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Abstract

The principles of risk, dangeand sociability depend on cognitive limitations and the social work
environment. Subjects are linked in binaries or multiples where they can establish causal
relationships or influences that lead to informal rulebeadfaviorin the workplace. A group tha
understands what positively influences the organizational goal of avoiding accidents and losing
energy will know the importance of keeping the fundamentals of work alive. Understanding the
principles is the basis for research into safe, alert, anderg&i@havior From the characterization

of the principles adopted in the form of relationships, from the established standards of good
practices, they present hypotheses aboutlsati@vior The hypotheses may indicate gaps in the
difference between what expected for a risk activity (good practices) and what is detected from
the observation scenarios of this industrial routine. In the cognitive analysis based on the models
that indicate perception, attenti@nd memory are initial stages for the condian of the mental
scheme of execution of preformatted procedures or elaboration of procedures in unusual situations.
A comparative analysis for a group indicates which aspects considered as priorities for decision
and common sense allow a more compleppration that requires a new concept. In the job search
are the physical, cognitive (information flow and type of communication) and organizational
situations that can cause human error and equipment failure. Working criteria can decrease or
increase hunraerror. This work aims to test the principles and indicate the hypotheses through
the analysis of scenarios and confirm the relationships of the lack of perception of risk, with the
analysis of the work station indicating which factors of performanceinfiaence the human

error. When designing interventions, it is important to suggest the influence of competence level
and quality of communication tools in a stressful environment with specific leadership.
Interventions depend on the type of human erttogrefore, on the application of intellectual
capital, operational groups for situations under stress, change of habits and educational campaigns.
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1 Introduction

Sensitizing teamito change behavior and prejay preliminary diagnosis on the motives of lack

of risk perception. To achieve these goals, appropriate methodologies were developed that seek to
break down social paradignadoutaccidens through trainingwork teams Reflectionsin crisis
situations assish the elaboration of hypotheses for future interventions in operational mass and
environments, reinforcing personairganizationaland regional safay policies. Thechoice of
interventions depends on their validation in later work. It is importanstinduish the elements

that induce unsafe behavior atite humanorganizationatechnical (HOT) factors that cause
human error, losseand accidents. The managerial, hursanial and technological aspects can
create an environment for unsafe behaviowylmch they allow the flow of danger energy across
barriers. The human and organizational factors elaborate, by events, the condition for the transfer
of social hazardowards the physical realization of the accident or incident.

Itis crucial forthei ndustry to focus on ways t oAcdidansr ov e
may cause from small material losses (in which production is needed to stop for a while) to
disasters involvingnarms tchuman beingor evenhuman losses, incurring fines teetbompany.
Adopting adequate safety culture always represent economic advantages for coreganiksss

the period of time for analysis, because an accident may occur at any time, not only in mid and
long-terms.

The workdone by the authors and reportedhis papeimplemented a manner to calculate and
diagnose human reliability levels in workstations. By using principles from the C4t
(Communication, Commitment, Competence and Cooperatomht)and some industrial safety
policies widespread, it was intended to knehetherdivergencies wuld befound onoperational

ma sopihions about actions considered scientifically in favor of saBagidesif they could put

them into practice whenegessaryptherwise get to know what prevents them to do so. High
dispersion on responses would mean trouble in team consamnsitbena high possibility of

wor ker s’ a r {making andhgir adiensta havienoutual interferencemay leading to
ineffectivenessespecially in emergency situatioddso arucial to diagnose on human reliability

is to findwhetherthere istraining that simulatea largenumber ofpossibleabnormal conditions

at work(as hard failures on productive systenaspeachand simulate how everyone should iact

order tothe practical procedures to be the samehase taughtwith great efficiency and
effectiveness.

1.1 Risk and Accident Perception
1.1.1 Risk and Accident Perception overview

Risk and accident perceptias a fundamental aspecif any p e r sforsdfesy inlthef e
workplace, at homen leisure time, etc. It is defined as the ability to detect real signs of danger or
evento predict the occurrence of a negative situation. The perception is often influenced by
contexti ndi vi dual ' s s u,lrysteteetwayaiprobfem is eaommenicated and then
analyzed (the Framing Effecgnd even by heuristics, that are defiasdognitive processes used

in decisioamaking required to be faster, in which part of not so relevant information is ignored.
Kahneman and Tversky (1974) fouthéit people overestimate resyltensidering the triggers as
high-risk) from more recent andxtraordinaryevents, for example, murders instead of thefts.



In some casesne may refuse to face a certain risk situation because ohéssat forprotection
or believing that the possible benefits do not make it worth riskind thenthere is no need to
do it. The concept associated with this early evaluation is Risk Tolerance, that is, the degkee of

severity that a person agrees to undefde relationships established by people in a gadsp
influence their risk perceptiomdrisk tolerance At work, for example, influencing factodsvide
into three groups and are related to the following thefties

Table 1- Factors that Influence Human Risk and Accident Perception

ASSOCIATED ASSOCIATED
LEVEL | FACTOR DESCRIPTION
CTO THEORY/(IES) SC © RESEARCHERS
; : - , Harding & Eiser (1984);
Social Action So ciety’'s pg¢ Cooper (2003): Mullen
Theory certain activity is low risk.
1 (2004).
Or ;a ni | Hirschi (1969); Neal et al.
Macrolevel s g afet 1 Connect to the (2000); Garcia et al. (2004)
Factors Culturey SocialControl organizatiors policies to McNeely & Falci (2004);
(institutiona Theory decrease unnecessary hig Clarke & Ward (2006); Ford
| risk attitudes. & Tetrick (2011); Chapman
and
et al. (2013).
structural) 5
Enforcement Social Control The same as initem 1 off The same as in item 1 of thi
and .
I Theory this table. table.
Organization
al Trust.
Social Action The same as item 1 of | The same as in item 1 of thi
Theory this table. table.
Rhodes (1997); Finucane ¢
3. Peer and Do not consider any high| al. (2000); Mullen (2004);
Mesolevel Society Situated Rationalit risk attitude as irrational | Vernero & Montanari (2007)
Factors (in pressure Theor Y and safe attitudes as Choudry and Fang (2008);
general, by y rational without previous | Cafri et al. (2008); Keating &
civil society analysis. HalpernFelsher (2008);
groups) Hambach et al. (2011).
4. Inadequate
leadership Social Action The same as initem 1 off The same as in itethof this
and Informal Theory this table. table.
groups
People protect themselve Becker & Maiman (1975);
5. Level of Protection when thev predidhat DeJoy(1996); Mearns et al.
knowledge | Motivation Theory ne ativeye?/ents ma (1998); Gucer et al. (2003);
Micro-level about the risk (PMT) 9 happen y Sheeran et al. (2013);
IFactor\; Pper Glendon & Walker (2013).
L , T . Wilde (1994); Aschenbrenne
(individual Engagingn higherrisk . )
. . L DTS & Biehl (1994); Janssen
S Risk Compensationy  situations by the feel of ) S
. _ . (1994); Klen, (1997); Bridge
psychologic| 6. Optimism Theory being safer because of . .
al level) bias + safety equipment & Fre!dberg (1999);
i ' Morrongiello et al. (2007).
overconfiden Risk perception decrease
ce . . percep Kagperson et al. (1988);
Habituated Action over time when no k
; Weyman & Kelly (1999);
Theory negative events occurreg Weller et al. (2013)
from high-risk attitudes. ) '




1.1.2 Perception of traffic risk

Since attention is one of the requirements for good risk perception, it is known that performing
certain activities with insufficient and/or divertettention may cause tma. We can cite road
transportationin whichsomestudies on risk perception were made in EutnpESRA (European
Survey of Road users ' safety Attitud¢g). More than 17000 respondents from 17 European
countries participate®y the results, it was concluded that the main risk factors for road accidents
were:driving under the effect of alcohol and druagsllack of attentionrather than fatigugESRA,

2016). The survey also showedl remarkable characteristic of peopiee feelingthat the risk
imposed by another person is more serious than the one in which the individual decides to face
himselfherself without external influence. It was concluded from the results that for all three age
groups interviewed (184, 3554, and hove 55 years) the scoraributed to the feeling of safety
(which could range from 0 to 10) hadound0.5-higher mean value for people who were car
driversinstead ofcarpassenge.

1.2 Industry operation requirements for workstation project and
operations control

Thechemical industry has specific characteristics of technology, complexity in trsaataskisk

of accident indicated by FigureThe plant project needs to meet physteahnological, cognitive

and humanrequirements for the devglment ofthe tasks [3], otherwisea human erroishould
probablyoccur. After meeting them, it is crucial to $le¢ criteria of the workstation for the best
operation in routine in order to get better control of the task.

Due to the dynamics girocesses, people and organizations, human error may also happen by
behavioral(subjective and social aspect®viances by the feeling of uncertaintysimmework
situations.It is possibleto find whatis the "level of adherence(aimed in this paperjo safe
procedureswhen those conditions are facethe prediction of this behavior requires the
measurement and monitoring of cooperation, commitment, communication, competence and stress
levels discussed in the CA4T tod#]. The operational control depds on the processes of
standardization, communicaticemd analysis of the task and its failures. It is important to analyze
thar networkrelations, in addition to the way they affect or are affected byriskvperception.
These factors are the basis for systemic (sociotechffadlailje [5], and they indicate the level of
system reliability by function or region of process.

The conclusions may indicate informal rules adopted by the @petat this investigation
accordingto Avila [6], it is useful to find (a) The difficultyease in installinginformal
communicationaand technologicdbarriers; (b) The way in which tigroup is aligned with good
practices and principles of risk and reliability; (c) The issues of organizational cooperation and
commitment; (d) The analysis of safety leadership and safety culture; (e) Cognitive gaps,
workstation criteria and human perfornca factors management

1.3 Risk in operating routine

The research group on dynamic risk needs to measure the subjective factors in the operational
routine to project future behavior atite quality d risk perception. It is essential to check the
safety principles anda good sensef leadership. It is important to analyze the scenarios and
priorities [7], in addition to indicating gaps in cognitive processing and weaknesses in the
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processing. The C4t tool indicates the opening or closing of doors that allow the transit of danger

energy in the human performancettas[4]. It must beconsideredhat certain environments can

set inadequate behavior for safety, quality, energy and cost control.

1.4 New Dynamic Risk Decision Tools

It was redefined not only reliability (human being, operation, process and equipment),
sociotechnical reliability and reliability mapping, but also: factors affecting human performance

(management, organization and operational cultureq n’ s

b eclerments, acdevicks

failures and cultural phenomena that establish a safety cufignae 1 tries to represent that

complex analysid.etters from A to G were positioned on Figure 1 and their whole explanation is
on Table 2.
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Table2i Auxiliary table to explain Figure 1

ITEM DESCRIPTION
Requirementguidelinesfor industrial and technological layout design should be found throug
A analysis balancing: organizational principleafety conditionsa n d  w odedisiermsaking,

performanceandlimits.
Adequate interfaces should be provided to ensure cleargadioe communication, avaitg
B conflicts between productene c hnol ogy and workers’ soci i
computer screens, written procedures, general feedback.
Risk perception must follow great safety guidelines to hitldeflow of danger energy amdoid
interruping the task/production due to human and material losses.
D Safetybased procedurebdw to actimust be taught and followed more seriously at critical takks
multidisciplinary view is needed tiind root/main cause(s) and system limitations.

To calculate and diagnose human reliability, iiseful to construct a diagram including equipmer
process, operation, etc.
All risks must be mappedf. deviances in safety procedures are accepted arftbthef danger energy

F is not controlled, it may happen failures, hazardous chain regatiotupational diseasesnd
disasters.
Simple attitudes can bring great results in risk percepgtimhpreventing accidenits order to ensure
G good work conditions. Some of them achanging leadershigiving feedbackand improving man

machine interfaceA multidisciplinary view is a must!

2 Methodology

A human risk perception improvement program led by the resgasappresentedontentabout
different elements of behavior and HOT factors to avoid the acciddetture lasting up to 8

hours was firstly presented in a chemical industry for the operational mass. It was ikeng

with the goal of sensitizindie operational mas§he concepts issuadere divided intoPrinciples

to iritualizing safay; Investigating cognitive gaps in practices; Discussing the workstation
criteria; andanalyzing how to manage human factors.

The first block of content discussie principles and concepts of risk, danger, reliability, behavior
and human factors. By using examples of practical cases and routine situations, barriers to social,
human and technological hazards are elaborated.

In the second block, cognitive modelgre presented to identify where and how failures of
perception can occur in routine practices and/or accidents. Thus, the elaboration of a mind map for
the decisiorand alsghysical and communicational actiomas considered

In the third block, discusons on workplace situations that can cause human errors are initiated.
In addition, an analysis of the best criteria for the workstation is performed to identify the main
constraints in the task and the main physmagnitive and organizational factoRelated to these
concepts, sociuman risk tools are presented, besides the importance of attention in industrial
control.

The fourth block finishé the training by a discussion on how to manage and intervene to change
unsafe behavior. Among the tooksported therewere: the socihuman risk analysis; the C4T
technique (measurement in human factors); the classification of cultural biases, bad habits, human
errors and incorrect decisions; and the interventions on factors and human elements.
Thepreliminary diagnosis deals with the discussion of the principles and the respective hypotheses
that should be validated in later work: cognitive gapsk perception, workstation criteria that
cause errors, and management of indicatofsuomanfactors



A transnational chemical industry, that adapts to local cultures, allows the existence of differences
and seeks to improve safety standarHsndling behavioral aspects in consonance with
technological aspects is a challengececonsideredhe current baracteristics of the hazardous
energy environment and the complexity of the technologies. Probably because of this, the CCPS
(Center for Chemical Process Safety) is concentrated in the discussion about what causes
normalization of deviacesand how to aviol the accident after organizational changes.

The different regions, leaderships, technologee®sl organizations drive danger energy in the
direction of the accident. The work of adjusting: the safety culture and the organizational culture,
the interface involving the worker and the production, the quality of communicatmoperation
levelsand the level of commitment e qui r e confirmation through ro
apoll during moments of sensitization

a) Training for b) 6 work teams c) Preliminary
Operational mass. 4 answer a 19-1tem diagnosis is
main subjects: questionnaire about: elaborated, containing:
. * Task; * 1) Opinions: In
) 1_)_Pr1_ﬂ_c1_ple5 for » Workstation; favor of safety or
spiritualizing safety . against safety;
(sensitization); h Safﬁ}? )
T *Deviance, Risk and
.clgglnr;:iiugg :;]Sni Accident; = 2)Positive
s ot el *Eoutine; Mean/Standard
e bl worf: sPolicies and Deviation;
»3) Discussing and \ practices: \
—— adjusting criteria for :
workstation: + Efficiency and *3) General results
«4) Analyzing how Effectiveness. for Operational
to manage human Culture.
factors.

Figure 21 Stepausedfor training, testing and diagnosingn industrial operational mass

3 Application

A diagnosis of general and specific aspects that affect the behavionafritieam was performed

and interventions were needed to get out ofuthgafe behavioThe diagnosis was based on the

first stage of the 4tage training.

The peliminary diagnosisn Figure 2should be validated with additional safety data and
multivariatedataprocessing, and complementary discussion on cognition, workstation and Human
factors.

The interventions depend on the validation of the hypotheses. They may be related to rituals,
training, educational processes, operative groups, knowledge against failure, adjustments of HMI
(Human Machine Interfaceflarm system or other tools Human Reliability Analysis (HRA)

and Human Factors Analysis [FA). It may be necessary to set an investigators team.

The training performed irthe operational massgivided into 6 groups (5 shift and one
administrative work teams), during weekdays. pheicipation of the group must be active and
adapted to limited time to provoke a break of paradigms in order to raise awareness. The "Insite"



course for safety brings difficulties because of the intense operational routine. The questionnaires
should nobe revsed, in order to avoid lack of representativeness in the statistical processing. An
evaluation of the type of leadership and quality of attention should be done.

4 Discussion
4.1 Spiritualizing safety

Through 19 statements invahg informal practices principles and rulest was intendedto find
relationships betwedrehavioral aspectndintrinsichuman performance factorstboseresuled
from managerial, organizational and operational relationships. The stateneeatselated to
keywords that indicate factors and elemdatsne showed in the mdsft-hand columnn Table

3): communication, competenag/oiding productiorsafety conflict)eadershipprocedurs, good
practices, human stress, politigahctical confict, communication and feedback, taskd
excessive selfonfidence Operating massanswerswere treated statistically making them
possible tandicatke getting doser orgettingawayin relation to thebest practices in operational
safety. The indicatorgan describe behaviors that represent operational culture, teaifh
leadership, informal shift rules, and some specific cases. These indicataksa@ahow how
dangerenergy circulates through the H@fumanrorganizationatechnical)elements and facts
thatbuild the Human Factor8ayesiarNetwork. Other important elements and factors that have
been indirectly discusseudere: risk perception, economic biagyrk training, standardization and
work memory, information flow, selection and developmeisk aversion, regional and global
culture, opportunism, devige normalization, centralizing management, social conflicts
(generation, gendemulticulturism), control devices, alarm management, P(ECogrammable
Logic Controller) or interfacejnstrument&ndPSV (Pressur&afe Valve).

Table37 6 of the 19 questionnaire iterasgaluated by the authgyindustry managers and

supervisorsasinfavdF)of s af et y pragamstAs actefigzad,0in red

3) [ 3) [ 8 | 8 | 11) | 11) | 13) | 13) | 17) | 17) | 18) SUM: 1) to
SUBJECTS FlalElal F | Al E |l Al F]|AlTF 19)

Communication -
Competence -
Avoid Productionsafety conflict -

Leadership -
Procedures
Good practices
Human Stress - -
Politicalpractical conflict
Communication and Feedback
Task
Excessive Sel€onfidence

18)A

N

| | |
Pl |PRr|Rr NN




4.2 Group of issues in subject classes

Thel9s ent ences, herouessonsme(thi enteasu scea liltedwas questi C
mas s’ opinions af t eintwdlocdssoj similac subjéctd: cameunigatiom u p e d
(questions 1; 11; 18)n which the answers showed tendency to decrease thafetylevels
demonstratinghat the feedback isot enough andhere may be a conflict between company
policies and practice dung routine and emergency. Competencel@and15) hada high level

of safety, indicatng employeesgoodcompetence, but the dr@b question 15howeda certain

level of excessive setfonfidence Results from the anflict of priority betweerproduction and

safety {tems3 and6) demonstratda tendency to normalization deviance Guilt culture and

feedback in the procedure §nd8) results showed that cultui® astrongfactor in the company,

which hindershe execution of good practic8herewasa low percentage that thgperception

about the need tpayattention " in the contexOther results from the study appear after colon
punctuations. Stressanagement by leadershitefns10and 17: high positive percentage, a good
perception for the influence of human factorsdweryone althoughdispersionon the answers

resulted also highCooperation and Leadership {2 and14). despite demonstratingleadership

profile with active listening,he low percentage in favor oéfety in questions 12 and 14 may

indicate conflicts ineadershiprelations or between the staff and the staéims and a lack of
adequacyt theworkstation task and team. Commitment and fair culture $516 and19): there

was a fair culture, with employees committed to safetyd it is neededhat the use oPPE

(Personal Protective Equipmgbty peoplebecoms a habitin everyday life

4.3 Question, sense and statistics for safety response

Before showing ancommenting on the data collected from the questionnaire applied to
Brazilian chemical industrcompany it is necessary to say that they represent correctly what is
seen in most of chemical and other industries, although the data are not exactly theczarse

of their right ofconfidentiality For this same reason, the region where it is located and also the
technology used in their processasnotbe unveiled.

The 19 questions were grouped accordinghe 4.2topicandt he oper ati onal mas s
some of them werdescribedn Table4, where blue mearthe percentage apinionsin favor of

safety those inred againstsafety.

Some of the 19 sentences had the#aningbeen invertedbefore the questionnaire wgwen to

the workers. These sentene@gesignaled byanasteriskin the end (Table 4)lhe inversion was

due for not asking their opinions always the savag. Thatis, if a person sees many sentences
scientifically in favor of safety, his/her first positive opinions about them tends to influence the
other questions answers by the reason of being already accustomed to response positively. Once a
sentence was inverted by f or exampl e, inghe mitdlenag ontitbnrel3imo r d
Table 4), when a worker considered it against safety, the answer was registerethhlethatin

favor of safety, and viceersa.

The key words indicating the subject are in thst lcolumn of the right. Theositive (in blue)
answers were statistically treat&kntences evaluated by around and/or above 70% of respondents
as favorablgo safety partially favorable and against safetere highlighted as following. In

favor. compeénce, perceptionemergencytask, routine patternsgontrol stress Partialy
favorable workstation anaperator #inctiory Against: operational culture and guililture



Table4i Averagsof6 oper ati onal mas s

gr oupasimnfasopi ni ons
partially in favor or against safety

ITEM | STATEMENT MEANING INVERTION? Favor safety (F) Partially favor (P) ITEM KEYWORDS
Polici n .

° c.es and Conflict between
practices are L
compatible in policies and

11 p No 23% practices;
operation. Ther o
h communication and
is no feedback feedback
without them. ’
mmunicatior| . .
co u catio Perception of risk;
and action mus communication and
18 | be repeated ag No 24% A
. stress (routine and
risk level amergency)
increases. gency).
The knowledge
necessary to
perform the
activity does no| Answers Awere considered .
A ; Routine; emergency
include aspect{ and vice-versa, due to the
13 . } e 5% (stress), competence
of task inversion of original stateme
) I ; and task.
identification meaning.
and attitude-
action in urgen
situations. *
Competition
t n servic .
between se Conflict between
measurement roduction and
3 and quality No 23% P o
: security;
hinders p
: Cooperation.
cooperative an
safe work.
Revise the
patterns in time Procedure and
8 for correct No 7% standards; good
routine practice.
management.
The operator
should work
under high Answers Awere considered .
stress level ; Stress (routine and
. and vice-versa, due to the
17 because his |. } S 23% emergency) and
) inversion of original stateme :
perception and . leadership.
) meaning.
safe acting
remain the
same. *




4.4 General behavior and comparison by teams in classes (Shift or staff)

Thechart abovewi t h t he aver age qWwasdomparedowithgtmechap ger o p i
training class for each oéthe 19 questions. The discussion is alspetific or general behaviors
detected when the results from differe@amsare compared, in each question, to the mean value
showed in Table .45ome conclusions were as follows.

Questions 11 and 18 obtainBfdm 18 to 45% of conviction of all classes interviewed that they
hadunsafe behavior. This fact indicated that problems use to occur between policies and practices
not compatiblavith routing besidesow feedback. In addition, communication and actionnarte
redundant as the risk increases.

Question 18 approaches communication and action. With the proposal that redundancy in
communication and action raises attention to prevent deviance, it was olaatiegtoupsfrom

5 to 35% of the opinions as beiagainst safety. In th@verage foall groups, the result was 28%.
Question 3, which stated that the "competition betweeasuremestadopted irservice and

their quality hinders cooperative and safe work". The opinions obtained in each clasfoenge

15% to 58% against security (29% for the mean value from all the classes).

The statement in item 13 was clearly linked to safe behavior. In all classes, 87% or 100% agreed
that adequate knowledge to develop the activity includes at@todaction inthe urgency task,

and this would make the work safer.

Questions 13, 2, 18 are about issues in communication and competence. Althoughrtherere
answers in favor of safety, thenere also other responses. Those questions were about policies
and pradtes, observinglevianceand communicating, etc.

The comparison involving results from an average for the 6 groups (those in Table 4) and 2
specifics of them, is shown in FigureThe 6 items detailed were, in sequence, 17, 8, 3, 13, 18
and 11, the mogtritical on conclusions and future work.

ronp A Answers from group A Average for answers from all 6 groups
clems SEE I ._
19items E— I : . I
- . g 00
| o [ [ E—

0% 20%

40% 60% 80% 100% 100% 80%

a
3
E
s
F 3
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e
s

u In favor of safety Partally in fivor W Agamst safety

Answers from group D Average for answers from all 6 groups

e R e
I N N S
—— @y
— __ Bm B
o B

0% 20% 40% 60%
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o
3
E3

40%

3
2
o
s

u In favor of safety Partially in favor @ Against safety

Figure 31 Comparison betweesomegroupopinions and the average for 6 of 19 items
evaluated by operational mass as in favor, partially or against safety



4.5 Positive responses and Standard Deviation: an analysis by group and
by question

In this analysisit is important to establish the following criteria. An average of high results in
favor of safety (close to 100%) with a low dispersitmat is, €ss variability in questionnaire
answersindicates higher valuedor the ratio betweempositive meanand dispersion(positive
mean/standard deviatignyhich indicats high safety. The smallest resulter that ratioindicate
theworst safety(theseanswershowthe noneffectiveness of leadership in thafetyculture).

Thus, the best resultgerefor Q1 (To ask in doubt) Q4 (active listenings pressure for results),
Q13 (sufficient knowledge for emergentaskg and Q19 (commitment)he items withworst
scoredollow: Q11 compatiblepolicies andpractices), Q18rédundancy in communicatiand
signs of deviacg, Q12 © p e r asbca@lr ands family role versus operator $unction), Q14
(positioning inworkgation due to supervisionJ.able5 shows some notes about specific results
Group E was divided into Group E(1) and Group E(2) parts because it was originally the biggest
among all teams.

Table51 Some comments on the results for average and Standard Deviation

Worst results Medium results Best results
Question 11: Alclasses. Questions 9or Group E(2). Qéo(ﬁks)r) n

Q13 (sufficient
Question 18 (except clas Questions; and17 (procedures; and | knowledge for

E, part 2). stress)ycored mid resufor group A emergency
tasks.
In question 2: Q4 and19

(leadership,

class E (part 1) anclass commitment)

D had low values.

Considering all the questionnaire, the following ms&pcould be constructed

Table6 1 Risk map for the results froaverage/SD
0-25
25.1-50

Mean value Q4, 8?7(?10,
for safety
75.1-100
50.1-75 75.1-100

Standard Deviation from safety value. |

It may also be interesting to see the valueptmitive meafsSD for each of the Gamsin each
guestion. Figure 4 shows
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4.6 General results for Operational Culture

Figure5 shows thafor all the 19 items evaluated, each grdwgalfrom 56% to 61%of positive
opinions(they perceived them as favor of safety. For a wellestablishedsafetyculturg it is
expected valugabove 75%. In terms of uniformity in response, arouhtb22% in the standard
deviation(SD). Thus,considering thgroupsmean value for F (favorébdresponses) and SD, the
ratio HSD =58.5/29.5= 1.98. Best resultsvould range fron2.5 to 3.

TeamC had the worst performance in favor of safety andi¢aensA and E2had very good
results.

In Figure5, by the plot forpositive mearand SD for eachquestion it is noted thathe highest
scorein favor of safety and the lowest standard deviaisothe best result. Thus, in terms of
positive responsesthe highest were:Q1l (communication), Q13 (competence), Q19
(Commitment), Q8 (procedure), Q4 (coog@n), Q5 (commitment) and Q9 (fair culture) are the
best results. The worst resul@6 (conflict between production and security), Q7 (Procedures),
Q12 (lack of cooperation), Q14 (cooperation and leadership).

In terms of standard deviation, smaltesults indicaténighercertainty, tlen: Q1, Q13, Q4, Q109.
Higherresultsfor SDindicatemuchdispersionn the group whermommenting orthe statements,
thus, Q18, Q3, Q16. The dispersion residtother questionserenormal around10%.

By dividing thepositive responsdsy standardleviation,we have the following result: Q1, Q13,
Q4, Q19 with very high values in favor of safety (abo@edl The following questions scored
badly, under 5.0:Q11 (communication), Q18 (communication), Q2 (competence), Q15
(competence), Q3 (priority production versus security), Q6 (priority production versus security),
Q7 (procedure), Q12 (cooperation), Q14 (cooperation).
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4.7 New Concept: Intrinsic Relationship, Work Network, Graphs and

Perception

6Ave

Inadequate safety conditions that can cause incidents may incur problems of higher severity, that
is, accidents. Thehemical industry, in general, has decreased the number of incidents tubugh

the last years, but there is almost no reduction of accidents with or without lost days. There is,
apparently, no connection between the various risks that might triggetiosituaf danger in
routine, which makes no sense. It is noted, therefore, that results like above are caused by cases of
no notification for serious problems, because of guilt culture, no priority in safety, and others.
There is a gap between the safetiyeaisby organizations, as in policies adopted, and dfetys

seen in practice.
The

behavi
to react in terms of safety and organizational culafter an accident aars. The goal to be

or

present

n

many

i ndustr.i

es

nowad .

achieved by any organization that seeks to work well by balancing production, safety and human
factors, is a proactive behavior with good leadership(s). Protective actions to avoid accidents all
the time, especially when it is seen a®yiation of conduct or even signs indicating a possibility

of danger in the future, commonly known as predictive behavior. It is useful the following to
activate that behavioral model: enhancing the safety culture, improving the availability and quality
of trainings, make security and operation work together, promoting better active listening and clear
communication, acknowledge good practices, managing risks, changes and incidents, and
effectively integrating actions in different organizational areaspvove risk perception.
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Figure 6 - Reliability and human factors in workstation design

5 Conclusions & Future Work

Some important points collected from the results of the diagnosis were: (1) Change the idea of the
best work team for the one thaviews and respects the safegsed procedure; (2) Do not inspire

fear for delay or possibility of failure; (3) Get to know how to discuss conflicts and priorities
through good practices and giving feedback; (4) To understand that communication must be
redundant because there might be some incorrect information; (5) Observe the real scenario before
critical actions; (6) Take care when accelerating services and seek to set a climate of cooperation.
Besides, it is important to intensify strong points baslg7) emergency knowledge; (8) in doubt,
always ask; (9) communicate any deviations; (10) Keep the stress controlled; (11) Active listening;
(12) The patterns for the routine; and (13) avoid losses.

Risk and Human factors are often subjective, whiahders the application of appropriate
techniques that can see the present moment and then design the future. Resilient organizations
need to develop tools to confirm the risk perception in industrial critical tasks. Many companies
with stable safety progms have encountered behavioral changes and unexpected accidents,
confirming the lack of perception of changes over time in teams and leadership. Thus, low risk
perception should be diagnosed from different perspectives that include: culture (principles),
operation (cognition and practices), design (criteria for the workstation) and management
(identification and measurement of human factors quality). This work was done in a real case of
the chemical industry and complex process from questions elabortgedestarch on human
factors. It intends, in the future, to help build the Bayesian Network indicating the regions,
functions, appropriate subjects for corrective and preventive actions.
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