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SAFETY AT THE WD RK PLACE:

A BEHAVIOURAL APPRIACH

Introduction

Occupational safety continues to be a major area of socicl corcsen
despite the attention which it has received over the years =nu raocrdlese
of the stage of industrial und econamic development in 2 countiy. This is
evident from the fact that there were apprcximatély 24 WC,000 cisablinc
work injuries in the United States in 1981, out of which 12,300 worc Tstal
and 70,000 resulted in soms permanent impaimment. The time lost due to
wrk injuriss wae estimated to be 80,000,000 days and the total cost as
‘3295 billion. The figures in terms of rates sppear sven more disconceot-
ing, There was a work related death every 42 minutes and a work related injury
svery 15 s;aconds.1 The situation in ths devaloping countries is even
more alamming in view of the assessment, made in 1975, that “accident fro-
quency rates had a stagnated in most of the industrialised countrics and
had risen in the developing countries. n? Threw fzctors combine to compound
the problem in the developing countriess rapid growth in industrialisation
‘and economic activity, high rates of unemployment and availabiiity of large
l;bour forces, and inadegquate implementation or a tatal iack of cafety rem
1a£e& lﬁuﬁ. While accurate znd raliable figures arc not aUailaplw bucause
many countries do not maintain and/er publish them, =z rzcent conssrvative
assesagment is of over 15 million occubational accidents per year worldudde.
The implicatione of this in terms of consequant loss of and damage to human
life and limb, property, ond wastage of productive capscity, arc tryly

ataggering.



Early Developments in Safsty

The large number of accidents accompeanying the Industrial Rovelu-
tion wes, probably, the first impetus towards making safcty a public issuc.
The earliest legislative developments were, predictably, in England, the
country where the Industrial Revoluticn begans Series of regulations
governing working conditions were introduced thrpough the 18tn centurcy.

Most of these "statutes of labourers", as they came to by called, serncd

to be designed more for the benefit of the community under the "oreatest
good for the greatost number™ idea than for protection of workers. Per-
haps the first gouernmenfal action for safety resulted from a seriocus cut-
break of fever in the cotton mills inm Manchester in 1764. The Manchester
Board of Health was formed in 1795 and in 1802, the Health and Morals of
Apprentices Aot was passed which effectively, was the first step touard
government regulated prevention of injurics in English factories. PBegin-
ning with the Mines Aot of 1842 which provided for punitive compensation
for preventable injuries caused by unguarded machinery and gnucrﬁmental
mine safety inspection programme in 1850, & number of laws and reguletions
were passod coversng almost 211 types of faetoriss. The ninetecnth centyry
saw the enactment of various safety related laws in many Eﬁrupean countries

and also in the United States.

The werkmen's compensation concept of reguiring the emplcycr to
compensate employess injured in work related accidents, made employers
realise that preventing accidents from happening might be financially

sounder than paying compensation for thems This, coupled with wrimen's
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campénsation or casudty insurance carriers' use of "schedule rating™ plan
under which factories with louwsr rates of acecidents were chearged lower or
.rédﬁcad premiums for similar coverage, gave c further boost to the argani-
;;ad.safaty movement., In a way, the workmen's compensation legisletion

made industrial safety a financially viable proposition.4

Parallel to the legislation and gouarnman£ agéncies, a numbher of
voluntary and privete organizatione have been concerned with and involveg
in safety. The earliest known voluntary safety organization, the Mulhouse
Accident Rrevention Associstion, was founded in 1867, The Illinois Steel
" Company of the U,S.R. set up a safety departm;nt at its Joliet Works
around 1892 and the United Stat:§ Steel Corporation set up 2 committee
for safety inspections and accident prevention in 1906. There are many
other private voluntary and industrial organizations such as the National
Safety Council {U.S.A.), the Royal Society for the Prevention of Accidents

(U.Ke), the American Insurance Associstion, which have contributed %o thg

development of safety.

Human Aspect of Safety

Early safety efforts tended to concentrate almoest entirely on |
making the working conditions and environment safe and hazardefroe through
good housekeeping, putting guards over and around movino parts, and other
similar actions.s In a way, sven the comprehensive Oecupational Safety
and Health Act (0SHA) of the tnited States passed in 15970, has boen con=-
sidered to be the culmniation of such a wark-environment oriented spproach

to safety.s ' The publication of Heinrich's Industrial sccident Preventi
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in 1931 with the "dn&ino“ model of accident causatiﬁn, perhaps, wae the
first, time that the human aspect was fommally brought into saﬁaty.? The
s@cond of Heinrich's ten axioms of safety wos that "the unsafe acts of
persons are responsible for a majority of accidents.™ hile Huinrichls
assessment that as many as 88 percent of accidents ere attributable io
unsafe acts may be debatable, the view that unsafc rcts are, =t lnesty a
cuntribufory factor in a large proporticn of zecidents scems reasorable,
It is this recognition of the human element in safety which resulted in
the development of the interactive view of accident causaticn., It is
held that accidenta happen basically due to an interaction betwecn workers
and their work environments.B It seens clear that if the contribution of
human behaviour to sccidents can be reduced it will help in progress

towards the ovgrall goal of reductinn/elimination of accidents.

Most of the early work on the human aspect of safety concentrated
generally in tihree broad areas; didentification oﬁ individual enployece
traits under the "accident proncness®™ thearys effectivencss of infarmo-
tional or communication safety compaigns on cﬁplcyuas; and comparing
organizations with different accident rates. The resuite concorning
offectiveness in all three area have, at best, been mixad.g while this
research has made a‘usefdl contribution in furthering the wark on safety,
there are some limitations t§ the conclusinns which can be drawn. &
number of studies have been anecdotal and descriptive without any specific
stiompte at patablishing zavas-affegt palatiomghipg. 1t ig, peIlops,
g paucity of pigouroue and woll controllod studice which hae contrie

butsd €5 the widuspruad relienue an the tgochndwael end enginwuring



approaches te safety and a lack of attcention to the behaviosural approach.
A recent review of the safety and health systems in Suitzerland, the
#nited Kingdom, and the United States concluded that "the alternative of
solutions to influence behavisur or performance is not regerded as equally
viable because behavioural and social sciences are less develuped and less

¢ertain in their predictions and application."10

Howsver, there has been considerable progress in the behavioural
and social sciences knowledge in recent years, resulting in enhanced con-
fidence in cauaefeffect relationships, predictions, and applicaticn. Oneg
of the resdlts of the progress is the development and refining of applicd
‘behaviour analysis as a means of studying and, if considered ncucessary
and desirable, modifying behaviour, Beginning with the early works of
Hatson11 and Thurndike12 and with a major contfibutian from Skinnerqs,
principles of operent conditioning and reinforeement were first applied
in hospitals and schools with mentally ill petients and young children
respectively. Subseguently, tﬁeir area of application was extended, with
,Qccnaidarabla success, to adult working bshaviour in camplek organi zeoe
'_tiu'ns,14 The essence of applied behavisur amalysis is the observation,
analysis, and measurament of behaviour and its chenge. It is particularly
useful for evaluation of the effects of a given programme cr method on
‘any socially important behaviour. With its focus on the cstablistment
of specific cause-effect relationships, it has also been described as
“é galf=gxamining, selfecvaluating, discovery-oriented research procedure

15

for etudying behauiour.® Combining the widespread of ficacy of applicd

menavisue oAslyeis in improving porfomance and inf luencing behavigWd in



a variety of organizational settings with the importance of human bshaviour
in GCCUpationa; accidents and injuries, the use of behavioural taciinicuee
to improve safety wéa suggested.16 Subsequently, some ctudiess hnve been
reported which havé attempled to use this general appreach towards recuo=
tion of accidents and enhancement of safety-17 The studiags heve Loza cone
ducted in diverse organizetional settings and havs had coisistently pDSi;
.tive results, R few studies cafried out in oruanizations engaood 10 dife

' férunt types aflactiuity, will be described briefly in ths following see=
tion. Subsequently, the prominent and common features of a generalizdd

behavioural approach to safety will bs summarised,

Study 118

Tﬁis study was canduéted in a wvholesale backery engaged in making—
up, wrapping, and frensporting pastry products to retail ocutlets through-
out the United States. HRlthough the entire plant had a total of 162 emplo-
yees, 142 of which were directly involved in preparation of baked goods,
only 38 employees comprising the make-Up and wrapping departments werc
selected for the study. while the plant worked two shifts, the study was
confined to only one shift. The rationale for thu selescticns was that
these tuo departments and the particular shift accounted for a majority of
the accidents in previous years. .The prevailing accident rates were sub-
stantially higher than {almost twice) the average rates for similor indu-

siries nationuide,

The 25=wesk programmg ueed a multiplg baggline (mithin gubjucts}

design coneisting ef s bageline, an intgrvention, snd o rovaresl phaco,



Worker behaviour was observed by tralned raters perindically on the basis
of an observational code consisting oV epecific behaviours. The inter-
vention consisted of two components: training and motivation. Training
was conducted by shouwing the workers pairs of slides depgcting unsafe and
safe behaviour corresponding to iteme on the observational code. The
[ﬁotivational component consisted of providing pericdic fosdback én theo
‘basis of observed performance and reinforcement of desircd safe behaviour
in the fomm of praise by supegrviscrs, Fgedback was provided visually by
posting it on a chart displayed at a coenspicuous place in the employees'
working area, The outecome variable of interest was operationaliscd as
"percent of incidents performed safely®™ and & departmental goal of 90
_percent wes suggested and agreed to by the employees. The desired safeby
”perfonmanca level of 80 perceﬁt was also demarcated on the chart used for

pfuuiding feedback.

The averaqe "percent of incidents performcd safely® during the
baseling phase was 70 percent and 77.6 for the make~up and wrapping cdopart-
ments respectively. This average safety performance increcsed to 95.8

‘percent and 995 percent respectively fur the tuwo Jdepartments feliouwing
.'the intervention, IDuring the revcrsal phasc when posting of observed
performance to provide feedback was discontinued, the mcan safety por—
forﬁance of the tuo departments went down to 7048 percent and 72.3

percent respectively. Subseguently the ubscrv;tian and pdsting af data
‘were rosumed for bath the shifts and within one yoar, the injury fraquency
;;ato_had stablized at & level which wes substantially less than the natio-

‘nel average and much lower than the patcs prevailing in the previous yearss
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The study was conducted in a sugar cene machinery manufacturing
company- ahd couered 105 full-tima employees of cleven departments of the
plant, The departments uwere selgcted for the study because 55 percent
of all the réccrded injuries in ths plant during three provious yuars
toock place in these departmunts. Three dietinctive featurcs of the safcty

programme weres an pbservational chseok list for obeorving theo behavicur of

_employees at work and recording it as safe or unsafe, spocific inclueion

of gog; setting and faedback, and a multiple baseline design across groups

with §:.r phases. Rccident reports of the company for three previous yoars

were analysed to ident;fy unsafe acts which had caused or contributcd to
accidonts. An observational code was, then, prepared consisting of a
written rule specifying the correct and safe way of performing each un-
safc act identifﬁed. The code contained 37 behaviour—specific rulcse

The abservational check-list was an abbreviated apd suminzrized version of
the code euch that it could be carried by an obeerver conveniontly and

unobtrusivelys

The inclusion of gual setting and feceback im the proorgmme was
bassd on previous work in the area of motivation and per?ormancc.zu A
specificy cifficult but reslistic and attainablé goal was sgt for safe
porformance based on the average performmance observed during the baseline
phases Fgedback was provided in a2 manner similar to study 1, by posting
the actual observed safety performance of a department on 2 greph dis-
playod in each department. There were throe groups and four phases in

the multiple baseline design. Three groups were formed by eombining the



eleven departments on ths basis of physical proximity and operational
similarity. The interventions, at the etart of varicus phascs, were

introduced across the three groups in a stzguered ce:tencoe of time, s is
. 13

Y

. , . . Z
commonly done in multiple baseline designs. The four phrses ueret

baseline; training only; training and goal setting; and training, joal

“setting, and fesdback (knowledge of results),

Safety performence in this study was operationalicsod as "the per
CEntaQe of employees working in a completely safe manner.” 1t was cone
puted for each department on the basis of observing the behaviour of all
the emplnyeea;at-wnrk in the department during an observation seselion, in
accofdahna_ﬁith the observational code and checklist. an employes WagE
considered to be working safely gnly when he/she was scored safz on all

-of the checklist items applicable to his/her activity et the time of the
obéeruétinn. An employee might have been working in accordance with mosh

of the behavioural rules applicable to his/her actiuify, but cven if one

of the items was violated, the employse wes wonsidered ta be behaving un-

safely,

The average behauiodral performance of variocus degpartments improved
progressively across the four phases and showed marked improvement by the
end of the 56-wegek period of the study. The average for the three groups
{consisting of cleven departments) during the baseline phase was 61457
percent which increases to 95.40 percent during the last-phageean ovgpall

percontage increase of 54.95 {on a base of 61.57), The overall figurcs
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for ihe three groups taken together also showed steady improvement in bho
“average safoty performance across the four phases. The aversges far the
second znd third phases wers 71,09 percent snd 77.27 percent respectively,
Appropriate statistical technigues (time series analysis22 and gnalysis of
variance) were used to analyse the data and it was found that the ﬂ;ffnrgncms
iﬁ the average values of the behavioural safcty perfomuonce aseroe: vorious

phases uore statisticaliy significant,

The increase in behavioural saf ety performance was accompanicd by
the expected and, possibly, consequential decresse in accidents and injuries
in the plant in terms of the overall injury incidence rate and the loste
time injury incidence rate.?3 The overall injury incidence rate cans douwn
From 84,77 to 55414 and the lost-time injury rate frem 21,40 to 9. 83.

There was, thus, a reduction of 35 percent in the former and 53.83 percoent
in latter on the basis of the average of the three provious years.  Another
significant cutcome of the progranme was substantial financial saving,

Two major sources of saving were through tha'}eductiun in preductive timg
lost due to accidents and the reduction in accident insurance praniume A
saving of $80,000 per year was estimated due to the reductisn in lost time
ﬂaccidents,lbased on the average anmual costs of accidents before and after
the programme wasrinstituted. The reductien in zceident insursnce premium
was astim;ted to be $40,000 per year which was due to the reduced retes

of accidente during the period of the programme. Sased on the expenditure
incurrad on the programme, the study reported o cost/bunefit ratio ranging

from 188 to 1311 depending on. tho level of savings.
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Discusgion
The two studiesrdescribad above tond to confirm the applicobi. .ty

of a behavioural approach to safééy; The studiss nave 2 nuiser of siﬁi—
laritios and two major differences. Some of the eimileoriticve aré that
bath were conducted in selected departmenﬁs or pﬁrtione of a plont ard dld
not gcover the entire unit; both used multipls baseling designs; bolh uare-
conducted in plants which had gquite high rates of sccidents; and both used
similar interﬁsntian packages consisting of training, ggél setting, ond
foedback, The major differences arg that they were eorrisd ocut in crgani-
zations sngaged in different types of activitys bGakery and machinery
mamufacture, and thet Study 2 used statistical techniques to analysc the

datn and confirm its resulls.

Tho fact that poth the studies were conducted in plants with high
rates of accidents and even within those plants, were confined in sclec~
ted depertments with the highsst prevailing accidents rates can have
various implications. One interpretaticn can be thet agecidunts rotes ih
these plants and depertments wuld have gens down even if - conventionai--
tachnological and enginecering beecd--safoty programme hed been starisd,
just beceusc the existing rates were hich. Such en interpretation is valid
and it may well have bgen the case. However, it dous not reduce the ime
portance of the fact that behavioural approach was apglied in those cuses
and was found to be effective in reducing accideﬁts and ehhancing safatye
In addition, similar results, confirming the officacy of the bohavioural

approach to enhance safety, have also been reported in a study condunted
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in an organization which had a fairly standard and conventisnol sately
pfugramms in operation.z,4 This study had some other importart diffepenrce
when compared to the twe studies described earliers Thie ctuuy uss nnk
confined to sslected departments uigh high accident ratee but covered all
the amployeeé of a metal fabrication plant. 1In additicr, it used a uith-
drawal type of design which is eonsidered superior to the multiple base-
line design.25 In the resulte of this study, the dependgot vapiable,
safe behaviour {percent) defined as Mtho percentage of smployocs parform-
ing their job in a completely safe manner®, increased from an average of
64,93 percént_during bascline to 96463 percent aftor the introduction of
the interventions Packages This study also makes two additional points,
one concerning compliance with safety rules and the other concerning
safety measurement and evaluation. The behavioural appreach appears to
be useful in encoursging compliancé with safety rules as an alternative
to punitive mgasures. It does so by focuseing on.the.positiue by mcasur-
ing how frequently are sefe behaviours performed. It cen, ihus, be used
to onhance sefety activoly becauee safe behaviours are morc frequent than
unasafe behauiours.. The conventicnal approacnaé focus on accidonts and
unsafe behaviours which, usually, ars infrequent oceurrencess 1In the apca
of measurement and evalugtion, a "behaviourally based, positive measure
‘of safetf" is recommended which is "useful for measuring and enhancing
tho presence of .safgty uwhile other, after-the~fact measurus based on
accident/incident rates measure only the absence gf safgty.”zﬁ acther
aduantage is that the deaigﬁs used permit sn agseegament uvhéthur a safcby

programme ie hMaving its desired effeckts or not. It ie, thue, pageibls
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to sstoblish reasonably relisble seusc-offect seloticnehips thesely over—

somang one of Yho mejor damatetiovns of rusial gnd behqgVa upnl esicneare,

It follows from the resulte described above that training and
encouraging workers to behave suofely would be usoful im cnhancing safety
even whuniconventioﬁal, tech;mlmgical and onginecring oriented enfuby
ﬁrngranmas are in effect and accident rates zre not very highe The Llogi=-
cal explanation for this is that safc end unsafe behaviours can bo oon- |
sidered to be mutually exclusive. It, therefore, feollows thot an increase
in safe bghavinur, however it is achieved, will resulf in & conseguential
and:cﬁfrespnnding decrease in unsafe behaviour. This would, in tuen, load

to a decrease in or prevention of accidents and snhancsment of safetys

However, it needs to be stressed that the purpose of highligshting
the efficacy of the behevioural approach is jgg to undermine the impuriance
of the technological and engineering spproeches to safeby.  while it may
be said that however safe tho environment may‘he, s0 l1-ng as 2 wopKer
behaves in an unsafo manner; accidents will continue to ocecury it also
holds, perhaps equally, that howsver safely onc méy behave, it may be
impossible to avoid accidents in =n unsafe end haozerdous working cnvicun-
ment. It has slrgady been suggested that Mthe behavicural approceh should
be consicered complementary to the conventinpal apgruach.ng? Fractically,

the moast useful course of asction would, obviously, be a combination of

the two approaches,
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Summnary and LConclusions

The most common and populer approachies to safety heve gensrally
been technologically and engincering orienteds The viability of social
and behavioural sciences based approsches has becn coubted on the basls
that these séiences are not developed enough to provide reliable predic-
tions and hence have restricted applicability. Recent rescarch indicates
thet it is possible to develop an ef fective approsch to ccoupational safcuy
based on the behavioural sciences. fhe practicel epplicebility of such
a behavioural aspproach to safety is demonstrated by some rigourous and
well controlled studies which have used this approach to reduce accidonts
and enhance safety in existing organizations. The approach essentially
consists of three basis elements: identification and pinpointing of
specific behaviours which represent the séfe wey of perfomming various
tasks in a given work situationj training workers in these specific
bshaviours leading to their being able to do their Jjohs in a safc manner}
and motivating and reinforcing workers to continue to beheove sefely by
providing them feedback based on perindic DbécrUuEicn and monitoring of
their actual behaviour at work. - There are zlsc a number of other adven=—
tage in using the behaviourel approach such ags caﬁpliaﬂc& with safety
rules and reliaﬁle gvaluation of the efficacy of aafety prograsmes. The
behavioural apprcadh is, however, not a suEstituta for the enginecering
and technologically based approaches. An appropriatc combination of
various approaches would be the most effectivec strategy to achievg the
pest results by way of reduction of accidents and enhancgmant of safatye

£ 30
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