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INTRODUCTION  

   Employer’s awareness and appreciation of positive safety culture plays a 
substantial part in securing a healthy and safe workplace. Employees are more 
motivated and satisfied when they perceive the employer’s input into their health 
promotion. On the other hand, employees’ awareness cannot be underestimated 
either: the more educated the employees are, the more they want to have a role in 
reorganizations, strategy development or evaluation of work performance (Arghami 
et al., 2014; Inness et al., 2010; Koopmans et al., 2011).  

  A relationship has been found between high job dissatisfaction and frequent 
sick leave. The constructive dialog and conversation to solve the problems of 
occupational safety and health (OHS) in the company will promote healthy relations 
among the personnel (Aaviksoo et al., 2013; Clausen et al., 2014; Lesuffleur et al., 
2014). The health management, which has no systematic background and lacks a 
general overview and targets, is short-sighted and will contribute little to the 
improvement of accident and sick leave figures for the companies. Workers’ health 
and safety have become an increasingly important aspect in the industrial and 
commercial companies in Estonia. The workforce is ageing and there is a great 
shortage of high-quality workers (Järvis et al., 2014). 

   Some research results indicate that the enterprises with multiple locations 
possessing the similar safety principles may gain different results in safety 
performance according to location. Some locations that have managed to keep away 
from the accidents for a long period, had something markedly different from the 
average locations that occasionally had an accident. In those companies, a higher 
sense of awareness and attention to the employees’ behaviour is present (Koivupalo 
et al., 2015; van Bellaer, 2014). Young people (15-25) represent a group that falls 
more into accidents during their first two years of professional experience in the 
company. Some countries prepare these young people to enter into the workforce by 
incorporating lessons in the OHS training programmes and by ensuring safe learning 
environments. In France, employees younger than 25 of age represent 11% of 
personnel and 20% of accidents (e.g. Documentation, 2014). 

  The quality of safety culture in a workplace has a strong influence on the level 
of injuries and accidents (Cooper, 2002; Järvis et al., 2014). The last three decades 
have seen a growing interest in the concept of safety culture, first in high-risk 
industries (Tammepuu, 2014; Wang, 2001; Wilpert and Itoigawa, 2002), large scale 
industries (Cooper and Phillips, 2004; Vecchio-Sadus and Griffiths, 2014) and in 
recent years also in small-scale enterprises (Kines et al, 2013; Sorensen et al., 2007). 
Organisations need to find the right balance between decrees, prescription, 
organisational learning and joint goal setting, as well as acknowledging the time that 
it is likely to take to achieve measurable and permanent change in the safety culture. 
Previously, OHS often reacted to emergencies of the new technologies, nowadays 
OHS is focusing on proactive activities to avoid and reduce risks (Robson and 
Bigelow, 2010). Global trends in the economic space for new OHS strategies are: 
use of new technologies, exposure to new and increasingly used hazardous 
substances, growing perception or importance of physical hazards, globalisation and 
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changing world of work and education, development of a service society, 
demographic change, increasing number/or severity of disasters, increasing 
unhealthy lifestyles (EU Strategic…, 2014).  
        Occupational health (Järvis and Tint, 2009; Kempinen and Kurppa, 2004; 
Kurppa et al., 2006) and safety (Reinhold and Tint, 2013) research is scarce in 
Estonia. There is a lack of empirical research identifying the specific dimensions of 
an adequate and effective safety management system (SMS) (Fernandez- Muniz et 
al., 2009; Santos-Reyes and Beard, 2002) and on the application of the occupational 
health management system (OHS MS) in manufacturing enterprises (Stolk et al., 
2012).  
        Cooper (2002) emphasised that OHS auditing is more than a hazard 
identification exercise and should involve a comprehensive examination of the 
whole OHS MS itself. The existing OHS MSs and models do not assess the safety 
activities derived from the specific technical work environment conditions 
(Champoux and Brun, 2003; Makin and Winder, 2008; Saksvik and Quinlan, 2003). 
Only a few studies have analysed OHS MS, real and formal OHS situation in 
enterprises (Järvis, 2013) and have focused on the organisational consequences 
(Silva et. al., 2004). The shared responsibility is required to introduce safety 
behaviour where both managers and workers work to realise this together (Brown et 
al., 2000; Cooper, 2002; Fernández-Muniz et al., 2012b). 
        One of the most common ways to achieve good OHS status in the company is 
to establish a safety management system. The key elements of a SMS include: safety 
policy, procedures and rules, training, communication, incident reporting and 
analysis, safety audits and inspections, rewards and recognitions, employee 
engagement, safety meetings and committees, suggestions, concerns and discipline 
(Frazier et al., 2013). Further, SMSs include a process of regular overview, 
adaptation and updating of the system: a constant search for the best solutions. 
However, SMSs have received some criticism from researchers too, which involves 
mainly comments about high paperwork load, high costs for small and medium-sized 
enterprises (SMEs), focusing on management rather than on workforce participation 
(Hasle and Zwetsloot, 2011; Zwetsloot et al., 2013). An effective SMS should 
promote the achievement of an acceptable level of safety while balancing the 
distribution of resources between production and protection. In any manufacturing 
organisation, production and safety risks are strongly linked.  According to James 
Reason (1997), when production increases, the safety risks may also increase if the 
necessary resources or process enhancements are not available.  
         Besides financial considerations human decisions and behaviours affect 
functioning of SMS considerably. According to Zwetsloot et al. (2007) safety 
management can be understood as a process of co-creation safety while top 
managers attitudes determine the basic values of OHS in the company, the middle 
managers actions are crucial because of their role as a connecting link between 
management and employees. Safety management is therefore nowadays a complex 
challenge wherein planning is complemented by resilience and “managing the 
unexpected”. 
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      The aim of this research is to elaborate the conceptual model for safety 
management system at enterprises that determines the key elements and their 
benefits in the system for sustainable and successive safety improvements. 

  In the view of absence of research on safety management problems, the 
research question of the current thesis is: 
       What characterises a safety management system in manufacturing enterprises, 
what are the essential key elements to be determined, and how can safety auditing as 
a research method be used in order to ensure the high level of safety performance? 
      Thesis motivation: the research is based on the safety level data from the 
examined Estonian enterprises, to describe to the employers the possibilities for the 
improvement of the safety means and knowledge through systematic and analytical 
approach and assessing entirety of OHS management system. 
      The research tasks are:  

 to determine the most important health and safety risks in the Estonian
manufacturing industry (Article I)

 to evaluate the available safety auditing methods and determine the most
relevant for the manufacturing industry (Article II)

 to collect and analyse critically the data from the working environment 
through the safety auditing in Estonian enterprises (Article II)

 to conduct safety interviews in 16 industrial companies in order to find the
gaps in safety activities and performance (Article III)

 to examine the outcomes of OHSAS 18001 for real safety performance
(Article IV)

 to estimate safety performance by the MISHA method and the benefits of 
OHSAS 18001 implementation in Estonian manufacturing industry (Article 
V)

 to improve the leaderships’ safety knowledge through the scientifically 
reasonable interviews (Article VI).

       The contribution: the current research contributes to the elaboration of the 
conceptual model for safety management system in enterprises. The importance of 
the key elements, supported by OHSAS 18001 implementation is determined and 
the benefits to the improvement of safety level at enterprises are presented. The 
study demonstrates the suitability of safety auditing as the main method for the 
investigation of the state of safety management system in the enterprises and the 
suitability of the MISHA method for safety auditing.  Moreover, it gives an 
indication to the areas in the safety management system that are not clearly visible 
while possessing OHSAS 18001 certification (e.g. the significance of psychosocial 
climate monitoring). The study enhances the current management knowledge about 
OHS activities and provides conceptual clarification of the role of the systematic 
discussion during the interviews for increasing their interest to OHS. The practical 
value of the thesis is related to the employees’ knowledge improvement package - 
„learning through the questionnaires“ based on the modified MISHA questionnaire.  
        The novelty of the research is the determination of the importance of the key 
elements in the conceptual model for safety management system created to reveal 
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the influence of OHSAS 18001 on the improvement of the safety level at 
enterprises. 
        The structure of the PhD thesis includes the introduction, theoretical 
framework, research methodology, the main result of the study and the conclusions. 
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Overview of the approval of research results 

  All the results from the current study have been published (or accepted for 
publishing) and presented by the authors at the international scientific conferences 
and doctoral seminars (PhD colloquia), following the acceptance of peer-reviewed 
submitted abstracts. 
 The presentation covering “Risk assessment and measurement of hazards in 

Estonian enterprises” (Article I) took place in June 2009 in Lido, Venice, 
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Congress on Green Engineering. 

 The results of Article II (“Cost-effectiveness of safety measures in enterprises”) 
were presented in HAZARDS XXI Conference: Process Safety and 
Environmental Protection in a Changing World in Manchester, UK, in May, 
2009 and on the 19th International Symposium on Ecology and Safety in June, 
2010 in Sunny Beach, Bulgaria.  

 The results of Article III (“Estimation of safety performance by MISHA method 
and the benefits of OHSAS 18001 implementation in Estonian manufacturing 
industry”) were presented by the author at the 6th Conference on Biosystems 
Engineering in Tartu, May 2015 and Article V (“OHSAS 18001 contribution to 
real and formal safety elements of safety management system in manufacturing 
companies: results of statistical analysis”) will be presented at the 7th Conference 
on Biosystems Engineering in Tartu, May 2016.  

 The results of Articles IV (“Voluntary safety systems in manufacturing industry 
– to what extent does OHSAS 18001 certification help?”) and VI (“Learning 
through questioning in occupational health and safety”) were presented by the 
author on the RTU 56th Annual Conference in Riga, Oct. 2015. 
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Abbreviations 

General abbreviations and explanations: 

OHS – occupational health and safety  

OHS MS – occupational health and safety management system 

RA – risk assessment 

SMS – safety management system 

MISHA – method for industrial safety and health activity assessment 

D&S – a safety audit method originally developed by Diekemper & Spartz 

SMEs – small and medium-sized enterprises 

WE – work environment 

WER – work environment representative 

      Formal safety element – acknowledged by the managers from the safety and 
legislation, which is documented, but not necessarily followed in practice 
  
       Real safety element – acknowledged by the managers from the real working 
conditions, which reflects also in behaviour and attitudes within an organisation 
 
       Combined safety element – acknowledged by the managers simplistically only 
as formal or real safety element, but in depth features real need to be implemented. 
 

Abbreviations, connected with the denoted enterprises: 
 

OHSAS – OHSAS 18001 certified companies 

NOHSAS – companies which do not possess OHSAS 18001 certification 

NOHSASL – locally established and owned companies which are not OHSAS 

18001 certified 

NOHSASC – organisations which belong to a larger corporation or concern but 

are not OHSAS 18001 certified. 
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1. THEORETICAL FRAMEWORK

       A safety management system (SMS) is designed in order to deal with 
occupational health and safety (OHS) in a systematic way by the following activities: 
setting company’s safety targets and objectives; designating roles and 
responsibilities for safety personnel; planning and performing the hazards mitigation; 
monitoring, measuring, and improving the on-going system and its effectiveness 
(Robson and Bigelow, 2010).  Performance measurement is a key step in any 
management process and forms the basis of continual improvement (HSE, 2001). If 
the measurement is performed incorrectly, the effectiveness of the SMS is 
undermined and there is no reliable information to inform managers how well the 
health and safety risks are controlled. Various evaluation methods can be used to 
assess the different aspects of the SMS. The most commonly used methods are 
management reviews, measurement on safety performance through injury and 
accident statistics and safety audits. 

   Management reviews in OHS (OHSAS 18001) are conducted by the top 
management at suitable intervals to ensure the continuing effectiveness of the safety 
system. The management reviews contain: the objectives and policy of the company; 
customer and interested parties expectations and needs; requirements of OHSAS 
18001. 

  Safety performance measurement through injury and statistics rates may be 
problematic due to under-reporting. An emphasis on injury, ill-health and accident 
rates decrease as a measure, particularly when related to reward systems, can lead to 
such events not being reported in order to “maintain” performance. Additionally, 
injury and accident statistics reflect the outcomes rather than the causes. Safety 
audit, on the other hand, is a tool of direct and comprehensive measure of the 
implementation and effectiveness of a company’s SMS and covers all the aspects 
(Karapetrovic and Willborn, 2000). The primary purpose of measuring safety 
performance is to provide information on the progress and current status of the 
strategies, processes and activities used by an organisation to control risks to health 
and safety. The performance measurement system - auditing - must cover each 
element of the SMS as demonstrated in Fig. 1. For example, the measuring process 
should establish that a written health and safety policy statement exists, meets legal 
requirements and best practice, is up to date; and is being implemented effectively. 

  Recently, Fernández-Muniz et al. (2007) have determined the structure of safety 
performance, suggesting an effective SMS should contain six important sub factors: 
safety policy, incentives for employee participation, training, communication, 
planning, and control. The employee involvement was emphasised. Thus, additional 
research is needed in the following SMS areas: safety policy, procedures and rules, 
training, communication, incident reporting and analysis, safety audits and 
inspections, rewards and recognition, employee engagement, safety 
meetings/committees, suggestions/concerns and discipline (Bakker and Schaufeli, 
2008; Frazier et al., 2013; Traumann et al., 2013a, b).   

  Several safety management related standards, directives, and regulations have 
been published after the 1990’s. This progress has been noticeable especially in 
Europe. The BS 8800 (BSI, 1996) has become the first widely spread general safety 
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management standard. In 1999 the first version of OHSAS 18000 (OHS Assessment 
Series) was released. It was intended to help organisations to control OHS risks. 
Since its publication, OHSAS 18001 has gained considerable acceptance worldwide 
and has a revised version OHSAS 18001:2007 (OHSAS Project Group, 2007). The 
fundamental objective of this standard is to support and promote good practice in the 
area of OHS via systematic and structured management (Chang and Liang, 2009; 
Fernández-Muniz et al., 2012b). Additionally OHSAS 18001 certification enables 
the organization to demonstrate to the interested parties that the company has an 
adequate and functioning SMS; this increases the competitiveness in constantly 
changing economy market.  

  The OHSAS specification is applicable to any organisation that wishes to:  
establish an SMS to eliminate or minimise risk to employees and other interested 
parties who may be exposed to OHS risks associated with its activities; implement, 
maintain and continually improve an SMS; assure itself that the system complies 
with its stated OHS policy; and to demonstrate the compliance with this standard to 
the others, as environmental and quality management standards (OHSAS Project 
Group, 2007). 

  Several researchers have demonstrated that OHSAS 18001-certified 
organisations have an adequate and functioning SMS in order to control 
occupational hazards (Chang and Liang, 2009; Fernández-Muniz et al., 2012a) and 
have a stronger management commitment, better organised safety training, higher 
workers’ involvement in safety, more efficient safety communication and feedback, 
explicit safety rules and procedures, fairer safety behaviour and reasoned safety 
promotion policies (Fernández-Muniz et al., 2012a; Santos  et al., 2013; 
Vinodkumar and Bhasi, 2011). Abad et al. (2013) demonstrate that OHSAS 18001 
can be seen as a strategic cost-control tool in order to create and maintain a safe 
working environment and through it, lower the rate of workplace accidents and 
interruptions in the production process. 
       Safety auditing is the main method for the assessment of a safety 
management system (Fig. 1). Auditing should establish how effective the 
following three components of the health and safety management in reality 
are: 
 

• Management of organisation and arrangements; 
• Identification and implementation of risk control measures; 
• Workplace precautions and control measures (Robson et al., 2007). 

 
       Several auditing methods have been developed by different authors. A part 
of them is patented (Collision and Booth, 1993), the others are based on the 
legislation (Redinger and Levine, 1998; SafetyMap, 1995) or targeted to 
certain types of industries (Eisner and Leger, 1988; Pearse, 2002). In addition, 
methods for safety auditing in manufacturing (Diekemper and Spartz, 1970; 
Dyjack et al., 1998; Kuusisto, 2000) or sector specific (Bunn et al., 2001; 
LaMontagne et al., 2004) are available.   
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Figure 1. The safety auditing role in the whole safety management system (adopted from 
OHSAS 18001) 

 
   Following the analyses of the audit methods, author of the current study started 

with the D&S method (Diekemper and Spartz, 1970; Kempinen and Tint, 2006; Tint 
et al., 2010) which was used at the beginning of the investigation during 2007-2013. 
The MISHA, Method for Industrial Safety and Health Activity Assessment 
(Kuusisto, 2000), which covers essential safety key elements, was chosen for the 
further studies and scientific conclusions. The expert analysis proved that MISHA 
method is comprehensive and complies with high expectations for health and safety.  

 Safety audit as a term has been explained in EVS 18001 and BS 8800:2004.  
 Audit is a systematic, independent and documented process for obtaining audit 

evidence and evaluating it objectively to determine the extent to which audit criteria 
are fulfilled (EVS 18001). 

 According to HSE (Health and Safety Executive (UK)), a health and safety audit 
is a structured process of collecting independent information on efficiency, 
effectiveness and reliability on the total health and safety management system, and 
drawing up plans for corrective actions (BS 8800:2004). 

 The safety audit can be internal or external. Internal audit is conducted in-house 
as one of the possible tools to show the authorities that company’s safety efforts are 
adequate and effective; external audit is performed by the trained expert from 
outside the organizations such as labour inspectors or personnel from certified 
bodies for auditing (Kuusisto, 2000). 
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 The aim of the safety management systems is to manage the planning and 
implementation of a company’s safety policy. A safety management system usually 
includes the setting and prioritising of safety goals and development of safety 
programmes. Other important parts are organisation, participation and 
communication.  

  The literature on OHS MSs often distinguishes mandatory OHS MSs from 
voluntary systems (Frick et al., 2000; Frick and Wren, 2000; Gallagher and 
Underhill, 2012). 

  Mandatory OHS MSs (Frick et al., 2000) arise from government legislation 
and dictate a limited set of core principles for the management of OHS to be 
implemented by employers. A good example of a mandatory OHS MS is Framework 
Directive 89/391/EEC (Directive, 1989), which defines employers’ responsibilities 
in the management of OHS. It obliges employers to evaluate the risks to the health 
and safety of workers and to implement subsequent preventive measures and then to 
integrate those measures into all of the activities carried out by enterprises at all 
hierarchical levels. Finally, the Directive also requires that workers and their 
representatives are informed and consulted, and requires that employers either 
establish preventive services themselves or use external organisations to do so. 

  Voluntary OHS MSs are not state-regulated. These systems were first 
promoted by commercial organisations, large corporations and associations (e.g. 
industry associations). Voluntary OHS MSs have tended to be more complex than 
regulatory systems, and more formalised in terms of specifications. According to 
Frick and Wren (2000), the detailed specification of these systems helps ensure the 
good integration of OHS policy into the management processes of enterprises. 
Voluntary OHS MSs are generally in the form of standards or guidelines, providing 
requirements for certification or giving simple guidance on good management 
practice for OHS. These standards or guidelines are international (e.g. ILO-OSH 
2001) (ILO, 2001), national (e.g. BS 8800 or OHSAS 18001:2007) (BSI, 1996; EVS 
18001:2007), and sectoral (Drais et al., 2002; INRS, 2004).  

   OHSAS 18001 standard was developed in response to the demand for a 
recognisable OHS MS standard against which their management system can be 
assessed and verified. The standard was intentionally developed to be compatible 
with the ISO 9001 (Quality) and ISO 14001 (Environmental) management systems 
standards for easier integration of quality, environmental and occupational health 
and safety management systems by the organisations (Integrated…, 2015). Hamidi et 
al. (2012) argues over justifications to integrate quality, environment and OHS MSs. 
They see the main reason in reducing duplication and costs as these three systems 
share many similarities. They also conclude that integrated management system 
focuses on team work. OHSAS 18001 outlines requirements for an OHS 
management system, to enable an organisation to control its OHS risks and improve 
its performance. Like ISO 14001, it does not state performance criteria or dictate the 
design of a management system. All these three standards are directed to improve 
the competitiveness of the enterprise. Several authors have studied the impact of 
OHSAS 18001 on the improvement of the safety level at enterprises. 
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An effective OHSAS management system may contribute to the following 
aspects: 
 

• provides a structured approach for managing OHS; 
• establishes and maintains a strong commitment to OHS; 
• provides organisational structures with clear and unequivocal roles and 

responsibilities; 
• sets strong levels of trust and communication, existence of a 

continuously improving safety culture; 
• reduces incident and accident levels with increased measures of 

performance (Chang and Liang, 2009; Sanchez-Toledo et al., 2009; 
Koivupalo et al., 2015). 

 
  Additionally some researchers have argued that OHS MS may favour a learning 

process, which contributes to improvements in health and safety activities (Rocha, 
2010; Zwetsloot, 2000). 

 Due to the globalisation and constant competition in the world-wide market, 
organisations of all kinds are increasingly concerned with achieving and 
demonstrating sound OHS performance by controlling their OHS risks, consistent 
with their OHS policy and objectives (EVS 18001:2007; Hale, 2009; Torp et al., 
2000).  The standards covering OHS management are intended to provide 
organisations with the elements of an effective OHS management system that can be 
integrated with other management requirements and to help organisations to achieve 
OHS and economic objectives. It is intended to apply to all types and sizes of 
organisations and to accommodate diverse geographical, cultural and social 
conditions. The level  of detail and  complexity of the OHS management system, the 
extent of documentation and the resources devoted to it depend on a number of 
factors, such as the scope of the system,  the size of an  organisation and the nature 
of its activities, products and services, and the organisational culture. 

  OHSAS 18001 certification has been criticised for its tendency to increase the 
bureaucratisation of health and safety issues and therefore discourage genuine 
worker involvement. This may shift the focus from health and safety issues towards 
paperwork control, which may diminish the activities dealing with OHS problems 
(Kamp and Blansch, 2000; Nielsen, 2000).    

Certification to OHSAS 18001 has been increasing rapidly for instance in 
Spain, particularly among SMEs. Spanish companies expect that the system can help 
the organisation to develop risk prevention activities in a structured and coordinated 
manner, integrated with all day-to-day activities and decisions (Sanchez-Toledo et 
al., 2009). According to Santos et al. (2013), the number of companies with the OHS 
MS certification Portugal is still very small but gradually growing. Companies 
possessing OHSAS 18001 see as the human capital as the main value which enables 
the maximum safety in an organisation. Another reason to implement OHSAS 18001 
is to strengthen the organisations public image. According to a study (Vinodkumar 
and Bhasi, 2011) in India, the authors found out, while comparing perceived SMS 
practices and safety behaviours in management certified companies, that 
organizations with OHSAS 18001 certification have highest levels of the six safety 



20 

management elements (management commitment, safety training, workers’ 
involvement, safety communication and feedback, safety rules and procedures and 
safety promotion policies) and safety behaviour. The results in Indian manufacturing 
companies showed that the level of mentioned six elements was significantly higher 
than those in ISO 9001 certified and non-certified organizations, showing the need 
for OHS MS certifications like OHSAS 18001. In Estonia, the manufacturing 
industry OHSAS 18001 certification has gained relatively little attention yet: in 
January 2014, 57 manufacturing companies possessed OHSAS 18001 certification 
among 178 certified Estonian companies. The majority of certified organizations are 
engaged in construction sector. According to Järvis (2013) only a minority of 
Estonian SMEs (0.2%) have established a voluntary OHS MS based on OHSAS 
18001:2007. 

  A cost-effectiveness analysis is often used as the basis for the comparison 
between competing safety measures (Abrahamsen et al., 2009a, b). The cost-
effectiveness indices such as the expected cost per expected number of lives saved 
are calculated. These indices are presented to the decision-makers, and seen in 
relation to the reference values, they form the basis for the assessment of the 
effectiveness of the safety measures. Quantitatively, the cost-effectiveness can be 
expressed as a cost-effectiveness ratio, the ratio of change in expected costs to the 
change effects (Aven and Korte, 2003; Abrahamsen et al., 2009a, b). 

   The methods for calculating the costs of safety measures are limited (Miller, 
2000; Philips et al., 2006; Skjong and Ronald, 2004). In the evaluation of safety 
measures, a cost-effectiveness analysis is often adopted (Tam and Fung, 1998; 
Whynes et al., 2006). The decision on whether a safety measure should be 
implemented or not is by using an analysis to a large extent based on the calculated 
cost-effectiveness ratio. The ratios can be expressed either as a cost-effectiveness 
ratio, or as an effectiveness–cost ratio (Boardman et al., 2006).  

  This type of ratio (index) usually forms the basis for the communication of cost-
effectiveness between analysts and other stakeholders. To improve the 
communication of the cost-effectiveness of safety measures between these two 
people groups, a cost-effectiveness uncertainty-diagram was presented by 
Abrahamsen et al. (2009a, b). The diagram reflects information about cost-
effectiveness through three dimensions: uncertainty, expected cost and the expected 
lives saved. The cost-effectiveness-uncertainty-diagram reflects the three 
dimensions by showing the expected cost on the x-axis, the expected saved lives on 
the y-axis and the uncertainty through different bubble sizes. The cost-effectiveness 
of the safety measures is evaluated based on these three dimensions, and is presented 
by a colour (red, yellow, and green). Safety measures are classified into the cost-
effectiveness-uncertainty-diagram on the basis of an understanding of the different 
dimensions described as follows: expected cost is the expected implementation cost 
of the safety measure; the expected number of lives saved is the number of saved 
lives if the safety measure is implemented; the expected number of lives saved is 
considered as the centre of gravity of the probability distribution of the number of 
lives saved. Uncertainty reflects the expected values’ predictability of the real 
outcomes. High uncertainty in the cost-effectiveness- uncertainty-diagram may, for 
example, express that the assigned cost can give a poor prediction of the future cost.  
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  The questionnaires compiled for the assessment of safety activities at 
enterprises can also be a tool for learning and getting more information about safety 
(TEAL, 2013) - particularly, by the top and middle-stage management. The line 
managers and working environment representatives (WER) are usually more 
competent in safety activities due to practical safety training and extensive 
theoretical training required by OHS regulation. There are several possibilities to 
learn through questioning: for young people (Edwards and Bowman, 1996; Billet, 
2015), in the safety area (Government of Alberta, 2010; Torp and Moen, 2006) or 
other methods for safety training of workers proposed by the Law (OHS Act, 1999). 

 Different scales are available to measure the activities in safety performance at 
enterprises. A higher total score indicates a higher level of psychological demands, 
decision authority, social support, OHS-related management support (Billet, 2015).  

  Training has received much attention in the safety literature, and several 
comprehensive reviews have been published (Cohen and Colligan, 1998; Jonston et 
al., 1994; Wirth and Sigurdsson, 2008). The one-time and traditional trainings might 
not be official if there is no programme how to motivate the behaviour of the worker 
(Bell and Grushecky, 2006). Novel training tools are also available from authors 
abroad (Sinclair et al., 2003; Wallen and Mulloy, 2006) as well as domestic authors 
(Paas et al., 2015a, b). A new direction for training is blended learning (Stanca and 
Lacurezeanu, 2012), but it is suitable only for the leadership, not for the whole chain 
in command in the enterprise. Safety training and injury prevention are closely 
connected (Jonston et al., 1994; Bell and Grushecky, 2006). The human factor and 
worker’s behaviour have to be considered (Dermol, 2013). The videos and 
interviews are useful in the safety learning process (Laberge et al., 2014). According 
to Jonnaert et al. (2007), the learners are no longer considered as passive receivers of 
knowledge, but they are acting subjects who have taken the place at the centre of the 
dynamic process of developing and constructing their own enacted identities and 
knowledge. 
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2. RESEARCH METHODOLOGY  

2.1. Research design 

  The quantitative studies in safety research began with Heinrich (1941). The 
qualitative research was presented in the papers of Reason (1997) and Cooper 
(2002). Later studies of Fernández-Muniz et al. (2007, 2009, 2012a, b) have shown 
that both quantitative and qualitative studies are needed in the safety science 
research, particularly in improving the safety level at enterprises. The model centred 
approach is prevalent in the philosophy and in social sciences (Arbnor and Bjerke, 
2008; Niglas, 2010).  

  The methodology of the current thesis is composed of a mixed methods 
approach, which is the best to represent the philosophical position of most of the 
investigators (Teddlie et al., 2009; Titov, 2015). The current research is descriptive 
and aims at describing and understanding of the SMS and particular safety audit role 
in manufacturing industry. The main method, used in the study, MISHA method 
(Kuusisto, 2000) allows both a qualitative and a quantitative approach (Given, 2008; 
Hunter and Leahey, 2008). It covers the whole area of safety management in 
questions and interviews with employers’ and employees’ representatives. It also 
includes the management reviews. At the same time, it educates the workers in 
safety work means and behaviour towards the use of safe work methods. The 
statistical analysis (Kern and Willcocks, 2000) was chosen as the tool to prove the 
results of audits by the MISHA method. 

2.2. Sample 

        To identify hazards profile in manufacturing, 37 manufacturing enterprises 
(representing main manufacturing areas such as textile and clothing, printing, wood 
processing, mechanical, plastic industries and office areas)  were investigated 
(Article I). The selection of enterprises was based on representation of the most 
common industrial sectors in Estonia.  Companies were located in different locations 
in Estonia, however majority of them were situated in or around the capital and 
western part of the country with the highest density of production area. The initial 
data for the determination of the safety level were gathered. 
        The Diekemper and Spartz method was used for safety auditing in eight 
Estonian enterprises. The safety level up to 2010 was ascertained (Article II).  

    To select the industrial companies for the research by the MISHA method in 
2014 (Article III), the database of the Estonian Association for Quality (2014) was 
used. In January 2014, 178 Estonian companies owned OHSAS 18001 certification. 
The scan showed that 32 % of the certified firms are engaged in the manufacturing 
sector. The investigator contacted each of these firms and explained briefly the 
purpose and the scope of the research. Finally eight companies (representing main 
manufacturing areas in Estonia such as printing, textile, metal, food industry etc.) 
agreed to participate which was enough to perform a qualitative study.  
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Table 1. Characterisation of enterprises investigated using the MISHA method (N=16)* 
(Article III) 
 

Id. of the 
company 

The 
activity 
area 

Size, 
employees 

OHSAS 
18001 
imple-
mented 

The persons  interviewed: 
position, age 
 

K 
(Int 1) 

Textile 
industry 

50 - 249 
 

- Production manager, 38 

L 
(Int 2-4) 

Plastic 
industry 

50 - 249 
 

+ Quality manager, 41 
Safety manager, 62 
WER, 25 

M 
(Int 5) 

Furniture 
industry 

50 - 249 + Personnel manager, 64 

N 
(Int 6) 

Heat 
industry 

50 - 249 + Quality and environment 
manager, 58 

O 
(Int 7) 

Printing 
industry 

< 50 
 

- Production manager, 36 

P 
(Int 8-9) 

Metal 
industry 

≥ 250 - Safety manager, 35 
Trade union representative, 60 

Q 
(Int 10-12) 

Elect-
ronics 
industry 

≥ 250 - Quality manager, 36 
Safety specialist, 42 
WER, 53 

R 
(Int 13-15) 

Food 
industry 

≥ 250 - Safety specialist, 62 
WER I, 34 
WER II, 39 

S 
(Int 16-18) 

Elect-
ronics 
industry 

≥ 250 + Quality manager, 59 
Safety manager, 39 
WER, 66 

T 
(Int 19) 

Metal 
industry 

≥ 250 + Safety manager, 64 

U 
(Int 20) 

Food 
industry 

≥ 250 + Safety manager, 37 

V 
(Int 21) 

Metal 
industry 

< 50  - Production manager, 36 

W 
(Int 22) 

Wood 
processing 
industry 

≥ 250  + Quality manager, 47 

X 
(Int 23) 

Food 
industry 

≥ 250  + Safety chief specialist, 68 

Y 
(Int 24) 

Glass 
industry 

< 50  - Production manager, 41 

Z 
(Int 25) 

Textile 
industry 

≥ 250  - Health and safety manager, 67 

*Companies are listed and coded in chronological order;  
Abbreviations: Id. – identification; Int – interview, WER – working environment 
representative. 
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The data collection was performed during 2014, when eight (OHSAS 18001-
certified organisations, group I) + eight (non-certified organisations, group II) 
Estonian enterprises from different branches of manufacturing participated in 25 
interviews with employers, middle-level safety personnel and with safety 
responsible persons. Altogether 55 questions were asked from each person 
interviewed (MISHA method). The enterprises are briefly characterised in Table 1; 
detailed characterisation is given in Article III (Table 1). 

 
2.3. Research techniques and procedures 

       The methods used in the study are as follows: 
1. In the measurements  of work environment hazards (Article I)  based on the 

standard methods presented in EVS-EN 15251:2007, EVS-EN 12464-1:2011, EVS-
EN 15251:2007, the measuring devices for the measurements in the work 
environment proposed by the standards above were used. 
       2. During 2008 - 2013 the Diekemper & Spartz method (D&S) (Kuusisto, 2000) 
was used by the author for safety auditing in six Estonian enterprises. The D&S 
method was developed in the USA in 1970 to measure the quality and quantity of 
safety activities in individual companies. It consists of five safety activity areas: 
organization and administration, industrial hazard control, fire control and industrial 
hygiene, supervisory participation, motivation and training and accident 
investigation, statistics and reporting procedures.  
       3. From 2014, on the basis of the author’s critical review of the existing auditing 
methods, the MISHA method (Kuusisto, 2000) as the most innovative was chosen 
for the current study to conduct semi-structural interviews. The MISHA method 
considers the following areas of industrial activities: A. organisation and 
administration (safety policy and safety activities in practice, personnel 
management); B. participation, communication, and training; C. work environment 
(physical work environment, psychological working conditions, hazard analysis 
procedures); D. follow-up (occupational accidents and illnesses, work ability of the 
employees, psychological work ability).  
        As compared to with the other methods used by the researchers (D&S, 
Goodyear Tire and Rubber Company audits etc.), the MISHA method enables more 
attention to be paid to different safety areas in more a emphasised mode, giving less 
attention to off-to-job safety. 
        Once data collection was completed, the author (and the interviewer) re-heard 
the records, and checked the coding strategy used for consistency and ensured that 
all questions had been answered. After that, the answers were discussed in each 
company to come to a good level of agreement about the results (Table 2, 3 and 4, 
Article III). Table 1 (Article III) presents the characteristics of the examined 
enterprises – the activity area, lifetime, size, the overall assessment of safety by an 
expert-interviewer, if OHSAS 18001 is implemented, and the persons interviewed 
(position and age). 
       4. The analyses were prepared using program IBM SPSS Statistics 22.0 and R 
2.15.2. The following statistical methods were used: correlation, BoxPlot, MANOVA, 
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Factor Analysis Principal Component Analysis, Independent t-test for hypothesis 
(Frazier et al., 2013). 
        5. Quantitative analysis is presented in Articles I, II. In Article I the results of 
measurements of work environment conditions (in 19 enterprises and 18 office-
rooms) and risk levels in clothing, printing, wood, mechanical, plastic and water 
purification and in offices are reported.  
        Article II reports the results of the safety audit by the D&S method in 12 
enterprises and the cost-effectiveness of safety measures in five types of 
manufacturing (metal processing, printing, in plastics industry, in wood processing 
and garment industry) is calculated. 
       In Article III quantitative analysis of safety audits in 16 enterprises using the 
MISHA method is provided. The paper contains a comprehensive qualitative study 
which sheds light on the Estonian corporate safety policy and the system. 
       Article IV describes data of the statistical analysis between different subareas of 
safety. 
      Article V contains a quantitative analysis part as the correlative analysis of the 
safety audit data presented in Article III. 
       As a result of the study, the enterprises were divided into three sub-groups: 
locally-owned, corporated and enterprises where OHSAS 18001 is implemented. In 
Articles IV and V, the qualitative analysis cover the part of the connections 
between the formal and real safety and the possibilities to move from the formal 
safety to the real safety area.  
       Article VI presents the qualitative analysis of the MISHA questionnaire and the 
developed training package for the line management to learn through interviews.   
       More information on research techniques and the results of the investigations by 
the articles are presented in Table 2 (Appendix 8). 
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3. RESULTS 

The results were derived from the on-site observations as well as from 
employee interviews and calculations by the MISHA method (Article III). 
According to the MISHA method, the total activity scores (Table 3) varied 
73.94…93.33 for OHSAS 18001-certified organisations (group I) and 29.10…88.08 
for non-certified organisations (group II). This demonstrates that normally the 
companies who have implemented OHSAS 18001 benefit from it in safety 
performance as the activity scores are considerably higher than those for non-
certified companies. The activity scores of the study showed that OHSAS 18001 
non-certified companies can be subdivided – four companies (P, Q, R and V) 
belonging to Nordic or global corporations (scores 79.80…88.08) and four 
companies (K, O, Y and Z) which are locally established and owned (scores 
29.10…52.73). It shows that the safety management systems owned and run by the 
local businessmen may lack in several OHS activity areas. The reasons may lie in 
the lack of the resources, knowledge and skills, time while companies belonging to 
corporations are able to prioritise safety more. In the results among group I (OHSAS 
18001 certified organisations), scores between locally owned businesses (companies 
L, M) and international corporations (N, S, T, U, W, X) do not differ.  
 
Table 3. Activity rating according to framework elements calculated by the MISHA method 
(grey rows – OHSAS 18001-certified companies; white rows – without certification, local; 
rose rows- corporated, non-certified OHSAS 18001 companies; total score=100) 
 

 
Identifi-
cation 

A: 
Organisation 

and 
administration 

B: 
Training 

and 
motivation 

C: 
Work 

environment 

D:  
Follow 

up Total activity 
score 

K 31.88 57.58 60.00 44.44 46.67 
L 85.02 68.69 74.07 42.59 73.94 
M 85.51 78.79 75.56 61.11 78.79 
N 92.75 87.88 80.00 66.67 85.45 
O 24.64 33.33 35.56 22.22 29.09 
P 86.96 96.97 90.00 69.44 87.88 
Q 88.89 97.98 81.48 83.33 88.08 
R 85.51 86.87 74.07 59.26 79.80 
S 91.30 90.91 79.26 75.93 86.26 
T 89.86 87.88 75.56 83.33 84.85 
U 84.06 78.79 71.11 72.22 78.18 
V 89.86 69.70 84.44 77.78 83.03 
W 69.57 81.82 80.00 72.22 75.15 
X 97.10 100.00 88.89 77.78 93.33 
Y 31.88 54.55 57.78 16.67 41.82 
Z 37.68 60.61 73.33 44.44 52.73 
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         Looking at the results according to activity areas (Table 3), the following 
general conclusions can be drawn:  
 

 The OHSAS 18001-certified organisations gained very high scores for 
element A (organisation and administration) which is mainly establishment 
of written documents (formal safety). Non-certified companies had low 
scores for element A when they are locally owned and high scores when 
they belong to a larger consolidated company. 

 The differences for element B (training and motivation) are not as high as 
for element A, as training is strictly regulated by national legislation and 
therefore, each company, certified or non-certified, has to follow the 
requirements.  

 Scores for element C (work environment) are high; - they vary slightly for 
the certified companies and are lower and vary more for the non-certified 
companies. The difference comes mainly from lack of dealing with 
psychological risk factors.  

 Scores for element D (follow up) vary both for the certified and non-
certified companies. It represents the real safety performance, registration 
and investigation of accidents and absenteeism as well as the measurements 
of workability of employees. As this is partially not regulated by legislation, 
the scores are diverse.  

 
        The hypotheses of this thesis research are set forward in the Article IV. The 
results are presented in Table 4. Two of the postulated hypotheses (H7 and H10) 
were not confirmed: no difference in psychosocial climate between OHSAS and 
NOHSASL companies was found, neither was there any higher appreciation on 
physical workability observed.  
         Hohnen and Hasle (2011) noticed the same shortcomings in their study, 
especially lack of concern with psychosocial work environment in an OHSAS 
company. Sampling adequacy was controlled by the Kaiser–Meyer–Olkin (KMO) 
measure. For these data, the KMO value is 0.83, the range indicated as large and 
there for the sample size is adequate for the factor analysis.  
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Table 4. Statistical analysis of the hypotheses (Article IV) 
 

Hypotheses* 
Hotelling's T-

square test 
statistic 

P-value 

H1: OHSAS 18001 helps to disseminate the 
information at all levels of organisation. 

OHSAS VS NOHSASL 11.128 0.008 

H2: Written safety policy plays an important 
role in OHS management. 

OHSAS VS NOHSASL 259.461 0.000 

H3: OHSAS 18001 helps more effectively to 
organise OHS activities in the companies. 

OHSAS VS NOHSASL 8.944 0.014 

H4: OHSAS 18001 promotes the interaction 
between supervisors and employees. 

OHSAS VS NOHSASL 5.132 0.047 

H5: The employees are better trained in OHS 
at OHSAS 18011-certified companies. 

OHSAS VS NOHSASL 23.3383 0.001 

H6: OHSAS 18001 improves the 
development of the physical working 
conditions. 

OHSAS VS NOHSASL 15.167 0.003 

H7: There is a difference in psychosocial 
climate for OHSAS 18001 certified and non-
certified organisations. 

OHSAS VS NOHSASL 2.076 0.180 

H8: Occupational health service activities are 
better organised in OHSAS 18001-certified 
organisations. 

OHSAS VS NOHSASL 11.128 0.008 

H9: OHSAS 18001 favours the registration 
and investigation of accidents, illnesses and 
near misses. 

OHSAS VS NOHSASL 25.783 0.000 

H10: Physical workability is appreciated 
higher in OHSAS 18001 certified 
organisations. 

OHSAS VS NOHSASL 1.808 0.208 

H11: Social work environment is regularly 
monitored in OHSAS 18001-certified 
organisations. 

OHSAS VS NOHSASL 32.523 0.000 

 
  
        The explanation behind H7 may be that OHSAS 18001 does not emphasise 
psychosocial climate as one of its key elements. Most of the companies examined 
have little knowledge for dealing with psychosocial hazards. Hypothesis H10 is not 
supported while the study has revealed that physical workability irrespective of a 
company type is not assessed as there is generally no policy how to measure and 
deal with employees’ workability. 
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3.1. Model of the influence of OHSAS 18001 on the improvement of safety level 
at enterprises  

       To determine the impact of OHSAS 18001 on formal and real safety 
performance, a statistical analysis was conducted. As a result, a conceptual model 
(Fig. 2) was created based on whether the safety element contributes to formal, real 
or combined safety (Fig. 2a, 2b, 2c, 2SUM, Article V). 
        The highest impact of OHSAS 18001 (shown in Figure 2 with green color) on 
the safety elements is on the written safety policy, revising the safety policy, safety 
policy’s connections to the company’s other activities and follow-up of accidents 
statistics; contents of the policy, assignment of the tasks and responsibilities, 
selection and placement of the personnel, which all found in the formal safety area; 
top management commitment to the safety policy, dissemination of the policy, 
resources - from the real safety area; and participation in the preparation of the 
safety policy, workplace hazard analysis, assessment of the work environment - 
from the combined safety area. Thus, these components are dependent on the 
company type (OHSAS, NOHSASC, NOHSASL). 
        Three formal safety elements (shown in Fig. 2 with dotted line): safety 
documents, absenteeism and design of the psychological working conditions were 
not found dependent on the company type since no correlation was shown. All the 
other formal safety elements were found dependent on the company type (Fig. 3, 
Article V).  

Implementation of OHSAS 18001 standard contributes only partly to real 
safety elements (Fig. 2 with green colour) such as top management commitment to 
the safety policy, dissemination of safety policy and resources. For many real safety 
elements (Fig. 4, Article V) strong demands from the corporations influence safety 
activities more than requirements derived from OHSAS 18001 standard, for example 
suggestions for improvements; general communication procedures; promotion, 
rewards and career planning and safety knowledge among supervisors, line 
managers and top managers.   
       The results (Fig. 2) indicate that all the elements form a safety policy that 
depends on the company type, while all the elements from safety activities in 
practice had no significance for the company type. From hazard analysis procedures,  
two elements – tasks of the occupational health services and tasks of the safety 
organisation did not correlate with the company type, while workplace hazard 
analysis was found dependent on the company type (Article V). Additionally 
elements from personnel safety training, accident investigation and assessment of 
the work environment showed significant difference. It is clear why OHSAS 18001 
standard contributes to the participation in the preparation of the safety policy as it is 
reasonable to engage employees in the preparation stage in order to strengthen the 
relationship between employees’ safety principles and employers’ safety standards. 
Assessment of work environment was found strongly dependant on the company 
type although NOHSASC companies tend to assess the comprehensive risk and 
measure occupational hazards even more regularly than OHSAS companies, while 
NOHSASL companies hardly perform regular activities in this field.  Interestingly, 
accident investigation is performed more actively by NOHSASC companies. 
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        Obviously, the need to report and compare numeric results between subunits is 
a determinant factor. Clearly, elements from A2 (presence of safety manager, safety 
committee and safety representatives) are required by general OHS law, which 
irrespective of its type, every company has to follow. 
        Majority of safety documents are required by OHS legislation and therefore 
OHSAS 18001 plays an insignificant role in implementing basic safety documents.  
Absenteeism investigation is required by OHSAS 18001, however it is complicated 
to conduct it in practice due to restrictions in Estonian Personal Data Protection Act 
(2007), and therefore our study showed that all types of companies have difficulty 
with research about absenteeism. 
        Implemention of OHSAS 18001 contributes to higher formal safety 
performance – safety activities are systematically planned and it guarantees higher 
preconditions for the formal safety performance.  
        In the study of real safety elements, a statistically significant difference was 
found in real safety performance based on a company type (OHSAS, NOHSASL, 
NOHSASC) (Article V). Among real safety elements statistical analysis showed 
numerous other safety factors that are independent of company type (Fig. 4, Article 
V).  Other real safety elements were found dependant on the company type. 
        A statistically significant difference appeared in combined safety 
performance based on a company type (OHSAS, NOHSASL, NOHSASC).  
Fig. 5 (Article V) presents the results of each real and formal safety element 
calculated by the MISHA method according to the company type.  
        The results indicate that all the elements form a safety policy dependent on the 
company type, while all the elements from safety activities in practice had no 
significance for the company type. From the hazard analysis procedures two 
elements – tasks of the occupational health services and tasks of the safety 
organisation were not correlation with the company type, while workplace hazard 
analysis was dependent on company type. 
 
3.2. Connections between the Articles and fulfilment of the previous research 
gap 

        Articles I and II give the basis for further research (see Fig. 3). Risk assessment 
is the main tool from the year 1998 in Estonia that gives the information on the 
hazards in the enterprises. It is the basis for medical examinations of the employees 
as the law (OHS Act, 1998) imposes the risk assessment and the risk assessment 
quality, which are under surveillance of the National Labour Inspectorate officials. 
Risk assessment is a part of the safety management system.   
        Beginning from Article II the research is concentrated on the gap that prevails 
in the effectiveness of safety management system. Safety audit by the Diekemper 
and Spartz method was chosen to enable the comparison of the results in the 
Estonian enterprises with the results of audits in Finland and the US.  
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Figure 3. Contribution of the study, structured according to Articles I-VI. 

        Safety policy and safety plan in the investigated enterprises (in 2008) were not 
available in the written form. Supervisory participation, motivation and training 
were the activities that scored low (Article II).  

  After the critical observation of Articles I and II, the MISHA method was 
chosen for further research. Article III presents the data in two types of enterprises in 
Estonia: OHSAS 18001-certified organisations and non-OHSAS certified 
organisations. The first part in the second group of companies was locally-owned 
(NOHSASL), the other part - larger corporations (NOHSASC). The latter showed 
existence of better safety level in the enterprise. 

  The study (Articles IV and V) showed that safety needs commitment and 
systematic approach. The key elements of the safety management are safety policy, 
top managements’ commitment to the safety policy, safety knowledge and training 
etc. If any of these key-elements is missing, it influences the whole result. The main 
important key-element is the safety policy, recommended in the written form. These 
results are in line with the earlier studies (Tint et al., 2010; Fernandez-Muniz et al., 
2012a, b; Reinhold and Tint, 2013).  

  Articles IV and V present the statistical analysis of the use of MISHA method 
for the assessment of safety level at enterprises. The current study (on the basis of 
the audit results in Article III) supports different positive hypotheses (Article IV) on 
the OHSAS 18001 benefits: it favours accidents, illnesses and near misses 
registration; it supports regular monitoring of social work environment; contributes 
to more effective safety training etc. A study conducted in Finland (Koivupalo. et al, 
2015) to examine OHS MS in a global steel company revealed that local OHS 
practices and tools varied significantly between sites and there was not any common 
practice or tool in use.  
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   According to the results of the audits, we can conclude that in OHSAS 
companies OHS management functioned both in paper and in practice. However, in 
one or two cases, a doubt of window dressing and maintaining the system without 
practical value existed. A similar problem was encountered in a Danish study by 
Granerud and Rocha (2011). They  demonstrated that five OHSAS 18001 certified 
manufacturing companies address health and safety issues in very different ways, 
including one manufacturer where the coupling took place and no legal requirements 
were complied. The study raises the question of the impartiality of the certification 
agencies. However, in conclusion, Granerud and Rocha (2011) state that OHSAS 
18001 certification will not necessarily lead to higher levels of safety performance, 
and it is not an obstruction to more advanced or innovative practices.  
       The investigation of 16 manufacturing enterprises (Article V) in Estonia enabled 
the author to compose the conceptual model (Fig. 2) of the contribution of OHSAS 
18001 to a company’s safety activities. The results show that OHSAS 18001 
certification facilitates company’s commitment to health and safety activities.  The 
connections between the four safety and health indicative areas (through the 
questionnaire) are presented and the correlations calculated (Article VI). The 
statistics showed that it is not necessary to divide the safety audit questions exactly 
to four areas, as correct elaboration and grouping of the questions is important. It is 
possible to learn through the interviews.  

   The interviews with the learning aims consist of the questionnaire that includes 
“whether” and “how” questions. In the first case, the answers are “yes” or “no” or 
“not applicable”; alternatively, the respondents have to answer descriptively. The 
total result of the questionnaire is qualitative. If needed, the questionnaire and 
answers can be developed to the quantitative result. In this case, the employees in 
the safety chain can compare their knowledge in OHS. The questionnaire was tested 
in two enterprises (one OHSAS and one NOHSAS) with 3 persons (the employer, 
safety manager and the working environment representative). The feedback helped 
to review questions and make minor corrections. The validation of the questionnaire 
remains for the future research.  

   The proposed version of the “training through the questionnaire” learning 
package based on statistical and qualitative interviews and the MISHA method is 
presented in Article VI. 

 
3.3. Implications 

  The results of our study presented correlations between safety activity areas 
according to different company types. This promotes a better conception to 
understand how various safety activities are interconnected and explains how 
employers emphasising one specific safety element can smoothly influence 
positively other safety issues. 
        From the study we can conclude that safety level and performance depends 
largely on the safety management in enterprises, the involvement of top managers in 
safety and health. The cost-effectiveness of safety measures is dependent on the 
uncertainty of safety measures. If the uncertainty is higher (several workers are 
involved), the cost-effectiveness can be also higher as it improves the working 
conditions of more than one person.  
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   Implementation of OHSAS 18001 creates a basis for a systematic work in the 
area of safety management. Other authors (Ma et al., 2001; Fernandez-Muniz et al., 
2012a, b) have demonstrated that the implementation of OHSAS 18001 is merely 
the first step towards the systematic process of safety management. The companies 
need to have a supportive safety climate. Our investigation showed that psychosocial 
hazards are difficult to measure and to find suitable control measures and solutions. 
Danish study (Hohnen & Hasle, 2011) showed similar result: psychosocial work 
environment turned to be complex and the solutions to find were complicated. 
        OHSAS 18001 is regarded as the strategic tool for improvement safety 
performance. The knowledge of the company, which is the tendency of safety 
elements (real or formal safety), able the company to reallocate the resources in a 
way that all safety elements are covered. It is natural to deal with real safety 
elements as they are more visible, but also with formal and combined safety, as 
those elements add value to the systematic health and safety work in a company. A 
safety management system can be effectively implemented also without 18001 
implementation, but then it requires affiliation to a larger corporation or concern. 
This indicates that OHSAS 18001 does not contribute significantly to most of the 
real safety activities. 
        The implementation of the results is supplied with the preparation of a “training 
through the questionnaire” learning package providing the management with tacit 
knowledge. This may enhance the working conditions with minimal or moderate 
efforts. 
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4. CONCLUSIONS 

 
       The study showed that the implementation of OHSAS 18001 contributes to the 
enhancement of safety management system at enterprises. However, the same target 
can be achieved by the other means (e.g. corporate guidelines) combining safety 
objectives directly with managerial goals. The results of the doctoral thesis propose 
an effective implementation of the safety auditing to determine the key elements in 
the safety management system enabling the whole company to benefit from it. Based 
on the research of the Estonian manufacturing companies (textile, metal, plastic etc. 
engineering), a conceptual model of OHSAS 18001 contribution was created in 
order to enhance safety activities. 
       According to the safety activities score, the companies were examined in three 
different categories: 1) OHSAS 18001-certified organisations, 2) organisations that 
belong to a larger corporation or concern but are not OHSAS 18001-certified and 3) 
non-certified, locally established and owned companies. The study showed 
considerable differences in the safety level in the OHSAS 18001-certified and non-
certified, locally established and owned companies. 
       The relevance of various key elements on the safety management system were 
determined (like safety policy, management’s commitment to the safety, recourses, 
workplace hazard analyses etc.). Analyses of the association between the key 
elements in the conceptual model proved that the weakness of one key element 
might affect others to function properly. The safety activities in a company depend 
strongly on the consistency of safety policy and the manager’s commitment to the 
safety activities. OHSAS 18001 is a recommended tool to improve safety 
performance. Safety management system can be effectively implemented also 
without possessing the OHSAS 18001 certification, but in the Estonian economy 
market, it usually requires affiliation to a larger corporation or concern. 
        For the investigation of the safety management system, the MISHA method can 
be successfully used in the manufacturing industry. It offers a comprehensive 
possibility to evaluate a SMS in the present-day society: among other activity areas 
on top management commitment and safety knowledge, it emphasises psychosocial 
hazards and integration of personnel management. However, some modifications 
may be needed due to the national differences in the safety activities (e.g. 
occupational health service principles and structure vary from country to country). 
One possible extended and modified version of MISHA method has been created as 
a new learning package “Learning through interviews” in order to increase 
managers’ safety knowledge and thus, safety level in SMEs. It should be kept in 
mind that the interviewer should be competent in OHS legislative and other 
requirements. The study proved that key elements provided by MISHA method can 
be successfully integrated to a new conceptual model for safety management 
systems. 
        The theoretical contribution of the study is providing a conceptual model of 
safety management system through clarification of the key elements and 
incorporating OHSAS 18001 core principles. The model creates a support to safety 
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management system and emphasis the significance of interactions of real, formal 
and combined safety.  
        The dissertation presents important empirical evidence of the existing 
occupational hazards (chemical, physical, physiological) in manufacturing industries 
and indicates some essential safety flaws. Several recommendations for the 
improvement of the occupational health and safety status (Articles I - V) have been 
proposed: the risk assessment as the first step towards systematic OHS prevention; 
workplace safety enhancement through management supportive approach towards 
safety activities; implementation of cooperation between the manager, the safety 
personnel, work environment representative and workers in order to promote OHS 
matters; the certification of OHSAS 18001 for integrating safety to management 
goals; the contribution of MISHA method for comprehensive safety auditing; the 
availability on written safety policy to elaborate SMS; the need of emphasising 
formal safety elements which affect real safety performance and vice versa. The 
study increases understanding of the current management knowledge about OHS 
activities and provides the conceptual clarification of the role of systematic 
discussion during the interviews for increasing the management’s safety knowledge 
(Article IV, VI).  
        There are two valuable methodological contributions of the thesis. First, the 
study sheds new light on the usability and applicability of the two comprehensive 
safety auditing methods (Diekemper & Spartz and MISHA) for the investigations of 
the functioning of the safety management system at enterprises. The evaluation of 
safety audit methods identified few weaknesses and proposed modifications for 
explicit implementation. The second methodological contribution includes the 
proposed, advanced education elements containing approach to improve the 
managers’ safety knowledge. For this purpose, the new learning through the 
interviews package is developed (Article VI).  
         Practical value of the thesis lies on the identification of the commonalities in 
order to improve the contribution of safety auditing to safety management processes 
and practices in a selected sample of Estonian enterprises. The thesis provides 
several practical proposals for the use of the safety audit in order to assess real safety 
elements; for minimising the discrepancies between the real and formal safety with 
an effective safety auditing; for the improvement the OHS situation at the enterprise 
level and to increase managers’ safety knowledge with a new learning package 
„Training through the questionnaires“. 
        The results from the current research are valuable for the safety and strategic 
management researchers, for lecturers, students, OHS professionals, and safety 
managers in manufacturing enterprises, for the decision-makers at the organizational 
and state level. 
        Some limitations of the study are inevitable to describe. The first limitation 
concerns the usage of qualitative and quantitative approach within the same study. 
Even though it gives a comprehensive overview the qualitative is limited to a certain 
number of person interviewed, and thus the results reflect their tacit knowledge and 
experiences. Furthermore, the sample of case studies may not be entirely 
representative to draw general conclusions for all manufacturing enterprises. 
However, the study is able to provide main tendencies and characters of safety 
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management in manufacturing industry in Estonia. The second limitation is mainly 
connected with the necessities to expand the MISHA method scope. The current 
method was developed in 2000, but due to the rapid change of technologies, new 
emerging risks arisen during 2000-2015 needs updating. These include risks 
connected with the electromagnetic fields from the industrial equipment (Baltrenas 
and Buskus, 2011; Bednarek, 2010; Röösli et al., 2004), (non-)ionizing radiation 
(Schemhammer et al., 2006), the use of computing and mobile equipment at work.  
         Several future research areas can be addressed. In the current study, the 
manufacturing companies were divided into three groups: OHSAS 18001-certified 
organisations; organisations within larger corporation or concern but are not OHSAS 
18001-certified and non-certified, locally established and owned companies. 
However, the research showed that OHSAS 18001-certified organisations can be 
sub-divided as well: OHSAS 18001-certified and corporated companies and OHSAS 
18001-certified and locally owned companies. These four groups can give different 
results and should be used for further investigations.  In-depth analysis of safety 
values, attitudes and formal/real safety performance in different management levels 
(top management, line management, supervisor, workers’ representative etc.) are 
needed. So, further investigations have to concentrate more on interviews (the 
employers and the employees representatives) in the same company. In the selected 
enterprises, the top management, middle-stage safety personnel, working 
environment specialists and working environment representatives were interviewed. 
The safety values and formal/real safety can be perceived differently in different 
management levels. Those differences should be studied in-depth, which remains for 
the future research. It is also recommended to link the cost-effectiveness analysis 
with the results of the study on safety key elements. In addition, “Training through 
the questionnaire” learning package validation is needed and its implementation in 
the Estonian safety training practices is highly recommended. 
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MISHA questionnaire 
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ABSTRACT  

       Safety management system (SMS) can be considered as a key concept in the 
success of high level of occupational health and safety in industrial enterprises. A 
well-functioning SMS is described as a systematic and comprehensive system 
promoting participation from all stakeholders. However establishing an SMS may 
only formally lead to excessive bureaucracy, window coupling and additional costs, 
especially for SMEs. The thesis concentrates on the analysis of relationships 
between the key elements in safety management and finding solutions to enhance 
safety level in different types of the industrial companies. The thesis is composed on 
the basis of six scientific articles (published 2008-2015 or accepted in the journals 
ETIS 1.1 and 1.2).  
       The main parts of the study include the introduction, identification of the 
research problem, the aim, thesis contribution, overview of the approval of research 
results, theoretical framework, research methodology, results and conclusions. 
       Safety auditing was used as the main method to study the current safety level in 
the manufacturing companies. During the research period, two safety audit methods 
where used – the Diekemper and Spartz (Articles I-II), and the MISHA method 
(Articles III–VI). The statistical analyses were prepared by using IBM SPSS 
Statistics 22.0 and R 2.15.2 (correlation, MANOVA, Factor Analysis principal 
component method, Independent t-test, etc). Additionally, qualitative data from 
safety interviews were studied and interpreted.  
       The novelty of the thesis lies in the conceptual model of the safety 
management system, that provides the key elements in formal, real and combined 
safety using qualitative and quantitative processing of audit results. This helps to 
determine the key safety elements and their impact on the overall safety 
performance. In 2008 and 2010, several risk assessments and cost-effective analysis 
were performed in order to clarify the current status of safety level in Estonian 
industrial companies. During the study in 2014, 24 safety interviews were conducted 
in 16 Estonian manufacturing companies. The investigated enterprises were first 
divided into two groups: OHSAS 18001-certified and OHSAS 18001 non-certified. 
But the latter proved to have a significant difference in safety level based on its 
affiliation: corporated enterprises showed better results in the safety activities than 
locally owned companies. The study showed that the implementation of OHSAS 
18001 will not automatically ensure high safety activities in the company. However, 
holding an OHSAS 18001 certification creates a basis for the systematic work in the 
area of safety management, hazards identification and prevention, and promotes 
strong improvement process put in use.  
       The research revealed that OHSAS 18001 certification contributes strongly to 
formal safety elements. However – its contribution to the real safety elements was 
partial, e.g., to such elements as top management commitment to the safety policy, 
dissemination of safety policy and resources. For many real safety elements strong 
demands from corporations influence safety activities more than requirements 
derived from OHSAS 18001 standard, for example suggestions for improvements; 
general communication procedures; promotion, rewards and career planning and 
safety knowledge among supervisors, line managers and top managers. Concerning 
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combined elements, many of them – such as workplace hazards analysis, 
assessments of working environment, evaluation of safety training needs are 
dependent on OHSAS 18001 certification. Based on this novel knowledge a model 
between formal, real and combined safety elements and OHSAS 18001 was 
developed and presented.  
       The conceptual model also contributes to the safety key elements that are 
included into the MISHA method, but not in the OHSAS 18001. Such elements are: 
selection and placement of the personnel, planning of the personnel resources, 
selection of line management and supervisors, tasks of the occupational health 
services, tasks of the safety organisation. The significance of the last is not 
statistically under the line. 
       The model assists companies to determine whether the focus leans for formal or 
real safety and if needed, reallocate the resources in a way that all safety elements 
are possibly covered.  It is essential to deal with real safety as this is often most 
visible and forms employee’s safety attitudes and performance; but also with formal 
and combined safety as those elements often add value to the systematic health and 
safety work in a company.   
        The analysis of the results of the safety interviews revealed that top and middle 
management’s health and safety knowledge in locally owned companies is generally 
lower than in OHSAS 18001-certified or corporated companies. Therefore, extra 
value of the thesis contribution is given through the preparation of  a “training 
through the questionnaire” learning package in order to assist SMEs with 
fundamental OHS requirements according to the legislation as well as good practices 
and tacit knowledge. This may lead to enhancement of working conditions with 
minimal or moderate efforts.  
        The study adds to the understanding of the current management knowledge 
about OHS activities and providing conceptual clarification of the role of systematic 
discussion during the interviews for increasing their knowledge. The study 
contributes to providing conceptual clarification on the key elements of safety 
supported by OHSAS 18001 and possible benefits associated with SMS 
certification. In the methodology the study justifies the suitability of safety auditing 
as the main method for investigating the safety management system state in the 
enterprises; the suitability of the MISHA method for safety auditing, moreover, it 
indicate the areas in the safety management system that are not clearly visible with 
the MISHA method (the importance of psycho-social climate monitoring in the work 
environment). The practical value of the thesis is connected with the employees’ 
knowledge improvement package “learning through the questionnaires“.  
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KOKKUVÕTE 

 
       Ohutuse juhtimissüsteemi (OJS) olemasolu tööstusettevõttes võib pidada 
ohutuse ja äritegevuse edukuse tagamise võtmeküsimuseks. Hästitoimivat OJS-i 
kirjeldatakse kui süstemaatilist ja kõikehaaravat, millesse on kaasatud kõik 
huvirühmad. Kui aga OJS-i juurutatakse formaalselt, tekitab see liigset bürokraatiat, 
eraldumist muudest juhtimissüsteemiüksustest ja lisakulutusi, eriti väikestes ja 
keskmise suurusega ettevõtetes. Käesolev töö keskendub ohutuse juhtimise 
võtmeelementide omavaheliste seoste leidmisele erinevat tüüpi töötleva tööstuse 
ettevõtetes, et parandada ettevõtte ohutustaset.  
        Doktoritöö on kirjutatud kuue teadusartikli põhjal, mis on ilmunud või mille on 
heaks kiitnud ETIS 1.1 ja ETIS 1.2 ajakirjad (ilmunud või ilmumas 2008–2016).  
        Töö koosneb järgmistest osadest: sissejuhatus, tulemuste esitamine, teoreetiline 
lähenemine, uurimisobjektid ja uurimismeetodid, töö tulemused ja järeldused. 
        Peamise uurimismeetodina kasutati töös ohutusauditit, mille sobivust kinnitas 
eelnev põhjalik kirjanduse analüüs. Tööstusettevõtete ohutustaseme uurimise 
läbiviimisel on kasutatud põhiliselt kahte auditi meetodit: esimestes artiklites (I–II) 
Diekemperi ja Spartzi väljatöötatud küsimustikku, alates III artiklist aga MISHA-
meetodi küsimustikku, mis on esitatud lisas 7. Statistiliseks andmete analüüsiks on 
kasutatud järgmisi meetodeid: IBM SPSS statistika 22.0 ja R 2.15.2, BoxPlot, 
MANOVA, faktoranalüüsi printsipiaalsete komponentide meetod, t-test jne. Selle 
kõrval on ohutusalaste intervjuude alusel läbi viidud kvalitatiivne analüüs. 
        Töö uudsus seisneb kvalitatiivse ja kvantitatiivse auditiprotsessi ühendamises 
ning formaalse, praktilise ja kombineeritud ohutuse vaheliste võtmeelementide ning 
nende omavahelise mõju määramises. 2008.–2010. a hinnati töökeskkonna riske 
mitmetes Eesti töötleva tööstuse ettevõtetes, et kindlaks määrata Eesti ettevõtete 
ohutustaset. 2014. a jooksul tehti 24 intervjuud 16-s Eesti ettevõttes. Uuritud 
ettevõtted olid esialgu jaotatud kahte rühma: ettevõtted, mis omasid OHSAS 18001 
sertifitseerikaati ja ettevõtted, mis ei omanud OHSAS 18001 sertifikaati. Viimase 
rühma intervjuude tulemused näitasid, et esineb oluline ohutustaseme erinevus 
sõltuvalt ettevõtete alluvusest: välismaistesse korporatsioonidesse kuuluvad 
ettevõtted näitasid paremaid ohutusalaseid tulemusi kui kohaliku alluvusega 
ettevõtted. Töö tulemused näitavad, et OHSAS 18001 automaatne rakendamine ei 
too veel kaasa kõrget ohutustaset ega ohutustegevuste intensiivistumist. Ometi, kui 
ettevõttel on OHSAS 18001 sertifikaat, siis loob see aluse süstemaatilisele 
ohutustööle, nagu ohtude identifitseerimisele ja ennetamisele, stimuleerides 
parendusprotsessi käivitamist. 
       Käesolev uuring näitas, et OHSAS 18001 sertifikaat panustab tugevalt 
formaalse ohutuse elementidesse, kuid praktilise ohutuse elementidest ainult 
vähestesse, nagu tippjuhtide pühendumus ohutuspoliitikasse, ohutuspoliitika 
levitamisse ettevõttes ja ressurssidesse, mida ohutusele eraldatakse. Kombineeritud 
ohutuse elementidest panustab OHSAS 18001 sellistesse ohutuse 
võtmeelementidesse, nagu töötajate osavõtt ettevõtte ohutuspoliitika 
väljatöötamisse, töökoha ohutuse analüüsi ja töökeskkonna hindamisse. 
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     Välismaiste korporatsioonide nõudmised paljudele praktilise ohutuse 
elementidele on rangemad kui OHSAS 18001 standardist tulenevad nõudmised. 
Näiteks võib tuua järgmised ohutuselemendid: parendusettepanekute tegemine, 
üldised teabevahetusprotseduurid, tunnustamine ja karjääri planeerimine ning 
ohutuspersonali ja (tipp) juhtide ohutusteadlikkus. Mitmed kombineeritud 
elemendid, näiteks töökoha riskianalüüs, töökeskkonna hindamine, ohutusalase 
koolituse kvaliteedi hindamine jne on sõltuvad OHSAS 18001 sertifitseerimisest.  
      MISHA-meetod abil oli võimalik uurida ka selliste ohutuselementide 
osatähtsust, mida OHSAS 18001 ei kata. Näiteks töötajate värbamine ja asendamine, 
töötajaskonna ressursside parendamine, keskastme juhtide ja 
töökeskkonnaspetsialistide valimine, koostöö töötervishoiuteenuse pakkujate ja  
ohutusega tegelevate ettevõtetega, kuigi viimased kaks osutusid statistiliselt kõige 
vähem tähtsaks. 
        Selle uudse, käesoleva töö tulemusel saadud teabe põhjal on koostatud 
kontseptuaalne mudel, mis põhineb OHSAS 18001 standardi formaalsete, 
praktiliste ja kombineeritud ohutuselementide vahelistel seostel ja on töös esitatud 
peale arutluse ka skeemi kujul. Mudel võimaldab ettevõtetel määrata, kas fookuses 
on formaalse või praktilise ohutuse elemente ja kui vaja, ümber suunata ressursid 
nii, et kõik ohutuselemendid saaksid kaetud. Tegelemine praktilise ohutuse 
elementidega on kindlasti olulisem, lisaks on see tegevus ka sageli nähtavam. 
Praktilise ohutuse elemendid mõjutavad rohkem ka töötaja ohutusse suhtumist ning 
panevad aluse töötaja ohutuskäitumisele. Samas tuleb tegelda ka formaalse ja 
kombineeritud ohutuse elementidega, kuna need annavad sageli ettevõtte 
süstemaatilisele ohutus- ja töötervishoiutööle lisaväärtuse.  
        Ohutusintervjuude analüüsimise käigus ja nende tulemuste alusel ilmnes, et 
tipp- ja keskastme juhtide ohutusteadmised on üldiselt madalamad kohalikes 
ettevõtetes, mis ei oma OHSAS 18001 sertifikaati, võrreldes nende ettevõtetega, kus 
OHSAS 18001 on sertifitseeritud või ettevõtetega, mis kuuluvad välismaistesse 
korporatsioonidesse. Seetõttu on käesoleva doktoritöö lisapanusena ettevalmistatud 
koolituspakett „Ohutuskoolitus küsimustike abil”, et aidata väikestel ja keskmise 
suurusega ettevõtetel juurutada peamisi Eesti seadustest lähtuvaid ohutus- ja 
töötervishoiunõudeid, kasutades ka häid tavasid ja iseenesest mõistetavaid teadmisi. 
See võib aidata parendada töötingimusi minimaalsete või keskmiste kulutustega. 
        Töö tähtsus seisneb ettevõtte juhtkonna ja kogu töötajaskonna teadmiste taseme 
tõstmises, mis põhineb teaduslikel alustel, täpsemalt erinevate ohutuselementide 
tähtsuse väljaselgitamisel. Töö kaudu saab ettevõte suuniseid, millest alustada 
ettevõtte ohutustaseme tõstmist ja kuidas tuleks edasi minna. Tööohutuse ja töö-
tervishoiu mõistete selgitamine ning arutelu tööandjate ja töökeskkonna volinikega, 
ning töökeskkonna inseneridega peetud intervjuude käigus suurendas nende 
ohutusalaseid teadmisi. Uuring pakub ohutuse võtmeelementide kontseptuaalseid 
selgitusi, mida toetab OHSAS 18001 ja näitab, milline kasu on ettevõttel 
ohutusstandardi sertifitseerimisest. Kasutatud meetod (audit: MISHA-meetod) sobib 
töötusettevõtetes ohutustaseme uurimiseks, kuid sama meetodit on võimalik 
kasutada ka teist tüüpi organisatsioonides (teeninduses, kontoriruumides). Sellisel 
juhul tuleks üle minna teemadest, mis ei kuulu vastavatesse valdkondadesse ja lisada 
need töökeskkonnariskid, mis on näiteks seotud kontoritööga. Töö tulemused 
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näitasid ka seda, et Eesti ettevõtetel puudub teadmine, kuidas tegelda 
psühhosotsiaalsete ohutegurite või töövõime hindamisega ning vajadust MISHA-
meetodi nüüdisajastamiseks uute riskide esilekerkimise kohaselt. 
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