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Before the effects of accident prevention programs can
be evaluated , complementary measures are needed in
addition to accident statistics. Safety may, can , and
should be ana lyzed on various beh av ioral levels, ie,
with respect to (i) management goals and strategies
concerning safety (safety climate que stionnaires, re­
ports, discussions, meetings, safety directives, etc), (ii)
the actions and perfor mance of workers, eg, physical
movements, dec ision making, perceptions, and the
processing of informat ion (observation methods, video
recording, etc), (iii) the behavior of workers, eg, use
of sa fety equipment, maintenance of sa fe gan gways,
storage of equipment in proper places, use of proper
tools (check lists, que stionnaires , etc) , and (iv) ac­
cident s (reports, statistics , etc) .

The first three of these mea sures reflect the actual
changes in behavior of various per sonnel groups. The
second and third concern changes in workers' behav­
ior, the fir st one shows changes in management' s be­
ha vior and organizational practices, and the last one
gives the long-term effects or con sequences of actions.

Th e three first criteria are perhaps more relevant
than accident dat a in the evaluation of accident pre­
vent ion effectiveness on a short-term basis and in the
evaluation o f changes towa rds posit ive safety perform­
ance .

Safety management

Safety management and practices may be eva luated
from the responses of work ers about thei r perceptions
concerning organizational practices . These perceptions
may be conceptualized as the safety climate of the or­
gani zati on.

Th e sa fety climate is one indicator of th e operation
of th e workplace. It can be de fined as perceptions
which a re shared by the work ers and which concern
the qu alit y and actualizat ion of sa fety-relevant acti vi­
ties and practice s within the company. These acti vi­
ties can be divided into the following four groups: (i)
edu ca tion and training, (ii) pre venti ve acti vities, (iii)
dail y routines, (iv) housekeeping.

It has been found that the per ceptions of the se ac­
tivities relate to the accident rate of the company (9).
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Thi s result is especially valid in companies with tradi­
tional indu str ial management and safet y organizations.

In occupations in which the employees do their work
mainly alone, without the direct control of supervisors
(such as loggers), sa fety management has mainly an
ind irect effect on worker performance.

Safety climate perceptions can be used as an indi­
cator of any change in org anizationa l safety activities.
If safety measures are aimed at imp roving organiza­
tional or management practices, the methods of eva l­
uating changes should operate at the same level.

Preventive actions to impro ve organizational prac­
tices should be such that they can be perceived or ex­
perienced by the workers. Improvements in safety
tra ining or inspection systems are examples of such ac­
tivities, whereas improvements in accident reporting
or other sa fety-related reporting acti vities may not be
refle cted in worker eva luations . Safety climate mea­
sures should thu s be restricted to those preventive mea ­
sures that are targeted towards improving visible man ­
agement practices.

Questionnaires are often used to collect data for
these mea surement s. Usually verbal quant if iers are
used in the questionnaires. A typical verb al sca le
is " a lways," " o ften," "occasionally ," " seldom, "
" never. " However , one should be cautious with pure
verba l sca les and use numerical quant ifier s together
with verbal ones, if possible (I) .

Behavior and performance

Th e succes s of behavior mo di ficat ion programs must
be evaluated with criteria whic h are direct ly related to
observations of worker behavior and its consequences
(3, 5, 10).

Another measure for evaluating worker behavior is
beha vior sampling. It is based on random ob servations
of actions or beh avior. A relevant and accurate de­
scription of the behavior can be obtained with ca re­
full y designed ob ser vation schedules . Behavior sam­
pling may be used to determine the amount of changes
in behavior over time (II) .

Various techniques analyzing human reliabilit y have
been developed for describing human performance and
error liability. Because human reliability techniques
mainly con cern human action an d performance mea­
surements, as well as perception and deci sion-making
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processes in relation to the demands of ta sks, th ese
techniques could als o be used for a nalyzing th e effec ts
of prevention programs at th e ac tio n or performance
level.

Safety in some professions, especially in heavy
manual work like log ging, is ba sed on work skill, eg,
th e extent to which the wor ker behaves acc ordi ng to
work instructions. Measuring work sk ill gives infor­
mation on the parts of the wo rk phase that should be
trained and also on safety a t wo rk. So me tria ls ha ve
been ca rried out to measure the wo rk ski lls of loggers
(6). It was clearly seen that a high level of work skill
among loggers associa ted positivel y with fewer acci­
dents; the seriousness of the accidents also dec reased
with increased skill. This method gives some possi­
bilities to evaluate the effect s o f training. The same
evaluation of work skill undertaken by different peo­
ple requires clear criteria. In some occupations the eval­
uation can be done through an examination of the
result of the work, whereas in some occupations it is
more useful to observe the wo rk pro cess.

Accident reports and statistics

A t the final level, sa fety ca n be analyzed o n the basis
of accident report s and stat istics . The frequ en cy,
seriousness , and type of accide nt can be measured with
the help of statistics. The type o f accident ma y be clas­
sified in various ways . One basis for th e classifi cation
can be the harmful en ergy ca usi ng the injury. The
energy can be inherent in th e inj ured person , eg, faIl­
ing down, or in the object causing th e injury, eg , a
moving vehicle , or it can be the re sult of int eract ion
between th e injured person a nd th e object , eg, a per­
son lifting a burden.

Accident reports and statistics usually form the basis
for the evaluation of the fin al effect s of sa fety pro­
grams. There are nevertheless som e limitations for
using accident analyses. First , an accident is always a
stochastic event. The consequences of an accident may
vary even though the type of accident is the same. One
solution for this problem is to evaluate the potential
damage of the accidents and to st udy also near-acci­
dents . Second, the registration and investigation of ac­
cide nts may be imperfect and fa ulty and therefore
cause the results to be unreliable. Third, if the num­
ber of accidents to be considered is great , th eir ana ly­
sis is very laborious. The so lution may be a computer
and good so ftware. Finall y, the del ay of the effect o f
a special safety measure may be long. In a Finnish
plywood factory it took two years before the campaign
to reduce strain seemed to have an effect on accident
sta tis t ics.
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In sp ite of these problems acciden t ana lysis is o ne
of the mo st used methods for ana lyzing sa fety . A use­
ful way to ana lyze and cla rify the descript ion o f acc i­
dent statis tics is to use computerized gra phics . C ha in
analysis is on e example (2). It is suita ble fo r an alyzin g
groups of acciden ts which can be described with a
limited number o f va riables contai ning a limi ted num­
ber o f classes. The disadvantage of thi s meth od is th at
it do es not give much information if th e accide nts can­
not be descr ibed wit h th e sa me va ria bles.

In spite of th eir d isadvantages, the describ ed mea­
suring method s seem to offer a fa irly good co mbina­
tion fo r mea suring th e stage of sa fety in man y cases ,
especially in be for e-after situations (4, 7, 8).

References

I. Hartley J, Trueman M, Rodgers A. The effects of verbal
and numerical quantifiers on questionnaire responses.
Appl Ergon 15 (1984): 5, 149-155 .

2. Klen T, Vayrynen S. The role of personal protection in
the prevention of accidental injuries in logging work.
J Occup Accid 6 (1984): 4, 263-275.

3. Komaki J, Barwick KD, Scott LR. A behavioral ap­
proach to occupa tional safety: Pinpointing and rein­
forcing safe performance in a food manufacturing plant.
J Appl Psychol 63 (1978): 4, 434- 445.

4. Mattila M, Aaitonen M, Hyodynrnaa M, Lepisto J , Na­
sanen M, Ojanen K, SaareJa K-L, Saari J, Salminen R,
Seppala A. The evaluation and compar ison of measures
to improve accident prevention [in Finnish]. Tyoterveys­
laitoksen tutkimuksia 4 (1986): 4, 397-410. (English and
Swedish summaries).

5. Nasanen M, Saari J. The effects of positive feedback
on housekeeping and accidents at a shipyard. J Occup
Accid 8 (1987) 237-250.

6. Ojanen K, Klen T, Seppala A. Improving safety per­
formance in logging: An experiment in one company [in
Finnish]. Tyoterveyslaitoksen tutkimuksia 4 (1986): 4,
360- 377. (English and Swedish summaries).

7. Saari J , Aaltonen M, Hyodynrnaa M, Lepisto J, Matt i­
la M, Nasanen M, Ojanen K, Saarela K-L, Salminen R,
Seppala A. Recommendations for more effective acci­
dent prevention [in Finnish]. Tyoterveyslaitoksen tut­
kimuksia 4 (1986): 4, 411-417 . (English and Swedish
summaries).

8. Saari J , Mattila M, Aaltonen M, Seppala A, Hyodyn­
maa M, Laitinen H, Lepisto J , Ojanen K, Saarela K-L,
Salminen, R. Impro ving safety performance of com­
panies: Study design and methods [in Finnish]. Tyoter­
veyslaitoksen tutkimuksia 4 (1986): 4, 284- 295. (En­
glish and Swedish summaries).

9. Seppala A. Evaluat ion of safety activities in plywood
factories . Presented at the the XIth World Congress on
the Prevention of Occupational Accidents and Diseases.
Stockholm , Sweden 24- 29 May, 1987.

10. Sulzer-Azaroff B, de Santamaria Me. Industrial safety
hazard reduction through performance feedback. J Appl
Behav Anal 13 (1980): 2, 287-295 .

II. Tarrants WE. The measurement of safety performance.
Garland STPM Press, New York, NY 1980.




