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Work conditions and accidents in three
industries

by Jorma Saari, D Tech,' Jari Lahtela, MSc(Eng) 2

SAARI J, LAHTELA J. Work conditions and accidents in three industries. Scand j work
environ health 7 (1981): suppl 4, 97—105. Four studies conducted in the light metal,
electrotechnical and printing industries are described. The purpose was to determine
the applicability of the systems approach to occupational accidents. The data consisted
of 291 accidents and 701 controls. The stable characteristics of the workers or the
environments were not good predictors of accidents. The clearest differences between
the accidents and the controls involved the worker’s situational experience, the
frequency of task occurrence, the familiarity of the tasks, and the mobility of dangers.
The complexity of the information exchange between man and his environment, as well
as the perceptibility of environmental dangers, contributed to the occurrence of acci-

dents.
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The mechanisms of accidents are still, to
a large extent, unknown although various
accident models have been proposed. An
accident model is a necessary tool for ac-
cident prevention. It is a base for deter-
mining countermeasures and for evaluat-
ing their effectiveness.

Two main approaches towards the
causes of accidents have prevailed. The
first scientific accident theories (accident
proneness and accident liability) tried to
explain accidents in terms of man. People
were more or less prone or liable to acci-
dents (5, 10, 16). Preventive measures were
therefore directed towards man (eg, selec-
tion of workers or attempts to change a
worker’s behavior, for example, risk-taking
behavior).

The other approach concentrated on the
characteristics of the environment. The
cause of an accident was a danger in the
environment (eg, unguarded parts of ma-
chines, slippery floors, obstacles on the
floor, etc) — in other words, an unwanted
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transfer of energy (13, 27). Accidents could
be prevented if dangers were removed
from the environment.

Both of these approaches are static and
concenfrate on single components of the
whole system. They neglect the interaction
between man and his environment. In ac-
cident prevention the main concerns are
the components of the system and not the
correct functioning of the interaction of
the different components.

In aircraft designing and other sophisti-
cated but clearly limited and defined sys-
tems, man-machine-system models have
been applied to prevent accidents (2, 9).

Similar models have been proposed for
occupational accidents. Surrey (29) intro-
duced a comprehensive information-flow
model, although earlier considerations
exist (4, 17, 23, 24). Later models were
elaborated by several authors (1, 6, 7, 8,
11, 12, 14, 15, 25, 26, 28). Most of the pro-
posed models are, however, theoretical
considerations. To date, there have been
few attempts to test the model with em-
pirical data from industry.

We have conducted a series of empirical
studies which have considered accidents
in the following way. In every industrial
workplace there are sources of energy
(dangers) which may cause injury if man
comes into contact with them. Therefore,
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the information exchange between man
and his environment should occur without
disturbances. A disturbance may lead to
a chain of events which, in turn, create
contact with danger. The worker should
therefore be aware of the dangers. He
should be able to take the dangers into
consideration when he makes decisions; he
should also be able to avoid the dangers
when performing actions.

It is possible that disturbances occur in
the information exchange between man
and his environment if the environment
and the tasks have been poorly designed.
A disturbance may arise due to, eg, dif-
ferent factors, as presented in fig 1.

The occurrence of an accident does not
depend solely on existing dangers at the
workplace. It also depends on the capacity
and possibility of the individual to per-
ceive and control the dangers, as well as
on all the other information processing
necessary to cope with a particular situa-
tion. For example:

(a) Dangers at the workplace might be
difficult to perceive, as illustrated by the
following:

— the danger might have to be monitored
continuously because the location of the
danger changes, especially if the change
is not caused by the worker, eg, a tool left
on the floor;

— the danger might not be continuously
in a dangerous state; eg, an unguarded
shaft or a machine operated only occa-
sionally;

— the danger might not be within the
range of operation of the senses, eg, not
in the field of vision;

— the signal-noise ratio might be poor, eg,
a minor slippery spot on the floor with no
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Fig 1. Factors related io occupational accidents.
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color or other perceptual clues or a hot
material which shows no perceptible
change of color due to heat.

(b) The amount of information to be
handled during work might be excessive,
as illustrated by the following:

— reduction of the information to be proc-
essed might not be possible because the
environment is unfamiliar or the opera-
tions to be performed are unfamiliar;

— the main task might require intensive
concentration and thus prevent the work-
er from monitoring the dangers;

— there might be too many operations to
be performed, which would prevent their
being properly learned;

— there might be too many sources of in-
formation to be followed;

— the amount of reasoning is high, eg, a
worker continuously has to plan new
work methods, select proper tools, etc.

(c) The motor responses might require
excessive precision, speed or force.

The objective of the studies briefly de-
scribed in this report was to assess the
extent to which the features of systems
and information flow models can be ob-
served in industrial accidents. This paper
presents results obtained from four con-
secutive studies which concern some vari-
ables.

Material and methods

This paper describes a series of studies
which were basically similar in methods.
However, the models and hypotheses test-
ed were modified from step to step accord-
ing to the results of the previous study.
The samples were as follows: (i) the
light metal industry (referred to in the
text as light metal industry 1), 76 ac-
cidents and 72 controls (18, 19); (ii) the
electrotechnical industry, 31 accidents and
106 controls (22); (iii) the light metal in-
dustry (referred to in the text as light
metal industry 2), 130 accidents and 223
controls (20, 21); (iv) the printing industry,
54 accidents and 300 controls.

Altogether there were 291 accidents and
701 controls. For each study a number of
companies located close to Helsinki were
selected. Table 1 gives some background



information on these companies. In the
first two studies the companies were ob-
served for three months and in the last
two studies for six months. The accidents
were studied as soon as possible, within
one week of occurrence. The companies
were visited at least once a week.

The controls were the jobs of every
sixth, tenth or fifteenth worker from the
same companies. In the third study, the
companies were selected to represent ei-
ther a high or low accident frequency (20,
21) so that comparisons would be possible
also within the control group.

The number of variables fluctuated be-
tween 120 and 235. The accidents were
described by some additional variables.
The variables covered the following areas:
dangers, machines and tools used, work
environment, jobs and tasks, the worker,
and the company and its department.

Results
Types of accidents

The types of accidents are given in table 2.
The relative figures (accidents/1,000 an-
nual workers) cannot be compared directly
between samples (except in light metal in-
dustry 2 and the printing industry). Table 2
gives rise to the following observations:

1. Accidents involving moving people or
moving materials were clearly less fre-
quent in the printing industry than in the
light metal industry. Accidents involving
people moving were also less frequent in
the electrotechnical industry than in the
light metal industry, while flying objects
were more frequent.

2. The “caught in” types of accidents were
as frequent in light metal industry 2 as

Table 1. Background information on the companies studied.

Industry

Light Light Electro- o o

metal 1 metal 2 technical Printing
Number of companies 9 7 6 10
Total number of employees 1,032 1,584 1,502 2,197
Accident rate (accidents/10—¢ man hours) 21—315a  77—2322  29—117b 21—69 a
Average accident rate 127 a 1362 32a 45a
Accident rate according to official
statistics in 1972 ¢ 94.4 478 19.7

a Absence of more than 1 d.
b Registered accidents.
¢ Absence of more than 3 d.

Table 2. Types of accidents expressed in accidents/million man hours and in percentages (in

parentheses).
Industry

Type of accident Light Light Electro- Printing

metal 12 metal 2 b technical &

(N = 76) (N = 130) (N = 81) (N = 54)
Persons: fal!ing, stymbling, etc 26.2 (16) 204 (15) 6.1 (15) 9.2 (20)
Objects: falling, flying 216 (16) 258 (19) 19.8 (42) 50 (11)
Machine: caught in moving parts,
bumping into sharp edges, etc 416 (25) 16.3 (12) 9.1 (19) 16.7 (37)
Tools: slipping, loosening of grip, etc 285 (17) 109 (8) 25 (6)
Product: bumping into sharp edges, etc 219 (13) 35.3 (26) 1.7  (4)
Others 219 (13) 27.2 (20) 121 (5) 99 (22)
Total 166.4 (100) 1359 (100) 47.1 (101) 45.0 (100}

a2 Based on registered accidents.
b Accidents with more than 1 d of absence.
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in the printing industry. In light metal
industry 1, accidents of this type were
much more common, — due to the auto-
matic production lines in some of the com-
panies studied.

3. Burhping into sharp edges constituted
a dominant distinction between samples
and fields.

4. Low accident rates did not express
themselves as a reduction in particular
types of accidents but rather as a reduc-
tion in several accident types.

Workers

Age. The age distribution of the workers
in the light metal and printing industries
was fairly similar (table 3). This similarity
applies both to the control and accident
groups. The electrotechnical industry dif-
fered from the others. In it young work-
ers (20—29 a) were a large group. Work-
ers younger than 29 a comprised more
than half of the labor force in this in-
dustry.

Two tendencies can be observed in the
distributions. Workers under the age of
29 a were overrepresented in the accident
groups of all the industries. On the other
hand, workers over the age of 50 a showed
the same percentage in both groups except
in light metal industry 2.

Experience. The distributions of occu-
pational experience varied from study to
study (table 4). The first study in the light
metal industry indicated that more acci-
dents occurred to workers with experience
of less than 5 a. In light metal industry 2,
the result was the opposite. The distribu-
tions in the printing industry were similar
to both groups.

Data concerning worker experience in
the particular company was available only
for the last two samples, light metal in-
dustry 2 and the printing industry (ta-
ble 5). The trend was similar in both in-
dustries. Workers with short experience in
the company were overrepresented in the
accident groups.

The different types of experience show

Table 3. Age distribution of the workers in the accident and control groups (%b).

Accident group

Control group

Age Light Light Electro- 5 e Light Light Electro- o
(a% metal metal  technical 51 rcliztsl?g metal metal technical Ej%’:lg?s
industry 1 industry 2 industry y industry 1 industry2 industry

(N=76) (N=130) (N=31) (N=52) (N=72) (N=223) (N=106) (N = 300)
>20 4 5 16 2 7 7 6 3
20—29 43 42 45 40 30 30 47 33
30—39 20 26 10 27 27 27 18 32
40—49 15 14 13 14 20 17 19 15
> 50 18 12 15 17 16 19 11 17
Total 100 99 99 100 100 100 101 100
Table 4. Occupational experience of the accident and control groups (%o).

Accident group Control group

Experi- Light  Light Electro Light Light  Electro
enc I 1 - §o o ! - 5 2%
?a) e metal metal  technical &gﬂg?g metal metal technical 5&22?3

industry 1 industry 2 industry b industry 1 industry2  industry
<1 30 14 26 8 28 16 14 6
1—5 40 45 32 31 29 51 51 34
>5 30 41 42 61 43 33 35 60
Total 100 100 100 100 100 100 100 100
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Table 5. Length of experience of the accident

company studied (%bo).

and control groups in the

Accident group

Control group

Experience

(a) Light metal Printing Light metal Printing
industry 2 industry industry 2 industry
<1 14 10 10 6
1—5 54 46 49 39
>5 32 44 41 55
Total 100 100 100 100

Table 6. The proportions of workers with experience longer than 5 a (%).

Accident group

Control group

Experience >5a Light metal  Printing Light metal  Printing
industry2  industry industry 2 industry
Present occupation 41 61 33 60
Present company 32 44 41 55
Present job 28 35 —a 4
a2 Information was not collected.
an even trend. Table 6 shows the percent- Dangers

ages of workers with different kinds of
experience of more than 5a. Over-
all occupational experience did not seem
to predict the occurrence of accidents well,
while experience in the company related
more closely to the occurrence of acci-
dents. Experience in the job in question
gave a result along the same lines, at least
in the printing industry.

Data concerning task experience was
available only from the first study in the
light metal industry (18). In this study task
experience appeared to be the most related
to accidents. On the basis of the indirect
information available from the other
studies, the result was the same for other
samples as well.

Experience seems to have the best pre-
dictive value when it relates to the actual
situation and not to the more general
knowledge and skills of the worker. Thus,
experience influencing safety performance
obviously has something to do with the
awareness of the state of the work system
at a given time. It enables a worker to
utilize his expectations in his decision
making and actions, because the worker
has knowledge of the probable hazards in-
volved, as well as the direction and rate of
the evolution of hazards.

A detailed description of the dangers at
the workplaces was made in all the studies.
Dangers refer to potential sources of ener-
gy transfer, eg, unguarded moving parts
of machines, obstacles on the floor, falling
objects, etc.

According to the results of the first two
studies, the number of dangers was lower
at accident places than at control places
(18, 22). If this was the actual situation,
then the information processed by work-
ers should have a central role in control-
ling and regulating the occurrence of acci-
dents when workers are exposed to dan-~
gers.

It was concluded that the characteristics
of the dangers might influence the likeli-
hood of accidents. This hypothesis was op-
erationalized into two variables: (i) the
danger is or is not fixed to one location
and (ii) the danger exists or does not exist
continuously.

The next step in the studies was to com-
pare companies with a high accident fre-
quency with low accident frequency com-
panies, which formed the control group of
light metal industry 2. The result was that
fixed dangers were less frequent than mo-
bile dangers in the companies with a high
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accident frequency (20). Otherwise the re-
sult was somewhat in contrast to the pre-
vious results, namely, dangers were more
prevalent at workplaces in companies with
a high accident frequency than in the oth-
er companies.

Light metal industry 2 gave results sim-
ilar to the first two studies. Dangers were
less prevalent at accident sites than at
workplaces on the average (table 7).
The printing industry gave somewhat dif-
ferent results. Either there was no dif-

Table 7. Occurrence of dangers in light metal industry 2.

Danger
Unguarded parts of machines Flying pieces Falling or stumbling
Grou
P Fixed Mobile Fixed Mobile
Yes No Yes No Yes No Yes No Yes No
Accident 33 96 22 107 27 102 46 84 52 78
Control 91 131 45 177 87 135 165 58 147 49
72 8.46 0.54 12.37 50.76 51.41
”~
RR 0.49 0.81 0.41 0.19 0.19
RR, RR (95 %) 0.31—0.81 0.46—1.42 0.25—0.67 0.12—0.30 0.12—0.30
Table 8. Occurrence of dangers in the printing industry.
Danger

Unguarded parts
of machines

Falling objects

Flying pieces Falling or strumbling

Group
Fixed Mobile Fixed Mobile Fixed Mobile
Yes No Yes No Yes No Yes No Yes No Yes No Yes No
Accident 16 38 6 48 — 54 15 39 — 54 25 29 13 41
Control 77 223 7 293 4 296 37 263 3 297 94 206 70 230
72 0.37 9.94 0.73 8.69 0.54 458 0.01
A
RR 1.22 5.23 0 2.73 0 1.89 1.04
RR, RR (95 %) 0.64—2.31 1.87—14.64 1.40—5.34 1.05—3.38 0.53—2.06
Table 9. Types of jobs done by the accident and control groups (%o).
Accident group Control group
Type of job Light Light Electro- Printing Light Light  Electro- Printing
metal metal technical industry metal metal technical industry
industry 1 industry 2 industry industry 1 industry 2 industry
Productive
Operating ,
machines 40 78 37 54
Manual work 34 7 8 45 35
Inspection 62 2 84 8 — (% 84 4 0 i 3 94
Transportation 8 7 4 2
Maintenance 26 10 10 — 7 7 4 2
Repair 1 5 — 7 8 3 5 4
Other 1 1 3 — —_ —_ 3 —
Total 100 100 100 100 99 100 101 100

102



ference or the dangers were more preva-
lent at control workplaces (table 8). Mo-
bile dangers seem to be more prevalent in
accident cases than in control cases, espe-
cially in the printing industry, the final
results for which cannot yet be presented
because the analysis has not been finished.

Jobs and tasks

The general character of the jobs studied
is given in table 9. No major differences
between the groups could be found except
in light metal industry 1. The general
tendency was that productive jobs were
underrepresented in the accident groups
and maintenance or repair overrepresent-
ed. Especially in light metal industry 1,
maintenance was greatly overrepresented
in the accident group, obviously due to a
higher degree of automation of the produc-
tion lines studied.

The differences between the accident
and control groups become much clearer
when the types of tasks are examined (ta-
ble 10). Ordinary tasks are the main con-
tents of jobs. Thus, if the main contents
are in maintenance tasks and the person
was carrying out maintenance work dur-
ing the observations or when the accident
occurred, the task was classified as an or-
dinary task. The category of ordinary task
therefore involves repair and maintenance
tasks in addition to productive tasks.

Especially in the printing industry, very
few accidents occurred in ordinary tasks.
The same trend is visible in the other
samples as well. The removal of disturban-
ces was an important accident task in light

metal industry 1 and in the printing in-
dustry; this finding reflects the higher
degree of automation in these two types of
companies.

Altogether, nonproductive tasks are typ-
ical for accidents. When the fact that ordi-
nary tasks also include maintenance and
repair tasks is taken into consideration,
the number of accidents in productive
tasks remains fairly low. In light metal
industry 1 only 25 %, of the accidents oc-
curred in productive tasks. The same fig-
ure was 37 %o for light metal industry 2,
58 %/o for the electrotechnical industry, and
28 %o for the printing industry. Thus, ac-
cidents occur in nonproductive tasks far
more frequently than is proportional to
their share of the time worked. Nonpro-
ductive tasks are normally less well
planned in advance and require more
complex information processing than or-
dinary tasks. In any case they do not al-
low thorough learning because they are
continuously changing.

A very small portion of the accidents
occurred in tasks performed at least once
per hour (table 11). The electrotechnical
industry was the only exception. More
than half of the accidents in all the sam-
ples occurred in tasks that were done less
often than once a day. .

Discussion and conclusions

At this stage of analysis, it is too early to
draw final conclusions; some tentative
ones can however be drawn. From
the methodological point of view, it is

Table 10. Types of tasks done by the accident and control groups (%).

Accident group

Control group

Task Light Light  Electro- - Light Light  Electro- L
metal  metal technical igﬂg?g metal  metal technical Frinting

industry 1 industry 2 industry y industry 1 industry 2 industry industry

Ordinary 63 63 71 35 93 92 91 86

Tools, machines and

materials (fetching,

cleaning, etc) 16 24 23 35 6 5 4 10

Removal of disturbances 13 8 } 6 19 1 1 6 2

Other 8 5 1 e 2 3

Total 100 100 100 100 100 100 101 101
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Table 11. Frequency of occurrence of tasks in the accident groups (%b).

Accident group

Frequency of Light

Light Electro-

occurrence metal metal technical ﬁ]zﬂtsl?g
industry 1 industry 2 industry y
At least once an hour 18 16 39 23
Once a day 29 30 6 32
Less than once a day 53 54 55 50
Total 100 100 100 100

clear that comparisons between fields have
turned out to be difficult. This difficulty
obviously stems from problems in control-
ling exposure to dangers and the inappro-
priateness of accidents as a single measure
of safety performance (30). The exposure
to dangers within a field varies less than
between fields. The measurement and con-
trol of exposure should be one of the
topics of future research efforts.

Another methodological difficulty re-
lated to comparisons between fields is that
it is difficult to determine whether the
differences in safety performance are due
to a basically higher degree of safety or
to implemented countermeasures.

The sort of statistical method applied
in these studies has its limits (3). Accidents
may occur in many different ways. There-
fore, some causal factors may not become
visible in statistical studies. Any causal
factor found in this manner must contri-
bute to a large number of accidents. Pos~
sible accident mechanisms are so numer-
ous that it is possible, both in theory and
in practice, that a statistical study indi-
cates nothing of the causal mechanisms.
Laboratory experiments, accident simula-
tions, and in-depth studies are methods
that should be used more often in this
field.

Averaged and generalized measurements
do not seem to shed much light on acci-
dent phenomena. In other words, those
measurements which describe average
characteristics of the work system are not
good indicators of the likelihood of acci-
dents. Instead of general characteristics
one should measure the situational char-
acteristics of the work system (6).

Therefore, in most cases, no single com-
ponent as such makes the work system
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susceptible to accidents; it is the combina-
tion of components and their interactions
which contributes to the risk. An accident
is a dynamic process. Different components
of the work system respond to each other
and may compensate for the weakness of
other components.

It may be concluded that the accident
rate of a given system is determined by
its accident potential and its accident
promoting or resisting properties. A given
accident rate may be a result of different
combinations of the two sets of factors. It
is a question of which of these two groups
of factors should be the subject of coun-
termeasures. Accident potential is a func-
tion of the number and the spatial distri-
bution of the dangers in the system. The
promoting or resisting factors of accidents
relate to information handling and to the
worker’s behavior. Accident potential is
obviously the factor through which the
most permanent results can be obtained.

However, knowledge of behavioral and
organizational aspects of safety seem to
become more important in accident pre-
vention. Traditional techniques of techno-
logical accident prevention are, and re-
main, relevant, but further improvements
in safety performance cannot be expected
on the basis of them. Automation intro-
duces work situations in which, eg, ma-
chine guards cannot be used at all. In such
cases prevention must be based on making
hazards more recognizable, on properly
functioning organizations, and on the safe
behavior of people. New technologies pre-
suppose new methods and techniques in
accident prevention. And such new meth-
ods and techniques are only made possi-
ble by a more thorough understanding of
the accident phenomenon.
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