
EFFECT OF TEMPERATURE, AGE AND EXPERIENCE ON 

SAFETY-BEHAVIOR 

by 

EKAMBARESWAR RAO AGASTYA, B.E., M.B.A. 

A THESIS 

IN 

INDUSTRIAL ENGINEERING 

Submitted to the Graduate Faculty 
of Texas Tech Universlty in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

MASTER OF SCIENCE 
IN 

INDUSTRIAL ENGINEERING 

Approved 

Accepted 

May, 1982 



ACKNOWLEDGMENTS 

I gratefully acknowledge the patient help and construc-

tive criticism of Dr. Jerry D. Ramsey, chairman of the advi-

sory committee, during the preparation of this thesis as 

well as throughout my graduate program. I am thankful to 

the other members of the committee, Dr. Charles L. Burford 

and Dr. Mohamed Y. Beshir, for their advice without which 

this research would have been incomplete. 

I also wish to thank Mr. Wayne J. Smith for his help in 

collecting the data. 

ii 



CONTENTS 

ACKNOWLEDGMENTS ii 
LIST OF TABLES v 
LIST OF FIGURES vii 

Chapter page 

I. INTRODUCTION 1 

Purpose and Scope 5 

II. BACKGROUND 6 

The Mechanism of Heat Exchange 6 
Thermal Indices 8 

Wet Bulb Temperature 9 
Effective Temperature 10 
Effective Temperature Corrected for Radiation.lO 
Wet-Bulb Globe Temperature 11 

Effects of Heat 12 
Thermal Comfort 12 
Effect of Heat Stress on Performance . . . . 13 

Personal and Psychological Factors l6 
Intelligence 17 
Vision 18 
Fatigue and Monotony 18 
Risk Acceptance 19 
Alcohol 20 
Reactlon Time, Perception, and Motor 

Abilities 20 
Absence and Lateness 21 
Accident Prone, Accident Repeater, and 

Accident Personalities 22 
Job Satisfaction 22 
Psychological Environment . . . ̂  23 
Age ' 24 
Experience 27 
Interdependence of Age and Experience . . . . 28 

11.1 



Safety Sampling 30 

Summary 32 

III. RESEARCH PROCEDURE 33 

Experimental Variables 35 
Independent Variables 35 

Temperature 35 
Age 36 
Experience ?7 
Risk 37 

Dependent Variable 39 
Unsafe Behavior Rate 39 

Statistical Design 41 
Equipment and Data Collection 43 

Equipment 43 
Data Collection 43 

IV. RESULTS AND DISCUSSION 46 

Thermal Environment 49 
Age 59 
Experience 62 
Risk 66 

Low-Risk Group 72 
Moderate-Risk Group 77 
High-Risk Group 82 

V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 88 

Summary 88 
Conclusions 90 
Recommendations for Further Research 99 

REFERENCES 100 

v 



LIST OF TABLES 

Table page 

1. Distribution of Subjects in Different Groups . . . . 34 

2. Analysis of Variance (ANOVA) for Unsafe Behavior 
Rate 48 

3. Multiple Range Test for USBR means with Temp (.01 
level) 50 

4. Relationship Between Unsafe Behavior Rate and 
Temperature (WBGT) For Different Age Groups . . . 51 

5. Relationship Between Unsafe Behavior Rate and 
Temperature (WBGT) For Different Experience 
Groups 55 

6. Relationship Between Unsafe Behavior Rate and 
Temperature (WBGT) For Different Risk Groups . . 57 

7. Multiple Range Test for USBR means wlth Age (.01 
level) 60 

8. Multiple Range Test for USBR means with Experience 
( .01 level) 64 

9. Relationship Between Unsafe Behavior Rate and 
Temperature (WBGT) For Different Age Groups 
--Low-Risk Group 70 

10. Relationship Between Unsafe Behavior Rate and 
Temperature (WBGT) For Different Experience 
Groups --Low-Risk Group ' 71 

V 



11. Analysis of Variance (ANOVA) For Safety-Behavior 
—Low-Risk group 73 

12. Multiple Range Test for USBR means with Exp - Low-
Risk group ( .01 level) 75 

13. Multiple Range Test for USBR means with Age - Low-
Risk group ( .01 level) 76 

14. Analysis of Variance (ANOVA) For Safety-Behavior 
--Moderate-Risk group 78 

15. Multiple Range Test for USBR means with Exp 
--Moderate-Risk group (.01 level) 79 

16. Multiple Range Test for USBR means with Age 
--Moderate-Risk group (.01 level) 81 

17. Analysis of Variance (ANOVA) For Safety-Behavior 
--High-Risk group 83 

18. Multiple Range Test for USBR means with Exp —High-
Risk group ( .01 level) 84 

19. Multiple Range Test for USBR means with Age —High-
Risk group ( .01 level) 86 

VI 



LIST OF FIGURES 

Figure page 
1. Unsafe Behavior Rate as a Function of Temperature: 

Predicted Second Order Regression for Four Age 
Groups 52 

2. Unsafe Behavior Rate as a Function of Temperature: 
Predicted Second Order Regression for Three 
Experience Groups 53 

3. Unsafe Behavior Rate as a Function of Temperature: 
Predicted Second Order Regression for Three Risk 
Groups 56 

4. Unsafe Behavior Rate as a Function of Temperature: 
Predicted Second Order Regression for Age Groups 
—Low-Risk 68 

5. Unsafe Behavior Rate as a Function of Temperature: 
Predicted Second Order Regression for Experience 
Groups --Low-Risk 69 

6. Relationship Between USBR and Age 92 

7. Relationship Between USBR and Age for Low- and High-

Risk Groups 94 

8. Relationship Between USBR and Experience 96 

9. Relationship Between USBR and Experience for Low- and 
High-Risk Groups 98 

vii 



CHAPTER I 

INTRODUCTION 

The phenomenon of accidents constitutes one of the ma-

jor human, social, and economic problems of modern civiliza-

tion. In the United States of America, roughly 100,000 peo-

ple are killed annually through accidents, and a further 10 

million are injured. These accidents result in millions of 

productive labor hours being lost annually through disable-

ment. With the advent of the Occupational Safety and Health 

Act of 1970, industry has become increasingly aware of the 

necessity to focus attention on safety of employees. Al-

though statistics serve to demonstrate the gravity of the 

problem of accidents in pure economic terms, they hide the 

real cost of accidents which is measured in terms of human 

suffering to the individuals sustaining accidents and to 

their families and friends. Employers are turning to the 

literature on industrial safety to provide the necessary 

bases for developing solutions to their safety problems. 



Literature, however, often does not provide the answers they 

are seeking. It is full of information about accidents, ac-

cident facts, and post-facto analysis, but places special 

emphasis on public safety, traffic, and domestic accidents 

with relatively less attention being given to occupational 

safety. Between the post-facto analysis of accidents and 

conditions that are responsible for accidents, there is a 

wide gap that has so far not received much attention from 

researchers. Dunn (1971) calls it the 'missing behavioral 

link'. To quote him: 

There have been a large number of correlational 
studies that have established relationships be-
tween personal characterstics and the environmen-
tal characterstics, and accident frequency. The 
psychoanalysts on the other hand have suggested, 
and sometimes demonstrated a connection betweeen 
personal trauma and accident frequency. There is 
a major drawback with both these approaches to the 
problem of accident causation, and that is the om-
mission of any attempt to analyse the whole se-
quence of events that lead from some personal or 
environmental characterstics to the occurrence of 
an accident. The missing link is the behavioral 
manifestation of the personal trauma, or the 
'unsafe behavior' that is the result of environ-
mental conditions or personal factors. 

Heinrich (1959) was among the first to verbalize the 

distinction between unsafe acts and unsafe conditions. His 

thesis, that nine incidents out of ten could be attributed 



to unsafe acts as primary causative factors, has been much 

disputed in interpretation and in the specific ratios which 

he chose to use. Even so, there is general agreement that 

unsafe behavior of the worker is an integral element of al-

most all accidents, either in a direct or indirect mode. 

Further, for every fatality or serious accident there are a 

large number of minor accidents and correspondingly, a much 

larger number of unsafe acts and hazardous opportunities 

(Ramsey, 1973). Whether this ratio, as suggested by Hein-

rich, is one fatality to three major accidents to 300 minor 

accidents or some other ratio is of less importance than the 

concept that indeed there is a hierarchy of occurrence re-

lated to the seriousness of the accident. Thus accident re-

porting schemes and investigation procedures which focus on 

serious, major, or even reportable accidents will indicate a 

much smaller population than that associated with unsafe be-

havior and hazardous conditions, which precede and are much 

more frequent than actual accidents. 

There are many factors which influence unsafe behavior. 

Margolis and Kroes (1975) classified them into two major 

categories: psychological factors and environmental fac-



tors. Environment, characterized by noise, heat, light 

and/or information overload should be within tolerable lim-

its, so that human behavior is near optimum, error-free, and 

productive. If the person is exposed to a less than desira-

ble environment, he is very likely to develop neurological 

or physiological stress, or behavioral disruption or disor-

ganization. 

The thermal environment has a potentially significant 

effect on safety-behavior of human beings. Temperatures be-

yond extreme limits adversely affect personal comfort. 

Physical work in a hot environment increases heart rate, 

blood pressure, lactic acid concentration, and oxygen con-

sumption. Studies conducted in South African mines and at 

many other places indicate that there is a significant de-

crease in productivity at high temperature levels. Underly-

ing the effects of thermal environment are the feelings of 

discomfort and physiological responses to heat. 

One approach to evaluating effects of thermal environ-

ment on human behavior is demonstrated in a recently com-

pleted study concerning the effects of heat on safe work-be-

havior (Ramsey and others, 1982). This project uses safety 



sampling procedures in which several behavioral categories 

were identified, several statistically valid sampling proce-

dures developed, and several brief observations of environ-

ment taken; then statistical influence about total activi-

ties was determined based on these samplings. 

Purpose and Scope 

The primary purpose of this research was to develop 

relationships between thermal environment and worker safety-

behavior, such that the predicted safety-behavior was a 

function of thermal environment, employee age, employee on-

the-job experience, and risk associated with job. Improved 

worker safety should result from utilization of the pre-

dictive relationships established in this study. 

The scope of the study was limited to include only the 

employees of those plants where detailed thermal measurement 

data were available, a machine shop and a foundry. A wide 

variety of typical industrial operations were, however, ob-

served in order to broaden the general application of the 

findings. Sixty subjects were studied for three months and 

random observations made on their safety-behavior. 



Chapter II 

BACKGROUND 

Thermal environments may have considerable influence on 

the safety-behavior of individuals. In addition, personal 

and psychplogical variables may have meaningful relation-

ships with accident proneness, risk-taking att-itudes of in-

dividuals, and consequently, an individual's safety-behavior 

may be affected. This section examines the existing litera-

ture's stand on the influences of thermal environment and 

personal as well as psychological variables on accident phe-

nomenon and accident experience. It will be pertinent to 

start the survey of literature with an examination of the 

mechanism of heat exchange. 

The Mechanism of Heat Exchange 

People usually maintain body temperature at an approxi-

mately constant level in spite of wide variations in the 

surrounding thermal environment. To maintain a constant 

body temperature, an organism must balance its rate of heat 
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loss against that of heat gain. The balance of heat ex-

change between the worker and the environment can be repre-

sented by the equation (Ramsey, 1975): 

Q = M +/- R +/- Cv +/- Cd - E , 

where 

Q = heat storage, which is zero as a body is in balance. 

M = metabolic heat. 

R = radiant heat. 

Cv = convective heat. 

Cd = conductive heat, and 

E = evaporative heat. 

The metabolic heat (M) in the equation must be positive 

to represent a gain of heat while the evaporative heat (E) 

must be negative for a heat loss in this equation. 



The thermal imbalance between a human body and its 

surroundings can cause physiological strain to the body 

while it is in the process of maintaining stable tempera-

ture. Thermal imbalance could result in discomfort or heat 

illness, heat exhaustion, heat cramps, or in extreme condi-

tions, heat stroke. 

Thermal Indlces 

The characterstics of thermal environment are tempera-

ture, radiation, humidity, and wind velocity. Wind movement 

helps convective heat transfer from the body, and a hot hu-

mid environment is more stressful than is a dry one. Re-

searchers and scientists have long felt the need for a sim-

ple composite index capable of assessing thermal environment 

in terms of its effects on human beings. From a review of 

literature, it is evident that a universal heat stress index 

has not yet been developed. The following is a sample of 

thermal indices. 



2.2.1 Wet Bulb Temperature 

Haldane (1905) introduced a wet-bulb thermometer by us-

ing a traditional thermometer with a wet cloth wick. In 

this thermometer system, the evaporating water removes heat 

from the thermometer at an evaporation rate which is in-

versely related to relative humidity. Therefore the higher 

the relative humidity (RH), the smaller the difference will 

be between the dry-bulb temperature (DB) and wet-bulb (WB) 

temperature (AIHA, 1975). The natural wet-bulb (NWB) temp-

erature is obtained by exposing the wet sensor to natural 

air movement (NIOSH, 1972). Wind speed was reported to 

cause a significant difference between WB and NWB. Accord-

ing to Gagge and Nishi (1975), experiments in their labora-

tory indicated that the depression of NWB from WB is the 

least for still air (6 to 9 m/min) and then is about 90% of 

the WB depression. For air movements above 150 m/min, NWR 

is approximately equal to WB. Ramsey and Wan (1979) assumed 

the following relationship between NWB and WB as a function 

of air velocity: 

1. V = 210 m/min NWB = WB 
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2. V = 120 m/min NWB = WB+1 oC 

3. V = 30 m/min NWB = WB+2 oC. 

2.2.2 Effective Temperature 

Effective Temperature is an empirical sensory index 

(Yaglou and Houghton, 1923) combining into a single value 

the thermal effect of temperature, humidity, and air veloci-

ty on the human body. It gives a degree of warmth felt on 

exposure to different combinations of these factors; combi-

nations that produce the same feeling of warmth have been 

assigned the same effective temperature value. If the dry-

bulb temperature, humidity, and air velocity are known, nor-

mal effective temperature applicable to normally clothed 

sedentary individuals can be read from the appropriate nomo-

graph. 

2.2.3 Effective Temperature Corrected for Radiation 

In the presence of radiant heat, errors can be ob-

tained when evaluating true thermal stress with the effec-
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tive temperature scale. A correction can be applied by us-

ing a globe thermometer instead of the air temperature and 

the dew-point to determine effective temperature and is 

called Corrected Effective Temperature (CET). 

Yaglou and others (1950) recommended that the black 

globe temperature and a pseudo wet-bulb temperature (ob-

tained from a psychrometric chart) be used in place of the 

dry-bulb temperature and wet-bulb temperature respectively. 

It is believed that the error will be small if air velocity 

is low, but the error can be considerable if the air veloci-

ty is high. 

2.2.4 Wet-Bulb Globe Temperature 

Yaglou and Minard (1957) went a step further and devel-

oped a simple substitute for the corrected effective temper-

ature which they called Wet-Bulb Globe Temperature (WBGT). 

The WBGT is determined from temperature measurements alone. 

It eliminates the need to measure air velocity, proper meas-

urement of which requires specialized apparatus and skilled 

personnel. For outdoor use when solar radiation is present, 

the WBGT requires measurement of air temperature (DB), globe 

temperature (GT), and natural wet-bulb temperature (NWB). 
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Indoors or when solar radiation is absent, only the globe 

and natural wet-bulb temperatures are required. 

For outdoor use, 

WBGT = 0.7NWB + 0.2GT + O.IDB; 

for indoor use, 

WBGT = 0.7NWB + 0.3GT. 

By virtue of its simplicity, the WBGT index has found 

greater application in industry than other thermal indices. 

Effects of; Heat 

Effects of heat stress on comfort and performance are 

discussed in the following sections. 

2.3.1 Thermal Comfort 

Thermal comfort can be defined as a "state of mind 

which expresses satisfaction with the thermal environment." 

Some investigators employed the phrase "thermally neutral" 

as synonymous with thermal comfort. As comfort is judged by 

a person who is exposed to a thermal environment and as it 

is based on personal feelings of comfort, the estimation of 

thermal comfort is subjective in nature. The most common 
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scale of thermal comfort is the thermal sensation scale. 

The seven levels of this scale are : 1. cold . 2. cool 3. 

slightly cool, 4. neutral, 5. slightly warm, 6. warm, and 7. 

hot. 

The rate of metabolic activity and the amount of cloth-

ing worn by the person exposed to thermal environment are 

two of the major factors that affect the level of comfort 

(McNall and others, 1967). In general, the greater the de-

gree of activity, the lower the temperature necessary for 

comfort. 

From the studies that have so far dealt with subjective 

estimates of thermal sensation, it can be seen that there is 

a general agreement about the preferred temperature. Fanger 

(1972) has suggested a preferred temperature of 75 oF DB 

(23.9 oC) for persons engaged in light work. 

2.3.2 Effect of Heat Stress on Performance 

Ramsey and Mortagy (1971) in their laboratory experi-

ments found that temperature-vigilance interaction had sig-

nificant effect on performance of subjects in tracking a dot 

on a cathode ray tube. The temperature was'varied cycllcal-
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ly and two levels of diet, heavy and light meals, were cho-

sen for the subjects. In a different experiment, Ramsey and 

Mortagy (1971) found that different levels of temperature 

caused significant differences in the psychomotor perform-

ance of subjects. 

Azer and others (1972) used three groups of subjects 

with seven subjects in each group. Each group was required 

to perform a central tracking task and simultaneously re-

spond to peripheral stimuli, while being exposed to a heat-

stress environment. The performance results showed that 

there was significant deterioration in tracking and an in-

crease in reaction time when the subjects were exposed to 95 

oF (35 oC) and 75% RH environment. The peripheral field of 

awareness, however, was not significantly affected by the 

environment. 

NIOSH (1972) recommended upper limits of exposure for 

unimpaired mental performance: 

For sedentary jobs where continuous unimpaired 
mental performance is required, no employee shall 
be exposed to conditions which exceed the limits 
set forth. 
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Poulton (1970), and Reddy and Ramsey (1976) found good 

evidence suggesting an optimal range of environmental condi-

tions, above and below which performance is less than opti-

mum. 

Ramsey and Pai (1975) found that reaction time when ex-

posed to a temperature of 105 oF (40.6 oC) was significantly 

longer (p<0.05) after a 45-minute exposure than after a 

15-minute exposure. 

Relationships between hot environment and sedentary 

tasks are summarized by Ramsey and Morrissey (1978). Re-

sults show that performance of certain tasks was affected 

by thermal environment, performance of other tasks was part-

ly affected, while the performance of still other tasks was 

not affected at all. 

In an experiment conducted by Beshir and others (1981), 

six subjects were exposed to 20, 26, and 30 oC (WBGT) for 

120 minutes, out of which 90 minutes were spent on a track-

ing task. Two different work to rest ratios were chosen 

(two to one and three to one). While the work to rest ratio 

did not affect performance, increase in timé on the task de-
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creased the tracking performance significantly (p<0.01). 

Also, interaction of time on task and ambient temperature 

affected tracking performance (p<0.1). Ambient temperatures 

also affected the performance significantly. An increase in 

temperature (WBGT) from 20 oC to 26 oC doubled the tracking 

error score. The results also demonstrated that the thermal 

stresses affected the homogeneity of a group of subjects. 

Investigations concerning heat and performance demon-

strate a wide variety of results. While some studies indi-

cate changes in performance due to heat stress, others indi-

cate little or no effect of heat stress on performance. 

There is, however, general agreement among the researchers 

that heat stress beyond extreme limits affects performance. 

Personal and Psychological Factors 

Many writers in the field of safety have suggested that 

the personality and temperament of an individual greatly in-

fluence his susceptibility to accidents. Schulzinger (1956) 

recognized as many as 250 factors which may be contributory 

to accidents, including such things as irresponsibility, ma-
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ladjustment, aggressiveness, anger, attention seeking, bore-

dom, discontent, frustration, feelings of inferiority, and 

indecision. These core behavior traits, Schulzinger postu-

lated, interact with risk in the environment and cause acci-

dents. 

The following factors that might have significant ef-

fect on safety are discussed. 

2.4.1 Intelligence 

International Occupational Safety and Health Informa-

tion Center (CIS) (1967) reports the findings of a study 

with the hypothesis that workers with good and bad accident 

records have different intelligence quotients. The findings 

revealed that intelligence had little significance on acci-

dent record of employees. CIS (1967) reported a study by 

Brody in which there was a much greater incidence of acci-

dents among workers who were below average in traits associ-

ated with mental ability. He suggested that intelligence is 

related to accidents involving errors of judgment, but not 

to accidents involving manual skills. 
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2.4.2 Vision 

Kephart and Tiffin (1950) investigated visual capabili-

ties of each worker among twelve groups of workers. Eleven 

of the twelve job-groups revealed that the percentage of 

safe workers was higher among those who passed the vision 

test than those who failed it. In groups where jobs were 

purely laborious in nature, test results made no difference 

in safety. They say that studying vision as a general fac-

tor is inappropriate since only people who met mlnimum vi-

sion requirements would be employed. There is general 

agreement, however, that vision deteriorates with age. 

2.4.3 Fatigue and Monotony 

The relationship between "fatigue" and "accident" vari-

ables, according to Zurflich, was not independent of the 

nature of work or of number of hours of work done in a day 

(CIS, 1967). Since higher-risk-prone tasks require more 

care and attention than mere routine desk jobs, fatigue 

needs to be viewed In light of inherent rlsk involoved in 

the job. 
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Vernon and Bedford (Dunn, 1971) stated that age was a 

fatigue factor. They found that the increase in accident 

rate for older miners was disproportionately greater than 

the rate of increase for younger miners when the shift 

length was increased by 30 minutes. This study brings out 

the importance of age as a factor affecting fatigue. 

In their comprehensive study of five plants in England, 

Powell and others (1971) found no significant relationship 

between monotony and accidents. 

From the above studies, it can be concluded that the 

effect of monotony on employee safety is questionable while 

the effect of fatigue may be more direct. 

2.4.4 Risk Acceptance 

Scodel and others (1959) demonstrated that personallty 

variables had an effect on risk taking behavior. 

Rockwell (1962) showed that of two groups, high-risk 

takers and low-risk takers, the high-risk group had incurred 

more individual accidents than had the low-risk group. 
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In their investigation of bus drivers' subjective prob-

ability of failure, Cohen and others found experienced driv-

ers were less likely to fail (Dunn, 1971). 

There is general agreement that youngsters tend to take 

higher risks than adults since they are typically overconfi-

dent and more impatient. 

2.4.5 Alcohol 

Powell and others (1971) found no significant relation-

ship between heavy drinking at lunch time (more than two 

pints of beer) and accidents. On the other hand, there are 

extensive and conclusive findings relating alcohol to vehi-

cle accidents. Alcohol content in blood, at levels which 

impair perceptual motor response, would certainly increase 

accident proneness to some degree. 

2.4.6 Reaction Time, Perception, ana Motor Abilities 

Extensive use has been made of simple and complex reac-

tion-time tests, both for spotting "accident-prone" subjects 

and for selecting the most suitable person for a particular 

job. CIS (1967) reports 'no significant',relationship be-

tween reaction times and accident proneness. Whitefield 
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noted that young underground miners with bad accident re-

cords demonstrated a poor performance in perception and in-

telligence tests, whereas in the case of older miners with 

bad accident records, it was for the control and motor coor-

dination tests that performances were lower (CIS, 1967). 

Miners' age seems to influence their perception and motor 

abilities conslderably. 

2.4.7 Absence and Lateness 

Powell and others (1971) report that high numbers of 

accidents are associated with those who exhibit certain pat-

terns of absence behavior. They found that younger people 

had more absenteeism than older people. They found younger 

people to be late more often than older people and to have 

had more accidents. Since the younger people were typically 

less experienced, they thought that the relationship between 

accidents and uncertified absence resulted from both being 

functions of experience and age. 
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2.4.8 Accident Prone, Accident Repeater, and Accident 
Personalities 

Iskrant and Joliet (I968) say that many studies have 

been made to identify the "accident prone" , but these have 

met with only minor success. They report a study in which 

experimenters concluded that accident proneness is a much 

more restricted phenomenon than it was thought to be origi-

nally; the experimenters suggested concentration on persons 

who are "accident repeaters." There is not one single fac-

tor that is directly related to the phenomenon of "accident 

repeater." There is, however, general agreement as to the 

influence of on-the-job experience on reduction of accidents 

and accident repetition. Thus, study of the influence of 

on-the-job experience on safety-behavior will prove more im-

portant than study of accident proneness. 

2.4.9 Job Satisfaction 

Caplan and others (1975) suggest that the general index 

of job dissatisfaction correlated highly with boredom and 

with work-load dissatisfaction. They have not reported any 

relationship between job dissatisfaction and ac«ident expe-

rience or behavior. 
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Powell and others (1971) found no statistically 

significant relationship between boredom and accidents. 

2.4.10 Psychological Environment 

Dunn (1971) says that accident liability may be a group 

psychological phenomenon as well as an individual psycholog-

ical phenomenon. The correlations found are: 

(a) Accident frequency with low intra company 
transfer mobility. 
(b) Accident severity was associated with predo-

minant maleness, low promotion probability, low 
fertility of suggestion field, low suggestion re-
cords, non youthfulness of employees, and high av-
erage tenure of workers. 

Depressants to alertness appeared to be a common expla-

natory factor among accident frequency correlates. A simi-

lar study by Slivnick and others investigated accidents in 

147 factories, accident frequency and severity with 75 vari-

ables (Dunn, 1971). They found the following: 

(a) Accident frequency is associated with season-
al lay off rates, poor attitudes of co-workers to-
ward producers, small plants, easy access to pros-
titutes, other plants about, frequent handling of 
heavy materials and blighted living conditions. 
(b) Accident severity is associated with non-e-

quilatarian eating, national union strength, no 
stated penalty for tardiness, no employee-profit 
sharing plan, extreme work place temperatures and 
'dirty-sweat work'. 
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The major factors which emerge from these studies, and 

are often mentioned in literature (e.g. Heinrich, 1959) are 

preoccupation, anxiety, and rebelliousness, all of which re-

sult from a wide range of environmental variables. 

Powell and others (1971) found the following personal 

factors to have no significance on accidents. They are: 

nationality, marital status (for women), length of journey 

to work, method of journey to work, height, weight, neuroti-

cism, intelligence, previous jobs, reason-for-leaving card 

assessment, and probationary report. The authors recognize 

the importance of inherent risk in tasks. 

2.4.11 As_e 

Iskrant and Joliet (1968) report that there was an in-

crease in number of deaths due to accidents in the age group 

of 15 to 24 from 1900 to 1964 with accidents causing 60 per-

cent of deaths in that age group. The number of deaths due 

to all types of accidents is fairly stable over a period of 

65 years for the age group 25 through 34. The number of 

deaths for the age group of under 24 years shows an increase 

over the period 1959 through I96I. The rate drops apprecia-
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bly for the group 35 through 64 years and rises dramatically 

after that. 

Injuries from accidents involving machinery in opera-

tion occur most frequently among persons in age groups over 

24: the 25-44 group ranks first, and the 65 and over second 

with injury rates of 13.0 and 11.2 per 1000, respectively as 

reported by the National Health Survey (Iskrant and Joliet, 

1968). 

Beyond a certain age accidents decrease (Tiffin, 1952). 

The reasons given are that younger people have fewer family 

responsibilties and are therefore, less cautious. Younger 

people usually have less experience. Lack of experience re-

sults in a lessened knowledge of potential dangers. 

Davies (1963) found the highest number of accidents was 

for those in the age group of 21 to 30 years followed by a 

gradual reduction for higher age groups. Those in the age 

group of 15 to 21 years had higher rates than those over 40 

years, but lower than those between 21 and 40. 
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Similarly, Hale and Hale (1971) in their review of ac-

cident research state that the studies generally agree that 

accidents are high in the teens and twenties with a slight 

decline until the middle or late forties. They indicate 

that there is then a gradual increase in risk until the end 

of the working life. 

In 1964, Bedford reviewed the literature on the subject 

and concluded that the older workers are more susceptible to 

accidents as a result of higher ambient temperature than are 

younger workers. 

Tumyan and Oganesyan examined the causes of accidents 

through 16 years of recorded information (NIOSH, 1974). 

They provided data showing a very high number of accidents 

for the 26 to 35 age group and a sharply decreasing number 

thereafter. The results also show a decrease in accidents 

as experience increases with a marked decrease in accidents 

between the third and fifth years of employment. The data 

reported are, however, numbers of accidents and not accident 

rates. 
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Dunn (1971) feels that there is an effect of age on 

accident liability, particularly below the age of 25 years 

and above the age of 60 years. 

The preponderance of reported research supports a 

strong relationship between age and safety/accidents, with 

the young being at highest risk, followed by the middle-

aged, then the old. 

2.4.12 Experience 

Dunn (1971) concludes that expericence affects accident 

rate, but the effect is probably short lived and is relevant 

to a fairly short settling period at a new job. 

Vernon's investigations, as cited by Dunn (1971), re-

vealed the effects of experience on accident rate and a 

steady decline in the rate over a period of 18 months to two 

years. 

Powell and others (1971) found that accidents decreased 

as worker's experience increased. They said the following: 

(a) Length of service. At three out of four work 
centers (that they had studied), they found that 
accidents decreased in frequency as lepgth of ser-
vice increased . 
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(b) Frequency of Repetition of Task. People 
repeating a task, which they had done in the re-
cent past, had fewer accidents on it than on tasks 
which they did only occasionally. People who 
changed tasks frequently had more accidents than 
those who did not change frequently. 

They also reported that usually there was no formal training 

given in the industry before employees began working. 

From the above, it is clear that age and on-the-job ex-

perience of a worker play a very important role in his acci-

dent experience. As has been found from research studies 

concerning accident experience, unsafe behavior of workers 

is chiefly responsible for accident occurrence. Thus, study 

of age and experience of employees as factors that influence 

unsafe behavior will prove useful in understanding their 

safety-behavior. 

2.4.13 Interdependence of Age and Experience 

Many studies give at least some consideration to expe-

rience as a variable in the age and accident relationship, 

and most studies either control for experience or attempt to 

discuss the experience factor in addition to others (NIOSH, 

1974). 
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In Zeller and Moseley's (I956) study of military 

pilots, it was found that there were decreases in accident 

rates with an increase in experience; there was an unexpect-

ed increase in accident experience in the 45-and-above age 

group, and the number of major accidents was so small as to 

be considered insignificant. When experience was consid-

ered, there was a decrease in accident rate with increasing 

experience. The authors, based on results of this study, 

felt that experience played a greater role than age. Anoth-

er study (Lentz and Zeller, I962) offered support to the im-

portance of experience. Younger pilots experienced a higher 

accident rate during their early hours of rated flying than 

did the pilots who received their wings when they were 25 or 

older. The lower accident rate for pilots older than 25 was 

attributed to an increased probability of their having expe-

rience. 

Van Zelst (1954) found that, even when the experience 

on present job was less, older employees maintained better 

safety records during an 18 month experimental period. 
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Kunce (1967) found that longer than average tenure was 

significantly related to a low accident rate and to lower 

accident-proneness scores. 

Thorndike (1951), commenting on studies showing con-

flicting evidence emphasizing either age or experience, not-

ed that the accident rates-age-experience relationship was 

not a universal constant. This relationship showed varia-

tion depending upon individual plant factors. He hypothe-

sized that the most important variable could be the nature 

of work performed by groups of differing ages and levels of 

experience. There is general agreement that the inherent 

risk in the job will have an important bearing on accident 

experience. 

Safety Sampling 

Heinrich (1959) said that there were many more opportu-

nities for unsafe practices to be observed than there were 

actual accidents with minor or major injuries. In order to 

reduce the probability of actual accidents, it would, there-

fore, be appropriate to reduce unsafe behavior. It is prac-
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tically inconceivable to observe total work behavior of all 

industrial employees at all times. In order to designate an 

act or a behavior as safe or unsafe, it is necessary to have 

something in the form of a "taxonomy," which is precise in 

describing the act or behavior, elaborate enough to account 

for all possible acts or behaviors, and is suitable to the 

work environment under investigation. 

Ramsey and Burford (I98O) addressed these difficul-

ties. They developed a safety sampling technique, making 

use of work sampling/ratio-delay technique. Theoretically, 

a sample of observations made of subjects' safety-behavior 

should describe their entire behavior, provided the observa-

tions are large in number and are made at random times 

without prior knowledge of subjects. The unsafe practices 

of ANSI (1963) and 'human errors' of Pope (1972) served as a 

basis for the taxonomy developed by Ramsey and Burford 

(1980). 
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Summary 

From the literature, it is clear that thermal environ-

ment is likely to affect safety-behavior of human beings. 

In addition, the literature reveals ample evidence identify-

ing employee age and experience on the job as two of the 

most important personal variables that potentially affect 

accidents. Thus, there is a need to study the effects of 

thermal environment, age, and experience on safety-behavior. 



Chapter III 

RESEARCH PROCEDURE 

Research was conducted at two plants, a machine shop 

and a foundry, located in the vicinity of Lubbock, Texas. 

The study covered a period of three months, June through Au-

gust 1981. Sixty workers were identified at the beginning 

of study and were observed during the entire period of 

study. Trips to each of the plants were made at randomly 

chosen times and the workers did not know the time of obser-

vation in advance. 

The data on thermal stress was collected using a heat 

stress monitor, while safety-behavior data were recorded on 

a data sheet, using a taxonomy of unsafe behaviors. Infor-

mation on ages and experiences of workers was obtained from 

personnel records of the employees. 

Table 1 shows the distribution of subjects among dif-

ferent groups of age, experiencej and risk levels. 

33 
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TABLE 1 

Distribution of Subjects in Different Groups 

Age group 
(years) 

Low 
risk 

Moderate 
risk 

High 
risk 

Total 

< 26 gpl 
>=26 & =<35 gp2 
>=36 & =<45 gp3 
>=46 . gp4 

3 
7 
2 
7 

5 
11 
1 
4 

5 
6 
4 
5 

13 
24 
7 
16 

Total 19 21 20 60 

Experience 
(years) 

Low 
risk 

Moderate 
risk 

High 
risk 

Total 

1 
= 1 & <6 
= 6 

gpl 
gp2 
gp3 

3 
10 
6 

1 
15 
5 

5 
11 
4 

9 
36 
15 

Total 19 21 20 60 
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Experimental Variables 

The variables considered in this study can be classi-

fied as independent and dependent variables. 

Independent Variables 

The following independent variables were considered in 

this study: 

3.2.1 Temperature 

Wet Bulb Globe Temperature was chosen to represent the 

thermal environment. It is simple to use and has proved ef-

fective in industry. The indoor scale was used in thls re-

search as the jobs studied were located indoors. The fol-

lowing levels of WBGT(indoor) were used: 

1. >= 15 oC and < 20 oC (level 1 -cool) 

2. >= 20 oC and < 25 oC (level 2 -neutral) 

3. >= 25 oC and < 30 oC (level 3 -warm) 
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4. >= 30 oC and < 35 oC (level 4 -hot) 

5. >= 35 oC (level 5 -very hot) . 

3.2.2 Age 

From the literature surveyed, it has been found that 

people in the age groups below 26 and above 45 have dispro-

portionately high accident rates. Hence, age is considered 

an important personal variable that will have significant 

influence on safety-behavior. The selected levels for em-

ployees' ages are shown below: 

1. < 26 Years (group 1 -youngest) 

2. >= 26 Years and =< 35 (group 2 -low middle) 

3. >= 36 Years and =< 45 (group 3 -middle age) 

4. >= 46 Years (group 4 -oldest). 
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3.2.3 Experience 

The literature shows considerable difference in the ac-

cident rate between people with experience of less than one 

year and those with more than one year. Thus, there are two 

likely groups of experience with differences in their ef-

fects on safety-behavior. However, it is fairly reasonable 

to assume that an individual will become careless at work 

after he has obtained long tenure. Three levels of experi-

ence were used. Only relevant, on-the-job experience was 

considered. 

1. Experience (Exp) < 1 Year (group 1 -least exp) 

2. Exp >= 1 Year & < 6 Years (group 2 -moderate exp) 

3. Exp >= 6 Years (group 3 -highest exp) 

3.2.4 Risk 

Every job in industry involves a certain amount of 

risk. Some jobs are more risky than others. For instance, 

the operator working on a numerically controlled machine is 
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exposed to less risk in his work than a worker who is a mem-

ber of a pouring crew in a foundry. The NC machine opera-

tor, by the very nature of his work, is exposed to less risk 

in his work environment than the foundry worker, rendering 

the latter more susceptible to accidents and injury than 

the former. Hence, any study of safety-behavior of these 

two individuals should take into account the inherent risks 

associated with the jobs, which could be an overwhelming 

factor. 

Ramsey and others (1982), in their research work for 

NIOSH, categorized jobs in these two plants into three 

groups, based on risk: 

1. Low-risk jobs include: NCTAP(numerical control ma-

chine operators) , THERM(core makers), CHEMS(core mak-

ers), ISO(core makers), COREM(core operators), 

MULLR(mulling machine operator), PIN(PIN molding op-

erators) , and SHAKE(shake-out operators). 

2. Moderate-risk-jobs include: DRILL(drilling machine 

operators), LATHE(turners), S/R(shipping & receiving 

operators), ASSY(assembly personnel), SHAKR(shakers), 

SHOT(shot blasters), and PATRN(pattern makers). 
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3. High-risks jobs include: GRIND (grinders), BORML 

(bore-mill operators), CRATE (craters), WELD (weld-

ers), BENGR (bench grinders), FLOGR (floor grinders) , 

and CREW (pouring crew). 

Dependent Variable 

Safety-behavior is the only dependent variable in the 

study. 

3.3.1 Unsafe Behavior Rate 

Unsafe behavior rate is defined as the ratio of number 

of unsafe observations to the total number of observations 

(p). The observed unsafe behavior rate was studied as a 

function of thermal environment for different levels of age 

and experience. In addition, the effects were studied in 

light of different risk levels, since risk associated with 

the job could influence safety-behavior. 

It is well known that the number of occurrences per 

unit often follows a Poisson distribution when the possible 
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number of occurences is quite large and the probability of 

occurence is low (e.g., defects per piece or unsafe behavior 

per work station). When proportions or percentages are used 

as the response variable, the data are binomial and again 

variances are related to means, and the basic assumptions of 

analysis of variance do not hold. In order to transform the 

data to make them amenable to analysis of variance, the pro-

portional data, p, can be transformed as Arc Sin Square root 

p (Davies, 1954) . 

According to the definition, unsafe behavior rate 

(USBR) can be written as follows: 

USBR = No.of Unsafe Observations / Total No.of Observations 

Since USBR will take a binomial distribution, it will be 

converted into Arc Sin Square root p before using it in any 

statistical analysis. 
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Statistical Design 

A factorial design with four factors, namely Tempera-

ture in oC WBGT (Temp), Age, Experience(Exp), and Risk, were 

used in design and analysis of the study. The model for the 

factorial design is as follows (Hicks, 1973): 

X ijkln = R + Ai + Bj + AiBj + Ck + AiCk + BjCk + Dl + AiDl 
+ BjDl + CkDl + AiBjCk + BjCkDl + DkClAi 

+ AiBjCkDl + Sn + Eijkln 
where, 
X ijkln = dependent variable observed (USBR) at i, j, k and 

1 levels, 

R = common effect of the whole experiment, 

Ai = effect of Temp; 1=1,2,3,4,5 (cool, neutral, 
warm, hot, very hot), 

Bj = effect of Age, J = l,2,3,4 (youngest, low middle, 
middle, oldest), 

Ck = effect of Exp, 1=1,2,3 (least, moderate, 
highest exp), 

Dl = effect of Risk level; 1=1,2,3 (low, moderate, 
high risks), 

Sn = effect of replication; 

E ijkln = random error. 
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In addition, the effects of Temp, Age, and Exp on USBR 

were analyzed under each Risk group. The model for this 

factorial design is as follows (Hicks, 1973): 

For Low/Moderate/High Risk group: 

X jkln = R + Ai + Bj + Ck + AiBj + BjCk + AiCk + AiBjCk 

+ Sn + Eijkn, 

where the notation used is the same as above. 

The second order regression analyses between Temp and USBR 

had the following relationship: 

USBR = M(Temp*Temp) + N(Temp) + Q, 

where M, N and Q are constants. 
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Equipment and Data Collection 

Environmental temperatures and the safety-behavior of 

all workers who were identified at the beginning of the 

study were recorded by an observer during each of the data 

collection sessions. 

3.5.1 Equipment 

To measure thermal environment, a Reuter-Stokes Heat 

Stress Monitor (Model No. RSS-211D) with digital read out 

was used. It was mounted on a tripod and carried by the ob-

server. The instrument reads WBGT(indoor) values directly 

in degrees centigrade. In addition, the instrument could 

read WBGT(outdoor), dry bulb, wet bulb, and globe tempera-

tures. The instrument required three to ten minutes to sta-

bilize, depending upon the differences in the thermal envi-

ronment it had to sense. 

3.5.2 Data Collection 

Data were collected by one observer on each trip to 

each plant. Two observers made trips to the plants in such 

a way that the data collection was evenly dispersed over the 
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week, and both plants received approximately the same number 

of visits throughout the study. The observer carried the 

equipment to the plant at the time of visit, the time of 

visit being chosen at random. For every trip made to the 

plant, the observer made two data collection walks through 

the plant. Temperature data were collected at all points 

shown in the plant layouts (Ramsey and Burford, 198O). 

Thermal data and observed safety-behavior of the select 

workers were recorded on data sheets (Ramsey and Burford, 

1980). Choice of route was made at random. At the first 

data collection point, the equipment was stationed on its 

tripod, the wet-bulb wick was wetted, and the monitor al-

lowed to stabilize. The taxonomy (Ramsey and Burford 198O) 

was used to identify different types of unsafe behavior. It 

was ensured that the subjects would be observed for their 

entire behavior should they be halfway through their ac-

tions. In all cases, a subject would be observed for at 

least thirty seconds. The equipment would be placed as 

close to the subject as possible without interfering with 

the subject's work. After data collection was complete at 

the first station, the next station would be chosen at ran-
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dom to avoid bias. At the end of the first data collection 

walk, the observer would wait for about ten minutes before 

commencing his second walk. Data collection was repeated as 

explained above. 



Chapter IV 

RESULTS AND DISCUSSION 

Analyses of variance were conducted to determine the 

significanct main effects and interactions of the variables 

under investigation. The main effects of temperature in oC 

WBGT (Temp) , Age, Experience (Exp) , and Risk and the ef-

fects of their two way interactions on Unsafe Behavior Rate 

(USBR) , were studied. The effects of Temp, Age, and Exp on 

USBR under each level of Risk were also studied. A computer 

program, Statistical Analysis System (SAS), provided by the 

Computer Center, Texas Tech University, was used to obtain 

an analysis of variance (ANOVA). The program also provided 

the cell means, number of observations in each cell, and the 

corresponding significance levels of main effects and inter-

actions. Linear regression analyses were conducted to es-

tablish relationships between Temp and USBR, but the coeffi-

cients of correlation obtained were too small to establish 

predictive relationships. Second order regression analysis 

yielded coefficients of correlation which were satisfactory. 

46 
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Hence second order regression analysis was used to establish 

relationships between USBR and Temp for different levels of 

age, experience, and risk. 

Table 2 shows the results of analysis of variance for 

the effects of Temp, Age, Exp, and Risk on USBR. It can be 

seen that each of the main effects and their two way inter-

actions had significant effect (p<0.01) on USBR. 

The effects of thermal environment (Temp), age, and ex-

perience on USBR are discussed, followed by a discussion of 

the influences of associated job risk, in the following sec-

tions. 
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TABLE 2 

Analysis of Variance (ANOVA) for Unsafe Behavior Rate 

Source of 
variation 

Temperature, 

Age 

Experience, 

Risk 

Temp*Age 

Temp*Exp 

Age*Exp 

Risk*Temp 

Risk*Age 

Risk*Exp 

, Temp 

Exp 

DF 

4 

3 

2 

2 

12 

8 

6 

8 

6 

4 

sum of 
squares 

0.29 

0.04 

0.06 

1.87 

0.06 

0.07 

0.16 

2.03 

0.58 

0.31 

F-value 

6143 

1140 

2607 

78386 

427 

823 

4573 

21265 

8079 

6468 

PR>F 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 
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Thermal Environment 

The Wet Bulb Globe Temperature (WBGT) was chosen to 

represent the thermal environment (Temp) in the experiment. 

Table 2 shows that Temp had a significant (p<0.01) effect on 

USBR. Table 2 also shows the effects of Temp and Risk in-

teraction, Temp and Age interaction, and Temp and Experience 

(Exp) interaction on USBR to be significant (p<0.01). The 

Duncan test shows (Table 3) that the lowest USBR occurred 

at the Temp zone of 25 to 30 oC. 

It can be seen from Table 4 and Figure 1 that the 

youngest age group exhibited minimum USBR in a higher Temp 

zone than other groups. The other age groups showed minimum 

USBR in lower Temp zones. 

Figure 2 and Table 5 show a second order regression re-

lationship between Temp and USBR for different levels of 

on-the-job experience. All three experience groups revealed 

that the second order relationship between Temp and USBR re-

tained U-shaped curve. The safest Temp zone for the least 
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TABLE 3 

Multiple Range Test for USBR means with Temp (.01 level) 

Temp group No. of Mean Grouping* 
(oC WBGT) observations USBR 

>=15 & <20 (1) 74 0.339 A 

>=35 (5) 58 0.281 B 

>=20 & <25 (2) 1076 0.280 B 

>=30 & <35 (4) 159 0.280 B 

>=25 & <30 (3) 1^68 0.275 C 

*Groups with same letter are not significantly different 
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TABLE 4 

Relationship Between Unsafe Behavior Rate and Temperature 
(WBGT) For Different Age Groups 

Age No.of USBR = M(Temp*Temp)+NTemp+Q R* PR>F** 
Group Obsvtns — — 

M N Q 

Youngest 633 0.001 -0.0654 1.3026 0.6461 0.01 

Low Middle 1189 0.0005 -0.0339 0.7972 0.62 0.01 

Middle 345 0.0001 -O.OO6I O.3663 0.3332 0.01 

Oldest 806 0.0005 -0.0295 0.6775 0.5234 0.01 

*This value measures the extent of variation in the 
dependent variable that can be accounted for by the 
model (SAS, 1979). 

**This value is equivalent to the results of a t-test 
for testing the hypothesis that the coefficient of 
correlation equals zero (SAS, 1979). 

Note: The combination of the number of observations and the 
R-value determines the validity of the model (Edwards,1967) 
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experience group (less than one year) is different from the 

safest Temp zone for other experience groups. 

Figure 3 and Table 6 show a regression relationship be-

tween Temp and USBR for three different levels of Risk, low, 

moderate, and high. The figure shows that there is a Temp 

zone for each risk level in which USBR is the least, below 

and above which it is higher. The Temp at which the least 

USBR occurs is higher for workers in the low-risk jobs than 

it is for the workers engaged in the moderate-risk jobs. In 

the case of high-risk group, second order relationship be-

tween Temp and USBR showed less U-shaped relationship than 

might be expected. Workers' perception of inherent risk in 

the job explains why USBR could not be explained by thermal 

environment alone and brings to light the importance of risk 

associated with job. Workers performing at different risk 

levels perceive inherent job risk differently, and their 

safety-behavior is influenced by such perceptions. 

There is general agreement that thermal comfort is a 

neccessary condition for desired rate of performance and 

that occupational safety is an important component of an ef-
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TABLE 5 

Relationship Between Unsafe Behavior Rate and Temperature 
(WBGT) Por Different Experience Groups 

Experience No.of USBR = M(Temp*Temp)+NTemp+Q R* PR>F** 
Group Obsvtns 

M N Q 

Least 549 0.0009 -0.0618 1.2406 0.5884 0.01 

Moderate I688 O.OOO6 -0.0356 O.809O 0.4996 0.01 

Highest 736 0.0004 -0.0191 0.5481 0.4479 0.01 

*This value measures the extent of variation in the 
dependent variable that can be accounted for by the 
model (SAS, 1979). 

**This value is equivalent to the results of a t-test 
for testing the hypothesis that the coefficient of 
correlation equals zero (SAS, 1979). 

Note: The combination of the number of observations and the 
R-value determines the validity of the model (Edwards,1967) 
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TABLE 6 

Relationship Between Unsafe Behavior Rate and Temperature 
(WBGT) For Different Risk Groups 

Risk No.of USBR = M(Temp*Temp)+NTemp+Q R* PR>F** 
Group Obsvtns ____—___ 

M N Q 

Low 924 0.0018 -0.1072 1.8194 0.7295 0.01 

Moderate 971 0.0009 -0.0467 0.8422 0.452 0.01 

High 940 0.0002 -0.0097 0.4751 0.1557 0.01 

*This value measures the extent of variation in the 
dependent variable that can be accounted for by the 
model (SAS, 1979). 

**This value is equivalent to the results of a t-test 
for testing the hypothesis that the coefficient of 
correlation equals zero (SAS, 1979). 

Note: The combination of the number of observations and the 
R-value determines the validity of the model (Edwards,1967) 
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fective organization. Fanger (1972) suggested a preferred 

Temperature of 75 oF DB (23.9 oC) for persons engaged in 

light work. From the experiments conducted by Azer and oth-

ers (1972), it is clear that performance decreased in ex-

treme thermal conditions. Experimental results of Poulton 

(1970) and Ramsey and Pai (1975) showed that there was an 

ideal temperature zone, above and below which performance Is 

less than optimum. Researchers have suggested that perform-

ance and safety are interdependent. An economically suc-

cessful organization is one that has high levels of perform-

ance in terms of well-organized efforts as well as 

occupational safety. An optimum level of performance in 

terms of units produced per dollar of investment will surely 

have a high corresponding level of safety as accidents' 

whether major or minor, have proved to result in loss of 

productive labor, increase in cost of hiring and training; 

and loss through workman's compensation. 

Ramsey and others from their research for NIOSH (1982) 

found that temperatrue (WBGT) had significant effect on safe 

work behavior. Further, their investigations revealed that 

USBR had a significant second order relatiønship with temp-
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erature. The second order curve assumed a U-shape with the 

lowest USBR occurring in the temperature zone of 17 to 23 

(WBGT oC) . The findings of this study are fairly consistent 

with the findings of their study. There have been some de-

partures, however, due to the fact that data were collected 

during a different time of the year. Their study spanned a 

fourteen-month period covering all seasons of the year while 

the present study covered only the summer months, June 

through August. 

Age 

Table 2 (page 48) showed that Age had significant ef-

fect on USBR (p<0.01). The Duncan Multiple Range Test (Ta-

ble 7) revealed that each age group was significantly dif-

ferent from the others in its effect on USBR. The youngest 

group (under 26 years of age) had the highest USBR while 

other groups exhibited decreased values of USBR with in-

creases in ages. 

Tiffin (1952) felt that younger people are involved in 

more accidents than older people. In 1956, Wohlberedt found 

that miners in the age group of l8 to 24 years had more ac-
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TABLE 7 

Multiple Range Test for USBR means with Age (.01 level) 

Age group No. of Mean Grouping* 
(years) observations USBR 

youngest (<26) 495 0.286 A 

low middle (26-35) 1189 0.279 B 

mlddle (36-45) 345 0.278 c 

oldest (>=46) 806 0.275 D 

*Groups with same letter are not significantly different 
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cidents per 100 employed than older miners. In 1968, Surrey 

reported that the young had higher injury rates than the 

old. Davies (I963) found that 21 to 30 year olds sustained 

more accidents than did other age groups. Dunn (1971) felt 

that people less than 25 years of age had higher accident 

liability than other groups. Hale and Hale (1971), survey-

ing the literature on the subject, said accidents were high-

est for the teens and twenties with a slight decline until 

the middle or late forties. NIOSH (1974) reported that the 

percentage of accidents was highest for the age group of 25 

years and under. Goldstein reported a higher accident rate 

for the younger group of workers than for the middle-aged 

group with the same amount of work experience. Iskrant and 

Joliet (1968) reported a considerable difference in death 

rates due to machinery accidents for the age groups of 25 

years and less, between 25 and 45, and 45 and greater; with 

25 and less leading the rest. 

Findings of this research are consistent with the above 

studies. Workers in the youngest group exhibited the high-

est USBR, workers in the low middle age group lower USBR, 

followed by those in the middle age group, 'while workers in 
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the oldest age group exhibited the lowest USBR. This 

phenomenon is consistent with the theory that younger people 

take more risks at work and hence are more likely to have 

accidents than older people. They have fewer family respon-

sibilities and enjoy better health. They exhibit tendencies 

to 'achieve' something that their peers will envy in them, 

unmindful of the risk, hazard, or difficulty involved in the 

task. It is interesting to note that the youngest group 

(under 26) exhibited the lowest USBR in a Temp zone that is 

slightly higher than at which the oldest (over 45) exhibited 

high levels of safety (Figure 1). This result may be attri-

butable to arousal among the younger group as opposed to 

discomfort in the case of the older group. 

Experienee 

The ANOVA (Table 2, page 48) showed that Experience 

(Exp) had a significant effect on USBR (p<0.01). Table 8 

shows that each Exp group (less than 1 year, between 1 & 6 

years, and equal to & more than 6 years) had significantly 

different effect on USBR (p<0.01). Table 8 also shows that 

people with experience of less than one year had more aver-
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age USBR than those with between one and six years of 

experience. People with more than six years of experience 

had least USBR associated with them. This implies that as a 

worker gains experience his unsafe behavior rate decreases. 

Zeller and Moseley (1956), in their study of Air Force 

pilots, observed that accident rate decreases with an in-

crease in experience of the pilots. They felt that experi-

ence played a major role in determining the accident rate. 

Kunce (1967) reported that longer than average tenure was 

significantly related to a low accident rate and to lower 

accident-proneness scores. Powell and others (1971) reported 

that accidents decreased as worker's experience increased 

both in terms of length of service and frequency of repeti-

tion of the task. Dunn (1971) reported a steady decline in 

accident rate over a period of one and one half to two 

years. Similar results were obtained from experiments by 

Griew, King, and many others as quoted by Welford (1976). 

In light of the above studies, the effect of Exp on 

USBR is not unexpected. People with less than one year ex-

perience showed higher USBR than others due probably to less 
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TABLE 8 

Multiple Range Test for USBR means with Experience (.01 
level) 

Exp group No. of Mean Grouping* 
(years) observations USBR 

least exp (<1) 411 0.290 A 

mod exp (>=1 & <6) 1688 0.278 B 

highest exp (>=6) 736 0.275 

*Groups with same letter are not significantly different 
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job knowledge. Besides, they might not be as conversant with 

plant-safety practices as the experienced workers. The 

plants under study did not train their employees before put-

ting them on the job. Job skills and procedures necessary 

to carry out one's work were learned from co-workers and 

lead personnel. Thus, the highest USBR of the least experi-

enced people (less than one year) could also be attributed 

to errors in the early stages of the learning process. Work-

ers with one to six years of experience recorded a signifi-

cantly lower USBR than the least experienced group. The 

highest experienced group (six or more years) exhibited the 

lowest USBR. These observations reinforce the finding that 

the USBR decreases with increase in experience. 

It is interesting to note that the second order regres-

sion analysis between Temp and USBR for different experi-

ence levels yielded a U-shaped curve (Figure 2, page 53), 

the least experienced group exhibiting the least USBR at a 

slightly higher Temp than other groups. This phenomenon is 

likely due to a very high correlation between the least ex-

perienced workers and the youngest age group. There is gen-

eral agreement among researchers that younger workers per-
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form well at slightly higher temperatures than do the older 

workers. 

Risk 

Ramsey and others (1982) were among the first to employ 

the concept of isolating inherent job risk when studying 

safety-behavior. In their study of work safe behavior as a 

function of thermal environment, they categorized all the 

jobs under investigation as belonging to low, moderate, and 

high-risk groups. The low-risk jobs were those that typi-

cally required light work and had a small or an insignifi-

cant level of danger in performing them. They neither 

called for use of hazardous materials and tools nor were 

performed under adverse conditions. Safety measures re-

quired in the case of low-risk jobs were minimal. High-risk 

jobs, on the other hand, called for use of danger-

ous/hazardous materials and tools. The conditions of work-

ing were extremely risky and called for a great amount of 

care to be exercised by the operators when performing them. 

The safety gear required in the case of high-risk of jobs 

was typically large and the safety precautions complicated. 
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Jobs belonging to the moderate-risk group fell between the 

extreme job categories mentioned above. 

Second order regression analyses were conducted between 

Temp and USBR for different levels of age and experience un-

der each category of risk. Relationships between Temp and 

USBR obtained for different risk groups were similar. All 

of them exhibited U-shaped relationships. Minimum USBR oc-

curred in slightly varying Temp zones for different age 

groups within a risk category. Similarly, different experi-

ence groups exhibited minimum USBR levels at slightly dif-

ferent Temp zones for a given risk category. Below and 

above these Temp zones, the USBR was higher. Figures 4 and 

5 show the curves obtained in the case of low-risk group of 

jobs. These figures and Tables 9 and 10 typify the relation-

ships obtained in the case of other risk groups, namely, 

moderate and high. 

Table 2 (page 48) showed that all of the main effects 

and their two way interactions had significant effects on 

USBR (p<0.01). The results also showed that risk alone 

could not determine USBR. Workers perceive inherent risk in 
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TABLE 9 

Relationship Between Unsafe Behavior Rate and Temperature 
(WBGT) For Different Age Groups --Low-Risk Group 

Age No.of USBR = M(Temp*Temp)+NTemp+Q R* PR>F** 
Group Obsvtns —-- — 

M N Q 

0.0017 -0.1007 1.7411 0.5984 0.01 

0.0013 -0.0789 1.4346 0.8317 0.01 

0.0011 -0.0646 1.1948 0.8545 0.01 

0.001 -0.0627 1.1319 0.8926 0.01 

Youngest 

Low Middle 

Middle 

Oldest 

136 

335 

97 

356 

*This value measures the extent of variation in the 
dependent variable that can be accounted for by the 
model (SAS, 1979). 

**This value is equivalent to the results of a t-test 
for testing the hypothesis that the coefficient of 
correlation equals zero (SAS, 1979). 

Note: The combination of the number of observations and the 
R-value determines the validity of the model (Edwards,1967) 
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TABLE 10 

Relationship Between Unsafe Behavior Rate and Temperature 
(WBGT) For Different Experience Groups --Low-Risk Group 

Experience No.of USBR = M(Temp*Temp)+NTemp+Q R* PR>F** 
Group Obsvtns —----—-----

M N Q 

0.0011 -0.0705 1.3282 0.529 0.01 

0.0013 -0.0821 1.4696 0.8126 0.01 

0.0011 -0.0628 1.1332 0.8778 0.01 

Least 

Moderate 

Highest 

138 

479 

307 

*This value measures the extent of variation in the 
dependent variable that can be accounted for by the 
model (SAS, 1979). 

**This value is equivalent to the results of a t-test 
for testing the hypothesis that the coefficient of 
correlation equals zero (SAS, 1979). 

Note: The combination of the number of observations and the 
R-value determines the validity of the model (Edwards,I967) 
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their jobs, and their attitude towards safety-behavior is 

molded by their perceptions. During their initial periods 

on the jobs, workers tend to be more careful if they per-

ceive high levels of risk in the job, than if they perceive 

the job to be risk free or less risky. They will take the 

necessary precautions during the initial period of their 

tenure in high-risk jobs and will follow safety regulations 

more strictly than after gaining some experience. Experience 

may make them complacent and less careful. 

4.4.1 Low-Risk Group 

The ANOVA for the Low-risk group (Table 11) shows that 

Temperature (Temp), Age, and Experience (Exp) each had a 

significant effect on USBR (p<0.01). Interaction of Temp 

and Exp also had a significant effect on USBR (p<0.01). 

Table 12 gives the results of the Duncan Multiple Range 

Test. It shows that, between first two groups of experience 

there was no significant difference in their effects on 

USBR. They differed, however, in their effects from those 

of the highest experience group. It shows that workers with 

less than six years of experience had a higher USBR than 
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TABLE 11 

Analysis of Variance (ANOVA) For Safety-Behavior —Low-Risk 
group 

Source of 
variation 

Temperature, Temp 

Age 

Experience, Exp 

Temp*Age 

Temp*Exp 

Age*Exp 

DF 

4 

3 

2 

12 

8 

6 

sum of 
squares 

1.41 

0.25 

0.13 

0.01 

0.05 

0.00 

P-Value 

756 

181 

144 

1 

14 

0 

PR>F 

0.01 

0.01 

0.01 

0.22 

0.01 

1.00 
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those with more than six years of experience. Workers 

engaged in jobs with low-risk levels perceive that the jobs 

are harmless. Therefore, such workers exhibit greater un-

safe behavior during their initial years at work. As the 

workers gain experience on the job, however, they learn from 

their past unsafe behavior and its consequences. This phe-

nomenon perhaps explains why workers with more than six 

years' experience exhibited lower unsafe behavior rates. 

Besides, persons with less than six years' experience are 

more likely to be in the lower age groups which exhibit more 

unsafe behavior owing to a low age factor. 

Table 13 shows that the highest USBR was exhibited by 

the youngest age group (less than 26). The next higher age 

group (between 26 and 35) exhibited slightly lower, followed 

by the next two higher age groups (between 36 and 45, and 

greater than 45). In the case of low-risk group of jobs, 

there is no significant difference between the two higher 

age groups though in terms of mean values of USBR it follows 

the general pattern of higher USBR at lower ages and lower 

USBR at higher ages. The reasons fOr such a pattern are 

similar to those discussed under the sectioh, Age. 
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TABLE 12 

Multiple Range Test for USBR means with Exp - Low-Risk group 
(.01 level) 

Exp group No. of Mean Grouping* 
(years) observations USBR 

least exp (<1) 138 0.255 A 

mod exp (>=1 & <6) 479 0.251 A 

highest exp (>=6) 307 0.227 B 

*Groups with same letter are not significantly different 
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TABLE 13 

Multiple Range Test for USBR means with Age - Low-Risk group 
(.01 level) 

Age group No. of Mean Grouping* 
(years) observations USBR 

youngest (<26) 136 0.265 A 

low middle (26-35) 335 0.258 B 

middle age (36-45) 97 0.230 C 

oldest (>=46) 356 0.226 C 

*Groups with same letter are not significantly different 
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4.4.2 Moderate-Risk Group 

Table 14 shows that Temperature (Temp), Age, and Expe-

rience (Exp), in the case of moderate-risk group of jobs, 

had significant effect (p<0.01) on USBR. The two way in-

teractions between Temp and Exp were also found to be sig-

nificant (p<0.01). 

Table 15 shows the three groups of Exp had significant-

ly differing effect on USBR (p<0.01). Workers with more 

than six years of experience had the highest unsafe behav-

ior rate followed by next lower experience group. People 

with less than one year's experience recorded the lowest 

USBR. 

Workers are aware of the risk involved in their jobs. 

They see more risk in this group of jobs than they do in the 

case of low-risk group of jobs. As a result of their per-

ception of inherent job risk, they are more careful during 

their initial time on the job. As they gain experience on 

their jobs, however, there is perhaps a tendency to overlook 

the safety precautions and company regulatlons with regard 
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TABLE 14 

Analysis of Variance (ANOVA) For Safety-Behavior 
--Moderate-Risk group 

Source of 
variation 

Temperature, Temp 

Age 

Experience, Exp 

Temp*Age 

Temp*Exp 

Age*Exp 

DF 

4 

3 

2 

12 

8 

6 

sum of 
squares 

0.38 

0.39 

0.06 

0.26 

0.03 

0.00 

F-Value 

417 

569 

126 

113 

22 

0 

PR>F 

0.01 

0.01 

0.01 

0.22 

0.01 

1.00 
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TABLE 15 

Multiple Range Test for USBR means with Exp —Moderate-Risk 
group (.01 level) 

Exp group No. of Mean Grouping* 
(years) observations USBR 

highest exp (>=6) 244 0.221 A 

mod exp (>=1 & <6) 698 0.204 B 

least exp (<1) 29 O.I98 B 

*Groups with same letter are not significantly different 
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to safe use of equipment and materials, to employ wrong 

tools for the jobs, and to resort to less time-consuming 

methods that may be hazardous. Table l6 shows that low 

middle, middle, and oldest age groups did not differ signif-

icantly in their effects on USBR (p<0.01), but were signifi-

cantly different (p<0.01) from those of the youngest group 

(under 26). The probability of workers having less than one 

year of experience and being in this age group is very high. 

It means that people aged less than 26 are likely to have 

less than one year's experience. Hence, they exhibit lower 

level of USBR than do other age groups. This is because the 

perceived risk is higher during initial years on moderate-

risk jobs than it is during the same period of time on low-

risk jobs. 
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TABLE 16 

Multiple Range Test for USBR means with Age —Moderate-Risk 
group (.01 level) 

Age group No. of Mean Grouping* 
(years) observations USBR 

low middle (26-35) 568 0.218 A 

oldest (>=46) 198 0.216 A 

middle (36-45) 53 0.214 A 

youngest (<26) 152 0.162 B 

*Groups with same letter are not significantly different 
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4.4.3 High-Risk Group 

Table 17 shows that Temperature (Temp), Age, and Expe-

rience (Exp), in the case of the high-risk group of jobs, 

had individually significant effects (p<0.01) on USBR. 

Their two way interactions also had the same level of sig-

nificance on unsafe behavior rates. 

Table 18 indicates that each group of experience had a 

significantly different effect on USBR (p<0.01). Workers 

with the most experience (equal to or more than 6 years) ex-

hibited the highest USBR followed by the moderately-experi-

enced group (between 1 and 6 years). People with least ex-

perience (less than 1 year) exhibited the lowest unsafe 

behavior rate. 

Table 19 shows that people in the age group of 26 to 35 

exhibited the highest USBR followed by people in the age 

group of 36 to 45. People in the youngest age group and 

those in the oldest age group (46 and more) had a similar 

effect on USBR. The pattern of effect of Exp on USBR is 

similar to that experienced in the case of the moderate-risk 
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TABLE 17 

Analysis of Variance (ANOVA) For Safety-Behavior --High-Risk 
group 

Source of 
variation 

Temperature, Temp 

Age 

Experience, Exp 

Temp*Age 

Temp*Exp 

Age*Exp 

DF 

4 

3 

2 

12 

8 

6 

sum of 
squares 

0.15 

0.07 

0.03 

0.98 

0.42 

0.02 

F-Value 

302 

175 

104 

607 

408 

54 

PR>F 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 
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TABLE 18 

Multiple Range Test for USBR means with Exp --High-Risk 
group (.01 level) 

Exp group No. of Mean Grouping* 
(years) observations USBR 

highest exp (>=6) I85 O.385 

mod exp (>=1 & <6) 511 0.374 B 

least exp (<1) 244 O.369 

*Groups with same letter are not significantly different 
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group. In the case of high-risk group of jobs, however, 

effects of different age groups on USBR are different from 

the moderate-risk group of jobs. 

Thorndike (1951) said that the relationship of age and 

experience alone could not explain accident rates in indus-

try. He referred to individual plant factors that might 

contribute to the accident rates. He hypothesized that the 

most important of these plant factors was the nature of work 

performed by different age groups and experience groups. 

Job risk is one of the most important plant factors. 

In the case of high-risk jobs, experience seems to af-

fect USBR more than does age. People in the group with the 

least experience exhibited the lowest USBR, since they would 

perceive the high levels of risk inherent in their jobs. 

During their initial period at work they exhibit care, fol-

low safety regulations strictly, and may even sacrifice pro-

ductivity for safety. As they continue to gain experience 

on the high-risk jobs, they begin to overlook safety meas-

ures and exhibit more unsafe behavior. Increased complacen-

cy is perhaps a primary cause for the high unsafe behavior 
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TABLE 19 

Multiple Range Test for USBR means with Age —High-Risk 
group (.01 level) 

Age group No. of Mean Grouping* 
(years) observations USBR 

low middle (26-35) 286 0.385 A 

middle (36-45) 195 0.378 B 

oldest (>=46) 252 0.367 C 

youngest (<26) 207 0.365 C 

*Groups with same letter are not significantly different 
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rate exhibited by the workers with more than six years of 

experience. 

In the case of the high-risk group, workers in the 

youngest and the oldest age groups (under 26 and over 45 re-

spectively) did not exhibit different levels of USBR 

(p<0.01). They also recorded the lowest USBR values. The 

young workers have a high probability of being new to the 

job (Powell, et al., 1971). They perceive the inherent risk 

levels of job and are more careful than the others. The 

workers in the oldest age group would have gained sufficient 

experience on the job and therefore have exhibited the same 

low levels of USBR. The intermediate groups exhibited high-

er levels of USBR because they would have spent sufficient 

time on the job to become careless but not enough to gain 

experience to grow 'wise with age'. 



Chapter V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary 

The purpose of this study was to develop relationships 

between thermal environment and worker safety-behavior, such 

that the predicted safety-behavior was a function of thermal 

environment, employee age, employee on-the-job experience, 

and risk. Sixty individuals from workers in a machine shop 

and a foundry located in the vicinity of Lubbock, Texas, 

were selected for the study. 

The data on thermal environment and worker safety-be-

havior were collected in conjunction with the data collected 

for the NIOSH project, "Effects of Heat on Safe Work Behav-

ior" (Ramsey, et al. , 1982). Wet Bulb Globe Temperature, 

which was chosen to represent thermal stress experienced by 

the subjects, was measured using a Reuter Stokes Heat 

88 
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Stress Monitor. A taxonomy of unsafe behaviors developed by 

Ramsey and Burford (I98O) was used as the basis for collect-

ing the safety sampling data. Data for a three month peri-

od, June through August I98I, were used for this study. In-

formation about employee age and on-the-job experience was 

obtained from the personnel records of the two plants. 

Based primarily on the type of machine or equipment they 

worked with, workers were categorized as belonging to low, 

moderate, and high-risk groups (Ramsey, et al., 1982). 

Analysis of Variance and Duncan Multiple Range Tests 

were conducted for the dependent variable, unsafe behavior 

rate (USBR). Thermal stress (WBGT in oC), age, experience, 

and associated job risk were the independent variables for 

the study. Second order regression analyses were conducted 

between thermal stress (WBGT in oC) and USBR for different 

levels of age, experience, and associated job risk. 
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Conclusions 

The important conclusions of this study are summarized 

as follows: 

Thermal environment, employee age, employee on-the-job 

experience, and risk associated with the job, all signifi-

cantly affect the worker's safety-behavior (p<0.01). 

The second order relationship between unsafe behavior 

rate and thermal environment consistently follows a U-shaped 

curve for each of the different levels of age, experience, 

and risk. Minimum USBR occurs in the midranges of thermal 

stress for different levels of the above mentioned factors, 

and on either side of this thermal stress zone USBR is high-

er. 

The minimum unsafe behavior rate obtained from this 

study, which was conducted during the summer months (June 

through August), occurred in the zone of 25 to 30 oC (WBGT). 

This range is higher than that obtained from a fourteen-

month study of the same work place by Ramsey and others 

(1982). Natural acclimatization of workers to the summer 
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temperatures is the most likely explanation for the upward 

shift in temperatures associated with minimum unsafe behav-

ior. 

In general, workers in the youngest age group (under 26 

years) exhibited more unsafe behavior than the low middle 

age group (between 26 and 35 years) ; who in turn exhibited 

more unsafe behavior than middle-age group (between 36 and 

45 years). The oldest age group (above 45) recorded the 

least unsafe behavior. As the age increases there is sig-

nificant decrease in unsafe behavior (p<0.01). This de-

crease is cosistent with the theory that younger people take 

more risks at work than do older people. See Figure 6. 

The results obtained in the case of workers on the 

low-risk jobs were similar. In the case of higher-risk 

groups, however, the youngest group exhibited the least un-

safe behavior. Perceived job risk is perhaps the key factor 

which explains this phenomenon. In low-risk jobs, perceived 

level of risk is low. In this case workers' safety-behavior 

is influenced more by age than by risk. There is, there-

fore, a significant decrease in unsafe behavior with in-
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crease in age. In the case of higher-risk groups, perceived 

level of risk is high. Younger workers are likely to have 

less experience than older workers. Younger workers' per-

ception of inherent job risk is even higher than the rest. 

Thus they are careful at work, follow all the necessary 

safety precautions, and in the process exhibit low levels of 

unsafe behavior. As the workers' ages increase, they are 

likely to have increased amounts of experience on the job. 

Their perceived levels of risk diminish with increase in 

age. With increase in age, workers perhaps neglect to ob-

serve safety precautions and practices. After a certain 

point (beyond 45 years) , however, they learn from their past 

unsafe behavior and its consequences on them and their 

peers. Thus a gradual increase in unsafe behavior with in-

crease in age is observed until 45 years of age, after which 

a sudden decrease is seen. See Figure 7. 

The youngest group (under 26) exhibited its lowest un-

safe behavior rate at slightly higher degree of thermal 

stress than did the oldest group (over 45), which recorded 

the lowest rate at lower stress levels. Thus, the younger 

workers perform safely at slightly higher temperatures. The 
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level of cardio-vascular fitness and sensitivity to arousal 

to high temperatures are generally higher among the younger 

workers than among the older. This phenomenon perhaps ex-

plains why the youngest group performed safely at slightly 

higher temperatures. 

In general, workers with the least experience (less 

than one year) exhibited the highest unsafe behavior rate, 

followed by those with moderate experience (between one and 

six years); workers with most experience (more than six 

years) exhibited the lowest unsafe behavior (p<0.01). See 

Figure 8. 

Inherent job risk also affected the observed level of 

unsafe behavior. Workers on low-risk jobs and with less 

than six years of experience showed more unsafe behavior 

than those with more than six years of experience (p<0.01). 

Among those in higher-risk jobs (moderate and high risks), 

workers with less than six years of experience showed less 

unsafe behavior than those with more than six years 

(p<0.01). Lower perceived job risk results in higher unsafe 

behavior during initial years on the job; conversely, the 
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higher the risk perceived in the job, the lower the unsafe 

behavior rate experienced during the same initial period. 

As the workers begin to gain experience beyond six years on 

a high-risk job, there is an increase in their unsafe behav-

ior due possibly to their acquired complacency. Workers in 

low-risk jobs learn from their safety-behavior during the 

initial years and acquire knowledge about the job and safety 

in the process. Thus, they exhibit low degrees of unsafe 

behavior after six years of experience on the job. See Fig-

ure 9« 
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Recommendations for Further Research 

The present study used the data collected during the 

summer months, June through August. Most of the subjects 

used in the study were male. It is recommended that the 

study be repeated for twelve continuous months in order that 

both summer and winter data be used in the analyses. A sam-

ple size larger than sixty subjects may be employed. The 

study may also be replicated using female subjects, and a 

comparison of the new results with those of the present 

study made. 

Ramsey and others (1982) found that work load (level of 

activity in terms of metabolic cost) affected the unsafe be-

havior of employees. They also established significant re-

lationships between period of the day and unsafe behavior. 

A study involving metabolic work load and fatigue, together 

with personal factors such as age and on-the-job experience, 

will prove extremely useful in understanding and predicting 

safety-behavior. 
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