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Abstract. In the safety-critical process industry, the safety competence of pro-
cess operators is essential. Process operators are educated at vocational educa-
tion and training (VET) organizations. The reform of vocational upper second-
ary education in Finland emphasizes the role of on-the-job learning; thus, the
process operator education program has changed. Early adoption of correct
safety skills enables them to be followed in the workplace. Thus, it is important
to study the safety competence of process operator students and related educa-
tional requirements in the current circumstances. Seven teachers from five VET
organizations were asked to estimate their students’ safety competence using a
previously published framework. Overall, the interviewees considered that
more safety competences were easy rather than difficult for their students.
Knowledge and skills related to production processes, special and high-risk
work tasks, exceptional and fault situations, general view, identification of own
skills, and proactive mindset were most often viewed as difficult for students.

Keywords: Process Industry, Vocational Education and Training, Workplace
Learning, Safety Competence.

1 Introduction

In the safety-critical process industry, safety competence is essential for ensuring safe
operations. In this industry, work typically involves dangerous materials, under ex-
treme conditions, and with potential for major accidents. Thus, safety competence is
an important skill for process operators. Furthermore, the increasing complexity of
processes makes the safety-focused aspects of the process operator role significant
[1]. A focus on safety and continuous competence development can also be a key
determinant of company performance [2–4]. However, young and inexperienced
workers typically encounter accidents more often than other employees [5–6]. There-
fore, new workers and students must be introduced to safe work practices from the
very beginning of their careers [5].

Competence is defined as having an ability to transform knowledge and skills into
practice in a qualified manner [7]. Competence also refers to specific knowledge,
experiences, abilities, skills, traits, values, attitudes, understandings, and behaviors
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that are necessary for achieving a required level of performance [8–11]. Tappura et al.
[12] developed a framework for process safety competence of vocational students.

Process operators working in the process industry are educated by vocational edu-
cation and training (VET) organizations. If students learn to value process safety early
in their education, then they are more likely to subsequently take this attitude into
their workplaces [13]. Therefore, ensuring that students have sufficient safety compe-
tence is emphasized from the beginning and throughout the education process.

The education of process operators consists of studies arranged by VET organiza-
tions and involves workplace learning periods at process industry companies. As a
result of vocational upper secondary education reform, learning in the workplace has
increased [14, 15]. Close collaboration between students, VET providers, and work-
places has been found to be beneficial for improving student learning in general [16].
Similarly, cooperation is essential when students’ safety competence is being devel-
oped. A basic understanding of safety and related practices is imparted to process
operator students during their education in VET organizations [17]. Companies expect
that students will have obtained basic safety knowledge before they proceed with
further training or employment [18]. Training for company-specific safety require-
ments, cultures, and practices is provided in the workplace.

The objective of this paper is to increase understanding of how teachers view the
safety competence of process operator students. Additionally, the factors that teachers
think affect student safety competence are discussed.

2 Methods

This study is part of a larger study called Young Professionals in the Process Industry
(NuPro) that focuses on workplace learning and safety in the process industry [see,
e.g., 12, 18]. Due to the descriptive and contextual nature of the study, a qualitative
approach [19] was employed. Interviews (see Table 1) were carried out in all five
VET organizations participating in the project, which, to the authors’ knowledge,
totaled 23% of all VET organizations providing process operator education in Fin-
land. Seven processing industry teachers were interviewed. This is the majority of the
processing industry teachers in the collaborating VET organizations because there
was only a few in each VET organization.

Table 1. Background information of the VET organizations and interviewees.

VET organiza-
tions (n = 5)

VET providers represented different geographic areas in Finland
One to three processing industry teachers at each VET organization
40–100 process operator students at each VET organization
Process operator students mainly adults in two VET organizations, mainly
young students in two, and one had adult and young students

Interviewees
(7)

Six teachers and one training officer
Two men and five women
Work experience in current position from 3 to 18 years (average 11 years)



3

The interviews were based on the safety competence requirement framework (Table 2
and the Appendix) compiled in the previous phases of the NuPro study [12]. The safe-
ty competence requirements for basic process safety education of process operator
students at VET institutions were originally compiled through interviews and a work-
shop with representatives of process industry companies, VET organizations provid-
ing education for process operators, and other expert organizations. Competence re-
quirements were categorized as (1) knowledge and skills, (2) values and attitudes, and
(3) abilities and traits, using the competence classifications presented in previous
literature [8–11]. Each competence requirement was described in more detail.

Table 2. Excerpt of the safety competence requirement framework used in the interviews.

Category Safety competence
requirement

Description

Knowledge
and skills

Production pro-
cesses

Understanding the operating principles of the process
(e.g., how the automation works, what energies are in-
volved, and how to react to process alarms)

Values and
attitudes

Serious attitude
toward safety

Taking safety into account in all activities
Active participation in developing safety (e.g., reporting
safety observations)
Following rules and reacting to unsafe behaviors

Abilities
and traits Courage

Courage to work in hazardous work environment business
Courage to ask for help if the task at hand is new or be-
yond one’s own competencies
The confidence to act safely even under pressure

In the interviews, safety competence requirements were discussed with the interview-
ees, who were asked to give their opinion on whether a certain requirement is easy,
and students possess the basic competence related to it, or whether this competence is
difficult for most process operator students, and could be improved. The interviewees
were asked to base their opinions on their overall experiences gained from different
sources (e.g., discussions with students, seeing their behavior at work and exams cov-
ering some safety aspects) during their teaching careers. In addition, the reasons why
some of these requirements are more difficult were discussed. All interviews were
recorded and transcribed. The interviewees’ views were categorized and summarized
according to the safety competence framework and according to the themes arising
from the data.
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3 Results

3.1 Teachers’ Appraisal of the Safety Competence of Process Operator
Students

The views of the interviewed teachers on the safety competence of process operator
students are summarized in a table in the appendix, according to the safety compe-
tence framework used in this study. Overall, most interviewees considered that there
were more items in which the students would gain sufficient knowledge in than those
items that were considered to be difficult for students.

In terms of the knowledge- and skill-related competences, the interviewees consid-
ered more than half of the 14 total items to be easy, and the remaining items (slightly
less than half) difficult. For competences related to values and attitudes, most of the
interviewees considered only one of the six items to be difficult—namely, admitting
own mistakes—while the rest of the items were thought of as easy for the students.
Concerning safety competences related to abilities and traits, five out of ten items
were more often rated as easy rather than difficult. With respect to abilities and traits,
the interviewees often pointed out that these competences vary considerably among
students.

The items most often considered to be easy for students were all related to the
knowledge and skills aspects of safety competence requirements. All interviewees
believed that students gain sufficient competences related to general practices in the
workplace. Furthermore, the majority of the interviewees believed that students either
already have or would have sufficient competences concerning the operational envi-
ronment, companies’ safety procedures, and learning from experience. Similarly, all
items that the interviewees most often considered to be difficult for students were
related to safety knowledge and skills. Adopting knowledge and skills related to pro-
duction processes, special and high-risk work tasks, exceptional and fault situations,
general view, identification of own skills, proactive mindset, and hazard identification
were all emphasized as being difficult for students. There were three items that the
respondents equally often considered as either easy or difficult—items related to con-
sequences of own actions, rationality, and carefulness.

3.2 Factors Affecting the Safety Competence of Process Operator Students

The interviewees mentioned that most items related to safety knowledge and skills
were basic issues that are included in process operator education. Consequently, stu-
dents should receive at least basic knowledge and skills related to these items, often
during their education at VET organizations, before they move on to workplace learn-
ing. In addition, the interviewees reasoned that, e.g., because special and high-risk
work tasks (as well as exceptional and fault situations) occur less often and are less
emphasized during studies, these tasks are then more difficult for the students.

With respect to the competences related to values and attitudes, the interviewees
mentioned that students learn these competences, at the latest, during workplace train-
ing. In companies, a serious attitude toward safety is unquestionable. The interview-
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ees emphasized that there is a noticeable difference in safety values and attitudes of
students before and after they participated in workplace learning or otherwise gained
work experience, e.g., through a summer job. This particularly applies to younger
students, who may first downplay safety issues while learning at a VET organization.
Once students have experienced the workplace, they do not question the importance
of safety and follow safety instructions better at VET than they did before. Neverthe-
less, some interviewees emphasized the importance of theoretical studies as well,
indicating that they enable better practical learning results. Some interviewees noted
that VET organizations should be as firm as companies about safety rules and behav-
ior compliant with these rules. Moreover, acknowledging positive safe behaviors,
such as making safety observations, was highlighted.

The interviewees emphasized that student competence varied a great deal, particu-
larly regarding safety-related abilities and traits. These competences were regarded as
important as the other competences. The interviewees pointed out the impact of age
and previous work experience on safety-related abilities and traits. Adult students can
reflect on the issues to be learned in light of their previous work experience. Younger
students usually have less work experience that they could use as a background for
their learning.

The interviewees also mentioned that some issues in the safety competence frame-
work are more difficult to teach while others are easier. For example, some of the
safety-related skills and abilities, such as stress tolerance, were considered to be less
emphasized in process operator education. In addition, the interviewees mentioned
production processes. The difficulty is that the same process element, such as steam,
can be hazardous in some process environments but harmless in others, and students
need to be able to estimate this depending on the given environment.

The interviewees summarized that adult students mostly have better safety compe-
tence than younger students. However, adult students may have previously adopted a
less correct safety attitude, which they then need to try to change. The interviewees
pointed out that adult students may sometimes, for instance, believe that a zero-vision
goal is impossible to achieve.

4 Discussion

This study contributes to previous literature by providing teachers’ perceptions of the
safety competence of process operator students. The results can be used to guide the
development of safety education for process operator students during VET. Compa-
nies may use the results to improve the competence of their current workforce.

Many of the safety competencies the teachers considered difficult for students were
similar to those mentioned in previous studies. Congruent with previous studies, com-
petences related to hazard identification [20, 21] and exceptional and fault situations,
such as emergency response [21], were emphasized as difficult for students. Moreo-
ver, previous studies concluded that students’ safety attitudes are poor and need im-
provement [21]. Similarly, this study showed that before workplace learning students’
safety values and attitudes could be better.
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In addition, the teachers’ pointed out some industry-specific competences related
to understanding of production processes and individual characteristics of the students
that require special attention in the education of process operator students. As automa-
tion systems and technologies become more complicated, the importance of related
safety competencies, such as situational awareness [1] and systems thinking [22],
become even more important to ensure safe operations. Many safety researchers con-
sider humans to be heroes in resolving system vulnerabilities [23–25], and the human
factors approach has gained increasing attention in the process industry [1, 13].

This study has several limitations. The appraisal of the safety competence of pro-
cess operator students was based on subjective opinions of only a small number of
teachers. Further research should apply and compare different ways of assessing stu-
dents’ safety competence, such as assessments based on examinations or self-
assessments of students with larger and more comprehensive data. The impact of
students’ background (e.g., work experience) on safety competence should be studied.
Moreover, the framework used in this study describes safety competences on a gen-
eral level while technical competence requirements vary across process industry com-
panies.
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erating VET organizations for their contributions.

References

1. Nazir, S., Sorensen, L.J., Øvergård, K.I., Manca, D.: How distributed situation awareness
influences process safety. Chemical Engineering Transactions 36, 409–414 (2014).

2. Suikki, R., Tromstedt, R., Haapasalo, H.: Project management competence development
framework in turbulent business environment. Technovation 26(5–6), 723–738 (2006).

3. Swuste, P., Theunissen, J., Schmitz, P., Reniers, G., Blokland, P.: Process safety indica-
tors, a review of literature. Journal of Loss Prevention in the Process Industries 40, 162–
173 (2016).

4. Weick, K.E., Sutcliffe, K.M.: Managing the unexpected. resilient performance in an age of
uncertainty, 2nd edn. Jossey-Bass, San Francisco (2007).

5. Laberge, M., Ledoux, E.: Occupational health and safety issues affecting young workers: a
literature review. Work 39(3), 215–232 (2011).

6. Salminen, S.: Have young workers more injuries than older ones? An international litera-
ture review. Journal of Safety Research 35(5), 513–521 (2004).

7. Dreier, A.: Organizational learning and competence development. The Learning Organiza-
tion 7(4), 206–220 (2000).

8. Boyatzis, A.R.: The competent manager: a model for effective performance. Wiley, New
York (1982).

9. Königová, M., Urbancová, H., Fejfar, J.: Identification of managerial competencies in
knowledge-based organizations. Journal of Competitiveness 4(1), 129–142 (2012).

10. Pickett, L.: Competencies and managerial effectiveness: putting competencies to work.
Public Personnel Management 27(1), 103–115 (1998).



7

11. Rothwell, W.J., Lindholm, J.E.: Competency identification modelling and assessment in
the USA. International Journal of Training and Development 3(2), 90–105 (1999).

12. Tappura, S., Nenonen, S., Nenonen, N., Kivistö-Rahnasto, J.: Process safety competence
of vocational students. In: Arezes P. (eds.) Advances in Safety Management and Human
Factors, AHFE 2019. Advances in Intelligent Systems and Computing, vol. 969, pp. 383–
392. Springer, Cham (2020).

13. MKOPSC (Mary Kay O’Connor process safety center): Process Safety for the 21st Centu-
ry and Beyond. Texas A&M Engineering Experiment Station, Texas A&M University,
TX, USA (2017).

14. European Commission: High-Performance Apprenticeships & Work-Based Learning: 20
Guiding Principles,
http://ec.europa.eu/social/main.jsp?catId=1147&langId=fi&moreDocuments=yes, last ac-
cessed 2019/10/24.

15. Ministry of Education and Culture: Reform of Vocational Upper Secondary Education,
https://minedu.fi/en/reform-of-vocational-upper-secondary-education, last accessed
2019/10/24.

16. Mikkonen, S., Pylväs, L., Rintala, H., Nokelainen, P., Postareff, L.: Guiding workplace
learning in vocational education and training: a literature review. Empirical Research in
Vocational Education and Training 9, 9 (2017).

17. Tappura, S., Kivistö-Rahnasto, J.: Annual school safety activity calendar to promote safety
in VET. In: Arezes, P.M., et al. (eds.) Occupational Safety and Hygiene VI: Proceedings of
the 6th International Symposium on Occupation Safety and Hygiene (SHO 2018), pp.
131–135. CRC Press, London (2018).

18. Tappura, S., Nenonen, S, Nenonen, N.: Developing safety competence process for voca-
tional students. In: Ahram T., Karwowski W., Taiar, R. (eds.) Human Systems Engineer-
ing and Design, IHSED 2018. Advances in Intelligent Systems and Computing, vol. 876,
pp. 668–674. Springer, Cham (2018).

19. Denzin, N.K., Lincoln, Y.S.: Introduction: the discipline and practice of qualitative re-
search. In: Denzin, N.K., Lincoln, Y.S. (eds.) The SAGE handbook of qualitative research,
pp. 1–19. SAGE Publications Inc., Thousand Oaks (2011).

20. Andersson, I-M., Gunnarson, K., Rosèn, G., Moström Åberg, M.: Knowledge and experi-
ences of risks among pupils in vocational education. Safety and Health at Work 5(3), 140–
6 (2014).

21. Walters, A.U.C., Lawrence, W., Jalsa, N.K.: Chemical laboratory safety awareness, atti-
tudes and practices of tertiary students. Safety Science 96, 161–171 (2017).

22. De Rademaeker, E., Suter, G., Pasman, H.J., Fabiano, B.: A review of the past, present and
future of the European loss prevention and safety promotion in the process industries. Pro-
cess Safety and Environmental Protection 92(4), 280–291 (2014).

23. Teperi, A.M., Puro, V., Lappalainen, J.: Promoting a positive safety culture in the mari-
time industry by applying the Safety-II perspective. In: Bernatik, A., Kocurkova, L.,
Jørgensen, K. (eds.) Prevention of Accidents at Work: Proceedings of the 9th International
Conference on the Prevention of Accidents at Work (WOS 2017), pp. 197–203. CRC
Press/Balkema, Leiden (2017).

24. Reason, J.: The human contribution: unsafe acts, accidents and heroic recoveries. Ashgate
Publishing Ltd., Cornwall (2008).

25. Hollnagel, E., Woods, D.D., Leveson, N. (eds.): Resilience engineering: concepts and pre-
cepts. Ashgate Publishing Ltd., Hampshire (2006).



8

Appendix Teachers’ views of the safety competence of process operator students.

Safety competence requirements
No. of interviewees

E* D* V* -*
Knowledge and skills related to

Production processes 2 5 0 0
Chemicals and chemistry 4 3 0 0
Special and high-risk work tasks 2 5 0 0
Exceptional and fault situations 2 5 0 0
Reading and following instructions 4 3 0 0
General practices in the workplace 7 0 0 0
Operational environment 6 1 0 0
General view 1 5 1 0
Consequences of own actions 3 3 1 0
Learning from experience 5 1 1 0
Identification of own skills 2 5 0 0
Proactive mindset 1 5 1 0
Companies’ safety procedures 6 1 0 0
Hazard identification 4 3 0 0

Values and attitudes
Serious attitude toward safety 4 2 1 0
Prioritizing safety 4 3 0 0
Zero-vision mindset 4 3 0 0
Lifelong learning 4 2 1 0
Professional attitude toward work 4 2 1 0
Admitting own mistakes 3 4 0 0

Abilities and traits:
Perceptual ability 3 1 2 1
Concentration 3 4 0 0
Stress tolerance 2 4 1 0
Rationality 2 2 2 1
Carefulness 2 2 2 1
Humility 3 2 2 0
Prudence 3 1 2 1
Vigilance 3 1 2 1
Calmness 3 1 2 1
Courage 2 3 1 1

*E: Easy for students; they already have good or basic competence or gain it during their
education. D: This can be or is often difficult for students. V: Varies among students. | -:
Do not know / No assessment.


