-

View metadata, citation and similar papers at core.ac.uk brought to you byf: CORE

provided by Archivio istituzionale della ricerca - Universita dell'Insubria

Behavioral Safety: a way to decrease injuries at wh (with science)

Carlo Sala Cattaned’, Giuseppe Nan8, Sabrina Copellf, Vincenzo Torretta’
®Artyll Societa Lombarda di Ingegneria, Bresso (Milan), Italy
®Politecnico di Milano, Chemistry, Materials and Chemical Enginediartment “G. Natta”, Via
Mancinelli 7 - 20131 Milan, Italy
“Universita degli Studi dell'lnsubria, Science and High Technology Depattivia Vico 46 - 21100
Varese, Italy

Abstract: Work-related injuries are a well known problem all aroundopean Union (EU): every year, at
least 170000 workers die and even more suffer severe and permanent injuries

Even if EU placed the goal of reducing this number by 25% by 2012, in many countries tiensiamains
unchanged despite the enforcement of increasingly stringesttlat, anyways, elude the most important
guestionwhy?

Moreover, in spite of a lot of American and European studie®dstnated that at least 76% of work-related
accidents are due to workers unsafe behaviors, blaming woskeos a effective solution because it eludes
again the question: hy a worker should act unsafe?

An answer to this last question comes from studies about human dretzayierson acts a certain way
because he is subject to a number of external stimuli, beforef@nchia act. So, if a person receives a
positive consequence as a reward for his behavior, he continues to batgamte behavior.

Till 80's, Behavior-Based Safety (B-BS) uses this mechamiprovide positive consequences to safe
behaviors, instead of negative ones, increasing safety and reducingsinjuri

But does B-BS work? Even if a lot of literature case studfesuccessful B-BS implementation are present,
all across the world, there is a lack of scientific experits to unequivocally state that B-BS increases safe
behaviors and reduces injuries. This work provides two differese studies, using not only a before-after
analysis but also using an appropriate mathematical test (Yoahg'est), to examine workers’ behavior
changes during time.

The work puts in competition two different B-BS protocols, which sh#rthe fundamentals but differ for
start-up time and cost, applied on two different Italian itréhlssites: a glass bottle factory and a paint
factory.

These protocols obtains the same results, demonstrating nohahEB-BS works, but also that behavioral
safety can be achieved at low cost even for small European industries.
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1. INTRODUCTION

Death at work is one of the plagues of our times, a plaguehvetffects both developed and underdeveloped
countries everywhere in the world.

But, if such fatalities could be see as “casualties” fadthiorld countries, where money and safety-related
technologies are often missed, European Union cannot let thisameags@s ahead into its bounds, leaving
every year about one thousand families in mourning.

In Italy, each day, at least 3 persons loose their life winiliking. About one million workers suffer injuries
of various degrees every year, in a country where the ataiatenis below the European average (2.812
injuries every one thousand employed against 3.469 in EU, in 2006) [1].

It could be easily assumed that injuries are caused by las&fetly standards, laws or rules, but this is far
from truth: in ltaly there are specific laws since 1955 RDB¥7 (1955), DPR 303 (1956), 626 (2006),
substituted in 2008 by the “Safety Consolidated”) and every skldleountry has a specific law regarding
safety at work.

In addition to moral and social problems, lack of safety lsaevith costs. Only in Italy, every year, more
than 40 billion euro are lost due to work related injuries and fatal atsifld.

Because EU goal is to reduce this number of about 25% at dhef @912, it is important to ask ourselves
both how we can reach this objective and, even more important, wimesmjhappen despite there are
specific laws and standards.
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2. ABOUT BEHAVIOR

In order to reduce injuries, it is important to identify all their roatses.

Since 1959, a study from Heinrich [2] established a connection hbetimggies and unsafe workers'
behavior, such as neither attaining to procedures nor using personalyeagqatpment and so on.

A more recent study [3] confirms such a connection, moving theigaédsom “Why injuries happen?” to
“Why a worker should act unsafe?”
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Figure 1: Causes of work-related injuries in western world [4].

It is a common misconception that a person should act in respmreséernal antecedent stimuli: as an
example, if there is a signboard which says “Wear the helraeéry worker should wear the appropriate
Individual Protection Device (IPD), but it is common knowledged thas not true. Men are men, not
machines acting in a simple input-output way.

An answer to our question is given by F.B. Skinner, a behavior psgsolvho discovered the three-
contingency model, which explains how and why a person acts in anogai[5]. It is not a simple matter
of antecedents but even consequences play their role in the process.

Using the same example, “wear the helmet” is a safe beHawidorings to suffer warm, little headache and
it is common belief that using helmet brings to premature baldness.

These are all examples of negative consequences, which Wanigsr to act unsafe, wearing helmet only in
presence of a chief or similar.

Skinner studies demonstrated that it is possible to influence epdugihavior by providing “right”
conseguences (reinforcements) and/or through the extinction of “wrongéqpmres.

While rules and laws usually apply a punitive system (6 ylon't wear these gloves, you will get a fine”),
Skinner also demonstrated that humans are more sensitive tivgposinforcement (“If you wear these
gloves, you will get a prize”) and it is from this feature that Beha®awed Safety starts.

3. BEHAVIOR BASED-SAFETY

Behavior-Based Safety (B-BS or BBS) born at the end of thentieg in the United States, as a safety
system deriving from a direct application of Skinner's principles.

To apply Skinner's research to work-related safety, B-Bi®sr@n a group of volunteer workers, the
Observers, who observe their comrades, using a particular anonghemkdist with a bunch of right correct
behaviors listed on it, in a simple but effective way.

As an example, if the checklist states “Use of grounding mdagiuring paint's transfer operation” and there
are three men performing transfer, two of them using clamgsne not, plus a man who is not performing
transfer operation, observer will register 2 safe behaviors and 1 Ligsafiéng the last worker.

Data collected by observers are analyzed and one or more goals arehsehéxt period (“Using grounding
clamps must improve from 66% to 75% the next month”). If the department rebehgsats, all department
workers will be prized. If not, there will be neither prizes ponishment because B-BS is a positive-system
only, not a punitive one.



Moreover, observers release feedbacks after every agiatrreading the checklist, so that every worker
can know performance trend and contribute to its improvement.

It is important to underline that these Observers are no rharedommon workers and that they perform
this task only for few minutes per day. Since they regisiect behaviors and the system is not punitive,
they are usually well-seen among other workers.

3.1 Implementing B-BS

Despite its run could appear easy, implementing a working BsB®tiso simple because it requires a good
knowledge of behaviorism and a lot of experience to face a tarmber of little but annoying problems that
could undermine its correct functioning [6].

Therefore, implementing B-BS requires a semi-rigid protocol tml@xed to ensure and maximize success
probability: a well implemented B-BS could bring to an injuriesrease even to 40%, by mean, in one year.
(7]

Anyway, since the start-up phase is usually time and money consutespite the evidence that usually B-
BS repays itself in a short period (varying from company to comp@jpyit happens that little, or even
medium, companies do not posses funds or personnel enough to be diverted to BtpS start

This work provides the description of two protocols, a classigdla new one, created to reduce both costs
and start-up time.

3.2 Behavioral Safety in Italy

It's important to state that almost all experimental studimut B-BS effectiveness has been conducted onto
Anglo-Saxon realities [10], which are really different from liadian one: as an example, in U.S., a common
reward for a correct behavior is a plate for “employee ofibath” or a standing ovation performed by all
workers to honor a colleague [4]. In ltaly, such rewards ae as unnecessary, even offensive, and winners
usually prefer to keep a low profile.

Similarly, delivering feedbacks is not so simple: Italian keos can be considered more susceptible to
criticism because, in a standard context, feedbacks are uset dotyis on incorrect actions and blame the
worker itself. Even reminders letters or inspections arepadd only to discover non-compliance to safety
and health obligations [8] rather than focusing on improvement.

Therefore, applying B-BS in Italy means to completely turn wiskementality and force people, from
workers to executives, to reject a punitive system to increadyg aafembrace a positive one.

In order to do this and, at the same time, avoid that B-BS caratsfdrmed in a punitive system with a
strictly enforced control, it's important to study and demonsargtocol (or more than one) that could be
effective and easy to implement even in a complex reality, so far frorartedor which B-BS is born.

Another aspect to be considered is that, in Italy, about 95% ofnthestries are small and medium
enterprises (SME) with less than two hundred workers and, oftenJessethan fifty. It's obvious that the
application effectiveness of a protocol suitably realizedo¢oimplemented in great or multinational
enterprises must be demonstrated. Therefore, both theoretical amianexp& methods analogous to those
ones employed to validate B-BS protocols effectiveness in sthiAgaylo-Saxon contexts must be used to
ensure the applicability of similar protocols to Italian realities.

4. B-BS PROTOCOLS

Each B-BS protocol relies on the same bases but applicatioaspiiad time may differ. Scope of this work
is to compare two protocols currently implemented in Italye Tirst one, referred to as classical in the
following, is a well known protocol normally applied to improvafety at work in medium and large
enterprises [4]. The second one is an experimental protoceMotanception, derived from the former but
particularly suitable for small enterprises. Such a protodelrrezl to as BBS-A, has been created to strongly
reduce all costs associated to B-BS operative implementatit keeping the same effectiveness of the
classical one.

4.1 Classical Protocol
This protocol is well described by McSween [4] and it is applied in Wély no, or minor, modifications.

As a primary aspect, classical protocol is based on the so-callekehwdormation” and spends a lot of time
in seminaries to provide workers a full-spectrum knowledge about behadidsarinciples.



The protocol is implemented following seven different steljsPPresentation to executives, 2) Safety
Assessment, 3) Constitution of work groups, 4) Seminary about BiB&8ples, 5) Technical seminaries for
workgroup, 6) Process start-up and, finally, 7) Process maintenance.

4.1.1 Presentation to executives

In this phase, the whole process is presented to the compaegistiges, reunited all together, to discuss
about safety problems and B-BS in general. It is important H#edt executive knows something about the
process because only like that a full commitment will be achieved.

4.1.2 Safety Assessment
This phase involves a detailed study of company's safety perfoenancluding a detailed interview with
workers, aimed to discover how safety aspects are perceived into produpthoimeats.

4.1.3 Constitution of workgroups

Classical protocol involves four different groups:

- Management Team, who provides financial resources and it is composecdkgdhtves;

- Design Team, composed by executives, workers and foremen, who will desigmotherocess;

- Steering Committee, composed by foremen, who will lead and maintain thesproces

- Observers, a group formed by workers, whose members will obigmivecolleagues during their normal
work activity.

Members of the latter group are often changed, in rotation, to ethsireveryone in the company act as an
observer.

4.1.4 Seminaries

A full three-day seminary about principles of B-BS is presettadembers of each group, especially to that
ones belonging to the Design Team. During this seminary, evergtaspleehavior-analysis is taken into
account to provide a full presentation.

After this seminary, a bunch of other technical seminaripsosded to each group, ensuring that everyone
know their role.

4.1.5 Process start-up

This phase consists in the checklist (a brief list ot dadhaviors regarding a particular department or
activity) creation, focusing on positive behaviors such as thefugeves or helmets, or the performance of
determined actions on particular devices. This step is carried out by signDream.

4.1.6 Procesmaintenance
This last phase is carried out by the Steering committee,uses data from observers to choose objectives,
rewards for each department which achieved the predetermined goalsaaidtain the process alive.

4.2 BBS-A Protocol

This protocol, designed by Artyll — Societa Lombarda di Ingegnkéasa,been created to reduce application
time and, thereafter, costs, in order to make accesbithavioral safety even to small enterprises, which
possess little funds to spend for safety protocols implementatioaréwvell aware of the importance of
safety at work.

BBS-A protocol relies its effectiveness on people: foramatf workers and executives is based on an on-
site direct experience during process start up and mainterRateeularly, a single man-in-charge, instead
of the Management Team, leads the process. This person meestelidly chosen to ensure a correct start
up and maintenance.

The protocol is implemented in six different steps: 1) PreBentéo executives, 2) Safety Assessment, 3)
Constitution of workgroups, 4) Training and design, 5) Observers training,) @ndc@ss maintenance.

4.2.1 Presentation to executives and Safety Assessment
These steps do not differ from those ones presented with the classicabprot




4.2.2 Constitution of workgroups

BBS-A have got only two different workgroups: the Project Baard the Observers. While the latter one is
almost identical to that one presented above, the former uthifasisks of Management team, Design team
and Steering committee. This group is composed by executives (usoe]lwith spending power), foremen
and workers, for a five to seven persons total.

One of the members of this group, usually a foreman, is chosen ad.BaB&r, with the task of maintaining
the process alive.

4.2.3 Training and design
Members of the Project Board are trained on the princidlé®ebavior Analysis in a one-day seminary,
which is followed by the process design (with checklist creation) arteligtar

4.2.4 Observers training

Observers are trained in two different steps: in the first on@sardom-like training, giving all fundamental
information needed to starting observations, is provided. In tendestep, a one-by one formation about
checklist content is performed, directly “on field".

Between these two steps there is usually a one weaksh@iring which observers take confidence with
checklists.

4.2.5 Process maintenance
This phase is similar to the classical protocol one, with tbge€t Board who takes the role of the Steering
Committee.

4.3 Differences and similarities between protocols

As stated above, there are little but important differenceseestwthe two protocols. First of all, BBS-A

training impact is much lower than the classical protocol lscéuelies more on a brief, specific and on-
field training than on a more conventional classroom-like training.

Moreover, in BBS-A the number of people involved in decisions andwgiarines are reduced. Particularly,
BBS-A shows a single decision team instead of three, andugtditaes pass from a mean of thirty days
(Classical) to ten-fifteen days (BBS-A).

Consequently, BBS-A is less time and money consuming with regpdtie classical protocol. These

features make BBS-A patrticularly suitable for small entergrise

Anyway, both protocols are based on observations of worker's behasata analysis and a goal-prize
system.

5. EXPERIMENTAL STUDIES

In this section two different experimental studies, one foh gaotocol described above, are presented.
While the first one is a 3-months study performed by Politecdi Milano [11-12] and already presented
(consequently, it will be only briefly summarized in the followinthe second one is a new study, that
started at the same time but lasted 14 months against 3céssaquence, to make a comparison, partial
results after 3 months have also been collected.

It is obvious that a simple before-after implementation arslysien if tempting, cannot be considered
correct: every single behavior depends on a lot of differercadents and consequences and so it is
subjected to an elevate degree of randomness during observations.

To reduce randomness, Young's C Test [9] has been used in both studies ttéssical, even if non well-
known, statistical test that allows for identifying if a registl variation of a single behavior is due to chance
or a real, actual cause. A brief description is reported in appendix.

With a test result of Z>1.64, it is possible to state that igtexgd variation is real (not due to chance) with a
probability of 95% (this result will be referred to as C95+ if variation iftipesC95- if negative).

This probability increases to 99% for Z>2.326 (C99+ or C99- as stated above).

With Z<1.64, variation is rejected, because there is a prolyabiiher than 5% that such a variation has
been overestimated or it did not occurred at all. In the results sectionbewgtesented as NC, regardless its
positivity or negativity.



5.1 Classical Protocol

Effectiveness of the classical protocol has been demonstratied US by the mean of a lot of experimental
works [10]. In ltaly, the first experimental activity has bemarried out by Politecnico di Milano in 2009,
proving the effectiveness of Behavior-Based Safety even danltebmpanies [8-11-12] which exhibit,
obviously, a different social background compared to US or UK ones.

In this study, the protocol has been applied on an ltalian glassmbekprise. After the start-up period, a
bunch of 40 behaviors has been chosen from a pool listed in suitabldistee These behaviors share the
following characteristics:

- they are common (for each or all departments) and well-observable bshavior

and/ or

- they are considered as critical behaviors whose improvem#ém first goal to enhance safety in either a
specific department or more.

Experimental data have been collected at two different tithesfirst one at the early beginning of the
process, as a sort of baseline in which observers had notlstapgeovide feedback yet, and the second one
after three months of full implementation.

Using data collected by the observers, a statistical study has beameelusing Young's C Test.

The results of this study are reported in subsection 6.1.

5.2 BBS-A Protocol

To determine if BBS-A shares effectiveness with its atwreB-BS, an experimental study has been carried
out applying the protocol to an Italian chemical Industry, ALCEA.

5.2.1 About ALCEA

ALCEA, a coat and paints producer, could be considered a typicdy fammpany, founded by Giovanni
Parodi in 1932 and now led by his grandson, Carlo Parodi.

Till 2007, after the infamous accident in ThyssenKrupp's Turin plI@EA started an important initiative,
called “Cerchio della Sicurezza” (Safety Circle) to o its safety standard and to enhance workers
involvement. In 2009, ALCEA implemented BBS-A protocol in its maiadpction site, with about 200
workers over a 43000 7plant.

For its “Cerchio”, BBS-A implementation and related initiaivé\LCEA won several prestigious Italian
prizes, such the “Premio Migliori Esperienze Aziendali” (Best Camizxperiences Award).

5.2.2 BBS-A implementation and experimental study

As stated above, the implementation of BBS-A protocol in ALGEskted in 2009, following all the steps
reported in subsection 4.2. Project Team nominated Mr. Paolo Nava, platdrdsed-BS Leader and Eng.
Fabio Chiesa as Technical Executive.

The Project team also created twelve different checkléstsh of them related to a different department,
listing a total amount of more than 200 different safety behaviors.

In order to study BBS-A effects on workers and, thus, providingnaparison with respect to the classical
protocol, the experimental study has followed the same pattehe afriginal study that demonstrated the
effectiveness of B-BS [11-12].

Even if only 46 behaviors have then been chosen as samples for the sYGuhigst analysis, observers did
not know anything about such an aspect and, therefore, they continoiesetee and release feedbacks on
each single behavior listed in the checklists.

Observers collected data for over 60 weeks, four of them lagadas a baseline. After that, a statistical
analysis has been performed using the Young’s C Test.

6. RESULTS
6.1 Classic Protocol results

Taking into account a bunch of 40 sample behaviors, 28 of tleara been improved from a mean of
82.61% to 94.9%. The improvement has been validated for 19 of them, 2 with C95+ and 17 with C99+
On the other end, six behavior worsened from a mean of 96.1% to 92M&%¥ening has been confirmed
for 3 of them, all with C99-.



Nine behaviors didn't change at all, and are listed in Table 1 as ‘“®lépt
6.2 BBS-A Protocol results

After a 3 months period, considering once again a bunch of 40 sampledsehauiof them improved from

a mean of 67.6% to 84.9%. The improvement has been confirmed for 33 of3hemith C99+; 2 with
C95+).

Moreover, three behaviors worsened from a mean of 79.2% to 75.2%.nkgreas been demonstrated for
all of them (1 with C99-; 2 with C95-)

Two behaviors did not change at all.

After the full 14 months period, always taking into accountsii@e bunch of 40 sample behaviors, 37 of
them improved from a mean of 67,6% to 98.8%. The improvement has been demonstrated fom282df the
with C99+; 8 with C95+).

Only one behavior worsened, from 100% to 98%, but it has not been confirmed by the Yotiegts C

Two behaviors did not change at all.

Table 1. Comparison between Classical B-BS and BBS-A results aftepiementation period of three
months.

Classical B-BS Protocol BBS-A Protocol
\ C95+ \ C99+ S \ C95+ \ C99+
9 \ 2 \ 17 9 2 \ 2 \ 31

9. CONCLUSIONS

It is important to note that C Test is not a magic wand andeftirer it can only state whether a change can
occur or not, but it cannot say anything about why this change happgmngay since behaviors have been
registered into different departments, with different workarsl that the only change occurred for each of
them has been the application of a Behavior-Based Safety Pratdsohot wrong to correlate B-BS and
behavior changes in a cause-effect relationship.

Therefore, from the results, it appears clear that both protocolserdiod enhance correct safety behaviors.
On the contrary, it is much more difficult to compare thaillteseven if both studies started in the same
year, differences in production sites (glasswork vs. paictsrfg and enterprises dimension (big vs. small)
make impossible to determine which protocol is the most effective atuddderms.

Nevertheless, the following aspects can be analyzed.

For what concern start-up time, BBS-A takes one-third time the classical protocol. Taking into account
that start-up time is the most expensive step in a B-BSemmaitation, BBS-A is more economical than
classical B-BS. Such an aspect, in a period of economical crisis, canmotiérestimated.

Referring to BBS-A, it has been demonstrated that behaviors impmntauously for at least 14 months
(and probably more) during B-BS implementation. On the contraig/nivt possible to state anything about
the effectiveness of the classical protocol beyond its 3 months period, dok tf Experimental data.

Then, with particular reference to the follow up, BBS-A stgrtpath uses a one-by-one observers training,
to ensure better observations, while classical protoclis renly onto classroom-like training. Particularly,
concerning such a last aspect, it must be underlined that BBS-Aaappcould be difficult and time-
consuming in very great companies. In fact, its less-people-iedaipproach favors little and medium
companies (for which an on-field implementation approach can be followed), butababfy a problem for
great enterprises.

Finally, these studies demonstrated that, with BBS-A, behavéafaty could be a truth even for little
companies and that it cannot be confined to big and multinationals ones.

Concluding, basing on the demonstrated evidence that a correctiBgB&Snentation brings to an injuries
decrease of 40%, by mean, this is obviously a path to follow to reduce work-relates] ded it is probably
one of our best chances to stop this terrible, silent massacre.



APPENDIX 1: YOUNG'S C TEST

Young's C Test [9] is a classical, even if non well-known, sttadil test which allows to identify if a
registered variation of a single behavior is due to a chance or acteal, Gause.
To do this, C Test evaluates time sequences of data, according with therfglemwiations:
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where:

- C: Young C factor
- N: Number of data
- pi: frequency of behavioral emission, or number of safety behavior emittedhpacison to the total.

It is important to note that this factor cannot be calcdlate a simple ratio between right and wrong
behaviors, because, taking into account that observations are madelam moments of the day, there
could be a different number of workers doing a specific work. Toexetlt is necessary to use an alternative
calculation method.

Transformation of Freeman and Tuckey [13], applied with Tryorecton [14], allows us to consider the

presence of more or less workers:
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S: number of safe behaviors registered during the single observation

S number of safe behaviors registered during a single baseline observation
R:: number of unsafe behaviors registered during the single observation

Ry,: number of unsafe behaviors registered during the single observation

Nb: number of total baseline data
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