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Introduction

According to the Journal of Laws 2016, item 380:
“An enterprise is an organise set of non-material and
material components, aimed at running a business
activity”. An enterprise (organisation) functions in
certain environment and, according to the organisa-
tion model by Hatch [1], is composed of four ele-
ments” culture, social structure, physical structure,
and technology. Accepting such organisation model
(Fig. 1), we can assume that an occupational acci-
dent will cause a change of functioning of each mod-
ule of an enterprise and will have an influence on it,
as well as on the enterprise’s environment. Regardless
the accepted enterprise model (where elements over-

lap or there are strong dependences between them),
if elements function properly, they can cause a syner-
gy effect, or in case when they do not cooperate, we
can face a defect of dissymmetry [2]. A proper lev-
el of occupational safety is the basis of a success of
each company. This dependence was noticed in the
works by Brown [3] and Zohar [4]. Occupational safe-
ty depends also on subjective feelings of employees,
their views, beliefs, their attitude towards norms and
procedures.

A similar approach can be found in works of
Cooper [5], Neal et al. [6], and Silvia et al. [7]. Howev-
er, practices of numerous enterprises, focusing more
on efficiency than safety, reveals that there is still
much to work on in the field of occupational safety.
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Especially in the area of awareness that each acci-
dent (regardless of its level) cause financial losses of
a company. According to data from Central Statisti-
cal Office – Statistical Yearbook of Industry – Poland
[8–11] and data included in Accidents at work in 2007
[12] and Accidents at work in 2015 [13] in manufac-
turing plants active in Poland, the number of acci-
dents at work is still decreasing (Fig. 2). However,
the tendency is not constant. While the number of
accidents at work in Polish industry in 2013 signifi-
cantly decreased, the value for 2015 slightly increased
when compared to 2014 and 2013.

Fig. 1. Organisation model by M. Hatch.

Fig. 2. Accidents at work in Polish industry in the years
2005–2015 (own elaboration on the basis of data of the

Polish Central Statistical Office).

On the basis of data included in elaborations:
Working conditions in 2015 [14], Accidents at work
and work-related health problems) [12, 15], and
Lubuskie Voivodeship. Subregions. Poviats. Gminas
[16], the Fig. 3 was developed, presenting the num-
ber of employees working in the dangerous condi-
tions in the industrial branch in Poland in the years
2005–2015. Király and Restás [17] also examined the
working conditions in some special, dangerous cir-
cumstances. We can observe that Polish entrepre-
neurs care about the working conditions of their em-
ployees. The number of employees endangered by bad
working conditions is constantly decreasing.
The aim was development of an original tool for

measuring the level of occupational safety climate

(a survey questionnaire, evaluation of reliability of
developed tool).

Fig. 3. Employees working in hazardous conditions in the
industrial branch (per 1000 employees of analysed pop-
ulation) in Poland in the years 2005–2015 (own elabora-
tion on the basis of data of the Polish Central Statistical

Office).

Correlation between working

conditions and the number

of occupational accidents

As Pántya wrote, the dangerous working condi-
tions are different than at the industrial area and
needs high attention in some special workplace, for
example at the emergency services [18]. In order to
verify whether there is a relationship between work-
ing conditions and the number and severity of acci-
dents, the correlation between these two factors was
analysed. The correlation factor between these two
variables is positive and equals to 0.706 (Table 1).
This indicates a quite strong correlation. Thus, work-
ing conditions have an influence on the number and
severity of occupational accidents.

Fig. 4. Accidents at work and employment in hazardous
conditions.
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Table 1
Correlation factor between working conditions and the number of occupational accidents.

Average Standard deviation Employed
in hazardous conditions

Accidents
at work in total

Employed in hazardous conditions 161.67 10.065 1 0.706104

Accidents at work in total 37253.82 2898.524 0.706104 1

The correlation factor at the level of 0.706 is an
evidence of a quite strong dependence. However, it
does not exceed 0.9. Thus, we can draw a conclusion
that not only work conditions have an influence on
occupational safety but also other factors. So called
human factor may have a significant influence on oc-
cupational safety. It is confirmed by statistics of rea-
sons of accidents at work (Polish Central Statistical
Office, 2014), stating that:

• about 60% of accidents are due to human causes,
• about 30% of accidents are due to organisational
causes,

• about 10% of accidents are due to technical causes.

Statistics concerning reasons of accidents at work
confirm the thesis that it is necessary to build prop-
er awareness of employees in order to provide a high
level of occupational safety. In order to shape the em-
ployees’ awareness and introduce interventional and
countermeasure programs, it is essential to perform
a diagnosis of the awareness of employees in the field
of occupational safety. Such diagnosis is necessary
that countermeasures were adjusted to the character
of an existing problem and to a group of employ-
ees in accordance to the sociodemographic structure
(different methods should be used in case of young
employees and other for those with longer experi-
ence, etc.). When processing study results, it is of-
ten that one, consciously or unconsciously, is plan-
ning an experiment, choosing statistical tools of var-
ious types [19]. In such way, costs and duration time
of an experiment are limited, by elimination of in-
put values, as well as a decrease of the number of
values of inputs [20, 21]. Statistical tools are used
in numerous branches of science [19, 20, 22], what
enables decreasing financial expenditures, necessary
for conduction of an experiment, what in turn, re-
sults in decreased amount of time. Thus, a survey
questionnaire for studying the level of occupation-
al safety culture was used to determine the human
factor. According to Hofmann & Stetzer [23] and
Salminen [24], occupational safety culture is a mea-
sure of the level of implementation and consider-
ing as own guidelines concerning safety. Technical
and organisational aspects related with occupational
safety are legally regulated and are subject to con-
trols and verification. It is relatively easy to iden-
tify them and to check the correctness of the tech-

nical state of machines, devices, and infrastructure
of an enterprise. A problem appears at the moment
of identifying proper use of technical safety mea-
sures, or if they are used at all. Having even the
most modern technical safety measures or manage-
ment systems does not guarantee a proper use of
them. One can assume that the level of occupation-
al safety culture is an objective indicator, specifying
the level of occupational safety in a manufacturing
plant and the level at which employees regard rules,
norms, and guidelines concerning safe work condi-
tions.

Survey questionnaire

The study on the level of safety climate was con-
ducted using an original survey questionnaire [25,
26]. The aim of the developed survey was to doc-
ument opinions of employees concerning the level of
occupational safety culture in a company. The con-
cept of the questionnaire arouse after an analysis of
existing questionnaires in this field. In practice, there
are numerous tools for evaluating the level occupa-
tional safety culture. According to work “Occupa-
tional Safety and Health culture assessment – A re-
view of main approaches and selected tools, Euro-
pean Agency for Safety and Health at Work”, we
can distinguish the following tools of not commercial
character (commonly available and free) [27]:
• Score Your Safety Culture Checklist,
• Hearts & Minds programme – Understanding
Your Culture Checklist,

• Safety Climate Assessment Toolkit and User
Guide (LSCAT),

• Safety Health of Maintenance Engineering
(SHoMe) Tool,

• Nordic Occupational Safety Climate Question-
naire (NOSACQ-50),

• IAEA Guidance for Use in the Enhancement of
Safety Culture.
Among the above mentioned tools, there is no

tool for measuring the level of occupational safety
culture in Polish. These are not universal tools that
could be used for any manufacturing plant. Each tool
is dedicated to a certain branch of industry or busi-
ness activity. As a result, there arouse the necessi-
ty to develop a tool that would meet needs of Po-

Volume 10 • Number 2 • June 2019 103



Management and Production Engineering Review

lish manufacturing companies (especially, consider-
ing micro, small and medium enterprises).

Questionnaire construction

The survey was verified in practice (pilot studies
were conducted) [28]. The study aim was to check
the level of safety culture observed in analysed com-
panies. When developing the questionnaire, in order
to eliminate the conflict between properties (declara-
tion of respondents that they represent a high level of
safety) and attitude (revealed in detailed questions),
it was decided that attitudes would be a more sig-
nificant and useful indicator that properties. Instead
of asking respondents if they and a company present
a high level of occupational safety culture, we ask
them a series of questions concerning issues related
with occupational safety and health, and related is-
sues, which are a determinant of high occupational
culture.

Due to that, it was necessary to determine which
of dimensions of the notion of occupational safety
culture are its essence and should undergone oper-
ationalisation. As a result, the following designates
of high occupational safety culture were accepted,
which, at the same time, became theme groups in
the original survey questionnaire:

I. Knowledge about occupational safety – edu-
cation and training of employees – what employ-
ees should know. Do employees have a possibility to
acquire information (knowledge) about threats at a
work post and in a company. At this point, it must
be stressed that we study only possibilities employ-
ees have in a company, while the question if they use
them or not is included in point XII. According to
the rule that three conditions must be met: to be
able to – to know – to use.

II. Views and beliefs - Prompt reacting to prob-
lems concerning safety. “A belief that safety is a value
connected with each aim of an organization”.

III. Communication in the field of occupational
health and safety – Communication based on mutu-
al trust.

IV. Attitude towards occupational safety crew –
Stimulating engagement of employees with occupa-
tional health and safety aims, confidence in their
validity and the necessity of realisation, and team
work.

V. My influence on occupational safety – Devel-
oping care over safety of one self and co-workers.

VI. Attitude of superiors towards safety – En-
gagement of the management in safety and leader-
ship issues; Determining a declaration of occupation-
al health and safety policy and proper procedures
and norms.

VII. Attitude towards occupational health and
safety trainings – Education and training of employ-
ees.

VIII. Resistance to stress – Stimulating of en-
gagement of employees with occupational health and
safety aims, confidence in their validity and necessity
of realisation, and team work.

IX. Motivation to safe behaviour – Expressing ap-
preciation to group and individual achievements.

The scope of the survey covers all determinants
of high safety culture, its questions are of simple lan-
guage in order to be understood by every employee
– from the management to unqualified workers. An
often mistake when preparing surveys is using too
professional, difficult language. This may cause dif-
ficulties for respondents in understanding questions,
what causes discouraging of employees.

The questionnaire, includes five detailed ques-
tions in each theme group (Fig. 5). The survey is
completed by demographic and social features of re-
spondents such asage, sex, education, seniority.

Fig. 5. A part of the survey for study on the level of safety
climate [28].

Individual results show the way in which partic-
ular employees perceive occupational safety culture
of his/her company. The overall result of all employ-
ees is the indicator of occupational safety culture of a
company, which can be compared to results obtained
at other enterprises. Evaluation of safety culture en-
ables identification of areas that require changes or
empowerment. It may be used in the course of creat-
ing prevention programs and evaluating the efficien-
cy of such programs. The survey questionnaire used
in the study has the Cronbach’s alpha factor equal
to 0,949, what indicate a high level of the reliability
of a study tool.

Measurement scale

The survey used disjunctive closed questions (al-
lowing a choice of only one answer). Five-grade Lik-
ert scale was used for evaluation of questions. This
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scale was chosen as it allows not only to know opin-
ions of respondents, but also to evaluate their de-
termination in a certain issue. Likert scale has the
character of a formal level. The category of those
who are not able to determine their views, is a neu-
tral opinion, situated in the half of the scale. There
are five possible answers: definitely yes, rather yes,
I don’t know, rather not, definitely not. Answers in
each category can obtain a specific number of points
(from 0 to 4). The sum of points for all answers gives
us the index of occupational culture level in a com-
pany. In order to eliminate “mechanical” completion
of the survey, there were used questions with an op-
posite scoring for particular answers (Table 2).

Table 2

An example of questions with opposite scoring [4].
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I take risky actions under
my superiors’ pressure

0 1 2 3 4

Safe behaviours are re-
warded

4 3 2 1 0

The survey is composed of 45 questions (5 ques-
tions per each designate of high occupational safe-
ty culture). The result of 180 points (45 ques-
tions * 4 points) indicates a high culture of occupa-
tional safety of a respondent. Persons presenting ex-
tremely low culture of occupational safety obtained
0 points, while 90 points is the level of not decided
respondents (45 questions * 2 points).

Selection of study sample
– acquisition of data

The study was conducted in September and Oc-
tober 2016 in manufacturing companies in Poland,
in the area of Krosno poviat in Lubuskie voivode-
ship (Fig. 6).

In order to realise assumed aims, 745 surveys were
conducted in manufacturing plants located in Krosno
poviat. An important factor when selecting compa-
nies was the will of managements to cooperate, as
well as the availability of data. The following criteria
were used for selection of companies:

• analysis of companies located in Krosno poviat
(the scope of studies close to the place of living,
the possibility to conduct studies in person),

• legal and organisational form was not considered,
• branch – manufacturing,
• ownership form – immaterial.

Fig. 6. Location of Krosno poviat on the map of Poland.

In order to verify whether the sample amount is
sufficient, the strength of test was calculated using
Statistica software. The strength in the analysed ex-
ample was 1. Thus, the sample number is sufficient
in order to regard study results as reliable.

Table 3

Test strength results.

Average of null hypothesis (Mi0) 0.0000

Average in population (Mi) 3.3900

Standard deviation in population (Sigma) 0.7800

Standardized effect (Es) 4.3462

Sample number (N) 745.0000

First order error probability (Alfa) 0.0500

Critical value t 1.9632

Strength 1.0000

Data input

Data from surveys are directly input into data-
bases by respondents (in case of electronic version)
or indirectly by the survey administrator (in case
of paper survey). The database, based on MySQL,
stores results of surveys and it is managed by the
phpMyAdmin tool.

This software enables: creating/deleting of data-
bases, adding/deleting of relations, editions of struc-
tures and content, as well as export of data between
them to a spreadsheet [29]. Statistica software has
inbuilt tools for importing files, thanks to which one
can load and transform data files from various ap-
plications using tools for file importing (which is
launched using Open option from the File menu and
selecting an imported file). Statistica software can
load e.g. Excel sheets and text files. Figure 7 presents
the scheme of survey data flow to the database used
in the study.
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Fig. 7. Scheme of survey data flow to the database.

Data cleaning

Statistica supports a process of data cleaning us-
ing a series of modules designed for preparation of
data that, for example, enable verification of data
correctness, a change of data coding, management of
data lacks and handling protruding cases, what al-
lows a significant decrease of necessary verifications
of source surveys.

Identification of protruding data or a lack
of data

The spread chart is a very helpful form of diag-
nosing protruding cases. Figure 8 presents the chart
of “age” variable spread, according to which we can
observe that there are 16 lacks in this variable (this
means that 16 persons did not provide their age in
the survey).

Fig. 8. “Age” variable spread chart – protruding obser-
vations.

Completing lacking data

Lacks in age variable were supplemented by the
average. For this aim, a new variable (column) was
created, with a formula that will verify if there is
value of 0 in age variable. If such condition is met,
instead of 0, there will be input the average value
(in this case, the age average was equal to 38). Fig-
ure 9 presents the following fields: 1 – name of new
variable, 2 – content of verifying formula [=if(age = 0
and age <18; VARMEAN(age); age)], 3 – final effect
of change of 0 value to average.

Fig. 9. Complementing of lacking data – age.

Change of coding (data aggregation)

Figure 10 presents the way of re-coding of age
variable into ranges. It is possible to use the re-coding
tool in any time from the data sheet. For this aim,
use “Re-code” option from “Data” menu. There will
be displayed “Re-code”” window for the variable, al-
lowing defining new values if conditions set by us are
met. In Fig. 9, the following fields are marked by
numbers: 1 – re-code button, 2 – example condition,
3 – final effect of creating ranges for “age” variable.

Fig. 10. Change of data coding – ranges for age variable.

Graphical presentation of results

Statistica includes a rich set of charts, enabling
data visualisation. Data can be presented using sim-
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ple pie charts, or histograms (Figs 11 and 12). The
graphical way of presenting the empirical distribu-
tion enables interpretation of obtained study results,
as well as makes presentation of data more attrac-
tive.

Fig. 11. Histogram of the frequency of final evaluation of
safety culture level.

Fig. 12. Histogram of the distribution of the frequency
of final evaluation of safety culture level, broken down
by divisions corresponding to particular designated de-
termining the level of occupational safety culture.

Summary

Survey studies are a complex process, requiring
the knowledge of methods of concluding research,
as well as having proper analytic tools, supporting
researchers at each stage of processing results. Ad-
vanced tools supporting the process of survey da-
ta analysis, system enabling inputting survey data,
proper processing of results. Collection of data is a
long-lasting and arduous activity. However, more dif-
ficult is proper data analysis, including e.g. graphi-
cal presentation of obtained data. Proper analysis
of data allows one to draw valuable conclusions. In
that way, it is an efficient tool supporting companies’
activity, increasing the efficiency of their activities.
Thanks to using data analysis, we are able to dis-
cover knowledge enabling perfection of activities and
supporting decisive processes in a company. Statisti-
ca facilitates the process of data analysis, and in case
of databases composed of large amount of data, Sta-

tistica (or similar software) make analyses possible
at all.
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[17] Király L., Restás Á., Some Issue Relating to the
Industrial Safety Focusing on Explosive Work En-

vironment, [in:] 11th International Conference on
“Environmental Legislation, Safety Engineering and
Disaster Management”, Babes-Bolyai University,
Faculty of Environmental Science and Engineering,
p. 104, 2016.

[18] Pántya P., Safety and danger during firefighter’s
work, Security Dimensions: International and Na-
tional Studies, 12(2), 76–85, 2014.

[19] Krolczyk J.B., The effect of mixing time on the
homogeneity of multi-component granular systems,
Transactions of Famena, 40, 1, 45–56, 2016.

[20] Maruda R.W., Legutko St., Krolczyk G.M., Hloch
S., Michalski M., An influence of active additives on
the formation of selected indicators of the condition

of the X10CrNi18-8 stainless steel surface layer in

MQCL conditions, International Journal of Surface
Science and Engineering, 9, 5, 452–465, 2015.

[21] Maruda R.W., Legutko St., Krolczyk G.M., Raos
P., Influence of cooling conditions on the machining
process under MQCL and MQL conditions, Tech-
nical Gazette (Tehnički Vjestnik), 22, 4, 965–970,
2015.

[22] Wątroba J., Zastosowanie statystyki w badaniach
naukowych – potrzeba czy konieczność?, StatSoft

Polska Sp. z o.o., www.statsoft.pl/czytelnia.html,
2010.

[23] Hofmann D., Stetzer A., A cross-level investigation
of factors influencing unsafe behaviours and acci-

dents, Personnel Psychology, 49, 2, 307–339, 1996.

[24] Salminen S., Does pressure from work communi-
ty increase risk taking?, Psychological Reports, 77,
1247–50, 1995.

[25] Gabryelewicz I., Survey research as a factor sup-
porting safety work management [in Polish: Badania
ankietowe jako czynnik wspomagający zarządzanie

bezpieczeństwem pracy], Acta Universitatis Nicolai
Copernici Zarządzanie, 43, 17–24, 2016.

[26] Gabryelewicz I., Krupa P., Measuring safety cli-
mate level as an element of safety management in a

company [in Polish: Poziom klimatu bezpieczeństwa
jako element zarządzania bezpieczeństwem w przed-

siębiorstwie], Zeszyty Naukowe Politechniki Często-
chowskiej, Zarządzanie, 19, 183–192, 2015.

[27] Occupational Safety and Health culture assessment
– A review of main approaches and selected tools,
Europejska Agencja Bezpieczeństwa i Zdrowia
w Pracy, 2011, https://osha.europa.eu/en/publica-
tions/reports/culture assessment soar TEWE11005
ENN/view.

[28] Gabryelewicz I., Krupa P., Sadłowska-Wrzesińska
J., Online measurement of work safety culture-
statement of research, MATEC Web of Conferences,
Wydawca EDP Sciences, tom 94, 2017.

[29] Delisle M., Mastering phpMyAdmin 3.4 for Effec-
tive MySQL Management. A complete guide to get-

ting started with phpMyadmin 3.4 and mastering its

features.

108 Volume 10 • Number 2 • June 2019


