-Motor, Vehicle 
Accidents by Urban and Rural Plac~s · · · - · 

_1973 Indiana 1973 Indiana Phases I thru V 
Accidents Accidents · On-Site Accidents 

Urban and Involving Ot~er Involving Involving 
Rural Pl_aces Motor Vehicles Motorcycles Motorcycles 

n % n % n % 

Rural 1416 35.3 1979 45.7 18 34.6 

Urban 2706 64.7 
" 

2347 54.3 34 65.4 

Total 4182 100.0 4326 100.0 52 100.0 

-~2 = 95.89 with.1 d.f.*** I 
I X2 = 2.575 with 1 d.f. NS 

Sources: lndiana-1973 ISP statistics: IRPS-Phases I thru V on-site accidents 
NS-Not Significant 

~ p :;; .05 
•• p :S .01 
••• p :; .001 

I 

other vehicle drivers (n = 37) involved in IRPS-investigated motorcycle accidents are described 
and compared to expected causation rates as represented by the causal factor distributions of 
all drivers in th~ _ IRPS_ on-site sample. . . 

Table 4-12 presents the distribution of accident-causing errors of motorcyclists. 44.4% of 
the 54 motorcyclists wel'e in some way culpable (see row labeled "Human Factors"). 7.4% 
made recognition errors, 33.3o/o-decision errors, 9.3%-performance' errors, 9.3%-affected by 
some psychological·/ physiological condition or state, 27 .8%. were affected by some 
environ.nient~l hazard and 1.9% had vehicle malfunctions. Of the four motorcyclists who made 
recognition errors, one was inattentive to traffic stopped or slowing ahead, one was inattentive 
to the position of his motorcycle on the road, one was inattentive to road features (such as on
coming curves, lane narrowings, etc.), and one was inattentive to road signs and signals 
providing driver information. Of the eighteen motorcyclists who made decision errors: 1) 
66.7% were driving too fast; 2) 27.8% falsely assumed the other driver would stop or yield; 3) 
27.8% 'improperly maneuvered their motorcycles by turning from the wrong lane, driving in 
the wrong direction of travel, passing at an improper location or driving too close to the center 

· line _or edge of road; 4) 22.2% -were inadequately defensive by not adjusting their speed 
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Table 4-6 

. Comparison ·of Motorcycle Accidents and other M'otor Vehicle 
Accidents by Accident Severity · · · · · 

1973 Indiana 1973 Indiana . Phases I thru V 
Accidents Accidents On-Site Accidents 

Accident ' Involving Other Involving Involving 
Severity Motor Vehicles Motorcycles Motorcycles 

n % n % n % 

Fatal 21 .5 101 2.3 2 3.8 

Non Fatal Injury 937 22.4' 3282 ·75.9 40 76.9 

PO Only . 3223 n.1 943 21.8 10 19.2 

Total 4181 . 100.0 4326 100.0 52 100.0 
X2 = 2601.95 with 2 d.f .... I 

~2 = .705 with 2 d. f. NS 

Sources: lndiana-1973 ISP statistics; lAPS-Phases I thru Von-site accidents 
NS-Not Significant 

• p s .05 
•• p .s: .01 
••• p .s: .001 

app~opriately; 5) 11.1% did not take proper evasive action; 6) 5.6% failed to signal for turn, and 
7) 5.6%lost control by accelerating too fast. Perlormance errors made by motorcyclists were (n 
= 5): I) made errors of overcompensation (40%); 2) allowed the motorcycle to go off the right 
edge of the road (40%), and 3) allowed the motorcycle to enter the opposing lane of travel 

. (20%). Physiological/psychological conditions or states which adverse'iy affected 
motorcyclists (n = 5) were: l) vehicle unfamiliarity (40%);2) driverinexperience(20%); 3) road 
area unfamiliarity (20%); 4) reduced visi'on (20%), and 5) "in-hurl)·" (20%). Accident causative 
environmental hazards conf~onted by motorcyclists (n. = 15) were: 1) view obstructions 
(40%)-Note: three were hillcrest, sags, etc.; one roadside embankment, one roadside 
structure/ growth and one parked vehicle; 2) slick roads (33.3%) Note:. three because of gravel 
and/ or sand on pavement and two because of wet roads; 3) special hazards (26. 7%) Note: three 
non-contact vehicles,.one object on road; 4) control hindrances ( 13.3%) Note: one drop-off at 
pavement edge and one c~ntrol hindrance-other; 5) design problems (13.3%) Note: one road 
overly narrow and twisting and one design problem-other; and 6) one vision limitation caused 
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Table 4-7 

. Comparison of Motorcycle Accidents and .other Motor. Vehicle 
Accidents by Road Surface Condition . 

' ' 

1973 Indiana 1973 Indiana Phases I thru V 
Accidents·· Accidents On-Site Accidents 

Road Surface Involving Other Involving Involving 
Condition Motor Vehicles Motorcycles Motorcycles · 

n % n % n % 

DIY 2718 68.'i 3918 93.4 48 '92.3 

Wet 955 24.1 258 6.1 4 ''. 7.7 

Snowy/Icy 284 7.2 6 .1 

Other 10 .3 15 .4 

Total 396 100.0 4197 100.0 52 100.0 
') xz = 879.21 with 3 d.f."** I 

X2 = A8 with 3 d.f. (NS) 

Sources: lndiana-1973 ISP statistics; IRPS-Phases I thru· Von-site accidents 
NS-Not Significant 

• p ~ .05 
•• p :s .01 
... p ~:001 

· ·bY darkness (6.7%). Motorcycle degradations caused one accident; this was because of 
inadequate tread depth. 

70.3% of the 37 other vehicle (0/ V) drivers involved in M/ As were culpable in some 
manner (see Table 4-12 for summary of other ·motor vehicle driver causative factors). 51.4% . 

· made recognition errors, 21.6%-decision errors, 5.4o/o-performance errors, 2.7%~affected by 
'some physiological/ psychological condition or state, 18.9%-affected by some envirorimentat' 
hazard and2.7% had a vehicle malfunction. Recognition errors ofO/ V drivers (n = 19) were: 1) 
inattention to other traffic, improper lookout or other delays in perception when entering a 
travellanefrom an intersecting street or alley (63.2%); 2) internal distractions (15.8%) Note: 
two were because of conversation and one was because of a loud noise in the car; 3) improper 
lookout prior to changing lanes and improper lookout-other ( 10.5%);4) failure to observe and 
stop for stop sign (5.3%); 5) inattention to traffic stopped or slowing ahead (5.3%); 6) 
externally distracted by other traffic· (5.3%); · 7)· other delays in· perception (5.3%); ·and 8) 
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Table 4-8 

Comparison of Motorcycle Accidents and ·other. Motor Vehicle 
Accidents by Light Conditions · · .... · · -~ 

Light 
Conditions 

Daylight 

Darkness 

Dawn or Dusk 

1973 lnd ian a 
Accidents 
Involving Other 

· Motor Vehicles 

n % 

2711 . 68.5 

1053 26.6 

194 4.9 

1973 Indiana 
Accidents 
Involving . 
Motorcycles 

n % 

2952 70.6 

1028 24.6 

200 4.8 

Phases I thru V 
On-Site Accidents 
Involving 
Motorcycles 

n % 

41 

9 

2 ~.8 

Total 3958 100.0 4180 100.0 52 100.0 

X2 = 4.60 with 2 d.f. (NS) ( 

I X2 = 1.72•with 2 d.f. (NSJ 

Sources: lndi.ana-1973 ISP.statistits; lAPS-Phases I thru Von-site accidents 
NS-Not Significant 

• p ~ .05 
•• p :£. .01 
••• p :£. .001 

delayed comprehension (5.3%). Decision errors of 0/ V drivers involved in M/ As (n = 8) w~re: 
l) improper maneuver -turned from the wrong lane (37 .5%); 2) false assumption- assumed 
no traffic was coming (25%); 3) misjudgment of distance (12.5%);, 4) improper driving 
technique - other (12.5%); and 5) driver could have accelerated .out of danger but.did not 
(12.5%). 0/V drivec performance errors (n ::= 2) were: 1) panic or freezing (SO%), and 2) 
performance -other (50%). Other driver physiological/ psychological condition.s and states 
caused one M/ A. In this instance, the driver was both emotionally upset and alCohol impaired. 

· Envir~nmental hazards which affected 0/V drivers involved in M/ As (n = 7) were: 1) view 
obstructions (85.7%) Note: three were due to parked traffic; one to. hillcrest~. sags, one to 

. roadside embankments, and one to r.oadside. structures or growth; .and 2}a non-contact vehicle 
_ (14.3%). One 0/Y driver had a problem with his vehicle; his vision was obstructed due to 
water/ condensation on windows . 

. When accident-causative errors of motorcyclists are compared with errors of all accident
involved drivers; motorcyclists are shown to be significantly less.prone to recognition errors (p 
S .00 1), are generally less culpable (human factors, p =:064) and havefewer accident causative 
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Table 4-9 

Compari$on of Accident-Involved Motorcyclists and other Motor 
Vehicle Drivers by Age of Driver 

- '. 1973 lnaiana 1973 Indiana Phases I thru V 
Accident- Accident- On-Site Accident-

Age of Involved Involved Involved 
Driver· Drivers. Motorcyclists Motorcyclists 

n % n % n % 

Less than 20 702 20.0 1526 ' 37.3 9 17:0 

20-24 660 ' 18.8 1341 32.8 20 37.7 

25-34 760 21.7 ' 853 20.8 19 35.8 

35-44 456 13.0 245 6.2 2 3.8 

45-54 ' . 442. 12.6 92 2.2 2 3.8 

55-64 299 8.5 22 .5 1.9 

Over 64 187 5.3 5 .1 

Total 3506 100.0 4093 100.0 53 100.0 

I -X2 = 1202:13 with 6 d.f.* .. I 
~2 = 15.222 with 6 d.f.* 

Sources: lndiana-1973 ISP statistics; lAPS-Phases I thru V on-site accidents 
NS-Not Significant 

• p S; .05 
•• p :s .01 
••• p ::;; .001 

vehicle malfunctions (p = .085). Test results of differences in causation frequencies for human 
factors, recognition, errors, decision errors, performance errors, conditions and states, 
environmental factors and vehicle factors are presented in Table 4-12. 

Other drivers involved in M /As, when compared to all accident-in valved drivers are shown 
to be significantly more prone to recognition errors (p = .016); make significantly fewer 
decision errors (p = .044); are geneniJiy more culpable (p = .075) and are less affected by 
physiological/psychological conditions or states (p = .099). Test results of differences in 
causation frequencies for human factors, recognition errors, decision errors, performance 
errors, conditions and states, environmental factors and vehicle factors are presented in Table 
4-12. 
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Table 4-10. 

Comparison .of. Aecident•lnvolved Motorcyclists and· other. Motor 
Vehicle Drivers by Sex of Driver 

1973 Indiana 1973 Indiana Phases I thru V 
Accident- Accident- On-Site Accident-

Sex Involved Involved Involved 
of Driver Drivers· Motorcyclists Motorcyclists 

n % n .Ofo n % 

Male 2665 70.2 4055 • 96.4 54 100.0 

Female· 1129 29.8 153 3.6 

Total 3794 100.0 ~208 100.0 54 100:0 

x,2 = 1009.9o with 1 d.t:·· 
~ 2 = 2.017 with 1 d.f. NS 

Sources: lndiana-1~73 ISP statistics; IRPST'-Phases I thru V on-site accidents 
NS-Not Significant 

• p $.05 
•• p s: .01 
••• p s: .001 
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Table 4-11 

,,Ccunparison: of Accide"nt-lnvolve~ Motor~yclists and Qthe_r)VIotor 
V.ehic;le Drive.rs by Alcohpllnvolvement , .. ,_. ,;·... · 

_ ~ . , , ., , . • ,- ~ . , _. ; - , _, _ · . ., '·. I ·, ~ • 

197~ Indiana 1973 Indiana 
'• Pha~~{l,ihru v 

Accident- Accident- On-Site Accident-
Alcohol Involved Involved Involved 
lnvolv.ement. Drivers ·· Motorcyclists Motorcyclists 

n % n %· .n % 

Not Drinking 2669 ·. 92.2 3223 91.3 45 95.7 

Drinking 226 7.8 306 8.7 2 4.3 

Total 289~- 100.0 . 3529 1QO.O 47 .. _100.0 

I X2 = 1.45 with 1 d.f. NS 

.I • 
X2 = 1.169 with 1 d.f. NS 

Sources: lndiana-1973 ISP statistics; lAPS-Phases I thru V on-site accidents 
. NS....:,Not Significant · · · -

• p :::; .05 
•• p :::; .01 
••• p :::; .001 
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Table 4-12 

Comparison of Motorcyclists and Other Drivers Involved In 
Motoreycle Accidents With all Accident-Involved Drivers by Type 
of Culpability (Causal or S/1, Certain, or··· Probable Levels of 
Significance and Certain~) 

', ,: 

Accident · 
Cause · Motorcyclists 

Other 
Vehicle Drivers 

AIIIRPS 
On-Site Accident
Involved Drivers 

n %. · Z-Test n % Z-Test n % 

Human 
Factors 24 

Recognition 
. Errors .4 

Decision 
· Errors 18 

.. 

Performance 
Errors 5 

Conditions 
or States 

Environ mental 

5 

Factors 15 

Vehicle 
Factors 

Total 54 

z·=-tas 
44.4 p= .064 26 

Z=-6.76 
7.4 . ·-· pS.001. 19 . 

. Z=-.. 296 
33~3 p::: .764 . 8 

Z=1.062 
9:3 ·p=.289 2 

Z=.557 
9.3 p=.575 

27.8 
Z=.394 
p=.697 

Z=-1.723 
1.9 . . p=.085 

7 

37 

Z=1.784 
70.3 p=.075 . 2126 56.9 

. 2=2.410 
51.4 p=.016 1182 3{6 

Z=-2.010 
21.6 p=.044 . 1314 35.2 

Z=.081 
5.4 p=.936 . 191 .· 5.1 

Z=-1.651 
2.7 p=.099 266 7.1 

Z=-1.010 
18.9 p=.312 949 25.4 

Z=-.901 
2.7 p=.368 190 5.1 

3734 

*Example: Z=(44.4-56.9)/.J(.44) (.556)/54; pis a two-tailed probability 
Source: Phases II, Ill, IV & V on-site accidents 

- 171 -





5.0 General Discuulon 

5.1 Introduction 

_ The present section was written following completion of all ofthe substantive sections, to 
provided a human (actors-oriented synthesis of information drawn from each of them. The 
perspective is necessarily that of the author.J 

-In the present study, efforts were expended in two principal directions: the development of 
a methodology to assess accident causes; and measurement of the relative frequencies of 
various accident causes - as defm.ed within the framework of the methodology developed. 
Since (I) the process of attributing-accident causes relied heavily on humanjudgements(ofthe 
accident investigators) and (2) the emerging frequencies of causes revealed the significant role 
that human (driver) behaviors play in accident causation, it was considered of value to attempt 
to synthesize the results of the various analyses directed at evaluating the research 
methodology and the role of the driver in accident causation. 

Previous analytical and empirical studies of traffic accident causation have tended to define 
an accident cause as either an end event, behavior, or situation in a sequence of cause and effect 
relationships beyond which the .accident became imminent (e.g., Perchonok, 1972) (1); or as 
any descriptor shown to be overinvolvr:d in either an accident population, an accident site, or 
an accident-producing circumstance relative to a nonaccident population, site, or 
circumstance (A.D. Little, 1970) .(2). The advantages and the shortcomings of the two 
approaches have been discussed elsewhere (Haight, Joksch, O'Day, and Waller,l976) (3), but 
in general, the first one's major shortcoming is that .it does not provide an accurate 
representation of the involvement of different accident causes relative to the frequencies oft he 
behaviors themselves, whereas the major shortcoming of the latter approach is that it falls 
short of providing a theoretical explanation for any "accident causes," and may be susceptible 

.. to conclusions based on spurious relationships. 
This study attempted to combine to some extent the two approaches. For the most part, 

a set' of accident causes, or a hierarchy of accident causes, was developed independently 
of any empirical data,· and then the relative occurrences of various accident causes in an 
accident-involved population were determined. Data obtained on this accident population 
were supplemented by normative data from the general driving population, and compari
sons between the two populations were made along various dimensions in order to provide 
some indices of over-involvement. Unfortunately, these indices were limited to variables 
such as age, sex, etc.,-which cannot be described as causes in the cause-and-effect sense of 
the word. 

The discussion below will attempt to synthesize the results pertaining to three major areas: 
an evaluation of the methodology for attribution of accident causes; the involvement of human 

l The primary author of this di5Cussion was David Shinar, Ph.D., a human factors psychologist. 
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. factors in accident causation; and implications of the results for future research and safety 
programs. 

5.2 Methodology Enluation 

5.2.1 Converging Operations 

In the development of both an accident causation hierarchy and a causaf assessment 
methodology, it is critical that the processes involved in the latter be robust and valid in order 
to be able to evaluate theformer. Validity as used in this particular section refers only to the 
methodology, independently of the validity of the accident causes as true descriptors of reasons 
for acCidents. Thus, this is an evaluation of the methodology per se. 

One of the critical reflections of a valid model or methodology, is that it yields internally 
consistent results with different converging operations (converging operations iue various 
experimental and statistical manipulations of the data). On the other hand, if the model -in 
this case, the accident causation hierarchy - is either methodology-bound or statistical 
manipulation-bound, then different patterns of data would emerge from different assessment 
methodologies and different statistical treatments, and thus, the results would be said to be 
interpretable only within a specific rigid methodology and/ or statistical treatment. This would 
obviously weaken the generalizability of the results.·· . · · · 

In the present study, much of the efforts were directed to providing converging operations 
that would test similar relationships so that any assessment of accident causation would 
hopefully be based on more than one statistical analysis. To some extent, converging 
operations were also applied to the evaluation of the hierarchy and the· assessment 
methodology. The prime example is the comparison of frequencies of accident causes between 
on-site data and in-depth data. The two levels consist of different approaches to accident 

. analysis (mostly because the in-depth investigation is delayed and consistS of a much more 
formalized and detailed investigation of each of the driver-vehicle-environment 
components). Thus, differences between the on-site investigations and the in-depth 

· investigations would indicate that the results obtained with either one alone are either not 
stable~ or when the difference can be attributed to the increased. accuracy of the in-depth 
team, the results would be said to be methodology-bound so that they can be obtained at 
only with that type and level of accident investigation. On the other hand, results obt~ined at 
both levels of investigation provide some construct validity for both the model and the data. 

Converging operations designed to test the theoretical basis of some of the accident ca~se 
patterns were provided by speCial studies, such as those involved in assessing personality 
profiles that might be associated with increased involvement in accidents, and the involvement 
of specific driver characteristics such as vision and knowledge in accident causation. Finally, 
various parametric and nonparametric analyses, resting on different assumptions, were 
applied to the same data base. Thus, many of the results and conclusions are based ori two or 
more of the following statistical procedures: regression ·analysis (analysis of variance, 
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correlatic{ns, regressions); cluster analysis; Chi-square analysis; factor analysis; and an 
automatic interaction detector program. 

5.2.2 The Causation Hierarchy 

The human factors part of the accident causation hierarchy is patterned.after.a stage. model 
of human information processing consisting of at least three additive stages involving 
recognition, decision, and response (e.g., S~ith, 1968; Sternberg, 1969)(4,5). While various 
experimental techniques have been developed to probe the variabl~s aff~cting each one of these 

_stages, the consensus is that an overt response must of necessity reflect the involvement of all 
three. Thus, post hoc interviewing could not be viewed as a valid ineth,od for assessing an 
information pro_cessing failure specific to any of the component processes. Therefore, in 
localizing ~ driver error as ~- recognition error versus decision error; the reference is to a 
function rather than a stage. - · 

. The. ~valuation of the. human factors accident cau~ation hierarchy is in terms of two 
principal aspects: {1) its applicability to accident investigation, and (2) its iriter~al consistency . 
. The last implication is closely tied into the. practicality of the defmitions associated with each 
one of the accident causes, since either overly specific definiti'?ns; or. insufficiently detailed 
definitions would yield low inter-investigator reliabilities. 

The applicability of the causation hierar~hy. wu evalu.ated by subjecting both the in~epth 
and on-site accident causation results to cluster an~lysis. It should first be noted that 
comparisons .between the on-site cluster analysis and the in-depth cluster analysis yielded very 
similar patterns. Based on these analyses, the primary clusters of accident causes consisted of 
the foliowing groups of drivers_: drivers j;.~dged not to be at fault; drivers committing 
.recognitio~ errors; drivers committing decision errors; and drivers impaired by physical or 
mental COJ:lditions. In addition to the great similarity between the in-depth and on-site levels, 
these patterns of errors fit nicely within the conceptual human information processing model. 
Thus, these clusters manifest a tendency on the part of the investigator~ to pinpoint the critical 
error to a specific human information processing function. Had this not been the case, these 
groups w'ould not have separated so nicely into the various componc;nt processes. While the 
separation of functions by the accident investigators is somewhat artificial (since there is 

· overlapping among processes, and in a post hoc interview it is almost impossible to pinpoint 
'the' localization of the error in the sequence), it is useful to conceptualize driver errors in this 
fashion, and ap'parently, both on-site teams and in-depth teams were able to do so. Thus, at the 

. very least, these patterns of results indicate both consistency across the two levels as well as 
- appropriate applications of the accident causation model to attributing accident causes . 
. : . The consistency of the causation assessment methodology was assessed b.oth by making 
• within-case comparisons bet~een the on-site and the in~epth teams, and by measuring the 

interjudge reliabilities between the different in-depth investigators. In general, the 
. comparisons indicated both that the causal hierarchy, along with its set of definitions, is quite 
adequate as a set of descriptors of ac~ident ca,uses, and that the causal a~sessment methodology 
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is sufficiently formalized to yield similar judgments across different people. To evaluate the 
hierarchy and its definitions, the frequency at which causes were misidentified by one of the 
two teams re:ative to the other was evaluated. Correlations between the on-site and in-depth 
conclusions w~re quite high (using any one of three measures of relationships: contingency 
coefficient; Cramer's V; uncertainty coefficient) and indicated that, at the most conservative 
level(for data corrected of coding errors on the fifty most frequent causes) misidentifications 
accou~ted for approximately 20% of the variance (J-R2). The correlations between the in
depth and on-site, in specific categories, ranged fro'm 1.0 for human conditions and states to .81 
for human direct causes. These results indicate that in general, once a cause is identified, the 
hierarchy as defined is sufficiently detailed to allow different investigators to correctly identify 
the cause by using the proper labeL This data is very supportive of the causal hierarchy as a 
workable set of accident cause definitions, though one should be aware that it does not address 
the issue of whether or not this group of "causes" is either ~xhaustive or true. 

Comparisons between the on-site and in~depth results also allowed an evaluation of the two 
levels of accident investigation in terms of their ability to detect various accident causes. This 
was revealed by evaluating the rates of,omission errors on the part of the on-site investigators 
(i.e., the number of times an accident cause was identified by the in-depth team but not 
identified by the on-site team). This type of evaluation does not reflect so much on the causal 
hierarchy and its definitions, as on the ability of on-site investigators to detect accident causes 
as they are defined by the.causal hierarchy. In general, on-site investigators tended to omit (or 
miss) certain causes rather than to commit (or falsely identify) them. Of the fifty most frequent 
accident causes, 35% of the times a cause was identified by the in-depth team it was missed by 
the on-site team. A signal detection analysis indicated that of the fifty most frequent causes, 
those most likely to be missed are: the vehicular causes designated "inflation problems with 
tires" and "communication system failures;" the human direct causes labeled as "delayed 
recognition due to internal distraction," "improper maneuver," "improper driving technique," 
and "inadequately defensive driving"; decision errors involving inadequate signalling, 
improper evasive action and other errors; all causes labeled under performance errors (ex
cluding inadequate directional control); environmental causes labeled "highway related 
design problems," and ambience-related problems (excluding those in which special/ transient 
hazards were involved). These results can be used as a strong argument for the need for 
accident investigations at the in-depth level, at least as far as the detection of these factors. 
Furthermore, if an in-depth level of accident investigation were to be totally dropped from an 
accident investigation effort, a primary source of quality control of the on-site performance 
would be lost. In the present research, gross errors and inadequacies on the part of the on-site 
investigators were often detected in the process of evaluating cases in-depth, and whenever 
appropriate, or relevant for future investigations, information was fed back to the on-site 
team. Thus, it is likely that a continuous on-site investigation operating as the highest level of 
an accident investigation effort could deteriorate gradually, without anyone being able to 
detect this deterioration. 
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5.2.3 The Clinical Assessment Method 

The most formalized aspect of the accident investigation process in this study was that of 
· the in-depth level. The formalization was carried out from the initial form that was filled out 
for each accident through the process of presenting and evaluating the data, and to the accident 
cause description. While it was in no way possible to evaluate the validity of this process for 
detecting and correctly identifying accident causes, various analyses were conducted to 
examine the internal consistency of this methodology. The results, in general, indicated that 
the methodology was fairly free oflarge individual differences and area-of-expertise biases that 
c.ould have been expected from the different investigators. The evaluation, however, did reveal 

. so~e differences in the use ofverbaJ labels of confidence (possible, probable, and certain levels 
of assuredness) among the various causal factor areas. The average subjective probability for 
certain judgments was 1.0 for human conditions and states and .92 for human direct causes. On 
the other hand, the average subjective probability for a probable cause was .61 f~r human 
conditions and states and . 74 for human direct causes. This indicates that some biases existed 
for the group as a whole (since individual differences were small) in evaluating various 
categories of accident causes. One of the recommendations stemming from this analysis is to 
use only numerical subjective probability ratings, in the hope that these biases will then be 
minimized. The implication of the present results, however, is that a probable level of 
assuredness for human direct causes may not quite correspond to a probable level of 

·.assuredness for human conditions and, states. Nonetheless, the differences were relatively 
small, and the overlap (across all causes) between the categories was not too large. 

·One bias that may have been shared by both the on-site and the in-depth investigators is the 
tendency to overestimate the human role in accident causation. The potential for such a bias 
exists sine~ all accident causes were defined as conditions or performance below the currently 
existing. norms. Whereas such riorrns are relatively easy to define for vehicle condition and 
almost as easy to define for the roadway environment, they are much more difficult to assess 
for the human operator. In this study, the definition of the "normal" driver was that of an alert 
driver exercising the "expe.cted" defensive driving techniques. This obviously leaves much 
room for variation in expectations of the driver. Furthermore, while it is reasonable to expect 
that a driver should be alert and defensive in general, it is unreasonable to ~xpect any driver to· 
be able to remain alert and defensive continuously while driving. The normal driver is not 
capable of maintaining peak alertness continuously over long periods of time. Even under 
conditions of maximum motivation and relatively few distractions, alertness deteriorates 
rapidly within the course of one hour (d. vigilance studi~s). Thus, it is possible that probability 
estimates for human causes reflect a much higher expectation of the driver than is practically 
reasonable. 

5.3 Human Factors in· A~cldent Cmaasadon · 

The methodology developed in this study and the various statistical analyses used to assess 
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·the results yielded information in three different areas: the relative frequencies· of various 
accident causes in the total highway traffic accident picture; some indications as to specific 

· chains of events and interactions of variables that lead up to an accident; and information 
·'concerning the specific characteristics of drivers that are likely to be overinvolved in accidents 

. : or to commit specific aecident~using behaviors. . . 
Prior to the discussion of these results, 'it is important to stress that this study (at least the 

causal tabulation aspect) was concerned with the identification of accident-causes - as 
defined by a sequence of cause-and-effect relationships that. ultimately made the accident 
inevitable· - rather than with a preconceived set of countermeasures that, had they been 
applied, would have prevented the accident. Thus, while the results may be said to adequately 

·describe the various errors and deficiencies that cause accidents, they impart no immediate 
information concerning the effects of various potential countermeasures. Furthermore, the 
transition between ''cause" as defined in this study and potential countermeasures is not a 
simple one. In the particular domain of human accident causes, very often the most effective 
countermeasure may be not in improving the driver, but rather in improving the vehicle or the 
environment, since it may be much easier to improve and standardize these two than to 
improve and standardize the .driver according to some ·preconceived expectations. To 

·illustrate, very often delayed .. recognition is assessed as an acci~ent cause when, in fact, given 
the very small pr;obability of the emergency situation, delayed recog!}ition, some of the time, is 
the norm under which most drivers operate. Thus, an average braking reaction time of 0.24 
seconds under ·optimal conditions may increase to 1.65 seconds under less than optimal 
conditions (Matson, Smith, and Hurd, 1955) (6). As drivers; we ~perate in biological time, 
which may fall far short of the physical time requirements for emerg~ncy situations. In such 

. circumstances, only a:n ,environmental or vehicular modification .can prevent an accident. 

5.3: ]. Driver &rors 

. Driver errors were class.ified as belonging to either r~cognition delays or failures, decision 
errors, performance errors, or critical nonperformance. In total, driver errors accounted for a 
greaterpercent Of the accidents than did both environmental and vehicular causes combined. 

·Both on-site and in~depth analyses indicated that human errors were involved at the probable 
level in more than 90% cif the accidents, but were the sole eause of accidents in only 57% ofthe 
c~ses (based on probabl~ cause data). Since-the in-depth investigations were judged to be more 

··accurate, and at this level of analysis were based on a suffiCiently large sample of cases, only in
depth data will be usedfor the present disc~ssion. 

The most common of. the human errors were recognition and decision errors, each involved 
in' over 50% of the accid~nts atthe probable level (or 41% and 29% of the accidents respectively 
at the certain level). The most common errors within those categories..:..:.. each involved in more 

·, than 10% of the accidents at the probable level !..:... were improperiookout, excessive speed, 
·inattention, and improper evasive action. Improper. lookout and inattention can both be taken 
to refle~t a consequence of reduced alertness-since, in the cases where improper lookouts were 
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committed, as often as no•. the driver reported looking in.the direction .of .the other vehicle but 
failing to "see" it. Also, in light of the finding that in over 60% of the cases where improper 

. lookout was cited the driver's view was not obstructed, it is unlikely that improper lookout is 
caused or severely aggravated by view obstructions. There remains the question ofw~at causes 
this reduced level of alertness and how it can be comp~.;nsated fo~. The focused examination of 
the inattention errors failed LO reveal any precipitating human condition or state in over 70% of 
the cases, thus providing no leads as to the causes of these reduced alertness manifestations. It 
is possible that these improper lookout and inattention errors are due to the simultaneous 

. occurrence of reduced alertness and an increase in the inherent requirements of the driving 
. task, both of which vary independently .. 

Improper lookout and inattention can perhaps be best understood within the framework.of 
the "schema" theories of perception (e.g., Bartlett, 1932; Posner; 1969) (7, 8). According to 
these theories, recognition involves a proc~ss in which incoming visual information is com-
, pared against a memorial representation consisting of a basic prototype of which the incom
ing information is some transformation. Thus, the visual image of the same intersection.from 
different points in the driver's path projects different images, all of which are transformations 
of the same prototype-i.e., the configuration of the basic elements making up that inter• 
section. Since the schema-unlike a photograph-is not a complete representation, whenever 
attention is reduced the likelihood of overlooking (or of late detection of) a discrepancy 
increases. Improper lookout is typically in reference to miss!ng an oncoming vehicle, an.object 
that is not contained in the schema. In a highly automated driving task, such as visual scanning 
at an intersection, there is the possibility that a low degree of consciousness associated with the 
task may result in overlooking or delayed recognition. of critical discrepancies bt:tween the 
schema and incoming information. If this in fact is the case, it may be important to know what 
is the driver's schema in such situations. This would then enable the manipulation of . 
environmental cues so that they would be more conspicuous whenever they do not correspond 
to that schema. The benefit rf conceptualizing the problem in terms of schema is that there are 
accepted experimental methods for the study'of;schemae and their relationships to various 
transformations. · · 

The basic concept here is. somewhat similar to expectancy. Whenever the events in the 
envjronment do notcorresporid to the driver's expectancy, they should be more conspicuous 
and be. presented earlier in ti~e. so that their incongruity with the schema will trigger an 
appropriate response. Knowledge of the driver's schema would in essence provide knowledge 
about his expectancies. One ongoing research program ihat is relevant to these factors is 
NHTSA's project on a driving simul;ttor (Dr. Albert Burg, Principal Investigator). 

One perhaps somewhat ·artificial distinction between improper lookout and inattention is 
~he context in which e.ach occurs. Improper lookout typically occurs at intersections, whereas 
Inattention is typically cited .on a straight road. While it is probable that. driv~rs have different 
schemae for straight roads and 'intersections, the actual.distinctions that" govern their visual 
monitoring behaviors are not very well know~.' · · · 
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The second. ~nd fourth ranking driver errors ar~ exc~ssive speed and improper evasive 
action, both classified as decision errors. There is a marked difference, however, 'between 
the two types of decision errors, in that excessive speed is a decision undertaken by the driv
er consciously or unc~nsciously before he enters the a~cident situation; whereas improper 

1 evasive adiori is a decision undertaken under temporal stress, when ~he threat of an acci
' dent already exi~ts, Thus, !'!xce~sive speed may be mote reQ~cti~e of a personality style that 
:includes risk-taking or of social maladjustment factors, whe~eas improper evasiye action 
I probably reflects a lower !~vel of skill and/or a poor information processirig caPa,bility (in 
:terms of responding quickly to emerging situations). Sinc_e the two errors reflectd1ffererit 

1
underlying cognitive and personality processes, remediation programs would have to differ 

1Jor these two. Improper evasive' action may be situation-speCific and may require better 
•tt:aining for e~ergency situations or vehicle modification, such as anti-lock devi~~ for the 

- :brakes, whereas excessive speed may be. a pervasive behavior that, short of' ail !lttitude 
,change or behavior modificati~n of the driver, may be very difficult to change. ' -. 

The fifth"ranking-human error was internal distraction, classified as a recognition error. 
Internai distraction's, .perhaps m~re than any other error~ exemplify the divided. ~ttention 
limitations of the.hu~an operator in general and the driver in particular. Thi~ limitation is not 
vision-dependent since the predominanttype of distraction was conversation with,apassenger, 

· riot necessarily requiring a shift in visual search behavior. While most drivers. are able to divide 
their attention appropriately, reducing their attention toward extraneous sources (such as 
passengers) as they enter. high-density and high-speed situations (such as inentering freeways), 
when the danger source is unexpected, the driver_ is likely to be ~aught off-guard talking to a 
passenger, wi\h a reduced level of attention toward new eyents on the road. , _ - -

Performance errors were the least common of the human errors, supporting the notion that 
the bulk of the driving requirements are information processing-related, rather than motoric. 

5.3.2 Interactions of Human Direct Causes With Other Factors 

A common characteristic of most accidents is that they result from multiple "causes" rather 
than a single one. Thus, a direct human error may be associated with a predisposing condition 
or state, or may be causal only as a result of its interaction with another-environmental or 
vehicular ca~se .. Knowledge of these interactions may be ·very useful in generating 
countermeasures. 

One current view ofthe accident causation chain'-of-events (e.g., Fell,l976) (9) holds that 
the accident is only the end event .in a series of events and behaviors leading up to it, in which 
each beh-avior or. event that results from a previous one can be seen to be the cause of the 
succeeding one. Thus, one would expect that each one of the direct human causes cited would 
be preceded by a' driver conditio~ or state which would be judged to be causal in the context of 
the accident~ Empirically, however, this was not the case; a'i1d for only 102 of the 720 drivers 
involved in the in-depth accident sample was one or more human state or condition cited by the 
in~epth accident investigation team (as a certain, probable, or possible cause). One probable 
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reason for this is that it becomes increasingly difficult to identify causal factors the farther they 
arl' tcmp~)rally reinoved from the-~ccident. · . · 

Oft-hl· "ari(,us conditions and states included in the hierarchy. roadway unlamiliarity wa~ 
tht• most often ·:JS!'ttidated with ·whether or not the driver committt:d an "error" (Volume II, 
Sen ion 3.2). Specifically. improperlookout, improper m~;~neuvers, and in light traffic only 
· ___ d~ctston .errors were associated with· relattvely low roadway familiarity. Since different 
roadways may be associated with different schemae, the more standardi7ed the roadway 

environ~u:nt the less .will be the need for different ~chema·e iwd the lower will be the 
informaiit;n processing load on the driver. This may be one of the underlying reasons for the 
'greater· safetyassoci'ated .with the i-elativrlv uniform dividedhighway system_ 

. An alt'~rn~tiv~ approach us.ed in this study was one in which the increased or decreased 
imolvem{ni of the direct cause w~s studied as a function of the human condition or state which 
w<~~ j~d-ged' to be causal for th~t accident. The results (Volunie I, Section 6.1) did in fact ~how 
~orne significant relationships between selected conditions and states a~d selected direct 
human causes. While some of these relationships were in accordance with expectations (such 
a;, an : i'ncre~se in errors coded as criticai nonperformance when fatigue was causally
i'mplicated), some were 'rather unexpected. Thus; it was foun!i that alcohol tends to increase 

. not nnly the critical nonperformance but also the probability of driving at an excessive speed. 
Alc(lhol 'was also associated with the reduced probability of having ari accident as a result of 
improper.lookotit behavior. This hist finding may be an artifact of the post hoc interviewing 
methodology, since drivers aware of being intoxicated may be less likely to admit improper 
lookout \1aintaining directional control was found to be related' not only to driving 

· experit::nce in general but also to specific experience with the accident vehicle: Thus, vehicle 
unfamilianty significantiy increased the probability of committing an inadequate directional 
control e~ror: 

. l'he illtcniCtion between alcohol and speed was also implied'-in the results of the clu~ter 
anaiysis (Volume I I, Section 3.1 ), in which one of the clusters (Cluster F) was found to contain 
cas<-"s with both alcohol involvement anddecision errors. · · 

Since the driver does not operate in a vacuum, but rather in the context of the highway and 
veh1cular environment, it was pnly natural to expect that many accident_s would have a 
con 1 hi nation of human factors and erivir~nmental and/ or vehicular factors. The data r~vealed 

'. tha f. at the probable level, in 29% of the accidents both human and environme~tal factors were 
inhlived. The nature of these interactions was revealed by some of the spe~ific si<JI is tical 

. analyses. Perhaps the strongest _relationship obtained was that between decision errors 
(spt::ctftcally, false assumption~),'' and environmental factors (specifically, highway-related 
facl••rs). "'hich fell into the same cluster in the cluster analysis (Volume II; Section 3.1). It is 

: po~sible that in all of Lhese cases (14 accidents), the highway environment was suffici~ntly 
. mi~ lt-aLllllg til elicit inappropriate schemae in the driver's mind against which incoming 
i-nformation was compared. The possible role of the environiilent in creating an information 
overload was indicated by the overlnvolvement of decision errors in the context of moderate or 
high traffic vo.lumes (Volul?e II,' Section 3.2). - - . 
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The importance of proper highway design was also suggested by some of the interactions 
between driver conditions and environmental factors, .which revealed that both vehicle 
unfamiliarity and area unfamiliarity significantly increased the likelihood of an accident due to 
an environmental factor. Specifically, area unfamiliarity increased the likelihood of an 
accident d~e to'~ontrol hindrances by a factor of almost 6, and increased the likelihood of an 
acddent due io inadequate signs or signals by a factor of 5. Obviously, the unexpected 
hindrances and inadequate signs or signals provide problems for the scherriae-matching 

' process, and in an accident-producing environment where time is precious may eventually 
cause an accident. ·The obvious recommendation in such cases is·to standardize the design and 
placement of control signals and signs (as in fact has been recommended by the U.S. Dept. of 
Transportation), and to remove control hindrances to the maximum exter:it possible (though it 

· is realized that some of these are transitory and cannot be totally eliminated).·· 
The association between human factors and vehicular factors is much less clear. Human 

and vehicular factors oc"curred jointly in only 9% of the accidents, and any specific 
relationships could not be supported by any statistical analysis. 

5.3.3 Individual Differences in AcCident Causation· 

In attempting to understand why accidents happen, one direction of resear~h,has bee~ to 
look for distinguishing features that would isolate the accident-involved driver from the· 
nonaccident-involved driver. Various studies of ~n actuarial nature have indic~ted that in 
general males have higher accident rates than females, very young and very old drivers have 
higher accident rates than middle-age drivers, etc. The purpose of the research here was to 
investigat~ individual differences in accident causation o11e step further, by attempting to 
identify driver characteristics associated with more specific measures of accident i.nvolvement. 
Specifically, analyses were conducted to define the driver who is overinvolved in acciden~s in 
which he/she is considered culpable or at-fault, in the sense of committing a "human error."At 
yet a greater level ofdetail, several analyses were aimed at isolating driver characteristics that 
correlate with specific ac;:cident causes. This section will review the major findings in this area . 

. Comparisons between the at-fault and not at-fault drivers reveaied that males were slightly 
more at-fault than females, and for both groups younger drivers (less than 25 years old) and 
older drivers (over 64 years. old for males.and over45 years old for females) were more culpable 
than drivers between these extremes: Analyses conducted separately for males and females, 
with the effects of age partialled out, showed that culpable men had little road area familiarity 
and were less familiar with their v'ehicles than would be expected for their age. The effect of 
driver experience was significant prior to adjustment for age, but not significant after this 
adjustment, indicating that the two variable~ are confounded with each other. ~n contrast, 
culpabl<; women were found to have little road area familiarity but less driving experience than 
would be expected for their age. While these results may be of some value, they only go a short 
way toward explaining the mechanisms involved in accident causation. Within the framework 

. af the present study it is much more fruitful to examine the more driver-related characteris
tics that were found to be associated with culpability. 
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Comparisons among clusters. revealed no significant differences between the at-fault 
drivers and not at-fault drivers in their knowledge of the dr·i~ing task as measured by the driver 

. knowledge tc.st, but did indicatesome significant differences in vision 2;nd personality. Of all 
the visual performance tests, differences in the expected direction were revealed only on 
dynamic visual .acuity, which was poorer for the at-fault drivers than for the. not ~t-fault 
drivers. This. finding implicates the role of dynamic visual acuity in safe driving even more than 
the previous results, obtained by Burg (1964) (10) and Henderson and Burg (1974) (II), which 
indicated a slight positive correlatio,n between dynamic visual acuity and accident involvement 

· (freq.uency and rate of accidents). In terms of personality characteristics, based on the driver 
profile analysis, the not-at-fault drivers were better adjusted socially but -surprisingly---:- had 
poorer impulse control than the at-fault dri:vers. ' ,, . . ' . 

Further attempts to identify particular accident causes .with particular personality and 
driver vision characteristics revealed that drivers for whom conditions and .states were cited 
had ·a significantly slower reaction time than other drivers. In addition, these drivers were 
shown to have poorer personal adjustment based on the profile analysis. These two results 
indicated that conditions and states may impair the information processing functions in a very 
important way by slowing the driver's reactiqn time: (which is critical incase of an.accident) 
and may furthermore be symptomatic of more permanent.characteristics. Thus, it is possible 
that many of the ~onditions and states are merely symptoms of deep-seated problems that, if 
they were to be removed, would be r~placed by other behaviors that may be just as dangerous 
to driving (e.g., speeding). This suggestion is supported by the finding ('Volume II, Section2.3) 
that at-fault drivers were significantly less adjusted as measured by both the social adjustment 
scale' and the personal adjustment scale, than the not-at-fault drivers. While as a group the 
at-fault drivers we're not significantly different from the not at-fault drivers in their alCohol/ 

· 'drug use and in their prior record, those drivers cited for alcohol as a human· c6ndition and 
state had significantly poorer impulse control and a higher'probability ofalcohol/ drug use 
history than the not-at-fault drivers. ·· -

Analyses of ihe recognition errors did not indicate im overwhelming support for the notion 
that deficienCies in the basic visual skills underlie the 'majority of recognition problems. Poor 
performance on the vision test was essentially unrelated-to recognition errors though it did 
appear to be_ related to whether or not the driver was at-fault. These res-ult's suggest that 
recognition errors can be interpreted more as attention failures than as a~ sensory defidencies.2 
Vision niay play a role in very critical circumstances, espeCially when peripheral .vision is 
involved, as was indicated by the overinvolvement of people with deficient peripheral detection 
capability in right-angle accidents. The dtiver personality profile analysis failed to reveal any 

· personality characteristics that may be related to recognition errors. 0~ the other hand, 
recognition errors were associ a ted with' slow reaction times~ both simpleand choice- again 

. supporting the argument that critical delays in the i~formation p~oces~ing functions are more 
likely to lead to accidents whenever a presentation of ~he inJormation is compressed in time. 

~ This conclusion must be considered tentative since the analyses of the vision tests indicated low reliability for 
many of the measures. · 
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Drivers identified as making decision errors had a significantly worse prior record than 
nm-at-lault drivers. 

5.4 Implications for the Future Research and Safety Program 

In th~.: course of this research program, the analytical methodology was continuously 
refined. Statistical analyses of the final "system" led to several conclusions. The first 
c~nclusi?n is that, given the sufficiently detailed causal hierarchy, subjective judgments of 
accident causes can be used with a relatively high degree ofinterjudge reliability, at least for the 
caus~.:, ddmcd in this study. Secondly, as defined in this study, it becameapparent that human 
factors arc the most frequently observed category of accident causes; i.e., the overwhelming 
majority of accidents are preceded by an inappropriate driver behavior (or the lack of an 
appropriate driver behavior) .but for which the accident would have been prevented. This 
recurring data pattern, substantiated by the trend analysis, should not be interpreted to imply 
that the improvement of the highway system depends on a driver improvement program, but 
rather to imply that to err- as defined in this study -is human. Therefore, in many instances, 
a human t:rror should be regarded as a parameter around which other components of the 
highway system should be reevaluated. 

rhe discussion below, concerning potential benefits of other various countermeasures, is 
highly spd;ulative. This is because whenever a countermeasure is suggested based on the 
present data, there is an implicit assumption that, given the existence of that countermeasure, 
everything else would remain the same. To illustrate, skidding on icy roads is a problem in 
which both slick roads and excessive speed could be causal factors; a potential countermeasure 
is the use ol' studdt:d tires. There remains the question, then, of whether driver velocity would 
change if the driver had studded tires --'- the assumption being that behavior (i.e., driving 
speeJ) would remain the same. A case in point is a recent study that exa·mined the interaction 
between driver speed and the use of studded tires. It demonstrated that drivers with studded 
tires drove on icy roads at a higher velocity than drivers without studded tires but still main
tained a greater safety margin than the drivers with nonstudded tires(l2). Thus, perhaps the 
most appropriate perspective from which to evaluate the potential countermeasures is to 
regard them as research hypotheses; i.e., ideas which, based qn the present data, might be 
useful for further testing. 

5.4./ · Veh1cle· Countermeasures 

[he h1gh frequency of delayed recognition errors- due to either inattention or improper 
lookoul. t'J n be mterpreted as warranting the installation of vehicular systems that would 
red 1xc 1 he lag in C"mmunicating the driver's response to the vehicle's action. In many ways, 
vch iel:· ,J.c.,•gn con~•derations have attempted to reduce system lags by-reducing steering wheel 
freeplay and braking time. Further improvements have been tested by using braking systems 
incorporating anti-lock and radarLactuation devices. One potential improvement that should 
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not be neglected is that of providing bett~r communication systems among vehicles. Thus, the 
potc.-ntial hen~fits of a deceleration-sc.-nsitive rear light wa~ dr/lmatintlly dernonstratrd hy 
V llnoJ~I-.y (II) 74)( 13) with a rcdul:!Hm ol 1 cal cJu.J aL:L:JJcnl~ by dm.c lu ~0 1,'(,. l u the cx.lcnlthal 
delayed recognition is due to initial poor distance judgment, a heads-up display that would 
provide problem drivers with better information on intervehicular distance may also reduce 
the frequency of this type of accident'(Gantzer and Rockwell, 1968) (14) .. 

1 his study has also indicated the overinvolvement of speeding when alcohol was a causal 
factor. Sin·ce various alcohol ignition interlock devices have already been considered and 
rejected for practical uses, a modified use of such devices would be to mechanically restrict 
intoxicated drivers from exceeding certain speeds. This device would then compensate for the 
slowed reaction time of an intoxicated driver by forcing him( her to drive.at slower than normal 
speeds. 

5.4.2 Environmental Countermeasures 

The ultimate purpose of the highway environment is to provide not only comfortable 
driving, but also information that would be interpreted correctly by the driver. It is at those 
instances when information in the environment is either totally missed or misinterpreted that 
driver misjudgments are most likely to occur and accidents are most likely to result. 

Environmental causes- typically control hindrances and inadequate signs and signals
occurred most often in combination with decision errors. It has been shown (c.f. Forbes, 1972) 
( 15) that the placement and nature of signs and signals are important factors in influencing the 
time needed to detect and respond to them appropriately. Both delayed recognition and 
misjudgment due to misinterpretation of information could be greatly reduced if all the 
high way-related information were to be standardized in terms of its placement and its design. 
The Department of Transportation "Manual on Uniform Traffic Control Devices" goes a long 
way toward that goal. The existence, however, of control hindrances and inadequate signing 
and signals indicates that problems remain. While it may be prohibitive in cost to correct these 
problems on all the roads of America, the accident analysis procedures used in this study would 
be very appropriate for identifying the accident cau~es and potential countermeasures at high 
accident sites. 

5.4.3 Driver Improvement 

Perhaps the most immediate applications of this study's. results on the role of human 
factors in accidents are in the areas of driver screening and improvement programs. This is be
cause the identification of driver errors leads most directly to hypotheses concerning ways to 
eliminate these errors. It should be borne in mind that driver change, however, is perhaps the 
most difficult of all changes of.the highway environment This can be exemplified by the 
repeated, and not too successful, efforts to eliminate drunken driving. In this particular area, 
neither educational efforts nor severe punishment (Lawrence, 1976) (16) have proven very 
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effective. Nonetheless, the results obtained in this study do point the way to some potential 
driver improvement programs.· 

A dir~ct application of this study's findings is to use the results to raise driver aware
ness of the particular .driver errors.thatlead to accidents. It is highly probable that most 
d'rivers are not quite aware of the high incidence with which reduced attention:._!_ leading to 
delayed r6cognition and an improper lookout - actually causes accidents .. In this context, 
since we know that "it is impossib-le to maintain a continued high level of attention, driver 
programs should identify the specific environments in which delayed recognition and 0 

improper lookouts occur. This type of information would help drivers allocate their 
attentional capacities differentially as the driving em:ironment changes. To illustrate; accident
catbing improper lookouts are most frequent in intersections where the relevant visual field is 
much wider than it is on the continuous road. Similarly, educational programs that would 
include knowledgeon the effects of various impairments (i.e., conditions and states)' on specific 
accident-causing behaviors (direct human causes) would also be beneficial. The·d~ta nere on 

. the relationship bet~een indirect human factors and direct human errors is rather small. To the 
. (:~tent that the ·same pattern of results is 'supported by further studies, however, 'it would be 
beneficial for drivers to know that vehicle unfamiliarity inci'e~ses the likelihood of having an 
accide~t due to inadequate dir~ctional control, whereas area unfa~iliarity increases the 
likelihood of having an accident due to excessive speed. 

Some of the findings ~o~cerning the r~lation~hips between accident involvement and driver · 
characteristics (age, sex, personality) have potential implications for licensing. Here, however, 
ethical issues arise as to whether licenses should be refused or revoked from the driver on the 
has is of some criterion that is not based on actual driving behavior. Present practices base 
licensing considerations solely on driving performance and driving-related performance 
(dm ing knowledge tests, visual acuity) .. The findings here indicate that accident involvement 
may be related to some basic personality _characteristics (such as personal and social 

. maladjustment). l hese,-·in turn, probably influence the driving style that may be exhibited in 
11ormal driving situations but not in the driving test. While it ·is unlikely that personality 
measures would he used as criteria for licensing, it· is possible to view such measures as 
additional sources of information that should be considered for repeated vioJ;,tors and high . . . ~~.;~... ' ' . ~ 

. acc1dent drivers ... These types of measures may then be used to separate drivers who may have 
had a high freque~cy of accidents by "chance" from those whose accidents reflected a 
personality style. 
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·6.0 SuiJI .. &ry, Conclusions and RecommendatiOJll. 

In this sel;tion, results are summarized and conclusions and recommendations presented 
for both Volumes I and II of this Final Report. Causal result tabulations and analyses are 
based on combi_led data from Phases II through V, and in order to simplifythe presentation, 
results from the in-depth team (Level C) are emphasized. These tabulatiohs are based on 420 
accidents investigated by the in-depth team, and 2,258 accidents investigated by the· on-site 
teams, duri,ng Phases II through V. 

6.1 Volume 1: C.ausal Factor Tabulations and Assessments 

6.1.1 Section 3.0: Cawal Result Tabulations 
' ' . . 

I. Overall, and in each of the data collection phases, of the human, vehicular, and 
environmental factors which were assessed, those categorized as "human factors" were the 
most frequently cited as accident causes, followed by environmental and vehicular factors, 
respectively. Human factors were identifi~d by the in-depth team as causes of between 70.7 
and 92.6% of the combined ,Phase II, III, IV and V accidents (definite and probable result 
figures, respectively). Environmental factors were cited as causes of between 12.4 and 33.8% 
of these acCidents, while vehicular factors were identified as causes in 4.5% to 12.6% of the 
accidents investigated. The on-site/technician teams (Level B) reported similar results: 
human factors, 64.3-90.3%; environmental factors, 18_9-34.9%; and vehicular factors, ·. 
4.1-9.1%, 

2. pr the five major categories of human direct causes which were defined, recognition and 
decision errors predominated. These categories were ranked as follows: (I) recognition 
errors (in~epth team definite and· probable results of 41.4 and 56.0%, respectively); (2) 
decision errors (28.6-52.1 %); (3) performance errors (6.9-11.2%); (4) critical non
performances (I. 7-2:1 %); and, (5) non-accident/ intentional involvements (none 

. identified). 

3. Below the major categories of human direct causes mentioned in the preceding paragraph, a 
number of more specific human direct cause categories were defined. Among these, those 

·most frequently cited. as accident causes were: (I) improper looko11t (i7.6-23.1%); (2) 
excessive speed (7.9'--16.9%); (3) inattention (9.8-15.0%); (4) improper evasive action 
(4.8-13.3%); and (5) internal distraction (5.7-9.0%). 

4. The leading environmental factors were: (1) view obstructions (3.8-12.1 %); (2) slick roads 
(3.8-9.8%); (3) transient hazards (1.9-5.2%); (4) design problems (1.9-4.8%); and (5) 
control hindrances (1.2-3.8%). 

S. Vehicular factors were categorized first in terms of the major vehicular systems. According 
to this breakdown, the most frequently implicated categories were: (1) braking systems 
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. (2~9-5.2%); (2) tires and wheels (0.5-4.0%); (3) communications systenis'(0~2:_1.7%); (4) 
steering systems" (0.2-1.0%); and {5) body and doors (0.'5'----0.7%). . 

6. Assessments were also madder more specific kin.ds of problems within each major system. 
At this level, the most frequently-implicated vehicular causalfactors were: (I) gross .brake 
failure (1.9-3.1 %); (2r inadequate tread depth (0.2--,2.6%); (3) side~to~side 'br~ke im
balance (1.0~1.9%); (4) tinderinflation (0.0-1.4%); and (5) vehicle-related vision ob
structions (0.2-LO%). 

. . . 

7. Based on both on-site and in~depth probable cause data from Phases II through V, it was 
found that at about .the seventh or eighth year of vehicle age, an overinvolvement in 
ac.cidents resulting from mechanical problems begins. The probability of an accident
involved vehicle 8 years of age or older being cited for a causative vehic~lar problem was 

.. more then 2 times greater' than for accident-involved vehicles in general. · 
. ''," 

8. The most frequently-implicated Quman condition or state was alccihol-impairment, which 
the iri~eptl} team assessed as a cause in 0.5-3.1% (definite --,probable involvement) of 
the combined.Phase 11-Vaccidents. Comparable results from the on-site team, e;x:amin
ing a greater m.imber of acCidents an9, wit~ less potential for bias through;non-coopera
'tion of impaired drivers, were 2.9-ti.l%. Note that accidents investigated represented 

· all severities of police-reported accidents, and are consequently comprised in large 
measure of either property damage or minor personal injury accidents (approximately 
70% were property damage only). Results here should therefore not be confused with those 
cited for only serious or (atal accidents; alcohol is often cited as being involved in 40 to 50% 
of these serious accidents. Results for alcohol-impairment varied considerably from phase 
to phase and as a function of whether accidents were selected from all hours of the day or 
only from limited periods, and the reader is therefore cautioned to consult the text for 
further clarification. 

Recommendations 

General 

I. The causal factor tabulations serve a "problem identification" function, for use in planning 
future countermeasure activity. Inevitably, such "problems" must be viewed in the context 
of the process through which they were identified, and the types of factors considered must 
be taken fnto; account. It certainly does not follow that because a factor has been classified 
as, for example, a human factor, the most cost-effective solution will be one aimed· a:t 
changing driver behavior. Possibly, highway or vehicle design changes may provide a better 
remedial measure. For example, although ''in~ttention to traffic stopped or slowing ahead" 
has been tabulated as a freq-uently-involved human causal fa.ctor, it may well be that the 
most cost-effective solution is either reddigit of highways or signals to minimize "stop and 
go" traffic situations (environmental measure), or the installation of radar-warning braking 
systems or improved brake lights (vehicle measures). · 
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2. In the same sense, indications of the relative involvementof,forexarriple,.humanfactorsas 
compared to vehicular factors, are informative and accurate only. when the kinds of 

· assessmentii which were i.ncluded and the process which produced them are understood. 
Note, for exam·ple, that the ''vehicular causal factors" assessed generaUy assumed the 
current state .. of-the-art; current original-equipmen.t performance provided .a baseline for 
assessment. Consequently, vehicle results have few direct implications for such iss.ues a~ the 
desirability of vehicle handling standards. In much the same way, environmental design 
factors. were .considered. relative to existing standards; thus, the ab~ence of a divided 
highway and median strip would not be considered a potential causal factor, even though it 
might have prevented an accident from occurring~ Consequently, although human factors 
were identified much more frequently than either vehicular or environmental factors, .it is 

. entirely possible that improvements ·in either the vehicular or environmental areas could 
prove more cost effective. than .. correction or elimination of many of the human errors 

. identified. It is likely thin a mix of countermeasure efforts encompassing all three targets 
(driver, vehicle, and environment) will often be needed. 

3. In mimy applications, these limitations (as described above) pose little problem. For 
example, for a driver examiner conducting a driving test, the listing of causal factors 
provides a suitable guide as to the kinds of behaviors the examiner should emphasize, as 
well as thevehicularand environmental hazards he or she should stress. The examiner is not 
so much. interested in the range of safety countermeasures available, as in knowing the 
relative importance of different kinds of driving behavior, and the causal factor tabulations 
should serve this purpose well. Similarly, vehicle factor tabulations are of use to inspection 

· p·rograms, mechanics, vehicle owners, aild others concerned with vehicfe maintenance; 
results serve to indicate the extent to which different defects, degradations, maladjustments, 

· and failures are causally-implicated in accidents. 

Human Factors 

1. Maj.or· emphasis should be placed on developing countermeasures to reduce the incidence 
and consequences of improper lookout, excessive speed, inattention, and improper evasive 
action (the four leading human direct causes} It is likely that alcohol-impairment also 
warrants special concern due to the greateneverity of accidents where it is· involved (see 
Volume I, Section 5.0). 

2. Knowledge of the importance of these driving errors and the context in which they are most 
likely to· result in accidents must be .communicated to drivers. Information from this and 
other studies of accident causes should be incorporated in state driver license manuals, 
written and on~road driving license tests, and driver education curricula. The Department 
of Transportation; NHTSA public information papers, announcements, and televised 
messages should also incorporate this informati~n. 
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· 3. · .. Improper lookout" . .was the leading accident cause identified. It is important to recognize 
that nearly one-fourth of all the accidents which IRPS investigated resulted (ror! drivers 
who changed lanes, passed, or pulled out from an intersecting alley, street .• or driveway 
without looking carefully enough for oncoming· traffic. More focused examinations 
indicated th~t about half of the individuals cited for "improper looko.ut" had totally failed 
to make any surveillance effort, while the remainder had looked but failed to see oncoming 

. traffic which should have been visible. Further resea·rch is needed to identify the behavioral 
components ~nd level of attention which co~prlse a"proper lookout:" so th~t 'adequate 
training, lice·nsing, and enforcement measures can be devised. More focused aQalyses of the 
interactions with environmental design features are also necess~ry; so that roadwaxs. signs, 
signals, and other environmental features·can be set to minimize the incidence of"improper 
lookout:" It is significant that for the drivers who "looked but failed to see,'' ~pproxiinat~ly 
40% faced 'a view obstruction which added to the difficulty of their surveillance task, even 
though it was assessed that this difficulty could and should ha.ve been easily overcome. Also 
. of significance is the over-involvement or' drivers 65 years of age and o~er iri committing 
"improper lookout"; of drivers over 65 who caused accidents, approximately half had made 
errors of this kind. Future research should try to identify the relevant mechanisms (e.g., 
mechanical difficulties in turning the head, reduction in visual field or other visual skills, or 
changes in field dependence). in order to suggest appropriate countermeasures, such as 
speCialized training programs. ' . . 

4. Particul~rly relevant in considering countermeasures for the "excessive speed" category is· 
the overrepresentation of males and females Jess than 20 years of ~ge among those cited for 
this factor (18.1% of males under 20 years of age committed this error, com pat ed to only 
10.2% of accident males generally; 8.6% of females under 20 committed this error compared 

. to 5.2% for accident females, generally). The interaction with roadway familiarity also 
merits attention. Most of the excessive speed errors occurred with reference to '.'road 
design," primarily in the sense of exceeding the critical speed for a curve and thereby losing 
control. The motivations underlying risk-taking behavior . among young drivers 

··(particularly males), as well as their skills in vehicle handling and judgment of roadway 
requirements, may require closer examination, and possibly a reevaluation of present driver 
training programs. · 

5 . .. Inattention" most frequently involved a delay in detecting that traffic ahead was either 
stopped or decelerating, and less frequently a failure to observe critical road signs and 
signals. Aside from informing drivers (through public information and driver education 
programs, etc) of the importance of at.tentiveness to the. driving task, possible areas of 
improvement include changes in the size, prominence, or placement of road signs and 
signals; other environmental changes to reduce the incidence of sudden stops; installation of 
in-vehi~le communication systems, such as radar warning or actuation systein~ to avoid· 
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coritact in the rear-end configuration mode;· and iristallatio"n of improved brake lights (e.g., 
with possible changes in intensity; color,. or pulsation characteristics)~ 

·; •:' ' . •' " . 
6. Many drivers were ci~ed for "improper evasive action." The two major subcategories of this 

error 'involved either failure to attempt an appropriate (and often easily accompfishable) 
evasive. steer, or negation of what would have been a successful evasive steer throughover
braking, with a resulta·ri·t lock-up, of the front wheels "(rendering the. steering input 
ineffective). Again, a fir~t action should ·be to inform drivers of the nature and attendant 
risks ofthese particularerrors. However, further adv~nces would require careful resea~ch to 
determine the most effective means of upgrading the evasive skills of drivers. Perhaps a 
classroom experience can be ben~ficial, ,but it is likely that siin~lator and actual in-vehicle 
practice would be required. Four wheel anti-lock braking systems are an effective vehicle
oriented countermeasu.re fqr front wheel lock-up through over-braking. Possib,ly, the 
relationship between braking pedal displacement and/ or "force. and braking. power on 
existing braking systems might also be improved. '··· · · 

,. . . . 

• · Environmental Factors 

1. 'undoubtediy, environm~ntal improvement~. ~·eluding implementatio~: of divided 
. highw~ys and eli~ination of many at-grade intersections, have contributed heavily 'to the 

continuing reduction in fatality rates over the past 50 years or so. Yet the IRPS hierarchy 
was aimed at assessing the relative importance of various kinds of problems and deficiencies 
within the curre.nt highway system, rather than the benefits of further improveme~ts and 
upgrading beyond a currently acceptable status. In this sense, study results rri'~y be more 
directly informative ·to highway nuiintenance personnel than, for example; to a. st~te or 
federal highway safety planner concerned with determining whether money could be best 
spent in dividing a highway or putting in a~ ov"erpass, rather than on other 

- .· ' ' ' 

countermeasures. 

~· Within this context, the major problems identified were view obstructions (such as trees, 
shrubbery, or parked cars restricting sight-distances at intersections),, and slick roads (a 
factor which was .tallied. whenever it was judged that a particular ac:cident would not have 
happened on dry pavement). Much less frequently involved were maintenance problems 
(such as missing signs or inoperable signals); control hindrances (such as pavement edge 
drop-offs); and .inadequate. signs and signals (e.g., curve warning sign needep but not 
provided) ... 

3. Accidents in :which view obstructions were involved m·ost frequently occurred at regular 
road/road intersections, generally having stop signs on only two of the legs, and with the 
erring driver almost always on a controlled leg. The erring driv.er was often intent on gciing 
straight and sometimes on turning left, but was almost never attempting to turn to the right. 
While some of these view obstructions would be difficult-to remove- such as buildings, 
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legally-parked ca·rs, and large embankments- the biggest share (more than halt) consisted 
of trees and bushes, which might more easily be removed -particularly if removal efforts 
were focused only on intersections which accident -records indicate to have high accident 
rates and/or frequencies. Countermeasures here include local surveys .to identify view 
obstruction problems, and direct appeals to property owners to have such problems 
corrected. State and civic leaders can also work with business and civic groups, and through 
the news media, to encourage business and property owners to assess their own property to 

· ensure that·they are not contributing to this important safety problem. Another large share 
of these view-obstructions resulted from pinked vehicles, nearly half of which were illegally 
parked. Hence, installation and enforcement of parking prohibitions serves an important 
safety function; it is important that law enforcement and the public alike perceive this 
importance . 

. 4. Under the "slick roads" category, rain-slickened roads predominated (possible causal 
factors in up to 10%of these accidents), while snow or ice covered roads were implicated as· 
causally relevant in up to 4% of these accidents. Interactions with vehicular factors -
especially tire tread depth- are evident; vehicle and tire problems were more frequently 
implicated when the road surface was damp or when precipitation was heavy, with control 
losses often o~curring on curies. In addition to informing and better educating_ drivers in 
the safe negotiation of rain, snow and ice-slickened roadways, potential countermeasures 
lie in the areas of improved road design to eliminate such curves where possible; pavement 
grooving or other procedures to improve wet road traction, particularly at locations 
indicated to have a disproportionate number of accidents under wet road conditions; and 
improved tire design and inspection programs to improve traction on wet, snow, or ice
cov~red roads. Some research suggests that a major problem with slick roads is that they are 
not perceived as such by drivers; hence, variable signing systems that provide information 
on road slipperiness might also be of benefit. 

Vehicular Factor.s 

1. Vehicular results were assessed with reference to the current "original equipment" state-of
the-art, and therefore do not directly indicate the safety benefits of possible future 
improvements, such as four wheel anti-lock braking systems or significantly improved 
handling characteristics. Results are, however, directly useful in targeting systems for 
vehicle inspection programs; and for focusing the attention of vehicle owners and others 
who play a role in vehicle maintenance. 

2. Results indicate that brake failures, inadequate tread depth, and brake imbalances are the 
three leading vehicular accident causes. Consequently, these should be priority items in 
efforts to upgrade vehicle inspection and maintenance programs, and should be emphasized 
in consumer information/ education programs aimed at making vehicle owners more active 
an.d knowledgeable participants in maintaining safe vehicle condition. Owners need to 
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know what items are critical to inspect, how they can.be checked, and which items require 
the attention of a qualified mechanic. Following the three priority items,.the vehicular 
factors me~iting greatest attention are underinflation, vehicle-r~lated vi,sion obstructi~ns, 
excessive steering freeplay, inoperable lights and signals, and inoperable door latching 
mechanisms. 

3. Among accident-causing brake system problems, gross failures and side-to-side imbalances 
predominated. More than half of the components responsible for the causal brake problems 
observed were contained within the wheels. The failures encountered resulted from such 
factors as wear and adjustment per~itting over-travel of wheel cylinder pistons, and 
dislodging of the star wheel assembly through improper assembly of self-adjustor 
mechanisms. Most of these failures occurred in older vehicles having only single chamber 
master cylinders. Side-to-side imbalances most frequently resulted from m.:tai-to-metal 

. contact, permitted by excessively worn linings, and less frequently from friction material 
contamination. In order to achieve their accident-reduction potential, inspection programs 
must be able to detect and objectively evaluate these problems .. It is likely that a good visual 
inspection, such as could be accomplished through wheel pulling, would detect the vast 
majority of these problems. Alternatively, testing on a dynamic brake tester, or on-road 
testing from relatively high speeds, are probably superior means of detecting side-to-side 
imbalances, although they most likely would not detect and permit correction of those in
wheel problems which led to brake failure, Factors external to the wheel which accounted 
for brake failures included brake hose failures and problems in the master cylinder (e.g., 
~and in the compensator port, out-of-round primary piston seal). · · · 

4. Regarding inadequate tread depth, it was found that 19% of the vehicles IRPS irispected on 
Level Chad at least one tire with less than 2/32" of tread, while 10% had at least two tires 
below this level, 3.5% had three, and 0.7% (five vehicles) had all four tires below this 
standard. This was true despite Indiana's annual vehicle inspection program, which · 
incorporates a 2/32" tread depth standard .. While problems with the inspection program 
may be partially responsible (it was estimated that 29% of a set of degraded components 1 

which IRPS found on accident-involved vehicles were present and should not have passed 
at the time of ·the vehicle's la.st state inspection), normal wear of tires between yearly 
inspection intervals is a major factor (i.e., a tire which passes today could be below the 
standard a month or two from now). An alternative would be to increase the inspection 
standard to some higher figure (perhaps 4/ 32"); although consumer opposition and 
increased enforcement difficulties might be anticipated. Alternatively, owners can be at 
least given a warning if they are below some higher standard (such as 41 32 ), possibly with 
an estimate as to when the 2/32" level will be reached. . 

I The components in this set consisted of wipers, exhaust, freeplay/steeriog system, and tread depth. These items 
constitute a subset of components evaluated .bY the in"iiepth team. 
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5. Underinflation was primarily implicated as a possible or probable factor contributing to 
·· poor vehicle handling in control loss situations. Based on the.high incidence of improperly
. inflated tires o.n vehicles IRPS inspected, it appe~rs ).mlikely that the typic~! owner engages 
. in routine checks on inflation,-or is adequately concerned about the potential influence of 

:• improper inflation on vehicl_e control. In addition t.) better informing and educating drivers 
on this subject, vehicle inspection stations can be required to advise owners regarding tire 
pressure problems, major oil companies and service station operators can be encouraged to 

····actively participate ·in checking.· pressures and advising motorists; and visible. pressure 
·warning indi<;:ators can be -installed to inform drivers when inflation problems exist. In 
addition to safety, energy conservation and tire life benefits can also be stressed. While 

· underinflation can also lead to tire failure, study results do not support sudden failures as a 
frequent cause of accidents. 

. ' 

6. Particular attention should be directed to providing adequate consumer information and 
·education concerning vehicle maintenance. Contemporary concerns. regarding consumer 
fraud may have created an atmosphere of skepticism which may sometimes result in . 

·desirable repairs and other maintenance practices not occurring. For example, it is possible 
·that consumers may resist installation of new wheel cylinders and seals when having brakes 

· relined, and mechanics may be reluctant to recommend it. In addition, m~chanics may feel 
:. ' compelled to eliminate these items in a relining. estimate, in order to assure that their bid is 

competitive. An informed consumer should be able to better distinguish unnecessary from 
valid preventative maintenance actions. 

7. In the continued upgrading of vehicle inspection programs, it is necessary not only to key on 
those systems and components which are responsible for accidents; but to .ensure that 
inspection procedures, and inspector skills and equipment are up to the task through 

· adequate training, licensing, and program monitoring. For example, brake hose or line 
failure was responsible for several of the brake failures which caused accidents, yet a visual 
brake hose and line eicamination is not requiredin manyprograms.In some, at least, a high 

'pedal force application is required, which might detect some incipient failures. However, it 
is believed that a· visual examination could detect additional problem cases; those brake 

. hose failures in the IRPS: file which resulted from rubbing against an improperly-installed 
muffler, and from ,rubbing against a wheel rim during turns, are cited ,as examples. 
However; such a requirement implies a need for training as to likely failure points or sources 
of interference, and to. assess degrees of deterioration in lines and hoses. It continues to be 
true that in ,many states inspection personnel receive no training whatever, and licensir.g 
requirements are often minimal. The inspection activity must also be adequately monitored 
to ensure that there is accountability on the part of inspectors and inspection stations for 
their perfomiance. Too . often, consumer complaints. comprise the major source of 
informati~n on'stationperformanc;e. 
~ ,,' I 

8.;:While most ofthe vehicular problems which.caused accidents could have been prevented by 
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'"proper· maintenance," the possibility of reducing the need for such maintenance through 
· design innovations and improvements must not be overlooked. While failure to perform 

needed maintenance poses one set of problems (e.g., as when worn linings permit metal-to-
. metal contact, leading to a brake imbalance), maintenance carries with it the possibility of 
iin.proper repair or assembly (e.g., as where an improperly-assembled self-adjuster leads h> 

brake:loss through overextension of a wheel-cylinder piston, or where a new and slightly 
different muffler puts the tailpipe in contact with a brake hose).· Desirable improveme;m · 
might include seals which prevent friction materials contamination over extended periods; 
longer.;.lasting brake linings and pads; driver warning/ information systems to warn drivers 
.and possibly encourage correction of degraded conditions; and component parts (such as 
brake adjuster mechanisms) which are designed to decrease the likelihood of improper 
assembly (especially by the. growing nl!mber of amateur and owner-mechanics). 

· 9. Vehicle causation problems should continue. to be monitored in the future, since the 
continuous introduction of mechanical innovations will alter the relative involvement of the 

. various problems and systems, requiring a periodic readjustment of inspection items and 
programs. The dual-chamber master cylinder, in particular, should cause a· gradual 

· · reduction in the 'causal involvement of brake failures, which were the predominant vehicle 
problem in the IRPS data. The advent of disc brakes may also gradually. alter these results, 
particularly as disc brake-equipped vehicles begin to make up a significant proportion of 
the high mileage/ order vehicle population-which was responsible for a disproportion
ately large share of vehicle problems in the IRPS data. 

6.1.2 Section 4.0: Trend Analysis Across Phases 

I. For the overail ~tegories of human, environmental. and vehicular factors, phase-to-phase 
changes were large enough to be reflected in. several statistically-significant trends. 
Involvement of human and environmental factors tended to decrease from phase-to~phase, 
while vehicularfactor results varied ~rratically. Reasons for these changes' were not clearly 
identified, and could reflect variances arising from the clinical assessment .procedure .. 

2. For the ten most frequently identified causal factors, significant trends were identified 
either in the on-site or in,.depth data for five factors: These were: (1) inattention (downward 
trend, on-site);·(2) improper evasive action (downward trend, on-site and in-depth); (3) false 
assumption (downward trend on-site, mixed trend in-depth); (4) improper driving 
technique (mixed trend on-site and in-depth); and (5) inadequately defensive- driving 
technique (mixed trend on-site). 

3. Howe~er, for the two highest ranking human factors (improper lookout a~d excessh·e 
speed), the two most frequent environmental factors (view obstructions and slick roads), 
and the most frequent vehicular accident cause (brake system problems), significant trends 
did not occur in either on-site or in-depth data: Thus, for the most frequently cited human. 
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environmental, and vehicular -factors, results changed very little across the four phases (11-
V), either on-site or in-depth. . . . . . 

6.1..3 Section 5.0: Analysis of Accident Severity 
as a Function of Accident Causation 

I. In this analysis, accidents involving individual causal factors were compared with all 
accidents investigated, in terms of the proportion involving either property damage (PD 
only),- or personal injury/fatality (PI/F). Only two causal factors were found to be 
significantly more serious (in overrepresenting the PI/ F class) in both the on-site and in-
depth data; these were alcohol-impairment and excessive speed. -

2. In addition,'- in the on-site- data only,_ accidents invol~ing control hind~ances (an 
environ~ental factor .including such probl~ms asp~vement edge drop-offs) and tire/wheel 
problems, were significantly more serious. These factors therefore merit increased concern 
beyond that indicated merely by their frequency of involvement. 

3. Factors associated with less than expected severity (in the sense of significantly 
underrepresenting the PI/ F class of accidents) were false assumption, external distraction, 
and improperlookout.2 Note that the last of these- improper lookout- was the study's 
most frequently implicated causal factor, according to both on-site and in-depth data. Its 
importance by virtue of frequency of involvement is offset somewhat by its lesser severity. 
In contrast, the increased severity associated with the second-ranking factor- excessive 
speed - greatly increases its importanc-e. -

6.1.4 Section 6.0: Driver Conditions and State.s in 
Combination with Other Factors 

I. This analysis investigated interactions of causally-implicated "human conditions and 
states" (which may be considered human indirect causes as oppos~d to. direct behavioral 
causes); with both human direct causes and environmental causal factors. One or more 
condition or state was cited at the "possible cause" level or above for 102 of the 1i0 drivers 
tested and interviewed by the in-depth team; these were compared with the direct causes 
attributed to the same drivers at the "probable cause" level or above, and to the 
environmental factors cited as causally-relevant to their accidents, at these same levels. 

2. Numerous statistically significant interactions -were identified, including the following: 
when alcohol impairment was causally implicated, the likelihood of excessive speed and 
"other direct causes" being cited was significantly increased. The causal implication of 
fatigue was associated with a greater incidence of critical non-performance (falling asleep), 
inattention, and, "other direct causes;" reduced vision was associated with increases for 
improper lookout and view obstructions; emotional upset with inattention; "in-hurry" with 
excessive speed; driver inexperience with inadequate directional control and highway 

2 On-site data. In the in-depth data, none of the factors significantly underrepresented the PI/F class. 
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design factors; vehicle unfamiliarity with inadequate di~ectional control, highway design, 
and slick roads; and roadway unfamiliarity with excessive speed, control hindrances, and 
inadequate signs and signals. · 

Recommendations 

1. Should future studies yield the same pattern of relationships obserVed here,.there v,.:ould be 
numerous possible applicatio~s to a variety of countermeasure programs. For example, 
driver education/information programs might: · · 

• Stress that if driving while under the influence of alcoho!; key concerns are to avoid 
falling asleep and speeding (while the point on speeding may be w'ell-kno\vn, recognition 
offalling asleep as a problem -like the possible increased risk of internal distraction-
may be much less wide~spread). . . . . . 

• Stress that when emotionally upset, drivers make special efforts to keep their minds on 
their driving and to remain attentive. · 

• ·Place added emphasis on informing new (inexperienced) drivers of the need to avoid 
being internally distracted (e.g., by passengers or adjustment of tape players). An 
emphasis on proper evasive action and retaining control may also be indicated. 

• Stress to drivers operating unfamiliar vehicles the increased risk of-control loss. 

• Stress the importance when driving on unfamiliar roads of consciously reducing speed to 
account for unexpected, deceivingly tight or unusually slippery curves. 

2. This analysis might have been improved by comparing the presence of these human 
. conditions and states with the human direct causes, as well as vehicular and environmental 
fac'tors. The causal judgment associated with the conditiOt'\S and states iri this analysis 
complicates interpretation and may assume too much in'terms ofthe independence of the 
assessments of the direct and indirect causes (e.g., between the assessment for fatigue and 
cricitical non-performance/ falling asleep). 

3. In any"future effort of this kind, interactions between the various human, vehicular, and 
environmental direct causes should be examined. This would promote a better 
understanding of the causal mechanisms. 

6.1.5 Section.7.0: Analysis of Assessment Practices 
. ' . . 

I. As a part of this assessment, comparisons were made be.tween the in-depth team~s subjective 
(numerical) probability estimates of the causal involvement of a factor, and its application 

.of the three assuredness labels- certain, probable, and possible_,.. to the same factor. A 
general conclusion is that the in-depth team was either conservative. in the u'se of the 
numerical ratings, or extravagant in the assignment of the verbal labels of at least certain 
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and probable' causes. For example, whereas "certain" was described as, having an 
.. analogous confidence level" of 95% or better, the numerical judgments associated with 

· that assessment had a median value of.90, with an interquartile range of between .88 and 
1.00. 

2. Based on the limited set of54 drivers/vehicles consJdered in this assessment, ~here. were no 
statistically significant differences between individual in-depth team members .in their mean 
subjective probability assessment values, either within individual types of factors (i.e., 
human, environmental, or vehicle), or across all factors. 

3. In addition, mean scores va_ried only slightly as a function of the area of expertise 
represented by the team member, and none of these differences were significant. In oth_cr 
words, team members with human factors expertise assigned neither more nor less credence 
on the average to the involvement ofhu.man factors (or for that matter, to the involvement 
of environmental or vehicular factors). Only in the case of vehicular factors was there found 
to be a slight (but non-significant) tendency by the engineers to assign greater weight to the 
involvement of vehicular factors. · · 

4. While these analyses fall far short of a check on the extern.al validhy of the causal 
assessments, they are nonetheless reassuring in indicating that a consistently applied and' 
systematic assessment procedure was used to. obtain these results .. 

Recommendations . 

I. In any future ~fforfof this kind, whenever subjective estimates of "causal involvement" are 
required, it is'recommended thatnumerical probability scales be used instead of s..1ch verbal 
labels as "certain, probable, or possible." The use of numerical values frees the judge from 
narrow restrictions and provides him/her with a wider potential range of evaluations. The 
system has furth~r advantages in that verbal labels may then be provided post hoc to 
describe any range of subjective probabilities, thus eliminating the phenomena of 
overlapping between subjective categories. The numerical ratings would also eliminate the 
observed problem of the varying correspondence obtained betweep. verbal categories and 
numerical ratings for each of the different causal factor areas (e.g., human vs. vehicular). 
' . . ' 

2. The making of subjective probability judgments is a skill that must be learned, and both 
experience in this project and related research indicate that a person's original subjective 
numerical estimates may vary significantly from either the true value or the values later 
estimated, after additional practice. Adequate practice and perhaps training should 
therefore be provided. 

3. Evaluations ar.e more accurate: when people an: assigned the role of estimators of 
component probabilities· rather than estimato~s of product probabilities. Hence, it' is 
probably better to have team· memb'ers evaluate existence and involvement separately and 
then combine the product mathematically, rather than have them evaluate the derived 
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involvement immediately. However, training should make the judges a~are of the problems 
of regression toward the mean, in which as the number of ratings. that go into ~aking a final 
evaluation increase, so do the evaluations tend t,:, regress more and more toward the mean, 
making extreme values less and less likely. . 

·· 4. In training accident investigators to make subjective probability judgments, one potential. 
criterion to evaluate progress could be' the independence between their evaluations of 
involvement and existence. Independence between the two statistics should be obtained 
whenever all the potential factors within a given system are considered. 

S. Since speciality areas W~re not found to affect judgments, perhaps a psychophysic;! sc~le 
can be derived, using a simulator, in which forms of real or staged acci~ents can.be used to 
~elate the actual contribution of various potential factors to the final collision. This could be 
used as part of a training program and would provide investigators with benchmark ' 
p~obability estimates for various causal factors. To illustrate, various levels of braking 
deficiencies could be shown to cause an accident (given a certain time-distance relationship 
between cars) with varying levels of probability. 

· 6, The evaluations here were based in part on having different people evaluate the same 
accident, and in part on having different people evaluate different accidents. In no case, 
however, were there two people representing the same area of expertise evaluating the same 
accident. A more scientifically sound procedure to assess future clinical evaluation 

·processes in terms of their consistency, biases, or efficiency should involve different MDAI 
teams evaluating the same accidents. This can be done on an ex.perimentf.l basis by 

. providing different accident investigation teams with either.real oi: simulated accident 
descriptions, slides, graphs, etc. In this particular case, the use· of simulated accidents or 
staged acCidents would be an even better tool since it could also help in testing the validity of 
the clinical assessment procedures. · · · 

7. The "clinical assessment approach" should be carefully integrated with statistical 
· (correlative) approaches . to "causal factor" I problem identificatiou and definition. For 
ex.ample, accident-causing behaviors identified through the clinical approach should th_en 
be further evaluated to better estimate the. the relative risk of these behaviors through 
accident--and control/exposure data comparisons, when possible. Similarly,. statistical 
comparisons may identify potential problems which can then be observed. and better 
understood through clinical observations. 

8. Evaluations of any subjective assessment procedure should be conducted .on an on-going 
basis, for l}se as a management tool. In this way,. any unusual biases or other pr.oblems 
.associated with a particular individual or a particular discipline can be pinpointed and 
rem·edial action taken. · · · · 
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6.1.6 Section 8.0: Level B vs.· C Comparisons 

1. In comparing results for accidents investigated separately by first an on-site and then an in-
. depth team, c:;orielations (Cramer's V) between teams was less than desired -:- ranging 
from .44 across ali fa.ctors to ... 59 for environmental factors. Disagreements resulted from 
both oml.ssions (where in-depth cited a factor but on-site did not), and cornmissions(where 
the reverse was true). ' 

2. The level of coding errors was found to be small; correction of coding errors increased 
correlations by an average of only .07. 

3. For corrected data, correlations based on correct identifications and misidentifications 
only (with the commission/ omission errors excluded) ranged from V = .82 for human 
direct causes to V = 1.00 for human conditions and states. 

4. Based on definitions in this analysis,· the level of disagreements was higher than desirable 
for most of the detail\:d causal categories. However, it should be note~ that the defmitions 
for agreement and disagree'ment were exceedingly stringent; citation of a factor at the 
"possible cause 1evel'' by one team, in the absence of any mention by the other team, was 
considered a disagreement, and a decision by both teams to omit (not cite) a factor was not 
counted as an agreement. 

- _ 5. The proportion of agreements was much higher for human direct and environmental 
factors, than for human conditions/ states and vehicular factors. 

6. or the disagreements, the most prominent were on-site omissions - particularly for 
human conditions and states (i.e., frequently the in-depth team cited a human condition or 
state at t'he "possible cause" levelor higher, when the on-site team failed to cite the same 
factor at all). Note that some conditions and stat~s may depend more than others on 
identification by the on-site team at the accident scene (perhaps alcohol-impairment), 
while others may be more readily detected off,scene by the in-depth team (possibly 
reduced vision as measured by the driver vision tester). · 

7. Further analyses were conducted employing statistics derived from signal defection 
theory. The pattern of results obtained indicated that, in general, on-site was. relatively 
conservative in their citings, leading to a relatively high rate of"misses" (i.e., failures to cite 
factors which were judged causal by in-depth), and a very low rate of"false aiarms" (citing 
a factor not judged causal by in-depth). 

8. For vehicular factors, this analysis revealed the on-site teams to have particular problems 
iri assessing the involvement' of imbalanced brakes, suspension problems, and (possibly) 
the involvement of communications systems. On the other hand, on-site dealt much better 
with gross brake failures and degradations, as well as steering problems. Even for these 
factors, however, approximately 50% of the cases detected (i.e., cited at the possible level 
or above) by the in-depth team remained undetected by the on-site team. 
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9. This same analysis showed that among human direct factors, on-site did particularly well 
in as~essing e:<ternal distra_ctions, improper lookout, and inadequate directional control, 
and was also reasonably accurate in tallying instances of "failing to observe and stop for a 
·stop sign" (alth()Pgh this is actually not considered a "cau~al fac'tor" within the IRPS 
scheme). On-site investigators also did anadequat~,; job in assessing inintention, excessive 
speed, overcompensation, and recognition delays other than internal distraction. bn the 
other hand, on-site was found to have difficulty in detecting the role of misjudgment of 
distance, improper driving techniques, inadequately defensive driving techniques, 
inadequate signaling, and improper evasive action. Somewhat less difficulty was 
experienced with respect to internal distraction, false assumption, and improper 
maneuver. 

10. For human conditions and states, on-site performed satisfactorily (as judged by in-depth 
team performance) in assessing the involvement of alcohol impairment, driver 
inexperience, and road/ area unfamiliarity. Performance was less satisfactory for other 
factors, and inadequate for the overall physical/physiological impairment 1 and 
mental/ emotional stress categories . 

. 1 L For environmental factors, the on-site teams did well in assessing the involvement of 
control hindrances, view obstructions, and special/transient hazards. Problems were 
experienced in adequately detecting the involvement of slick roads, inadequate signs or 
signals, and highway design problems. 

12. A previous comparison (discussed in Interim Report II) showed that based on Phase II-IV 
data, the reported involvement percentages for the various causal factors an. generally 
quite similar in both on-site and in-depth data. Based on Phase II, III, and IV data, results 
from the in-depth and on-site levels were: human factors, 95.3 and 91.7%; environmental 
factors/including slick roads, 34.9 and 38.5%; and vehicular factors, 12.6 and 11.3% 
respectively. 

1~. Interim Report II also indicated that of the ten most frequently Cited causal factors, large 
differences in results in the Phase II-IV data were observed for only two factors: improper 
driving technique (I 0.1% in-depth vs. 4.8% on-site), and inadequately defensive driving 
technique (10.1% in-depth vs. 5.0% on-site). Percentages were quite similar for the 
remaining eight categories. 

14, However, based on an earlier ag'reement /disagreement analysis employing slightly 
different procedures and definitions, Interim Report II also indicated that the teams often 
differed as to the specific causal factors cited. It was found that the factor most consistently 
applied was ambient vision limitations (teams agr~ed in naming this factor 11.7 times as 

3 Under physical/ physiological impairment, the comparatively good performance for' the alcohol impairment 
assessment was offset by poor performance on "other'drug impairment" and otl)er physical/ physiological 
problems. 
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often as they disagreed), while among the leas.t consistently applied was improper driving 
technique (the t.eams disagreed 2.7 times as often as they agreed). Again, note that an 
agreement by both teams that a factor was not involved was not counted as an "agreement" 
'for.. purposes of. these statistics (although this. would. have greatly improved the 
agreement/ disagreement ratios presented) .. 

15. As·i~ th~preseilt artalysis,Jnterim Reportllindicated that the most imponlmt problems in 
assessing the top-ranking causal factor:s were that the on~site teams often failed to detect 
the involvement of improper evasive_ action, improper driving technique, and inac:Jequately 
defensive driving technique, in situations where the in-depth results indicated th~yshould. 

·Recommendations 

LIt would have been beneficial to have continually and syst;matically ~onitored causal 
agreements and disagreements between teams on accidents which they both investigated, 
and .to. have .used this information on an on-going ~asis to pinpoint problems of 

. interpretation or use of the assessment procedure by individual teams .or investigators, and 
to otherwise refine and -.improve the assessment process. 

2. Were this study to be continued, immediate attention would be required in upgrading the 
performance of the ·on-site:teams in evaluating the involvement of misjudgement of 
distance, improper driving techniques, inadeq~tely defensive driving techniques, inade
quate signaling, improper evasive action, slick roads, inadequate signs, or signals, high
way design problems, imbalanced braking, suspension problems, and vehicle communi
cation systems. 

3. Further research and experimentation is in order to determine optimum team make-up 
and configuration, as a function of data items sought Such work would be aimed at 
determining. optimum numbers and assignments of team personnel; related skill, training, 
education, and ~xperience requirements; as well · as ,equipment and procedural 
requiremen.ts, . including off-scene vs. on~scene coll~ction and timeliness/ response 

. specifications~ Trade-offs will certainly exist between numbers of cases acquired, data per 
case, and data accuracy. -It is believed that to date, no controlled experiments or other 
substantial research on this subject have been conducted, which would provide an 
adequate scientific basis for tailoring a field collection .effort to specific accident data 

· needs. 

4. Future training programs for on-site type ("level two") teams should consider including 
information that would explain decision theory and its implications for: the different types 
of errors (false alarms and misses) and correct decisions (hit and misses). These. should be 
explained within the objectives of the program ~o that investigators will be able to exercise 
influence over their criterion in evaluating the c.ontribution of potential-accident causes, 
whenever subjective assessments are required. . . . · . . . . 

' .. ' . . 
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S. To the extent ·that the results obtained in the present analysis are valid, accident 
investigations at an on-site level of effort should be considered appropriate for assessing 
the ''culpability" of drivers; but in assessing specific causes, it is recommended that either 
the investigator's training or evaluation criteiia be changed with respect to those factors 
for which on-site performance was poorest (based f'n d' < 1.96 and/ or hit rate= 0). These 
fact1m, labeled in the text, are9, 14., 18, 19, 20, 21, 22, 24, 25, 34,40,41,43, 45,48, and49. 

· 6. Since in the process of comparing the two levels of accident investigation coding errors 
were found at a significant -though relatively infrequent- rate, further quality control 
might improve the validity of the data. 

7. Further research is ne·eded to b.etter de~ermine if the signal detection theory model is in fact 
appropriate for this type of data and application. The utilization of the SDT statistics do~s 

~ riot necessarily imply that the accident investigator is operating as a signal detector when 
searching for accident causes. Some of the tests that should. be conducted would involve · 
testing of the individual "receiver operating characteristic" (ROC) curves that would 
indicate whether in fact the assumptions of nonnality and equal variance of the signal and 
signal plus noise distribution are warranted on an individual basis. 

6.1.7 Section P.O: Representativ_eTU!ss of Study Samples and Study Area 

1. In this section, descriptors of Monroe County drivers, vehicles arid roads were compared 
with available national statistics, In addition, Monroe County accident descriptors were 
compared with available national accident descriptors. Finally, the on-site and in-depth 
samples were compared with all police-reported accidents occurring in the county, and post 
.hoc adjustments for non-uniformsampling were made to the on-site causation re~ults. 

2. The Monroe County study area -in ternis of driv.ers, vehicles, and-roadways__:_ agreed 
particularly well with national data for vehicle model year, vehicle make and driver sex. It 
was found to differ from the nation principally with respect to driver age (younger drivers 
overrepresented), and road and street system mileage (proportion of municipal mileage 
correct, but state and U.S. highways underrepresented and county roads overrepresented). 
In addition, the propo-rtion of surfaced roadways was also greater than' for-the nation as a 
whole (which is in conflict with imy ·pre-conceived notion that the Monroe County study 

·area is inore rural or primitive than the U.S., driving environment, generally). Note, 
however, that causation involvement rates were found to be relatively insensitive to the non
representativeness of these variables (Volume I, Table 9-:-6). 

:J. In the comparison of reported Monroe.County accidents to available national' accident 
descriptors, Monroe County was found to compare particularly well as to hour of accident 
and type of involved vehicle, but to differ somewhat with respect to accident driver sex 
(women overrepresented), place of accident occurrence (rural accidents overrepresented), 
acc:identlight condition (daylight overrepresented), accident type (multi-vehicle collisions 
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overrepresented;-- pedestrian, -non-motor vehicle., and. fixed ,object. acciden_ts under
represented), road surface condition (wet -roads overrepresented),· accident driver age 
(young d~ivers overrepresented), and accident severity (property -damag~ accidents 
overrepresented). Again, it should be noted that for eachof these variable~. causation 
involvement rates were found to be relatively insensitive _to the. degree, of non
representativeness experienced (Volume I, Table 9-6). _ 

4. The Phase II-V on-site sample is representative of 1972-1974 reported Monroe County 
accidents (i.e., does not vary to a statistically significant extent) in terms of place of 

. occurrence (urban or rural), driver sex, and driver age. The most non-representative 
characteristics are light conditions (on-site. sample overrepresented daylight accidents); 
road surface condition (overrepresented accidents which occurred on dry road surfaces); 
weather conditions (overrepresentcd.clear conditions); hour ofaccidcnt'(overrepresented 
accidents occurring between noon and 3:59p.m.); character of location (underrepresented 
open road, non-intersection accidents); investigation source (underrepresented non-police 
reported accidents- expected sinceonly police-investigated accidents met the criteria for 
investigation); and arreststatus (overrepresented drivers whci were not arrested). 1\' ote that 
with the exception of investigation source, the effects of non.representativeness ofeach of 
these variables has been examined and found to be extremely insignificmi.t in terms of 
overall involvement of human, vehicular, and environmental factors. - -

5. The Phase II-V in-depth sample was found to be representative of the 1972-1974 reported 
Monroe County accidents (again, in the sense of not varying to a statistically significant 
extent) with 'respect to weather conditions, ~haracter oflocation, road surfa9e.condition, 
driver license status, and driver sex. The most non-representative characteristics Of the 
Phase II-V in-depth accidents are light conditions (in-de"j:>th sample overrepresented 
daylight accidents); hour of accidel1t (overrepresented accideiltS occurring from !LOOn tO 

. 3:59 p.m.); aGcident type (overrepresented_ non-collision/running off road accidents); 
invest.igation source (underrepresented accidents n'ot investigated by police agencies -
again, an artifact of the selection criteria that only police~invcstigated accidents were 
considered); and arrest status (overrepresented driv~rs who were not arrested). Again, these 
differences have been found to have only a minor cir insignificant effect on the aggregate 
causal result percentages (Volume I, Table 9-6). . . . ' 

6. While the effects of nonrepresentativeness on the specific, -detail level causal factors were 
not examined, from the data presented in Volume I, Sectio~ 3.2.3, it is evident that results 
regarding the involvement of alcohol-impairment as an accident cause varied as a function 
of the extent of coverage provided (i.e.; according to whether accidents w~re selected from 

.. ali hours oft he day or only from limited periods). The overall effects of hours of coverage on 
alcohol-impairment are not clear (Volume I, Figure 3-5). However, for on-site team results 
(which ate probably less intlucnced by selection biases arising from non-cooperation of 
drinking drivers), more frequent involvement was consistently recorded during 24-hour per 
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·day coverage than during periods of limited coverage (from II :30 a.m .. to 10:30 p.m.). This 
would indicate a greater involvement or'alcohol-impairment in late night and early morning 
accidents. Overall, since 24-hour per day coverage was not provided ·continually 
thro~ghout Phases II~V, this would indicate that. the aggregate results for alcohol
impairment :n Phases U-V are understated. 

7. Overall, cons.idering the degree of representativeness of Monroe County· and the IRPS 
accident samples, as well as. the effects of non-uniform sampling on estimates of causal: 
involvement, it is concluded that the study area and samples are adequate to provide 

·reasonable and useful estimates of the relative involvement of the kinds of human, 
vehicular, and environmental factors assessed. 

Recommendations 

I. Although tlie relationships were not strong and the effects of non~uniform sampling on 
. IRPS' aggregate results were quite small, the accident causation judgments were shown to 
be related to various accident, driver, vehicular, and environmental descriptors. This means 

. that estimates regarding the role of the various human, . vehicular, and environmental 
factors can be inaccurat~ if the samples are chosen incorrectly, or if adequate post hoc 
~djustnients are not inade. 

2. With this in mind, it is recommended that when clinical assessment procedures are used in 
the future, samples to be chosen to minimize potential biases on these causal assessments, 
and that adjustments be made to the aggregate measures of involvement, in order. to 
minimize the influence of non-representative sa.mples. Most likely"some post hoc numerical 

. adjustments will be required, since inevitably some_ drivers either cannot or will not 
cooperate, creating the likelihood that certairi situations will be improperly represented. 
These kinds of situations c~n occur when drivers are worried ~bout future litigation, reside 
far from the study area, or are fatailyinjured. Where possible, extra effort should be exerted 
to assure that some of the "non-cooperatives" in fact are sampled (i.e., that there is 
penetration of the nonresponse groups}. In· addition, police reports on accidents involving 
u~cooperative drivers should be compared to similar data collected for the volunteer 
drivers, in order to detect and account for any systematic bias. At a minimum, variables 
which have been show~ to influence causation estimates should be considered when. 
sampling procedures are developed. These are as follows: 

• Estimates of humar~ involvement in accidents will be understated if the following are 
undcrsampled: arrested drivers; non-licensed or out-of-state drivers; urban accidents; dry 
or wet road surface accidents; dawn .or dusk~i'ccidents; and accidents occurring between 
8:00a.m. and 7,:59 p~m. Human involvement will also be understated if the following are 
oversampl~d: drivers aged 25-64; multiple vehicle accidents; and motorcycle accidents. 

• Environmental involvement will beunderstated ifthefollowingareundersarnpled: single 
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vehicle accidents; accidents during rainy, snowy, or foggy weather conditions; .rural 
accidents; accidents on wet, or snow 1 ice covered roads; and non-intersection accidents. 

• Estimates of vehicular involvement in accidents will be understated if the following are 
undersampled: drivers u~der 20 years of age; single vehicle accidents; o~. ~ccidents 
occurring on wet road surfaces. 

6.2 Volume II: Special Analyses 

6.2.1 Section 2.0: Driver Attributes and Relationship 
to Accident Causation 

6.2. 1.1 Section 2:1.· Driver Vision Testing 

L A Driver Vision Test (DVT) which is an integrated battery of 12 different driving-related 
tests, covering such visual skills as acuity for static ahd dynamic targets, visual field, and 
dynamic movement detection thresholds, was administered both to drivers who had'been 
involved in accidents and a non-accident control group. 

2. It was found that test/ re-test correlations were statistically significant for most of these 12 
separate tests, but ~ere adequately high. on only .three tests: (1) static acuity in normal 
illumination; (2) static acuity in the presence of spot glare; and (3) dynamic visual acuity. 

3. Given the 30 to 40 minute administration time, the DVTwas found unduly time consuming 
. for use in routine driver licensing, in its present configuration. However, investigatiOJis were 

made which suggest that for licensing purposes the DVT could be significantly shortened. 
For example, results show that all four tests of static fo:veal acuity correlated with each 
other more than with any of the o~her tests, and dynamic visual acuity correlated highly 
with most of the measures reflecting movement threshold acuity. Some of these tests may 
therefore be deleted. . 

4. Dynamic Visual Acuity (DVA) was found to be the test which best discriminated between . 
accident at~fault drivers and acontrol gr.oup of non~accident drivers, once the effects of age 
were controlled for. 

5. In another analysis, drivers who were judged to have committed accident-causing 
recognition errors were compared with those who had committed other e'rrors; and with 
those who were involved in accidents but had committed no errors. The drivers who had 
committed recognition errors scored significantly p(;JOrer on .the test of static acuity under 
low levels of illumination, than drivers who had cqmmitted noerror~ (20/88 vs. 20/75). 
Drivers who had committed "other errors" also scored more poorly than no-errqr drivers. 

6. A separate analysis was performed examining measures hypothesi7.cd to have particular 
relevance to involvement in either right angle or rear-end collisions. As hypothesized, it was 
found that increased involvement in right angle collisions was associated with lower 
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sensitivity to peripheral movement in-depth. Less clearly, it appeared. that involvement in 
rear-end collisions increased as the ability to detect angular movement in the central visual 

.·field decreased. For those with poor dynamic visual acuity- which by far was the v::ual 
ability found to be most consistently related to accidents - there 'was increased 
involvement in both right angle. and r<tar-end collisions, with the increase in the rear-er.d 
configuration being somewhat greater. · 

·. 
7, Of the more reliable measures provided by the DVT in its present form, dynamic visual 

1cuity appears to be the only variable which is consistently and significantly related to 
accident involvement. Static acuity under normal illumination- presently the only visual 

.screening criterion in most licensing tests - was not shown to be cau~a!ly-related to 
accidents (with the particular device and procedures used in this study). The .importance 
of most other measures of visual pe:forrnahce (e.g., static acuity under low levels of 
illumination and peripheral movement in-depth for large targets) cannot be adequately 
determined before the reliability of these measures is improved~ 

Recommendations 

1. Results suggest that the DVT is adequate for testing foveal static acuity under normal and 
glare conditions, but is less than satisfactory in measuring static acuity under low levels of 
illumination - unless a sufficient dark adaptation period is provided. The DVT does, 
however, yield a stable measure of dynamic visual acuity and effective visuai field. 

, 2. Tr.e present administration and scoring procedures render measures of both central and 
peripheral movement detection too unreliable to be. useful; accordingly, improvements are 
required in these areas. 

3. For llcensing purposes, the DVT r~quires too much time in its present configuration, and 
the equipment is excessively bulky as compared to devices presently . in use. it is 
recommended that improvements can be made in both respects by retaining only tests 
found to be definitely•related t? driving ability, and which are independent ofeach other. 
The factor analysis and various validity analyses suggest that two candidate tests for a 
reduced battery- are: (I) foveal static acuity .(under low level illuminati~n), and .(2) dy-
namic visual acuity. . · · 

. . 

4. ·Before such recommendations are implemented, the unreliable tests must be improved. 
This is necessary before any definite conclusions about relevance to driving ability and 
accident avoidance can be reached. The pattern of results suggests that such improve
ments can be· achieved by increasing the mechaniCal reliability of the DVT on one hand, 
and the objectivity of the scoring procedures on the other. Such methodological improve
ments in a modified and improved version of the DVf are currently being p~rsued under 
another NHTSA-sponsored contract. · 
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6.2.1.2 Section 2.2: Driver Knowledge Testing 

1. An analysis was undertaken to determine the usefulness of a particular driver knowledge 
test as an indicant of accident involvement or type of driving error. A 20-question driving 

· knowledge test was constructed from a large pool of multiple choice items provided by 
NHTSA, along with nine supplementary questions provided by IRPS. The questionnaire 
was administered to 178 drivers from an acCident group and 133 drivers from a control 
group. 

2. Driver knowledge test ~cores varied significantly as a function of age. Drivers under 20 
years of age scored relatively low. Drivers 20 to 34 scored the highest, but with a 
deterioration of scores beginning at age 35 and continuing, such that drivers 65 years of 
age and over s_cored ·the lowest. 

3. Of the 20 questions,n1ales performed significantly better on four questions, arid marginally 
better on an additional two. Females performed marginally better on one of the questions. 
In terms of total test score, males scored significantly higher. The questions best answered 
by males appeared to concentrate on handling in emergencies and mechanical 
considerations, rather than on general driving style or laws. · 

4. As might have been, expected, those who had received formal driver training scored 
significantly better than those who had not. The questions best answered by those who had 
had driver training emphasized general driving style and laws rather than emergency 
handling or mechanics. 

S. In a separate analysis, a comparison was trade among the test scores of those judged at fault 
in accidents, those involved but not-at-fault, and a control group of non-accident drivers; 
no statistically significant differences were identified for any of the individual questions, or 
for total driver knowledge test score. Consequently, this analysis provides no support for 
the idea that driver knowledge (as measured by this test) is related to accident involvement. 
One problem with this evaluation, however, was that in the time which elapsed between the 
accident and the knowledge test, drivers committing certain errors may have learned 
through discussions of the accident with friends, parents, their insurance company, etc. 

6. In yet another analysis, relationships were examined between particular questions and the 
incidenc" of accident-causing behaviors or problems which were hypothesized as being 
possibly related to them. Again, no statistically significant relationships were identified. 

Recommendations 

1. Despite the discouraging results obtained here, it is highly unlikely that all aspects of driving 
performance are unrelated to the .content areas and driving skill requirements which have 
been previously identified. Apparently, when driving performance is measured by accident 
involvement, other skills. and knowledge than that measured by this knowledge test is 
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' 
relevant. In the future, more specifi(· and relevnnt definitions of ~lrivcrkriowlcligi: should be 
tested. 

2. Accordingly, one recommendation is that driver knowledge should be tested in the 
behavioral ~reas that have been determined to be the major causes of accidents, and that 
this testing should take place immediately followi.1g the accident- before any additional 
learning takes place. Questions thiit assess proper visual surveillance techniques, a ware ness 
of the risk of inattention, proper evasive maneuvers, etc., are possibly more directly relevant 
to accident avoidance than questions dealing with maintenance, driving style, or knowledge 
of traffic regulations. 

3. In addition, driver knowledge of accident avoidance maneuvers should be tested un~er 
temporal stress. The drivers frequently reported that they "knew" that they had performed 
an .inappropriate avoidance maneuver, but in the limited time available had responded 

. "instinctively." When taking the knowledge test, these drivers often answered related ·· 
questions appropriately. Hence the need to measure both whether drivers know the right 
answer, and how much time is needed to reach the correct decision. Perhaps testing could be 
conducted in an active simulation environment, in which the driver is required to actually 
perform the appropriate motor response. 

_6.2.1.3 Section 2.3: Methodology Development-New 
Driver Measures 

1. This section built on previous research aimed at ascertaining distinguishable characteristics 
of the overinvolved or "problem driver." Driver characteristics and traits (independent 
variables) such as prior record, alcohol( drug usage, social adjustment, personal 
adjustment, and impulse control were examined in teTms of their relationship to various on
road behaviors (dependent variables) characteristic of risk-taking, poor decision making, 
and poor. perceptual-motor skill. 

. 2. In a preliminary study, a group of young accident repeaters was compared with a matched 
group of non-accident drivers, in terms of alcohol( drug use, personal adjustment, social 
adjustment, impulsivity and clerical::tbility. The high-accident group scored reliably higher 
on measures of alcohol( drug use, and on one or more measures of personal maladjustment, 
social maladjustment, impulsivity, and clerical speed 1 accuracy. The discriminant function 
was able to correctly assign 42 of the 46 matched subjects (i.e., over 90%). 

3. In a second validation study comparing new groups of high and non-accident young 
drivers, the discriminant function from the original study ·correctly assigned 12 of 14 
matched .subjects (i.e., over 85%). This study substantiated the validity of these measures of 
social and personal adjustment, at least for the type of young licensed drivers studied. 

4. Results of the original and validation ·studies were combined and further analyzed, 
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' .providing·. a total N of 60 licensed college freshmen, ages 18 and 19. Resuits from these 
·analyses are .consistent with the idea that personal maladjustment (i.e., problems with one's 
self) and social, maladjustment (i.e., problems with society) are related ,to accident 
involvement. To a lesser extent cognitive abilities (e.g., clerical abilities), and impulsivity are 
also related ·to accidents. · 

5. ln a separate analysis, a comparison was made between drivers judged to have committed 
··an error and those who were error-free. Tt was found that drivers·who had committed errors 

tended to score higher in ·both personal and social maladjustment (i.e., were. more 
maladjusted). ln a subsequent analysis, scores were compared among drivers who had 
committed a recognition error, a non-recognition error, or were error-free. Marginally 
reliable differences were obtained, with the no-error group scoring best on. personal and 
social adjustment, while the "other-error" group scored worse than the recognition error 
group. Thus, the scales tested wer_e not able to predict type of error, but did appear related to 
accident causation. . . 

6: ·.As.ubsequent analysis was perf~rmed to better determine the relationship of thes~ "driver 
.. ·profile scores" to specific types of driving errors. This analysis showed that: . · 

... --~ Drivers who .were. cited_ for any causative hll:nan factor, especially a human 
condition/ state; alcohol-impairment, or inattention, were more pe~sonally maladjusted 
than the no-error controls. Ori.e hypothesis is that personal problems may preoccupy or 

," '··· 

distract the driver. . 

• Privers committing almost any error, especially recognition and -decision errors (and 
possibly tl_lose cited .. for alcohol-impairment), were more anti-social than controls . 

. Possibly socially maladjusted .drivers may make a conscious decisio'n to drive more 
recklessly. 

· ~ Drivers _cited for causally-relevant ~lcohol-impairment tended to lack impulse control. 
These three sets of findings suggest that personal maladjustment; social maladjustment 
and lack of impulse control may all be factors und~rlying accident involvement by reason 
of alcohol impairment. _Further ,research is needed to clarify this point. 

Recommendations. 

_1. Results are highly enco~raging fo·r the idea that high accident drivers differ from no 
accident drivers, as a group, and arc promising in their. support of several theoretical 

' notions c;:onccrning the differences. This.is true despite the last three of these related studies 
being based on information which had been previously collected in the COl,l~seof in~depth 
(Level C) invest1gati~ns. (Existing qur.stions or1.the i11-depth human factors form were used 

·.to form:aq~hoc 'cales for measures such as personal and social maladjustment). This leads 
to the recommc~1dation that the .five,-step sequence as proposed in_ the text be pursued. 
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· 2. A recommended next step would be initiation of a prospective study in• which an entire 
battery of questions specifically designed .around these scales are given to a stratified, 
representative sample of the general driving population, for comparison with data on their 
previous crashes and violations. The fifth and concluding step would involve a major study 
in which the entire revised battery is administered to a representative sample of accident
involved drivers, in order to examine in detail the extent to which different types of accident 

· .. causing behaviors are relat~d to different basic human traits. A follow-up study would then 
monitor driver records for a future period to determine t~e. predictive validity of the 
measures used. . . · · · 

6.2.1.4 Section 2.4: Driver Characteris.tics and 
Culpability 

J. · In this section, accident-involved drivers which IRPS .investigators .assessed as having 
committed errors (i.e., "culpable drivers"), were compared with non-culpable accident 
drivers in terms of their age; sex, driving experience, vehicle familiarity, annual mileage, 
and road/ area familiarity. 

2. Based on this analysis, it was found that for both men and women, culpable drivers had 
. significantly less road/ area familiarity than did non-culpable drivers. 

3. Non-culpable men, in addition to having significantly more road/area familiarity, were 
characterized as having more familiarity with their vehicles than would be expected for their 

· age, and as being between the ages of 35~54. Culpable men were characterized as having 
little road/area familiarity, having less familiarity with their vehicles than would be 
expected for their age, and as being either young (15 to 19) ·or old (over 64). 

4. In addition to having significantly more road/ area familiarity, non-culpable female drivers 
were characterized as having more driving experience than would be expected for their age, 
and as being either over '54 or between 35 -and 44 years of age. Culpable female drivers were 
characterized as having little road/area familiarity, an intern1ediate (moderate) level of 
driving experience for their age, and as being either under 25 or between the ages of 45 and 
54. 

Recommendations 

This analysis has been conducted in such a manner that differences between drivers arising 
out of relatively uncontrollable risks (such as a,nnual miles traveled by the different groups) 
have been controlled for, so that the differences which remain can be assumed to be 
accounted for primarily by "unsafe driving practices." It is therefore recommended that 
drivers be provided with infomiatl.on sufficient to let them know if and when they are falling 
into one of these unsafe, "high culpability" groups or situations, and that fu.rther research, be 
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.conducted to determine' exactly what kinds. of driving behaviors or practites'are involved, 
leading to the increased risk.~ 

6.2.2 Section 3.0: Specia/Analyses: Human, Vehicular, 
and Environmenial Characteristics in Accident Causation 

· 6.2.2.1 Seftion 3.1: ClusterAnalysis 

I. In this section, information regarding a sample of 353 of the drivers/ vehicle units im'olved 
in accidents investigated in-depth (Phases II-V)~ were used as inputs to a cluster analysis: In 
this manner, the: drivers which were most similar on the basis of causation· variables_ were. 
grouped together, and differences between groups intenns of other variables (such as driver 
knowledge, vision, and personal adjustment), were measured. 

- ', . ' ' - . 

2.· Results of the cluster analysis of the causal hierarchy indicate that the investigators used the 
hierarchy consistently, in that there were clear groupings or clusters ofdriversfvehicles. 

··. These "natural" groupings tended to set apart drivers in terms of whether they .had made 
decision errors, recognition errors, or were "not-at~ fault," and in . terms of 'whether 
environmental factors or human conditions and states had been assigned as causally
relevant to them~ This pattern is consisten·t whh the causal factor hierarchy. While the initial 
groupings were produced using 353 drivers'from the in-depth ftle, in 14 separate random 

· samplings of 200 driver ;.vehiCle .units from the on-site fUe; a similar cluster structure 
consistently emerged (up to and including the five-duster level). 

3. C0mparisons were made between a numbe~ of the clusters, in order to meas~re differences 
on additional descriptors which had not been used in the formation of the .. clusters. For 
example, the members ofthe largest cluster (n = 133), none of whom had com~itted any 
assignable error, were compared with combined. members of the seven remafning at-fault 
clusters. Significant diff~rences were identified for nine of the 29 variables compared; for 
example, members ofthe not-at-fault cluster scored significantly better in terms of both 
dynamic visual acuity and social adjustment. Differences were not significant with respect 
to driver knowledge test score, reaction time, socio-ecc>nomic status, personal adjustment, 
alcohol usage, prior _driving record, or age. On the other hand (as might b.e expected from 
the discussion on the confounding of age and vision in Section 2.1 of Volume II), the not-at
fault drivers scored more poorly on ~tatic acuity and, unexpectedly, on impuls~ control~ 

4. This and other inter-cluster comparisons demonstrated that the grouping of drivers into 
such clusters was informative in terms of additional driver attributes not used in the process 
of deriving the clusters. · · 

4 Fun her analyses have been conducted regarding types of unsafe driving p~actices associated with the~ dnvcr 
groups, as a part of the "Tri-Level Study of the Causes of Traffic Accidents," Modification for Special Data 
Analyses, Task 4." · · 
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. . 6.2.2.2 Section 3.2: AID Analysis 

· 1. In the,automatic interaction detector(AID) analysis, theabsence or presence of a variery of 
causal factors was the dependent variable, and the independent variables were 10 selected 
driver demographic and environmental characteristics. 

2. Based on the AID analysis, roadfarea familiarity emerged as an extremely important 
. variable; the human factors summary, a variable that.indicates whether or nota" particular 
driver was identified as having committed any attributable error, split first on the road 
f~miliarity descriptor, indicating that this was the most important descriptor in 

'.differentiating drivers who made errors from those wh6 did· not. One or more human causal 
factors. was assigned for 69% of those who were unfamiliar with the road (i.e., drove it less 
than once per week), but for only" 53% of those who drove the road once per week or more 
frequently. . · 

3. The most frequently implicated human causal factors in the IRPS hierarchy were divided 
be.tween either. of two broad categories - recognition errors or decision. errors. With 
recognition errors as the dependent variable, the sole· split occurred (as for the human 
factors summary) on the road familiarity. variable, with drivers who were more familiar with 
the road being less likely to have committed a recognition error. With decision errors as the 
dependent variable, however, .an entirely different split occurred based on tr;lffic volume at 

·the time of the accident; decision errors were .cited for 36% of the drivers who had accidents 
in "light traffic," but for only 27% in moderate or heavy traffic. However, ·as one might 
expect, decision errors were cited more frequently among drivers who were unfamiliar with 
the road. In addition, drivers between the ages of25 and 64 were much less likely to be cited 
for decision errors than either young drivers or drivers 64 and over, Since the "excessive 
speed;, eategory comprises a larg~ proportion of all factors occurring under the decision 

- errors 'heading, the rationale for the excessive speed split in la~ge measure explains the 
decision error split (see below). . . 

.. 4. For the most frequently-implicated causal factor ~ improper .lookout --'-road familiarity 
. and driver age were close competitors to split the overall sample, with road familiarity 

actually ·producing the split. Drivers who were unfamiliar with the road, or who were 65 
. ·. years of age or older, were substantially more likely than other drivers to have committed an 

. improper lookout error. 

S. For the second-ranking causal factor ....:_ excessive speed - the initial split occurred for 
traffic volume (as it did for the decision errors category of which .it is the largest 
component), with excessive speed ·being cited for slightly under 5% of drivers in moderate or 
tteavy traffic, but.for. nearly 14% cif drivers in light traffic .. This result could have been 
anticipated, since it is consistent with conditions which provide an opportunity to speed, In 
addition, young drivers were found nearly three times as likely as drivers 20 or older to be 

.. cited for exc.essive. speed; males were twice as likely as females; .less ~xperienced .drivers 
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(those with two years;or less oriving experience) were roughly two and one-half times as 
·likely as more experienced drivers; and those who were relatively unfamiliar with their 
vehicle were roughly twice as likely as those who' were more familiar. 

6. For vehicular causal factors overall, the possible initial splits were pavement condition (dry, 
wet, snow, slush, or ice covered), P.recipitation intensity, driver age, and driving experience, 
with the split actually occurring for pavement condition; vehicular _factors were cited as 
causes in 8.0% of accidents occurring on "wet" pavement, compared to 3.5% in accidents 
occuring on "dry, icy, or showy" pavement. The high identification rates for wet pave
ment and precipitation are consistent with the fact that a majority of the vehicular factors 

. were related to either tires or brakes - problems which would be greatly intensified by 
environmental factors that might increase stopping ~istances or reduce traction laterally. 

Rec:·ommendations 

t Low road familiarity appeared related to the commission of a broad range ofhuman causal 
errors, and further research is warranted to better identify reasons. for this problem, as well 
as ways to alleviate it. For example, it might be possible to identify discrete components of 
familiarity in perceptual and behavioral terms, leading to design of training programs 
which would teach drivers to learn more rapidly the relevant information from a new road. 
Equally, new signing and 1 or roadway design requirements might be desirable, to better 
"cue" drivers as to roadway alignment ci}anges and related needs for speed adjustment. 

. Other aspects of the problem may lie in either program management or funding. For 
example, it may be that an adequate system to identify locations needing warning signs, and 
to periodically check these locations and perform needed replacement or maintenance, has 
not been provided. In other eases, the need may be known, but funds may not be adequate 
to provide such signing.·· 

2. Even with 2,433 accident driver /vehicle combinations (with no missing data) available from 
the IRPS on-site investigation level for this analysis, the decomposition of the sample into 
subparts quickly produced relatively small groups of interest that could not be adequately 
studied or further decomposed due to their small size. It is therefore important that future 
national data collection efforts ,incorporate an easily and consistently applied "causal 
assessment" scheme to aggregate additional cases and the.reby increase the ability of 
researchers ~o analyze relatively large subgroups of these categories. 

6:2.3 Section 4.0: Motorcycle AcCidents·~nd Causes 

1. In this sectio_n, three separate analyses were conducted: (I) an assessment of differences 
between accidents involving motorcycles and those involving other types of vehicles; (2) a 
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comparison of the 52 motorcycle accidents investigated by IRPS as a pan of the "Tri-Level 
Study" with· those reported state-wide by the Indiana S~ate .Police in 1973; and (3) an 
analysis of the 52 accidents investigated by IRPS in terms of causes assessed for. both the 
motorcycles and the other involved vehicles. 

2. As compared to reported accidents involving other types ofvehi~les, motorcycle accidents 
were more frequently single vehicle, rural, and non-intersection; occurred more fr(:quently 
during the warmer months and on weekends; were more likely to occur during the 
afternoon or eve~ing (rather than in the morning or early morning hours); more frequently 
occurred on dry r'oad surfaces; and were more frequently Injury-producing. The ac.cident
involved motorcyclists were younger than drivers of other accident-involved vehicles, and 
were more frequently male. Howeyer, . there was n.o recorded difference between 
motorcyclists and other accident-involved drivers with respect to the (police-recorded) 
presence of alcohol. 

3. The 52 motorcycle accidents investigated by IRPS during the five yearly study phases were 
representative of all1973 Indiana State Police-reported motorcycle accidents with respect 
to accident configuration, severity, place of occurrence, month,, day of week, tir.te of day, 

.. road surface condition, and light conditions. IRPS accident-involyed motorcyclists were 
representative with respect to sex and presence of alcohol, but overrepresented the 20-34 

. year age group, and underrepresented motorcyclists less than 20. 

4. Primary causes assessed for the 52 motorcyclists were human decision errors and 
environmental factors. The most 'frequent deCision error was excessive speed, followed by 
faJse assumption and improper driving technique. The mostfreqtient environmental-factors 
for motorcyclists were view obstructions (e:g., hillcrests and sags), followed by slick roads 

· and special hazards (primarily non~contact vehicles). 

5. Other motorists in motorcycle accidents (i.e., drivers of other vehicles which collided with 
motorcycles), were most frequently assigned recognition errors (Le., failure to recognize an 
oncoming motorcycle); decision errors, and environmental factors. Many recognition 
errors occurred when entering a travel lane from an intersecting street or alley. Tlrese 

· involved inattention to other traffic, improper lookout; and "othcr·dclays in perception." 
Another freque:nt recognition error was internal distraction (e.g,; conversation with a 
passenger). The most prevalent decision error was improper maneuver (e.g., turn from 
wrong lane), while view obstructions (e.g., other parked vehicles), were the most frequent 
environmental causes. 

6. As compared to all other accident-involved drivers, motorcyclists in the IRPS sa~ pie were 
less frequently cited for human errors, made significantly fewer recognition errors, and had 
fewer accident-causing vehicle malfunctions. · . 

7. On the other hand, as compared to accid~nt-involved drivers genera)ly, .the d'rivers of 
, . ' r' 
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vehicles striking motorcycles in the IRPS .sample were more frequently culpable, made 
significantly more recognition errors, made significantly fewer decision errors, and were 
less likely to be affected by adverse physiological/psychological states (e.g., alcohol 
impairment was less frequently involved than for accident-involved drivers generally). 

8. In summary, a major problem is that other motorists often .fail to see oncoming 
motorcyclists, particularly at intersections. The striking "other vehicle" driver is less likely 
to be involved by reason of alcohol-impairment than are accident drivers generally, while 
for motm'cyciists it appears that alcohol involvement is neither more. nor less frequent than 
for accident drivers generally. 

Recommendations 

Obyiously a much larger data base than the 52 motorcycle accidents examined by IRPS 
would be required to confidently list the related problems and to provide adequate guidance 
to such countermeasures as driver education,. vehicle inspection, or vehicle design. 
However, these results can be used to help inform motorcyclists of the danger that other 
drivers will fail to see them, arid to underscore the importance of keeping the headlight on, 

. wearing highly visible clothing, and decreasing speed at intersections . 
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APPENDIX A 
SCATTER PLOTPIAGRAMS 

Test-retest. sc'atter plots for each· of the DvT measures used 

in the reliability analysis •. 

Notes: 

1. In all cases the ordinate value represents the initial 
test score and the abscissa represents the retest scores. 

2. The numbers within the plots represent the number of 
cases with a given test retest score combination, and 
an asterick represents a single case. 
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"Tl! ~vro !C~EATI~~-DATE • 7~/11/29.) DY~A~IC VISICN TEST-RETEST RESULTS 
5CATTE~G~A~ 1F l~l~NI VAR049 STATIC ACUITY ~~GLARE-lOW LEVEL lACROSS) VAD098 STATIC ACUITY NO Gl~RE-l~W lEVEL ~ETES 

2. 42 2.1>2 2. B'. 3.02 3.22 ]. 47. 3.1>2· ).02 4-02 4.22 
. ·----·----+----·----· .. ---· ----·----·----·----· ----+--·-+----+----+----..-----+----+---- ·---·----+----·. 

4. 32 • • + 
I 
I 
I 
I 

~.09 • 

2.93 + 
I 
I 
I 
r 

2.70 .. 
2.41> • 

I 
I 
I ,. 

·2.23 + 

.. 

2 

:! 

• 

2 5 

.4 4 • 3 

·2 • 

2 

2 . 

2 ·• 

• 2 

• • 

• 

• • 

.. 

.. 
·•I 

• 

+ 
I 
i 
I 
! 
+ 
I 
'I 
I . 
I 
• 
I 
I 
I 
I 
+ 
I 
I 
I 
I 
+ 

+ 

+ 

2.00 +. . • . . . • 

. +----·----+----+----·~---·----+----+----·----·----+----·----+----+----·----·----·----·----~----·----+. 
2-12 2-52 2.72 2.92 3.12 3.32 3.52 3.72 3.92 4.12 4.32 

~LOTTfO VALU~S - 51 EKCLUOEO VALUES- 0 MlSSING VALUES- 0 

4.32 

4oC9 

3 •••. 

3o6.2 

3.39 

3.1.~ 

<:.93 

2.70 

2.41> 

2-23 

: 2.00 



~~~IA~A U~iV~~SITY--INSTITUTE FOP ~FSFnqCH I~ PUBliC SAFETY-- 75/01129. PAGE 17 

PilE OVTO ICREATI1N JATe = 7~/01/29.1 CYNA~IC VISION TEST-~ETEST RESULTS 
~CATTE~~~~~ ~~ CD~W~l VA~051 STAT(r ACUITY-SPOT GLARE CACROSSI VARQq9 STATIC ACUITV-SPOT GLARE RETEST 

1.17 1.50 1.83 2.16 2.49 2.33 3.16 3.49 3.82 4.15 
.+----·----·----+----t----t----+----+----·----~----+----·----+-~-·----t----+----+----+----+----·----·· 

t,.)Z •• 4.32 

3.99 + 4 3.99 
.I 
I 
1 
I 

3.1>1> + • 3.66 
I • l 
I I 
I 
I 

3.32 + .. 3. 32 
I 
1 
I 
I • 

2.99 + + Z.99 
I I 

?' I 
I • • • 

I 
I 

\Q I I 
z.r.t. + + 2.66 

l 
I• • .. .. ~ . . 
I 
I. 

2.33 • + z. 33 
I • • • z 
[ 

l 
[ 

z.oa +2 .. z 3 • + 2.00 
[ 

! 
r• • 2 '10 

I 
1.66 . ? 1.66 

I 
r• ) 

! 
! I 

1.33 • + 1. )3 
I2 5 
I 
I 

' l • .JO, •o • +. 1. 00 
··----·----+----+----·----+----·----·----+----·---~+----+---~+----+----·----·----+----+----+----·----+. 
1.00 I.H . 1.6!> . z.oo 2.33 . 2.1>6 2.99 . , 3.32 3.66 3.99 4.32 

l>l:'TTcO V!.LU~~ - 51. E~CLUOEO ViLUES~ 0 ~ISSINC VALUF.S • 0 



IN'llA~IA U'IIJVC~SITY-,-,INSTIT\JTE. FOR RF~E~~C>f IN PU~LIC SAFETY-- 75/0l/29. PACE Ill. 

FILE hVTO !C~EATIO~ DATE = 75/01/29.1 DYN~•fC VISION TEST-PETEST RFSULTS 
SCATTE~C~Ai ~F !QOWNI VA~052 CENTR~L ANGULAR ~~V~~(NT-TOTAL !ACROSSI VAR100 CENTRAL ANCULA~ ~1VE~fNT-TOTAL RETEST 

n.~s l't.OS 1~.75 15.45 16.15 1(). 65 17.55 l .~.25 1!!.95 19.65 
··----·----·----+----·-----·----·----·--~-·----·---·----·----+---+----·----+----+----+----+----·----+. 

zo·.oo + •• 20.00 
I I 
[' 1 
T ~c· 

i I 
18'.60 •• • z + 18.~0 

I' f 
[ I 
T I 
I 2 • 3 2 I 

17.60 + +, 17.60 
I 
I 

I• 2 2 .. 3 I 
. , I 

16.40 + • 11>:40 
I I· 
t• 2 2 2 0 •I 
I I 
I t 

ts;zj + +. 15.~0 

I 2 2 3 • ! 

> .I -0 
14.\)() + 2 • • + ltt.OO 

I I 
I .. I 
I I 
I 1. 

12.80 .: • • + 12.80 
I r: 
r· l 

I 

• • ( 
11'.6'o + + 11~60 

I I 
I I 
I • I 
I I 

10.40 + + 10~40 
l 
I • • 
I 
l 

9.20 + • 9.20 
I I 
I I 
T I 
I I 

s.oo + • • 8.00 
• +-- --·----·- --- -·- ~- '7.- ---·----. ----·----f.---·----·----·----·-----·----·---•-::..·--·---- ·--~-•.---·----· . 

13.00 . 13.70 '14.40 15.10 15.80 16.SO 11.20 17.90 18.60 19.30 20.00 

I'\. OTT ED v ~lU~S - 51 EXCLUijEO VALUES- 0 ~ISSINC VALUES- 0 



lllillii.Nl u.\IIVERSITY--INSTlTUT~ FO.R. Rf'SEARCH IN PUBLIC SAFETy-- 75!01/29. PACE 19 

Ftl~ OVT~ !C~EATIO~ OATE • i5/0l!Z9.I OVNAMIC VISIO~ TEST-RETEST RESULTS 
SCATTERGRA~ ll~ (I')OWN) ·liAR 053- C~NT~AL liNGULA~ MC:VEMENT-THRES~IlL!) ~ACRO_SSl VAR10l C~NTRAL ANGULAR ~OVEMENT-THRESHLD RETE 

~ --

7.00 

6.40 

is.eo 

5.20 

•• 60 

'4.00 

. 3.40 

z.eo 

. z.zo 

-1.60 

1.20 1.60 z.oo 2.40 2.80 3.20 3.60 4o01l 4.40 4.80 ··----...----·---·----·----·----·----·----+--+---..---+----+----+----·----+----+----+-----.---.. ---+_. 
+ ·,oo· 7.00 

.. 
·' I 
t 
I 
• 

• 
I 
l 
l· 
I 

•• 
I 
I 

IZ 
• 
I 
I 
I 
12 
• . I 

.zr. 
I 
I ... 
! 
I Z 
I 
I .. 

• • 

• 

z 

• 3 • 

z l 

4 2 • 

8 

• 

• • 

.r 
1 
I 
1 
• 
·( 

I 
1 
I 
• 
I 
I 
l 
I 
• 

.. 
I 
I 
I 
.I 

5.80 

5.20 

4.60 

4o00 

.. 3.4~ 
.: 

+ 
I 
I 

'.I 
I 
+ 
I 
I 

+ 

z;ao 

z.io 

1.60 

1.00 •3 , • + 1.00 
. ·-- --+---- ·----+----·---· -'--·----.,__--.•---+----+----·----·----·----·----·----+----- .. ---- •:----+ -~ --+ • 
1.00 t • .r.o 1.00 i.zo 2.60 3.00 3.40 3.~0 1o.ZO 4.60 5.00 

"LOTTED YALUr:S - 51 EXtLUOF.ft VALUES- 0 MISSIN~ VALUES- 0 



I~OIA~A U~IV~~StTY--INSTITUT~ FOR ~F.SEA~C~ I~ PUALTC SAFETY--
. . • . 1 - • . 

75/01/29. PAGE 20 

FIL:O DVTO !OEATIO'l.IJATE ·•. 75f0lf2'l.l- OY"'~M!C VISION TEST-RE1EST R.f.SUL-TS 
SCATTE~G;U~ ')F· 1001,'.~1 VM054 Ct:MTRAL l<1VE'IO:NT INLIEP.TH-TOTAl I AC!IOSSI VAR102 C~NTRAL MOVEM:NT INOE~TH-TCTAL RETEST 

> I 

t3 

20.00 

19.10 

18 .zo 

17.30 

16.40 

15.50 

14.60 

1}.70 

12.80 
·,;• 

11.9::1 

ll ~00 

14.30 l ~-90 15.50 16.10 16.70 17.30 17.90 18.50 19.10 19. ·ro 
··----·----·----·-·--·----·----·----·----+----+----+----·----+----+----+----+----+----+----~----+----+. 
+ 
I 
t 
I 

' + 
1 

' I 
1 .. 
~ ,. 
I 
r· .. 
r• 
T. 
T 
+ 
I 
r , .. 
1 
+ 
I 
I ,. 
I ... 
I 
T 
I 
t .. 
I 
I 
I' 
t-

.. 

• z· 

• 2 

• • 

2 2 2 

• 

" 

" 

2 J 

• z 

2 .. 

3 3 

2 .. 

• 

• 

+· 
41:-

1 
I 
I 
+ 
I. 

•! 
I .. 
+ 

21 y: 
I· .. , 
L 
1 
I
I . 
{ 
l; 
I 
I 
+ 
I 
I' 
I> .. 
+ 
!· 
I
I 
I 

20.00 

19.10 

18.20 

17·.30 

16.40 

15.50 

14.60 

13.70 

+ 12.!!0.-

.. 

.. . 

I 
I .. 
I 
+ 

• +-- _...:. ____ ·--- -+----·- ---. _.;. --+ --- -·---- ·~-~-·---+--- .... +----+'!""":"'-- ·---.:.._ .,:. __ ~-----+---- +----+----·--~-· . 
Jt.. Oil 14.60 1,5· zo lS.AO 16.40 17.00 11.60 1~.20 lA.~O 19.40 20.00 

11.90 

11.00 

PLOTTE::l V4t.UES - ~1 _FXC\.UOEO VALUES- 0 MISSING VALUFS - 0 



_ J~OJAIR U~IVEIISITY--JNSTtTUTE F~R RESEARCH IN PUBLIC SAf!'TY-- 75/01/29. PAGE 21 

F'lLE OVTO 
SCIITTE~G~A~ IJF 

ICHATJI)I>I !>ATE • 
1 n~w:-~1 v~~ 055 

7 5/0117.9. I' DYNAMIC VI S.l 0'< lEST-RETEST RE'&Ul TS 
~E~TqAL ~~VEMENT l~DE~TH-TH~ESHOLD SHALL (ACROSSI VAR103 CENTRAL HCVEMENT- INOEPTH-TH SHALL RETE 

1. 15 1.45 1. 75 2.05 2.35 2.65 . 2.95 ).25 3.55 3.85 

··----·----·----+----·----·----+----+----·----·----·----+----·----.----+----+----·---~+----+----·---~+. 
6.00 •• • 6.00 

I 
J 
J 
T 

5.50 • + S.50 
r J 
J ! 
! I 
r I 

:io!)O • 
T 

+ s.oo 
T 

I I 
I t 
r t 

~.so • ... 4.'50 
J I 
I t 

' I 
r I 

~.oo • + -..oo 
• I 

~-- J 
T 

w I 
3.50 • • .. 3.50 

! 
'I 
I 
J 

3.00 • ·+ loCO 
() • • J 

' I 

' ! 
I J 

2.50 •l • • • • 2.50 
1 I 
I r 
I I 

' I 
z.oo • + z.oo 

16 ,J 

r r 
1 J 
J .I 

1.50 .. • 1.50 
I I 

' r 
I r 
I I 

L.Ou t-:I.C 4 2 2 •.. 1.00 

··----·~---·----+----·----·----·----·-~--·~---~----·----·----·----·----.----·----·----·----·----+----·· 
1.?0 1.30 1.60 1.~0 ?.2_0 2.50 . 2.80 3.10 3.40 'l.TO <o.OO 

PLOTT EO 'I lL'J~S - '>1 E~C~CnEO VALUES- 0 "!SSING V~~UfS - 0 



11\l'llAI'IA U'llV~QSITV--lr-ISTIT_UTE FOR FSr:41\Ctl IN PUAL!C SAFETY-· 75/01/2'1. PACE 2:1' 

FTL~ DVTO !CqEAT!nN nATE m 7~/0l/7.9.1 ~V~A~IC VIS11N TFST-~EIEST o~SULTS 
!.CJ\TTE~,~~A~ 'lF 1•11),11111 VA~J5U Cc•ITOM •I'IV["'i::NT INilEPT•I-fii~ESIIIILO LA~C.E I~CRr'!SSi VArl04 CPHOhl ~i'VE~'>tT l•li!(OTH-Tt< LARGE RETE 

1. 20 1.60 7..00 .1'.40 2.80 ).20 1.61) '•-00 t,.t,O 4.80 

··----·----+----·----·----~----·----·----+----·----·----+----+----·----·----+----+----+----+----·----·· 
6.00 • • • 6.00 

5.50 5.50 

5.1)0 + • 5.00 
I* * 
I 
I 
I 

4.5J + 4.50 
I 
I 
I 
I 

lo.OO . + '~.co 
I 2 * • 

> I -.. 3.50 +2 2 ~ • 3 * ... 3. 50 
I i 

I 
I 
I 

3.00 + + 3.00 
13 2 ) 

I 
I 
I 

z.so •• • 4 • + z.so 
I 
I 
I 
I 

z.oo • .. z.oo 
• • • I 

I 
I 
[ 

1.5.) • + 1.50 
I 
I 
I 
r 

1.01) +'\ • ' 2 2 •· .. ... 1.oo 
. +----·----~-~--·----·----·--~-·----·----·----·----+---~·----+----·----·----+----·----·----·----·----·· 
1.00 1.40 1. 80 7..20 2.60 3.00 ~.40 3.AO . 4.20 4.60 5.00 

P~OTTED VAL•J!.'S - Sl E~CLUOE~ V~lU~S- 0 ~rss:Nr. VALU~S - 0 



[~~[A~A U~lv:qSITY-•INSTITUTE F3~ RESEA•CH 1~ PU8LIC S~FETY-• 75101/2~. ~.AGE 23 

~ILE OVTO CCqEATI1~ n~fE • 7~/0l/29,1 OYNA~JC VISION' fEST-~ETEST RFSULfS 
SC~TTE~GU~ ')F (O~wNI VA~ Co3 OY'<~'IIC V!Sl'J'l ACUITY CACQOSS) V'-!'1.105 OY~A'IIC V!SlDN ACUITY RETEST 

> I -'""' 

1. 72 1.9'1 2.27 2.54 2.81 ~-0~ 3."16 3.64 3.•a 4.18 
··----+----+----~----+----T----+----+----~----+----+----+----·----·----+----·----+----+----+----+----·~ 

4.49 + ~· 

• 4.l;) 

3.'11 

3.oz 

3.31 

"·!)) 

Z.71o 

z.ros. 

z.-16 

1.87 

· L .58 

+ 

+ 

+ 
l 
I 

+ . 
r 2 
l 
• 
! 
I 
15 • 
I . 
I 

' ,_,. 6 
I 
+ 
I 
I 
! 

' •IS 

.. 2 

4 

5 

.. 2: 

+ 

+ 
I 
1 
·I 
l .. 

-.I 

1 
.I 

I .. 
1 

-1 
I 
I 
+ 

.. 

+ 

+ 

+ 
• ·-- --;- :_ __ ·--- _.,.._ -- -·- --- ... - _. __ -J.--- -+---- +----_,._--~+'--=---·---- ... ----··---·----+----+----+-----·---·----· . 
t.sa r.ss. z.i3. z.4o z.oa z.qs 3.zz 3.so 3.77· ~-o~ 4.3z 

o;,_ '"\T.TEO v 41.1Jes - Sl EXCLUne1 VALUES- 0 "~I~~n:r. v~L:~I'~ - n 

4.49 

;',,20 

3.91 

3.62 

3.33 

3.03 

?-74 

2.'t5 

2.16 

1.87 

. l. 5S 





APPENDIX B: SELECTED ERROR PATTERNS ON THE CENTRAL ANGULAR 
MOVEMENT (CAM) TEST, AND THE THRESHOLD SCORED . 

The seoring difficulty Is illustrated by tbe different patterns yieldlnl the same score. 

Error Trials 
(Rate of movement - min~ arc/sec) Scored 

Case Driver Run 256 128 64 32 16 12 8 6 4 2 Threshold 
202 2 1 X X 

2 X 4 
203 1 1 X X X 

6 2 X X X 
205. 1 1 X X 

2 2 
209 1 1 X X X 

2 X 4 

211 1 1 X 
2 X X X 8 I 

214 1 1 X 4 2 
214 ·2 1 X 

2 X X X 12 
216 1 l X X 

2 X 8 
217 2 1 X X X 12 2' X X X X 

B-1 



APPENDIX C: BASIC DEMOGRAPHIC QUESTIONNAIRE 

Name: 

Socia'l S.ecurity Nwnb.er:. 

Sex: 

Age: 

Male 
---,.Female 

Years Oid· ---

':-''• 

Education: 

, 1-7 y,ears . 
s~ll years . 

.:----..,_ 
__._...,High .Sc:hool graduate 
___ 1-3 years of college 

College graduate 
---,.Post...:grad or professional degree 

. Vocational, technical or business school __ .,.., 

'" 

Major cu.rrent ot::cupation : .. Gi.ve jqb title and brief des,cription 
. of · .. work .. _:.-..;.__.;...;;.... __ ..;.;:....:-....;..._..;._ ____ ...._ ___________ _ 

Abou~ how much was your total family income :last year? 

··.·' ,•.[ 

· ·under $3., 000 
~~-$3,000 to 5,999 

$6 ,.ooo. to 7, 999 
~~-.$8, 000 to 11, 9·99 
--··_,.$12 ,-000 to 1.4, 999 

$15,~00 to. 19,999 
. ...:.. ----$20,000 · to 24,999 · 

$2;5 ,000 or more. ---
What is your p:resent marital sta.tus?: 

Single 
---M.arried 

Divorced or Separated 
---Other: 

... -' 

· .. 

Number of brothers and sisters yoll have? · : '· 



APPENDIX D: DRIVING RECORD QUESTIONNAIRE 

How )onq have you been. d~_ivin~? . __ .,...yec:~.rs 

How many-miles do yo~ think you have d d ven in the last. 
twelve. month period? · .miles . 

How many accidents have you ever been involved in (include 
those in which you were not at fault)? · .. 

How many of these occurred in the iast 5 years? 

How many occurred in the last year? 

In how many of the total number of accidents that you have 
been inv.olved in were you at fault? 

Briefly describe each accident you have been in during the 
last 5 years (in a sentence or two) .and-indicate whether 
there was anything you did that helped cause the accident. 

Accident 1: Description __________________________________ _ 

What was themain cause of the accident (put two checks by 
the main cause, and one check by any le_sser ·_important causes): 

I wasn'-t paying attention, so I didn't see the ---danger until it was too late. 
I was distracted by ·something, so I didn.' t see ----the danger until it was too late. 

___ I didn't.see any danger e.ven though I thought.! 
looked. _ 

__ _..:.I didn't expect the other dr.iver- to d_o what he did. 
I was 9oing to fast. · · · 

---I was driving recklessly or incorrectly. 
___ I didn't evade the danger even though I could have. 
____ I had trouble steering or ·controlling my car. 

I was upset, under pressure, or in a hurry. 
---I was tired, not feeling well, or had been drinking. 
___ I was not familiar with the vehicle, the road or 

with driving in general. 
___ Other (please specify): 

How much damage was involved.in the accident? 

No damaae 
---Damage under $200 
___ Damage over $200 

D-1 



,, 

APPENDIX D: Continued 

How much injury, ~as "involved? . 

No injury or minor injuri- ·· ··· 
---Injury requ~r·ing. hospitalization or repeated 

treatments • · · 
___ .Death 

How many vehicles were invoived? 

(Repeat for further accidents.) 
'' 

. t,:_-

How many times ''have you been ticketed for any· of the viola-
tions listed below? ' 

___ .speeding over· the .limit 
reckless driving· 

---driving while intoxicated 
failure to observe ·a stop sign or light · '.t ---. Other (please specify all other tickets except·· 

_ __.__for parking) : 

How many t:im~s have you been ticketed for any of the viola.'
tions listed below, in the past year (in the past 12 month. 
period)? · 

_,_ __ speeding over limi-t . 
reckless driiing . . 

--·-driving while into·xicated . 
___ failure .to .observe a. stop s~gn or ligh_t 
___ other {please-specify all other tickets except 

for parking: 

D-2 



APPENDIX E: ALCOHOL-DRUG USE QUESTIONNAIRE 
,, 

·_. .: :· 

How often do you take 
prescription)? 

tranquilizers (prescriF>tion or non-

· · About every day or every other day. 
About once or twice a ·.week. 

--~Abou.t once.'. to three time. a month. 
---~About once to several times a year. 
--~N.:tver. 

How many cigarettes do you smo~e onan average day? ___ _ 

·How often did you have any alcoh9lic.beverage during the: 
past year?. 

___;, __ About · every day, or every other·· day. 
About once or twice a week. · 

----~About once to three times a month. 
___ _;About once to several times a year. 
___ ....;Never·. 

How many drinks did you .usually·have on those days or on 
those .occasions when you drank? . (By one drink we mean one 
12~ounce bottle pf beer, one coctail, one four ounce glass 
of wine, etc.·) 

·on an average day when I drank, I.drank about drinks at 
a.sitting. -----

E-l 





APPENDIX F: PERSONAL ADJUSTMENT QUESTIONNAIRE 

Recent Events 
Put a check mark next to each of the events listed below that 
happened to you within the past 12 months. 

Got marriec5, got engaged. or st~rted going with ---someone steadily. . . 
Got separated or divorced from wife or husband, ---or broke-up with someone. . 
Had disturbing trouble .with children, parents, 

---in-laws or other family member. 
Had disturbing trouble ~ith clOse friend. 

---Job promotion (moved to higher position at work). 
Job demotion (moved to lower position at work). 

--~Troubles with boss or co-workers at my work. (Or 
trouble with teachers and fellow students at school.) 

____ Fired or laid off from a job. (Or failed a course 
in school.} 

---~Had problems finding a job. 
Started a new type of work, changed to a different 

----line of work or to a new job. (Or began new school, 
graduated or quit school or changed school.) 

--~Considerable improvement in financial situation. 
Took out a new loan or mortgage. ----. ___ Fell behind in payments for loan, mortgage or finance. 

____ Death of a close family member. 
----~Death of close friend. 

Been very sick or injured (other than in car accident). 
---.Thought of committing suicide. 
--~-Been in fight. 
---~Been so angry you threw or broke things. 

Your Health 
During the past year, have you suffered from any of the following? 

Ulcers -----, ___ _,Frequent headaches 
----~Trouble falling asleep at night 
____ u.pset stomach, acid stomach, indigestion, gasses, 

heartburn, etc. 
----~Fainting spells·or dizziness 
___ Frequent losses of memory 
---~Attacks of nausea or vomiting 
___ I sweat very easily even on c.ool days 
--~My sleep is fitful! and disturbed 
___ There seems to be a lump in my throat most of the 

time · 
__ .-My skin seems to be unusually sensative or itchy 

F-1 





APPENDIX G: TESTS OF PERSONAL ADJUSTMENT 

Think of your behavior over the past six months. Indicate 
how often each of the following things characterized your 
behavior, for the past six months or so. If it happened 
almost never, circle 1; if it happened sometimes, circle i: 
if it happened often~ circle 3; if it happened almost always, 
circle 4. 

Almost Some- Often Almost 
Never times Always 

1 

1 
1 
1 

1 

1 
1 

1 

1 
1 

1 
1 

1 
1 
1 

1 
1 
1 

1 

2 

2 
2 
2 

2 

2 
2 

2 

2 
2 

2 
2 

2 
2 
2 

2 
2 
2 

2 

3 

3 
3 
3 

3 

3 
3 

3 

3 
3 

3 
3 

3 
3 
3 

3 
3 
3 

3 

4 

4 
4 
4 

4 

4 
4 

4 

4 
4 

4 
4 

4 
4 
4 

4 
4 
4 

4 

G-J 

Acted as if I had no interest 
in things. 

Was restless. 
Just sat. 
Felt that people didn't care 

about me. 
Needed to do things very 

slowly to do them right. 

Got angry and broke things. 
Acted as if I had no control 

over my emotions. 
Laughed or cried at strange 

things 
Had mood changes without reason. 
Had temper tantrums. 

Got excited for no reason. 
Acted as if I didn't care 

about other people's ·feelings. 
Thought only of myself. 
Was.bossy. 
Argued~ 

Got ~nto fights with people. 
Was cooperative. 
Did the opposite of what was 

asked. 
Cursed at people. 



APPENDIX G: Continued 

Almost · Some- Often Almost 
Never times Always 

1 
1 
1 
1 
1 

'1 
' 1 

1 
1 
1 

1 
1 

1 
1 

1 

1 

1 
1 

1 

1 

1 
1 

1 

1 

-~ ' .... 2 

2 
2 

'2 
.2. 

2 
'':t· 

2. 
2 
2' 

2 
:2 

2 
2 

2 

2 

2 
2 

2 

2 

2 
2 

2 

2 

''I • -. 3 
' 3" 

3 
3 
3 

3 
3 

3 
3 

3 

3 

3 
3 

3 

3 

3 
3 

3 

3 

•. 

4 
'4 

'4 
4 . 
4 

4 
4 

4 
4 

4 

4 

4 
4 

4 

4 

Delibeiiateiy upset ro.utine. 
was resentful.·.· 
Got_allnoyed easily. · .. ' 

Was critical .of other people. 
~ied~ .. 

Got into trouble with law~ 
Stayed'a:way from people. 
Was quiet·. 
Preferred to be alone. 
Behavior'was childish. 

Moved about very slowly. 
Was very quick to react to 

something someone said or 
did. . 

Was very slow to react. 
Would stay in one position 

for a long period. 
Acted confused about things; 

in a daze. 

Acted as if I couldn't get 
certain thoughts out of my 
mind. 

Talked without making sense. 
Refused to speak at all for 

periods of time. 
Spoke so low you could not 

hear me. 
Talked about how angry I was 
at certain people. 

Threatened to tell people off. 
Said the same thing over and 

over again. 
Talked about big plans I had 

for the future. 
Gave advice without beinq asked. 

Note - These demos are modified from the Katz Adjustment Scales. 



APPENDIX G: Continued 

Circle Yes o~ No fo.r each q.uestion •. 

Yes 
Yes 
Yes 

. Yes 

Yes 

Yes 

Yes 
Yes 
Yes 
Yes 

No 
No 
No 
No 

No 

No 

No 
No 
No 
NO 

I find it hard to keep ~Y mind on a task or job. 
!'certainly feel useless at times. 
r·work un"der a great deal of tension. 
My daily life is full of things that keep me 
interested. 
·r seem to be about as capable and smart as most 
others a~ound me. 
Sometime.s without any reason OJ:' even when things 
are going wrong I feel excitedly happy, "on top 
of the world". 
I feel as good now as I ever have. 
I enjoy many kinds of play and recreation. 
I seldom worry about my health. 
I have a good appetite. 

G-3 
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APPENDIX H: SOCIAL ADJUSTMENT QUESTIONNAIRE 

How Il)any times have. you moved; from one residence to another in 
the past S.years? ---
How many years have:- you lived at your present address? 

How many times have you chanCJed jobs- (or schools) in the last 
5 years? 

How many years have you been employed: by your present employer? 

Are you.registered-to vote? Yes __ ; No __ 

How many times haveyou voted in the last four years? __ _ 

Do.you regutarly 'attend' church or other: religious services? 
' .. 'Yes __ ; No • 

When you were growing up did·your parentsregularly attend 
church? Yes . 1 No -- ---
In all, how many organizations or clubs do you pay dues to? ---'-7-

0n the average, how many days a month do you spend·at meet-
ings of clubs or organizations to which you. belong?. 

~ember shies 
· l'ry to th1nk of all the clubs or orl]a'ui.zations <.rt '· J., 'I belong 
to at the present time, and indicate how active you a:t"e in 
each by checking things you have done in each organization 
ove~ the last five years. 

Name of 
Organization 
Church 
Social, fra-
ternal ·or 
charitable 
club 

union or 
profession
al.organi
zation 

Political 
party or 
organiza
tion 

Sports teain' .. 
or group 

I am a 
member 

I have 
gone to 
meetings 

H-1 

I have 
contributed 
money or dues 

I have 
worked on 
projects 

I have 
held an 
office 



APPENDIX,FJ: Continued 

(List any .others and indicate how active. you are,.e~g.,,church 
organizations, parent qroups, scouts, e~c~) 

School 
Based .on your school experienc.es (junior. high and high school) 
how oft~.n: did .each of the following ev.ents occur?.· · 

Event 1. Often 2. Somet~mes 3. Rarely 4 . Nevel 
Played hooky. 
Wan ted to drop out. . . , 
Cut-up.and was sent to the 

principal's office. 
Skipped classes I didn't like. 
Enjoyed school. 
Got Ds and Fs. 
Was suspended. 
Had academic problems. 
Received awards and honors. 
Belonged to school clubs.or teams. 
Was well-liked.· 
Had conflicts with my teaqhers~ 
Went out on dates. 
Went to parties. 
Was a loner. 

General 
Put a check mark <0 beside each of t;.he. following ,.things which 
has happened to you. 

__ Regular cigarette smokel;' before·age 17 .. 
·· Had a full ·time job be (Excluding summer jobs.) 

Failed OJ1e or. more grades before grade 8. · 
Dropped out of school. · 

--Was arrested before age 18, for somet'hing other than driving. 
--Was arrested after age.la,· for something other than driving. 
-.-.-Was convicted for some offense other .than driv.ing. · · 
--Ran away from home as a. child.. · · 
--Have gotten into trouble for not pa_ying bills, or with a 
-- landlord over rent. 
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APPENDIX 1: STANDARDIZED TESTS OFSOCIAL:ADJUSTMENT 

A number ·Of cohtrqversial statements or questions with two .. -
alternative answers are gi.ven below. 'Indicate 'your per
sonal prefererice by putting a check mark in front of the 
answer that is most- at·tractive to you •. 

1. 

2. 

3. 

. - ·-
Taking the Bible as a whole, one sh.ould regard it_from 
the point of' view· of its beautiful mythology and liter_
ary style rather than as a spiritual revelation. 

·'Yes 
---.No 

Which of't,he· foll()wing branches of study do you expect 
will ultimately prove' more impor·tant for marik'ind? · 

Mathematics· 
---:Theology 

When you visit a cathedral are you more impressed by a 
pervading sense of reverence andc \'lorship · than by the 
architectural feature·s and stained glass? · 

Yes - · 
---.No 

4. All the e~idence that has been impartially acei.l~ulated-: 
goes to show that the universe has evolved to it-s 
present state in accordance with natural principles~ 
so that there is no necessity' to assume a first cause' 
cosmic purpose or God behind it. 

I agree- with this statement -,. 
----I disagree with this statement 

5. In your opinion, a man who works in business all week' 
can best spend his Sunday in --

trying to educate himself by reading serious books ---or.go to an orchestral concert. 
hearing a really good sermon ' --- '• ·;-; 

6. If you lived in a small_town and had more than enough 
income for yo\Jr needS 1 WOUld YOU prefer CO . 

Help ~dvance the activities of local,religous groups 
---G.ive it for'the d'evelopment of scientific research 

_in your locality · 

7 ~ AssUming that you '.i:u:-e a person with necessary ability 
and that the salary 'of- each of the following occupations 
is the same, would you·prefer to be 

mathematician ' 
---clergyman 



APPENDIX 1: Contmued · 

~. Should one guide one's conduct according to, or d~~~1np 
ona's chief loyalitics towards 

·onc'~l rcllqour~·r,,JLh 
---ideals ··of beauty 

Note-A longer, stand9rdized version involves all 45 items 
from the Allport-Vernon Study of Values. 

Circle Yes or No for Each Question 

Yes No 

Yes No 

Yes No 

Yes ·No· 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes ·No 

1. My way of doing things is apt to be mis
understood by others. 

2. My parents-have·often disapproved of my 
friends. 

3. Before I do something I try to consid~r 
how my friends-will react to it. 

4. I -often think about how I look and what 
impression I am making on others. 

5. My table manners are not quite as good 
at hdme as when I am out in company. 

6. I get pretty discouraged with the law when 
a smart lawyer gets a criminal free. 

7. Even when I have gotten into. trouble I was 
usually trying to do the right thing. 

8. Even the idea of giving a talk in public 
makes me afraid. 

9. It is pretty easy for people to win 
arguments with me. 

10. I have often gone against my parents' 
wishes. 

Note~A longer, standardized sdale cobsists of the following 
items taken from the California Psychological Inventory, 
Yes: 12, ·36, 93, 94, 156, 164, 170, 182, 184, 214, 257, 

'302, 327,336,338,339,345, 369; 385,386,393,396, 
398, 405r 416, 420, 428, 431, 43S, 436, 444, 457; No: 
62, 123, 144, 16S, 180, 192, 198, 212, 223, 245, 284, 
317, 323, 334, 367, 373, 389, 394, 409, 429, 439. A 
longer, standardized scale consists of 50 items from 
the Pd scale of·the MMPI. 
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APPENDIX J: IMPULSIVITY QUESTIONNAIRE· 

Driving Opinions 

Circle Yes if you generally agree with the statement and No 
if you generally disagree with the statement. T~y to answer 
all questions. 

Yes No 

Yes No 

Yes No 
Yes No 
Yes No 

Yes No 

Yes .No 

Yes No 
Yes No 

Yes No 

Yes No 

Yes No 
Yes No 
Yes No 
Yes No 

Yes No 

Yes No 
Yes No 

Yes No 
Yes No 
Yes No 
Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

I find driving a form of relaxation which I 
use to relieve my tension. . 
Driving gives most teen-agers a feeling of 
being grown up. , · 
It's fun to beat other cars at the getaway. 
It's fun to maneuver through traffic. 
During the past few months I have gone driving 
to blow off steam after an argument. 
I feel pressure from people.who have authority 
over me. 
I findcit difficult to go slowly when there 
is an open·road ahead and the speed limit is 
35 m.p.h. 
Driving helps relieve.pressure; 
People are more likely to take chances if their 
friends are in the car. 
It's fun to pass other cars on the highway 
even if you're not in a hurry. 
I drive differently when other people are in 
the car. 
It's a thrill to outwit other drivers. 
Driving in traffic is·no fun. · . 
It's a thrill to beat other drivers at the getaway. 
Driving at high speeds gives you a thrilling 
sense of power. 
Most drivers should not be allowed to go over 
60 m.p.h. 
The desire for speed is just like a disease .. 
Most people would rather have a 400 horsepower 
engine in an old car than a low powered engine 
in a newer car. 
Carelessness causes more accidents than speed. 
When I am upset, driving helps soothe my nerves. 
Speed limits are not needed in open country. 
If speed limits arc. reduced. any mor~. we might 
as well go back to the horse~ . 
I feel perfectly confident in my own judgment of 
how fast to go und~r all conditions. 
I'd rather have an old ca~ with plenty of guts 
than a newer mode 1 wi t:.h less pm11er. 
There is something about being behind th~ wheel 
that makes. one feel bigger. 
A good d:dver doesn't need the reminder of all 
the too many road signs • 
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APPENDIX K: TESTS OF IMPULSIVITY 

Circle Yes or No for Each Question 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 
Yes 
Yes 
Yes 

No 

No 

No 

No 

No 

No 

No 
No 
No 
No 

1. I have. never don:e anything dangerous· for 
the thrill of it. 

2. I often act on the spur o·f the moment with
out 9topping to think .. 

3. A person needs to-"show off" a little now 
and then. 

4. I think I would like to fight in a boxing 
match sometime. 

5. I often do whatever makes me feel cheerful 
here and now, even•at.the cost of some 
distant goal. 

6. I like to go to parties and other affairs 
where there is lots of loud fun. 

7. I am said to 'be a '"hothead II. 
8. I keep out of trouble at all costs. 
9. Sometimes I feel like smashing things. 

10. I consider a matter from every standpoint 
before I make a decision. · 

Note-A longer, standardized scale consists of the following 
items taken from the California Ps-ychological Inventory, 
Yes: 4, 20, 29, 42, 44~ 48, 53, 54, 57, 66, 78, 81, 91, 
9 3 , 10 2 , 1 0 4 , 114', 115 , 12 0 , 1 3 2 , 14 6 , 151 , 1 7 0 , 1 7 3 , 
178, 183, 185, 191, 196, 208, 211, 231, 243, 248, 251, 
257, 267, 275, 292, 294, 296, 291, 298, 300; No: 149, 
168, 174, 223, 276, 286. 

Circle a or b for Each Item 

1. a. Many of the unhappy things in. people Is ·l.ives are 
_partly due to bad luck. (X) 

b. People's misfortunes result from the mistakes they 
make. 

2. a. One of the major reasons why we have wars is because 
people don't take enough interest in politics. 

b. There will always be wars-, no matter how hard people 
try to prevent them. .(X) 

3. a. In the longrunpeople get the respect they deserve 
in this world. 

b. Unfortunately, an individual 1 s worth often passes· 
unrecognized no matter how hard he tries. (X) 

4. a. No matter how· hard you try some people just don't 
like you .. (X) · 

b. People who can't get others to like them don't under
stand how to get along with others. 

· K-1 



APPENDIX K: Continued 

s. a. 

.b. 

6~ a. 

b. 

7. .a. 
b. 

8. a. 
b. 

9. a. 

b. 

10. a. 

b. 

In the case ·of ,:~he ~ell,pr~pa~ed stud~nt there r~ 
rarely if ~yer _s'!l~h- a thing as .an unfair test.. _ 
Many- times _ ~xcun .. questia.ns tend to_be so unrelated 
t;o :course,. work_ that·_·s-tudyi]lg is realiy useless. (X l 

Becoming a su_6cess is' a matter 'of hard work, luck 
has little or nothing to do with it. 
Getting a good job depends mainly on being in the"' 
ricjht place at the right ti_me. (.X) 

People are lonely because they don't t~y t~ b~ f~i~ndly. 
There's not much use in trying too hard to please: 
people~ if ·they like you, they like you. (X) -

What happens to 'me is my own doi::1g. 
Sometimes I feel I don't have enough control over 
the direction my life is taking. (X} 

The average citizen can have an influence in govern
ment decisions. 
This world is 'run by a few people in power, and there 
is not much the _-little guy can do about it.· (X) 

~ far as world affairs 'are concerned, most of us 
are the victims of --forces we can neither understand 
nor control. (X} 
By taking an active part in political and social 
affairs the people can control world affairs. 

Note.~A loriger, standardized scale consists of all 29 items 
from Rotter's Internal-External Scale. (Rotter, 1966} 

- ' . 
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APPENDIX L: TEST FOR CLERICAL ABILITY 

Instructions: 

78695 . 76895 
67541-34621 
88961--88961 
76532--76532 
90754--90745 
678~3 68723 
54289 54289 
00651-. -00671 
21597--21957 

etc. 

Be1o~..l ar~ given pairs ·:of'>nu:mbers ~' Put a 
chec:;k m,ark between. t~ nuinbers·: if": they are 
not the same.· You will have· 4 minutes. 

·';·'-
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APPENDIX M: IN-DEPTH 
HUMAN FACTORS FORM 
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In-Depth Human factors Form 

In-depth Case Number_· _____ Drivers Name NW!Iber 
! 

' 
Address Phone 

Date of Collision I I Time ' AM PM 

LOcation ~ 

I 

Interviewer '. 

Date of Interview I I Time ' AM PM 

DPA ONLY: 
Location of Interview Date Reo' d 

-
Phase and Array Number 5 5 5 s. \\'hat was the highest grade that you completec 

T'i' Ol"i'T in school? 

Number of: Traffic Units per Accident --(ll 1-7 years 
TI TI -- (2) 8-11 years 

(3) H,S, graduate 
On-Site, In-Depth Flag· -- (4) 1-3 years of college 

TI -- (S) College graduate --__ (6) Post-grad or professional 
On-Site Case Number degree 

TIn n n (7) Vocational, technical, or - business school -Traffic Unit Nwnl;ler 
TI TI 

29 

6. Are you the main wage earner? 
·card NW!Iber 0 1 

i'3 TI (ll Yes (GO TO ITEM 9) -
DEMOGRAPHIC CHARAcTERISTICS NO 

- (2) respondent's spouse 

- (3) respondent's parents 
1. Sex (4) other (specify: -
- (1) Male ) 

(2) Female To - "'i5 
7. What are you doing at the present time7 

2. Age 
'li T7 - (1) Housewife 

Date of Birth: Month {2) Student 
IO ""i1 - (3) Retired - (4) Other (specify: ' -Day 
20 2.1 ) -., 

Year 
iT;-;- 8. Do you have any kind of job - full-time 

or part-time - for which you receive pay? 
J. Height (in inches ) 

job: -----(in·· em ---, 21t 25 - {1) full-time (Type of 

4. Weight _____ lba ) 
IT T71a - (2) part-t:l.rne (Type of JOb: 

(in kilograms ) 
) 

-- (3) None 
'i'i' 

: 

. 
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In-Depth H·uman Factors Form 

9.!Now, regarding the main wage earner, 
how are you (or is he/she) employed? 
(Deacribe type of work ----,---

--------------·) 
__ (1) Professional, technical, and 

kindred 
_(2) Non-farm managera, officials 

and proprietors 
(3) ~a~ers and fa~ managers 

-(4) Clerical and kindred 
--(5) sales workers 
::(6) Craftsmen, foreman and 

kindred 
_(7) Operatives and kindred 
__ (B) Private household workers 

(9) Service workers 
-(10) Farm labors and foreman 
::n11 Laborers, except for farm 

and mine 
(12) Housewife 

-(13) Student 
::<14) Other .(specify=-----'---___________________ ) 
10. How long have you (or he/she) been 

with the present employer? 

______years !in months ____ ) 

11. Haw many different employers have you 
(or he/she) worked for in the. past five 
years? 

12. About how much was your total family 
income last year? (List the combined 
incomes of the principal wage earners 
of the supporting household) 

__ (1) under $3,000 
(2) $3,000-5,999 

--(3) $6,000-7,999 
::(4) $8,000-11,999 
__ (5) $12,000-14,999 
__ {6) $15,000-19,999 
_{7) $20,000-24,999 
__ (8) $25;000 or more 

13. How many persons are living 
on this income?·-'----------

14. What is your present marital 
status? 

single 
married 
divorced or aeparated 
widowed 
other (specify: _________ > 

15. How-many'times; if any, have you 
previously been married? 

(1) never been previously marz:ied. 
-(2) once 
--(3) two or more times 
::(4) no response 

16. Do you have any dependent children? 

(1) yes 
=(2) no· (GO TO ITEM 17). 

How many of them presently reside' with 
you in your home? 

(1) none 
-(2) one 
=CJJ two 
__ (4) three or more 

17. In the last ten years, how many 
times have you moved ~ ~oved from 
one address to another? 

- (1) ne11er (GO TO ITEM 19) 
(2) once - (3} 2 or 3 times 

=(4) 4 or 5 times 
(5) 6 or 7 times -- (6) 8 or more times -- (7) no response, --

18. About how far did you mo11e the last 
move that you made? miles 

•·- PHYSICAL CONDITION· 

J1 

•• 

19. Were you feelinq physically 
no~al prio~· to the accident? 

_(1) yes 
__ (2) no (explain: ________________ __ _______________________ ) 

20. How is your general health? 

(1) excell.imt 
-(2) good 
·--(3) fair 
::<:t) poor 

21. Have you ever had a serious illness 
pr injury that still bothers you? 

_(lJ yes (explain: ________ ~~--~--______________ .) 
_(2) no 

M-3 
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In-Depth Human Factors Fonn 
0 

r ' \ ~· ' " 

22. Are you disabled'·or do 'you have 
any physical handicaps?' 

__ (ll Yes (explain: _______________ __ 

_________________________, 
' __ (2) No 

23. Do you wear glasses or contact 
lenses? 

-- (1) Yes, wearing at .the .time of. 
accident 

-- (2) Yes, not wearing at the time 
of accident 

(3) No '"" --
24. Is your driver's license subject 

to any restrictio~.s?' 

__ (1) Yes, (specify: ____________ ------_____________ , 
__ (2) No 

'' 

25. Did you go to bed at your normal bedtime 
the evening prior to the accident? 

__ (ll Yes. 
__ ( 2) No (explain: _______ _,;. __ 

-------~---------------·> 
26. How many hours of sleep did. you· 

get? 

-------~~hours 

.. ' 

ID 

II 52 

27• Were you sleepy or drowsy at the 
time of the accident? 

__ (1) Yes (explain: _____ ~------~ 

__ (2) 
~---------------._,;. _____________ ) 
No --... 

PSYCHOLOGICAL CONDITION 

29. Were you under any pa,ticulax 
emotional strain before the 
accident? 

_(1) Yes (explain:.~·----------~------

~-----------------------> ...,;;.·(2) .No .... 

30. Did you have any disagreements with 
a member of your family, a friend, 
or someone where you work before the 
accident? 

__ (1) Yes (explain•~---~----------

') 
__ (2) No 

Which of the following words best describes 
how often you (had an upset. stomach) in the 
past year: often, sometimes, rarely, never? 
(Code 1, 2, 3 or 4, respectively and repeat 
for each condition) 

31. _had an upset stomach 

32. had headaches 

33. _felt ne~ous or tense 

34. __ worried'about things· 

35.- felt· depressed _,. 

' • 5 

•• 
... 

...... 
•• 
TT 

How often. ·have you. found the following things 
to be annoying or troublesome: ofteq sOmetimes, 
rarely, or never? (Code 1, 2, 3, or 4, respec
tively and repeat for each ~ondition) 

36. Conditions where you work (or _go 
-to school, or- on last job if pre-

sently unemployed) 
" 

·: ~ -,. 
28. Were you f~eli~g unusually tired or 

. fatigued from your day's activities? 

'37.: _Conditions aroun·d the neighborhoOd -•• 
38. Conditions around hoaie at the 

__ (1) Yes (explain: _______ ~----- -present time ' -... 
39. Conditions around your home while 

~----~--------~------~ __ (2) No 

-you were grpwing .~P. ·II ,, 

- ,, .. 
. ... 

--· 
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In-Depth 'Human Factors Form 

SOCIAL PARTICIPATION 

40. Do you belong. to any organizations 
like civic groups, fraternaties, 
church groups, unions, and so on? 

(1) Yes (GO TO.SPECIAL PORM, paqe 4A) 
=(2) No 

DRIVING EXPERIENCE 

41. Bow l?ng have you been driving? 

______years (in months _____ ) 

.. 

48. In how many of the total number 
of accidents that you.have been 
involved in were you judged at 
fault? 

----~~-------eaccidents 

49. Bas your car insurance ever been 
cancelled? 

__ (1) Yes (explain=-----------------

~------~~~~~----·' _(2) No 

,., 'lo'll • t How many times have you been ticketed 
for any of the following types of 
moving traffic violations? 42. Haw many miles do you think that 

you have driven in the last twelve
month period? 

__ ..,......,..~miles 

c...,. __ .....;miles/100) 

43. Which of the following types of 
driver training have you success
fully completed? 

(11 no driver tr"aining. 
---(21 high school course 
-(31 college course 
-(C) private driver school 
=(51 other (specify:_·---------

------------~---------·' 
ACCIDENT/VIOLATION HISTORY 

u. How many accidents E!rior to this one 
have 'you ever been involved 1n While 
driving? 

accidents 

cs. Haw many· of 1$ese occ:urred in the 
last 5 years? 

accidents 

46. Haw many of, these ,occurred iD 
the last two years:? 

accidents 

n. Raw many of these occurred in 
the last year? 

-----------~•ccidents 

e 

71 

----,, •• 

---., .. " 

.. 

0 Never been ticketed 
(GO TO ITEM 58) 

so. _speeding over the ·limit 

51. _reckless driving 

52. _DWI 

53. _other (specify: _______ _ 

--------------------------------------' 
Bow many times have you been ticketed 
for any of the following type~ of 
movin9 traffic violations in the past 
year? 

0 Hawn' t beeri ticketed 
in the last year 

54. _speeding over the limit 

SS. _reckless driving 

56. _'Uifi 

57. _other (speeify: ______________ _ 

l 

58. Has your driver's license ever been 
suspend~d or revoked? 

~(1) Yes (explain: _______________ __ 

~-----------'· _(21 No 

M-S 

1!1 11· 

l. 19 

1.6 21 

ll ll 
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In-Depth Human Factors F~rm 

NMill 01•' FINANClAL COM11l T~' EE OFF'ICJ:::S 
r--· 0!{GANIZA'IJ_9_!!.._ l1LMBER 1\TTEN DI\N CE CONTRIBUTIONS ME.'IBER HELD 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
Total the. number 
of checkmarkg (/) 
in each column 

Tl Tz T3· T4 .Ts 

DIRECTIONS FOR USING THE SOCIAL PARTICIPATION SCALE 

1. List the organi~ations with which the driver and spouse are affiliated (at the present 
time) as indicated by the five types of participation No. 1 to No. 5 across the top of 
the schedule. It is not necessary to enter the date at which the person became a member 
of the organization. It is important to enter ,L if the membership is in a. purely local 
group, and to enter N ·if the membership is in-a local unit or some state or national 
organization. 

2. An organization means some active and organized grouping, usually but not necessarily 
in the community or neighborhood of residence, such as club, lodge, business or 
political or professional or religious organization, labor union, etc.; subgroups 
of a church or other institution are to be included se~arately ~rovided they are or~· 
ganized as more or less independent entities~· If appl1cable in 1cate w1th a checkmark (/). 

·- ~ . 
3. Record under attendance the mere fact of attendance or nonatte-ndance without· regard 

to the number of meetings attended. If applicable indicate with, a checl<:mark (./). 

4. Record under contributions-the mere fact of financial contributions or absence of 
contributions, and not the amount .. If applicable indicate with a checkmark (/). 

5. 'Previous memberships, committee work, offices held, ·etc., should not be counted or·.· 
recorded in computing .the final score. Checkmark (/) current commit):ees or offices held. 

6, Final score is computed by counting each membership as i, .each attended .as. 2, each 
contribution as 3, each committee membership as 4, and each office held as·s. If 
both driver and spouse are living together regularly in the home, add their total 
scores_and divide the SQm by two. 

RETUR.~ TO PAGE 4, DRIVING EXPERIENCE 



.In-Depth Human Factors Form 

VEHICLE FAMILIARITY 

59.. Is the accident vehicle your 
primary mode of transportation? 

Ill Yes (GO TO ITEM 60) 
-No 

; If NO, what type of vehicle do you 
normally drive? 

Year ---.-Make __ ~----------------------

Mode~--------~---------------------------
~(2) Full size (Buick Electra, 

Chevrolet Bel Air, etc.) 
(3) Intermediate (Chevelle, 

-' .ChaJ:ger, etc.) 
Compact (Dart, Nova, etc.) 
Subcompact· (Veqa, VW, etc.) 
sports car (MG, corvette, etc.) 
Liqht truck (Pickup, Van) 
Multipurpose Utility Vehicle 
(e.g., Jeep, Scout, Blazer, etc.) 

. (9) Other (bicycle, etc.) 
~(10) Don't usually drive 

60. Haw long have you driven the 
accident vehicle? 

______year~ (in.months ______ l 

61. How.many miles have you driven it 
in tha·last. twelve-month _period? 

----------·miles 

( miles/100) 

VBHICLE CONDITION 

62. Has your vehicle.had any repairs 
or new parts in .the last 6 months? 

(l) Yes 
--(2) No (GO TO ITEM 69) 

If YES, which of the following components 
was (were) affected? (Check all that 
apply and specify work donel) __ _ 

63. __ brakes ____________________ ~----

I 5 J 6 

... 

•• 

6 5. __power_ train _____________________ _ 

6.6. _steering _________________________ __ 

6'7. _suspension ________________________ _ 

68. _other (specify: ____________ ___ 

_____________________________ ) 

69. Did the vehicle have any unrepaired 
damage from previous accidents? 

__ (l) Yes (explain: __________________ __ 

~------------------------' __ (2) No 

70. How do you determine when your 
vehicle will be serviced? 

mileage-per owner's manual 
mileage-per own judgment 
when a problem arises 
when maintenance person suggests 
a need 
no particular method 
other (specify: ____________ __;_ __ -') 

71. Bow many miles do you think you 
have driven since any of your brake 
shoes or pads.were last replaced? 

(1) never replaced· (GO TO ITEM 76) 
--(2) less than 10,000 miles 
--(3) 10,000 to 25,000 miles 
--(4) 25,000 miles'':or more 
::<Sl don't know 

WhiCh shoes or pads were replaced? 
(Check all that apply!) 

72. _left front. 

73. __ left rear 

74. _right rear 

75. _right front 

•• 

TI 

rr 



ln-Depth·Human Factors Form 

Bow lonq has· each of.your tires'been in 
its present position? 

76. Left front 

(1) 
-(2) 
=(3) 
_(4) 

less than 10,000 miles 
10,000-25~000 miles 
more than 25,000 · 
don't know 

77. Left rear 

(1) 
=(2) 
_(3) 
_(4) 

less than 10,000 miles 
10,000-25,000 miles 
more than 25,000 
don't know ' 

78. Right rear 

_Ul 
(2) 

-(3) 

=(4) 

less than 10,000 miles 
10,000-25,000 miles 
more than 25,000 
don't know 

79. Right front 

__ (1) less than 10,000 miles 
(2) 10,000-25,000 miles 

-(3) more thari 25,000 
=(4) don't know 

80. Do you think all of your tires 
have sufficient tread? 

_(l) yes 
_(2) no (explain: ________ _ 

__ (3) ~~~~--------------> don 1 t know 

81. When were your tire pressures last 
checked? 

(1) within the last week - (2) more than a week but less than - a month 
(3) more than a month - (4) don't know -

82. Was there any part of the vehicle 
that was not working properly 
immediatery-before the accident? 

_(1) Yes (explain: _________ _ 
_______________________ , 

__ (2) No 

5 I 

•• 

-II 

-12 

83. Was there anything in particular 
about the vehicle which may have 
contributed to the accident? 

_(1) .Yes (explain: _________ _ 

;;;----------------------~-, _(2) No 

TRIP /ROADWAY. 

84 •. Where did your trip originate? 

(1) home ,, 

- (2) work 
-(3) shopping 
=(4) school 

(5) recreation 
-(6) friends or. relatiVes - (7) restaurant - (8) personal business - (9) cocktail/bar/wet party 
=(10) other (specify: 

----------~-....;__): 

85. What was the intended destinaticc 
of the trip? 

(1) home 
-(2) work 
-(3) shopping - (4) school - (5) recreation - (6) friends or relatives - (7) restaurant - (8) personal business - (9) cocktail/bar/wet party 
-(10) other (specify: -

--------------~-----------> 
What was the purpose of this trip? 

65 

., 

67 

-11 Approximately how far was the intended 
trip (origin to intended destination)? 

~-----------~miles 
(in kilometers __________ ) 

••• , 70 '71 

What time did you depart? 

•• ----------~~M -·---,, ,, 7ft .,.. 

(2 4hr. time. ____ __.) 

M-8 



In-Depth Human Factors Form 

Bow long did·yoQ expect the triR to 
tal<e? _.,, 

How long a time were you in the 
car ~ the· accident happened? 

86. How long have you been driving in 
this general area? · 

--------------~y•eers 

7' 7·,7 

Ti Ti". 

8 
(in months _____ ) 

TI TI TI 

87. How often do you drive the road 
on which the accident took place? 

__ (1) daily 
__ (2) twice weekly 

(3) once weel<ly_ 
--(4) twice monthly 
--(5) once monthly 
--(6) very infrequently 
=(7) first time on. road 

88. Were you confused in any way by the 
roadway or control devices? 

__ (1) Yes (explain=--------~---------

__ (2) No 

RESTRAINT USAGE 

89. Is your vehicle equipped.with 
adjustable head rests? 

__ (1) Yes (specify their pre-crash 
adjusted position,_· ____________ __ 

) 

~-----------------------) __ (2) No 

Ti 

90. Were you wearing a seatbelt at the 
time-of the accident? 

(1) ~es {GO TO ITEM 91) 
No 

If NO, which of the following best 
desoribes yoQr reason for not _using 
a seatbelt? 

(2) not available 
~(3) inconveinent to QSe 
--(4) uncomfortabel 
=(5) forgot 
__ (6) not in habit 

(7) used only when traveling 
--(S) don't believe in using them 

(explain: ______________________ __ 

~~~--~---------------' _(9) other (specify: ____________ __ 

-----------------------------' 
91. Were you wearing a shoulder harness 

at. the time of the accident? 

(1) Yea (GO TO ITEM 92) 
--No 

If NO, which of the following best 
describes your reason for not using 
a .shoulder harness? 

(2) 
=(3) 

(4) 
=(5) 
__ (6) 
__ (7) 

_(8) 

not available 
inconvenient to use 
uncomfortable 
forgot 
not in habit 
used only when traveling 
don't believe in using them 
(explain: 

~~~--~~----------~-) _(9) other. (sile~ify: _______________ _ 

------------------------------' 

2. 1 %2 

2.3 2. .. 

9 2'. Is your vehicle equipped 'with a safety 
belt interlock system? 

__ (l) Yes (GO TO SPECIAL FORM Page'7A) 
(2) No 

M-9 



In-Depth Case Traffia aa~• 
Safety Belt Interlock System 

fN~umb~~e~r~·--------------------------------~----~ Nwnber: 

PART I - VEHICLE INSPECTION 

1. Was the interlock system operational 
before the crash? 

Unknown (1) 
=(2) Yes (Disregard remaining questious 

in Part I) 
_(3) No 

2. Was any part of the system intenUonally 
·defeated? 

_ (1) Unknown 
(2) Yes 

=(3) No (GO TO QUESTION 10) 

If intentionally defeated, in what manner 
was it done? 0 

Unknown 

3. _Belt buckled behind occupant 

4. _Lap belt cut 

S~. _Shoulder belt cut 

6. _Buzzer rendered inoperatiVe 

7. _Logic mechanism altered 

8. Logic mechanism by-passed by ignition 
-circuit 

9. _Other (explain) •----------

10. If questions 1 and 2 were negative, 
describe failure mode of the system. 

PART II - DRIVER INTERVIEW 

11. Have you or any other person ever 
attempted to defeat or "get around~ 
any apsect of the starter interlock· 
system? (Including warning buzzer,· 
lights, switches, etc.), 

_ (1) Unknown 
(2) Yes 

=(3) No (GO TO QUESTION 37) 

Why was the attempt made to 'defeat the 
system? 0 

Unknown 

12. _Took too long to start th~ car 

13. _Do not like to wear restraints 

14. _Passengers complained about beinci 
forced to wear restraints 

15. _No objection to wearing restraints, 
but I will not be forced to do so in 
my own automobile 

16. _Other•---------------------------

TT 

TT 

TT 

TT 

TT 

n 

M-10 

How was the system defeated? OUnknown 

17. _Unable to defeat the system (GO TO 
QUESTION 36) 

19. Wired "around the system to -the 
-starter 

19. _Disconnected the buzzer 

20' _Shorted the seat sensors 

21. _Tied the belts in knots 

22. _Permanantly buckled the belts 

23. _Tuck the belts under the carpet 
after starting the car 

24. Buckled :the belt behind occupant 
-after starting the car 

25. _cut the shoulder belt 

26. _cut the lap belt 

27. _Altered 'the,logic mechanism 
('If yes, explain) •----------

28. Other: ____________ ~---

Who accOmplished this?O . 
UnknCJWD 

29. _Driver 

30. _Owner (not driver) 

31. _Automobile dealer 

32. _Garage mechanic_ 

33. _Relative 

34. _Friend 

35. _Other: 

II 

•• 

•• 
36. Why were you un_able to defeat the system? 

( 1) UnknOW'I'I 
-(2) Too hard to get to 
~(3) Did not have proper tools 
=(4) Did not knbw enough about the system 

(5) Other•----------------
=(6) N/A 

37. How many times has your vehicle failed 
to start when you went through the 
normal fastening routine? 

so"'ii 
38. Did you then attempt to defeat the system? 

39~ 

Ollknown 
Yes 
No 
I:J/A ·= Hew many times has your vehicle started but 

then stalled after going through the normal 
fastening and starting routine? 



In-Depth Human Facton Form 

DRUG/ALCOHOL USAGE 

Had you taken any medication or drug 
other than alcohol within 48 hours of 
the collision? (Check all that apply!) 

Q None CGO TO ITEM 102) 

93. _stimulants - prescriptive/narcotic 

94. _stimulants - nonprescriptiye 

95. _depressants - prescriptive/nartic 

96. _depressants - nonprescriptive 

97. _marijuana 

98. _hallucinogens 

99 •. _antihistamines' 

100. _other 

-
Z& 

-27 

-
28 

-
21 

-
ID 

-
II 

-
12 

-
II 

Specify drug name(s), .prescriptfon Numl:>er(s), 
recommended dosage(s) and time taken. 

PRESCRIPT. f DOSAGE 
TIME 
TAKEN 

I I 

I I 

I I 

REFER TO PHYSICIAN'S DESK REFERENCE (PDR) 
FOR THE CLASSIFICATION OF A PARTICULAR DRUG-

101. In your op1n1on, did the drug(s) impair 
your driving 'ability· in any way? 

_ (1) Yes (explain'::_-------'----'--

~---------------~-----------------) _(2) No 

102. Had you consumed ~ alcoholic 
beverages within 24 hours of the 
accident? 

_(1) Yes 
_(2) ~o (GO TO ITEM 113) 

IS 

How much of the following ty~ of 
beverages did you consume? {Indicate 
quantity of each type) 

103. bottles of beer 

104. _glasses of wine 

105. drinks containing 'hard liquor 

106. over what· period of time did you . 
consume these beverages? 

- (1) one hour 

- (2) two hours 
(3) three hours - (4) four hours -

- (5) five hours 

- (6) six or more hours 

- (7) don't know 

107. How long before the accident did you 
consume your last drink? 

(1) less than one hour 
-(2) 1-2 hours 
-(3) 3-·4 hours 
-(4} S-6 hours 
=(5) more than 6 hours 
_(6) don't know 

108. In your opinion, was your drinking 
in any way involved in the accident?·_ 

_{1) Yes 
_(2) No {GO TO ITEM 113) 

If YES, in which of .the following ways 
was 'it related? (Check all that apply!.) 

109. _impaired physical response 

110. __ impaired judgment 

111. ~impaired perception 

112. _other (specify:.._.._.._.._.._.._.._.._ __ 

--~-----------------------------~) 
MISCELLANEOUS 

113. Do you normally drive with one or 
both hands on the steering wheel? 

~(1) left hand only 
(2) right hand only 

=(3) both· hands 
_(4) either .hand 

M-Il 
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In-Depth' Human Factors form 

114. Which foot do you normally brake 
with? 

(1) right foot 
-(2) left foot 
=(3) either 

115. Were all of your vehicle's windows 
and vent's closed at the time of the 
accident? 

(l) Yes =(2) NO 

116. Did you have your air conditioner, 
heater, or defroster operating at 
the time of 'the accident 1 

_(l) Yes (specify: ________ ) 
_(2) No 

117. Do you smoke? 

_(1) 

_(2) 

_(3) 

Yes, but not smoking at the 
time of accident. , 
Yes, and smoking at time of 
accident. 
No-

llB. Were you wearing su.ngl·asses at 
the time of the accident~ 

(1) Yes 
=(2) No. 

.;. 

119. Were you carrying luggage or cargo 
in the vehicle at the time of the 
accident? 

_(l) Yes (des.,;rib.; its location and 
estimate _its weight:~------

~--------------~~-----·) _(2) NO 

HAVE THE DRIVER FILL OUT THE DRIVER 
KNOWLEDGE AND DRIVER OPINION QUESTIONNAIRES. 

ACCIDENT SUMMARY 

120. How did the driver d.;scribe the 
traffic conditions at the.time 
of the accident? 

(1) heavy 
-(2) 'moderate 
-(3) light ' 
=(4)' no' other traffic present" 

SQ 

rr 

•• 

121. Did the driver indicate that he/ 
she w·as in a !'urry? 

_(1) Yes (explain: _________ __ 

~----------------~------> _(2) No 

122. Did the driver indicate that his/ 
her mind was wandering or preo~cupied7 

_(1) Yes (explain: _________________ __ 

~------------------------) _(2) No 

Did the driver report any activity or,, 
occurrence inside the car that might have 
diverte'd his/her attention from the driving 
task?, (Check all that apply I) 

<::) no internal. distractions 

12 3. _ talkirig 

124. _listening to tape player or radio 

125. _adjusting ·controls 

126. _smoking 

127 • ..;_eating 

128. _other (specify: __________ __ 

----------~-------------') 
Did the driver report anything outside the 
,car that might have distracted his/her 
attention from the driving task? (Check 
all that apply!~-

c=) no outside distractions 

129. _other traffic 

130. ~edestrians 

131, __ unusual event like loud noise 

132. __ driver-selected outside activity 

133. ~other (specify=----~----------___________________________) 

M-12 
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ln;.Depth Human Factors Form . 

Did the driver re~ort anything that 
might heve impaired or blocked his/her 
view of the area in which the accident 
took place. (Check !!! that a~~lyl) 

. 0 no view. obstructions 

134. __ other traffic 

135. __ c~e(s) in· road or hillcrest 

136. __ trees or foliage 

137. __ embankment 

138. ~roadside'structure 

139. __9arked vehicle 

140. __ other (specify: ___________ _ 

., 
141. Bow fast did· the driver say he was 

traveling ~rior to entering the 
collision sequence? 

-----------~mph 

142. When was the first time the driver 
perceived the threatening sit-uation? 
(Approximate distance in feet) 

· · ·feet 

143. Pre-crash vehicle movement: 9 

70 

7Z 

7 l 

-m 
-(3) 
-(4) 

straight ahead· 
turning~ curve following 
u-turn 
reverse, backing 

I GO ro ~41 
-(5) 
-(6) 

(7) 

(8) 
-(9) 

lane changing, passing 
parked, stopped 
entering/leaving private 
use 14 if backing in~ 
starting to move ' 
unknown 

. ·, . "' 

dri~eway -

l44. Character of vehicle movement: 

(1) straight ahead 
(2) straight ahead, road turned to left 

--(3) straight ahead, road. turned to right 
(4) off righthand-side ·of road 

--(5) off righthand-side of lane 
--(6) off righthand-side and_back again 

(7) veered right 
(8) turned hard right· 
(9) off 11" fthand-s ide of road 
(10) off lefthand-side of lane 
(11) off lefthand-side and back again 

--(12) veered left 
--(13) turned hard left 

(14) vehicle stopped 
(15) other (specify: _________ _ 

' ). 
__ (16) unknown 

II 17 

145.· Did the driver attempt any kind of 
evasive action? 

(1) 
--(2) 

(3) 
(4) 
(5) 
(6) 

. 1~l 

none -!GO 'IO I'IEM 147} 
braked or>ly 
steered or>ly · 
accelerated only 
braked ther> steered 
steered then braked 
simultaneously braked and steered 
other (specify=--------------------

(9) unknown 

146. Did the vehicle respond· to the e~asive 
action as the driver expected? 

(1) Yes 
--NO 
--(2) fishtailed.while skidding 
--(3) lost steering control while skidding 

I I 

(4) lost control/not skidding 
--(5) rolled over on roadway withou~ collision 
--(6) other (specify: ____________________ ___ 

__ (7} unknown 

It 

147. If evasive action could have been 
taken· but' was ~· 'then ·why not? 

c'll none possible 
(2) delayed reaction 
(3} insufficient 'time 

--(4) misjud<JIIlent 
--(5) unsure of other driver's action 
--(6) panic 

(7) other (specify=----------~~--~~-

M-13 



,·:, 

In-Depth Human Factofl Form 

In the driver's opinion, could be have done 
anything differently that might have prevented 
or reduced the severity of the accident? 
(Check all that apply I l Q ' 

-- . None 

148. could have gone slower or 
-adjusted speed 

149. _could have accelerated to safety 

150. _could have steered to safety 

151. could have applied 
-differently 

brakes 

152. could have been more alert or 
~paid closer att~ntion 

153. could have siqnaled for ~urn, .lane 
-chanqe, etc. 

154. could have .siqnaled other driver 
-with horn 

155. could have had related-vehicle 
-defect corrected or +epaired 

156. could have anticipated a potentially 
--dangerous· situation 

157. __ other (specify•----------~---

158. Bow fast did the driver say he vas 
traveling at impact? 

21 

12 

•• 

'' 

'i"i' 

·-•• 

-----------~mph rr rr 
159. What were the .driver's action~. 

at impact? 

(1) unaware, no action 
--(2) braced 
--(3) covered face with hands 
-(4) other 

160.·What was the driver's post-impact 
position in the car? 

(1) normal driving position 
_(2) thrown from normal driving 

position 

161. What were the· driver's i11111lediate· 
post-impact actions? 

(1) no action · · c:· 
-(2) exited the vehicle 
·-(3) moved vehicle off road 
-(4) assisted injured persons 
·=(5) other (specify: ____________ __ 

162. Was an ambulance required for the 
driver o·r h~s/her passengers? 

(1) Yes 
_(2) No 

163. Bow was the car removed from the 
scene? 

(1) towed 
=·(2) driven away 

164. Who notified ·the police of the 
accident's occurrence? 

(1) driver ' 
_(21 other. (specify: __ _,.;. ________ _ 

· (3) don't know ·-. 
,165. Driver's opinion of police actions: 

(l) positive . 
:=c21 negative (explain•------------~ 

(J) no opinion 

166. Driver's assessment of.principal 
huma11 fault: · 

(1) aelf 
-(2) other driver 
-(3) pedestrian· 
::(4).other (specify=~---~--~-----

167. Driver's rankinq of relative 
contribution of hUman vehicular and. 
environmental factors (rank 1,2' 3) 

(1) human --
(2) vehicular -
(3) environmental· 

M-14 
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In-Depth Human Factors Form 

'"> 

168. Interviewer's general impression 170. Pelz-Schwnan Driver Opinion 
of relilpondent'a attitude and demeanor: -Questionnaire ·--., •• 

Ill hostile, uncooperatfve 
=(21 suspicious, guarded 171. _HAST --

(3) causal, impersonal .. u 
=(41 friendly, eoop.erati ve -•• 

! 
' ENTER TEST SCORES WHERE APPLICABLE 

. ,.,, 

169. _Driver Knowledge rest --
" ., 

. E>asc:ribe anything' that' oc:c:urre'd durlng the interview that you think roay''have influenced the 
accuracy or eoinpleteness with which the :respondent ·answered the· questions.·· 

. 
, 

; 

Is there anything that you can add about his/her driving practices, his/her attitudes and 
his/he:r environment which may not be clear from the questionnaire? Please include any 
impressions that .might help us do a better jOb 'of analyzing this accident .• 

. • 

' 

.. . . 
.. 

-
" 

NO'l'.!S1 

' 
... 

, . 
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In-Depth Human Factors Form: Status Review 

TO THE INVESTIGATOR: ~la~e:~·-check mark (,I) inrthe appropriate square.to-the right of 
each attachment item to indicate its status. Be certain to code the in-depth 
case number and traffic unit number at the top of the 1st page of each supplementary 
form! 

From To Not 
ATTACHMENT ITEM Page (s) Array Carel Column Colullln Completed Pending Completed 

Safety Belt 
~pterlock Sys.te~ i 7A 52 01 15 54- '' 

Occupant Factors Form A-1,2 24 01 15 80 
02 15 49 .. 

Driver Knowledge Tes.t B-1,2 53 0,1 15 H 

Pelz-Schuman Driver C-l,J 50 01 15 64 
Opinign Questionnaire 

Dynamic" Vision Test D-1,2 54 01 15 75 
02 15 32 

·, 
., .. 

Michigan Alcohol N/A N/A N/A N/A N/A. 
Screening Test (MAsT) 

TO THE CODERS: 

Collipleted s"tatus means the data or tests are present and· the ·results have been· 
: entered on the_ page(s) indicated, if applicable. 

Pending statuS indicates that while -the data is not yet in the file, it is 
expected to be Completed at some later time. ,The respective array_!! 
should be left blank. 

Not Completed status means that the particular data item was either not 
ascertained or·inapplicable. Do not code the associated array for 
this traffic unit. 

The data contained in each Attachment will be keypunched as a separate array beginning 
and ending in the card columns indicated. The data on the attached page(s) also applies 
to the traffic unit indicated on page one. Therefore, in keypunching the header· infor
mation, only the. array _number will change. 
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'In-Depth Case 

·'Number: 

In-Depth Human Factors Form 
Occupant Information· 

'l'raffic Unit 

Number: 

Fill in the chart using the appropriate codes from below . 
. (Enterr any additional information on back of page) 

RE- RE-
occ. 
No. 

SEAT STRAINTS STRAINTS 
POSITION USED ~VAr~BLE AGE 

SEX 
r;Fia!e 
2'"Female 

1 

3 

.4 

5 

6 

7 

8 

g 

Seated Position 
Ol=Left front 
02=Center front 
03=Right .front 
04=Left rear 
OS=Center .rear. 
OEi=Right rear 
07~Left third seat 
OB=Center third se·at 
09=Right third seat 
lO=Bed of truck 
ll~Inside pickup camper 
12~other 
l~Unknown 

RESTRAINTS ·USED AND AVAILABLE 
l"None 
2•Lap belt only 
)•Shoulder belt only 
4•Lap and Shoulder belt 
~;~nknown · 

~o injury 
!'"Minor 
2=Moderate 
leSevere injuries (not life

threaten1nql 

SEX 

AIS cont. 
4=Severe,injuries (life
threatening, survival 
probable) 
S=Critical injuriee 
6=Fatality ·cone fatal 
lesion) 
7-9-9: Review AHA codes 
lO=unknown 

CODES FOR AREAS OF 
OCCUPANT CONTACT 

OO=Unknown 
Ol=Air conditioning or 
ventilation outlets 
02=Glove compartment area 
03=Hardware items ·(ashtray, 
instruments, knobs, etc.) 
04=Heateir or AC ducts · 
OS=Instrument panel 
06=Mirrors · · 
07=Parking brake 
OB=Radio 
09~Steering assembly 
lO=Sunvisors & fittings, 
and/or top molding (header) 
!!=Transmission selector 
lever 
12=Windshield 
13=Armres ts 
14=A-pillar 
!S-a-pillar 

M-17 

AIS 

AREAS OF 
OCCUPANT 

HEIGHT l~r~~T rnMTArT· 

,· 

AREAS OF CONTACT CONT. 

lEi,..C-pillar 
17.,0-pillar 
lB=courtesy lights 
19~Hardware (sides) 
20=Surface of siae interiors 
2l=window frames 
22=Window glass 
23=Backlight (rear window) 
24=Coat hooks 
25=Roof or convertible top 
26=Roof side rails 
27•Console · · 
28=Foot controls 
29=Back of seats 
30=Head restraints 
3l=Interior loose object 
32=0ther occupants 
33:Restraint system hardware 
J·4=Restraint system webbing 
3S=Hood 
36=0bjects exterior to car 
37=0utside surface of car 
38=0ther 
39=Backliqht header 
40=0ther occupants 
4l=Flyinq glass 
42=Tapedecks 
43 .. Road surface 
44•Eye glasses 
45=Floors. 
SO.,No contact 



In-Depth Human Factors Form 
-.• 

Occupant No. 

1. This form should.be filled. out for each injured occupant. Add additional forms if nece;;sary. 
2. Check boxes to indicate type of injury to.each body. region, if known. 
3. If you are reasonably assured that one· or more specific components or areas contacted by 

this occupant resulted in an associable injury enter the proper code(s) in the. starred (*) 

section. (See page A ((occupant injury)) for codes) 
4. Describe specific occupant injuries on the back of this sheet. 

CHECK TYPE OF INJURY 

<.,· 

*ENTER CODE(S) FOR 
co ...., = 

BODY REGION AREAS OF POSSIBLE ~i;j ~ ...., ...., 
~ t'l 

8~ ":! ...., £ 0~ > 3: 
CONTACT ~ t'l o; ...., 0 

"'Ot"' ~ 
8 "l"' ~ c: "' 1':1 t"' ...., c .,s; til 1:1 0 

""' ·8 til til til o; 8 
... 0 ... c: H ... )'I-< H H c: > :c 
002 i:J 0 0 HZ 0 £ ~ " t'l 
Z><l ·z ·z Z8 z t'l "' 1 2 3 4 

Internal / v Organs 

Brain / 
Face / 
Head / 
Neck (Cervical / Region) 

Shoulder / Girdle 

Right Upper k: Lil!'b 

Left Upper v Lil!'b 

Chest & Upper v Back (Thorax) 

Lower Back / (Lul!'ber Region) 

Abdomen V· / 
Pelvic / Girdle 

Ri9ht Lower / Lil!'b 

.. Left Lower / Limb 

Whole / / / Body. 
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rn-DeJ)th case 
In-Depth Human Factors Form 

Driver Knowledge Questionnaire 
Traffic Unit 

N'umb<>r· Number: 

Please read each question carefully and select the one response that you feel ~ answers 

it. Indicate your. choice by, placing an "x" in the corresponding blank on its left. Be sure 

that you answer .every question and 'that you mark one and only one response I_ 

1. Under normal conditions the top 
speed limit for driving in a 
business dietrict is: 

(lJ 15 rnph 
-(2) 20 mph 
-(3) 25 mph. 
=(4) 30 mph 

2. If there are no painted lines on the' 
road you: 

(1) May drive anywhere on your side. 
=(2) Should drive as if there were 

lines. 
(3) Should drive wherever traffic 

-- ·is movi~q the. fastest. 
(4) May drive in the center of the 

- road. 

3. When driving at dusk or dawn, or 
on an unusually dark day: 

_(l) Turn 
_(2) Keep 

down 
_(3) Turn 
_(4) Turn 

on your parking lights. 
your sunglasses on to cut 
headlight glare. 
your lights on high beam. 
your lights on low beam. 

4. If your brakes are not holding 
because they are·wet, you should: 

(l) Continue - driving and they will 
dry off. 

- (2) Reep one foot on the gas and one 
lightly on the brake until dry. 

- (5) Stop on the side of the road 
and wait for them to dry. 

(4) ·- Don't use. your brakes until they 
are dry. 

5·. For driving on sand or snow, the 
best forward traction--can be 
attained: 

_(1) 

_(2) 

_(J) 

_(4) 

By letting air out of the rear 
tires so they are, several poUnds 
below. 
By letting air out of the rear 
tires and adding weight over, the 
driving-wheels. 
By simply keeping the tires at 
their recommended pressure. 
By adding weight over the driving 
wheels and keeping them at 
recommena-or slightly higher 
pressure. 

15 

IS 

I 7 

I I 

It 

6. When you want to make a right turn 
into a driveway you should: 

_(l) 
_(2) 

( 3) 

=(4) 

Avoid stopping on the road. 
Swing to the left before making 
the turn. 
Signal after you begin to turn. 
Signal the traffic behind you to 
pass · · 

7. If you come to an intersection that 
is hard to s~~ around b~cause of 
trees or buildings: 

(l) 

__:_ (2) 

_(3) 

Proceed as if there was a yield 
sign at the intersection. 
Stop near the center of the 
intersection and then continue 
when it is safe. 
Slow down and blow your horn 
to warn drivers who cannot 
see you. 

__ (4) Stop at the intersection and 
edge forward slowly. 

8. The most dangerous time to d'rive 
in the rain is: 

_(1) 

_(2) 

__ (3). 

_(4,) 

Just before the rain starts 
because it g~ts dark but most 
motorists have not slowed down 
yet. 
Just after the rain starts be
cause the· rain mixes with road 
film making the roads slick. 
After it has rained for about 30 
minutes because the rain has 
washed away all the grit that 
gives you traction 
Just after the rain stops because· 
other motorists can see aga~n, 
and start to drive faster but 
the streets are s~i11 wet. 

9. If brakes are applied continually, 
such as is necessary when coming down 
a long, steep grade, they may become 
very hot. When this happens: 

_(1) 

_(2) 

_(3) 

_(4) 

The brake warning lamp on the dash
board will come on. 
The brakes will loose their stopping 
ability. 
The brakes will improve. in effective
ness; brakes work best when hot. 
The brakes should operate normally, 
since 'heat has very little effect 
on them. 
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ln~Depth Human Factors Form 
Driver Kno\Yiedge Questionnaire 

10. If you are driving at high speed 
and have a blowout, you· should: 

_(1) 

_(2) 

_(3) 

_(4) 

Let go of the steering wheel 
because the car will straighten 
itself automatically. 
Step hard on the brakes to 
stop as quickly as possible. 
Apply the brakes gently, ~ith 
extreme caution. 
Pull off the road first then 
slow down. 

l.l. If the rear of your vehicle is 
skidding to the left you should: 

_(1) 

_(2) 

_(3) 

_(4) 

Move the steering wheel back 
and forth·in a zig-'zag pattern. 
Turn the top of your steering 
wheel to the left •. 
Hold your steering wheel from 
moving until out of the skid. 
Turn the top of your steering 
wheel to the right. 

12. If you cannot stop in time before 
hitting another vehicle, it is 
best to: 

_(l) 

_(2) 

_(3) 

_(4) 

Gradually slaw down and then hit 
the other vehicle. 
Blow the horn and continue at 
normal speed. 
Try to steer around the vehicle 
and avoid braking hard. 
Remove your foot from the gas 
and put on the brake as hard 
as possible. 

13. If you have locked your vehicle's 
brakes and you are sliding toward· 
another vehicle, you should: 

_(1) 

_(2) 

_(3) 

_(4.) 

Attempt to steer around the 
vehicle. 
Sound your horn and flash your 
lights. 
Pump your brakes and a~tempt 
to steer around the vehicle. 
Use your emergency brake. 

14. If you know that you will soon be 
making a turn you should: 

_(1) 

_(2) 

_(3) 

_(4) 

Look well ahead to locate the 
turning point. 
Blow the horn several hundred 
feet before you turn. 
Flash your bright lights to 
warn other traffic. 
Speed up so as to avoid making 
other vehicles wait. 

-z. 

z' 

Zl 

15. If the signal at a railroad crossing 
does not. indicate that a train is 
coming you should: 

(l) -
(2) -
(3) - (4) -

Speed up and cross ·the track 
quickly. 
Continue at the same speed and 
check for a train before crossing. 
Slow down and look bath ways., 
Corne to a complete stop before 
continuing across. 

16. When passing a vehicle you should 
return to the right side of the,·_ 
roaC! when: 

_(1) 

_(2) 

(3) 

_(4) 

You are 50 feet in front of the 
passed vehicle. 
The other driver signals you to 
do so.· 
You have cleared the front bumper 
by a vehicle length. 
You can see its entire front.enC! 
in your rearview mirror. 

17. It is best to check tire pressures: 

_(1,) 

_(2) 

_(3) 

_(4) 

After the car has been:parked for 
a long time and the ·tires are 
'ccolO". 
After the car has been driven 
vigorously ana the tires are "hot" •. 
Whenever convenient: it doesn't 
matter if.the tires are:hot or 
cold. 
With the car on a lift, so that 
there is no weight on the tires. 

18. When <!riving through fog at night, 
you should use your: 

(l) High beam headlights. 
-(2) Parking lights. 
--(3) Low beam headlights. 
::(4) 4-way flashers. 

19. Before leaving the road to avoid a 
heaa-on crash you should slow down_.by: 

(1) Pumping the brakes. 
:=(2) Applying constant pressure on the 

brakes. 
(3) Turning off the·engine. 

:=(4) Shifting into neutr~l. 

20. At night you should drive slow 
enough to be able to stop within: 

_(1) 
_(2) 

_(3) 

_(4) 

5 car lengths·. 
The distance lighted by your 
head!igh ts. 
The ti~e it takes for a light. 
to change from yellow to red. 
10 seconds from the time you 
hit the brake. 
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In-Depth Case 

Number: 

In-Depth Human Factors Form 
Driver Opinion $upplement 
·· · Array 50 · 

1. What is your cummulative grade-point average (GPA) as a student? 

(1) A 
-(2) B 

_(6) Check here if you are a high school graduate 

=(3) c 
(4) D - (5) Don't know -

Most drivers have to take a chance now and then -- such as passing on a 
winding road, driving fast on a wet road, or turning left in front of 
oncoming traffic. 

Some drivers will be more likely. to take a chance when other people are 
in the car;. some drivers will be more ·likely to take a chance when 
driving ~- How about you? 

CIRCLE ONE ANSWER IN EACH LINE 

More likely Less likely Same as 
to take a to take a alone 
chance chance 

Don't drive !~ever take 
with such a chances 
person 

. 
2. With a friend(s) in 1 2 3 4. 5 

the cilr 

3. With a date (or wife/ 1 2 3 4 5 
husband 

4. With a parent(s) in 1 2 3 4 5 
the car 

In this research we want to find out how people actuall:t drive. Listed below are 
many things that people sometimes .do when they drive. As you think back over the 
past month (or typical month), about how often would you estimate t~at you did each 
of these things? 

CIRCLE ONE ANSWER IN EACH LINE 

Not at Once .or Each Almost No 
e.!!__ twice week daily idea 

s. Drove with a radio or 
stereo on (or check 
here if no radio _) 1 2 3 4 5 

6.- Drove with one hand on 
wheel 1 2 3 4 5 

7. Drove through a yellow 
light 1 2 3 4 5 

8. Had a friendly race with 
ano.ther car 1 2 3 4 5 

9. Kept up with traffic that 
was going, 10 mph over the 
speed limit l 2 3 4 5 

10. Drove 15 mph or more over 
the prevailing traffi~ 
inside the city l 2 3 4 5 

li. Drove 10 mph or more over 
the prevailing traffic-on 
an open highway l 2 3 4 5 

12. Dared .or took a·dare from 
another car l 2 3 4 5 

•.. Continued on next page ••• 
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In-Depth Human Factors Form · 
Drlv~n .Opinion Supplement 

Again "think of the past month, or if that was very different from your. usual 
driving, think of a typical month. How often in that month did you drive in 
each state of mind listed below,? A rough estimate is okay. 

CIRCLE ONE ANSWER IN EACH LINE 

Not at Once· or Each Almost No 
!l:!......_ twice week'· daily ·~ 

13. When I was tired or 
sleepy 1 2 3· 4 5 

14. When I was in a hurry 1 2 3 4 ·5 

15. When I felt worried .or 
depressed 1 2 3 4 5 

16. In order to get away 
from people and be on my 
own 1 2 3 4 5 

17. When I was smoking 1 2 '3 4 5 

18. When I was angry 1 2 3 4 5 

19. After a couple of drinks 1 2 3 4 5 

In a typical week last month, please estimate roughly how much time you spend 
driving for each of the follOwing purposes (where you were the driver, not 
a passenger). Write your answer in hours. If you did no dri'ving for some purpose', 
write "0". (Not time just sitting in the car, or a·t astore or a movie, but 
actually driving. ) · 

Hours per week (rough estimate) 

20. Driving to or from work, ·or as· part of my job ------~------~~------~Hrs. 

21. Driving to or from school ------------------------~Hrs. 

22. For recreation·, shoppin'* visiting, etc. ~-------------------------·Hrs. 

23. Sum of these~ TOTAL HOURS.driving per week --------------------~--~Hrs. 
Besides the time you were actually driving to and from places such as to work, 
school, stores, ·etc., how.much time did you spend in an average recent week in 
these ways? 

24. Working on cars (my own~ or friends' I 
repairing, testing, cleaning, etc. 

25. Being in an around cars for fun and 
entertainment such as at drive-ins, 
with friends, ~t.c. 

Hours per week 

Hrs. 

· Brs· 

Sum of these •.•. • Hrs; .............. __ __;,_ ______ ~ 

••. Continued on next page 
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ln.,Depth Human Factors Fonn 
Driver Opinion Supplement 

Within the past y.ear, .ho~o~ often have you felt or done the following things7 

CIRCLE ONE ANSWER IN EACH LINE 

Not at 
!!!....__ 

Once or 
twice 

Every 
month 

Every 
week 

Almost. 
daily · 

26. Been mad enough to feel like 
smashing something, but didn't 1 2 3 4 5 

27. Been mad enough so I actually 
did smash something 1 2 3 4 !5 

28 .• Felt like getting into a fist 
fight with.someone but didn't 1 2 3 4 5 

2~. Actually got in'to a fight and 
hit somebody 1 2 3 4 5 

At present, how much of the time do you feel 12ressure from other people ~o~ho are 
to tell you how to run your life? 

CIRCLE ONE ANSWER IN" EACH LINE 

Pres !lure From: Hardly Once in ~orne of Most of Almost 
~ a while the time the time always 

3:!. My parent·s or other older 
relatives 1 2 3 4 5 

31. My wife (husband) or 
girlfriend (boyfriend) 1 2 3 4 5 

., 

32. Friends or relatives my 
own age 1 2 3 4 5 

33. People who.have authority 
over ne 1 2 3 4 5 

Sometimes, after an argument or quarrel, people go out for a drive to help them 
"blow off steam." During the past three months, how 9ften have you gone driving 
to blow off steam after an argument? 

CIRCLE ONE ANSWER IN EACH LINE 

How often in three months: 

Not at Once or Every Every Almost 
After an argument with: !!.L_ twice month week daily 

34. My parent or other older 
relative 1 2 3 4 5 

35. My wife (husband) or 
girlfriend (boyfrief?dl 1 2 3 4 5 

36. one of my friends or relatives 
my own age 1 2 3 4 5 

37. People who have authority over 
me 1 2 3 4 5 

END, THANK YOU! 
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5 5 4 or o2 o3 

In-Depth Human Factors Form · 
~~i~:;: ~0~~:\~:;~\s. Dynamic VIsion Test · ~:::~ 

Case Traffic Unit 

Nwnber: 

1. Static Acuity--No Glare: Normal 5. Peripheral .Movement In-Depth 

2. 

3. 

4. 

R 

T 
R 
L 
R 
L 
B 

L 

L 
L 
T 
B 
R 
R 

B 

R 
B 
T 
L 
B 
T 

L 

T 
R 
B 
T 
L 
T 

B T 

L B 
B R 
T L 
B R 
R T 
L R 

T B L B L R L T R 

T 
R B 
L L 
R 'R 

R T B 
L R L 

L 
R 
'r 
B 
L 
T 

T B' T 
B · R R 
L T L 
T T R 
R L L 
B '·a· B 

R B 
R L 
B R 
T T 
L B 
T R 

Central Angular Movement 

(Practice: R L) 

256 L R 
128 R L 

64 R L TOTAL: 
32 L R 
16 R L 
12 L R 

8 L R THRESHOLD: 
6 R L 
4 R L 
2 L R 

Central Movement In-Depth 

190 L L 
128 L s TOTAL: 

64 s L 
32 s L TRRESHOLDi 
16 L s 
12 L s SHALL: 

8 s L 
6 s L 
4 s L LARGE: 
2 L s 

Peripheral Angular Movement 

(Practice: R L) 

Left Eye Right Eye 

256 L R 
128 R L 

64 R L 
32 L R 
16 R L 
12 L R TOTAL: 

8 L R 
6 R L 
4 R L 
2 L R 

THRESHOLD: 

--l. l 9 

i"iil22 

--u .. 
---IS 21 :1:7 

---28 29 !Q 

- -II .. 
---
~~a a. .. 
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6. 

Ri9:ht E:.;:e Left eye 

190 L L 
128 L s 

64 s L 
32 s L 
16 L s 
12 L s TOTAL: 

8 s L 
36 .• t 

6 s L 
4 s L 
2 L s 

THRESHOLD: 

SMALL: 

S I 3 9 It 0 

LARGE: 

Peripheral Movement Tone. Count 

(Subtract total number of tones sounded 
in BOTH items 4 and 5 above from 40 and 
enter the resultant score in the columns 
to the right) 

7. Static Acuity--No Glare: Low Level 

R L B L B T 

175 150 125 100 85 70 

T L R T L B 
R L B R B R. 
L T T B T L 
R B L T B R 
L R B L R T 
B R T T L R .............................. ---\8 117 ltll 

T B L B L R L T R 

ll !Q. 2Q so !Q. 35 30 ~ ~ 

L B T L T B T R B 
B R B R B R R R L 
T L L T L T L B R 
B R R B T T R T T 
R T ·B L R .L L L B 
L R L T B B B T R 



ln~Depth Hu,man F,actors .Form .. 
·· ··oynami~.VIiion Test·· · ·· 

. ' . . ., . '. 
'· 

B. Field 
of Vision 

9. Detection, 
Acquisition,, & 
Interpretation 

10. Detection, 
Acquisition, & 
Interpretation 

13. Static Acui ty-..:sp6t.' ·Glare 
.. 

ORDER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

.12 

13 

14 

TOTAL 

THRES 

Left.Right 
~-.£iL 

L70 

L90 
L70 

L80 

L60 
L90 

R70 

R80 

R90 

R90 

R60 
R70 

· R80 

It' s 0 

HOLDS __ -·_ 
5 J 5 z. 53 5" 

go• Angle 

Left. Right 

~-~ 

T70 

L90 
L70 

R80 

s60 
r90 

R80 

R70 

T80 
B90 

L90 

R60 

• L70 
B80 

----57 5S.59 60 

35.• Angle· 

Left.Right 
~-~ 

Rl0 
· LlO 

R20 • 

· Bl5 
R20 

r15 • 

• L35 
B25 · 
R35 · 

. a25 

· T30 . 
· L35 

r35 

ti 1 15 z 

11. Dynamic Visual Acuity 120• Angle 

R T B L R T L L T B R 

200 175 150 125 100 65 70 60 50 40 30 

·12. Static Acuity--Veiling Glare 

R L B L B ·T 

ill 12£. !!1. !.£2. ss 70 

T L R T L ·B 
R L B R B R -
L '1' '1' B '1' , , L' 

R B L '1' B R 
L R B L R T 
B R T T L R 

Ill IIIII I 111111 I I II II 111111111 

' 

•. 

'fl .. , 7i"" 12 
T B L B L R L T R 

~ !!. ~ ~ 40 ~ ~ 25 20 

L B T L T B. T R B 
B R B R B R R R L 
T L L T L T L B R 
B R R B T T R T T 
R T B L R L L L B 
L R L T B B B T R 
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R i ·P. L . B T ' 

175 150 125 ioo 85 70 -
T L R T L s·· 
R L B R B R 
L T T B T L 
R B L T B R 
L R B L ,R '1' 
B R T· T L R ................................ 
T B L B L R L T R 

~ZQ.~~!£ 35 30.-25 20 
: 

L B T L T B T R B 
B R B R B R R R L 
T L L '1' L·· T L B. R 
B R R B T T R T T 
R T B L R L L .L B 
L R L T e. B B T R 

14. Simple Reaction . Times. 

Trial NWl'ber One 

Trial N\l!Wer Two 

Trial Nwrber Three .. 

15. Complex .Reaction Times 

Trial N\l!Wer One 

Trial Nurrber Two 

Trial Nurrber Three 

' 

.. 

i 

-
' 
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8 
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APPENDIX N: 24-PAGE DRIVER PROFILE 
SCORE QUESTIONNAIRE 
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Dear Respondent: 

This questionnaire is part of a lcing-range p~oject on driving 
conducted by Indiana 'University and the institute for Research 
in Public Sifety. It is intended to help develop programs that 
will prevent serious traffic accidents and injuries. We hope 
to gain a better understanding of w~at influ~nces driving be
havior by asking you about your driving, personal history and 
other related areas. 

The information gathered in this questionnaire will be used for 
research purposes only. Your answers will be treated i~ strict
est confidence and will be seen only by our research .staff. 

Please answer the questions. as frankly and accurately as you can. 
Be sure to read each question carefully before answering it. 

If you have any questions now or whil~ wotking on the question
naire, please feel free to ask for assis~ance. 

We gre~~ly:appreciate yciur help in this research. 

Yours sincerely, 

dcf/4tcV C' 1/~z -
Richard E. Mayer 

.Department of Psychology 
Indiana University 

N~2. 



Basic Information 

1. Sex: Male ---- Female 
"'"---

2. When is your birthday? Month _ __;, __ 

3. What is your marital status? 

__ Single 
Married 

__ Divorced or Separated 
__ Wj.dowed 

Year __ ...;.,..._ 

___ Other (Please specify: ___ ~-------------> 

4. Are you a student attending high scho~1, college or univ~rsity? 

No 
==Yes, part time 
___ Yes, full time 

5. What is your current occu?ation? (If you are not employed bUt 
your spouse is, give sp~u~e's occupation~ If you are not 
working because you are i~ school, give parrent's occupation.) 
Give job title and brief description of work: 

6. What is your year in school? 

Freshman 
__ Sophomore 

Junior 
Senior 

----Graduate Student 
==Other (Please specify=--------------> 

7. What is your major (or.expected major): ___________ _ 

8. What is your grade point average so far at IU? (If you no GPA 
at IU yet, give GPA from high school): _____ _ 

9. What were your SAT scores? 
remember), Math SAT ___ _ 

(Please try to estimate if you cannot 
Verbal· SAT __ -:--

10, At the present time, about what is· your family income before 
taxes. If you are married inlcude whatever your spouse makes. 
If you are supported mainly by ~our parents give parents' income: 

Under $3,000 
----$3,000 to $6,000 
----$6,000 to $9,000 
----$9,000 to $12,000 
====$12,000 to $15,000 
____ $15,000 to $18,000 
___ $18·, 000 to $21,000 
____ $21,000 or over 



11. How many brothers and/or sisters do you have? -----
12. Do you have any step parents? Yes _____ .. No_· ___ __ 

·o 

***********************·***************************************** 

Your Driving 

1. When did you first receive your drivers' license? 

Month ___ _ Year_· __ _ 

2. How many miles did you drive in the past 12 months. (If the 
past 12 months was not typical fo~ you, indicate how many 
you normally ·drive in 12 months.) 

__ under 5,000 
5,000 to 9,999 

---10,000 to 14,999 
15,000 to 19,999 

__ 20,000 to 24,999 
___ 25,000 or over 

3. How many times have you ever been ticketed for any .of the 
violations. listed below?e (Put·.number of tickets in each blank.) 

· speeding over the limit 
---reckless driving 
==driving while intoxicated/driving under the influence 

failure to observe a stop sign or light 
-.-illegal turn or maneuver 
--other (please specify all the other tickets except for parking): 

4. How many·ti~es ha~e you been ticketed for any of the violations 
listed below, during the past 3 years. (Put number of tickets 
in each blank. :By "past:3 years" we·mean within 3.years of today.) 

speeding over.the limit 
.---reckless driving 
----driving while intoxicated/driving under the influence 
---failure to observe a stop sign or light 
---.illegal turn or manuever 
---other (please specify all other. tickets during. the past 36 
----months except for parking): 
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S. Has your license ever been suspended or revoked? 

Yes ___ _ No.__ __ _ ' ~: :.· ' 

6. How many accident~ have you-ever been involved in while 
being a driver (include those in which you were not at fault). 

7. How many occurred within the past 3 years? 
. . 

8. In how many of the total number of accidents that you hav·~ 
been involved_ in as a driver were you jud~ed to be at fau~t? 

9. In how many of the accidents you were involved in as a driYer 
during the past 3 years ~ere you judged ~o be at fault? 

10. Briefly describe each accident you have be~n involved in as 
a driver during the past 3 years including those not mainiy 
your fault. Be sure to indicate whether there was anything 
you did lor didn't do) which helped cause the accident. 

AdCIDENT 1 (most' Yecent one) Desc~iption: 
--~---------------

Approximat~ Date: Month ---- Year ___ _ 

(Even if the a6cident was not mainli your fault, put a c~eck 
rna r k by what ~ did t h at c_o n :~ rib u ted m o s t . t o_ the a c c ide n t _. ) 

I wasn't paying attention, so I didn't see the danger_ until it 
--was too late. · 

I was distracted by some-thing, so ·I didn ''t _see the da~ger until 
---it was too late. 

I didn't see the danger even though I thought I looked. 
---I didn't expect th.e other driver··to be where h~ was or 'to do 
--what he did;-

I was going too fast~ 

I was driving a little recklessly or inco~rectly. 
---1 didn't evade the danger even though. I· cou:J.d have. 

I had. trouble steering or controllin~ my car. 
I was upset, under pressur~ oi in a hurry. 

---I was t.i red, not fee' ling well, or had been drinking. 
I was not familiar wi~h the vehicle, the ro~d or ~ith the· 

---driving in general. 
Other (Please specify)=--------------------
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How much damage was involved in the accident? 

No damage 
---Damage under $200' 
__ Damage over $200 

How much injury was involved? 

No injury or minor injury 
:===Injury requiring hospitalization or repeated treatments 

Death 

How many vehicles were involved? 

Just mine 
Two or .!llore 

ACCIDENT 2 (The second most recent one) Description: 

Approximate Date: Month. ______ Year _____ _ 

-----------------

(Even if the accident was not mainly your fault, put a check 
mark by wha·t ~ did that cont'ribut'ed most to the accident.) 

I wasn't paying attention~ so I didn't see the danger unt~l. 
--it was too late. 

I was distracted by something, so I didn~t see the ·danger until 
-----it was too late. 

I didn't see the danger even though I thought I looked •. 
I didn't expect the other driv~r to be w~ere he was or to 

---do what he did. 
I was going too fast. 
I was driving a little recklessly or incorrectly~ 
I d.idn' t evade .the .dange_r even though 1 could have. 
I had trouble steering or controlling my car. 
I was upset, under pressur.e or in a hurry. 

----1 was tired, not fe~ling wel.l, or had. been dri"Qking·. 
I was not familiar with th~ vehicle,. the road or with 

---driving in general. · 

0 the r ( P 1 e as e spec i f y) : ---------------------------------------------

How much damage was involved in the accident1 

No damage 
---Damage under $200 
:===Damage over $200 

N~ 



How much injury was involved? 

No injury or minor injury 
---Injury requiring hospitalization or repeated .treatments 
--Death 

How many vehicles were involved? 

Just mine 
___ Two or more 

ACCIDENT 3 (Third most recent one) Description: 

Approxim~te Dat~: Month --- Year ___ _ 

~--------~--------

(Even if the accident was not mainly, your fault, put a check 
mark by what ~ d ici that contributed most t C:, the ~cci den-t.) 

I wasn't paying at~ention, so I didn't see ~he ~ange~ ·uniil 1 

it was· too late. 
I was ~istracted by something, so I ~idn'~ see t~~·~~nger u~tii 

---it was too ·late. 
I didn't see .the -danger even though I tho.u·ght I looked .. 

---I didn't expect the other driver to be where he was or to 
--do what he did. 

I was going too fast. 
I was driving a little recklessly or incorrectlyM 
I didn't ev~de the danger even though I could have. 
I had trouble ste~ring or controlling my ccirr 
I was upset~ under press~r~ o~ in a hurry. 
I was tired, not feeling well, or had been drinking~ 
I was not familiar with the vehicle, the road _or ~ith 

---d r i v 1 n g in gene r a 1 . 

__ other ( P 1 ease specify) : ---.,------'----'-----""------'--...:...-~ 

How much damage was involved. iri the accident? 

No damage 
---Damage under. $ZOO 
---Damage over $200 

How much injury was involved? 

___ No injury or minor injury 

/~/ 

Injury requiring hospitalization or repeated treatments, 
Death 
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How many vehicles were involved? 

. Just mine 
Two or more 

ACCIDENT 4 (Fourth most recent one) Description: _________ ...-..;. 

Approximate Date: Month ___ _ Year ___ _ 

(Even' if the accident was not. mainly your fault, put a check 
!'!ark by what~ 'did that contributed most to the accident.) 

I wasn It paying' attention. so I didn't see the danger until 
---it was too 1 ate. 

I was distracted by something, so I didn't see .the dange'r until 
it was too_ late. 
I didn't see the danger even though I thought I looked. 

---I didn't expect the other driver t:o be where he was or to 
----do what he did. 

I was g6ing t.oo fast. 
I was driving a little recklessly or incorrectly._ 
I didn't_ evade the danger even though I could have. 
I had troubl~ sieerin~ or contiollibg my car. 
I was upset, under pressure or in a htirry. 
I was tired, not feeling well, or had been drinking. 
I was not familiar with the vehicle, the road or with 

----driving in general. 
Other (Please specify)=----------------------

How much damage was involved in the accident? 

No damage 
----Damage under $200 
==:=Damage over $200 

How much injury was involved? 

No injury or minor injury 
==Injury requiring hospitalization or re,peat~-d treatments 

Death 

How many vehicles were involved? 

Just mine 
Two or more 
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Your Health 

During the past year, have you suffered from any of the following1 

Ulcers 
Frequent headaches 

--Trouble falling asleep at night 
:===upset stomach, acid stomach, indigestion, gasses, heartburn, etc. 

Fainting spells or dizziness 
---Frequent losses of mem,:>ry 
---Attacks of nausea· or vomiting 
----I sweat very easily even on cool days 
-----My sleep is fitfull and disturbed 
-----There seems to be a lump in my throat most of the time 
----- ' l . . 
___ My skin seems to be unusually sensative or itchy 

How often to you take tranquilizers? (p~escription or ~on~prescription) 

___ About every day or every oth_er day _ 
_____ About once or twice a week 

About once to thre~ times .. a month 
About once to. se.veral times a year 
Never 

How many cigarettes do you smoke on an average day? 

How often did you have any alcoholic beverage during the past year? 

About every day or every othet day 
About once.or twic~ a week 
About once to three times a month 

---About once to several times a year 
Never 

How many dririks did you usually have on those occasions when you 
drank? (By one drink we mean one 12-once bottle of beer, one 
cocktail, one four ounce glass of wine,etc. ) 

one 
2 or 3 
3 or 4 
4 or 5 ---
6 or more 

*********************************************~*~***************** 

N-9 



Your Activities 

1. How many times have you moved from one residence to another 
in the ~ast 5 years? 

2. How many years .have-you lived at y~ur.present address? 

3. How many times have you changed jobs (or schools) in the 
last five years? 

4. How many years have you been employed by your present employer 
(or attending your prenent. ichool)? 

5. Are you registered to vote?.Yes __.;._...;;.__ .No...,.... __ _ 

6. How many ~imes have you vo~ed in the past four'yeais? 

7. Do you regul~rly attend church or other r~ligious servi~e~? 
Yes No_~--

8. When you were growing up .did your yarents regularly ~ttend 
church? Yes No -----.,-

9. In all-, how many organi;ation~ or.clubs do you belong to?_· __ _ 

10. On the average, h~w many days amonth do y~u spend at meetings 
of clubs or organizations to which you belobg? 

**************************************************************** 

Your Memberships 

Try to think of all the clubs or organizations that y6u have 
belonged to during the past five years, including o~~anized · 
act~vities during high school or college {if within five years). 
I n c 1 u d e . s o c i.a l c 1 u b s , . ch u r c h , c h u r c h c 1 u b s , ph il a ri "t· r o p i c o r g ani -
zations, scouts, 4H, sports teams, poli."tical grou.p.s,· etc. In
dicate how active you have ~een in each organization by checking 
things you hav~_done in the. last ~ive years, ·- · 

. I am a Gone to .Gave Worked· on Held 
Type or Name of Organization member meetings money _projects office 

1. 

2. 
'•: ~ 

3. 

4. 

5. 

6. 

7. 

8. 

*******************************~*********************************** 
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Your School Experiences 

Based on your school exp~rien~es (junior high and high school) 
how often did ea~h of the following everits occur? 

Some 
Often times Rarely Never Event 

Played hooky 
Received- awards and honors 
Was well-liked 
Belonged to school clubs or teams 
Wanted to drop out 
Cut-up and was sent to the principal's office 
Skipped classes I didn't like 
Enjoyed school 
Got D's and F's 
Was suspended 
Went to parties 
Went out on dates 
H~d conflicts *ith my teachers 
Had academic problems 
Was a loner 

**************************************************************** 

Ydur Other Experiences 

Put a check mark beside each of the following things which has 
happen~d_ to you. 

Regtilar cigarette smoker before age 17. 
==Had a full time job before age 17. (Excluding summer jobs) 

tailed one ~r ~ore grades before ~rade 8. 
==Dropped out of school. 

Was arrested before age 18. for something other than driving. 
-Was· arrested after age 18, for something other than driving. 
--Was ccnivicted ·for some offense. other than driving. 

Ran away from home as. a child. 
==Have gotteti into trouble for not paying bills .or with a 

landlord over rent. 

*************************************************************** 
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Your Recent Events 

Put a check mark next to each of the events listed· below that 
happened to you within th~ ~a~~ 12 months. 

Got married, got engag~d ·or·:·starte·d · goiil!~ w.ith ·someone ste·adily. 
---Got separated 'or divorced from wife· or husband, or broke-up 

with someone. 
Had disturbing trouble with children, parents, in-la~s or 

----other family member. 
Had. disturbing trouble with ~los~ friend. 

---Job promotion (moved to. higb.'er position at.work). 
---Job demotion (moved to lower position at work). 
~Tro1Jbles with boss or co-wo·rkers at my work. (Or trouble 

with teachers "and fellow students at school). 
Fired or laid off from a job. (Or failed a course in school). 

--Had problems finding· a job. (Or problems finding a school). 
---Started a new type of work, changed to a dif fe rent 1 ine of 
---work or t'o a new job. (Or began new school, graduated or 

quit school· or changed s.chool). ' 
Considerable improvement in financial situation. 

---Took out a n~w loan or ,mortgage. 
---Fell behind in payme~ts for loan, mortgage or finance. 
---Death of a close family m.ember. 
---Death of close friend, or dear one. 
-.--Been very sick o~ injured (other than in car accident). 
--Thought of committing suicide. 
---Got into a fight and hit ,someone. 
---Been so angry you threw or bro·ke things~ 
---Financial pt:oblems. · 
==Job problems 
___ School.problems. 
___ Problems getting along with someone ·else. 

~~*~ •• ~.~ •• ~ •••••••••••••• ~~·~******************************~*** 
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Your Recent Behaviors 

Think of your behavior over"the past six months. Indicate how 
oft~n each of the following things cbaracterized your behavior, 
for the past six months or so. If it happeried almost never, 
circle.l; if it happ~ned sometimes, circle 2; if it happenad 
often, circle 3; _if it happened almost always, circle 4. 

Almost .Some
Never times 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 

1 
1 

1 
1 
1 

1 
1 
1 
1 
1 

2 
2 
2 
2 
2 

2 
2 

2 
2 
2 

2 
2 

2 
2 
2 

2 
2 
2 
2 
2 

Often 

3 
3 
3 
3 
3 

3 
3 

3 
3 
3 

3 
3 

3 
3 
3 

3 
3 
3 
3 
3 

Almost 
Always 

4 
4 
4 
4 
4 

4 
4 

4 
A 

_4 

4 
4 

4 
4 
4 

4 
4 
4. 
4 
4 

Acted as if I h·ad no 'inter-est in. things. 
Was restless. 
Just sat. 
Felt. that ~eople didn't care about me. 
Needed to do things very slowly to do 

them right. 

Got an~iy and broke things. 
Acted as if I h•d no control over my 

emo.tfons .' 
~aughed o~ cried at strange things. 
Had mood changes without reason. 
H~d temper t~rittums. 

Got excited for no :reason. 
Acted as if I didn't care about other 

people's feelings. 
Thought only of myself. 
Was bossy. 
Argued. 

Got into fights with people. 
Was cooperative. 
Did,the opposite of what was asked. 
Was stub born. -
Cursed at people. 
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Almost 
Never 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 

1 
1 

1 

1 

1 
1 

1 
1 

1 
1 
1 

1 

Some
times 

2 
2 
2 
2 
2 

.2 

2 
2 
2 
2 

2 
2 

2 
2 

2 

2 

2 
2 

2 
2 

2 
2 
2 

2 

Often 

3 
3 
3 
3 
3• 

3 
3 
3 
3 
3 

3 
3 

3 
3 

3 

3 

3 
3 

3 
3 

3 
3-
3 

3 

Almds t 
Always 

4 
4. 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 

4 
4 

4 

4 

4 
4 

4 
4 

4 
4 
4 

4 

Deliberately upset routine. 
Was resent f.u 1 . 
Got annoyed easily. 
Was critical of other people .. 
Lied. 

Got into trouble with law. 
Stayed away from people. 
Was quiet. 
Preferred to be alone. 
Behavior was childish. 

Moved about very slowly. 
Was very quick to. react to 

something someone. said or did. 
Was very slow to react. 
Would stay in one position 

for a long period.· 
Acted confu~ed about things; in a daze. 

Acted as if I couldn't get 
certain thoughts out.of my mind. 

Talked without making sense. 
Refused to speak at all for periods 

of time.· 
Spoke so low you could not hear me. 
Talked about how angry I was at 

certain people. 

Threatened to tell people off. 
Said the same thing over and over again. 
Talked about big plans I had for the 

future. 
Gave advice without being asked. 
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Your Opinions 

A number of controversial statements concerning problems facing 
our society are given below. There are two alternatives for each 
item. Indicate your pref~rence by putting a check .mark in front 
of the answer which is most attractiv~ to you .. 

1. Concerning inflation, 

I think_we have adequate means• for prev~nting run-away inflation. 
---There1s very little we can do to keep-prices from going higher. 

2. Concerning special interest groups,~ 

___ Persons like myself .have little chance of. protecting our 
personal interests when they conflict with those of strong 
pressure groups. 

__ I feel that we havt adequate means of coping with pressur.e 
groups. 

3. In my opinion, a man who w~rks in business all week can best 
spend hi~ Sundai in, 

___ trying to educate bims.elf by reading serious ·books or go to 
an orchestral .concert~ 

___ hearing a really good sermon. 

4. If I lived in a small town and had more than enough income for 
~y needs I wbuld prefer to, 

Help advance t~e-ac~~vities of local religious groups. 
==Give it for the development of .scientific research in my 

locality. 

5.' Assuming that. I had• the necessary ability and that the .salary 
of each of the following occupations is the same, I would p~efer 
to be· a; 

mathematician. 
___ clergyman. 

6. I b~lieve that, 

___ A lasting world peace can be achieved by those of us ·who work 
toward it. 

___ There's very little we can do to bring about a permanent 
world peace. 
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7. Concerning world opinion, 

___ There·'s very little that persons like- myself can do to 
improve world opinion,of the United States. 
I think each of us ~an do a great deal to improve ~orld 
opinion of the United States. 

8. Concerning recent event~, 

___ More and more I feel helpless in the face of what's happening 
in the world today. 
I sometimes feel personally to blame for the sad state of 

---affairs in our government. 

9. Taking the Bible as a whole, 

____ One should regard it from the point of view of its beautiful 
mythology and literary style rather than as a spiritual 
revelation. 

__ One should regard it literally as a spiritual revelation. 

10. All the evidence that has been impartially accumulated goes 
to show that the untverselhas evolved to its present state 
in accordan~e with naturai principles so that the~e is no 
necessity to assume a fir~t cause, cosmic purpose or God behind 
it. -

I agree with this statement. 
I disagree with this statement. 

11. Which of the following branches of study do you expect will 
ultimat~ly prove more important for ~ankind? 

Mathematics 
==Theology 

12. People like myself can change the course of world events if we 
make ourselves heard. 

___ I agree- with this statement. 
This statement is just wishful thinking. 

I 

13. When I visit a cathedral I am most impressed, 

___ By a rervading sense of reverence and worship. 
___ By the architectural features and stained glass. 
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14. I believe that, 

_____ This world is run by the few people in.power and there is 
not much the·little guy can do about it. 

_. __ The average citizen can. have an influence on goye~nmental 
decisions. 

15. A person should guide his life according to, and develop his 
chief loy~lities towards, 

___ his religious faith. 
______ ideals of beauty. 

********************************************************************* 
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Your Personality 

Circle: ~ or no tor each: question. 'Please try not to leave any 
questions blank. 

yes 
yes 
yes 
yes 
yes 

r:.o 1. 
no 2. 
no 3. 
no 4. 
no 5·. 

I find it ba~d tp keep m~ mind on a task or job. 
I cer.tainly feel useless. at times"' 
I work under a great deal of tension. 
My daily-life is full of things that keep my interested. 
I seem to be .about as capable and smart as most pthers 

around me. 
yes no 6. My way of doing things is apt to be. misunders.tood by. 

others. , 
yes no 7. My parents have often objected to the kind of people ·r 

went around w~th. 
yes no 8. Before I do something I consider how my friends will 

react to.it. 
yes no 9. I ofien think about how r look and what impression I 

am making. 
yes no 10. My table manners are not quite as good at home as when 

I am out in company. 
yes no 11. I have never done anything dangerous for the thrill of it. 
yes no 12. I often act on the spur of the moment without stopping 

to think. 
yes no 13. A person needs to "show off" a little every now and then. 
yes no 14. I think I wo~ld like to fight in a boxing match sometime. 
yes no 15. I often do whatever makes me feel cheerful here and now, 

even at the cost of some distant goal. 
yes no 16. I have often gone against my parents' wishes. 
yes no 17. It is pretty easy for people to win arguments with me. 
yes no 18. Even the idea of giving a talk in public makes me afraid. 
yes no 19. Even when I have gotten into trouble I was usually trying 

to do the right thing. 
yes no 20. I get pretty discouraged with the law when a smart lawyer 

gets a criminal free. 
yes no 21~ I consider a matter from every standpoint before I make 

a decision. 
yes no 
yes no 
yes no 
yes no 

yes no 
yes no 
yes no 
yes no 
yes no 

yes no 

22. Sometimes I feel like smashing things. 
23. I keep out of trouble at all costs. 
24. I am said to be a "hothead". 
25. I like to go to parties and other affairs where there 

is lots of loud fun. 
26. I have a good appetite. 
27. I seldom worry about my health. 
28. I enjoy many kinds of play and recreation. 
29. ! feel as good now as I ever have. 
30. Sometimes without any reason even when things are going 

wrong I feel excitedly happy, "on top of the world". 
31. At times I have a str~ng urge to do something harmful 

or shocking.· 
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yes no 32. I can easily make people afraid of me, and sometimes. 
do for the fun of it. 

yes no 
yes no 
yes no 

yes no 

yes no 
yes no 

yes no' 
yes no 

33. I easily become i~patien~ wi~h people. 
34. I have never be~n in trouble with the,law. 
3S. I tend to be:on my guard with people who are somewhat 

more friendly than I expe~ted. 
36. My conduct is largely controlled by the customs of 

those about .me. 
37. I have very f~w_ quarrels with members of my family .. 
38. My family does not like the work-~ have chosen 

(or the work I intend to choose for my life work). 
39. At times I have very·much_waot:ed to leave home, 
40. I believe I am no more nervous than most others. 

******************************************************************** 
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Your Driv~~g Opinipns 

Circle ~ if you generally· ag,ree with the statement and .!!.2_ 
if y~u generally disagree with the statement. Try to answer 
all questions. 

yes 

yes 

. yes 

yes 
yes 
yes 

yes 

yes 

yes 
yes 

yes 

yes 

yes 
yes 
yes 
yes 

yes 
yes 
yes 

yes 
yes 
yes 
yes 

yes 

yes 

no 

no 

no 

no 
no 
no 

no 

no 

no 
no 

no 

no 

no 
no 
no 
no 

no 
no 
no 

no 
no 
no 
no 

no 

no 

1. 

2. 

3 • 

4 
5. 
6. 

7. 

8. 

9. 
10. 

11. 

12. 

13. 
14. 
15. 
16. 

17. 
18. 
19. 

20. 
21. 
22. 
23. 

24. 

25. 

Besides actual driving, I spend 10 or ~ore hours per 
week worki~g on cars or b~ing around cars for fun 
such as dr~ve-ins. 

I find driving .a form of relaxation which I use to 
relieve my tension. 

Dtiving gives most t~en-agers -a feeling of being grown 
up. 

It's fun to teat other cars at the getaway. 
It's fun to caneuver through traffic. 
During the past few months I have gone driving to blow 

off steam after an argument at least once. 
I feel pressure from people who have authority 

over me, or from my friends, relatives, parents or othe 
I find it difficult to go slowly when _there is an open 

road ahead and the speed limit is 35 mph. 
Driving helps reli~ve pressure.-
People are more likely to take chances if their friends 

are in the car. 
It's fun .to pass other cars on the highway even if you're 

not,in a hurry. 
I drive differently when other people are in the car, 

e.g., friends, parents, date or spouse. 
It's a thrill to outwit other drivers. 
Driving in traffic is no fun. 
It's a thrill to beat other drivers at the getaway. 
Driving at high speeds gives you a thrilling sense of 

power. 
Most drivers should not be allowed to go over 60 mph. 
The desire for speed is just like a disease. 
Most people would rather have a 400 horsepower engine 

in an old car than a low powered engine in a newer car. 
Carelessness causes more accidents than speed. 
When I am up .. et, driving helps so-othe my nerves. 
Speed limits are not needed in open country. 
If speed limits are reduced any more, we might as w~ll 

to back to the horse. 
I feel perfectly confident in my own judgment of how 

fast to go under all conditions. 
I'd rather have an old car with plenty of guts .than a 

newer model with less power. 
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yes no 

yes n.o 

yes no 

yes no 

26. There is something about being behind ~he wheel that 
makes one feel bfgger. 

2 7. A good driver doesn 1 t need the ·reminder of all the too 
many ro·ad. signs 0 

28. During a typical month, I have a friendly race with 
another car at least once. 

29o During,a typical month I drive 15 ~ph or more over the 
p~evailing tiaffic .inside the ~ity at least once. 

30. DuJ;ing a typical m"onth .I drive after a couple of drinks 
at least· once o 

~**************·*~************************************************~* 
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'!'!~:DHlGS "A's" PROBLEM 

Do not look at this test until xou are asked to do so. 
Circle each word that has an "a' in it. 
mention running morning neighbor dropping stunned uitch rccop1ize notion 
ladder numerous setting strong sixteen vicinity bl0\-.'11 christen SC\Iin?-
bcncl1 promise puzzle door instead luckily unfit r:wrcnry Jrovsy 
theory funny witty moon monlcnt shudder our,!tt clisr.ui.se bnr:lc 
further skip dryly soothe :wotker nowhere sirup wc;'lrinr. loiter 
shutter bloom switch quarrel swH t subsist l:nclt counsel spool 
publish perfume fellow spelling joyful countless ridr,c. bOU'lUet belle 
spread monkey blotter wheel comfort sponsor coral inscribe scent 
deliver eleven melted steam fertile profile· tomb throttle cease 
remind dismal expense sober divide faint Joze zoninr. blithe 
icprove sponge rinp,ing night thronr, · bonfire ~stroll pc1,•ter on.set 
forbid history durable couch velvet refund r,ushinr. tyrant lofty 
pudding biscuit mixture swell readily offense preface debris epoch 
sunrise nobody touch correct descent custard sputter modest t,·hose 
reward temple picnic hear chunk recover nicely refine knoll 
progress consist whistle window sense pitiful reptile fleecy plural 
intense indeed lemon bitter eight homely labor enroll siphon 
bridle distant within lively grease ruddy boldly leaves mount 
prize scenery shriek enr,ine moist citron sinr.le delur,e bunr.le 
goose jesting riddle compel rocks ignite deport hurleJ wrun~ 

indoor howl politics twinkle click squeak surrey obscure superb 
winding jump leave serene empty goblet coller,e debtor mildly· 
temper figure wintry modern freedom propose hoarse quarter uouble 
messar.e de~end relish revive b~?ttle observe browse enforce buried 
virtue race yonder fifth report seldom inherit pompous steeple ') 

endure sprout bread study de111ure int'rust repose burrm1 ebl.ed 
sixth honey sweep boast bu~1hel resume behold humbup, itnport 
chalk clock prince juicy unfold earnest crouch apple ~roman 

motor duke confide scorn found croquet de rille exploit furrow 
route cliff socket mood locket empress recoil urr,cnt sturdy 
syrup four fatigue seize merit corrupt caup,ht tumult e~:~bers 

"0 

g~o~ld shawl monster ivory general emotion slight je~rcls tenpt 
spicy lunch explode renew impulse neither invest unfurl impose 
lion crowd million colony notch endless ·gross grunt idea 

·) 

wool extent empire loudly pump instead inner beech secede 
pine guard regular horse -.cruise exempt punch sight owner 
sour jolly church giant drift species dizzy horde ravine 
cork upper bulge visit tiger corps heed throb horror 

•'! 

pint noon timid ounce hilly Pe.ril chess petty crust 
sheep dough -plum stone happy some oven numb buzz' 
dusty expect moss being occur crew spurt whom seek· 
ostrich supply youth rural light except clothing snloky envy 
period double fresh color notion ' welcome routine birttl board 
event equip wash settle uproar struggle shock botany time 
middle bottom dress fuel ideal word numb orderly problem 
right green storm proper foggy blue signal content trumpet 
frozen murmur excel outburst gloss orange counter breadth po1..'der 
dodge thrive delight puzzle mutter employ quick record meadow 
white become figure furnish crutch sports error choice opening 
tough collect twist grab fiction 'COUrt evening splendid crush 
ocean feeling collect sprout house humor differ splinter forbid 
crush suspend truth connect energy great ruler ribbon intense 
grind machine precise grumble sooner index dislike strin,::: extent 
cloud yiel()ing design position impress skilled worship linC>n trinket 
drown slip,l1t cotton fon.r.o.rd contest discover cluster exrrcss several 
bulky increase resent horrible exclude enormous !JCVCr(' picture sleery 
desire continue stride dense sincere secret touch fiery group 

N-22 GO ON TO NEXT PAGL 



Circle each word that has an "a" in it. 

'':.y ·discount button civil swiuwin& grind 
·tpour buckle street through struggle stretch. 
)ured possiple tooth wonder poultry outcome 
.lend bu:::.lding lusty pump journey kindly 
lode trouble corner corn opposite thread 

.:lin~ exert turn bluff wretch frolic 
Jgc believe throw short taught bonds 

..;erly source protect beach slight recite 
roine devote defeat !<eeper curved pulse 
thmus labor· nerve. cement pretty swamp 
:)Ugh reserve ·trim muddy origin crust 
tern hopeful pulley bulletin behind. shelter 

lvan penny· fort.une stumble certain choose 
tly learn· thistle improper shrink part 

osper screen collar poverty promise using 
dious purse esteem courage impulse folder 
lode sketch shell bouquet current ceiling 

1.ieve quietly broken stencil dismiss theme 
~loin mischief feather purpose broader surprise 
=;r revolt clever heartily neglect butcher 
~-:_;n f. lying fioor question conce:it plo,.,ing 

ndense precious suinmit receive bluncler shingle. 
ilcd similar bene.fit lesson wintE:r ·trunk 
·tify sullen listless towel swallow scheme 
·!gar grocery inquire past bending lumber 
' -try pottery definite. .rugged conquer between 
iress tumble chicken weight .praise describe 
tten spoil ticket truck design distinct 
~ _-_ ~ '!r ideal posture prompt tinsel merchant 
oever "pledge thrust region unicJn offering 
rgeon trust formal society pride steeple 
is ten ,circle hence n1ental follow think 
:.pter other become crest tower known 
turn ease coffee ·field ·sponge relief 
JUt solid heroism press uphill purple 
lb bound place shower vessel mildly 
.ter flood courtesy geese policy ready 
:~11 u·right pushing likely needle flour 
':er scene story custom pers:l.st red 
Jff office gulf title verse spend 

.em help plum'e public honor whole 

.sis enough yellow develop instant speech 
~eep howl blunt combine flower worth 

STOP. THIS- IS RND OF TES.T. 
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Do not look at this test until you are aiked to do so. 

~nter an X on the line between the numbers that are not the same. 

. 7573-7573 

}47820 - ~9820 

. 4951. . 4951 ·--
457304} ~ 4571043 

3750124:5 __:_ 37501243 

125093562816 ----- 125093562816 

8350107234· ~ 8}501072}4 

}1J861890172 ___:,__ }4861 70172 ' 

506915 . . 596915 ------·. 
786o71254 329 ...:.:___ 786671255329 

41}45073 - 41345073 

925660752 - 925660752 

1671958102.5 . ...;__;__,1671758:1.02} 

3965701745- 3965701745 

135299235126 ~ 135299235136 

13897142 ~ 13897142 

84215073506 - 8421507-'507 

941856031194 ----- 9418460}1194 

&>416,7 . . 8o71637 ··-
7031749, ...;,__ 70317493 . 

}5789462805 . 357894628o5 -. '· 

6;12850394 --- 6312850394 

7}].497130631 ' . 7314971~1 
-·-'· 

59ll37507- 59ll27507 

N-24 

289414 ----- 289414 

17906 _.17906 

16719581024 .. 16719581024 -. 
16719581024 ----- 16719581024 

3965701746. 3665701746 -. 
135299235127 ------ 135299235127 

1}897143 . 1}897145 
- '~ 

84215073508 84216073508 ·-. 
9418560311_95 .:;_____ 941856431195. 

8o416}8 8041438 

70317494 ~ 70317494 

35789~62806.~ 357895628o6 

6312850395. 6;12850795 - ' 

731497130632 . . . 731497130632 . ;-. ' 

591137508 ~ 591167508 

2155}401284 . . 21553401284 . 
. -

1251373807 ----- 1251373307 

903148671504 . . 903148671504 -- .· 

68794353108 . 68754354108 
' ___.. '. 

37501?35 - 37501235 

125093562817----- 125093562817 

8350107?35 ~ 8350107235 . 

}11861890173. ' ;4861840173 . -.·, 
506916 - 506616 
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Enter an X on the line between the numbers that are ~ the same. 

639_ 639 

4714}:)6 - 4715~ 

65382 - 65372 

710-710 

4}210573 ----- 43210573 

618265}905221 ----- 6182653905221 

4}270105338 ----- 43276105338 

27109816843 ----- 2710981685} 

519605 . 519605 -
92;4521 70687 -- 92345217o687 

370543141_ }1054}141 

2570665292 ----- 2570665292 

}2018591670 ~ }2018691670 

5471075693 ----- 5471075683 

6215,2992531 62l5829925}l' 

24179830 24179830 ·-
70537051248 ----- 70537057248 

7361408 73617o8 -
39471~7 ____,;. ~9471507 

508264987503 - 50826498750-' 

~9~5821~6 - 49~582136 

l}6o}1794l}7 136031794137 -. 
7057}1195 ~ 705736195 

}8210435512-- ,S2105}55~-

414982 . 415982 .·-
6o971 _____ ·6o971 

1625}948 - 16253948 

42oi8591760----- 4,018591760 

641107569 ----- 647107569 

721532992531 ~-721582992531 

341798301- 341798701 

8o5}7051248 ' -8o537051248 -. 
5911306581491 ----- 5911306581491 

'8;614081 -· -·-· 83614o81 

49471~7 - 47471307 .. 

6o82649875 -- 6082647875 

5930582136 - 5730582136 

236o3i794l37 . . 2;6o}l2941}7 -· 
Bo57}1195 8o5131195 -

.48210435512 ...:,._ 482104}5612 

·1105176841309 ___.:_ 405176841309 

·8o145349786 - 8o145349796 

53210573 ----- 5,210573 

.!18265390521 - 718265390521 

5327010538- 53270105;8' 

}110981684, -- }718981684~ 

619605 619505 -
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