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CHAPTER I 

INTRODUCTION 

The prediction, control, and various factors relative 

to industrial accidents have long been of interest to 

psychologists in business and industry. Many studies 

have been made on the subjects of accident-proneness, 

accident liability, technical or mechanical involvement, 

and other pertinent factors. Probably the most ignored 

area of safety psychology, however, is that which pertains 

to the "psychological climate" (5) of the factor or place 

of work. There are undoubtedly situational factors which 

aid in the shaping of a worker's personality and which 

help to form either accident-free or accident-liable 

employees. 

Accident-proneness has received a great deal of 

emphasis in such studies. Arbous and Kerrick (1) used a 

definition of accident-proneness which was previously 

stated by Farmer and Chambersi 

The fact that one of the factors connected with 
accident liability has been found to be a peculiarity 
of the individual allows us to differentiate between 
'accident-proneness' and 'accident liability.* 



•Accident-proneness' is a narrower term than 
•accident liability* and means a personal idio-
syncrasy predisposing the individual who possesses 
it in a marked degree to a relatively high accident 
rate. 'Accident liability* includes all the factors 
determining accident ratej 'accident-proneness* re-
fers only to those that are personal (1, p. 1^2). 

It is obvious from these definitions that the 

environmental factors as well as the personal factor of 

accident-proneness in the individual are the determining 

factors of the accident liability of individuals in any 

given situation. Arbous and Kerrick (1) believe that 

accident-proneness is a fairly stable attribute, but they 

say that it is of equal importance to determine whether 

it is a general or specific factor. It is conceivable, 

for example, that A may be more prone than B in situation 

X, but B more prone than A in situation Y. It is also 

possible that A will always be more prone than is B, no 

matter what the situation may be. "This latter view is 

one which is quite generally held, and the accident-prone 

individual is regarded as one who has many accidents. . . 

and is in fact a sort of 'calamity Joe* wh© is always 

•coming unstuck'" (1, p. 143). Arbous and Kerrick (1) 

admit, however, that there is no proof for either of the 

two hypotheses. 

Mintz and Blum, as stated in a book written by Blum 

in cooperation with James C. Naylor (2), have come to the 

conclusion that accident-proneness is much overrated. 

They Include the term "chance expectancy" in their 



evaluations of the theory of accident-proneness, saying 

that some men will have no accidents, some will have one 

accident, some two, and some three or more,, Chance, they 

believe, will result in a distribution of accidents, and 

it is inaccurate to assume that in accordance with chance 

expectancy all men should have equal numbers of accidents 

(2, p. 519). 

Earlier, Mintz and Blum (6) had demonstrated the 

fallacy of presenting obtained accident distributions as 

evidence for the principle of accldent-proneness without 

a comparison to the distribution that would be normally 

expected "by chance", i,.e., if all individuals were 

equally liable to accidents. 

For this purpose, they have shown the usefulness of 

the Poisson distribution, a particular application of the 

binomial distribution which is Important in nuclear physics, 

The techniques usually applied in psychological re-

search are, for the most part, dependent upon the normal 

distribution and correlation surfaces. Accidents, on 

the other hand, are a discrete variable and yield J-shape 

or negative binomial distributions. 

The Poisson distribution is a type of chance distri-

bution which occurs in a situation where the events vary 

from the norm. For example, although in flipping a coin 

there is a 50/50 chance of getting a head or tail, there 

is the possibility of having ten successive heads. 



If one makes the assumption of equal liability, the 

people who had one accident should be just as liable to 

have future accidents as those who have not had any. Thus, 

if accident liability is unchanged by accidents already 

had, some people should have two accidents before others 

have had any. In fact, in accordance with chance expec-

tancy some people should have had three or more accidents 

before another had a single accident. 

Greenwood and Yule (^), first demonstrated the 

Poisson distribution's applicability to the accident 

problem. The Poisson is a discrete distribution rather 

than a continuous one. As applied to the accident prob-

lem, its consecutive terms give the predicted numbers of 

people who had no accidents, one accident, two accidents, 

etc. The terms are Ne*"m(l,m,m2/2,mV3J .mfy1*!, etc.) in 

which N is the number of persons considered, e is the 

constant 2.71828, and m is the mean, or the quotient of 

the number of accidents divided by the number of persons, 

Cobb (3) illustrates in another form that the same thing may 

be stated in this manners the expected number of cases 

in which p accidents (probable) occur will be Ne_inmp/p! 

This discrete distribution may be Introduced as a limiting 

form of the binomial distribution when the probability of 

a success on an individual trial approaches zero, the num-

ber of trials becomes infinite, and the product of these two 

quantities remains constant. The accuracy of the Poisson 



distribution can be noted in the data collected by Mintz 

and Blum (6), from the accident records of a foundry. 

It was found that 1.8 per cent of the 280 men in the day 

shift had 1 1 . p e r cent of the accidents, while 10 per 

cent of the men had *14.3 per cent of the accidents. In 

accordance with the theoretical distribution, 1.^ per cent 

of the people should have had 8.3 per cent of the accidents 

and 8.9 per cent of the people should have had 38.8 per 

cent of the accidents. Here, the accident distribution 

actually obtained was in accordance with chance expectancy 

and did not establish the existence of accident liability. 

In many instances the portion of the variance of 

accident records attributable to differences in all forms 

of accident liability is relatively small as compared to 

the variance attributable to the operation of factors 

which are not predictable. These unpredictable or "chance" 

factors, when operating alone, give a so-called chance or 

equal liability or Poisson distribution. "Chance" refers 

only to lack of predictability in terms of constant char-

acteristics of the individual. 

If chi square reveals a significant variance in ac-

cident rates, Mintz and Blum (6) show that it is possible 

to arrive at an estimate of the magnitude of differences 

in accident liability in the case of many populations when 

the obtained accident distribution reveals a significant 

variance and approximates composite Poisson distributions. 



Composite Poisson distributions based on the Pearson 

Type III curve, a continuous skewed unimodal curve, have 

been used most frequently. 

Here, the chance factors produce the variability 

within the constituent Poisson distributions, while the 

differences in accident liability are responsible for the 

differences between their means. In accordance with such 

an assumption, one may analyze the obtained variance of 

a set of accident records into two constituent variances 

and view one of them as representing the operation of 

chance factors, the other as characterizing the differences 

in accident liability. The former is the weighted arith-

metic average of the variances of the Poisson distributions, 

As Cobb (3) has shown, its value can be readily estimated 

as equal to the mean number of accidents per person. 

Thus, the residual variance representing the operation of 

differences in accident liability may be estimated if one 

subtracts the mean number of accidents per person from 

the obtained variance of accident records. 

Statement of the Problem 

The purpose of this study was to investigate the 

medical records of 900 maintenance personnel employed in 

an aircraft manufacturing plant, and determine if the ac-

cident rate followed a Poisson distribution as well as the 

extent to which it did. It was assumed that the closer 



the data conformed to the Poisson curve, the more likely 

it would be that the variance in accident rates was due 

to "pure chance factors." The investigation of data in 

this study was expected to reveal information concerning 

the relative importance of the various injury sources, 

the conditions, processes or activities that produce in-

juries, extent of recurrence of each kind of injury or 

accident in each type of activity or operation, repeat-

ers (individuals repeatedly injured), which could be 

utilized in preventing recurrence. 

Hypotheses 

1. It is anticipated that a computation of the dis-

tribution of accidents in accordance with chance expec-

tancy will indicate that the differences between the 

obtained and expected distributions are not significant. 

2. If chi square is significant at the .05 level, 

and the obtained distribution approximates composite 

Poisson distributions based on the Pearson III type curve, 

the obtained variance of the set of accident records will 

be divided into two constituent variances where one can 

be viewed as representing "chance factors," while the 

other will characterize the differences in the variance 

attributable to accident liability. 
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Importance of the Study 

This study might revitalize the use of the Poisson 

distribution in industrial settings, to determine if 

factors other than "chance" factors are accountable for 

part of the variance in accident rates. It will also 

stress the contemporary safety theories of Willard Kerr 

(5)« so that companies can focus on sources from which 

accidents arise, should the Poisson curve indicate var-

iance in accident rate attributable to accident liability. 

The safety director of the plant in question will be 

furnished feedback regarding the "psychological climate" 

of the maintenance department. 

Limitation of the Study 

A limitation of the present study concerns the out-

standing safety record of the company concerned, which 

indicates careful attention, over a period of years, to 

the elimination of hazards and the development of safe 

work practices, with at least a reasonably adequate system 

of training in safe work practices. Conclusions based on 

samples of this nature obviously lack general applicabil-

ity, being applicable only to establishments whose safety 

performances are similar, unless those firms with higher 

accident rates see the implications of quantifying their 

variance in accidents, and the importance of Kerr's theories 

(5) in the enrichment of their "psychological climate." 
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CHAPTER II 

RELATED STUDIES 

A number of investigators and writers of books on 

industrial psychology have pointed out that small per-

centages of people have large percentages of accidents 

and have presented data accordingly. Here, the obtained 

accident distribution is presented as evidence for the 

principle of accident proneness without a comparison to 

the distribution that would normally be expected by 

"chance", individuals were equally liable to 

accidents. This method according to Mlntz and Blum (16), 

and Maritz (15)* Is fallacious, and has led the unwary 

In the past to formulate the concept of accident proneness 

as a means of explanation. Even today, the fallacy of 

this argument does not appear to have penetrated the mind 

of the layman, or even of many specialists working in the 

field of accident prevention. 

Arbous and Kerrlch (2, p. 142) reveal the fallacy of 

this line of reasoning in a striking manner by reference to 

an example from Adelstein's data, covering the records of 104 

10 
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shunters with three years service. They report the effect 

of removing cases with a high accident record in the first 

year of service as followsi 

TABLE I 

THE ACCIDENT RATES FOR THE SHUNTERS WHO JOINED 
IN 1 9 ^ AND SHUNTED FOR THREE YEARS 

1st 
Year 

2nd 
Year 

3rd 
Year 

Mean accident rate for 
104 men .557 .355 .317 

After removing 10 men with high-
est rate in 1st year, i.e., 

remaining men .393 .361 .329 

In this case the annual accident rate in the second 

and third years actually went up a trifle after the re-

moval of the 10 men who had had the most accidents in the 

first year. 

"Accident proneness" is now no longer used in the 

original sense. It is now defined on the "basis of a 

clinical and not a statistical diagnosis, and, as such, 

is largely a term of convenience, rather than of precise 

mathematical definition. Examining Karri's article (9» 

P. 325) reveals the difficulty in quantifying so called 

"accident proneness." 
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K a m refers to the accident-proneness theory as the 

oldest and best-known theory thus far advanced to explain 

accident "behavior. Persons who repeatedly have accidents 

are believed to be accident-pronej because of a peculiar 

set of constitutional characteristics, such people are 

"prone" to engage in unsafe work procedures which may re-

sult in accidents. Karn quotes a research report of 

statistical analyses carried out on accident data which 

takes the chance factor into consideration. The study 

found that only about 15 per cent of the variance in in-

dividual accidents could be accounted for by accident 

proneness. Further, it was likely that this percentage 

was too high, since nonproneness factors in the environ-

ment were not controlled in many of the studies on which 

the analyses were based. One particular oversight was 

the failure to take into consideration the extent to 

which all workers who had accidents had equal exposure to 

risk (9» P. 326). Certain workers may have had an ex-

cessive number of accidents because of the fact that they 

encountered hazardous conditions more frequently than did 

their fellow workers 

It is almost certain that most, if not all, of the 

variance attributed to accident proneness is actually due 

to environmental factors which are left uncontrolled, such as 

temperature differences, fumes, congestion-space-threat 

differences, various diseases, and poor illumination (12, p. Jj.) 
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Therefore, the limitations are great when one seeks to 

quanltatlvely define certain variance in accident rates 

with the concept of accident proneness. According to 

Larson (13)» empirical descriptions would seem more ad-

visable •until sufficient data have "been accumulated to 

make etiological distinctions. Thus regarding a person 

with a history of accidents as an "accident-repeater" 

rather than accident prone will eliminate the dangers 

inherent in assumptions about why he has this history. 

Analyzing Negative Binomial Distributions 

When a comparison of obtained and theoretical dis-

tributions reveal that accidents happened more frequently 

to some employees than would be expected by chance, 

several methods may be used to quantify accident lia-

bility. 

In the distributions examined by Mintz and Blum 

(16), where unequal liability was exhibited, the variance 

attributable to differences in accident liability was in 

most cases between twenty and forty per cent of the total 

variance of accident records. The effect of this factor 

was rather small when compared to the 60 to 80 per cent 

attributable to unpredictable factors. 

The method they used is based on the assumption that 

"chance" factors produce the variability within the con-

stituent Poisson distributions, while the differences in 
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accident liability are responsible for the differences 

between their means. The following table is an excerpt 

from their study designed to weigh the differences in 

accident liability from Greenwood and Woods original 
i 

data (7). 

TABLE II 

PERCENTAGES OF VARIANCE ATTRIBUTABLE TO DIFFERENCES 
IN ACCIDENT LIABILITY, FROM GREENWOOD 

AND WOODS ORIGINAL DATA 

Greenwood Obtained 
and Woods Number of Mean Variance m2*-m X 100 
Table No. Cases (m) (m2*) m2* 

I (A) 750 0.576 0.5^0 
II (A) 64-7 0.465 0.691 32.7# 
V 201 0.473 0.508 7.0# 

VIII (A) 50 2.800 6.720 58.3# 

Comparison of obtained accident distributions with 

simple chance distributions establishes that there are 

differences in accident liability but does not indicate 

whether these differences are large or small, and does not 

exclude the simultaneous operation of unpredictable factors, 

Therefore, this method or one of the following methods 

should be utilized to make this assessment. 

However, the fact that an accident distribution is 

determined solely by chance means that there are multiple 
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causes, and all of them must "be considered. The principle 

of accident proneness accounts for but one of the causes, 

that is, the human factor in individuals who might truly 

be accident prone. Even such a person can cut his acci-

dent record by attacking the other factors which contribute 

to his accidents. 

Maritz (15), maintains the most direct method of es-

tablishing liability in a group of people, all of whom 

ought to be exposed to the same environmental risk, con-

sists of splitting a lengthy period of observation into 

two and correlating the frequency of accidents per individ-

ual for these two periods. However, if correlations in 

accident rates over two time periods are calculated on a 

sample of workers ©hosen from a number of jobs which have 

more, accidents than workers on other jobs, there may be a 

significant correlation. But much of this relationship 

is due to situational factors common to these workers over 

time and not necessarily to personal traits of the individ-

uals. This situation makes it necessary to "partial out" 

differences in Job hazards in estimating accident liability. 

Also, since accidents are a discrete variable and yield 

J-shape or negative binominal distributions, the whole 

meaning and predicting efficiency of the ordinary product-

moment correlation is altered. 

Crawford (5) stressed the Importance of groups being 

matched on the basis of hazard exposure before any attempt 
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is made to analyze data for the presence of accident lia-

bility, Only accidents which were caused by unsafe acts 

of the individual were included in his study, thereby ex-

cluding situational accidents. 

The effect of varying degrees of hazard exposure was 

demonstrated in the analysis of 220 personal injury ac-

cidents of a group of 737 male electric utility employees 

during the period of one year. These people were engaged 

in skilled and semiskilled occupations. Comparison of 

the theoretical and the observed distributions, which in-

cluded all employees in the sample studied, revealed no 

significant difference. 

Webb and Jones (20) applied the two Methods described 

above to an Air Force population in an attempt to deter-

mine the degree of "other than chance" factors operative 

in the Air Force flying situation. Their findings led 

them to conclude that operationally, the two methods yield 

identical estimates, and mathematically, the identity of 

the methods may be shown. The results in the cases they 

analyzed were identical to the third decimal place! They 

therefore, suggested that choice between the two methods 

becomes a matter of convenience, 

C, J, Burke (4) notes that the blnomially partitioned 

distribution Introduced by Webb and Jones (20) is Identical 

with one of the cases he discussed (3) in a chi-square pro-

cedure, In an attempt to equalize experience, exposure, 
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etc., the data were divided into accidents occurring on 

odd days and even days. Webb and Jones accomplished this 

by IBM methods^ since the cards used contained the day, the 

month, and the year of occurrence for any given accident. 

In the article that Burke referred to (3) he acknow-

ledged the drawback in Maritz's method of the correlational 

technique, because one is able to report the observed cor-

relation from a given set of data, but cannot say whether 

it could reasonably have occurred by chance in the absence 

of underlying accident proneness. 

Burke has developed two chi square tests to help 

establish the significance of the correlation of accidents 

in separate time samples involving the same individuals. 

In one test the theoretical marginal Poisson distributions 

are assumed to have identical parameters} in the second, 

the parameters are different. Significant correlation 

coefficients are interpretable only if the experimental 

design Includes random assignment and reassignment of 

operators to machines. Care should be exercised in locating 

the reasons for the correlation within the individual when 

significant correlations are observed. If other factors 

which may cause accidents are not changed from one test 

period to the next, the observed correlations may be due 

to these other factors. 
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Willard Kerr's Contemporary Safety Theories 

This leads directly to Kerr's strong belief in the 

psychological climate of the place of work as a con-

tributing factor in many on-the-job accidents (12). 

As a result, Kerr has devised two situational or cli-

matic theories which may help to account for the inade-

quacy of the accident proneness theory thus far expounded. 

These theories are (1) the "goals-freedom-altertness" 

theory and (2) the "adjustment-stress" theory. 

According to the first, accidents are regarded as 

low-quality work behaviors which occur in an unrewarding 

psychological climate not conducive to a high level of 

alertness. Accordingly, rich climates that afford the 

workers with economic and psychological opportunities 

evidence high levels of alertness, and high-quality, 

accident-free work patterns. In other words great 

freedom to set reasonably attainable goals is accompanied 

by typically high-quality work patterns. Raising the 

level of quality Involves raising the level of alertness, 

and high alertness cannot be sustained except within a 

rewarding psychological work climate (12, p. 206). Kerr 

suggests that reward opportunities for alertness—such as 

special economic incentives, prestige-building honors, 

extra privileges, and others, should operate to raise the 

average level of alertness, not simply to hazards but to 

all conditions (12, p. 267). 
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Kerr's second theory, of adjustment-stress, holds 

that unusual, negative, distracting stress upon an organism 

increases its liability to accident or other low-quality 

"behavior (12, p. 267). He suggests that environment can 

be Internal as well as external, thus making this theory, 

too, a climatic one. Such internal environment causes 

distractive negative stresses brought on the Individual 

"by disease organisms, alcohol, or toxic items, or by ex-

ternal environmental factors such as temperature, excessive 

noise, or physical work strain (12, pp. 26?-8). These 

stresses, according to Kerr, are different from those 

experienced "by the accident prone, resulting as they do 

from a constitutional inadequacy. Ordinary adjustment 

stress is the result of temporary conditions. 

Kerr believes that the individual goals-freedom-

alertness and adjustment-stress theories should assist 

industry to get out from under the over-emphasized acci-

dent proneness theory and help management better understand 

and control accidents. Actually, the prevention of acci-

dents requires a cooperative effort of engineer and psy-

chologist. 

Application of Kerrfs Theories 

This study will use the term "accident liability" in 

preference to "accident-proneness", since the latter cannot 

be adequately defined. Arbous and Kerrich explained it in 
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this manners "This does not mean that accident-proneness 

does not exist, "but that so far we have not succeeded in 

defining it, assessing its dimensions and constituent 

elements, nor evolved a technique for putting it to prac-

tical use" (1, p. 373). 

The factors to be considered in accident liability-

are (1) chance, (2) demographic, (3) situational, and 

(4-) psychological. The last two factors are controllable, 

and it is the psychological factor being referred to when 

one speaks of the concept of accident-proneness. 

The present study will attempt to account for non-

chance variance by the "goals-freedom-alertness theory," 

and "adjustment stress theory" proposed by Kerr (12), 

although in terms of theoretical causation Kerr attributes 

accident-proneness as accounting for 1 per cent to 15 per 

cent of the total variance in accident rates. 

This study contends that this variance should fall 

in the adjustment-stress category. Actually, what appears 

to be constitional accident-proneness is the operation of 

temporary stress factors. In this theory it must be ad-

mitted people vary in their ability to withstand stressful 

situations. These individual differences account for less 

than one fifth of the variance in individual accident rates, 

however, these individual differences are subject to change— 

as a matter of fact, prone to changes Also, variance 

accounted for by the accident-prone concept may be spuriously 
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high, because coefficients are contaminated by the correla-

tion of the worker's position hazard with the consistency 

of his accidents over split periods. Larson (13) has 

said that inspection of accident records over two suc-

cessive periods of time will generally detect persons 

with single brief episodes of high accidents for various 

transitory reasons. 

The Mgoals-freedom-alertness theory" holds that great 

freedom to set reasonably attainable goals is accompanied 

typically by high-quality work performance. If the cli-

mate encourages the worker to participate, and affords 

attainable goals, he will build habits of alertness, 

problem raising, and problem solving. According to this 

theory, the psychological work environment must reward 

the worker emotionally for being alert. 

Certain studies (2, 14) stress the clinical approach 

for the prevention of accidents, but both are actually 

dealing with the Influence of environmental stresses and 

the total psychological work climate of accidents. 

Davids and Mahoney*s study (6) found a highly sig-

nificant coefficient (+.70) between negative employment 

attitude and industrial accident proneness. Responses to 

their projective techniques Indicated high accident sub-

jects were significantly lower on the socially desirable 

personality dispositions of optimism, trust, and socio-

centrlcity. Again, these clinical findings are congruent 
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with Kerr's theories of safety psychology, 

Kerr's theories are based on earlier findings (10, 

11) which showed that accidents did in fact occur with 

greatest frequency in those departments with lowest 

intra-company transfer mobility rates, smallest per cent 

of female and salaried employees, least promotion probabil-

ity, and highest mean noise level. 

Crawford (5) felt that the reason Third Class Linemen 

(male electric utility employees) had the highest accident 

frequency rate than other classifications (although not 

statistically significant) was probably that men engaged 

in this occupation are learning a new and unusually haz-

ardous job} they are in their early twenties, and are 

relatively inexperienced. According to Schulzinger (17), 

in his analysis of 35»000 accidents, these factors are 

some of the most important circumstances under which an 

accident is most likely to occur. Van Zelst (19) con-

cluded from his study that age exerted a greater influence 

upon accident rate than does experience once the breaking-

in stage is passed; i.e., older workers tended to have 

fewer accidents than their younger co-workers, Kerr (12) 

explains the accident rate among young repeaters as as-

sociated with adjustment to work discipline, attaining 

self-sufficiency away from parental ties, courtship, 

marriage, assumption of family economic responsibilities, 

and the struggle for a foothold on a vocational ladder 

that seems to lead somewhere worthwhile. 
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It was Griew's findings (8) that older workers in 

jobs normally occupying younger workers tend to have 

more accidents than expected. Fluctuations in accident 

rates with age are concluded as being a function of the 

type of work studied. The results of Griew's study re-

flect the difficulties of older workers in meeting the 

demands of certain types of work. As Kerr (12) points 

out, the most sobering example of temporary stress fac-

tors is found in the curve of accident rates of successive 

age groups of industrial workers. This curve shows high 

rates in the first 10 years of the work life and a sec-

ondary increase in rates between the ages of 40 and 55. 

These age periods also are the great stress periods in 

the typical work life, 

A study conducted in the aircraft manufacturing 

plant being investigated revealed no relation between 

injury rate and the length of service investigated. 

However, there was a significant finding as to the absentee 

rates for non-occupational reasons and the high injury 

rate in this study. Of course, psychological stresses 

relative to such factors as family and marital affairs 

will carry over into the workplace psychological climate 

and cause accidents. 

Sherman, Kerr, and Kosinar (1?) found that high-frequency 

plants do not have high-absenteeism, but high severity 
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plants do? also, big plants have lower accident-frequency 

rates, but this may be due to automation, routine work, 

or Job security. 

It is appropriate here to note the exceptional fre-

quency and severity rate of the plant in question, both 

being based on a standard of one million man hours worked. 

During 1 9 6 8 , an average number of 28 , 9 2 3 employees 

had 63 first-aid injuries per million man-hours worked, 

and this rate was acquired by approximately fifty employees 

during each period. First-aid injuries were not included 

in data investigated in the present study, because malinger-

ing is highly suspected in plants of this sias. The severity 

rate equalled 6l days lost per million man-hours worked. 

The total cost per employee for all occupational injuries 

was 110.45, 

During the first quarter of 1969 , an average number 

of 2 7 , 2 2 6 employees had a frequency rate of . 6 3 , and a 
i 

severity rate of 292 days per million man hours worked, 

caused primarily by one fatal injury and thirteen disabling 

accidents. The cost per employee for the first quarter of 

1969I as well as the estimated cost for the balance of the 

year, was $7.10. 

The significance of the above rates can be noted in 

the Bureau of Labor Statistics calculations of the average 

frequency rate (12.8) and severity rate (713) of United 

States manufacturing firms during 1 9 6 5 . The company in 
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concern draws a frequency rate that equals five per cent 

of the average manufacturing firm's frequency rate, while 

its severity rate is only forty-one per cent as large as 

the average manufacturing firm's frequency rate. 
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CHAPTER III 

METHODOLOGY 

Subjects 

The medical records of 900 maintenance employees 

in an aircraft manufacturing plant were investigated. 

Instrument 

Records consisted of information transferred from 

a standard form employed by the company, which is based 

on the American Standard Method of Recording and Measuring 

Work Injury Experience, Zl6,1-195^, which sets forth defi-

nitions for disabilities, limiting factors or Injury, 

injury which is chargeable, and a table which designates 

the number of days charged against certain types of in-

juries (2). 

Two levels of accidents were investigated in the 

present study. The first type were classified as non-

compensable accidents which require a doctor's attention, 

but were not disabling. The second category consisted of 

disabling injuries, defined as requiring a man to be absent 

a full day following date of injury or having permanent 
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impairment. An employee in this category might not lose 

time. For example, he might suffer a detached joint, yet 

still be able to work that same day. 

Procedure 

The records investigated covered a five-year period 

from January 1, 196^. to December 31» 1968. Total number 

of accidents per employee were obtained and analyzed to 

note the extent of conformity to a Poisson distribution. 

Chi square was used to determine whether variance in ac-

cident rate exceeded what could be expected by "chance." 

If chi square were significant at the .05 level, accident 

liability would be assumed to cause part of the variance 

in rates, and if the obtained distribution approximated 

composite Poisson distributions based on the Pearson III 

type curve, the obtained variance of the set of accident 

records would be divided into two constituent variances 

where one would be viewed as representing "chance" factors, 

while the other would be characterizing the differences in 

the variance attributable to accident liability. The 

latter variance would then be accounted for in terms of 

Kerr*s theories (1), 

Statistical Analysis 

The Poisson distribution was calculated by an IBM 

1620 computer at the North Texas State University Computer 

Center. The obtained rates were recorded and tallied 
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and then analyzed with the obtained theoretical rates to 

note how the former conformed to the latter, Chi square 

was the technique employed in making this analysis. The 

,05 level of confidence was established as the criterion 

for accepting the hypotheses. 
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CHAPTER IV 

RESULTS 

To test the first hypothesis—that a computation of 

the distribution of accidents in accordance with chance 

expectancy will indicate that the differences between the 

obtained and expected distributions are not significant--

chi square was used to ascertain whether the obtained data 

conformed to the Poisson distribution,as well as the extent 

to which it did. The data are presented in tabular form 

in Table III. 

TABLE III 

COMPUTATION OP CHI-SQUARE 

No. of 
Accidents 

fo ft (fo-ft) (fo-ft)2 (fo-ft)2 

ft 

0 
1 
2 
3 

780 
111 

8 
1 

778.095 
113.256 

8.244 
0.405 

1.905 
-2.256 
-0.244 
0.595 

3.629 
5.089 
0.059 
0.354 

0.005 
0.045 
0.007 
0.874 

dfsl 900 900.000 0.0 0.931 
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Chi square was not significant at the ,05 level of con-

fidence; therefore, the null hypothesis was accepted, and 

only chance factors were assumed to contribute to the 

variance in these data. 

The second hypothesis was not investigated, in view 

of the findings concerning the first hypothesis. 



CHAPTER V 

DISCUSSION, CONCLUSIONS AND SUMMARY 

Management has learned that accidents cost more than 

accident prevention, and that safety pays In many ways. 

Workmen* s compensation Insurance costs can be lowered "by 

a steady reduction in injury rates, and group insurance 

coverage can also be lowered if the group experience im-

proves in relation to the established claim experience 

of their industry in their state. 

The Indirect losses are often greater than the direct 

costs of compensation and medical expense. These indirect 

and direct accident losses are the"plus* costs of doing 

business. 

The problem of assessing accident causation is Indeed 

complex. Accidents result from mechanical failures which 

might be attributable to human elements or engineering as-

pects. Yet, accidents also occur because of situational, 

demographic, and sheer chance factors. Most accidents 

result from & combination of contributing causes and one 

or more unsafe acts and unsafe conditions. Seldom is the 
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Immediate cause of the accident a single unsafe condition 

or act. 

Engineering psychologists have developed complex man-

machine systems in which the machines are designed to 

minimize the human errors made in operating them. How-
r 

ever, the psychological climate of the industrial setting, 

which is so vital in the determination of accidents, has 

largely been ignored. It includes individual responsi-

bility, promotion probabilities, job prestige, perceived 

equitable pay systems, production pressures, and hazardous 

conditions. 

On the other hand, a great deal of investigation 

has been conducted on the accident-pronc individual, even 

though such an individual can only be characterized as 

"prone" to have accidents. The problem here is sub-

stantiating such a diagnosis with precise mathematical 

data. Such authors as Mintz and Blum (4), have shown the 

fallacy of characterizing people as being accident prone 

without making an investigation into chance expectancy. 

For this purpose, they have shown the merits of the Poisson 

distribution in arriving at the unpredictable variance in 

accident rates. 

Even if management should learn through the use of 

this statistical tool that the distribution of accidents 

is caused solely by chance factors, they should consider 



3 6 

the multiple causes which contributed to the "pure chance" 

variance found. This finding reveals that high-quality 

administration in accident rates is not excessive and a 

reflection of high-quality administration will be evidenced 

as in the present study. 

Management should not only strive to upgrade selec-

tion processes, environmental surroundings, and clinical 

or engineering approaches to accident reduction, but also 

to continuously be aware of the critical urgency of a 

reward system where incentives for speed and output do 

not conflict with safe behavior practices. 

In maintaining proper incentive, management should 

use award systems, slogan contests, first aid courses, 

suggestion systems, training films, and safe behavior 

practices pamphlets which are available through the Nation-

al Safety Council and local safety councils. 

Summary 

The design of the present study was an effort to 

relate the theoretical representation of a Poisson dis-

tribution to an obtained accident distribution. If there 

was found to be a significant difference between the two 

distributions, and the obtained distribution approximated 

composite Poisson distributions based on the Pearson III 

type curve, the obtained variance of the set of accident 

records would be divided into two constituent variances 
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where one could be viewed as representing unpredictable 

factors, while the other would be characterizing the 

differences in the variance attributable to accident 

liability. 

It was anticipated that the variance between the 

theoretical and actual distributions would not be sig-

nificant, and this null hypothesis was accepted when 

chi square was calculated and the probability was seen 

to be less than the .05 level of confidence that the 

variance could be attributed to factors other than chance. 

The records examined had been carefully profiled 

according to the American Standards Association's Z 16.1, 

which is the accepted method, in the consensus of the 

experts. Also, in accordance with the pleas of Larson 

(2) and LeShan and Brame (3)» this study not only used 

reliable records based on governmental investigation 

reports, and well defined terms, but carefully avoided 

using the term"accident-pronenes£f in an erroneous 

fashion to account for the source of injuries. 

The importance of simple and accurate accident records 

can be seen in the convenient and systematized warnings 

they provide. A high incidence of minor eye injuries, 

for example, indicates that face shields should be worn, 

or that the source of flying particles should be eliminated. 

Failure to heed these warnings will eventually result in 

expensive medical costs, lost time, and in some instances 
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permanent disabilities. 

If the null hypothesis in the present study had not 

been substantiated, and factors other than chance found 

to be affecting the variance in these particular employees* 

rates, then the contemporary safety theories of Willard 

Kerr (1) would have been used to account for the excessive 

variance. However, since this was not the case in the 

present study, these theories can only be recommended 

from the findings of related studies cited above. 

It was substantiated in this study that the Poisson 

distribution has merit as an aid in the identification 

of accident liability in industrial environments. The 

use of this statistical tool is recommended to firms with 

high accident rates, as well as companies with low rates, 

in order to provide a meaningful assessment of their 

accident history. 
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G E N E R A L D Y N AMI C S / F O R T W O R T H 

PRELIMINARY INJURY INVESTIGATION REPORT 

Employee's Sam© Date Injured 

Dept. and Clock No. Where Injured 
(Ship Col. f, Machine #) 

Eire Date Loan Date Physical Code 

1. What was injured doing and why? ("be specific) 

Unsafe physical or mechanical condition_ 
2. Cause of accident: Unsafe act of person 

Explain: 

3. Was a vritten Company or Department Safety Regulation viola ted?_ 

Explain: 

( t a k e n J 1 

If. Action (to "be taken) to prevent recurrence: 

5. SAFETY RECOMMENDATION # Written to: 

6. Comments, if any: ' 

7. Has employee lost a full vork shift as a result of injury? 

Date of Report < Safety Engineer 



ACCIDENT PREVENTION AND STATISTICAL REPORT 

UNSAFE MECHANICAL OR PHYSICAL CONDITION 

0 Improper guarding 4 Improper ventilation 
~I Defective substance or equipment _ 5 Improper dress or apparel 
~2 Hazardous arrangement 6 Not otherwise classified 
3 Improper illumination I No mechanical cause 

y Insufficient data to classify 

ACCIDENT TYPE 

0 Striking against p Slip (not fall) or over-
~1 Struck "by exertion 
J2 Caught in, or between 6 Contact with, temperature 
~3 Fall on same level extreme 
3 Fall to different level 7 Inhalation, absorption, 

ingestion 
_y Unclassified, insufficient 8 Contact with elec. current 

data 9 Not otherwise classified 

UNSAFE ACT OF PERSON 

_0 Operating without authority, failure to secure or warn. 
JL Operating or working at unsafe speed. 
_2 Making safety devices inoperative. 
3 Using unsafe equipment, hands instead of equipment, or equipment unsafely. 

Unsafe loading, placing, mixing, combining, etc. 
_5 Taking unsafe position or posture. 
_6 Working or moving of dangerous equipment. 
_7 Distracting, teasing, abusing, startling, etc. 
_8 Failure to use safe attire or personal protective devices. 
_9 Not otherwise classified. 
~j? Unclassified, insufficient data. 
x No unsafe act. 

PART CF BODY AFFECTED 

f 

Head Fingers 
I^es . Legs 
Arms Feet 
Trunk Toes 
Hands Multiples 

REMARKS: 
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