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Abstract: Management systems containing procedures, checklists, and descriptions for how various
tasks should be conducted are often used in high-risk industries. Much has been written about the
judicial and technological concerns of management systems, but less has been written on how to
train staff in the use of them. Through a cognitive-constructionist perspective combined with social
constructivism, this paper discusses how staff training can be designed to fit the characteristics of
the workers. This paper focuses on how people learn in different ways, and how this is related
to perspectives on knowledge. The method used is semi-structured interviews with twenty-seven
workers in two different companies operating in the oil and gas-producing industry. The workers
got only a short web-based theory course on the management system, with no practical exercises,
repetitions, or other types of follow-ups. This is a signal that the management system is of less
importance, and many of the workers thought they did not need it. Training must be designed to fit
the workers, with practical exercises, repetition, and possibilities for on-the-job training. Accidents in
this sector can cause human losses and great environmental harm, and this paper argues that better
training of staff can prevent such accidents and reduce harm to the environment.

Keywords: management system; training; high-risk industry; cognitive constructionism; social
constructivism; accident prevention

1. Introduction

Management systems containing procedures, checklists, and descriptions for how
various tasks should be conducted are often used in high-risk industries [1,2]. They
are IT-based socio-technical systems whose purpose is to accumulate and share good
knowledge and practices, meet the regulatory requirements, and avoid accidents that harm
to the environment and the worker’s health and safety [3–7]. They can be helpful for a
geographically dispersed organization to make sure all necessary governing documentation
is available to all staff members and is usually regarded as an integrated sub-system of the
total organizational management [7,8].

Much has been written about the judicial and technological concerns about man-
agement systems, but less on how to train staff in the use of them [1]. According to the
European Committee for Standardization training in the use of all forms of work systems
stresses should be given priority [9]). Training is recognized as an important element for
a safe workplace and a good working culture, and studies suggest a correlation between
training, safety culture, and the use of management systems [2,10–12].

The gas and petroleum sector are a high-risk industry where accidents can cause
human losses and severe environmental harm. Staff training can improve safety and orga-
nizational performance and reduce environmental harm by improving the staff members’
cognitive and interpersonal skills [12–15]. For this to succeed one must know who the
workers are; what are their abilities, their experience, and their motivation to learn, and
design the training to fit the characteristics of the workers [16].

Through a cognitive-constructionist perspective combined with social constructivism,
this paper will discuss how people learn [17,18], and how a training program can be
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designed to fit the characteristics of the workers to secure a good learning and safety
culture. This paper will focus on how people learn in different ways, and how this is
related to perspectives on knowledge. The author of this paper conducted 27 interviews
with workers in two different companies operating in the oil and gas-producing industry.
The purpose of the interviews was to hear from their perspectives how they perceived the
training they got and whether it helped them or not in using the management system. The
paper will present the learning principles of cognitive constructivism and the importance
of knowing the characteristics of the trainees and their motivation to learn. The paper
will also go into the importance of identifying what the trainees need to learn to serve the
requirements of the job, and how this can be achieved by using a combination of different
training methods that all adhere to the central principles of active learning.

1.1. Definition of Training

Training is systematic activities to improve the knowledge and skills of the trainee
and to shape attitudes, whether it is theoretical instruction practical training, or a combina-
tion [18–20]. The purpose is to let the trainee practice the physical and mental skills needed
to handle the various tasks and conditions in the job environment [21].

Education does not end at school but continues throughout the professional career.
The research field on staff training is rich, with a wide variety of perspectives and topics,
and generally shows that training helps to improve cognitive and interpersonal skills, and
organizational performance, to improve cognitive and skills, should therefore be viewed
as an investment in human capital [13,14,22]. Studies also show that lack of appropriate
training predisposes workers to act unsafely [10,11,23].

1.2. Cognitive Constructionism

The cognitive-constructionist perspective is useful here [17,18]. This learning theory
focuses on mental processes when we receive and understand information. Learning
always builds on the trainee’s existing knowledge, so one needs to know what the trainee
already knows [24]. An important aspect here is that external rewards are not the primary
motivators for learning, but rather that learning and curious exploring is a reward in
itself [25]. Humans have a natural curiosity and can therefore have an active role in the
learning process, where they get to figure out stuff for themselves, rather than just being
handed over information to memorize [18,25].

We don’t literally store new information and experiences in a filing cabinet, but
organize them to fit with our inner schemes in a process of assimilation [25]. Sometimes
the inner schemes fail to explain the new information, and in such cases, the individual
must reorganize and expand the schemes in a process called accommodation [25]. For this
to happen the individual must have an inner motivation to seek new information when
facing a challenge or problem [26].

Behaviorism differs from this perspective as it views learning as something that
happens when associations between impulses and results are created, and that the result
of learning can be measured [27]. This somewhat old-fashioned view of learning is still
relevant in certain contexts. For instance, when a worker must pass a safety knowledge test
to get legal permission to work on an offshore installation. Although this can be said to be
a legal requirement more than a practical, it involves a replication of information that can
somewhat be measured. Whether or not the trainee understands the information, or has
merely memorized it, cannot be measured in the same way. Hence, behaviorism alone is
not sufficient to understand learning in this context.

Cognitive constructionism shares some ideas with social constructivism. Both per-
spectives view humans as active participants in the creation of their knowledge, but the
latter focuses more on the immediate context of the learning situation and stresses that
activity and social interaction are essential for learning to happen [17,18,28]. Learning takes
place in social and cultural settings, not just inside each individual, and the trainees learn
through interaction with their peers [24]. This makes discussion an essential tool, since it
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activates the individual trainee’s experience, values, and interests, and allows him or her to
build an understanding of the learning material which transcends the mere memorizing of
information.

1.3. Who Are the Trainees?

The two perspectives, the cognitive-constructionist, and the social constructivist, point
to that different learning strategies fit different people, and that one needs to know what
their existing experience and knowledge are. In any large organization, also in the industry,
there are going to be employees with quite different education, experience, motivation,
self-efficacy, and personality, and one should try to find learning strategies for the staff
training that fit the characteristics of the employees [15,29]. Although it might be difficult
to tailor-fit an educational course to each and everyone’s personality traits, one can look
for which characteristics are more common among the different groups of employees. For
instance, are they more motivated by practical challenges and less with the theoretical ones?
Biggs & Tang [30] refer to two archetypes of trainees: Susan has academic aspirations an
inner motivation to work with theoretical subjects and a clear idea of what she needs to do
to further her career. Robert is less interested in academic pursuits and is not necessarily
motivated by curiosity, but rather by the desire to have a good job. He wants to do just about
enough to pass the training course. According to Biggs and Tang, traditional academic
learning activities are not effective for trainees such as Robert. While Susan can acquire
knowledge by attending a lecture, Robert might hear the same words but is not able to
connect them to any core elements. Instead, he will try to memorize the parts he needs to
pass the test. However, discussion and peer cooperation will help Robert to rise to a higher
level [30].

It is plausible to assume that in practical professions there will be more people like
Robert than Susan. More active forms of learning are better suited to secure a good edu-
cation at the workplace for this group of trainees [30,31]. According to the two learning
theories presented, this can involve practical learning sessions where the trainees collab-
orate in holding teaching elements for each other and assess each other work through
workshops, discussions, buddy programs, and simulations [31].

1.4. What Do They Need to Learn?

It is important to establish which areas are most important for the organization to
develop, and what the workers need to learn [12,14,32,33]. This will help to formulate
specific learning outcomes for the trainees. The purpose of such learning goals is to put
the trainee’s learning first and to make decisions that best tailor the trainee’s learning [31].
Also for in-house training in industrial organizations, it will be beneficial to formulate clear
goals for exactly which type of skills and knowledge the employees are expected to acquire
from the training [31].

The analysis should for example give an account of what information workers need
to know by heart, and what information they need to know how and where to access [19].
For an industrial organization, one important learning goal is that the trainee shall be able
to use the management system effectively. This is partly a technical skill that can to some
extent be memorized. A broader skill is to understand how the management system is
constructed. The next level is to understand why the management system is constructed,
and the purpose of it. He or she doesn’t have to know everything in the management
system but must be able to navigate to find the correct procedures for the task at hand and
to keep oneself updated on the management system and relevant knowledge concerning
work processes and safety. This implies that the training should have a practical emphasis;
theoretical training is not sufficient, and practical exercises are required to familiarize with
the management system.
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1.5. Motivation to Learn

Motivation refers to the intensity, direction, and persistence of learning-oriented
behaviors in the process of training [15,34]. Motivation to learn is an important factor for
effective learning, and is influenced by both individual characteristics and the training
itself, but will generally increase if the trainees perceive the training as relevant and
useful [32,35,36].

Organizational and supervisory support before and during training can increase
motivation to learn, as well as positive experiences during the training itself, for instance, if
the workers perceive the training as useful according to their job demands [12,19,32,35]. The
employee’s expectations for the training can affect their learning, and these expectations
can often be improved with proper communication before training in a sound working
culture [14,19]. Mandatory training, particularly when safety issues are involved, is also a
signal that the management regards this as important [19].

1.6. Diversified Training Methods

There are several types of training and in-house educational methods to choose from,
and must all be evaluated concerning costs, characteristics of the organization and the
trainees, and training outcome. Classroom training and lectures have been downgraded
as boring and inefficient, but research shows they can be effective for teaching procedural
knowledge [14,37], particularly if one combines lectures with other classroom activities, such
as discovery training, problem-based learning, and training in metacognitive skills [19]. Even
the old-fashioned and reputedly boring lecture has proven to be quite effective in training
several types of skills and tasks, often in conjunction with other training methods [14].

Using diversified training methods is beneficial, and using technology training where
it fits. Virtual reality, web-based courses, simulators, e-learning, and video learning, can
all be considered, but keep in mind what is the best fit for the trainees, the company, and
the aim of the training [15,38]. Technology-based training might require investments in
technology and technology support to be effective [12,19,36,39]. For instance, web-based
training has some advantages to geographically dispersed companies due to less traveling,
but must be set up so it gives the trainee immediate feedback on his or her actions, and so
the trainee is given control over the training combined with guidelines on how to utilize
this control [12,39,40]. Several studies show that individuals perform better when self-
regulation and learner control are supplemented with some form of guidance [14,19,40].
Total self-regulation or total program control are equally ineffective, so there must be
a balance between individual control and computer-based instruction [19,39]. Studies
indicate that web-based training gets better results than classroom training, but also that
the difference was negligible when instructional principles were held constant [12,19,40].
Well-designed instructions are of greater significance than the choice of delivery mode, so
plans to implement web-based training should be based on a consideration of whether the
content can be learned effectively this way [13,19,39].

Organizations working in high-risk environments, such as in the military and in
aviation, have used simulation training with good results [19]. Simulations can range from
low-fidelity simulations, such as role-playing, and high-fidelity full-motion simulations.
What matters is not the physical fidelity level of the simulator, but the relevance of the
content for job performance, the psychological fidelity so to speak [19]. Well-designed
simulation training can enhance learning by creating a safe environment for learning by
trial and error, context-sensitive instruction, and detailed feedback, particularly for tasks
where actual mistakes can cause serious injuries or damage to equipment [19,39,41].

Technological innovation and lower costs have contributed to an increase in the use of
simulation training in other areas, such as medicine, maintenance, law enforcement, and
emergency management settings [19,39]. Well-designed simulations can give training in
realistic settings of reality in a simplified or accelerated model [12,42]. It can be everything
from low-tech role-playing to technology-advanced full-motion simulations. It’s not about
creating an exact model of reality, but a model where the psychological actions are relevant
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for the tasks one is training for [19]. This gives the trainee a high degree of control, but this
control must be supplemented with instructions or guidelines for the trainee on how to use
this control [39].

1.7. The Principles of Learning

A recurring problem when new training technologies are introduced is that they are
merely used as a different delivery mode of the same training [39]. Technology-based
should only be chosen if it’s the best way to learn the content—what matters more than the
delivery mode is that the instructions are well-designed according to well-known principles
of learning [12,13,35].

Active learning is a learning principle advocated by both cognitive constructionism
and social constructivism both point to the advantages of active learning [18]. Using
new technology in training is also more effective when the trainee is allowed to work
actively [12,19,40].

Active learning works since the trainee gets involved with the exploration and inter-
pretation of the learning material, and this creates associations between external impulses
and results [16,18,25]. This can for instance be carried out with hands-on training and
examples that activate the trainee [43]. It can also involve simulations, interactive web
learning, discussion, peer presentations, workshops, and buddy systems.

1.8. Repetition and Follow-Up

Skill decay can occur if the employees do not get the opportunity to use the acquired
skills and knowledge after the training program is completed [12,14,19]. Cognitive tasks are
more susceptible to skill decay than physical tasks. Skill decay can be reduced by repetition,
practice, and feedback [12,14,44]. A training program should be followed up by additional
learning opportunities, practice and discussion for the employees, and opportunities for
them to apply their new skills and abilities in their normal working conditions [12,36,45].

Learning is not a one-time event but a continuous process that takes place in both
formal and informal settings. Learning by doing as a learning principle states that people
through activity and experience [18,26,32]. A strong supportive climate before and after a
training program, both from peers and managers, does influence training outcomes [12,
19,34,45]. It means that workers can use each other as learning resources in a continuous
learning process, provided that formal training gives the workers the necessary tools and
knowledge [12,19,34,46]. This can be particularly useful in developing tacit skills that are
normally not acquired through formal training, but through extended periods of experience
where the individual develops an intuition for making situational judgments [13,32]. Buddy
systems and discussion sessions, both before and after a training program, can make it easier
for the employees to use what they have learned, and to develop tacit skills [12,18,36,45].
With ongoing support from the leaders, on-the-job training can lead to greater innovation
and tacit skills [13]. Tacit skills are usually not acquired through formal training, but
through extended periods of experience where the individual develops an intuition for
making sound judgments on how to perform a task [13,47].

2. Materials and Methods

27 in-depth interviews with employees in two different companies in the Norwegian
oil and gas production sector were conducted. The informants had different tasks and
roles in the hierarchy. Some of them were onshore and offshore executives, while others
were offshore operators (mechanics, electricians, logistics, and automation). One of the
companies manages offshore installations and was chosen since they have recently imple-
mented a new training program for their management system. The other company hires
temporary contractors to offshore companies, and their workers must use different types of
management systems.
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2.1. Data Collection Process

In the recruiting process, we used purposeful samples to get units rich in informa-
tion [48,49]. The informants had to be from companies involved in a high-risk industry,
and who were using a management system regularly. It was also a criterion to get a mix
of onshore executives, offshore executives such as installation managers and foremen,
and offshore workers at the sharp end: automation, electricians, mechanics, and process
workers. The management in the two companies helped to recruit the informants, and they
were either permanent employees or long-term contractors. They all go through the same
training program and are using the management system for all tasks, so the data material
covers how people with different educational and professional backgrounds understand
the system.

The age of the informants ranged from 25 to 64 years old, with 40–54 as the largest
group. 24 were male, and 3 were female. Age and gender were not selection criteria,
and both companies are male dominated, but it served the study’s purpose to have both
experienced and less experienced workers as informants. Three of the informants were
in their first year offshore, while the majority had been offshore for 5 to 19 years. The
interviews were conducted in a secluded room during normal working hours, either on
board at the oil and gas-producing installation or on land.

The semi-structured interview guide had open-ended questions, and every interview
started with the informants using their own words to explain the purpose of the man-
agement system and their use of it. After that, more detailed questions followed, about
which procedures they used, how they learned about the management system, and the
shortcomings and advantages of the system.

The duration of the interviews was 40–50 min, with a few exceptions. The interviews
with the executives generally lasted longer than the interviews with the operators. The
author of this paper conducted and transcribed the interviews. Originally the project was
planned for 15 interviews, but after transcription, I decided it would be beneficial to do a
second round of interviews in a different company, so nine more interviews were conducted
to reach data saturation.

2.2. Data Analysis

The six-step approach of thematic analysis was used, as it is described by Braun &
Clarke [50]. The constructivist perspective opens for interpretation of the latent meaning of
what the informants are saying [50]. For instance, when they talk about how they dislike
working with computers and would rather just do the job, this was interpreted as a lack of
motivation for using an IT-based management system and that they prefer more practical
work and more practical training.

The first round of coding resulted in 23 broad themes. After further review, three
main themes were developed: the informants’ motivation to learn, the introductory course,
and continued learning. The main theme “motivation to learn” includes aspects of how
they relate to computers, and how they feel they don’t need the management system.
The main theme of the “introductory course” includes the sub-themes of unclear learning
goals and lack of practical training and repetition. The main theme "continued learning"
consists of the sub-themes of formal follow-up, informal conversations, and that they forget
skills and information. The author of this paper coded the material, with discussions
during the different steps of the coding process with colleagues working on related topics
concerning safety.

2.3. Ethics

The persons interviewed were informed that the data would be used for scientific
publication and gave their consent to this. The sound files were deleted after transcription.
The transcriptions were stored securely, without identifying information. The process for
using and storing interview data was approved by the Norwegian Centre for Research Data.
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3. Results

The two companies in this study have similar management systems. They are IT-based
and can be accessed from computers at the workstations, where the workers can log on
with their personal user, or they can log on to a restricted version with a generic user.
The management systems contain procedures, work descriptions, and checklists for all
tasks at all levels in the companies, not only hazardous tasks at the sharp end but also
administrative tasks, such as writing overtime hours and ordering equipment. This makes
the management system quite large, containing a huge amount of information, and the
user is supposed to navigate it by clicking on icons in a filing structure that should guide
them to the documents they need. All personnel, at the operating and executive level, are
expected to use the management system routinely.

The coding process produced three main themes with a total of eight sub-themes. The
following section will elaborate on the themes as presented in Table 1.

Table 1. Themes and sub-themes.

Main Theme Sub-Theme

Motivation to learn
Not used to computers

Don’t need a management system
Introductory course

Unclear learning goals
Wants practical training

Repeat the training
Continued learning

Formal follow-up
Informal conversations

Forget what they don’t use

3.1. Motivation to Learn

The executives took the worker’s motivation to learn about the management system
for granted. They expected the workers to do this out of loyalty to the company, but it
was clear from the interviews that this motivation couldn’t be taken for granted. Several
operators stated a general dislike towards using computers, that they did not find the
system to be useful and did not understand its purpose.

Not Used to Computers

The managers expected that the workers had the necessary competence to use the
computers. We don’t have specific information about the computer skills of the workers,
but several of them gave statements suggesting they thought using computers was a hassle,
and that they would just do the job instead of sitting in front of a computer.

11: Why should we sit at the computer and read for an hour when we can just go out and
do the job? (Offshore operator—Automation)

Dislike of computers hurts their motivation to spend time in front of a computer and
will also be a disadvantage in the process of learning how to use the management system.

Don’t need a management system

In both companies, the executives said that the management system was there to
secure safety in all operations. They talked about how many years of industrial experience
was organized in the management system, and that this was very helpful. The workers
saw it differently and said they did not need the management system to do their job.

16: There are some boxes and different columns and such that we can click through, but
in the daily work I don’t use it at all. I’m not very good at it. (. . .) I have my own way of
doing things. (Offshore worker—Material and logistics)
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Most of the operators could not explain the purpose of the system and saw their own
experience as more important for safety and thought that the management system was there
to keep the back of the managers safe, not to keep the workers safe. They acknowledged
the need for safety measures but did not see the management system as part of this. It
seems from this that if the training succeeds in giving the workers a better understanding
of the purpose of the management system, it will improve their motivation to use it since
the workers who were able to say something about the purpose of the management system
also said that it was for their own good.

26: It’s a database, so to speak, with information we can use in our daily work, so it’s safe
for us and others. (Offshore worker—Material and logistics)

The informants also stressed the importance of having clear guidelines and procedures
to relate to, and that it was also in their own best interest as well as in the company’s interest.

15: When you’ve worked many years in the North Sea it’s kind of in your fingers, so to
speak. You know the regulations, you know what you have to deal with. (. . .) It’s not right
that we should sit and work with [the management system] because these we have and
experience. People who have worked with [petroleum] for a very long time, and they’re
supposed to sit and fiddle with [the management system]. (Offshore worker—Crane
operator)

Both operators and executives said they had problems navigating the management
system, and that it was difficult to find the checklists and procedures they needed for the
job. They expressed irritation that they had to skim through a lot of material they thought
they did not need to find the exact documents they needed.

13: There are too many processes and paths in there (. . .) it’s making it difficult to find
your way through it. You have to identify the job you’re going to do by choosing between
several options (. . .) and then the system is supposed to tell you which procedures you
should use. But it is not relevant at all, because as I said, I’ve tried it, and it doesn’t work.
(Offshore worker—Mechanic)

Several informants had found alternative ways of getting the job done. Some in-
formants had simply printed out a bunch of checklists which they kept in a pile in the
workshop, so they did not have to use the management system. An obvious drawback is
that they would miss out on any updates or changes in the checklists. They acknowledged
this, but still found it to be a more practical solution.

3.2. Introductory Course

Both companies give their employees a short web-based introductory course to the
management system, with a multiple-choice test at the end. The workers can take the
same test several times until they reach the required score of 8 out of 10 points. This is a
requirement to get a license to work offshore. The course is not repeated. The course is
designed to last for two hours, but most workers spend far less time on it. The executives
are aware of this and reckoned it takes about half an hour.

Unclear learning goals

The learning goals were not specified, but the executives said it was important that
the workers understood the purpose and the basic structure of the management system.

3: They should know the background of the management system. Why do we have it?
And they need to understand the structure, and that every object is clickable. (Onshore
executive—IT Developer)

Most operators have understood the basic idea of clicking on various icons in the
system, but when it came to the purpose of the system, many of them could only describe
it vaguely.

11: If I can describe it, yes? No, I don’t know. It is a system that tells you how what you
should do and what you shouldn’t do. Isn’t it? (Offshore worker—Automation)
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It seems that the learning outcome is not quite what was desired.

Wants practical training

The workers all said they would like more practical training where they can go through
specific tasks on their own.

10: I think it would be better if they made some group assignments. To present a specific
problem we should solve. (. . .) In my experience, it is better to push the buttons myself,
rather than watch someone else do it. (Offshore worker—Electrician)

The workers said they had to use the management system for a while to get used to it
and to figure out how it works.

Repeat the training.

Neither company had a formalized system for repetition. One of the informants said
that he repeated the course after his first rotation offshore on his initiative and that this
helped him a lot.

18: Generally, you will, or at least I will benefit more from such a course a bit later. I
understand that you need some introduction before you start using the [management
system], but it is also very helpful to have the course afterward. Because that’s when the
questions start to pop up when you have started using it. (Offshore worker—Management
technician)

3.3. Continued Learning

After the training program, it was learning by doing. There was no repetition or
otherwise systematic follow-up of the training program. The workers said they needed
some time to get used to the management system this way.

14: If you have to use it all the time, I guess it will become easy eventually. (Offshore
worker—Mechanic)

The workers said the management system wasn’t very user-friendly, but they hoped
that this would improve over time.

Formal follow-up

Both companies had a formalized system of reviewing the work processes. They are
supposed to review two of the most relevant work processes and report on a list when
this is carried out. The executives seemed to be more aware of this than the operators.
Some of the operators said they would like more formal discussions or meetings about the
management system and the procedures, and work through some relevant cases together.

11: I think there has been some follow-up, in general meetings and such. Morning
meetings, or HSE meetings. (Offshore worker—Automation)

Informal conversations

The workers sometimes talk about the management system, and usually with a
negative focus, sometimes just to air some frustrations.

4: You get the feeling you’re in a circle and an endless loop. (. . .) Many people say
the same. They get the feeling it’s a bit like, well, that you’re in a loop. (Offshore
executive—Installation manager)

They also discuss the management system when they face some problems and need
help. In general, they rarely mention any positive aspects of the management system but
focus on the negative.

Forget what they don’t use

Some of the informants said that the rotation system, where they are 14 days on the
installation and then have 28 days off, is an obstacle when it comes to getting a good routine
for using the management system and getting familiar with it.
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17: We’re working shifts. We have four weeks off, and then we’re on the platform for
fourteen days. When you’re at home, you don’t think about work. So, the stuff you
did six months ago, you kind of forget. It’s just how humans are, I think. (Offshore
worker—Laboratory technician)

4. Discussion

The management system with its procedures and work description is designed to
prevent accidents that can cause human injury and environmental damage in high-risk
industries, but it only works if the employees know how to use it and why they should
use it.

Executives and workers talked about the management system in very different terms.
The executives talked about it as an organized collection of industrial experience gathered
over many years to advise on best practices. The workers were vaguer when they talked
about the management system and were more inclined to think they did not need it.

Workers in both companies in this study undergo a short web-based theory course
on the management system. There are no practical exercises or repetitions, but a multiple-
choice test at the end. The workers said that had to use the management system for a while
to familiarize themselves with it and to figure out how it worked. This process goes on at
the same time as they are responsible for performing safety-regulated tasks, instead of an
isolated and controlled learning situation.

Previous research in the same field points to that a lack of adequate formal training
can be interpreted by the workers as a signal that active use of the management system is
not important [11]. Also in the present study, the short theoretical training course without
any repetition or practical exercises sends a signal to the workers that the system isn’t that
important. A quick way to improve this would be to repeat the existing course, but for any
major improvement to happen the training program needs to be revised and invested in.
This costs time and money but is also an investment in the workers’ skills and safety.

According to cognitive constructionism and social constructivism, the training can
be significantly improved by having formulated learning goals, and identifying who the
trainees are and what motivates them to learn [17,18]. New learning builds on the trainees’
existing knowledge, so one must know what the existing building blocks are [24].

These perspectives have several traits in common with Training Needs Analysis (TNA),
which also stresses the importance of making sure the organization knows what kind of
competence it needs, and how to design the knowledge structures in the organizations,
including training, to fit the characteristics of the workers [12,13,19,51]. The management
system contains a large number of procedures and work descriptions. The perspectives
presented in this study imply that the training does not have to teach the workers to
know everything by heart, but rather enable them to find the procedures they need when
they need them and give them an understanding of when to adapt the procedures to the
immediate situation, rather than trusting them blindly [8,19].

The characteristics of the workers should be given high priority when designing the
training program. If the workers resemble Robert more than Susan of the two archetypes
of trainees introduced by Biggs and Tang [30], active learning forms will improve learning
outcomes. The workers in this study said they are more used to and prefer, practical tasks
to theory. This can be taken into account when designing training, and one could consider
training strategies such as workshops with peers, practical assignments, simulations, and
buddy systems. Social constructivism sees the individual as an active participant in the
learning process and will learn better in social settings with their peers [24].

If the workers see the training as useful for themselves, it improves their motivation
to learn [32,35,36]. Motivation can be increased by organizational and supervisory support
before and during training. The content of the training itself can also affect motivation,
especially if it helps the workers understand the purpose of the management system and
why it is useful for them.
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Although the workers prefer practical training, they will need a theoretical intro-
duction to the management system. This can be carried out with classroom training or
web-based courses. The content of the training is more important than the delivery mode,
so companies should choose the most practical one. For instance, classroom training and
lectures can open more dialogue-based learning in a supportive environment but can be
inconvenient and costly to set up for geographically dispersed organizations. After the
introduction, practical exercises are required to learn how to use the management system.
Practical training could be carried out with classroom training, simulations, workshops,
or on-the-job training. On-the-job training can help to improve innovation and tacit skills
and to establish communities of practice where the workers can use each other as learning
resources [13,19]. Simulation training could be set up, either as a web-based course or as
workshop sessions on the worksite.

Repetition will help the workers to get a combination of practical knowledge and
theoretical understanding of the management system and the procedures and will also
reduce skill decay. Repetition can be carried out through on-the-job training, workshop
sessions, and simulations. Buddy programs and on-the-job training will also be helpful and
can be supplemented with workshop sessions and discussions. This can also help to ensure
support from supervisors and peers, both before and after a training program [12,19,36].

5. Conclusions

While executives perceive the management system as important for safety, the attitude
among the operators is often that they can do their job without it. The workers acknowledge
the need for safety measures, but they don’t see how the management system is supposed
to ensure safety, and hence, tend to regard it as less important. This negatively influences
their motivation to learn.

The training should focus on establishing an understanding of why and how the
management system has been constructed in the first place, what its purpose is, and how
previous experience over many years has been accumulated here. Training should help the
workers to understand the limitations of the system, and to develop the skills needed to be
able to evaluate when and how they should adapt the procedures to a given situation.

Training must be designed to fit the trainees and their preferred way of learning,
and what motivates them. Motivation can be driven by material things such as having
a good job, being safe at work, possibilities for promotion, and so on, but in a training
program one must also facilitate the inner motivation driven by the joy of learning and
personal development. Further research should aim to identify how training programs can
be designed to fit the inner motivation of operators in industrial settings.

The gas and petroleum producing sector is a high-risk industry where the conse-
quences for accidents can be catastrophic for animal life and the environment. The future
of fossil energy is debated, and many are looking for developing a more sustainable energy
industry. Technology development will be a part of this, and technological rich workplaces
requires investments in human resources, such as proper staff training to create a good
working and learning culture that will help to prevent accidents in the energy industry.

6. Limitations

Though the data material is rich, it is also context-bound to gas and petroleum pro-
duction on the Norwegian shelf. Both companies in this study are Norwegian, and all
of the informants are Norwegian. It addressed social and cultural traits, and these can
be very different in other countries, and in companies with employees from many coun-
tries. There is no guarantee that the findings are relevant for other contexts, but hopefully,
the data description is rich enough to evaluate their usefulness for training programs in
similar contexts.

Funding: The research has been funded by The Research Council of Norway, under the PETROMAKS-
program, grant nr. 200542.



Challenges 2024, 15, 19 12 of 13

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board at the Norwegian Centre for Research
Data (protocol code 28695, 1 May 2014).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Date are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Goerlandt, F.; Li, J.; Reniers, G. The landscape of safety management systems research: A scientometric analysis. J. Saf. Sci. Resil.

2022, 3, 189–208. [CrossRef]
2. Li, Y.; Guldenmund, F.W. Safety management systems: A broad overview of the literature. Saf. Sci. 2018, 103, 94–123. [CrossRef]
3. Antonsen, S.; Almklov, P.; Fenstad, J. Reducing the gap between procedures and practice lessons from a successful safety

intervention. Saf. Sci. Monit. 2008, 12, 2.
4. Chen, C.F.; Chen, S.C. Scale development of safety management system evaluation for the airline industry. Accid. Anal. Prev. 2012,

47, 177–181. [CrossRef] [PubMed]
5. El Koursi, E.M.; Mitra, S.; Bearfield, G. Harmonising safety management systems in the Eurpean railway sector. Saf. Sci. Monit.

2007, 11, 1–14.
6. Santos-Reyes, J.; Beard, A.N. A SSMS model with application to the oil and gas industry. J. Loss Prev. Process Ind. 2009, 22, 958–970.

[CrossRef]
7. Vinodkumar, M.N.; Bhasi, M. A study on the impact of management system certification on safety management. Saf. Sci. 2011, 49,

498–507. [CrossRef]
8. Dekker, S. Failure to adapt or adaptations that fail: Contrasting models on procedures and safety. Appl. Ergon. 2003, 34, 233–238.

[CrossRef] [PubMed]
9. EN ISO 6385 2004; Ergonomic Principles in the Design of Work Systems. ISO: Brüssel, Belgium, 2004.
10. Bottani, E.; Monica, L.; Vignali, G. Safety management systems: Performance differences between adopters and non-adopters. Saf.

Sci. 2009, 47, 155–162. [CrossRef]
11. Dahl, Ø. Safety compliance in a highly regulated environment: A case study of workers’ knowledge of rules and procedures

within the petroleum industry. Saf. Sci. 2013, 60, 185–195. [CrossRef]
12. Hughes, A.; Zajac, S.; Spencer, J.; Salas, E. A checklist for facilitating training transfer in organizations. Int. J. Train. Dev. 2018, 22,

334–345. [CrossRef]
13. Aguinis, H.; Kraiger, K. Benefits of training and development for individuals and teams, organizations, and society. Annu. Rev.

Psychol. 2009, 60, 451–474. [CrossRef] [PubMed]
14. Arthur, W., Jr.; Bennett, W., Jr.; Edens, P.S.; Bell, S.T. Effectiveness of training in organizations: A meta-analysis of design and

evaluation features. J. Appl. Psychol. 2003, 88, 234–245. [CrossRef]
15. Chen, C.; Ping, S.; Zhang, X.; Yi, Y. Transfer study of safety training based on mapping knowledge domain—Overview, factors

and future. Saf. Sci. 2022, 148, 105678. [CrossRef]
16. Casey, T.; Turner, N.; Hu, X.; Bancroft, K. Making safety training stickier: A richer model of safety training engagement and

transfer. J. Saf. Res. 2021, 78, 303–313. [CrossRef]
17. Laurillard, D. The pedagogical challenges to collaborative technologies. Int. J. Comput. Support. Collab. Learn. 2009, 4, 5–20.

[CrossRef]
18. Schunk, D.H. Learning Theories: An Educational Perspective, 6th ed.; Pearson Prentice Hall: Upper Saddle River, NJ, USA, 2014.
19. Salas, E.; Tannenbaum, S.I.; Kraiger, K.; Smith-Jentsch, K.A. The Science of Training and Development in Organizations: What

Matters in Practice. Psychol. Sci. Public Interest 2012, 13, 74–101. [CrossRef] [PubMed]
20. van Eerde, W.; Simon Tang, K.C.; Talbot, G. The mediating role of training utility in the relationship between training needs

assessment and organizational effectiveness. Int. J. Hum. Resour. Manag. 2008, 19, 63–73. [CrossRef]
21. Wickens, C.D.; Lee, J.D.; Liu, Y.; Becker, S.E.G. An Introduction to Human Factors Engineering; Pearson Education: Upper Saddle

River, NJ, USA, 2004.
22. Salas, E.; Cannon-Bowers, J.A. The Science of Training: A Decade of Progress. Annu. Rev. Psychol. 2001, 52, 471–499. [CrossRef]
23. Andersen, S. Using human and organizational factors to handle the risk of a major accident in integrated operations. In Oil and

Gas, Technology and Humans: Assessing the Human Factors of Technological Change; Besnard, D., Albrechtsen, E., Eds.; CRC Press:
London, UK, 2013.

24. Davis, M.L.; Witcraft, S.M.; Baird, S.O.; Smits, J.A.J. Chapter 3—Learning Principles in CBT. In The Science of Cognitive Behavioral
Therapy; Hofmann, S.G., Asmundson, G.J.G., Eds.; Academic Press: San Diego, CA, USA, 2017; pp. 51–76.

25. Piaget, J. Problems of equilibration. In Topics in Cognitive Development; Appel, M.H., Goldberg, L.S., Eds.; Plenum: New York, NY,
USA, 1977; Volume 1, pp. 74–101.

26. Sylte, A.L. Profesjonspedagogikk [Professional Pedagogy]; Gyldendl akademisk: Oslo, Norway, 2016.
27. Skinner, B.F. The science of learning and the art of teaching. Harv. Educ. Rev. 1954, 24, 86–97.

https://doi.org/10.1016/j.jnlssr.2022.02.003
https://doi.org/10.1016/j.ssci.2017.11.016
https://doi.org/10.1016/j.aap.2012.01.012
https://www.ncbi.nlm.nih.gov/pubmed/22405247
https://doi.org/10.1016/j.jlp.2008.07.009
https://doi.org/10.1016/j.ssci.2010.11.009
https://doi.org/10.1016/S0003-6870(03)00031-0
https://www.ncbi.nlm.nih.gov/pubmed/12737923
https://doi.org/10.1016/j.ssci.2008.05.001
https://doi.org/10.1016/j.ssci.2013.07.020
https://doi.org/10.1111/ijtd.12141
https://doi.org/10.1146/annurev.psych.60.110707.163505
https://www.ncbi.nlm.nih.gov/pubmed/18976113
https://doi.org/10.1037/0021-9010.88.2.234
https://doi.org/10.1016/j.ssci.2022.105678
https://doi.org/10.1016/j.jsr.2021.06.004
https://doi.org/10.1007/s11412-008-9056-2
https://doi.org/10.1177/1529100612436661
https://www.ncbi.nlm.nih.gov/pubmed/26173283
https://doi.org/10.1080/09585190701763917
https://doi.org/10.1146/annurev.psych.52.1.471


Challenges 2024, 15, 19 13 of 13

28. Vygotsky, L.S. Mind in Society: The Development of the Higher Psychological Processes; Harvard University Press: Cambridge, MA,
USA, 1978.

29. Blume, B.D.; Ford, J.K.; Baldwin, T.T.; Huang, J.L. Transfer of Training: A Meta-Analytic Review. J. Manag. 2009, 36, 1065–1105.
[CrossRef]

30. Biggs, J.; Tang, C. Teaching for Quality Learning at Univeristy; Mcgraw-Hill Education: New York, NY, USA, 2011.
31. Skov, S. Læringsorienterede Studieordninger: En Håndbog for Studieledere; Roskile Univesritet: Roskilde, Denmark, 2014.
32. Bell, B.S.; Tannenbaum, S.I.; Ford, J.K.; Noe, R.A.; Kraiger, K. 100 years of training and development research: What we know and

where we should go. J. Appl. Psychol. 2017, 102, 305–323. [CrossRef]
33. Kirkpatrick, D.; Kirkpatrick, J. Evaluating Training Programs: The Four Levels, 3rd ed.; Berrett-Koehler: San Fransisco, CA, USA,

2006.
34. Colquitt, J.A.; LePine, J.A.; Noe, R.A. Toward an integrative theory of training motivation: A meta-analytic path analysis of 20

years of research. J. Appl. Psychol. 2000, 85, 678–707. [CrossRef] [PubMed]
35. Chung, S.; Zhan, Y.; Noe, R.A.; Jiang, K. Is it time to update and expand training motivation theory? A meta-analytic review of

training motivation research in the 21st century. J. Appl. Psychol. 2021, 107, 1150–1179. [CrossRef]
36. Grossman, R.; Salas, E. The transfer of training: What really matters. Int. J. Train. Dev. 2011, 15, 103–120. [CrossRef]
37. Sitzmann, T.; Kraiger, K.; Stewart, D.; Wisher, R. The comparative effectiveness of Web-based and classroom instruction: A

meta-analysis. Pers. Psychol. 2006, 59, 623–664. [CrossRef]
38. Loosemore, M.; Malouf, N. Safety training and positive safety attitude formation in the Australian construction industry. Saf. Sci.

2019, 113, 233–243. [CrossRef]
39. Bell, B.S.; Kozlowski, S.W.J. Adaptive guidance: Enhancing self-regulation, knowledge and performance in technology-based

training. Pers. Psychol. 2002, 55, 267–306. [CrossRef]
40. Sitzmann, T.; Bell, B.S.; Kraiger, K.; Kanar, A.M. A multilevel analysis of the effect of prompting self-regulation in technology-

delivered instruction. Pers. Psychol. 2009, 62, 697–734. [CrossRef]
41. Sætren, G.B.; Lindheim, C.; Skogstad, M.R.; Andreas Pedersen, P.; Robertsen, R.; Lødemel, S.; Haukeberg, P.J. Simulator versus

traditional training: A comparative study of night driving training. Proc. Hum. Factors Ergon. Soc. Annu. Meet. 2019, 63, 1669–1673.
[CrossRef]

42. Galvao, J.R. Modeling reality with simulation games for a cooperative learning. In Proceedings of the 2000 Winter Simulation
Conference Proceedings (Cat. No.00CH37165), Orlando, FL, USA, 10–13 December 2000.

43. Ricci, F.; Nucci, M. Safety Integrated Model-training (SIM-t) and its evaluation: A safety training proposal for mechanical
companies. Saf. Sci. 2022, 146, 105538. [CrossRef]

44. Driskell, J.E.; Copper, C.; Moran, A. Does mental practice enhance performance? J. Appl. Psychol. 1994, 79, 481–492. [CrossRef]
45. Saks, A.M.; Belcourt, M. An investigation of training activities and transfer of training in organizations. Hum. Resour. Manag.

2006, 45, 629–648. [CrossRef]
46. Rienecker, L.; Jacobsen, D. Peer Feedback-Hvorfor og Hvordan [Peer Feedback—Why and How]; Samfundslitteratur: Frederiksberg,

Denmark, 2021.
47. Choo, C.W. Environmental scanning as information seeking and organizational learning. Inf. Res. 2001, 7, 29p.
48. Morrow, S.L. Quality and trustworthiness in qualitative research in counseling psychology. J. Couns. Psychol. 2005, 52, 250–260.

[CrossRef]
49. Patton, M.Q. Qualitative Research & Evaluation Methods, 3rd ed.; Sage: Thousand Oaks, CA, USA, 2002.
50. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]
51. Dierdorff, E.C.; Surface, E.A. Assessing Training Needs: Do Work Experience and Capability Matter? Hum. Perform. 2007, 21,

28–48. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/0149206309352880
https://doi.org/10.1037/apl0000142
https://doi.org/10.1037/0021-9010.85.5.678
https://www.ncbi.nlm.nih.gov/pubmed/11055143
https://doi.org/10.1037/apl0000901
https://doi.org/10.1111/j.1468-2419.2011.00373.x
https://doi.org/10.1111/j.1744-6570.2006.00049.x
https://doi.org/10.1016/j.ssci.2018.11.029
https://doi.org/10.1111/j.1744-6570.2002.tb00111.x
https://doi.org/10.1111/j.1744-6570.2009.01155.x
https://doi.org/10.1177/1071181319631528
https://doi.org/10.1016/j.ssci.2021.105538
https://doi.org/10.1037/0021-9010.79.4.481
https://doi.org/10.1002/hrm.20135
https://doi.org/10.1037/0022-0167.52.2.250
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1080/08959280701522072

	Introduction 
	Definition of Training 
	Cognitive Constructionism 
	Who Are the Trainees? 
	What Do They Need to Learn? 
	Motivation to Learn 
	Diversified Training Methods 
	The Principles of Learning 
	Repetition and Follow-Up 

	Materials and Methods 
	Data Collection Process 
	Data Analysis 
	Ethics 

	Results 
	Motivation to Learn 
	Introductory Course 
	Continued Learning 

	Discussion 
	Conclusions 
	Limitations 
	References

