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1. Introduction

Safety culture has been an essential concept in the nuclear industry bringing attention to the social and
organizational factors that relate to nuclear safety since its initial introduction in late 1980s and 1990s.
Nowadays, safety culture is deeply integrated into the nuclear industry international standards (e.g. IAEA,
2006b, 2016a), and national legislation (e.g. Finnish regulation, STUK, 2018, 2019; European
harmonization, WENRA, 2021). The expectation is not only for nuclear organizations to have a good safety
culture, but also to formally implement activities focussing on continual improvement to improve safety
culture (IAEA, 2006b, 2016a). This includes both general organizational development, but also specific
safety culture activities such as safety culture self-assessments and training on safety culture (Viitanen et
al., 2022).

When systematically striving towards improving safety culture, it is not sufficient to merely implement the
required or recommended activities. It is essential to ensure that the activities are effective for their
purpose—positively influencing safety culture and ultimately creating better preconditions for ensuring
nuclear safety. This involves establishing, for example, what characterizes effective safety culture
improvement, what tools or methods can be used to assess their effectiveness, and how the insights
concerning effectiveness can be used for continual improvement of the safety culture improvement
process.

In this report, we present two approaches to effectiveness assessment concerning safety culture
improvement and illustrate them with four practical tools. We apply a systemic and multi-level perspective
(sociotechnically, Rasmussen, 1997; and culturally, Schein, 1985) to safety culture improvement. This
perspective acknowledges that safety culture improvement initiatives can influence phenomena at different
levels of culture (e.g. artefacts, behaviour, attitudes, norms, basic assumptions), and at different levels of
the sociotechnical system (e.g. organizational, social, individual, or technological levels). We refer to
“effectiveness” as the realization of activities and the achievement of results (cf. ISO, 2015a), where
activities include general and specific organizational development programmes and activities, and results
include positive, safety-related impacts on one or many levels of the organizational culture, and on one or
many levels of the sociotechnical system.

This report was prepared as part of the Effective Improvement of Leadership and Safety Culture research
project (EPIC) SAFIR2022.

2. Approaches to assessing the effectiveness of safety culture
improvement

Systematic safety culture improvement aims to improve a nuclear organization’s ability to maintain and
improve nuclear safety in an effective way. However, due to the complex sociotechnical interdependencies
between (technical) nuclear safety, human and organizational factors, safety culture and leadership, and
organizational development and management, there is not likely to be a simple, end-all solution for
effectiveness assessment for safety culture improvement. Consequently, in this report we present various
considerations and approaches for effectiveness assessment. These can then be used to assess the
effectiveness of safety culture improvement from certain perspectives, depending on the demands of the
particular situation.
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Organizational culture is usually conceptualized as a multi-level phenomenon (e.g. Guldenmund, 2000;
Schein, 1985). Schein’s (1985) model of organizational culture is perhaps the most commonly accepted
in academia and in practice. It defines three levels of culture:

1. Artifacts
2. Beliefs, norms, and values
3. Basic assumptions

An organizational culture which prioritizes safety is referred to as a safety culture.! In the nuclear industry,
artifacts include structures (e.g. the nuclear technology and the design solutions used, physical
environment, integrated management system, organizational structures, and procedures), behaviours and
decisions of leaders and other organizational members, as well as organizational performance outcomes,
such as safety-related events or incidents and accidents (or their lack) (see, e.g. IAEA, 2016b). Safety-
related shared beliefs, norms, and values are the drivers of behaviour and ways of thinking. At the deepest
and most implicit level of culture are the shared basic assumptions, which are typically taken for granted
and considered self-evident by the organizational members. In the nuclear industry, examples of basic
assumptions include how nuclear safety is understood, what kinds of hazards can, cannot, or could exist,
how the hazards can be identified or mitigated, what the accepted models of accident causation and
human error are, etc.

Organizational culture develops over a period of time as the organization solves the problems it faces and
teaches the solutions to new organizational members as the “correct” way to perceive, think and feel
concerning the problems (Schein, 2010). These problems may relate to external demands (e.g. survival,
growth, or adaptation to environment), or internal integration. The iterative nature of how culture forms has
been further summarized by Reiman and Rollenhagen (2018), who propose that culture (expectations,
beliefs, conceptions and values) influences behaviour, which respectively creates and changes culture;
structures (e.g. organizational structure, management system) that store culture, but also influence
behaviour and are created and changed by behaviour. A systems-oriented view on safety further proposes
that organizational culture represents a category of elements that interact within the sociotechnical system,
and creates the preconditions for safety operations (Rasmussen, 1997; Reiman & Rollenhagen, 2014).
Safety culture, therefore, is created in the interaction of various phenomena and rooted in relatively stable
basic assumptions, beliefs, values, and attitudes that drive behaviour, and ultimately result in safety
outcomes. This means that effectiveness assessment should be informed by a systemic model or
understanding of cultural dynamics. This involves establishing how elements such as basic
assumptions, beliefs, values and attitudes, structures and behaviour, as well as improvement initiatives,
interact and create culture, and subsequently affect nuclear safety (Viitanen, Gotcheva, et al., 2018;
Viitanen, Reiman, et al., 2018).

Extrapolating from Schein’s model (Schein, 1985), organizational culture can be considered to be
effective when it is well-adapted to the external and internal demands that the organization faces, or
when it is supporting the fulfilment of the organizational core task (Reiman & Oedewald, 2002, 2006). In
the nuclear industry, what it means to have a “well-adapted organizational culture” has been explicated in
safety culture models that describe the characteristics of an ideal safety culture. Safety culture models in
the nuclear industry are relatively well in line with each other and contain similar dimensions. They include,
for example, safety leadership, procedure adherence, open reporting and information flows, a questioning
attitude and continuous improvement (see, e.g. IAEA, 2006a, 2020; WANO, 2013). Overall, this
emphasizes that a safety culture is a normative phenomenon, and that the norms are defined either

1 In the nuclear industry, the formal definition of safety culture is: “The assembly of characteristics and attitudes in organizations and individuals
which establishes that, as an overriding priority, protection and safety issues receive the attention warranted by their significance.” (IAEA,
2018)
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generally (“well-adapted”), or in detail (safety culture models). Assessing the effectiveness of safety culture
improvement should therefore be informed by this normativity. This includes establishing the purpose of
safety culture improvement, how the improvement activities contribute to the normative characteristics of
safety culture, and what type of cultural phenomena are targeted (e.g. behaviour, values, beliefs, attitudes,
or basic assumptions) (Viitanen, Gotcheva, et al., 2018; Viitanen, Reiman, et al., 2018).

Systematic safety culture improvement consists of a variety of processes and activities that maintain
and develop organizational activities (based Viitanen et al., 2017, 2022):

o Daily work and processes: Activities that the whole organization performs as part of its daily
routine (e.g. continuous improvement, conservative decision-making, procedure adherence,
human performance tools, questioning attitude, raising safety concerns, or making initiatives)

e Leadership: Activities of those who are in positions of formal or informal power (e.g. strategic
decision-making, management-in-the-field, leading with example)

e Safety culture organizational function: The formal structures and processes that explicitly define
activities aiming to improve safety culture (e.g. safety culture programmes and improvement plans)

e Safety culture activities: The implementation of activities that explicitly aim to improve safety
culture (e.g. safety culture self-assessments, training on safety culture topics, providing safety
expertise to support others)

Safety culture improvement involves activities that aim to achieve some operational or managerial goal
but also influence safety culture, and activities that are specifically intended to assess or influence safety
culture. Usually managers, supervisors and operational staff perform the former group of activities, while
safety culture experts implement the latter. It is worth noting that even if there are organizational activities
aimed specifically at improving safety culture, their actual influence on culture is indirect: they may affect
the behaviour of organizational members, organizational structures, or leadership activities, but their
impact on culture emerges only when the implications of the changed behaviour, structures or leadership
activities become rooted as shared beliefs, values, attitudes or basic assumptions (Reiman & Rollenhagen,
2018). This means that effectiveness assessment should be informed by an understanding of how safety
culture improvement activities function and how they influence culture (Viitanen, Gotcheva, et al.,
2018; Viitanen, Reiman, et al., 2018).

Summarizing these viewpoints, we propose two general approaches for assessing the effectiveness of
safety culture improvement: a phenomenon-based approach and a process-based approach.

The phenomenon-based approach views safety culture improvement from the perspective of cultural
dimensions or manifestations, and how they interrelate with each other and with other sociotechnical
elements of the organization (e.g. technology, individual perceptions, values and attitudes, organizational
functions, etc.). From this perspective, safety culture improvement is seen as a complex, systemic activity.
Explicating the system elements and their interrelations can help identify indicators that can be used for
effectiveness assessment, as well as for finding leverage points for improvement. The phenomenon-based
approach can answer questions such as: What sociotechnical phenomena influence procedure adherence
and how can change in the influence be measured?

The process-based approach views safety culture improvement as an organizational function that
involves, for example, a process dedicated to safety culture improvement, as well as specific activities that
aim to improve safety culture. Effectiveness assessment is seen both as verifying that the process and the
related activities are implemented, that the implementation is sufficiently comprehensive, and validating
that the process and the related activities have a positive impact on safety culture. The process-based
approach can answer questions such as: What constitutes an effective safety culture self-assessment
process, and how can it be measured?
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It is important to note that the phenomenon-based approach and process-based approach are not
exclusive and should be used in a complementary manner. For example, the understanding created as
part of the phenomenon-based approach is essential when applying the process-based approach.
Respectively, the process-based approach is useful when assessing the effectiveness of specific safety
culture activities (possibly) identified as leverage points in the phenomenon-based approach.

In the following two chapters of the report, we present case studies, models and tools that illustrate how
the two approaches can be applied in practice to evaluate the effectiveness of safety culture assessment.

3. The phenomenon-based approach

3.1 Introduction

The phenomenon-based approach to assessing the effectiveness of safety culture improvement aims to
gain a systemic understanding of cultural dynamics. One way of achieving this goal is to explicate these
dynamics through modelling.

The safety culture models currently used in the nuclear industry can be characterized as “dimension
models”. They elaborate detailed lists of dimensions, characteristics and attributes of phenomena that
relate to safety culture. Well-known examples of such models include the IAEA 5-characteristic safety
culture model (IAEA, 2006a), IAEA Harmonized safety culture model (IAEA, 2020), and WANO safety
culture model (WANO, 2013). One limitation of dimension models is that they provide limited
understanding of the systemic and sociotechnical nature of safety. That is, they do not explain how the
identified phenomena influence each other, and how they are connected to other safety-related
phenomena at different levels of the sociotechnical system (e.g. technology, behaviour, administrative
systems, culture, external factors, etc.).

Recognizing these systemic interconnections can serve as one step towards creating a valid and practical
method for assessing the effectiveness of safety culture improvement activities. For this purpose, we
designed a model development process that aimed to identify the interconnections of a selected safety
culture attribute between various related phenomena. The expected outcome was to reveal the systemic
nature of the attribute, and to identify potential effectiveness assessment indicators and intervention
strategies.

The model development process draws inspiration from causal modelling methods, such as the AcciMap
(Rasmussen, 1997; Rasmussen & Svedung, 2000; Salmon et al., 2020) approach and bowtie (de Ruijter
& Guldenmund, 2016) method, that are used in incident and accident analysis. The characteristics of
analyses resulting from these methods include identification of causal relationships (both AcciMap and
bowtie), phenomena located in different levels of the sociotechnical system (specifically AcciMap), and the
existence of a “focal point” that serves as the starting point for the analysis (“top event” in AcciMap and
bowtie). In the variation used here, the selected safety culture attribute is in the central “top event” position,
and its antecedents and consequences are modelled (Table 1).

The safety culture attribute model development process starts with selecting a safety culture attribute
for further elaboration. Two safety culture attributes were selected for piloting the modelling approach.

Raising concerns was selected as the first attribute by the research team. This attribute has been widely
scientifically studied, which provided a good starting point for analysis. It is also an important aspect of
safety culture and is present in all comprehensive safety culture models (e.g. dimension RC in the IAEA
Harmonized safety culture model, IAEA, 2020), and its improvement and assessment was considered a
challenge in previous data collection within the SAFIR2022 EPIC project (Viitanen et al., 2022).
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The procedure compliance attribute was suggested by industry practitioners during a joint workshop.
Procedure compliance is also an essential aspect of safety culture, and is present in all comprehensive
safety culture models (e.g. dimension IR in the IAEA Harmonized safety culture model, IAEA, 2020).

The next steps involve the identification of the network of antecedents and outcomes that are
associated with the selected safety culture attribute. This step was done by conducting a limited literature
review on the attribute and integrating the findings in researcher workshops. This resulted in a draft version
of the model, and a visual representation of the draft model was prepared.

The visualized draft models were then discussed in a co-creation workshop with safety culture experts
from nuclear power companies. In the workshops, the validity and relevance of the model was discussed.
In addition, the safety culture experts were asked to identify existing and potential assessment and
improvement methods for each element in the model. Based on the feedback and additional insights, the
researchers further refined the model.

Table 1. Model development process

Step Method
1. Selection of one safety culture attribute as a Joint agreement (researchers with practitioners)
“focal point” for elaboration
2. ldentification of a network of factors that Literature review, modelling in researcher
contribute to the attribute workshops
3. Identification of outcomes of the attribute Literature review, modelling in researcher
workshops
4. Creating a visual representation of a draft Visualization using a general-purpose diagramming
model software
5. Identification of existing and potential Co-creation workshop with practitioners and
assessment and improvement methods researchers
6. Further development of the model Revision based on feedback from practitioners
3.2 Modelling the raising concerns attribute
3.2.1 Background

The focal point of the model development was raising concerns behaviour. The first group of influencing
factors were labelled “enablers” which are the immediate contributors to raising concerns behaviour. They
are psychological (psychological safety, motivation, understanding) and organizational (opportunity) in
nature. The model development was inspired by an influence diagram on incident reporting behaviour
proposed by Shorrock (2021), which was supplemented by a literature review. The literature review
included articles from safety-critical industries (e.g. aviation and healthcare) on topics such as speaking
up, safety voice, and safety communication. In addition, the factors were classified, and colour coded by
contextual factors, values and attitudes, organisational function/process, knowledge, individual
perceptions, and organizational outcomes. The draft model and methods to assess and improve raising
concerns behaviour were discussed in a workshop with nuclear industry practitioners (safety culture
experts from Finnish nuclear power companies) and iterated by the researchers. In general, the suggested
methods to assess and improve raising concerns behaviour included audits, event investigations, peer
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reviews and safety culture assessments. A simplified illustration of the model is presented in Figure 1 and
the full set of identified influencing factors is presented in Attachment A (Figure Al).

e e e e e e e e e e e e e e e e e —_— —_— —_——— ——————— e — -

i Enablers!
| |
: Psychological |
1 . . . - 1
i e Motivation Opportunity Understanding |
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S — 1 T e — :
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1T Att_rib_u_t;:
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i | Raising concerns | !

| |pehaviour (reporting | !

i system) 1

S I

Y
Corrective actions
6 Y ; Y
Sl PR | Technical changes [ Trending ‘
changes

Figure 1. Simplified illustration of the raising concerns behaviour model

In the following subchapter, we describe our model of raising concerns behaviour in further detail and
elaborate the insights for assessment and improvement that emerged during the workshop with nuclear
industry experts.

3.2.2 Definitions of the enablers and means to assess and improve them

Psychological safety refers to a shared belief amongst employees that their colleagues will not reject
them for saying what they think, respect each other's competence, are interested in each other as people,
have positive intentions towards one another, are able engage in constructive conflict or confrontation,
and feel trust between team members (Edmondson, 1999; Newman et al., 2017). Psychological safety is
influenced, for example, by leadership behaviour, work design characteristics, and a supportive work
context (e.g. Aranzamendez et al., 2015; Frazier et al., 2017).
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Insights for assessment and improvement:

e When there are signs in the organisation that the total level and coverage of reporting is low, a
qualitative analysis is recommended to investigate the root-cause reasons behind it. This may
reveal whether the personnel feel that it is safe enough to report things and potential challenges
can be addressed.

¢ Analysing the number of people reporting anonymously versus reporting using their own name. It
was noted that in more turbulent times the personnel may report more anonymously. A high number
of anonymous reports may indicate a lack of psychological safety.

The motivation to report means that the personnel want to report issues (cf. Schwappach & Gehring,
2014). We identified the following potential influencing factors regarding motivation: perceptions of
responsibility, peer group values and attitudes, perceptions of negative or positive personal consequences,
expectation of feedback, company-level learning and change following reporting, previous experience of
reporting (first or second hand), perception of confidentiality, ease of reporting, and management values
and attitudes.

Insights for assessment and improvement:

¢ Raised concerns need to be addressed in a timely manner. If concerns are not addressed, the
motivation to report in the future declines.

e Substance knowledge is needed to ensure that the personnel are aware and have the feeling that
something is significant enough to report.

e Event investigation backlogs may help reveal signs of cynical behaviour and learned helplessness
that relate to lack of motivation.

e Giving positive feedback and rewarding reporting. In general, enhancing nuclear professional
behaviour by appropriate rewards was noted.

e Surveys that include topics measuring the observation system and how personnel feel about it.

e Open fields in safety culture self-assessment surveys provide the opportunity to gain more
qualitative feedback about the observation system and motivation.

Understanding category refers to the personnel’s knowledge about their work, its safety significance,
work related requirements and procedures as well as various reporting systems of the organisation. The
personnel need to know what, when and how they should report matters. This is affected by the
sensemaking process, which is a process of social construction that occurs when discrepant cues interrupt
individuals' ongoing activities; it involves the retrospective development of plausible meanings that
rationalize what people are doing (Weick, 1995).

Insights for assessment and improvement:

e Substance competence is usually self-evident and taken for granted in nuclear power plants. It is
important to assess if the personnel really understand what they should do and establish whether
the safety significance is really understood.

The opportunity to report matters or concerns refers to whether the personnel has time and facilities
available for reporting (cf. Martowirono et al., 2012). The opportunity to report concerns is negatively
affected if the employee’s workload is constantly high and reporting must be done during breaks or in free
time, or if the reporting systems are not accurate and easy to use due to their design or other features.
This is also affected by company policies as well as regulatory requirements.
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Insights for assessment and improvement:

e Organisations have multiple reporting systems (technical, non-technical, safety culture, OHS,
corporate systems, other systems with different access rights) which impact the motivation and
opportunity to report concerns when personnel need to decide what type of safety concern they
wish to report.

e The ease of reporting can be measured by how long it takes to fill in a form.

¢ In more turbulent times or in a project environment, the time for reporting may cause bias:
personnel who are overloaded with work might not have the opportunity to report their concerns
and personnel with lower workloads may report very minor issues.

Feedback from the workshop indicated that the system visualization describing how different factors
might affect each other is valuable because it makes them visible and possible to discuss. It makes it
easier to communicate in the organization and analyse and reflect on the underlying targets. It was noted
that visualisation could be a tool for reflective discussions within the organization on various levels when
you want to develop something specific and address risk areas related to silos.

Based on the workshop and feedback, the researchers made a practical tool for assessing reporting
behaviour in NPPs (Attachment A).

3.3 Modelling the procedure compliance attribute

3.3.1 Background

In general, two paradigms of procedure compliance have been identified (Hale & Borys, 2013). The first
is a top-down, classical, and rational approach in which rules are seen as static, comprehensive limits for
freedom of choice, imposed on users at the sharp end. Deviations from rules are seen as negative
behaviour to be suppressed. The second paradigm is a bottom-up, constructivist view where rules are
seen as dynamic, local, and situated constructions of users as experts. Competence is seen to a great
extent as the ability to adapt rules to the diversity of reality. These paradigms are also reflected in
Hollnagel’s Safety-1 — reactive and constraining, and Safety-2 — proactive and enabling approaches to
safety management (Hollnagel, 2014). Both paradigms have strengths and weaknesses (Hale & Borys,
2013), which makes the procedure compliance attribute complex and even contradictory.

A distinction can be made between deep and surface level compliance (Hu et al., 2020). Deep
compliance means that employees engage with the intention to maintain workplace safety, and invest the
effort required to enacting risk management strategies which are expected to accomplish organizationally
desired safety outcomes (Hu et al., 2020). Surface compliance means that employees engage with the
intention to meet organizational requirements, and direct their effort and attention towards demonstrating
compliance (Hu et al., 2020).

Procedures in nuclear organisations are described in an integrated management system, for example,
manuals, and work procedures and instructions. Adherence to procedures is a recurring topic in nuclear
industry expectations for a good safety culture (e.g. IAEA, 2006b, 2016a, 2020; WANO, 2013). In the
nuclear industry, Stop, Think, Act and Review (STAR) principle and a questioning attitude are expected to
manage situations where the rules do not apply or are not safe (e.g. DoE, 2009; INPO, 2006).

In our model of procedure compliance, we included procedure attributes, individual perceptions and
factors, organizational factors and leadership, as well as values and attitudes as influencing factors (cf.
Kanse et al., 2018). We see procedures as attempting to create an explicit model of safe work (or what
the organization perceives and expects safe work to be). This is then communicated to workers using
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various document management systems. It is worth noting that the reality of safe work and what the
organization assumes it to be may differ (cf. “work-as-done” vs. “work-as-imagined”, Dekker, 2006;

Hollnagel, 2015). Figure 2 illustrates the procedure compliance model, and it is further detailed in Figure
B1.

In the following subchapters, we review each part of the model in detail and describe insights from a
workshop held with nuclear industry practitioners.

bt
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Figure 2. Simplified illustration of procedure compliance

3.3.2 Organizational factors and leadership attitudes

There are three different approaches to compliance management (Kanse et al.,, 2018). The punitive
approach involves management responding to non-compliance with sanctions and assigning blame. The
learning approach is when management responds to non-compliance through open communication and
sees it as an opportunity for change. The involvement approach refers to the management including
employees in the design and implementation of procedures.

Based on a further literature review, the following organizational factors were identified as contributing to
procedure compliance (Bensonch et al., 2022; Dekker, 2003; Hu et al., 2016, 2018; Kanse et al., 2018):
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Work design and planning (e.g. time pressure, overoptimization, work overload, conflicting
demands, integrating workers into organizational activities)

Design, quality, and usability of the procedures (e.g. too many rules, user-friendliness, access,
inflexibility, complex, or unclear, and/or inadequate content, lack of real-world relevance)

Training

Leaders’ attitude and supervision (e.g. expectation of having to bend rules to get work done,
supervisors could facilitate the perceived usefulness of procedures and employees’ job self-
efficacy by helping employees to achieve their job goals, poor supervisor-worker collaboration)
Users’ involvement in procedure development (e.g. voicing users’ thoughts and opinions about the
procedures they use)

Individual perceptions, factors, and procedure attributes

Users’ perceptions and individual factors predicting compliance with procedures include (Bensonch et al.,
2022; Dekker, 2003; Hu et al., 2016, 2018; Kanse et al., 2018):

Procedures perceived as, logical, to the point, at the right technical level, and user-friendly
Safety motivation, commitment, and job satisfaction
Attitudes toward procedure compliance, procedure utility, and fewer years of experience

Perception of high procedure quality

Users’ perceptions and individual factors predicting or affecting noncompliance include (Bensonch et al.,
2022; Dekker, 2003; Hu et al., 2016, 2018; Kanse et al., 2018):

3.34

Procedures perceived as time consuming, unnecessary, out of date, or too numerous
Tiredness, or seeing ways to make shortcuts

Intention, attitude, and habits of non-compliance

Perceived low risk

The personality trait of “outward irritability”

Self-image and status among peers that favours risk and violation

Previous accident involvement

Low level of training

Low level of competences and planning

Procedure compliance (behaviour)

The behaviour related to procedure compliance can be classified along a continuum of intentionality,
for example, according to a culpability decision tree (Reason, 1997). Reason classifies unsafe acts as
clear cases that are intentional (e.g. sabotage, or substance abuse), violations (e.g. reckless
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noncompliance with procedures, negligence, or system-induced violation resulting from lack of proper
procedures), and blameless non-compliance (e.g. system-induced errors resulting from deficiencies in
training, experience, or personnel selection, or blameless errors of individuals without any history of unsafe
acts) (Reason, 1997). Violations can be further classified as routine (as normal and accepted ways of
working in a group), situational (happening only in specific context when the rule seem not to be relevant),
exceptional (in a unigue situation one time only), and optimizing (solving trade-offs of safety with other
objectives such as production pressure) (Hale & Borys, 2013). Identifying the type of noncompliance with
procedures should inform the consequences or corrective actions resulting from it: whether punishment,
training, learning, procedure update or other organizational change is the appropriate action.

3.35 Insights for assessing and improving procedure compliance

According to the workshop discussions, the general workplace culture, atmosphere, and peer pressure
can affect compliance positively or negatively: it can change a newcomer to adopt the ways of the
organization, regardless of whether the newcomer was initially reckless or pedantic. The workshop
participants found that old attitudes emphasizing “if you need to read the instructions — you are in the
wrong place” are fading away in the nuclear industry. They also felt that recognizing the importance of
instructions and the correct level at which they are written (not too detailed, not too vague) are important
factors in their proper use in nuclear power plants.

In nuclear power plants, factors affecting procedure compliance are addressed in internal and external
safety culture assessments and in audits to some extent. Involving users in procedure writing was
considered an important factor towards improving the quality of the procedures and employee commitment
to them.

When discussing the safety-significance of different types of procedures, the nuclear industry
practitioners felt that in general, upper-level guidelines are more policy-like and lower-level guidelines
define prioritization in a more concrete manner. The procedures identified as the most safety-significant
were related to operational limits and conditions (OLC), operational decision-making, emergency and
incident management, and main control room operations.

Based on the workshop discussions, assessing and improving procedure compliance should strive to
improve understanding of the importance of the instruction/procedure and on what level it needs to be
applied. This requires sensemaking abilities from the person, workgroup, and the whole organization to
continuously reason how to act in certain situations. The workshop participants felt that non-compliance in
nuclear power plants is rarely an intentional violation or a conscious decision but is the result of a joint
sense-making. The following insights emerged:

e Ensuring a systematic, traceable, and transparent system for procedure development initiatives.

e Categorizing what instructions need to be followed and in what situation.

e Informing the personnel when updating instructions.

e Finding new ways to distribute updated instructions.

e Ensuring that plant suppliers’ improvement suggestions are systematically addressed and
considered in the development of procedures.

e Training and guiding supervisors and subcontractors to ensure the compliance and continual
development of instructions and procedures.

e Systematically and at regular intervals reviewing different level and types of procedures and
assessing whether there are blind spots and contradictions.
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¢ Emphasizing compliance with procedures also in other safety-significant areas (e.g. occupational
safety in heavy lifting), not just in the most nuclear safety-significant operations (e.g. main control
room).

e Systematic master-apprentice model for pairing experienced and new employees to ensure the
adoption of good working practices.

Feedback from the workshop indicated the importance and complexity of the topic. In addition, a need
was identified to examine procedure compliance based on cutting-edge research results from outside
safety science, such as cognitive and psychological sciences.

4. The process-based approach

4.1 Introduction

To illustrate the process-based approach, two most commonly applied and required safety-culture-specific
subprocesses of safety culture improvement were chosen: safety culture assessment and safety culture
training. The next two chapters describe the best practices concerning these two activities and describe
the reasoning behind tools that can be used to evaluate the effectiveness of these activities. The proposed
tools are described in Attachments C and D.

4.2 Subprocess: safety culture assessment

4.2.1 Background

Implementing a safety culture assessment process is among the first and most important specific activities
for safety culture improvement that safety-critical organizations carry out. It serves as the input for the
continual organizational development cycle. In the nuclear industry, a safety culture assessment is
required and expected in international standards and in national legislation.
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The IAEA requires the implementation of regular assessments of leadership for safety and of safety
culture?, including safety culture self-assessments®#>¢ and independent safety culture assessments’®.
IAEA GS-G-3.1 (2006a) and IAEA GS-G-3.5 (2009) make a distinction between self-assessment by senior
management and self-assessment by individual and managers (other than senior management). Self-
assessment by senior management explicitly includes safety culture as a topic. A management review is
another assessment type and includes evaluating the effectiveness of the management system (which is
expected to be applied to foster strong safety culture®, but does not explicitly refer to a safety culture
assessment. IAEA SRS-83 (IAEA, 2016b) provides detailed guidance on how the IAEA expects a safety
culture self-assessment should be performed.

The Finnish regulatory framework contains the same elements as the IAEA requirements. References are
made to the assessment of the management system®!!, generally being aware of the status of safety

2 |AEA GSR Part 2 Requirement 14: Measurement, assessment and improvement of leadership for safety and of safety culture. Senior
management shall regularly commission assessments of leadership for safety and of safety culture in its own organization. (IAEA, 2016a)

3 |IAEA GSR Part 2. 6.9. Senior management shall ensure that self-assessment of leadership for safety and of safety culture includes assessment
at all organizational levels and for all functions in the organization. Senior management shall ensure that such self-assessment makes use of
recognized experts in the assessment of leadership and of safety culture. (IAEA, 2016a)

41AEA GS-G-3.1 6.7. Effective self-assessment by senior management should evaluate such conditions as: the state of the knowledge, motivation
and morale of individuals; safety culture; the amount of mutual trust and communication among individuals; the existence of an atmosphere of
creativity and improvement; and the adequacy of human and material resources. (IAEA, 2006a)

5 JAEA GS-G-3.5 6.6. The input to self-assessment by senior management should include information on: (a) Safety related results and trends
and performance indicators; (b) Overall performance, including safety, health, environmental, security, quality and economic considerations;
(c) Analysis of current performance, such as feedback from peer evaluations, surveillance and results of technical reviews; (d) Adequacy of
the management system of the organization; (e) Effectiveness of management procedures and work instructions; (f) Organizational issues,
such as levels of authority and responsibility, interfaces, communications and policies for recruitment, training and promotion; (g) Results of
staff surveys and assessments of safety culture; (h) Effect of regulatory and statutory requirements and any changes to them; (i) Strategic
planning, the purpose or ‘mission’ of the organization and the safety objective; (j) Feedback from experience. (IAEA, 2009)

6 JAEA GS-G-3.5 6.35. The self-assessment of safety culture should include the entire organization. Several different self-assessment tools should
be used to determine the status of the safety culture of the organization. Possible self-assessment tools include interviews, focus groups,
questionnaires, observations and document reviews. The safety culture should be assessed on the basis of its characteristics (see paras
2.14—2.21) and attributes (see Appendix I). These characteristics and attributes should all be covered when developing interview questions,
items for inclusion in a questionnaire or issues for discussion in focus groups. (IAEA, 2009)

" IAEA GSR Part 2 6.10. Senior management shall ensure that an independent assessment of leadership for safety and of safety culture is
conducted for enhancement of the organizational culture for safety (i.e. the organizational culture as it relates to safety and as it fosters a
strong safety culture in the organization). (IAEA, 2016a)

8 |JAEA GS-G-3.5 6.38. The independent assessment of safety culture should follow a similar approach to that used for the self-assessment and
should also include all characteristics (see paras 2.14—2.21) and attributes (see Appendix |) of safety culture. The independence and
qualification of the members of the assessment team should be considered crucial for the success of the assessment. The team should be
staffed with sufficient diversity of experience and should include specialists in behavioural science, with knowledge of statistical methods of
analysis. (IAEA, 2009)

9 IAEA GSR Part 2 4.9. The management system shall be applied to achieve goals safely, to enhance safety and to foster a strong safety culture
by: (a) Bringing together in a coherent manner all the necessary elements for safely managing the organization and its activities; (b) Describing
the arrangements made for management of the organization and its activities; (c) Describing the planned and systematic actions necessary to
provide confidence that all requirements are met; (d) Ensuring that safety is taken into account in decision making and is not compromised by
any decisions taken. (IAEA, 2016a)

10 STUK Y/1/2018 Section 25. 2. Organisations participating in the design, construction, operation and decommissioning of a nuclear facility shall
employ a management system for ensuring safety and the management of quality. The objective of such a management system shall be to
ensure that safety is prioritised without exception, and that quality management requirements correspond to the safety significance of the
activity and function. The management system shall be systematically assessed and further developed. (STUK, 2018)

1 YVL A.3 716. The management shall conduct a review of the management system at regular intervals in order to ensure the management
system’s applicability and effectiveness. The reviews shall include the objectives of the management system, including the safety and quality
policy, that pertain to nuclear and radiation safety and quality as well as an assessment of opportunities for improvement and needs for change.
As input data for the reviews, the following shall be used: the results of independent audits, process assessments, realisation of safety and
quality objectives, status of corrective and preventive action, follow-up measures taken after previous management reviews, suggestions for
improvement, and changes that could affect the management system. [2019-03-15] (STUK, 2019)
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culture?, and conducting safety culture self-assessments'®!4, as well as independent safety culture
assessments?®. Finnish regulations also explicitly require licensees to assess (and ensure) the safety
culture in the supply chain?®.

Process maturity models are a commonly used method for structuring the evaluation of the degree of
formality and level of development of business processes. For example, the Capability Maturity Model
identifies five levels of maturity: initial, repeatable, defined, managed and optimized (Paulk et al., 1993).
This model has also been used as a basis for creating safety culture assessment models, often adapting
alternative level descriptions: emerging, managing, involving, cooperating and continually improving
(Goncalves Filho & Waterson, 2018). In Attachment C, we propose a maturity evaluation model and tool
for safety culture assessment process. The tool was developed by integrating the best practices described
in the following subchapters and extrapolating them in accordance with a process maturity model using
expert judgement. The tool describes safety culture assessment process evaluation criteria and how they
manifest at four levels of maturity. The maturity levels include lack of achieving the evaluation criteria (i.e.
non-conformance), as well as basic, advanced, and best practice levels. These maturity levels differ from
the Capability Maturity Model by explicitly including the lowest, non-conformance level; however, the other
three levels largely correspond to the extremes of the Capability Maturity Model. Note that unlike safety
culture (status) maturity levels, the approach described in Attachment C aims to structure the maturity
evaluation of the safety culture assessment process, rather than the culture itself.

Below we summarize a set of best practice considerations that were used to formulate the maturity
evaluation tool. The best practices were identified based on nuclear industry standards (the requirements
and recommendations described above, as well as IAEA SRS-83, IAEA, 2016b), previous research of
safety culture expert work done within SAFIR2022 EPIC (Viitanen et al., 2022), and a cursory selection of
other literature. An overview of the safety culture assessment process and list of key evaluation criteria is
described in Figure 3. It is worth noting that the existing organizational culture and organizational context
affect how the organization understands the safety culture assessment process and consequently what
elements it sees as relevant to implement and at what level of maturity.

12 YVL A.3 318. The management system shall contain procedures to make the management aware of the situation of the safety culture in their
organisation, changes to it and, in particular, the potential deterioration of the safety culture. [2019-03-15] (STUK, 2019)

13 YVL A.3 709. The management and all organisational levels shall carry out regular self-assessment of their own work performances against
pre-defined criteria. Experts in the topic shall be utilised in self-assessment of safety culture and leadership. [2019-03-15] (STUK, 2019)

14 YVL A.3 710. The organisation shall have in place a procedure for measuring the personnel’s awareness of the significance and importance of
their duties and of how the individuals affect the achievement of safety and quality objectives. [2013-11-15] (STUK, 2019)

15 YVL A.3 712. The management system shall include the requirements and procedures for regular, independent assessment of the system’s
conformity, performance, and effectiveness. Areas to be assessed in particular shall include the effectiveness of processes as regards the
achievement of objectives and the realisation of the strategies and plans, the results of work performances and leadership, the organisation’s
safety culture, and the quality of products. [2019-03-15] (STUK, 2019)

18 YVL A.3 318a. The licensee’s management system shall contain procedures to ensure the good safety culture of safety-significant suppliers, to
assess the safety culture and to respond to its development needs. [2019-03-15] (STUK, 2019)
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Figure 3. Overview of safety the culture assessment process and list of key evaluation topics

4272 Preconditions

Management support is an essential precondition for implementing a safety culture assessment process,
as is the case with most organizational development activities (cf. ISO, 2015b), including safety culture
improvement (e.g. Antonsen, 2009; Cooper, 1998; Hale et al., 2010; Mengolini & Debarberis, 2007).
Management’s role includes providing time and resources (IAEA, 2016b; Viitanen et al., 2022), providing
a mandate for the experts (e.g. access to organizational functions, Viitanen et al., 2022), as well as
supporting and championing the assessment process (IAEA, 2016b). The management should also
provide the group implementing the safety culture assessment process with sufficient independence and
encourage them to question or highlight problems if necessary (Viitanen et al., 2022). At lower process
maturity levels, management support does not exist or hinders the implementation of safety culture
assessments. The risk of low maturity of this criterium is that the safety culture assessment process is not
implemented at all, or the lack of resources or mandate makes the safety culture assessment activities too
limited or unreliable to be useful for organizational development.

Management system integration of the safety culture assessment process involves preparation of
appropriate written documentation (e.g. procedures and/or instructions), preparation of binding and
approved implementation plans, as well as identifying how the process interfaces with other business
processes of the organization (Viitanen et al., 2022). At lower process maturity levels, the process has not
been formally described and/or only exists in the (informal) practices of individuals that implement it. Low
maturity levels make it more difficult to ensure the allocation of responsibilities for the process, to validate
the quality of methods applied, and that the activity continues at a sufficiently high level even if there is
turnover of staff that implements the assessment.
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Systematic implementation of a safety culture assessment process involves ensuring its periodic
implementation (according to defined procedures), as well as systematic development based on own
experiences, or external insights (Viitanen et al., 2022). At lower process maturity levels, safety culture
assessment activities are conducted on an ad hoc basis and without periodicity. The risks of low maturity
levels include long gaps between assessments, that the unsystematic assessment practices do not ensure
results that are useful for organizational development or for trending over time, and that the assessment
process becomes stagnant in relation to the organization’s development level, new industry standards, or
research and development on safety culture assessment practices.

The safety culture assessment process should be guided by an appropriate understanding of what a
safety culture is (e.g. Guldenmund, 2000, 2010; IAEA, 2009, 2016b; Viitanen et al., 2022). This means
not only applying suitable industry standard safety culture models, but also appreciating the concept of
organizational culture (e.g. Schein, 1985), sociotechnical system view of safety (e.g. Leveson, 2011;
Rasmussen, 1997) and the mechanisms through which cultural phenomena influence nuclear safety. At
lower process maturity levels, safety culture assessment is guided by a superficial or incorrect
understanding of culture (e.g. perceiving it only as the behaviour of individuals, or as the implementation
of specific safety culture activities required in the regulations). The risks of such an understanding of a
safety culture are that the assessment process is not designed in a manner that enables the identification
of cultural phenomena and improvement needs, and that the results produce a misleading or invalid
overview of existing safety culture.

There should be appropriate group of experts implementing a safety culture assessment process (IAEA,
2009, 2016b, 2016a; Oedewald et al., 2011; Viitanen et al., 2022). From expertise perspective, safety
culture assessment requires many types of expertise and benefits from formal education and experience
in human and social sciences, quantitative and qualitative methods, knowledge in nuclear industry and
nuclear safety, as well as experience in organizational assessment and development. Safety culture expert
tasks (generally, and as part of the overall safety culture assessment process) can be quite fragmented
(Viitanen et al., 2022), which means that the group responsible for the practical implementation of the
safety culture assessment process should also have readiness to continuously adopt new competences.
At lower process maturity levels, the group has is no or little expertise in non-technical nuclear safety
matters. This can have an adverse impact, for example, on how and what methods are used for the
assessment and what conclusions are made based on them.

4.2.3 Data collection and analysis

Safety is an emergent phenomenon that results from complex sociotechnical interactions (e.g. Dekker,
2011; Hollnagel, 2014; Rasmussen, 1997). All organizational functions and activities (in accordance with
a graded approach) either directly or indirectly influence nuclear safety. This means that ideally, the scope
of the safety culture assessment process should include the whole nuclear organization, both divisionally
(internal organizational units, functions and divisions; as well as the supply chain), hierarchically (from top
management to operative staff), and culturally (structures, behaviour, attitudes, values, norms, basic
assumptions) (cf. IAEA, 2016b; Oedewald et al., 2011). At lower process maturity levels, the safety culture
assessment either explicitly excludes certain aspects of the organization or its culture, or implicitly due to
methodological limitations. It is worth noting that the scope in cultural terms should be in line with the safety
culture assessment process and its capability. For instance, a process that is implemented in a lightweight
manner (e.g. using only surveys) and that has not been active for a long period of time, is not likely to have
the capability to reveal deep cultural phenomena, and trying to make conclusions of deep cultural
phenomena may risk unreliable or invalid results (Viitanen et al., 2022).

The safety culture can be assessed at different frequencies, with some assessment types being
continuous and others project based. In our empirical study of safety culture expert’s work in the Finnish
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nuclear industry, we observed that the following safety culture assessment types were used (Viitanen
et al., 2022):

e Fast-cycle monitoring: performed continuously, e.g., operational events and screening meetings,
safety concern review meetings, safety walks, tours, and inspections, KPIs.

e Annual summarization: performed annually, e.g., annual summary report on safety culture status
or safety culture chapter in a management review.

o Slow-cycle assessments: performed every 2—4 years, e.g., safety culture self-assessments or
safety culture questionnaires.

¢ On-demand or opportunity-based assessments: not performed periodically, e.g., independent
safety culture assessments or investigations.

Each safety culture assessment type serves a different purpose and contributes to the overall aim of
gaining awareness of the status of the safety culture in the organization. For example: fast-cycle monitoring
helps identify grass-roots manifestations of the safety culture and issues that require a quick response;
annual summaries provide an overview of the safety culture status for the management based on existing
assessments and data, as well as follow-up of safety culture improvement activities; slow-cycle
assessments provide insights into deeper cultural phenomena by applying special data collection and
analysis methods; and on-demand or opportunity-based assessments enable deeper analysis of specific
or acute safety culture issues, or may utilize findings from safety culture-related assessments conducted
by third parties (Viitanen et al., 2022). These four types of assessments complement each other and over
time they help build a comprehensive view of safety culture status. At lower maturity levels, safety culture
assessments might only be seen as the implementation of a safety culture self-assessment project or a
safety climate questionnaire. The risk of such an approach is that the organization does not fully utilize the
available information for safety culture assessment, which ultimately may result in a limited view of culture.

Data collection methods should be diverse to achieve sufficient reliability. Data collection methods
should apply both quantitative and qualitative methods, and interactive methods to complement non-
interactive methods (e.g. Oedewald et al., 2011; Schdbel et al., 2017). Typically, five data collection
methods are referred to in industry recommendations: interviews, focus groups, surveys, document
reviews and observations (IAEA, 2002, 2009, 2016b). These methods should be designed and used in a
way that enables revealing cultural phenomena. At lower process maturity levels, no safety culture specific
data collection methods are used, or only single (safety culture-specific) methods are used. Typically, if an
organization only uses a single method for its safety culture assessment, it is a safety climate
questionnaire. The risk of low maturity levels is that an unreliable or inadequate overview may be obtained
of the safety culture due to the lack of triangulation.

Due to the qualitative and intangible nature of safety culture assessments, it is important that those
responsible for their implementation have awareness of the constraints of the assessments done as part
of the process. This includes awareness of the reliability, quality and strength of the data, analysis results
and conclusions (Oedewald et al., 2011; Viitanen et al., 2022). At lower process maturity levels, there is a
lack of a questioning attitude and a non-critical approach concerning the assessments. This may result in,
for example, accepting results without corroborating data or meaningful justification as facts.

The safety culture assessment process should result in the identification of cultural strengths and
weaknesses (IAEA, 2016b). This means that the results should capture, for example, how observed
culture deviates from ideal culture (see descriptive and normative approaches described in IAEA, 2016b),
and/or the identification of deeper levels of culture such as values, norms, or basic assumptions and how
they deviate from the organization’s core task demands (Reiman & Oedewald, 2007). At lower process
maturity levels, the assessment process might only result in descriptions of raw data, or analysis results
that do not relate to the status of the safety culture.
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4.2.4 Organizational development

Appropriate communication and reporting are important success factors in ensuring that the safety
culture assessment process actually results in improvement, and to ensure management support and
acceptance among the staff (IAEA, 2016b; Oedewald et al., 2011; Viitanen et al., 2022). It is important to
identify the orientation of the management and the organization to establish the right level and style of
communication. One which is not too complex or not too simple for the audience in question (Viitanen et
al., 2022). At lower process maturity levels, findings are either not reported or reviewed at all, or only
communicated to the immediate customer (e.g. top management or oversight function), rather than the
overall organization. This risks the safety culture assessment process becoming detached from the
organizational reality and daily work—at levels where the safety culture ultimately manifests.

The safety culture assessment process should be closely connected to organizational development (IAEA,
2016b; Viitanen et al., 2022). This includes both specification and implementation of improvement
and/or corrective actions. The integration of overall organizational development and establishing how
the safety culture assessment process is positioned within this is essential to ensure that safety culture
activities do not become detached (perceived as add-on) or overlap with other development programmes
or activities (Viitanen et al., 2022). For example, in Finnish power companies, various multidisciplinary
groups or task forces are used to coordinate these efforts (Viitanen et al., 2022). At lower process maturity
levels, improvement and/or corrective actions are not specified or implemented at all, or they are treated
as a specific task for safety culture experts, rather than a task for the line organization whose
implementation the safety culture experts facilitate or support.

Ultimately, the safety culture assessment process should be able to drive the organizational development
in a way that results in impacts on the safety culture and its constituent elements (structures, behaviour,
attitudes, values, norms, and basic assumptions). At lower process maturity levels, even if the safety
culture assessment process is implemented, the same (cultural) problems still reoccur, and positive
development is not evident, suggesting that the process is not effective. This can be due to not achieving
one or many of the best practices described in this chapter.

4.3 Subprocess: training on safety culture

Training on safety culture is one of the most common specific activities that aims to improve safety culture.
It is also required or expected in nuclear industry standards or regulations. The IAEA sets many
recommendations related to training on safety culture issues, but most of the recommendations do not
explicitly state that one should carry out safety culture training. Instead, the IAEA recommends creating a
common understanding about safety culture concept!’8, understanding of the safety significance of own

17 IAEA GS-G-3.1 4.12. To achieve quality and to maintain safety, individuals should be capable of performing their assigned tasks. Training
should emphasize the correct performance of work and should provide an understanding of: — The principles of the management system and
the relevant management processes and procedures; — Accountabilities and responsibilities in the organization; — Individual and
organizational values and behavioural standards; — The relationship between the management system and the development of a strong safety
culture; — Key characteristics and attributes of safety culture; — The importance of involving interested parties and how to best involve them.
(IAEA, 2006a)

18 |AEA GS-G-3.5 2.19. A common understanding of what is meant by safety culture should be established. Training is one of the means by which
individuals can achieve this understanding. Such training should not be considered a ‘one-off event but should be provided regularly to all
individuals, including senior management. (IAEA, 2009)
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tasks!®, and the importance of safety?°. Finnish regulations also contain requirements for training on safety
culture. The licensee’s own personnel?! and suppliers? are distinguished in the regulatory framework. It is
implied that these groups have slightly different training objectives: own personnel are expected to
understand the features of good safety culture, while suppliers are expected to understand the
requirements and the safety-significance of their own work and have the skills needed to deal with
deviations.

Training on safety culture can be organized in many ways. A common practice is to arrange classroom
training, but complementary activities such as theme days, events, mock-up sessions, or one-off lectures
can also be used (Viitanen et al., 2022). In addition, due to its cross-cutting nature, safety culture topics
can be integrated into almost any training that concerns human work or human interaction with technology.

In nuclear industry practice, the content of safety culture training has become somewhat established.
Typical contents of safety culture training include at least the following elements (Viitanen et al., 2022):

e Terminology and background: descriptions of legislative, regulatory and requirements and
industry standards, definitions of safety culture, theoretical justification.

e Experiences: descriptions of failures, accidents, successes, near-misses, or operating
experiences, and how safety culture was a contributing factor.

e Expectations concerning safety culture: descriptions of positive (and negative) characteristics
safety culture, often in relation to one of the industry standards safety culture models or in relation
to company’s own safety culture principles.

o Descriptions of safety culture processes and practices: how safety-culture assessments are
conducted, and who are safety culture experts and what they do.

e Facilitation: discussion on a safety culture topic, its safety significance, or how safety culture
manifests in the personnel’s own work.

e Concrete actions: recommendations on how to act in accordance with a good safety culture, or
how to promote it in daily work, including descriptions of general principles such as the STAR
principle, how and when to use the reporting system, or when to stop work.

Safety culture training involves elements that are motivational, informational, and practical.
Motivational elements aim to build a safety-conscious mindset (e.g. through descriptions of case studies
or experiences). Informational elements aim to provide organizational members with the information about
what is meant by safety culture and what type of mindset and behaviour the company and the industry
expects. The practical elements aim to provide the participants with behavioural guidance on what to do

19|AEA GSR Part 2 4.26. All individuals in the organization shall be trained in the relevant requirements of the management system. Such training
shall be conducted to ensure that individuals are knowledgeable of the relevance and the importance of their activities and of how their activities
contribute to ensuring safety in the achievement of the organization’s goals. (IAEA, 2016a)

20 ]AEA GS-G-3.1 4.8. In planning for education and training needs, account should be taken of changes caused by the nature of the organization’s
processes, the competence levels of individuals and the culture of the organization. The objective should be to provide individuals with
knowledge and skills that, together with attitudes and experience, will enhance their competence. In education and training, emphasis should
be placed on the importance of safety, of meeting requirements and of the needs and expectations of interested parties. Training should also
cover awareness of the consequences for the organization and individuals of failing to meet the requirements. (IAEA, 2006a)

2L YVL A.3 311. The personnel shall be provided training to support the understanding of the features of good safety culture. [2019-03-15] (STUK,
2019)

22 yVL A.3 3lla. Training shall be provided for the personnel of safety-significant suppliers in order to support a person’s awareness and
understanding of the nuclear and radiation safety requirements of his or her work and their safety significance and provide the skills to act in
the right manner when detecting a deviation. [2019-03-15] (STUK, 2019)
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in their daily work. When assessing the effectiveness of the safety culture training subprocess, the extent
to which these elements are achieved should be considered.

In a safety culture improvement context, training can also have other purposes than unidirectionally
influencing the learners. Participatory methods such as group discussions and interactive sessions can
also provide information about the state of the safety culture in the company. For example, group
discussions structured around reflecting on the safety-significance of the participants’ own work may reveal
structures, practices, or cultural characteristics that either hinder or facilitate nuclear safety. Such insights
provide useful information for safety culture assessment which can be utilized as part of continuous
improvement and learning.

The uniformity and practical relevance of safety culture promotion are important in terms of creating an
effective safety culture training process (Viitanen et al., 2022). If the messages from different sources or
from different levels of the organization contradict each other, they may cancel each other out or confuse
the organizational members. This may be the case if there are multiple competing or overlapping safety
campaigns, or if the ideals presented in safety culture training events do not align with the realities of daily
work. In the latter case, safety culture training may be perceived as detached from the staff's own work
and not considered relevant. Therefore, one aspect of assessing the effectiveness of safety culture training
involves positioning the training in the overall framework of safety communication of the organization,
including other safety (culture) promotion activities, as well as the leadership activities of managers and
supervisors.

Research indicates that various safety-related training events or training programmes can have an impact
on the safety culture and on safety outcomes. For example, a safety culture training programme (Xie
etal., 2017), training on human factors training (Ansari et al., 2020), teamwaork training (Alsabri et al., 2022;
Jones et al., 2013; Picard et al., 2022; Schmidt et al., 2021), and Crew Resource Management (Man et
al., 2020; Marquardt et al., 2021) have been reported to have positive impacts on safety culture. In some
research papers, a positive impact on safety outcomes has been reported as well. Most of the research
on this topic seems to have originated from healthcare. In healthcare, a common study design for
evaluating the training impact on the safety culture is to use a before-after design with a questionnaire
(Alsabri et al., 2022).

In nuclear power companies, a commonly used method for assessing the effectiveness of safety culture
training (and other training as well) are feedback forms (Viitanen et al., 2022). However, feedback forms
are largely perceived as useful for gaining information on practical issues (e.g. perceived usefulness,
quality of materials, etc.), rather than evaluating the training impact on culture or nuclear safety. Some
companies also conduct before and after tests assessing the change in knowledge.

Kirkpatrick’s model (Kirkpatrick, 1994) is a simple, widely applied model and analysis tool for evaluating
the effectiveness of training programmes in organizations. It provides a vocabulary and taxonomy for
training evaluation criteria (Alliger & Janak, 1989). The model consists of four subsequent, causally linked
levels: reaction, learning, behaviour, and results (Kirkpatrick & Kirkpatrick, 2005). Reaction is the initial
level and indicates whether the participants feel interested in the training session or perceive it as relevant.
This level also indicates the “customer satisfaction” of the participants. The learning level refers to whether
the content that has been taught has been understood, whether new skills have been developed or
acquired, or whether attitudes have changed. The behaviour level refers to whether on-the-job behaviour
has changed after the training programme. The results level refers to whether positive organizational
outcomes have been achieved. The first two levels (reaction and learning) can be considered to be within
the control of the trainers, while the latter two levels (behaviour and results) can only be indirectly
influenced by trainers as they occur outside of the actual training session (Kirkpatrick & Kirkpatrick, 2005).

The existing safety culture and leadership affect what the organizational members consider valuable,
relevant, and useful. Consequently, this may influence the outcomes of safety culture training at each of
the four levels. For example, from the perspective of the “reaction” level, an organizational culture that
does not consider non-technical issues to be relevant to nuclear safety may reduce training participants’
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motivation and interest. An organizational culture that discourages development or learning may negatively
impact the “learning” level. At the “behaviour” level, the training content gets integrated into daily actions
and decisions. If the surrounding organizational culture is at odds with what the safety culture training
promotes, the training might not have any influence over things in practice. Similarly, as the organizational
results (e.g. safety and quality outcomes) are created by complex sociotechnical interactions, this means
that the “results” level is clouded by a multitude of factors other than the safety culture training itself.
Overall, this means that a part of creating effective safety culture training programmes, is also facilitating
a “learning culture” (Kirkpatrick & Kirkpatrick, 2005; Reason, 1997) by means of leadership and safety
culture promotion aligned with the same ideals that are taught in the safety culture training.

Indeed, the purpose of safety culture training is to influence the existing culture. This means that an
effective safety culture training programme can create a feedback loop back to the existing organizational
culture. As its implementation proceeds and the organizational members are influenced by its content, the
organizational culture should ideally change to be more receptive to the safety culture training. This further
suggests that effective safety culture training should be continuously revised to best meet what the
organization (and its culture) is able and expects to receive.

[ Requirements ]

[ Purpose ]

( N ]
g Training content
1 J

Knowledge Safety- Improved
. . e conscious safety culture
Reaction » skills, attitudes actions and - and nuclear

and mindsets

decisions safety

f

L Culture and leadership for safety ]

Figure 4. Model describing the taxonomy for assessing the effectiveness of safety culture training (grey
boxes) along with influencing factors (white boxes)

Figure 4 summarizes the four-level taxonomy for assessing the effectiveness of safety culture training and
how the essential influencing factors (requirements, existing culture and leadership, purpose definition and
training content) are connected to four levels. In Attachment D, we propose a tool for assessing the
effectiveness of safety culture training in the nuclear industry. The approach details how each of the four
levels of Kirkpatrick’s model may manifest in the context of safety culture training and what questions could
be reviewed as part of effectiveness assessment of safety culture training. The approach was developed
by adapting the elements of the Kirkpatrick model, and integrating insights from a cursory literature review
on safety (culture) training, and empirical findings concerning safety culture expert work (Viitanen et al.,
2022) in a researcher workshop.
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5. Conclusions

5.1 Summary

In this report we examined the effectiveness assessment of safety culture improvement from a systemic,
multilevel perspective. Two complementary approaches were identified. A phenomenon-based approach
viewed the improvement of safety culture from the perspective of cultural dimensions or manifestations,
and how they interrelate with each other and with other sociotechnical elements of the organization. A
process-based approach viewed the improvement of safety culture as an organizational function that
involves a process dedicated to safety culture improvement, as well as specific activities that aim to
improve safety culture.

Four practical tools were developed to illustrate the practical application of these two approaches. Two
tools illustrated the phenomenon-based approach and aimed to model specific safety culture attributes—
raising concerns, and procedure compliance. The other two tools illustrated the process-based approach
and provided means to evaluate the maturity of the safety culture assessment process and the
effectiveness of safety culture training. Overall, these two approaches and the four practical tools along
with the theoretical and empirical justification behind them serve as a starting point for developing a
comprehensive toolbox for assessing the effectiveness of safety culture improvement.

5.2 Practical implications

The proposed effectiveness assessment tools (Attachments A, B, C, and D) were developed to be readily
applicable for nuclear industry end-users, including managers and supervisors, as well as experts
responsible for organizational development, safety culture, and leadership. The tools can be utilized as
such in nuclear licensee organizations as part of continual improvement of their safety culture, and by
nuclear regulators as part of their oversight activities. With appropriate contextual considerations, the tools
may also be applicable outside the nuclear industry.

During the practical application of the effectiveness assessment tools, a graded approach may be
desirable. For example, Attachments A and B present practical assessment tools resulting from modelling
individual safety culture attributes and these two tools are applicable as such. However, there are a
multitude of other attributes identified in industry standard safety culture models that are also important for
nuclear safety. Modelling all attributes may be an excessively resource-demanding effort. The
organizations and experts aiming to use the tools or create their own variations (of different attributes)
should therefore make informed decisions on which attribute to choose for modelling. Strengths,
weaknesses, threats, or opportunities identified as part of the safety culture assessment process may
support this decision-making. Similarly, the application of the maturity evaluation tool concerning the safety
culture assessment process would benefit from a strategic approach from the company, including what
maturity level profile the company aims to achieve, the advantages and disadvantages of this choice, and
the long-term roadmap to achieve it. For example, companies just introducing their safety culture
assessment process might benefit from gradual introduction of some elements to avoid becoming
overwhelmed with the implementation.

5.3 Limitations and future research needs

In this report we attempted to decompose the complex safety culture phenomena into more manageable
descriptions of factors influencing their manifestation. This served as a starting point for co-creation
workshops and for creating effectiveness assessment tools. However, the approaches described in the
report still present safety culture attributes and improvement methods as relatively separate from one
another. In terms of systems thinking, this does not fully represent the reality of organizational development
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where system elements are likely to be much more interconnected. A future scientific research need is
therefore the further application of a systemic approach and sociotechnical systems thinking to link the
different (cultural) phenomena and organizational development activities holistically.

The proposed effectiveness assessment tools (Attachments A, B, C, and D) were developed based on
empirical case studies, literature reviews, co-creation workshops with nuclear industry practitioners and
the expert judgement of the researchers. However, the final versions of the tools have not yet been tested
in a practical context. A future practical research need is therefore to test the methods for practical
effectiveness assessment purposes. Topics to be reviewed as part of this testing include reviewing the
quality and clarity of the proposed assessment processes, validity and comprehensiveness of the topics
covered, and the ability of the tools to measure or provide novel insights regarding the effectiveness of
safety culture improvement.

The report is based mainly on data collection and analysis made from Finnish perspective: the case studies
and co-creation workshops that formed the empirical part of the study were conducted with Finnish nuclear
power companies. Even though the studied topics are quite universal in nature, there may be factors that
limit the generalizability or applicability of the findings and recommendations for nuclear organizations that
operate in significantly different environments, or that have core tasks which significantly differ from
traditional nuclear power plants in the operating phase. For example, country-specific limitations may
emerge from different national cultures, nuclear industry practices, or national legislation and regulatory
frameworks. A future research need thus includes international application and validation of the
recommendations and tools proposed in the report.
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ATTACHMENT A. Practical tool for assessing raising concerns in NPPs

WHO: The tool can be used by managers and supervisors, as well as experts responsible for
organizational development, safety culture, and leadership.

WHEN: The tool can be used in case there are signs of challenges in raising concerns, or if you want to
assess its status.

WHAT FOR: The tool aims to make the cultural phenomena and their dynamics more visible. The tool can
be used to facilitate constructive and comprehensive discussion to identify strengths and weaknesses,
and effective ways to improve raising concerns.

HOW: Preparation phase

e Go through the template tool (Figure Al) by yourself. Estimate the current status of raising
concerns, including its strengths and weaknesses. Collect data on indicators that can be used to
verify its current status (e.g. safety culture assessments, other surveys and assessments, statistics
on reporting system, etc.).

¢ Decide the relevant participants for discussion group.

e Pay attention to diversity of the discussion group: participants should be from several hierarchical
levels and functions of the organization. If relevant, include other stakeholders such as suppliers.

e Print the tool (Figure Al), preferably at least A3 size.
HOW: Group phase (workshop)

e Go through enablers one by one. Facilitate the discussion on the current status of raising
concerns via the enablers.

o Psychological safety: a shared belief amongst employees that their colleagues will not
reject them for saying what they think, respect each other's competence, are interested in
each other as people, have positive intentions towards one another, are able engage in
constructive conflict or confrontation, and feel trust between team members.

o Motivation: the personnel want to raise concerns and feel that reporting will not lead to
unwanted consequences.

o Understanding: the personnel’s knowledge about their work, its safety significance, work-
related requirements and procedures as well as various reporting systems of the
organization. Knowing what, when and how to report.

o Opportunity: whether the personnel have time and facilities available for raising their
concerns.

e Use the six types of influencing factors (contextual factors, individual perceptions, knowledge
and understanding, organizational functions and process, values and attitudes, and organizational
outcomes) in the above boxes to structure a discussion to see that all the relevant influencing
factors are considered. If you come up with new factors, add them in empty boxes. Try to identify
interconnections between the enablers and the influencing factors. Note that one influencing factor
can have an impact on many enablers or other influencing factors.
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o Write down the strengths and areas of improvement based on the discussion.

o Discuss and prioritize improvement actions. Consider their nuclear safety significance and
relevance to the current situation at the plant (e.g. in relation to other development initiatives).

HOW: Follow-up measures
e Prepare a summary of the assessment results and identified development actions.

e Communicate the summary to interested parties, including top management, group phase
participants, and other relevant stakeholders.

e Assess the impact of development actions. This can be done, for example, in safety culture
assessments, reviewing the data collected, and/or by conducting this assessment again.
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ATTACHMENT B. Practical tool for assessing procedure compliance in
NPPs

WHO: The tool can be used by managers and supervisors, as well as experts responsible for
organizational development, safety culture, and leadership.

WHEN: The tool can be used in case there are signs of challenges concerning procedure compliance, or
if you want to assess the status of this element.

WHAT FOR: The tool aims to make the cultural phenomena and their dynamics more visible. The tool can
be used to facilitate constructive and comprehensive discussion to identify strengths and weaknesses,
and effective ways to improve procedure compliance.

HOW: Preparation phase
e Select certain procedure or instruction.

e Go through the template tool (Figure B1) by yourself. Estimate the current status of
compliance with the selected procedure/instructions, including the strengths and weaknesses.
Collect data on indicators that can be used to verify the current status (e.g. safety culture
assessments, other surveys and assessments, statistics on compliance, etc.). Summarize the
data onto a slide to be used to facilitate discussion in a workshop.

o Decide the relevant participants for discussion group.

o Pay attention to the diversity of the discussion group: participants should be from several
hierarchical levels and functions of the organization. If relevant, include other stakeholders such
as suppliers.

e Print the tool (Figure B1), preferably at least A3 size.
HOW: Group phase — two parts (workshop)

First topic of the workshop: What factors affect compliance with procedures?

e Go through enablers one by one. Facilitate the discussion on current status of a selected
procedure via the enablers. Use the collected data to facilitate the discussion.

o Assess the quality of the procedure—how it is written, how does it relate to the real
work, is it logical and at the right technical level, etc.? What affects the quality of the
procedure? How can it be improved? How often is the procedure updated and how?

o Discuss how the users of the procedure perceive the procedures in general. Are
there signs of demaotivation, heavy workloads, users not understanding the instructions
etc.? Do users consider that there is enough training? What is the general feeling and
attitude related to instructions and procedures?

o Discuss the organizational issues related to procedures on a more general level. How is
the work designed and planned? Is there enough time for supervision for newcomers?
How are the users involved in the procedure writing etc.?

o Discuss how the leaders and peer group values and attitudes affect compliance with
procedures. How are the values and attitudes visible in practice? How can values and
attitudes be addressed and improved?
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Use the four types of influencing factors (procedure attributes, individual perceptions and
factors, organizational functions and processes, and values and attitudes) in the above boxes to
structure a discussion to check that all the relevant influencing factors are considered. If you
come up with new factors, add them to the empty boxes. Try to identify interconnections between
the enablers and the influencing factors. Note that one influencing factor may have an impact on
many enablers or other influencing factors.

Write down the strengths and areas for improvement based on the discussion.

Discuss and prioritize improvement actions. Consider their nuclear safety significance and
relevance to the current situation at the plant (e.g. in relation to other development initiatives).

Second topic of the workshop: Assessing procedure compliance and organizational response to it

Discuss the outcomes of the procedure compliance based on themes in the matrix (Figure B2).

o Are the chosen procedures followed? How do you know if they are followed? How do you
gather information about it?

o If procedures are followed, do they support a safe way of working? How do you assess
that?

o If not, why not? In what ways does the procedure not support a safe way of working? How
should the procedure be improved?

o Is compliance with the procedure rewarded? Should it be rewarded?

o What are the main reasons for violations of the procedure? How common are the
violations? What constitutes a violation?

o How are the violations addressed and discussed? How should they be addressed?

Summarize the discussion findings and define the areas for improvement.

HOW: Follow-up measures

Prepare a summary of the assessment results and identified development actions.

Communicate the summary to interested parties, including top management, group phase
participants, and other relevant stakeholders.

Assess the impact of development actions. This can be done, for example, in safety culture
assessments, by reviewing the data collected, and/or by conducting this assessment again.
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Figure B1. Visualization describing factors influencing procedure compliance
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Procedures support safe and effective work

Non-compliance

Yes No
. ”Blind compliance”
Compliance Ideal state o ]
Lack of questioning attitude
Gap between work practices
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Errors
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System-induced violations

Complacency with low quality
of procedures

Figure B2. A matrix describing how the quality of procedures and procedure compliance are linked with
examples of possible discussion topics.
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ATTACHMENT C. Maturity evaluation tool for safety culture assessment
process

WHO: The tool can be applied by managers or experts in licensee organizations. In addition, the tool may
be useful for regulatory or supply chain oversight.

WHEN: The tool can be used as part of continuous improvement of safety culture assessment process, or
when evaluating the maturity of safety culture assessment processes of third parties.

WHAT FOR: To evaluate the maturity of a safety culture assessment process.

HOW:

e Familiarize yourself and the evaluation group with the three tables below. Tables C1, C2 and C3
represent the three general phases of the safety culture assessment process: preconditions, data
collection and analysis, and organizational development. For each evaluation criterion, four
maturity levels have been defined. Level O maturity (does not achieve the evaluation criterion) is
negatively worded or describes an undesirable practice. The other three levels gradually describe
the maturity development from basic to best practice.

e Review process documents, records and practices related to safety culture assessment
according to the three tables below.

¢ Identify the process maturity level for each evaluation criterion.
o Define improvement actions to achieve the next maturity level for each evaluation criterion.

¢ If you have determined that the highest level has been achieved for an evaluation criterion, define
actions or conditions that will maintain the level of maturity.

e |dentify risks that may result in decrease in achieved maturity level.
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with sufficient independence.

permitted by the management.

the management ensures wide
access to all organisational
functions.

Evaluation Level 0: no implementation Level 1: basic Level 2: advanced Level 3: best practice
criterion

Supported by Resources and access are not Minimum resources are provided, Sufficient resources and Continuously active management
management provided. Experts are not provided and assessment is generally independence are provided, and support for the safety culture

assessment process (e.g.
communication, promotion, etc.).

Integrated with
the management
system

Safety culture assessment process
is not documented, and knowledge
of its content is person dependent.

The safety culture assessment
process is described in local and
unofficial working documents.

The safety culture assessment
process is formally described,
documented, and approved in the
management system.
Responsibilities have been
assigned.

The safety culture assessment
process and its implementation is
monitored (e.g. as part of
management review) and
continually improved.

Systematic
implementation

Safety culture assessment activities
are performed on an ad hoc basis
with no evident process or
periodicity.

Safety culture assessment activities
are conducted according to
established informal practice.

Processes and procedures guide
the implementation of safety culture
assessment activities.

Safety culture assessment
processes and procedures are
periodically reviewed and
improved. This development is
guided by, e.g., experiences from
its implementation, benchmarking,
industry best practices, and cutting-
edge research.

Guided by an
appropriate
understanding of
what safety
culture is

The safety culture concept is not
used to guide the assessment or it
is used incorrectly.

An implicit understanding of safety
culture guides the assessment
process.

Industry standard safety culture
models are used for data collection
and normative analyses.

Industry standard views of safety
culture are complemented by
scientifically accepted concepts of
organizational culture and cutting-
edge research, and this is evident
in the assessment process.

Implemented by
appropriate
experts

Implemented by people with no
expertise on human or social
sciences. They are not provided
with training on safety culture
assessment.

Implemented by people with no
formal education on human or
social sciences. They are provided
basic training on safety culture
assessment.

Implemented by experts with formal
education or extensive experience
in human or social sciences.

Top experts in the field implement
the process. They are regularly
provided with access to advanced
education on safety culture
(assessment) with training courses,
events, and conferences.
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Evaluation
criteria

Level 0: no implementation

Level 1: basic

Level 2: advanced

Level 3: best practice

Comprehensive
scope

The scope definition is imprecise
and does not include the safety
culture status.

The assessment process focuses
only on limited groups of
employees (e.g. operative field
staff) or limited aspects of safety
culture.

The process assesses the status of
all dimensions of safety culture and
all organizational functions.

All levels of organizational culture
(structures, behaviour, attitudes,
values, norms, basic assumptions)
are assessed, as well as safety
culture improvement activities and
their impact.

Diverse safety
culture
assessment types
are used

Safety culture assessment is seen
only as performing safety culture
self-assessments or audits.

In addition to performing safety

culture self-assessments, safety
culture experts sometimes utilize
insights from other assessments.

The safety culture assessment
process includes fast-cycle
monitoring, annual summarizing,
slow-cycle assessments and
utilization of on-demand or
opportunity-based assessments.

Safety culture insights are
continuously sought from many
available data sources and
assessments. New assessment
methods are created when
necessary.

Utilization of
diverse data
collection
methods

No safety culture specific data
collection methods are used.

Single method application, e.g.,
using only safety climate surveys
for safety culture self-assessment.

Single-method application is
occasionally supported by
additional methods. Larger
assessment projects utilize multiple
data collection methods.

Consistently applying multiple,
diverse methods (e.g. interactive,
and non-interactive, qualitative, and
quantitative approaches).

Awareness of the
constraints of
assessments

Assessment methods and their
limitations are not understood.
Their results are taken at face
value, even if they are only
represented by a single number.

Qualitative and quantitative
analysis methods are used
appropriately. The evidence behind
analysis results is sometimes
based on single datapoints or data
sources.

Experts are cautious in drawing
conclusions based on incomplete
or non-corroborated data. The
reliability or strength of analyses is
identified and clearly stated.

Experts have a profound
understanding and experience of
what kind of data and assessments
are required for drawing
conclusions at different cultural
levels, how to collect or find this
data, and how to perform the
appropriate assessments.

Identifies cultural
strengths and
weaknesses

Assessment process produces
descriptions of raw data, or
analysis results that do not relate to
the status of safety culture.

The assessment process identifies
some indications of the status of
safety culture.

The assessment process
systematically reviews how the
observed safety culture deviates
from the ideal state.

The assessment process can
capture and document (at least
over longer periods of time)
changes in deeper levels of culture
(e.g. values, norms, basic
assumptions).
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reported and
communicated

management.

top management or oversight
function).

Evaluation Level 0: no implementation Level 1: basic Level 2: advanced Level 3: best practice

criteria

Findings are Findings are not reported at all, or Findings are only reported to the Findings are widely communicated Reflective workshops or seminars
appropriately the report is not reviewed by top immediate internal customer (e.g. in the organization, including are arranged in units or divisions to

operative staff.

Written safety culture assessment
reports are made public in the
organization.

discuss findings.

The assessment group is aware of
the organization’s orientation and
adapts the most effective
communication style.

Specification of
improvement
and/or corrective
actions

No actions are described.

Improvement and corrective actions
are defined primarily by safety
culture experts.

Improvement and corrective actions
are defined in a dialogic manner
with top management. Top
management formally approves the
actions for implementation.

All involved organizational functions
participate in the specification of
the improvement and corrective
actions. Safety culture experts may
facilitate this process.

Implementation

and integration of
improvement and
corrective actions

The organization does not
implement the improvement or
corrective actions defined by the
safety culture assessment process.

Implementing recommended
actions is the responsibility of a
limited group of safety culture
experts.

Recommended actions from the
safety culture assessment process
are extensively integrated into
ongoing development programmes
and new ones are initiated if
necessary.

The responsibilities for
implementing the actions represent
many organizational functions and
are coordinated. Safety culture
experts are seen as being in a
supporting or facilitating role, rather
than implementing.

Impact on
behaviour,
mindset and/or
culture

The safety culture assessment
process has no impact, and the
same issues reoccur.

The safety culture assessment
process has had some impact on
addressing surface-level cultural
problems.

The safety culture assessment
process has had clear impact on
the more surface elements of
safety culture, such as structures,
behavioural patterns, or attitudes.
There is evidence that some
cultural problems have been
addressed.

The safety culture assessment
process has, over time, revealed
cultural problems at deeper levels
(e.g. values, norms, assumptions),
which have subsequently been
addressed as part of the continual
organizational development
process.
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ATTACHMENT D. Tool for assessing the effectiveness of safety culture
training

WHO: The tool can be used by managers and supervisors, as well as experts responsible for
organizational development, safety culture, and leadership.

WHEN: The tool can be used when the nuclear organization wishes to evaluate the effectiveness of safety
culture training.

WHAT FOR: The tool elaborates what types of effects safety culture training may have and what
assessment measures can be utilized for follow up. The tool can also be used to further develop the
content of safety culture training programmes. In addition, the tool can provide insights for safety culture
assessment and thus facilitate organizational learning and development.

HOW: Review the questions from the tables below at each of the levels together with those responsible

for arranging training with safety culture topics. Collect and utilize information as part of the assessment
(right columns of the tables).
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Level and its application in safety culture training

Example assessment measures

1. Reaction: enjoyment, relevance, interest in training

Did the participants perceive the safety culture training as relevant
for their jobs?

How did the participants understand safety culture training as part
of ensuring nuclear safety?

How did the participants perceive the quality of materials or
presentations?

How did the participants perceive the balance of theoretical and
practical topics?

Did the participants perceive their organization’s safety
communication as in line with the safety culture training (e.g. do
supervisors and managers promote safety-conscious values and
behaviour)?

How did the existing organizational culture and leadership affect
the participants’ reaction to the safety culture training (e.g. is safety
culture training seen a “tick-in-a-box”, or is there is a shared
understanding of human and organizational phenomena as
important to safety)?

Comments, questions,
reactions, and polls during the
training

Joint feedback reflection at the
end of training

Feedback forms after training

2. Learning: gaining new knowledge, skills, or attitudes during
training

What was the extent to which the participants acquired new or
maintained existing safety culture-related knowledge (e.g.
understanding the reasoning and significance of safety culture in
ensuring nuclear safety, knowing safety culture requirements and
expectations, understanding the characteristics of good safety
culture and how they manifest in practice, and understanding the
safety-significance of their own work)?

What was the extent to which the participants acquired new or
maintained existing safety-related non-technical skills (e.g.
identifying and raising safety concerns and deviations, tools or
practices that can be used to improve human performance, setting
good examples and communicating on safety topics)?

What was the extent to which the participants acquired new or
maintained existing safety-related attitudes or mindsets (e.g.
safety motivation, a questioning attitude, vigilance concerning
safety issues, procedure use and adherence, etc.)?

What was the extent to which the safety culture training contributed
to creating a common understanding of the safety culture and
common (behavioural) expectations?

How did the existing organizational culture and leadership
affect the participants’ learning of topics covered by the safety
culture training (e.g. is continuous learning and development
encouraged, enabled, and considered a self-evident part of work)?

Knowledge tests before and
after training

Competence assessment
programmes and their trends

Trends in safety culture
assessments
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Level and its application in safety culture training

Example assessment measures

3. Behaviour: changes in on-the job behaviour after training

How have the participants on-the-job behaviour, practices or
decisions changed since the safety culture training?

How have the acquired knowledge, skills, attitudes, or mindsets
been evident in daily work of the participants?

How has the existing organizational culture and leadership
affected the participants’ possibilities to apply what was taught in
the safety culture training. What might have promoted or prevented
behavior change? (E.g. do the leaders and the work community
encourage and enable safety-conscious actions and decision-
making?)

Field observations, walkarounds

Trends in safety culture
assessments

4. Results: changes in organizational outcomes

How has the safety culture training programme influenced the
safety culture or its individual dimensions? Also consider what

other initiatives have influenced the safety culture at the same time.

What nuclear safety impacts has the safety culture training
program had?

Long-term trends in safety
culture assessments

Operating experience trends
and relating them to safety
culture training programme
implementation phases

Benchmarking companies that
have implemented or have not
implemented similar safety
culture training programmes
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