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ABSTRACT
Applied Hehavior Analvsis is described in terms of munagement policies and prac-
tices and their impact on worker on-the-job safety behavior, Injuries at each of
five mines are categorized and correlafed {0 management programs and behaviors.
Applied Behavior Management through Positive Motivational Safery-Training is
then described. Program effectiveness is described beth statistically and navratively,
and projections of project reliability are presented.

The experiment at the salt mines was implemented as a time series design with an
experimental group {treated) of five mines matched against a control group of five
mines. [njuries were trucked for one year prior to treatment and for one year
posttreatment. Statistical treatment will consist of differences in injuriex hetween
the experimental and confrol groups. In addition, differences between subsequent
frequency rates and injury rates in the two groups will also be computed, and all
results will be presented and discussed.

INTRODUCTION

The Sak Instume selected a combination of ten mines
and refineries for use in the study as experimental and con-
trof sites. The five experimental sites were given a thirny-
hour training program in the use of positive reinforce-
ment—specifically, social reinforcement (SR)—to shape
safe wark benaviors. In addition, first-line supervisors were
asked to submit monthly reinforcement schedufes. Injury
reports were submitted by both the experimental and control
sites.

The research focused on the effects of social reinforce-
ment, praise, for safe work o reduce work-related imjury
frequency and severity rates, First-line supervisors were the
focus of the training program, but all management was en-
couraged to participate in the training phase,

This report contains four aspects of the study: 1) A de-
scription of the five experimental plants, 2) A discussion of
applied behaviorl analysis, 3) A discussion of the applied
behavioral management approach used, posiive reinforce-
ment training and 4} A statistical analysis of the effects of
the training program on certain injuries.

Finally, the report makes specific recommendations for
expanded use of positive reinforcement.

PARTICIPATING FIRMS—
EXPERIMENTAL AND CONTROL

Under tha terms of the study, the Salt Instiwte, through
membership discussions, selected five firms who would use
one of their plants for the experimental aspects of the study.
The selection was based on the following criteria: The sites
should a} have high injury frequency and severity rates;
b} be of similar size; ¢} have similar production rates; d} in-
cliade at least two minas; €) be willing to ket all plant men-
dgement participate in the training phase of the study;
{) provide data as needed; g) agree to implement the train-
ing progrant. Five other sites were selected to be controts.
The criteria for their selection included: That they 1) be in
close proximity to the experimental site {cultural control);
b} have similar accideny'injury severity and frequency rates;
¢} produee simifar amounts of salt by tonnage; 4) report
monthly accident/injury data; ) not be owned by the same
firm as the experimental plant for which they are the con-
trol,

The experimental sites and their controls were:

I. Experimental Plant: Cargill Salt Company, Hoichinson,
Kansas, Evaporative Refinery. Control Site: Carey Salt
Company, Hutchinson, Kansas, Evaporative Refinery.
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2. Experimenral Plant: Dizmond Crystal Salt Company,
Jefferson Island, Eouisigna, Mine and Packaging Plant.
Contrul Site: Morwn Salt Compuny, Week's Island,
Louistana, Mine and Packaging Plant,

3. Experimental Plant Hardy Sait Company, Manistee,
Michigan, Evaporative Refinery. Cuontrol Site: Morton
Sait Company, Manistee, Michigan, Evaporative Re-
finery.

4. Experimental Plant: International Salt Company, War-
kins Glen, New York, Evaporative Refinery. Control
Site: Morten Salt Company, Sibver Springs, New York,
Evaporative Refincry.

3. *Experimental Plant: Morton Sait Company, Fairport,
Ohio, Mine and Packuging Plant. Control Site: Interna-
tional Salt Company, Detreit, Michigan, Mine and Pack-
aging Plant,

a. *Experimental Plant. Leslie Salt Company, MNewark,
California, Solar Sazlt Refinery. Control Site: Moton
Sabr Company. Hayward, Californta, Solar Salt Refin-
ery.

*n mid- 1977, the Moron Fairport Plant experienced
tabor problems. At that thoe less thae half of the thiny
management people scheduled for training had been trainad
in social reinforcement techriques. Management requested
a delay in further waining witil issues (not refated 0 the
experiment) were scttfed. After three months, it was de-
cided that another plant site would be used for experimental
purposes. In January, 1978, Leshe Salt agreed to panici-
pate. Morton, however, continued 10 send HPDC monthly
injury data and participated as a quasit-experirnental site,

Each experimenial plant received fraining according to 2
schedute which permitted them to mainiain production.
There ware sume occasions when two fuil davs were set
aside for training, others wherc only half days were permit-
ted. When conducting 2 field demonstration for a company
which has volunteered 1o participate, it is very difficult fo
make any demands relative to the scheduling of personnel to
attend training sessions. The compunies are, after ajl, in
business to produce a product and, although the training is in
their best interest and at 4 minimal cost, the product is st
their primary priority. Numerous trips to each plant were
necessary 10 get all training completed.

RESEARCH DESIGN

The study followed a time series before and after inter-
vention design. The intervention was fraining plant man-
agement in the systematic application of pasitive reinforce-
ment technigues, specificatly, sacial rewards—opraise-~to
ncrease the frequency of safe work behaviors o reduce
injury frequency and severity rates, A pre-training baseline
was determined for each experimental plant identifying

actident/injuries by category. Changes in these catcgories
were inferred to be a result of the intervention reaining. The
haseline pre-dated truiming by elglieen months.

The finst-line supervisor was the focus of the maining
program since il is belicved that he is the “"key man®’ in the
employee-job relationship, huwever, it was expected that atl
management would go throuvgh the training program. Where
they didn’t, the effects on the supervisor were neticeable,
suggesting that we take another look at the influence upper
management has on the supervisor's safety performance.
This is discussed in depth in the scction entitled **Supervis-
ory Styles.”’

At the outset of the study it was necessary to visil each
experimental and contyod plant to determine the gvailability
of data, explain the program to reanagement, and obtain
their cooperation.

Several field visits were made 1o each experimental plant
o: aj observe work in progress: b} interview supervisors;
¢) accompany supervisors as they directed their workers—
to determine their use of praise, awareness of safety prac-
thees, and the conditions under which they supervise {noise,
dust, fumes, heat, gtc.); d) take photographs, where possi-
ble, of work conditions, work methods, and unsafe acts,
¢) review company safety programs and enforcement pro-
cedures. The determination of behaviers needing shaping
was based on this information,

It was found thar the plants varied in their use of safety
device requirements amd/or their enforcement. An analysis
of the baseline injury data indicated a significant proportion
of eye, head, hand, and back injuries. Even thoogh maost
plagls have some mandatory requirement to use eye, head,
and foot safely devices, as well as others, supervisurs do
not, as a rule, enforce these policies. Therefore, the initial
training focused on shaping workers to wear such devices.
We knew (based on prior experimentation o a shipvard
setting} that a firsi-line supervisor understands the principles
of applied behavioral analysis more readily when the be-
haviors to be shaped are more obvious and their frequency
more quantifiable. As a supervisor became more skilled in
behavior shaping he was asked to focus on more complex
worker behavior. Examples of the former are: Gelting
workers tw a) wear safety devices; by lift correctly; ¢ drive
safely; d) use tocls properly; e) maimtain hoesekeeping
standards. Examples of the latter are: Getling workers to
a} snggest better work methads; b) idenzify unsafe condi-
tions: ¢} self-enforce safety practices; d) assist fellow work-
ers who need help lifting, driving, loading, etc.

At first, some plant managers expressed resistance 10
focusing on the wearing of safety devices. They saw no
need to spend valuable training time teaching supervisors
how to get workers lo wear devices that either were not
required or necessary, of were already established 43 & man-
dutory work practice. Ouce they had an opporiunity to see
for rthemsiclves that a considerable number of workers do not
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regularly wear such devices—even though mandatorye—
andior that the supervisars werg nor enforcing such prac-
tces, their resistance diminished. Supervisors were also
asked wr identity other behaviors they considered 10 he
rroublesome. On the safety side: Tifting, carrying, and set-
ting: use of tools: use of lockout devices, variots Under-
ground behaviors: use of manlifes; forklift driving; pulictiz-
ing sult bags; scwing and bagging, and the misuse of Torks
lifts for maintenance, carrying, or moving purposés. On t.hé
general work behavior side: absentesism, raie of produc-
tion, housekeeping, tardiness, and poor guality work were
among those lisied as troublesome worker behaviors,

ANALYSIS OF BEHAVIOR

An important aspect of the experimental analysis of be-
havior is to study the work environpment and derermine
iffhow the ways in which work is performed contributes 1o
accidents and injuries. Tt s part of the concept of positive
reinforcemnent that events precede behavior as well as follow
behavior. These precedmg evem-. are {ephmc:ally caiied
antecedents.

Anvthing that influences a worker to behave in a ceﬁzﬁ_ih
way can he sn antccedent. Examples of antecedents ihat
influence sasafe behavior in this study are a) the speed in
which salt bags move down a conveyor, causing the worker
to reach, strain, andfor load a pallet carelessly; b) orders
{from a supervisor to speed op the loading of o boxear,
causing workers to drive too fast, dump and break bags, jam
their hands, strain to lift or twss bags: ) repia'{:ﬁﬁg":a:
bumed-out lightbulb, which is too high to reach, when &
tadder is not available, causing them to expedlte the’ bilb
change by using whatever is handy, such as a forklift; 'u)'m-
pairing jammed equipment without first shutting it off and
focking i out, causing the worker to get & limb or hand
caught when someone inadvertently turns the maching on.
All of these antecedent conditions were found at Gne ltme ar
another i the plants; many of them wcra found o hc parr of
an accident/injury event.

The supervisor who realizes that many work behawﬁrs
and injuries are 1 function of antecedents and consequences
makes good use of positive reinforcement modalities, _'

When all the outer layers are stripped away, many of
the behaviors we saw come 10 Test at the interface hetween
the workers and the tasks they do. People do the tasks they
are given: how well they do them, and how safely, depends
on many facters, including how the tasks are designed, We
saw several instances of short people resching and working
off-balance, lifting salt bags off a high conveyor and placing
themn on pallets already loaded above waist level. Ironically,
a tall worker could be on the other side of the corvevor,
stooping und stiaining (o do the same job. Tt appears that no
matter how tasks are designed, people will trv to adapt and
do them. Faulty werk station design will cause peopke to
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alter behavior to fit the tasks und therefore aher their at-
titades about the joh, the supervisor, and the ¢company.
The literature seems to be fairly conclusive that jobs
which are designed with an awareness of worker needs for
physical comfort as well as for recognition, responsthility,
and vartety tend 1o contribute to higher worker satisfaction
and improved work guatity—incleding safety performance.
We fovrd many instances where workers were performing
physically stressing and repettive tasks that are improvable
through work station redesign. The pailet operations are
meiﬁea of arcas wiere more thought needs to be given io
work station redesign. The high incidence of back injuries,
muscle srains, and other injuries related to refinery opera-
liDﬁS canhe: mre‘.teci through more effective wm’ke*r g0

'h'a.smgnma.nt fhe assignment of mdwtduals
i be- based on the similarity between the
' --phymai reqmremem:. of the Joh and the

i &my a!so incrgase the tikeli-
; mnal Qutcem;.s, such as, in-

'-{shy\mai cha.vaa.termtu.s, mtexest
; dmgiy jﬁiw vaty iy {erms uf ether

duvcleped'-fut making a.auma{t.s of the apn{ude. interest,
and need profiles’ That-are most appropriate for the kinds of
tasks we-_'_observed {(Jeanneret and McoCormick, 1969
MNechs, Cunnmgham and Pass, 1971; Borgen, Weiss, Tins-
leyi. !Z;)mr;:s.5 and Lofguist, 1968; Campbetif, Borgen, Eastes,
JoHansson, and Pearson, 1968; Fugill. 1971). By using sys-
tematic job analysis procedures, organizations can derive
estitnates of the human attribute requirements of jobs in the
{}l’gd!’]l[.afl(}li

Once human aftribute requirement prof:les arg estab-
Hshed for jobs it is important w compare those profiles with
the charactenstics of present workers, .

The assumption underlying the approach is that by better
matching of individuals with jobs and tasks, according tu
the compatibility of the psychological and physiological re-
quirements of the job and the individual’'s chasacteristics,
desirable organizational outcomes will result. This result
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fhas becn tested and sopported with repard 10 emplovee job

satisfaction { Tuutle and Cunmingham, 1972; Bew, 1968).

Consequently. it would seem that i individuals are placed

i jobs which "0t the individual's characterisocs, aect

dents thar are symptomatic of fatigue, boredorm, low job

satisfaction, and pyychological withdrawal should be re-
duced.

It appears obvious that praise goes & long way in anack-
ing the low job satisfaction and psychological withdrawal
uspects of the injuries heing cxperienced. But antit the in-
dustry focuses on the work fatigue and stress aspects, in-
juries will continue even under the most active positive
reinfarcement environmes.

We experienced many incidences of foreman uncer-
tainty, exweme Ume pressure, and contlicting ar excassive
Job demands, all of which are components of job stress. It
stands to reason that the workers, (oo, must be feeling the
same thing. Such stressors tend o lead to disruptions af job
performance, thereby increasing the probabiiity of accis
dants. We beligve many of the injories we reviewed and the
beliaviors identified by the supervisors as focus for
POMOST are stress manifestations. Since job stress seems
relaied to undesired cutcomes-—health problems, injuries,
back complaints, and reduced work performance—it is de-
sirable 1o reduce stressors wherever they are present. Some
methods by which the industry might reduce worker siress
and improve safety performunce include:

1. Clearly defining the foreman and worker work reles.

2. Ensuring that equipment and machinery are maintained
und are refiable.

3. Providing workers with necessary tools, supplies, and
materials on time and i Guaniities needed.

4. Providing wformation to workers concerning the
adeguacy of their performance.

5. Providing umely information to the workers (and fore-
men} about work schedules and daily output expected.

6. Providing mechanisms in the organization for resolving
interpersonal conflicts and for providing feedback as to
their performance.

7. Minimizing excessively fong periods of time spent in
heavy, physically-demanding work, and rotating shift
Sysieins.

8. Providing workers with an opportunity to redesign how
they perform their jobs.

9. Scheduling two [S-minute work discussion meetings
each week—permiting workers 1¢ share their feelings
relutive to working conditions. safety problems, and
equipment maintenance.

10, Setting uniformly enforced safety procedures, with no
exaceptions, relative to the use of safely devices: Jock-
outs, safety hines, maniift provedures, use of hard hats,
elc.

POSITIVE MOTIVATIONAL: SAFETY TRAINING
(POMOST}

The principies upos which POMOST s based have
their genesis in B 1. Skinpec's thearies of operant condi-
tioning and fearning. Skinner defined types of hehavior ac-
cordieg to the manner in which they are learned and main-
rined. Paraphrased simply: if we are rewarded for the way
we hehave we wil continuc  behave that way, seeking the
same reward, Further rewards maittain (reinforce) that be-
havior. Skinner identificd two forms of operant learning
witich affect behavior: reinforcement and  punishment.
Reinforcement is  defined as any consequence which
strengihens or incresses a behavior which it oliows.
Purishment is defined as any consequence which weakens,
decreases, or reduces 2 behuvior which it follows., An
gxample of punishiment i the work place s when a super-
visor acts to reduce ingppropriaic behaviors by threatening,
disciplimeg, or fining an employee.

fo POMOST, the use of pumshment is not emphasized;
rather, cmphasis is placed on the supervisor focusing the
employee’s attention on the appropriateness of his behavior,
The existence of mappropriate nehaviar is not ignoted in
POMOST, but perceived us @ training prablem. All be-
haviar is considered to be learned. If an employce hehaves
inappropriately, the problem is seen as ane of inadequate
training. POMOST, then, foceses on the extinction of in-
appropriate behavior by emphasizing appropriate behavior.

For example. coming to work on time is appropriate and
reinforced through praise. The fact that the worker is slow
to start work IS seen as a rawe-uf-going-to-work problem.
The supervisor praises the worker for heing on tane, then
wuggests thar ke iy to get 1o work a lirde carlier so that he
starts work on time. The emphuasis is on the positsve aspects
of performance while correcting the negaiive aspects
through a step-by-step {shaping} approach.

Behavior is of two types: imternal and external.
PCGMOST is concerngd with influencing baoth types of be-
havior. Internal behavior includes all those responses and
reactions that occur withim and may not be observed, Exter-
nat behaviors are, of course, alf those responses that may be
observed by someone else. [nternal behavior includes all
those feelings, emotions, thoughts, attitudes, or other reac-
tions O events in our lives that remain as private events.
These internal activities are not commonly thonght of as
hehavier: behavior, to most individuals, refers to that which
can be observed. But internal behavior is more similar o
external behavior than most people magine. Emotions and
thoughts are also learned, and are subject 1o many of the
same principles of learning as external behavior.

POMOST trains supervisors w be concemed with exter-
nal behavior and to recognize that the two kinds of be-
haviors are interwoven; hoth behaviors sccur concurrendly
and iasteract. Thus, POMOST provides supervisors (all
management) with an understanding zhout behavior and &

ey e T
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process by which we can improve pedformmance; increase
safe work hehaviors; help the employee feel better about
himself, the company, srd his job; and gererally establish a
waork enviromuent which is positively supportive,

The principal reinforcer used in POMOST to shape be-
havior is social reinfurcement-—praise. It is generally un-
derstood that employees expect o be told about their per-
formance. Unfortunately, mosl people have come 10 expect
that the only feedback they receive is critical. The geod
things are what we get puid for . . . the bad things are whut
we lose our jobs for! Feedback has been used as a manage-
ment toal for years. The reason feedback has been recog-
nized as importang in the work sefring .is that i influences
behaviar. When feedback results in an increasz m the rate of
behavior, i 18, by definition, & reinforcer.

Feedback is generally definad as information aboat past
performance presented to the person whe has performed.
The more immediale the _fzedhaék;, the more powerful it is
as a reinforcer. Praise for doing ajob well is.sought by most
employees, The supervisor,-ucting from his position of au-
thority, is an exceflent source for feedback and, thus, a
strong influcnce on behavior. Knowing when to give posi-
tive Teedback (schedules of reinforcement), how o give it
sincerely and express. fv-constructively is, perhaps. one of
the more influeniial Iechmqm,s learned by POMOST pur-
ticipants.

TRAINING PLAN

The study focused on the testing of 4 positive reinforce-
ment techpigiie known ss sccial reinforcement-—praise,
While othier positive reinforcement techniques are afsa vse-
ful 1o shape appropriate or-desirable behaviors—money,
time off from work, awards’ for performancc to name but g
few-~they represent cosis in money and administration,
The use of praise costs nothing and is considered 0. be a
good management styie. While the value of the use of praise
to reward workers for appropriate behavior and s a means
to shape new behaviors is obvious to pmgressiée m'ai_iag_é-
ment as a basie sound mznagement style, [\now'iﬁg bdw dﬁd
when 6 use 1t to systematically change behavior is a com—
plex concept.

Under a pre\emm government-funded study (NIOSH

1975), HPDC developed a sixteen-hour training program,

for first-line 5upewtsozs in the use of praise. The pmgmm
was entitled ' Positive  Motivational Safety  Training”
(POMOST). The program was found 1o be beneficial in
reducing aceident severity and frequency raves but felf short
of being sufficient in depth 1o fully wain suparvisors to be
ei’fecme change agents, .
For this study, it was decided to fengthen nhe pmgr‘am
content and time 10 at Jeast forty hours, More crmphasis was
placed on understanding itterpersonal relationships, effec-
tive communication, and on the scheduling of the use of
praise. An additional sixteen hours of on-the-job consulta-
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tion with each supervisor was envisioned to help the super-
visar develop shaping plans tfor less generalized behaviors.
The program content, by subject matter, is as follows..
The POMOST programy teaches supervisors fhe concepts
and skills necessary 1o establish the-right kind of psycho-
togical climate m which (o introduce and establish safe work
behuviors. The program is taught iw twesty-two -to forty
hours, depending o need, and has several beh sviorl ahjee-
lives. . L

t. How to recognize unsafe behavior, {1 HOUR),
Supervisors learn skills in observing hew__ ]
works, T
How to develop behavioral baselines, (20 HOURS)
Leaming to count and record behavieral ohservarions to
orovide measurements of change.

-3

Y How to determine whar bechaviors to  change.
(2 HGLURS}. .
Learning to be specific about behavier p\.fmm the
supervisor to reinforce dppmpnate bc*mvmrs while he
alters an Wapprupriate one. - %

4. How to communicaee !‘ehavmmi chan;‘.e ta worktrs
(11 HOURSY : :
Developing an awareness of inferpersinal relatiamﬁips‘.
the coimmurication process, a'ad pqsnwe expnﬂsmn [
the key o a sucoesstol change! e

5. Howto ahape hehawol\ (& HOLFRS)

BIcnﬁhnU a;i *he :mmm skalls to k«e the =l;pen1=,oi

A’ siaperviser’y POMOSY workbouk, ws be ased in the
traifing phase, was- devei’oped and submitred ‘to the Salt
iﬁsnmtf;_;{nd the Bl._i_raau of Mmt,‘w_ for distribution.

S ,PERVIbURV LFADERSHIP STYLES

3 styies may be defined as the prevailing
( xpremnn or thought and the prevailing attiude
by vahich a manager organizes availuble resources for the
ac:hzw;mm{ of vertain objectives.

We have ubserved differing styles by which SHPRrVisors
lead theit’ employses~ranging from highly awtocratic to
chommy—sonmetimes in the same plant. The behavior of
supervisors exerts an especially powerful control on the
employeas direetly under them. It is assumed that the way
the suparvisor acts is the way upper management wants kim
to act. The employees. therefore, often Imitate their super-
visors. The manner in which a supervisor gives instructions,
provides feedback, offers encouragement, and criticizes de-
notes his leadership style. Wherever we found a highly sup-
portive supervisor we found Iow incidences of injuries,
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POMOST is based on the assumption that supervisors
can affect the motivation of workers to perform their jobs
safely by a} encouraging workers to ““buy inw’’ exphcit
safety performance goals that are consistent with vrganiza-
tional abjectives: b) arranging conditions so that workers
can accompiish goals: ¢} determining rewards that workers
desire and meking these rewards contingent on high levels
at safety performance; d) ensuring that cmployees under-
stand the relutionship between safety performance and the
receipt of rewards.

Omne significant outcome from POMOST ix a guideline
for estublishing a supportve style of leadership with clear
objectives about its concern lour safety.

‘The objectives of an organization, whether or not for-
mally stated, have an impact on the way eriployees perceive
the organization. The perceptions of the organization that
employvees develop depend to a large dogree upon a) the
nanner i which organizationat objectives are reflected in
company policies; b) the priarities of the organization, as
revealed by the timing and consequences of decisions.
¢) organizational attitudes towards workers, as retlected in
persannet practices; d) organizational concern for the wel-
fare of workers, as reflected by the physical working condi-
tions (Likert, 1967, Litwin and Stinger, 1968; Schacider
and [Dachler, 1972} The way workers perceive the organi-
Zation iy important, sipce it is sssumed that these percep-
tions underlie worker decisions regarding appropriate and
imappropriate job safety behavior.

Emploves perceptions of organizational chjectives are
hased on numcroos events and experiences. Thus, the salt
plants cannot rely on a single action {an annual sofety cam-
paign, for instance) w convince emplovees that the or
ganization valves safety. Rather, company policies and
practices throughoul the year should support safety as an or-
ganizational objective, If the events and experiences of
workers in the arganization suggest that safe behavior is ap-
propriate behavior and that safe job performance will lead to
valued consequences for the worker, the organization will be
viewed as one which values safety.

All of this assumes that a supportive, open, and honest
relationship exists between supervision and employees, At
the outset of the study we found this condition to be rare—
aven among supervisors and upper management, All of the
participating companics have come a long way in establish-
ing a management climate that iz supportive of the teed for
safety slong with high production rates.

RESEARCH RESULTS

The stmady was eriginally intended to be a beforefafter
control group design. However, the control groups selected
showed significant differences from their matched experi-
mental groups, Consequendy, this type of desizn was aban-
deoned in faver of a before/after time serics design. Bach of
four experimental sites (hecause of insufficient tme alter

training to observe and collect data, Leslie Sall &8 not in-
cluded in this report) reported their eye, hand, and back
mjuries from banuary [, 1976, When the programs were
begun (different dates for each site) the perods were di-
vided into the pre and post measures. Thus, all the months
prior to the onset of training represeat the towal number of
pre measures; those subseguent 0 truining represent all the
measurcs of the post period. The number of post training
measures Jiffers for each experimental group.

Much injury data was collccted in addition to that enum-
erated above. For cxample, severily and frequency rates
weye collected which accounzed for days lost and inpury
frequency by man hours worked. This data was unisable,
however, for the following rcasons: 1) Man hour data as
such was umavailuble from one of the experimental sites.
2} Where the rates were available they were computed on
all injuries and not dfor thase specific 1ypes 1o which this
study was directed, 3) The vartance in the ralcs was unre-
tated to the variance in the injury categories studied, 4) The
month-to-month rates were not ahways ndependent. Con-
sequently, these analyses were no? used as evidence of “'el-
fegt”” of POMUOST.

Some of the same rationale mayv be applied to the use of
productivity data. Ome of the original predictions of the
stidy was that productivity would increasc as a function of
the application of POMOST. However, It was sub-
sequently found that production is more gearad fo sales and
market conditions than it is ro manpower availability and
practices. Therefore, it wus not possible to determtine that
portion  of productivity which was  assoctated  with
POMOST and that partion associated with market condi-
tions.

For tho [irst analysis all of the monthiy measures of
number of injuries were arrayed and an overall mean was
computed. Eack monthly total of injuries was then com-
pared for buth the pre and post period to determime whether
each was above or below the mesn. Thus. a 2x 2 chi square
contingency table was construcied which compared the pre
and post periods For the number of months in which the
totals were above and below the means. Then, a pre training
mean was computed separately for each site. Each post
training total was ther compared to determine the number of
monthly totals which were above or helow the pre training
mean. This data analysis is pext presented, by sie.

Cargifl—Hutchinson, Kansas. The monthly raw fre-
gquencies of eye, hund. and back injuries and training dates
are presented in Table |

The mean of the total distribution of monthly injuries is
2.2, Using this as & base, a contingency tahlie was con-
structed and is represented as Table 2. For a ! df 1ehle the
obtained chi square i not significant, Consequently, we
must assert that there is no difference between the pre and
post periods in the number of months above or below the
overall mean.

The mean monthly injury frequency for the pre training
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TABLE

njury Frequency, Cargill-Hinchingon, Kansas

Month Eyes Hands Hack Taotak
1576 Jumwsury 2 1 3
February —
March 3 1 4
April 1 3 4
Mav i i
June i i 2
July 1 H
August 1 3 i 3
September 1 i
October’ 2 1 3
November 2 2
December —
1977 January | 3 3 7
February i I
i‘;‘;h : 3 3 ;——i Fateny
May 2 1 3
June f l 2
Taly 2 1 3
Algrst i 1
September- 2 1 3
October -
November 2 1
December | I
1978 Jamuary i i
Fehruary 2 2
March 1 1 2
Aprit _—
May 2 3
June 1 o
July 3 3
TCOTAL 7 38 28 T
TABLE 2
Contingency Tahle for Monthly Injuries
in the Pre and Post Periods - _
Above Mean Below Mean:
Pre Pericud 7 8
Post Period 4 500
Chi Squaze = 77

periad . was 2.6, or above the overall mean. When: the post
period monthly plots were compared against 2.6 the resnlts
were as follows: above mean 4, befow mean 9, chi square
i)")

brom the figures hsted abme it ks obvions that no differ-
ence exists berween the number of months above or below
the mean. It should be noted, however, that in both cases
the results are in the predicted direction. That s, 2 trend of
gradually lowering numbers of mﬁnrhi» m}unes may be
discerned,

Diamond Crystal—Jefferson Istand, Louistana. The
monthly raw frequencies of eye, hand, and back injm'iés and
training dates are presented in Table 3.
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The mean for the entire distribution is 3.5, Comparing
this mean with each monthly. post training fotal provides the
following in Table 4. As was the case with Carg:ll the results
are not significant: Therefore, no. effect can be. asmd

The pre training mean for this group'is: 3 15 b()mﬁwhﬂt
smaller (han the overall: When that nrean was comparéd o
each month i the post training perfod: the faneﬁaémg're—-
sulted: ahove mean--10, below mean-—&: ‘Fhis ¢h¥ square-
was not significant, thus no d;ﬂercnce ca be d&steraed for:
Diamond Crystal.

International—Watkins Glen, l\ew York {ISCO} .
The monthly raw trequencies of eye, hand and b@ck e O
juries and training dates are presented i Table 50 e

For 18C0, a gradual decline in *njury fréguency mﬁy be"

TABLE 3

Imur\f Freguency, Diamond Lr}'&taiw}ﬁtmmn Island., Lm}lszana

Month Fyes  Hands Rack Tm_a-t"
1976 January 2 L2
February t 2 3
March 2 3 3
April ! 2 3
May | —
June t 1
July b 4 3
Auvgust i ' i v
Sepremher 4 : o4
October r A L3
2 2. -
B "1 4 L8
i97_? z 2 - Traiaing
} 1 ¥
o1 2 3
Tz 3 7
: < 2
S Aggust . 2 3 6
September. ' 2. 4 8
- Bctolbier - J 1 2
“Npvember. . .3 4 7
. Decembler- . 1. H 5
1978 dapuary - . - 1 .- 3 4
February . -
- March 2 3 5
- April 1 2 2 3
May 1 2 f 4
June 2 2
12—
TOTAL 13 42 53 103
TABLE 4
Contingency Table for Monthly Injuries
e the Pre and Post Periods’
Abeve Menn Below Mean
Pre Period 5 g
Post Period 9 ?

Chi Sguare = .8

T P b
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seen. The overall mean was computed as 3} injuries per
maonth, The comparison of this mean to cach month of the
pre and post period resulied in the conlingency table,
Table 6,

"This data shows a significant decrease in the number of
injuries foilowing the training period ar the 5% level of
confidence. Bt would seem, therefore, that fraining had an
effect on the pumber of injuries that occur monthly. The pre
training mean was 33.5 injuries per month, When that was
compared to the post training period injuries the following
resulted: above mean—1, below mean—11.

The difference between I and 1! was found to be sig-
nificant at the 1% level of confidence on a “*goodness of
fit'” (530%~50%) chi square test, Once again it would seem

that a relationship exists between training and subseyuent
injury frequencies.

Hardy—Manistee, Michigan. The monthly raw fre-
quencies of eye, hand, and back injuries and training dates
are presented in Table 7.

For Hardy Salt, a generalized decreasing slope is evi-
dent. The overall mean injury frequency is 3.5 injuzies per
manth. Comparing this to cach month of the srudy, pre and
post, reveals the following {Table 8).

The obtained chi square s not significant, Therefore, no
effect of training on subsequent injurics may be inferred.
MNevertheless, it should be noted that the data treads in the
predicted direction,

The pre training average is 4.05 injuries per moath,

TABLE 5 TABLE 7
injury Freguency, Trfernational-—Watkins Glen, NMew York injury Frequency, Hardy-—Manistes, Michigan
Month Eyes Hands Back Total Month Fyes Hands Back Tatal
1976 January 9 14 11 34 1876 January p z
Februarv ] 19 | 26 February 3 3 &
March 6 th 6 249 Masch H 1 3
Aprif 7 16 & 29 April H 3 4
May 7 14 4 25 May l 2 3
June 4 17 ) 26 June 1 2 3
July 4 25 9 3y July i i 2
August ? 20 7 34 Angust 1 t 2
September 11 26 6 43 Septembher 3 2 2 7
October ] 24 8 37 October 2 3 3
November g 21 G 36 November ! 2 3
December 3 il G 23 December 1 1 2
1977 January 8 22 2 43 1977 January 1 4 6 It
February & 18 & 30 February 1 3 4
March 7 27 12 46 March i I 1 3
April 2 32 5 33 April I L 1 4
May i 25 7 33 May 1 §
Jane 1 23 4 2+ HINE June [ 2 4
July i 23 4 28 laly 1 3 3 ?v“'}“rainip
Angust 4 25 4 33 August 2 z 4 &
September 3 Lt 3 17 September ! 2 1 4
October 3 it 3 24 October ] 1 2
November 1 2 g 31 November i 2 3
December 2 15 3 20 December t 3 4
1978 January 7 24 4 is 1978 January 3 3
February 18 12 3G Fabruary i 2 3
Myrch 5 15 fi 26 March 1 1
April 3 22 3 28 April 1 1
May 3 i7 g 23 Muy 4 4
Yune 3 15 ] 24 hune 2 i s 3
Inly 2 1 4 17 July 1 I
TOTAL 140 605 194 934 TOTAL 13 38 39 110
TABLE 6 TABLE ¥
Contingeney Tabie for Monthly Injuries Contingency Table for Monthly Injuries
in the Pre and Post Periods in the Pre and Post Periods
Above Mean Below Mean Above Mean Below Mean
Fre Period 19 7 Pre Period g 9
Post Periad 2 it Post Pertod 4 6

Chi Square = 5.07

Chi Square = .44

R ey e
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which is somewhat larger than the overall mean. When this
was used as the base of comparison for sack post training
month the following was obtained: above meaum{] below
mean——10,

This figure is significant at hevond the 1% level of conti-
dence, Consequently, a relationship may be said to exist
berween training and 3 decreasing frequency of njuries at
Hardy.

In sum, three cxperimental sites have shown.a decrease
in injury frequency from pre to past training periods while
the fourth showed an increase. It should be noted that the
raw injury freguencies for ISCO are Wigher in magnitude
than the other sites. This state of affairs is cansed by a
different record-keeping system than at the other locations.
Nevertheless, each site maintdined its 0w records in the
same magner from the pre through the post periods.

‘When one considers the p:cmr., “of all sites combined, the
effect of waming on mﬁmes may. be simpler o imderstand.
This data i$ displavedin f‘ware I For'this figure the mean
injuries of each site for the | e and posl perzods have been
combined and an awerﬁge {}f e means’ were cnmpmed
Thus, thé mean of the mearxs for the’ pre period can be
compared with that comptited for the post period. 1t is clear
from Figure 1 that when the ‘data is combined a drop in
injuries may be associated with the oaset of training. A
gencral effect whichis um\htent with the initial hypothesis
may thus be substantiated. -

When ali four expenmentarf sites are considered, it is
¢lear that Hardy and ISCO have shown significant de-
creases in injuries, Cargifl has shown a trend in the direc-
tion ef decrease and D:amond Crystal no decrcase m

MEﬁcN ?2

FREQUENCY 1| 1083 |
o[
9 |— I '
A RE
F]
51 .
4 [A } Ci
3 b !
2| o
1 = |
6 I

Figure I. Comparison of injuries Pre- and Post-tralning periods
for all sites, all experimen:al sites are combired.

Mean frequency is a combination of means from separate sites.
A) Pre-training. B} Training line. C) Posttraining.
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mjuries. The logical question becomes why are decreases
evident at some sites and not at others? - - =

An examination of the raw data at “u.h mc auggests the
possibifity that the number of productive hours at each ‘site
has increased in the same period: that cbservations. were
being recorded for injuries in the post.tra inéﬂg'?e_riféds; Con-
sequently, the man hours worked in thepre 'l"m;ini*a'g'pi.&ied%
was computed and then contrasted to thuse man. hm.rr» e
pended in the post training period: Theqe' r=’~§iﬂ { af
Table 9.

The negative differences mdic&iﬂ tbaz mcrz et houﬁ
were used @t each experimental site: These' dnfferen«.es
range from an average of 700 hours per month’ more at
Cargill to slmost 3,000 hours more i Herdy than the pre
training period, This data seems 1o suggest that rhe'ré'wzi%-én
increase in opportunity. for accidents and injuries congoai-
tant with measurements and observations eoncernied with
decreases in injuries. If one were 1o, add hypﬁthcucally the
greater opportunity for injuries associated: with increases in
man hours, the data ?re‘v:ou:dy anah zed mi ghi ha‘ve shewn
far more mgmtlcame S e L

Since incredses im man hnum hdvc m,(,um.d a{ t.w.r}'
experimenal iocanon the present research must accmml for
an increased. cppamamty for accidents- and mjuneg _Con-
sequently, each: monthiy mjury total forreach site was g
vided by the: man hours: éx sended for the wraﬁpondmg
month. The reml{dm iﬁr a{,__ m(mt’r} WS 2. mjury Tate. per
one-thousand man bours: Table. 1 prmzde' rhe descnp
mc btansncs f«or thuse mﬁar}’ l‘fm? SR

Whe::n the pre; raming’ verage rafe was ::ompazed :cr each
monrhiy rate m the pm.r trammg pumd ihc following re-
sulted '

_ TABLE 9
mcrag:: Mcmlhiy"‘vian Hm.rs m Thwsar:da Expended

T at Each Eaperunental Site™

. Mean (680)  Mean (000} .

© Pre Troining  Pust Training Difference
Site - Hours Hours (005}
Catpill | 15.01 15.73 12
Diamond Crystal BG3 41.16 -2.13
Hardy 97 36.88 -2.91
"Na pradenior dats aviileble for 1I8C0.

TABLE 0

Pre and Post Average Injury Rates Tor Experimental Sites*

Mean Mean
Site Pre Rate Post Rate Differenee
Cargili BLk! (PR + 25
Diamond Crysial 7R 100 - 022
Hardy 453 071 + (082

=Man hous daia is nof avilable for 1SCG.

T T 0 T R A e v

LR



448 Fiftty Imternational Symposium on Salt—Northarn Ghio Geofogical Society

Thus, the rates at Cargill and Hardy show significant
decreases in injury rate frequencies, while Diamond Crystal
shows no change.

From the analysis of raw frequencies at each sue,
coupted with those comrected for man hours, it is evident
that significant declines have occurred at three sites, while
Diamond Crystal remained constant. This is interpreted as
evidence for the assertion that the POMOST program had
an ¢ffect on njurtes and injury rates.

The previous sections indicated that 2 relationship prob-
ably exists between the apphication of POMOST and sub-
sequent reductions in injury frequencies and rates. As noted
earlier, however, it was nol possible 1o compare these re-
sufts with selected control sites. However, each site is
ranked monthly by the Salt Institute, based upon the fre-
quency and severity {lost rime) experienced that menth, The
highest rankings are the lowest number, with ! representing
the Jeast aumber of injury and severity and sc forth, Using
this data will permit a comparison of the experimental siles
with all others. For this analysis average ranks were com-
puted for the pre traiming pertod and post training separately
fur group-wide and industry-wide sites, Table 12, presents
that data,

For the industry-wide average rankings. cach cxperimen-
tal site experienced a rise in rankings with two sites averag-
ing over a six place rise with two sites showing an average
rise of less than one place. For the proup comparisons only
one site showed a rise of almost three places, while three of
the sites lost ranks, H should be noted that the rankings were
based upon total injuries and rot only eve, hands, and back
mnjuries—to which this study was directed. Consequently,
Qe must expect some ambiguity in interpretation of results,

Mevertheless, when group and industry rasks are com-
bined, some 15.73 ranks were increased. Thus, all sites

TABLE 11

The Nember of Months Above and Below the
Pre Training Aversge Railes for the Experimental Sites

combined averaged an increase of almost two full ranks
from the pre training period to those tollowing training.
Again, this dafa i interpreted as support to the assertion that
POMOST affected subsequent performance.

SUPERVISORS' BEHAVIORAL
OBSERVATION DATA

The need to pinpoint behaviors w be shaped was em-
phasized in the training program. Euach supervisor was
trained to count appropriate and inappropriate behaviors for
two weeks prior to applying Sacial Reinforcement (SR).
Praise (SR} for working safely was to be applied im-
mediately upon observing the desired behavior. Each
supervisor was free to specify the hehavior(s) he sought to
shape or exlinguish. The two-week period prior to SR ap-
plication was used to form the baseline by which the effect
of praise was 10 be measured. Supervisors were asked to
mail their observations to us on a weekly basis until notified
otherwise.

A sampie of the form used is included in the Appendix of
this report. A detailed explanation on the use uf the form is
contained in the Supervisor’s POMOST Workbook, avail-
able from the Burcau of Mines, U.8. Department of In-
terior,

Within a short time after training, it became apparent that
many supervisors were not reporting accurate pre SR obser-
vations. Independent observations showed thar some
employees were not wearing safety glasses when the super-
visor was conducting his observational tours, yet the super-
visar recorded that they were. In spite of repeated atiempis
by the POMOST rescarchers to impress upon supervisors
and plant management the need for accurate data reporting,
supervisors continued to send us data showing high inci-
dences of safe behavior for buth before and after SR appli-
cation. Based on our private discussions with supervisors
we learned that many of them felf threatened by reporting
workers who were working unsafely; hence, they “covered
up” by showing that cmployees were performing safe work.

Months Months . I : - .
Site Above Below Chi Squure While we were gerting some accurate obse-rvgttons from
Cargil , 0 . 514 some supervisors, the number was not sufficient—even
Ny N - 2 within a single experbmental plant—-to use the data in a
Eramond Crystal o 7 2.530 . .
Hardy 0 ; W [ (3,630 meaningful way in our research.
© “Sigaificamt at 05, Figure 2 is an extrapolation of abservations for one
*+Sigaificant at Bl employee taken from an accurately prepared supervisor's
TABLE 12
Average Ravks of Pre and Post Periods for the Experimental Sites
Pre Past Pre Post
Average Average Averape Averege
Site Groug Group DifT. Industry Todusiry Diff.
Cargilt 19.47 16 50 +2.97 49.67 4312 +6.55
Digrpond Crysial LY 12.5 ~3.60 2501 24.3 + RO
8CO YN IR.3 3G 52.1 438 +6.3
Hardy 24.2 24 R R 34 35.1 +3.9

L LT U T L S e e 8 Lt
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weekly observational report. It shows before SR application
and the results of the shaping approach using SR for two
weeks following application. (The form used by supervisors
lists the names of all emplovees in their crews.)

As can be seen, the incidences of the wearing of safety
glasses increased after the application of SR. The super-
visor shaped the desired behavior using a continuous rein-
forcement schedule for three days (M~W3 of SR Week 1,
then woved to an intermitlent schedule for ihu next seven
working days.

Independent obscrvations were made during the same
weeks to verify the supervisor’s input, Figure 3. Note that
the time periods are not always the same. This was done to
minimize the ' Hawthorne effect’” of observer impact and
to test whether or not the employee wore safery glasses
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Figure 2. Sample of observations for one employee !akun I‘.I'Uﬂl
supervisar's weekly ebservational report.
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Figure 3. Sample of observations for ene cmployee taken from
independent ohserver's reporl.
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when the supervisor was nol present. The tishe perioids are
appraxmmate in that the observer vried his visits’ #1153
minates; hence. there was no fixed routine by which the
employes could predict when somenne would be around’

CONCLUSIONS AND RECOMMENDATIONS

The value of using positive reinforcement-—specifically,
sacial retnforcement {praise)—to reduce ace .Ed'é!";!"fi“é'-':j edAcy
and severity races by increasing vate work behavior higs bieen
demonstrated 1 be effective. If further research i sup-
ported, we recommend that it be directed toward thé” de-
velopment of z study wherein hourly employees are the
focus of & positive reinfurcement behuvioral change pro-
Qram.

Our experience in the salt companics tals us thal the
unions influcnce the bargaining unit employeey’ attitudes
toward their supervisors and.can help binder or contribute w
the adherence 1o safety rules.and regulations.. These at-
titudes arc often negative, with the-employee arguing over
the wearing of safely devices, ot performing work: in' a'safe
manner. Of the dozens of grievandes whlch we rev iewed,
many focused on the"uup{w,cm refusal 1o wear safefy
glasses, shoes, or a-re pﬂ'ﬂtm’” el : 'uppartrd Ihese
grievances and thereby réinfarced cmplayee résistan
apathy in regard 1o health and safery. We befieve that the
unions are approachahle and that xhev wouid «,mpnrt a pro-
gram which would give: the
‘whavmr . . _

. Anather. eulcmm ot
maﬁagemem of

he PQ\?@&T pro-
! lmaaage'ncm was
tramcd ﬁ'il. m-_:i{S v.e(f. lwl nea '.;_as dragatic 85 in those
pidmu whem aii mﬂagemfm, went through the progeam. Tt
aup(,rx_cors need praise for their perfor-
_ I'y'a-, it relatey o safety improvement—ne-
canse safé-ty.- 1§ often: Jess of a prigrity em to upper man-
agement than’ s production. Management waived in
POM’QST dneiops & sHpportive or reinforcing relation-
sh!p, best'deseribed as team-like,

Perhaps the single most important guestion o be
answered 15 how to get POMOST established as a man-
agement teol in the remulning salt mines and refinery opera-
tions.,

Our recnmmendaamr' 15 the establishmoen of & training
program in which representatives of the rweive member
companies of the Salt Imstitute would be trzined
POMOST and become in-company POMOST tramers.
Those trained need to have good verbal skiilx and knowl-
edge of production processes. They need nat be educated in
sophistivated psychological concepts, or even be college
graduates. Their credibility as wainers would be based on
their knowledge of thely industry and plant aperations.

In anticipation of this recommendation becoming a real-

Human Potential Development Corporation has pre-
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parcd an instructor’s guide. It is our opinion that no more
than eighty hours of waining would be required to prepare
an in-company representative to be an effective POMOST
trainer.

Finally, in each of the POMOST workshops this gues-
tion was asked: “*How long should we continue the PO-
MOST program?”

Qur answer s, ' Forever. Why would you stop doing
something that is producing a lower mjury frequency rate
and higher salt output?” POMOST should not be viewed as
a program; rather, it should be viewed as good manage-
ment.
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