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ABSTRACT
Applied Behavior Analysis is described in terms of management policies and prac-
tices and their impact on worker on-the-job safety behavior. Injuries at each of
five mines are categorized and correlated to management programs and behaviors.
Applied Behavior Management through Positive Motivational Safety-Training is
then described. Program effectiveness is described both statistically and narratively,
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. Injuries were tracked for one year prior to treatment and for one year
posttreatment. Statistical treatment will consist of differences in injuries between
the experimental and control 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 Salt Institute selected a combination of ten mines
and refineries for use in the study as experimental and con-
trol sites. The five experimental sites were given a thirty-
hour training program in the use of positive reinforce-
ment—specifically, social reinforcement (SR)—to shape
safe work behaviors. In addition, first-tine supervisors were
asked to submit monthly reinforcement schedules. 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 to reduce work-related injury
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 behavioral analysis, 3) A discussion of the applied
behavioral management approach used, positive 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 the terms of the study, the Salt Institute, 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; c) have similar production rates; d) in-
clude at least two mines; e) be willing to let all plant man-
agement participate in the training phase of the study;
f) provide data as needed; g) agree to implement the train-
ing program, Five other sites were selected to be controls.
The criteria for their selection included: That they a) be in
close proximity to the experimental site (cultural control);
b) have similar accident/injury severity and frequency rates;
c) produce similar amounts of salt by tonnage; d) report
monthly accident/injury data; e) 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, Hutchinson,

Kansas, Evaporative Refinery. Control Site: Carey Salt
Company, Hutchinson, Kansas, Evaporative Refinery.
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2. Experimental Plant: Diamond Crystal Salt Company,
Jefferson Island, Louisiana, Mine and Packaging Plant.
Control Site: Morton Salt Company, Week's Island,
Louisiana, Mine and Packaging Plant.

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

4. Experimental Plant: International Salt Company, Wat-
kins Glen, New York, Evaporative Refinery. Control
Site: Morton Salt Company, Silver Springs, New York,
Evaporative Refinery.

5. *Experimental Plant: Morton Salt Company, Fairport,
Ohio, Mine and Packaging Plant. Control Site: Interna-
tional Salt Company, Detroit, Michigan, Mine and Pack-
aging Plant.

6. * Experimental Plant: Leslie Salt Company, Newark,
California, Solar Salt Refinery. Control Site: Morton
Salt Company, Hayward, California, Solar Salt Refin-
ery.

*In mid-1977, the Morton Fairport Plant experienced
labor problems. At that time less than half of the thirty
management people scheduled for training had been trained
in social reinforcement techniques. Management requested
a delay in further training until issues (not related to the
experiment) were settled. After three months, it was de-
cided that another plant site would be used for experimental
purposes. In January, 1978, Leslie Salt agreed to partici-
pate. Morton, however, continued to send HPDC monthly
injury data and participated as a quasi-experimental site,

Each experimental plant received training according to a
schedule which permitted them to maintain production.
There were some occasions when two full days were set
aside for training, others where only half days were permit-
ted. When conducting a field demonstration for a company
which has volunteered to participate, it is very difficult to
make any demands relative to the scheduling of personnel to
attend training sessions. The companies are, after all, in
business to produce a product and, although the training is in
their best interest and at a minimal cost, the product is still
their primary priority. Numerous trips to each plant were
necessary to get all training completed.

RESEARCH DESIGN

The study followed a time series before and after inter-
vention design. The intervention was training plant man-
agement in the systematic application of positive reinforce-
ment techniques, specifically, social rewards—praise—to
increase the frequency of safe work behaviors to reduce
injury frequency and severity rates. A pre-training baseline
was determined for each experimental plant identifying

accident/injuries by category. Changes in these categories
were inferred to be a result of the intervention training. The
baseline pre-dated training by eighteen months.

The first-line supervisor was the focus of the training
program since it is believed that he is the "key man" in the
employee-job relationship; however, it was expected that all
management would go through the training program. Where
they didn't, the effects on the supervisor were noticeable,
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 section entitled "Supervis-
ory Styles."

At the outset of the study it was necessary to visit each
experimental and control plant to determine the availability
of data, explain the program to management, and obtain
their cooperation.

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

It was found that the plants varied in their use of safety
device requirements and/or their enforcement. An analysis
of the baseline injury data indicated a significant proportion
of eye, head, hand, and back injuries. Even though most
plants have some mandatory requirement to use eye, head,
and foot safety devices, as well as others, supervisors 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 in a shipyard
setting) that a first-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: Getting
workers to a) wear safety devices; b) lift correctly; e) drive
safely; d) use tools properly; e) maintain housekeeping
standards. Examples of the latter are: Getting workers to
a) suggest better work methods; b) identify unsafe condi-
tions; c) self-enforce safety practices; d) assist fellow work-
ers who need help lifting, driving, loading, etc.

At first, some plant managers expressed resistance to
focusing on the wearing of safety devices. They saw no
need to spend valuable training time teaching supervisors
how to get workers to wear devices that either were not
required or necessary, or were already established as a man-
datory work practice. Once they had an opportunity to see
for themselves that a considerable number of workers do not
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regularly wear such devices—even though mandatory—
and/or that the supervisors were not enforcing such prac-
tices, their resistance diminished. Supervisors were also
asked to identify other behaviors they considered to be
troublesome. On the safety side: lifting, carrying, and set-
ting; use of tools: use of lockout devices; various under-
ground behaviors; use of manlifts; forklift driving; palletiz-
ing salt bags; sewing and bagging; and the misuse of fork
lifts for maintenance, carrying, or moving purposes. On the
general work behavior side: absenteeism, rate of produc-
tion, housekeeping, tardiness, and poor quality work were
among those listed as troublesome worker behaviors.

ANALYSIS OF BEHAVIOR

An important aspect of the experimental analysis of be-
havior is to study the work environment and determine
it/how the ways in which work is performed contributes to
accidents and injuries. It is part of the concept of positive
reinforcement that events precede behavior as well as follow
behavior. These preceding events are technically called
antecedents.

Anything that influences a worker to behave in a certain
way can be an antecedent. Examples of antecedents that
influence unsafe behavior in this study are a) the speed in
which salt bags move down a conveyor, causing the worker
to reach, strain, and/or load a pallet carelessly; b) orders
from a supervisor to speed up the loading of a boxcar,
causing workers to drive too fast, dump and break bags, jam
their hands, strain to lift or toss bags; c) replacing a
burned-out lightbulb, which is too high to reach, when a
ladder is not available, causing them to expedite the bulb
change by using whatever is handy, such as a forklift; d) re-
pairing jammed equipment without first shutting it off and
locking it out, causing the worker to get a limb or hand
caught when someone inadvertently turns the machine on.
All of these antecedent conditions were found at one time or
another in the plants; many of them were found to be part of
an accident/injury event.

The supervisor who realizes that many work behaviors
and injuries are a 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 to rest at the interface between
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 factors, including how the tasks are designed. We
saw several instances of short people reaching and working
off-balance, lifting salt bags off a high conveyor and placing
them on pallets already loaded above waist level. Ironically,
a tall worker could be on the other side of the conveyor,
stooping and straining to do the same job. It appears that no
matter how tasks are designed, people will try to adapt and
do them. Faulty work station design will cause people to

alter behavior to fit the tasks and therefore alter their at-
titudes about the job, 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, responsibility,
and variety tend to contribute to higher worker satisfaction
and improved work quality—including safety performance.
We found many instances where workers' were performing
physically.. stressing and repetitive tasks that are improvable
through work station redesign. The pallet operations are
examples:of areas where more thought needs to be given to
workstation redesign. The high incidence of back injuries;
muscle strains, and other injuries related to refinery opera-
tions can:be•cort' ected through more effective worker-to-job

• ....• •• jolt:
matching, job..rotation, and equipment modernization.

Relative.tojOh.assignment,.the assignment of individuals
to jObs . :: shOuld fbe••based on the similarity between the
psychelPgiCal . andphysicalreqnirements.of the job and the
meaSured::characteristics of the worker. Those plants that
attempt . fo -Incre.asi. :this : .similarity also increase the likeli-
bood:.: .:pf : pOsitiVe•:.:. :orgnnilational . outcomes; such as,. in-
creased::: worker: : :satisfaction;„ . . improved, , work quality and
quantity, and.: iMproyed safety perfOrmance..

•Certairtly .,: individuals vary in•terrns;of ..a. .number .of
ferentattributes; • abilitieS .,. physical: characteristics,: interest,
and needs,;:.C,:prreSpondirigly.a.. jobs • Vary ina . terms of other
charae.terisrieSi: ability : and.Skills..requirements, and. their po
tential. for satisfy 	 worker interests and needs.• The fore-.	 .  	 . .... . .	 ......... and
men in	 i le liM itedby union agree-
trient s- job: • assignments, can 'give : more relief
time. l . tOyworkers : :beit . StreSsed : at the bagging and loading
operation, (high  source of back complaints). .An•pecasional
reassignment'Wirr reduce: : tniiseTe : :stressing and iMprOve
worker . attitudes. toWards the company and management.

Cons iderable: :progress: has been rnade_.in, recent years in
the.fietd.plergOinetries: • the..meastiretnent of work. variables
(Ctinninghatn:,::197. 1.):: A number of approaches have been...	 •	 •	 •	 •	 . 
developed :for making estimates of the aptitude, interest,
and : need'profileS :thatare most appropriate 'for the kinds of
tasks we observed (lean:beret and McCormick, 1969;
Neebs, Cunningham, and Pass, 1971; Borgen, Weiss, Tins-
ley ,..pavis, • and LofqUist, 1968; Campbell, Borgen, Bastes,
JoharissOn, and Pearson, 1968; Fugill, 1971). By using sys-
tematic job analysis procedures, organizations can derive
estimates of the human attribute requirements of jobs in the
organization.

Once human attribute requirement profiles are estab-
lished for jobs it is important to compare those profiles with
the characteristics of present workers.

The assumption underlying the approach is that by better
matching of individuals with jobs and tasks, according to
the compatibility of the psychological and physiological re-
quirements of the job and the individual's characteristics,
desirable organizational outcomes will result. This result
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has been tested and supported with regard to employee job
satisfaction (Tuttle and Cunningham, 1972; Betz, 1968).
Consequently. it would seem that if individuals are placed
into jobs which "fit'' the individual's characteristics, acci-
dents that are symptomatic of fatigue, boredom, low job
satisfaction, and psychological withdrawal should be re-
duced.

It appears obvious that praise goes a long way in attack-
ing the low job satisfaction and psychological withdrawal
aspects of the injuries being experienced. But until the in-
dustry focuses on the work fatigue and stress aspects, in-
juries will continue even under the most active positive
reinforcement environment.

We experienced many incidences of foreman uncer-
tainty, extreme time pressure, and conflicting or excessive
job demands, all of which are components of job stress. It
stands to reason that the workers, too, must be feeling the
same thing. Such stressors tend to lead to disruptions of job
performance, thereby increasing the probability of acci-
dents. We believe many of the injuries we reviewed and the
behaviors identified by the supervisors as focus for
POMOST are stress manifestations, Since job stress seems
related to undesired outcomes—health problems, injuries,
back complaints, and reduced work performance—it is de-
sirable to reduce stressors wherever they are present. Some
methods by which the industry might reduce worker stress
and improve safety performance include:

I. Clearly defining the foreman and worker work roles.

2. Ensuring that equipment and machinery are maintained
and are reliable.

3. Providing workers with necessary tools, supplies, and
materials on time and in quantities needed.

4. Providing information to workers concerning the
adequacy of their performance.

5. Providing timely 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 long periods of time spent in
heavy, physically-demanding work, and rotating shift
systems.

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

9. Scheduling two 15-minute work discussion meetings
each week—permitting workers to share their feelings
relative to working conditions, safety problems, and
equipment maintenance.

10. Setting uniformly enforced safety procedures, with no
exceptions, relative to the use of safety devices: lock-
outs, safety lines, manlift procedures, use of hard hats,
etc.

POSITIVE MOTIVATIONAL SAFETY TRAINING
(POMOST)

The principles upon which POMOST is based have
their genesis in R.F. Skinner's theories of operant condi-
tioning and learning. Skinner defined types of behavior ac-
cording to the manner in which they are learned and main-
tained. Paraphrased simply: if we are rewarded for the way
we behave we will continue to behave that way, seeking the
same reward. Further rewards maintain (reinforce) that be-
havior. Skinner identified two forms of operant learning
which affect behavior: reinforcement and punishment.
Reinforcement is defined as any consequence which
strengthens or increases a behavior which it follows.
Punishment is defined as any consequence which weakens,
decreases, or reduces a behavior which it follows. An
example of punishment in the work place is when a super-
visor acts to reduce inappropriate behaviors by threatening,
disciplining, or fining an employee.

In POMOST, the use of punishment is not emphasized;
rather, emphasis is placed on the supervisor focusing the
employee's attention on the appropriateness of his behavior.
The existence of inappropriate behavior is not ignored in
POMOST, but perceived as a training problem. All be-
havior is considered to be learned. If an employee behaves
inappropriately, the problem is seen as one of inadequate
training. POMOST, then, focuses 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 rate-of-going-to-work problem.
The supervisor praises the worker for being on time, then
suggests that he try to get to work a little earlier so that he
starts work on time. The emphasis is on the positive aspects
of performance while correcting the negative aspects
through a step-by-step (shaping) approach.

Behavior is of two types: internal and external.
POMOST is concerned with influencing both types of be-
havior. Internal behavior includes all those responses and
reactions that occur within and may not be observed. Exter-
nal behaviors are, of course, all those responses that may be
observed by someone else. Internal behavior includes all
those feelings, emotions, thoughts, attitudes, or other reac-
tions to events in our lives that remain as private events.
These internal activities are not commonly thought of as
behavior: behavior, to most individuals, refers to that which
can be observed. But internal behavior is more similar to
external behavior than most people imagine. Emotions and
thoughts are also learned, and are subject to many of the
same principles of learning as external behavior.

POMOST trains supervisors to be concerned with exter-
nal behavior and to recognize that the two kinds of be-
haviors are interwoven; both behaviors occur concurrently
and interact. Thus, POMOST provides supervisors (ad
management) with an understanding about behavior and a
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process by which we can improve performance; increase
safe work behaviors; help the employee feel better about
himself, the company, and his job; and generally establish a
work environment which is positively supportive.

The principal reinforcer used in POMOST to shape be-
havior is social reinforcement--praise. It is generally un-
derstood that employees expect to be told about their per-
formance. Unfortunately, most people have come to expect
that the only feedback they receive is critical.. The good
things are what we get paid for ... the bad things are what
we lose our jobs for! Feedback has been used as a manage-
ment tool for years. The reason feedback has been recog-
nized as important in the work setting is that it influences
behavior. When feedback results in an increase in the rate of
behavior, it is, by definition, a reinforcer,

Feedback is generally defined as information about past
performance presented to the person who has performed.
The more immediate the feedback, the more powerful it is
as a reinforcer. Praise for doin g: a job well is sought by most
employees. The supervisor, acting from his position of au-
thority, is an excellent source for feedback and, thus, a
strong influence on behavior. Knowing when to give posi-
tive feedback (schedules of reinforcement), how to give it
sincerely and express it constructively is, perhaps, one of
the more influential techniques learned by POMOST par-
tic ipants.

TRAINING PLAN

The study focused on the testing of a positive reinforce-
ment technique known as social reinforcement—praise.
While other positive reinforcement techniques are also use-
ful to shape appropriate or desirable behaviors—money,
time off from work, awards for performance, to name but a
few—they represent costs in money and administration.
The use of praise costs nothing and is considered to be a
good management style. While the value of the use of praise
to reward workers for appropriate behavior and as a means
to shape new behaviors is obvious to progressive manage-
ment as a basic sound management style, knowing how and
when to use it to systematically change behavior is a com-
plex concept.

Under a previous government-funded study (NIOSH,
1975), HPDC developed a sixteen-hour training program
for first-line supervisors in the use of praise. The program
was entitled "Positive Motivational Safety Training"
(POMOST). The program was found to be beneficial in
reducing accident severity and frequency rates but fell short
of being sufficient in depth to fully train supervisors to be
effective change agents.

For this study, it was decided to lengthen the program
content and time to at least forty hours. More emphasis was
placed on understanding interpersonal relationships, effec-
tive communication, and on the scheduling of the use of
praise. An additional sixteen hours of on-the-job consulta-

tion with each supervisor was envisioned to help the super-
visor develop shaping plans for less generalized behaviors.
The program content, by subject matter, is as. follows.

The POMOST program teaches supervisors the concepts
and skills necessary to establish the right kind of psycho-
logical climate in which to introduce and establish,safe work
behaviors. The program is taught in: twenty-two to. ,forty
hours, depending on need, and has several behavioral-objec-
tives.	 .	 .

I How to recognize unsafe behavior. (I HOUR).
Supervisors learn skills in 	 observing hOwworker
works.

2. How to develop behavioral baselines.. (20 HOURS).
Learning to count and record behavioral observations to
provide measurements of change.

3. How to determine what behaviors	 to change.
(2 HOURS).
Learning to be specific about behavior permits the
supervisor to reinforce appropriate behaviors while he
alters an inappropriate one.

4. How to communicate behavioral change to workers.
(II HOURS).
Developing an awareness of interperSonai relationships,
the comniunication process, and' positive expressiOn is
the key to a successful change .:

5. How to shape behaviorS. (4 HOLI RS).
Blending all the above skills to Make the sOperviso
skillful in brinMng about new nebaviors,

6—Flow to : maintain a : 	 	 work bchavirxr. program.
(2-.HOUR$).
Whal- to sa y: and how o m 	 main the•new behaviors,

A stipervisor's PO MOST workbook, to be used in the
training : pliaSe, Was deVeroped and submitted to the Salt
Institute and the Bureau of Mines for distribution.

SUPERVISORY LEADERSHIP STYLES

StiperVisory styles may be defined as the prevailing
manner of eXpression or thought and the prevailing attitude
by which a manager organizes available resources for the
achievement of certain objectives.

We have observed differing styles by which supervisors
lead their employees—ranging from highly autocratic to
chummy—sometimes in the same plant. The behavior of
supervisors exerts an especially powerful control on the
employees directly under them. It is assumed that the way
the supervisor acts is the way upper management wants him
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 low 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 into" explicit
safety performance goals that are consistent with organiza-
tional objectives; b) arranging conditions so that workers
can accomplish goals; c) determining rewards that workers
desire and making these rewards contingent on high levels
of safety performance; d) ensuring that employees under-
stand the relationship between safety performance and the
receipt of rewards.

One significant outcome from POMOST is a guideline
for establishing a supportive style of leadership with clear
objectives about its concern for safety.

The objectives of an organization, whether or not for-
mally stated, have an impact on the way employees perceive
the organization. The perceptions of the organization that
employees develop depend to a large degree upon a) the
manner in which organizational objectives are reflected in
company policies; b) the priorities of the organization, as
revealed by the timing and consequences of decisions;
c) organizational attitudes towards workers, as reflected in
personnel practices; d) organizational concern for the wel-
fare of workers, as reflected by the physical working condi-
tions (Liken, 1967; Litwin and Stringer, 1968; Schneider
and Dachler, 1972). The way workers perceive the organi-
zation is important, since it is assumed that these percep-
tions underlie worker decisions regarding appropriate and
inappropriate job safety behavior.

Employee perceptions of organizational objectives are
based on numerous events and experiences. Thus, the salt
plants cannot rely on a single action (an annual safety cam-
paign, for instance) to convince employees that the or-
ganization values safety. Rather, company policies and
practices throughout the year should support safety as an or-
ganizational objective. If the events and experiences of
workers in the organization 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—
even among supervisors and upper management. All of the
participating companies have come a long way in establish-
ing a management climate that is supportive of the need for
safety along with high production rates.

RESEARCH RESULTS

The study was originally intended to be a before/after
control group design. However, the control groups selected
showed significant differences from their matched experi-
mental groups. Consequently, this type of design was aban-
doned in favor of a before/after time series design. Each of
four experimental sites (because of insufficient time after

training to observe and collect data, Leslie Salt is not in-
cluded in this report) reported their eye, hand, and back
injuries from January 1, 1976. When the programs were
begun (different dates for each site) the periods were di-
vided into the pre and post measures. Thus, all the months
prior to the onset of training represent the total number of
pre measures; those subsequent to training represent all the
measures of the post period. The number of post training
measures differs for each experimental group.

Much injury data was collected in addition to that enum-
erated above. For example, severity and frequency rates
were collected which accounted for days lost and injury
frequency by man hours worked. This data was unusable,
however, for the following reasons: 1) Man hour data as
such was unavailable from one of the experimental sites.
2) Where the rates were available they were computed on
all injuries and not for those specific types to which this
study was directed. 3) The variance in the rates was unre-
lated to the variance in the injury categories studied. 4) The
month-to-month rates were not always independent. Con-
sequently, these analyses were not used as evidence of –ef-
fect" of POMOST.

Some of the same rationale may be applied to the use of
productivity data. One of the original predictions of the
study was that productivity would increase as a function of
the application of POMOST. However, it was sub-
sequently found that production is more geared to sales and
market conditions than it is to manpower availability and
practices. Therefore, it was not possible to determine that
portion of productivity which was associated with
POMOST and that portion associated with market condi-
tions.

For the first analysis all of the monthly measures of
number of injuries were arrayed and an overall mean was
computed. Each monthly total of injuries was then com-
pared for both the pre,a.nd post period to determine whether
each was above or below the mean. Thus, a 2x2 chi square
contingency table was constructed 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 then compared to determine the number of
monthly totals which were above or below the pre training
mean. This data analysis is next presented, by site.

Cargill—Hutchinson, Kansas. The monthly raw fre-
quencies of eye, hand, and back injuries and training dates
are presented in Table 1.

The mean of the total distribution of monthly injuries is
2.2. Using this as a base, a contingency table was con-
structed and is represented as Table 2. For a 1 cif table the
obtained chi square is 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 1

Injury Frequency, Cargill-Hutchinson, Kansas

Month Eyes Hands Back Total

1976 January 2 1 3
February
March 3 4
April 3 4
May
June 2
July
August 5
September 1
October 2 1 3
November 2 2
December

1977 January 3 3 7
February 1
March
April

2
3

True ing
3

May 2 3
June 1 2
July 2 3
August 1
September 2 3
October
November 2 2
December 1

1978 January 1
February 2 2
March 2
April
May 2 1 3
June 1 1 2
July 3 3

TOTAL 7 38 25 70

TABLE 2

Contingency Table for Monthly Injuries
in the Pre and Post Periods

Above Mean	 Below Mean

Pre Period
	

7
	

8
Post Period
	

4
	

5
Chi Square = .77

period was 2.6, or above the overall mean. When, the post
period monthly plots were compared against 2.6 the results
were as follows: above mean 4, below mean 9. chi square
= 1.92.

From the figures listed above it is obvious that no differ-
ence exists between 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 is, a trend of
gradually lowering numbers of monthly injuries may be
discerned.

Diamond Crystal—Jefferson Island, Louisiana. The
monthly raw frequencies of eye, hand, and back injuries and
training dates are presented in Table 3.

The mean for the entire distribution:. is 3.5: Comparing
this mean with each monthly post training total prOvides the
following in Table 4. As was the case with Cargill, the results
are not significant Therefore; no effect can be asserted,

The pre training mean fOr this-group is :3.15, somewhat
smaller than the overall. When that mean. was :cOrapared to
each month in the post training, period: the folloWing:
stilted: above mean—I0, below mean ,, 6::This :Chi square
was not significant, thus no difference can : be : discerned: for
Diamond Crystal.

International—Watkins Glen, New VOrk (NCO).
The monthly raw frequencies of eye, hand, : and back in;
juries and training dates are presented in Table 5::.

For ISCO, a gradual decline in injury frequency riiay be . -

TABLE 3

Injury Frequency, Diamond Crystal—Jefferson Island, Louisiana

Month	 Eyes	 Hands

1976 January
February
March
	

2
April
May
June
July
August
September
October
November:
December

1977 January
February
March:

June
July
August
September
October: •
Noyember.
December

1978.. 'January ;:
. February
March
April
May
June
July

TOTAL

2
2
2
2

13 42

TABLE 4
Contingency Table for Monthly Injuries

in the Pre and Post Periods

Above Mean	 Below Mean

Pre Period
	

5
	

8
Post Period
	

9
	

7
Chi Square = .8

Back Total

2 2'
2 3
3 5
2

2
2
2	 3
2.	 4

1
3	 4

3

3
2

7
2
6
6
2
7
5
4

5
5
4
2

53	 108
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seen. The overall mean was computed as 31 injuries per
month. The comparison of this mean to each month of the
pre and post period resulted in the contingency table,
Table 6.

This data shows a significant decrease in the number of
injuries following the training period at the 5% level of
confidence. It would seem, therefore, that training had an
effect on the number 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—I, below mean—I I.

The difference between I and II was found to be sig-
nificant at the 1% level of confidence on a "goodness of
fit" (50%-50%) chi square test. Once again it would seem

that a relationship exists between training and subsequent
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 injuries per
month. Comparing this to each month of the study, pre and
post, reveals the following (Table 8).

The obtained chi square is not significant. Therefore, no
effect of training on subsequent injuries may be inferred.
Nevertheless, it should be noted that the data trends in the
predicted direction.

The pre training average is 4.05 injuries per month,

TABLE 5

Injury Frequency, International—Watkins Glen, New York

TABLE 7

Injury Frequency, Hardy—Manistee, Michigan

Month Eyes Hands Back Total Month Eyes Hands Back Total

1976 January 9 14 11 34 1976 January 2 2
February 6 19 1 26 February 3 3 6
March 6 18 6 29 March 1 2
April 7 16 6 29 April 3 4
May 7 14 4 25 May 2 3
June 4 17 5 26 June 1 2 3
July 4 25 9 38 July 1 2
August 7 20 7 34 August 1 2
September 11 26 6 43 September 3 2 2 7
October 5 24 8 37 October 2 3 5
November 9 21 6 36 November 2 3
December 3 II 9 23 December 1 2

1977 January 8 22 12 42 1977 January 1 4 6 11
February 6 18 6 30 February 1 3 4
March 7 27 12 46 March 1 1 1 3
April 2 32 5 39 April 1 2 1 4
May
June

1
1

25
23 7 3 —Training33 —Training

8
May
June 1

1
3 4

July
August

1
4

23
25

4
4

28
33

July
August

1
2

3
2

3 7
—Training4

September 3 11 3 17 September 1 2 1 4
October 3 16 5 24 October 1 1 2
November 1 21 9 31 November 1 2 3
December 2 15 3 20 December k. 3 4

1978	 January 7 24 4 35 1978 January 3 3
February 18 12 30 February 2 3
March 5 15 6 26 March 1
April 3 22 3 28 April 1
May 3 17 8 28 May 4 4
June 3 15 6 24 June 2 2 5
July 2 I	 I 4 17 July 1 1

TOTAL 140 605 194 939 TOTAL 13 38 59 110

TABLE 6
Contingency Table for Monthly Injuries

in the Pre and Post Periods

TABLE 8
Contingency Table for Monthly Injuries

in the Pre and Post Periods

Above Mean	 Below Mean	 Above Mean
	 Below Mean

Pre Period
	

10
	

7
	

Pre Period
	

10
	

9
Post Period
	

2
	

10
	

Post Period
	

4
	

6
Chi Square = 5.07
	

Chi Square =
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which is somewhat larger than the overall mean. When this
was used as the base of comparison for each post training
month the following was obtained: above mean	 0, below
mean-10.

This figure is significant at beyond the 1% level of confi-
dence. Consequently, a relationship may be said to exist
between training and a decreasing, frequency of injuries at
Hardy.

In sum, three experimental sites have shown a decrease
in injury frequency from pre to post training periods while
the fourth showed an increase. It should be noted that the
raw injury frequencies for ISCO are higher in magnitude
than the other sites. This state of affairs is caused by a
different record-keeping system than at the other locations.
Nevertheless, each site maintained its own records in the
same manner from the pre through the post periods.

When one considers the picture of all sites combined, the
effect of training on injuries may be simpler to understand.
This data is displayed in Figure 1. For this figure the mean
injuries of each site for the pre and post periods have been
combined and an average of those means were computed.
Thus, the mean of the means for the pre period can be
compared with that computed for the post period. it is clear
from Figure 1 that when the data is combined a drop in
injuries may be associated with the onset of training. A
general effect which is consistent with the initial hypothesis
may thus be substantiated.

When all four experimental sites are considered, it is
clear that Hardy and ISCO have shown significant de-
creases in injuries, Cargill has shown a trend in the direc-
tion of decrease, and Diamond Crystal no decrease in

MEAN	 12 -
FREQUENCY	 10.83

10
9 --
8 -
7

6 --
5
4 -

3
2

1	 •111111.11111

0
Figure 1. Comparison of injuries Pre- and Post-training periods
for all sites, all experimental sites are combined.

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

An examination of the raw data at each site suggests the
possibility that the number of productive hours at each-site
has increased in the same period that observations were
being recorded for injuries in the post training-periods. Con-
sequently, the man hours worked in the: pre training periods
was computed and then contrasted to those man hours ex-
pended in the post training period. These results appear in
Table 9.

The negative differences indicate' that More man: hOurs
were used at each experimental . site, These : differences
range from an average of 700 hours per month more at
Cargill to almost 3,000 hours more at Hardy than the pre
training period. This data seems to suggest that there was an
increase in opportunity for accidents and injuries concomi-
tam with measurements and observatiOns -concerned: with
decreases in injuries. If one were to add 'hypothetically the
greater opportunity, for injuries associated with increases in
man hours, the data previously analyied : might have : shown
far more significance.

Since increases in man hours have :, occurred at evert
experimental location, the present research must accolint for
an increased opportunity for accidents : and injuries.

i 
Con-

sequently, each . monthly injury total for:each site Was di-
vided by the man hours: expended for the corresponding
month. The resultant for each month:was an injury rate Per
one-thousand man hours: Table 10 provides the

i	
deScrip-

tive statistics for those: injury rates:
An : inSpeetiOn of Table 1.1 reveals a decline in injury

rates at Cargill and :Hardy.: and :::an: increase: : in the rate at
Diamond C.rys;al s :il : :

When the :pre training average rate vas compared to each
monthly— rate in the post training period, the following re-
suited:

TABLE 9:

Average Monthly Man Hours in Thousands Expended
at. Each Experimental Site*

Mean (000)
Pre Training

Mean (000)
Post Training Difference

Site Hours Hours (000)

Cargill 15.01 15.73 — .72
Diamond Crystal 39.03 41.16 —2.13
Hardy 33.97 36.88 —2.91

*No production data available for MO.

TABLE 10

Pre and Post Average Injury Rates for Experimental Sites

Mean	 Mean
Site
	

Pre Rate	 Post Rate	 Difference

Cargill .143 .118 +025
Diamond Crystal .078 .100 —.022
Hardy .153 .071 4- .082

*Man hour data is not available for ISCO.

A
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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 site,
coupled with those corrected 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 effect on injuries and injury rates.

The previous sections indicated that a relationship prob-
ably exists between the application of POMOST and sub-
sequent reductions in injury frequencies and rates. As noted
earlier, however, it was not possible to compare these re-
sults with. selected control sites. However, each site is
ranked monthly by the Salt Institute, based upon the fre-
quency and severity (lost time) experienced that month. The
highest rankings are the lowest number, with 1 representing
the least number of injury and severity and so forth. Using
this data will permit a comparison of the experimental sites
with all others. For this analysis average ranks were com-
puted for the pre training period and post training separately
for group-wide and industry-wide sites. Table 12, presents
that data.

For the industry-wide average rankings, each experimen-
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 group comparisons only
one site showed a rise of almost three places, while three of
the sites lost ranks. It should be noted that the rankings were
based upon total injuries and not only eye, hands, and back
injuries—to which this study was directed. Consequently,
one must expect some ambiguity in interpretation of results.

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

TABLE 11

The Number of Months Above and Below the
Pre Training Average Rates for the Experimental Sites

Months Months
Site Above Below Chi Square
Cargill 2 10 *	 5.14
Diamond Crystal 9 7 2.50
Hardy 0 10 "10.00

*Significant at _05.

"Significant at .0t.

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

SUPERVISORS' BEHAVIORAL
OBSERVATION DATA

The need to pinpoint behaviors to be shaped was em-
phasized in the training program. Each supervisor was
trained to count appropriate and inappropriate behaviors for
two weeks prior to applying Social 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 behavior(s) he sought to
shape or extinguish. The two-week period prior to SR ap-
plication was used to form the baseline by which the effect
of praise was to be measured. Supervisors were asked to
mail their observations to us on a weekly basis until notified
otherwise.

A sample of the form used is included in the Appendix of
this report. A detailed explanation on the use of the form is
contained in the Supervisor's POMOST Workbook, avail-
able from the Bureau of Mines, U.S. 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 that some
employees were not wearing safety glasses when the super-
visor was conducting his observational tours, yet the super-
visor recorded that they were. In spite of repeated attempts
by the POMOST researchers 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 both before and after SR appli-
cation. Based on our private discussions with supervisors
we learned that many of them felt threatened by reporting
workers who were working unsafely; hence, they "covered
up" by showing that employees were performing safe work.

While we were getting some accurate observations from
some supervisors, the number was not sufficient—even
within a single experimental plant—to use the data in a
meaningful way in our research,

Figure 2 is an extrapolation of observations for one
employee taken from an accurately prepared supervisor's

TABLE 12

Average Ranks of Pre and Post Periods for the Experimental Sites

Site

Pre
Average
Group

Post
Average
Group Diff.

Pre
Average
Industry

Post
Average
Industry Dill.

Cargill 19.47 16.50 +2.97 49.67 43.12 +6.55
Diamond Crystal 8.9 12.5 –3.60 25.1 24.3 + .80
ISCO 17.71 18.3 – .59 52.1 45.8 +6.3
Hardy 24.2 24.8 – .6 59 55.1 +3.9
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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 employees 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–W) of SR Week I,
then moved to an intermittent schedule for the next seven
working days,

Independent observations 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 safety glasses
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Figure 2. Sample of observations for one employee taken rout
supervisor's weekly observational report.
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Figure 3. Sample of observations for one employee taken from
independent observer's report.

when the supervisor was not present. The time periods are
approximate in that the observer varied his visits 1-15
minutes; hence, there was no fixed routine by which the
employee could predict when someone would he around.

CONCLUSIONS AND RECOMMENDATIONS

The value of using positive reinfercementSpecifieally,
social reinforcement (praise)—to reduce accident :frequency
and severity rates by increasing safe work behavior been
demonstrated to be effective. If further research is sup-
ported, we recommend that it be directed toward the 'de-
velopment of a study wherein hourly employees are the
focus of a positive reinforcement behavioral change pro-
gram.

Our experience in the salt companies tells us that the
unions influence the bargaining, unit employees' attitudes
toward their supervisors and can help hinder or contribute to
the adherence to safety rules. and regulations, These at-
titudes are often negative, with the-en-iployee'arguing over
the wearing of safety devices:or:performing work in a safe
manner. Of the dozens of grievances which we reviewed,
many focused on the employees' refusal' to wear safety
glasses, shoes, or a. respiratOr. The unions suppOrted theSe
grievances and thereby reinforeed:ernplOyce resistance and
apathy in regard to health and safety. We believe that the
unions are approachable and that they would support a pro-
gram which would give tl eir meMbers insight into their
behavior.

Another outconlc of. ibis 	 relates to the need for allstu dy.

management of a : plant .to .20:thi •Ou3.11 the POMOST pro-_	 „..
gram_ In tk : tv.io sues w:here : i less than :total management was
trained the results: were. not nearly as dramatic as in those
plants where:all management: went through the program. It
is our opinion thatupervisors need praise for their perfor-
mancespecially as it relates to safety improvement—be-
cause safety : is often- less of a priority item to upper man-
agement : than is production. Management trained in
POMOST developS a supportive or reinforcing relation-
ship; 'best described as team-like.

Perhaps the single most important question to be
answered is how to get POMOST established as a man-
agement tool in the remaining salt mines and refinery opera-
tions.

Our recommendation is the establishment of a training
program in which representatives of the twelve member
companies of the Salt Institute would be trained in
POMOST and become in-company POMOST trainers.
Those trained need to have good verbal skills and knowl-
edge of production processes. They need not be educated in
sophisticated psychological concepts, or even be college
graduates. Their credibility as trainers would be based on
their knowledge of their industry and plant operations.

In anticipation of this recommendation becoming a real-
ity, Human Potential Development Corporation has pre-
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pared an instructor's guide. It is our opinion that no more
than eighty hours of training would be required to prepare
an in-company representative to be an effective POMOST
trainer.

Finally, in each of the POMOST workshops this ques-
tion was asked: "How long should we continue the PO-
MOST program?"

Our answer is, "Forever. Why would you stop doing
something that is producing a lower injury 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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