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A B S T R A C T

Background: Apprentices within construction have an increased risk of occupational injuries. In Denmark ap-
prentices alternate between periods at school and extensive periods at training companies where they are em-
ployed during their education. Owner-managers are pivotal in securing safe working conditions for apprentices
in training companies.
Method: A tailored intervention aimed at creating safe training companies by targeting owner-managers was
developed through an iterative process. The intervention included both active work environment factors (a
checklist approach based on a gold standard aided by specific tools) and motivational factors (assistance with
mandatory systematic health and safety obligations, access to promotional materials and an option to get a free
visit from a health and safety advisor) designed to motivate companies to participate. The intervention was pilot
tested in a non-randomized controlled design to examine recruitment, implementation and effect.
Results: 67% of the training companies that were invited to participate accepted and 58% completed the in-
tervention. At least one tool was used by 71% of the companies and there was a significant increase in the safety
level of the training companies from baseline to follow-up. The intervention group reported non-significantly
fewer injuries during the intervention period than the control group. Minor improvements were measured in
safety climate in the intervention group and significant differences between the intervention and control group
were found for 2 out of 7 safety climate measures at follow-up.
Conclusion: It may be feasible to prevent apprentice injuries by targeting owner-managers and the existing
norms and practices in training companies.

1. Introduction

More than 3.2 million occupational accidents occur annually in the
European Union. The construction sector accounts for approximately
12% of these and has one of the highest incidence rates of all sectors
(Eurostat 2018). At the same time, young workers have an increased
risk of injury due to unsafe working conditions, a lack of introduction to
tasks, and less opportunity to voice their opinion regarding health and
safety issues compared with senior workers (Breslin and Smith, 2005).
It is therefore not surprising that previous studies have identified an
increased risk of occupational injuries among apprentices within con-
struction and that preventive efforts have targeted this group (Lipscomb
et al., 2003, Nielsen et al., 2018, Holte et al., 2015).

Apprentices occupy a special position in the vocational and educa-
tional training system in Denmark, as their education is based on the
shared responsibility of the vocational schools and the training

companies (Jorgensen, 2013). After finishing a basic course for the first
20–40weeks of their education, apprentices training for jobs in the
construction industry are required to secure an apprentice employment
in a training company to complete the typically 4-year education to
become a trained craftsman. During this education, they alternate be-
tween shorter periods at school and extensive periods at the training
company. At school, apprentices have theoretical courses on health and
safety and gain some practical experience from workshop classes in
which they are taught basic skills. However, the apprentices identify
the company-based training as central to their practical learning, which
may lead to dilemmas regarding the transfer of safety knowledge from
school to workplace practice (Grytnes et al., 2018) While working at the
training companies, apprentices find it difficult to apply school-based
knowledge of safety. This is because they learn the trade by partici-
pating in the social practices of the companies (Grytnes et al., 2018)
and because this learning is facilitated by a sense of being one of the
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workers and adapting to the existing norms and practices in the com-
panies (Nielsen, 2012), even when these norms and practices entail
suboptimal safety solutions. If they encounter poor safety arrange-
ments, apprentices may be reluctant to voice their concerns, as main-
taining good relations with the company owner and their co-workers is
seen as important to keeping the apprenticeship (Lipscomb et al.,
2008a, Grytnes, 2018). Thus, it is difficult for apprentices to influence
safety norms and practices at their training companies and it is for this
reason that attempts to empower them through training programs at
school can fall short (Lipscomb et al., 2008a). Studies also show that
apprentices report a higher and less ambiguous focus on safety in school
than at their training company (Grytnes et al., 2018, Lipscomb et al.,
2008a) and that co-worker safety practices are associated with injury
outcomes for apprentices (Kim et al., 2014). However, according to
Danish law, the training companies are responsible for the health and
safety of apprentices whilst they are employed at the companies. Thus,
vocational educational teachers have no means of influencing or
helping the apprentices with safety-related concerns during company-
based training (Grytnes et al., 2018). Furthermore, there are no formal
demands for content and didactic principles of company-based health
and safety training in training companies that are approved as such by
local training boards consisting of school and company representatives.

It is clear that the dominant norms and practices at the training
companies are pivotal for the health and safety of the apprentices, who,
however, are seldom in a position to influence these norms and prac-
tices themselves. This is also reflected by the socio-ecological approach
put forward by an American and Canadian expert group on the ad-
vances of young worker safety in the US and Canada. This group
strongly suggests integrating injury prevention strategies within the
organizational context (Runyan et al., 2012). This is further explored in
another study that examines the ineffectiveness of safety training ap-
proaches among young workers. In this study, the authors stress the
importance of the learning processes at the training companies (Laberge
et al., 2014). Thus, preventive measures aimed at improving safety for
apprentices may possibly be more effective if they are targeted at the
existing norms and practices in the training companies instead of the
apprentices' skills and knowledge. A feasible way to achieve this is to
design interventions that affect (owner-)managers in the companies,
since these play a key role in the company’s safety climate (Kaskutas
et al., 2009; Zohar, 2002).

This said, intervening in the norms and practices of (small) con-
struction companies is no easy task. The construction industry is highly
cost-conscious with low profit margins, unclear responsibilities and
limited safety management systems. In such companies, safety is
sometimes viewed as a bureaucratic burden that detracts from the
primary production process and, therefore, the outlook for identifying
and implementing evidence-based safety solutions does not appear
overly positive (Swuste et al., 2012). Although managers display a
positive attitude towards creating a good working environment, safety
is often seen as a non-core task that is given a low priority due to a lack
of resources and knowledge and the cost and difficulty of implementing
and understanding good safety practices (Legg et al., 2015).

Studies of construction companies' motivation for participating in
occupational health and safety programs identify the importance of
whether the owner-manager acknowledges the need for a new approach
and views the approach as meaningful for the company (Kvorning et al.,
2015; Kidd et al., 2004). It is therefore essential that the content of any
safety program is tailored to the specific company context, easy to
understand and use, and offers clear benefits or added business value
for the company (Kvorning et al., 2015; Cunningham and Sinclair,
2015). Recognizing the clear benefits of safety interventions is often a
challenge, as the benefit (no injuries) is uncertain and often invisible
while the resources needed to participate are certain and visible. Thus,
the motivation to participate in safety interventions is often low in
(small) construction companies and the owners-managers' initial judg-
ments about time demands and benefits are decisive factors (Kidd et al.,

2004).
To overcome these motivational issues, we developed a tailored

intervention aimed at creating safe training companies for apprentices
in the construction sector, which included active work environment
factors as well as motivational factors designed to motivate the com-
panies to participate. The purpose of the current project was to pilot test
the intervention in a non-randomized controlled design to examine
recruitment, implementation and potential beneficial effects of the in-
tervention on apprentice injury experience and company safety climate.

2. Methods and participants

2.1. Developing and tailoring the intervention

The basis of the intervention was a checklist approach that had
previously proved effective in creating health and safety improvements
in other hard-to-reach target groups such as Danish farms (Rasmussen
et al., 2003) and Italian metalworking micro-enterprises (Farina et al.,
2015). The checklist approach consists of a visit from an external health
and safety expert who audits the training companies' safety norms and
practices against predetermined criteria through a 1-1½-hour interview
with the owner-manager. Based on the audit, the owner-manager re-
ceives action-oriented feedback specifying which areas he/she needs to
improve in order to comply with safety standards and action plans are
jointly formulated to target these areas. Four months later, the company
is re-audited to identify whether progress has been made on the iden-
tified areas. Such an approach is simple, easy to understand, action-
oriented and requires few resources, which are some of the typical
characteristics of successful health and safety interventions in small
companies (Legg et al., 2015).

Building on this general checklist approach, the specific structure
and content of the intervention was tailored to the target group through
a participatory iterative process involving a panel of experts and in-
terviews with the local training boards, apprentices and owner-man-
agers of training companies.

Firstly, a gold standard for a good and safe training company, which
would be used to develop the audit checklist, was formulated based on
existing scientific and practical knowledge. This took place during two
workshops with a panel of health and safety researchers, re-
presentatives from vocational schools, unions, employers' associations
and the Danish Sector Work Environment Council for construction. At
the first workshop, the existing scientific knowledge about health and
safety for apprentices and small construction companies was presented
and discussed alongside the existing materials and approaches used by
the practitioners in the panel. After the first workshop, interviews were
conducted with the local training boards for carpenters and bricklayers
at the participating vocational school, a total of 12 carpenter or
bricklayer apprentices recruited at the school, and seven owner-man-
agers from training companies (four carpenters and three bricklayers)
recruited through local branch associations. The purpose of these in-
terviews was to learn more about the characteristics of good and safe
training companies and to obtain the interviewees’ opinions on and
suggestions for which motivational factors to use in the project to en-
courage companies to participate. Based on the inputs from the first
workshop and the interviews, a gold standard for good and safe training
companies consisting of 11 criteria was developed (see Fig. 1). The
standard centered on the topics introduction, work tasks and basic
structures and was presented and discussed along with a time-plan for
the intervention by the panel of experts at the second workshop. The
gold standard contains both safety-related and more general aspects of
being a good training company. It specifies 11 general criteria to meet
(e.g. having a start-up plan for the apprentice, ensuring enough time to
learn for the apprentices and having a focus on apprentices in company
health and safety efforts) without a detailed description of how to meet
them, since this latter question should be determined in a dialogue
between the apprentice and the owner-manager or journeyman. The
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criteria regarding introduction were included because apprentices and
owner-managers reported that the introduction the apprentices re-
ceived in the companies often lacked sufficient quality, was unsyste-
matic and somewhat random. The criteria regarding works tasks were
included because the apprentices reported that it took time, adequate
instructions and feedback for them to learn how to perform tasks safely.
The criteria regarding basic structures were included to ensure that the
companies provided safe working conditions for the apprentices and
were committed to safety. After the gold standard was established, a
checklist that reflected the items in the gold standard and that could be
used to audit the companies was developed by the researchers (see
Fig. 1).

Secondly, specific tools were developed for the companies based on
the requirements of the gold standard, so that, for all but one criterion,
one or more easy-to-use tools were developed to help companies fulfill
the criterion (see Fig. 1). The tools were developed by the researchers
on the basis of existing materials from authorities, unions and work
environment councils, and by involving the different members of the
expert panel. For instance, the toolbox contained a checklist of im-
portant subjects (including the matching of expectations) for an in-
troductory talk between the owner-managers and the apprentices, a test
the owner-manager could use to evaluate the competences of the person
assigned to train the apprentices, and a tailored poster with information
about the most typical serious injuries for apprentices in the specific
branch (carpentry, bricklaying or plumbing). Prototypes of the tools
were presented to and discussed with five owner-managers from con-
struction companies (recruited through a Google search for local car-
penters and bricklayers) along with the content and time-plan for the
intervention. The owner-managers provided input on the usefulness of
each of the different prototypes of the tools and the content of and time-
plan for the intervention. This led to a number of minor adjustments in
the tools and the intervention.

Thirdly, the intervention was tailored to the target group in the
choice of health and safety expert that should perform the audit. As part

of the initial interviews regarding characteristics of good and safe
training companies, the owner-managers were asked which type of
expert they felt would be best suited to deliver the intervention. This
method was used since a previous study of factors motivating small
construction companies to participate in a health and safety program
identified the importance of a trusting relationship between the owner-
manager and the person delivering the intervention (Kvorning et al.,
2015). In our study, several options were presented to the owner-
managers, including an inspector from the Work Environment Autho-
rities or a health and safety consultant. However, the owner-managers
identified a certified health and safety teacher (H&S teacher) from the
participating vocational school as the best option. They argued that a H
&S teacher could contribute expertise regarding apprentices and could
also strengthen communication and cooperation with the local school,
which they felt had unfortunately declined in recent years as an in-
creasing amount of communication was handled electronically.

Finally, the intervention was tailored by identifying motivational
factors that would encourage companies to participate. Several sug-
gestions were discussed with the owner-managers, and two of them
were positively received by almost all of them. The first motivational
factor was to design the intervention so it would assist the companies in
the mandatory systematic work health and safety obligations which
they often found difficult to perform without external assistance. To this
end, the checklist was expanded to include several items covering other
aspects of the work environment, including the mandatory workplace
risk assessment, which the companies often either did not perform or
paid an external health and safety consultant to perform. To support
this, a workplace risk assessment tool was developed for the toolbox
with clear instructions on the few extra steps the company had to
perform after the audit to complete the mandatory workplace risk as-
sessment. The second motivational factor, based on input from the
owner-managers, was to provide access to promotional materials to
highlight the company as making an extra effort for the health and
safety of its apprentices. Stickers for the company cars with the project

Gold standard Audit checklist Tool box
11 criteria 31 checkpoints 8 tools

Introduction
1. Start-up plan for the apprentice 1. Start-up plan 1. Start-up plan for the first 12 weeks

2. Introductory talk 
3. Work pace
4. Work quality
5. Safety behavior
6. Behavior at customers
7. Previous work experience
8. Tools used previously
9. PPE used previously

Work tasks
3. Varied work tasks 10. Varied work tasks
4. Enough time to learn 11. Enough time to learn
5. Adequate instruction 12. Adequate instruction
6. Matching work task with skills 13. Matching work tasks with skills
7. Feedback and recognition 14. Feedback during work

15. Feedback meeting (FU only)
Basic structures

16. In risk asssesment 4. Risk assessment action plan
17. In obligatory annual H&S discussion
17. In other H&S efforts 5. Stickers with the projects logo

19. Power tools
20. Lifting
21. Fall from heights
22. Hit by falling objects

23. Safety shoes
24. Protective eyewear

10. Basics in place 25. Safety gloves
26. Earmuffs
27. Safety helmet
28. Other PPE

29. Person assigned 7. Information sheet to person assigned
30. H&S qualification of person assigned
31. Person instructed to be role model

PPE: Personal Protective Equipment. FU: Follow-up. H&S: Health and safety

8. Focus on apprentices in H&S efforts

11. Assign a person to be responsible for 
training the apprentice

9.Prevention activities aimed at the primary 
injury risks

2. Mutual matching of expectations 2. Checklist for introductory talk with apprentice

3. Checklist for feedback meeting with apprentice 

6. Poster with typical serious injuries for apprentices 

8. Test to evaluate person responsible for training 
apprentice

Fig. 1. Criteria of the gold standard, checkpoints of the checklist and tools in the toolbox.
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logo and the slogan ‘We take care of our apprentices’ were developed
and included in the toolbox and a digital version of the logo was
available for the companies to use on their websites or mail signatures.
The third motivational factor (which not all owner-managers con-
sidered relevant) was the option to receive a free visit from a health and
safety specialist either in the company or at a construction site if an
issue was identified during the audit for which external counseling was
required.

2.2. Participants

Training companies were recruited through the construction pro-
gram of a middle-sized Danish vocational school. A few weeks before
the basic courses in carpentry, bricklaying or plumbing were completed
and the apprentices started their first period in the training companies,
the first author contacted the person responsible for apprentices in the
training companies (typically the owner-manager). Contact was estab-
lished by telephone, and the researcher presented himself as working
with the vocational school to create better and safer education and
training for apprentices. The owner-manager was informed about the
aim of the project and asked if the company wished to participate. If
they did, the researcher either booked a date for the first company visit
from the health and safety expert and sent the ‘toolbox’ to the owner-
manager (the intervention group) or booked a date for the baseline
questionnaire (the control group).

The study was designed as a non-randomized controlled trial where
the intervention companies were recruited in December 2016 and
January 2017 among training companies whose apprentices completed
the basic course in the fall of 2016 and started in the training companies
in January 2017. The control companies were recruited in May/June
2017 among training companies whose apprentices completed the basic
course in the spring of 2017 and started in the training companies in
June/July 2017.

2.3. Measures

Two measures were used in the study: the checklist (intervention
only) and the questionnaire (intervention and control).

At both baseline and follow-up, a questionnaire was administered to
the apprentice, the journeyman working most closely with the ap-
prentice, and the owner-manager in all participating companies. The
questionnaire for the owner-manager and the journeyman contained
three subscales on safety climate: Management Safety Priority,
Company Risk Acceptance, and Convenience Violations. Management
Safety Priority and Company Risk Acceptance were measured using
four and three items from subscales of The Nordic Safety Climate
Questionnaire respectively (Kines et al., 2011) Sample items: “The
owner-manager looks the other way when someone is careless with
safety” and “In this company we consider minor accidents to be a
normal part of our daily work”. Convenience violations were measured
using three items from the Danish Safety Culture Questionnaire
(Nielsen and Mikkelsen, 2007) originally taken from the general unsafe
behavior factor from the Offshore Safety Questionnaire (Mearns et al.,
2003). Sample item: “I ignore safety regulations to get the job done”.

The baseline questionnaire for the apprentices only included ques-
tions on how satisfied they were with their apprenticeship so far and
the scale on Convenience Violation, as it was deemed unlikely that they
could report validly on company safety climate after only a few days/
weeks at the training company. At follow-up, the questionnaire for the
apprentices was expanded with all safety climate scales and questions
on whether the apprentices had suffered any of 8 specific injury types
during their work at the training company.

Chronbach's alpha was calculated for each scale across all partici-
pants to check internal consistency. It was somewhat low for the
Company Risk Acceptance scale (0.66) while it was acceptable to good
for Management Safety Priority (0.76) and Convenience Violations

(0.82). Removing the first item from the Company Risk Acceptance
scale would increase alpha to 0.76. However, as analysis showed that
this did not change any results, the original 3-item version was retained
in the analysis.

The response rate was high due to the direct contact with both in-
tervention and control companies. The owner-managers achieved a
99% response rate (100% in the intervention group and 97% in the
control group), the journeyman 92% (intervention: 86%, control: 98%)
and the apprentices 96% (intervention: 95%, control: 98%). However, a
few of the apprentices did not realize that the follow-up questionnaire
was two-sided, so some information was missing from these ques-
tionnaires, most notably injury experience.

The checklist was used to measure how safe the training companies
were for apprentices. At baseline it consisted of 30 checkpoints that
tapped into the 11 criteria from the gold standard for good and safe
training companies (see Fig. 1). Each criterion had between 1 and 8
checkpoints. For instance, the checkpoints for the criterion “Mutual
matching of expectations” included whether there had been an in-
troductory talk between the owner-manager and the apprentice, whe-
ther it had been discussed which tools the apprentice had used before,
what work tasks the apprentice had previous experience with and what
expectations the owner-manager had for safety behavior. The checklist
was completed at baseline and follow-up through a discussion with the
owner-manager. Each checkpoint was coded as ‘OK’, ‘Not-OK’ or ‘Non
applicable’ based on pre-specified requirements and the H&S teacher
was instructed to ask for specific examples or other forms of doc-
umentations for answers. For instance, the checkpoint regarding the
owner-managers expectations for safety behavior could only be coded
as ‘OK’ if the topic had been explicitly addressed by the owner-manager
during a conversation with the apprentice. Only 16 of the 30 check-
points were used at follow-up as 14 of the original checkpoints were
related to the apprentices' introduction to the company and were thus
not relevant again at follow-up. Of these, only 8 were identical from
baseline to follow-up. This was primarily due to different time frames
being used; for example, where the checkpoint at baseline was whether
the company had previously focused on apprentices in their health and
safety effort, while the checkpoint at follow-up was whether the com-
pany had focused their health and safety effort on apprentices since
baseline. One extra checkpoint regarding having feedback meetings was
added at follow-up. The first author accompanied the H&S teacher on
the first five company visits to test the inter-rater reliability of the
checklist. During the discussion with the owner-manager, the first au-
thor and the H&S teacher both completed a checklist. After each visit,
the scores were compared and any disagreements were discussed and
the scoring criteria were refined. The checklist showed an acceptable
inter-rater reliability of 80% at the start that increased over the five
visits.

To evaluate the usefulness of the toolbox, the checklist also included
questions on whether the companies had used the different tools.
Furthermore, at follow-up, it was checked whether the action plans
agreed upon at baseline were completed and the owner-managers were
briefly interviewed by the H&S teacher about whether they found the
toolbox and the visit from the H&S teacher useful and whether they had
changed anything in the way they handled apprentices during the in-
tervention compared with previous apprentices.

2.4. Analysis

Data was analyzed to evaluate recruitment, implementation and
effect of the intervention. During the recruitment phase, the effect of
the motivational factors was studied by identifying the percentage of
companies who agreed to participate and the percentage of dropout
during the intervention period. Companies who declined to participate
were asked why so that possible adjustments in the intervention could
be identified.

The level of implementation of the intervention was identified in
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three ways: Firstly, by counting the number of tools from the toolbox
that the training companies used during the intervention period.
Secondly, by comparing the percentage of identical checkpoints scored
as ‘OK’ in the checklist at baseline and follow-up by using related t-test.
This indicated whether the training companies had become safer during
the intervention period. Lastly, by using the degree to which the com-
panies had completed the agreed upon action plans at follow-up to
measure their commitment to and engagement in the intervention.

The primary effect measure was the number the apprentices who
suffered at least one injury during the intervention period. This was
calculated by combining the responses to the eight specific injury
questions in the follow-up questionnaire for each apprentice. If they
reported at least one injury, they were coded as injured and, if they did
not, they were coded as non-injured. The percentage of injured ap-
prentices was then compared between the intervention and control
group using Fisher's exact test. The secondary effect measure was im-
provements in safety climate from baseline to follow-up. This was
analyzed by comparing means on the three safety climate scales from
baseline to follow-up (related t-test) and between the control and in-
tervention group (independent t-test). All scales were coded such that a
high score reflected a positive safety climate. Cohen's d was calculated
to evaluate the effect size of the difference between intervention and
control on the safety climate scales. Statistical analyses were performed
with IBM SPSS v.20.

3. Results

3.1. Recruitment and drop-out

The base population for the intervention and control group con-
sisted of 37 and 44 carpenter, bricklayer or plumbing apprentices who
completed the basic course at the participating school in the fall of 2016
and the spring of 2017 respectively. The training companies of 12 of the
apprentices (4 from the intervention group and 8 from the control
group) were not invited to participate as the target number of ap-
proximately 20 companies in both the intervention and control group
had been reached before these apprentices were included. Thus, the

training companies of 33 apprentices were invited to participate in the
intervention. This resulted in 20 companies covering 22 (67%) of the
apprentices agreeing to participate in the intervention; the training
companies of 7 (21%) apprentices declined and 4 (12%) companies
were undecided and thus precluded from the intervention when the
target number of 20 companies was reached. In the control group, the
training companies of 36 apprentices were invited to participate.
Twenty-two of the companies covering 25 (69%) of the apprentices
accepted before inclusion was closed. At that time, 6 (17%) companies
had declined to participate while 5 (14%) were still undecided. The
primary reasons given by the companies for declining the intervention
was that they had extensive experience with apprentices and in general
no problems with either apprentices or health and safety. One company
claimed they were currently too busy to participate but would be in-
terested in the near future. In the control group, the primary reason for
declining to participate was a lack of time.

During the intervention, three companies (9%) each with one ap-
prentice dropped out. One filed for bankruptcy while another dismissed
the apprentice due to non-attendance. The third company dropped out
of the intervention group because, despite repeated efforts, the H&S
teacher performing the intervention was unable to contact them at
follow-up. Four companies (11%) each with one apprentice dropped
out of the control group. They were all excluded because, despite being
reminded twice, nobody in the company completed the baseline ques-
tionnaire. One of the companies actively withdrew while the other
three simply failed to respond.

In total, 67% of the companies invited to participate in the inter-
vention accepted and 58% eventually completed the intervention, while
69% and 58% of the companies invited to participate in the control
group accepted and completed the control condition respectively.

As can be seen in Table 1, the training companies were primarily
small enterprises with one owner-manager and fewer than 20 em-
ployees. There were small differences between the intervention and
control group. The most significant difference was the number of con-
current apprentices in the intervention and control companies, where
50% of the control group but only 15% of the intervention group had
only one apprentice at the time of the study. There is no apparent
reason for this difference, although company size and the number of
owner-managers were somewhat higher in the control group. Similarly,
there were more plumbing companies in the intervention group and
more carpentry companies in the control group. Almost all the com-
panies had prior experience with apprentices. It was surprising that
around two-thirds of the apprentices had worked in their training
company prior to the apprenticeship; for example, as junior workers or
on a trial period before entering the basic course. However, this most
likely reflects a recruitment bias, as the study only included apprentices
who had an apprenticeship employment at the end of the basic course.
Approximately 40% of the apprentices who attended the basic courses,
from which the intervention and control groups were recruited, did not
have an apprenticeship employment at the end of the basic course. It is
unlikely that these apprentices would have worked in their training
companies prior to the basic course, as they had to find an appren-
ticeship after completing their course.

Three motivational factors were included in the intervention to
enhance participation: assisting the companies with the mandatory
systematic work health and safety obligations, providing the companies
with access to promotional materials, and offering the companies a free
visit from a health and safety specialist. The possibility to receive as-
sistance with mandatory systematic health and safety obligations was
the motivational factor that most of the interviewed owner-managers
requested during the tailoring of the intervention. However, in practice,
none of the companies took advantage of this option. The extra
checkpoints developed on the checklist were not used in any of the
companies; however, in a few instances, companies decided on action
plans in order to complete a workplace risk assessment. Likewise, as can
be seen in Table 2, only three intervention companies ended up using

Table 1
Characteristics of the participating training companies.

Intervention
(n=20
companies)

Control (n= 22
companies)

Trade Plumbing 50% 30%
Bricklaying 30% 35%
Carpentry 20% 35%

Company size < 10 41% 33%
10–19 23% 28%
20+ 36% 39%

No. of owner-managers 1 60% 61%
2 35% 17%
3 5% 17%
4 0% 6%

No. of journeymen <10 65% 50%
10–19 10% 25%
20+ 25% 25%

No. of apprentices 1 15% 50%
2–5 80% 25%
6–9 0% 25%
10+ 5% 0%

Apprentice worked in the
company prior to the
apprenticeship

Yes 63% 67%
No 37% 33%

Company has experience
with apprentices

Yes 95% 85%
No 5% 15%
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the promotional stickers designed to highlight the extra effort the
company was making for the health and safety of its apprentices. The
motivational factor that was most used was the free visit from a health
and safety specialist (either in the company or at a construction site) if
an issue was identified during the audit for which external advice was
required. This occurred in five cases.

3.2. Implementation (fidelity) of the intervention

A few days after they were included the intervention, companies
received the ‘toolbox’ with the optional tools that could help them
implement the intervention. As can be seen in Table 2, the tools had
hardly been used at the baseline visit that took place a few days to a few
weeks after the apprentice started at the company. During the visit, the
H&S teacher presented the tools that could be particularly relevant for
the specific company based on the audit with the owner-manager. At
follow-up, the tools had been used a little more, especially the in-
formation sheet for the journeyman responsible for training the ap-
prentices. The companies used 0–5 of the tools and 12 of the 17 training
companies had used at least one of the tools. Not all tools were relevant
for all companies; for example, some companies only consisted of the
owner-manager and the apprentice, and thus there was no journeyman
to evaluate or provide with the information sheet.

During the baseline visit, the H&S teacher audited the company
against the gold standard through a semi-structured interviewed with
the owner-manager about the conditions in the company. During the
interview, the H&S teacher asked about the different checkpoints in the
checklist. At baseline, companies averaged 16.4 points out of 30 (55%)
on the checklist (range 8–28). At follow-up, the companies averaged
10.0 out of 17 points (59%) on the checklist (range 5–14). On the 8
identical items, the average score increased significantly (t= -3.52,
df= 16, p= 0.03) from 4.59 (57%) at baseline to 6.47 (81%) at follow-
up (see Table 3). This indicates that the safety level in the training
companies improved during the intervention period.

During the audit, the owner-manager was encouraged to formulate
action plans for the items where the company did not meet the criteria
in the gold standard and wished to improve. In total, 29 action plans
(range: 1–3, average 1.7) were formulated in the 17 companies that
completed the intervention. Examples include the owner-manager
having a feedback meeting with the apprentice, the owner-manager
talking to the journeyman responsible for training the apprentice about

how to be a good role model, and the company conducting a risk as-
sessment that focuses particularly on the apprentices' work environ-
ment. At follow-up, 14 (48%) of the action plans had been im-
plemented. Some of the owner-managers claimed they still planned to
implement more of the action plans, such as feedback meetings and risk
assessments, and that, until now, they had simply not had time to do so.

3.3. Effect

The primary effect measure in the study was the number of occu-
pational injuries suffered by the apprentices during the study period.
Thirty-five apprentices completed the items on injury experience in the
follow-up questionnaire, and 83% (29 out of 35) of these apprentices
reported suffering at least one injury during the approximately
4months intervention period. As can be seen in Table 4, the apprentices
in the intervention group suffered slightly fewer injuries than the ap-
prentices in the control group. However, the difference is not statisti-
cally significant (p=0.25).

The secondary effect measure was improvements in safety climate
from baseline to follow-up. In the control group, the results show either
no change or minor decreases in the three safety climate scales. In the
intervention group, the results show minor non-significant increases in
all three scales for both owner-managers and journeymen. By com-
bining these results, we find that there were no differences between the
intervention and control companies at baseline, while there were

Table 2
The training companies use of the tools in the toolbox.

Yes No N/A %-Yes

Baseline visit (n= 20 companies)
Checklist for introductory talk with apprentice 1 5 14 17%
Test to evaluate person responsible for training

apprentice
0 11 9 0%

Information sheet for person responsible for training
apprentice

0 9 11 0%

Start-up plan for the first 12 weeks 0 11 9 0%
Poster with typical serious injuries for apprentices 0 15 5 0%
Total used tools at the baseline visit 1 51 48 2%

Follow-up visit (n= 17 companies)
Test to evaluate person responsible for training

apprentice
1 14 2 7%

Information sheet to person responsible for training
apprentice

8 6 3 57%

Start-up plan for the first 12 weeks 2 9 6 18%
Checklist for feedback meeting with apprentice 3 5 9 38%
Risk assessment action plan 1 4 12 20%
Poster with typical serious injuries for apprentices 5 12 0 29%
Stickers with the project's logo 3 14 0 18%
Total used tools at follow-up visit 23 64 32 26%
Used at least 1 tool (n= 17) (0–5) 12 5 0 71%
N/A: no opportunity to use tool

Table 3
Average score on the audit at baseline (BL) and follow-up (FU).

All (# of items) Identical (# of
items)

Gold standard checklist BL (30) FU (17) BL (8) FU (8)

Start-up plan for the apprentice (1
point)

0.35 0.29 0.35 0.29

Mutual matching of expectations (8
points)

3.41

Varied work tasks (1 point) 0.88 0.88 0.88 0.88
Enough time to learn (1 point) 0.76 1.00 0.76 1.00
Adequate instruction (1 point) 0.71 1.00 0.71 1.00
Matching work task with skills (1 point) 0.76 1.00 0.76 1.00
Feedback and recognition (BL: 1 point/

FU: 2 points)
0.41 1.18

Focus on apprentices in health and
safety efforts (3 points)

0.76 0.76

Prevention activities aimed at the
primary injury risks (4 points)

2.59 1.59

Basics in place (6 points) 4.65
Assign a person to be responsible for

training the apprentice (3 points)
1.12 2.29 1.12 2.29

Total 16.41 10.00 4.59 6.47
% of met checkpoints 55% 59% 57% 81%

Table 4
Percentage of apprentices that suffered different types of injuries during the
intervention period.

Intervention (n=16
apprentices)

Control (n= 19
apprentices)

Cutting injury 69% 47%
Eye injury 56% 74%
Fallen or twisted foot/

ankle
44% 32%

Other injuries 13% 0%
Trapped or caught 6% 11%
Fallen from height 6% 21%
Lifting injury 6% 32%
Hit by falling object 0% 0%
% with at least one

injury
75% 89%
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statistically significant differences at follow-up for the journeymen
concerning convenience violations (t(35)=−2.15, p= 0.04,
d= 0.73) and company risk acceptance (t(35)= 2.30, p= 0.03,
d= 0.78) (see Table 5).

4. Discussion

The purpose of the current study was to pilot test a tailored inter-
vention aimed at creating safe training companies for apprentices in the
construction sector in a non-randomized controlled design to examine
recruitment, implementation and potential effect of the intervention.

The recruitment showed that 67% of the training companies that
were invited to participate accepted and that 58% completed the in-
tervention. This is a satisfactory result as studies have shown that it can
be problematic to recruit small construction companies to participate in
health and safety programs (Kvorning et al., 2015; Kidd et al., 2004).
This group of companies may not be representative of small construc-
tion companies in general, but we believe these results can apply to the
group of small construction companies that employ apprentices. It does
not appear that the content of the intervention deterred companies
from participating, which is underlined by the fact that acceptance
reached the same level in the intervention group as in the control
group, where companies were required to make far less effort (complete
questionnaires at baseline and follow-up). The intervention included
three motivational factors to enhance participation. These were used as
selling points in the recruitment phase and may have been effective in
initially convincing companies to participate. However, during the in-
tervention phase, these motivational factors were not widely used. So
while the motivational factors may have originally convinced the
owner-manager that participation was worthwhile (Kidd et al., 2004),
they were not pivotal in the intervention phase, where they were not
utilized more than the active work environment factors.

Implementation was evaluated by examining the uptake of tools
from the toolbox, the development in company safety level, and im-
plementation of agreed upon action plans. Although 71% of the com-
panies used at least one of the tools from the toolbox, the total uptake of
the intervention tools was rather low at 26%. There can be several
reasons for this. First of all, use of the tools was optional and was
presented as such to the companies. It was never the intention that
every tool should be used by every company. Rather, the intention was
that, if required, every company could find a tool to remedy the issues
that were identified through the audit. Secondly, some of the tools were
identified as relevant for some companies but the companies had not
used them by the time the follow-up took place. For instance, the
checklist developed for feedback meetings with the apprentices was
seldom used because the feedback meetings were not due before the
follow-up. So it can be assumed that the uptake of tools will increase
after follow-up. However, this was not the case for every tool. For ex-
ample, the test to evaluate the journeyman was simply not used in
practice, even though owner-managers had stated that it was a good
idea during the development phase. So, thirdly, some of the tools

turned out not to be relevant for the companies in practice. There were
different reasons for this, one being that many of the apprentices had
worked in the training companies prior to the apprenticeship and had
therefore already been introduced to the norms and practices at the
training companies prior to the intervention. The tools and suggestions
for activities designed to introduce the apprentice to the company (for
instance, having an introductory talk with a mutual matching of ex-
pectations) therefore seemed redundant for some of the owner-man-
agers, and this might have weakened the implementation of the inter-
vention. Thus, the tools and intervention activities need to be further
adapted so they can be used under different circumstances, for instance,
by focusing more on the start of the apprenticeship and not the start of
employment.

The implementation rate of agreed upon action plans was relatively
low at 48% at 4-month follow-up. This was somewhat disappointing,
although some managers stated that they still planned on implementing
more of them. A polite reminder after one or two months could possibly
have increased implementation. The last implementation measure was
the evaluation of the safety level in the training companies, where a
significant increase from baseline to follow-up was identified. This
shows that the intervention companies had worked on some of the is-
sues. Taken together, the implementation measures indicate a sa-
tisfactory implementation of the intervention, although the completion
rate of action plans and uptake of tools could have been higher.

The effect of the intervention was evaluated using questionnaires.
Although the apprentices in the intervention group reported fewer in-
juries during the intervention period than the apprentices in the control
group, the difference was insignificant. Minor improvements were
measured in all the safety climate scales in the intervention group
which, coupled with no or negative development in the control group,
meant that significant differences between the intervention and control
group were found for 2 out of 7 safety climate measures at follow-up.

Taken together, the results of the pilot test show that the inter-
vention was generally well received and implemented and showed
encouraging results in the effect measures that indicate a positive de-
velopment in the intervention companies. Thus, it seems that the de-
veloped intervention is a feasible approach to increasing apprentice
safety in smaller construction companies. As it was a pilot test, the
study was primarily designed to test recruitment and implementation
and not to measure statistically significant effects in the questionnaire
(the statistical power was low due to the limited number of training
companies included). However, all seven measurements of safety cli-
mate in the intervention group show a positive development from
baseline to follow-up. This pattern across all measurements may be a
small indication that the intervention had a positive effect and that it is
not simply random variation that caused two of the measures to show
statistically significant improvements. Furthermore, although the sta-
tistically significant differences were relatively small, the effect sizes
were moderate to large, indicating that they may not be trivial. Still, the
differences we see in the intervention group from baseline to follow-up
are minor and the positive effect is only realized due to a simultaneous

Table 5
Changes is safety climate scales from baseline (BL) to follow-up (FU). All scales are coded 1–6. 6 best.

Owner-manager Journeymen Apprentices

n BL n FU n BL n FU n BL n FU

Management safety priority Control 19 4.84 17 4.75 20 4.43 20 4.41 – 20 4.23
Intervention 20 4.93 18 5.11 16 4.58 17 4.72 – 17 4.47

Company risk acceptance Control 19 4.34 17 4.33 20 4.32 20 4.13** – 19 4.26
Intervention 20 4.55 18 4.64 16 4.71 17 4.76** – 16 4.29

Convenience violations Control 19 4.47 17 4.43* 20 3.90 20 3.72** 21 3.86 19 3.72
Intervention 20 4.67 18 4.87* 16 4.23 17 4.31** 19 3.54 17 3.75

* = p < 0.10 between intervention and control.
** = p < 0.05 between intervention and control.
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slight decrease in the control group from baseline to follow-up. Thus,
the results should be interpreted with caution.

It is worth noting that the questionnaire data showed that 83% of
the apprentices were injured during the approximately 4-month study
period. This is in line with previous research that has identified a high
risk for injuries during the initial months in a new job (Breslin and
Smith, 2006). Although it is likely that most of the injuries reported in
the current project are minor, the prevalence of injuries in the study
population clearly shows that injuries are significant problems that
affect almost all apprentices in the construction sector. Hence, ap-
prentices are at risk of being socialized into a work practice where
(minor) injuries are viewed as an inherent part of the job.

The gold standard for good and safe training companies, which was
developed during the tailoring of the intervention, is crucial for the
intervention as the audit and action plans are based on whether the
companies meet the standard. Therefore, it is important that the stan-
dard reflects issues that are connected with safety and injury outcomes.
The participatory and iterative approach adopted when developing
standard assured inclusion of both scientific and practical knowledge.
Some of the identified criteria are clearly linked to safety, such as
adequate instruction, a focus on apprentices in health and safety efforts,
and prevention activities aimed at the primary injury risks. However,
other criteria focus more on relational and psychosocial factors and
were formulated based on the information given in the interviews with
apprentices and owner-managers. These criteria illuminated the fact
that the owner-managers seldom knew the specificities of the voca-
tional curriculum taught at school or the level of knowledge and skills
of the apprentices when they started at the company. The apprentices
also explained that they were unsure of what was expected of them and
found it hard to admit to the owner-manager or journeymen that they
did not know how to perform specific work tasks. One apprentice ex-
plained that he was commissioned for a work task in which he needed
to use fall protection equipment but that he did not know how to use it
and received no instruction. Based on this information, we found it
necessary to include mutual matching of expectations in the gold
standard and develop a tool that could ensure such matching. Likewise,
in the interviews, the apprentices consistently called for feedback on
the work they performed. They often felt uncertain as to whether they
had performed a satisfactory job, especially at the start of the appren-
ticeship when it was important to meet the owner-manager’s expecta-
tions. For this reason, feedback and recognition was introduced as an
important criterion in the gold standard and several of the tools in the
toolbox included giving feedback on performance. Identifying social
relations as important for health and safety in the training companies is
in line with previous research which has shown that social relations are
pivotal for the apprehension of health and safety in small businesses
(MacEachen et al., 2010).

Although the current study focuses on the role that training com-
panies play in preventing apprentices’ injuries and argues that pre-
ventive efforts should target companies rather than schools, the point of
the study is not to disregard school-based preventive efforts but instead
to show that prevention is most effective when vocational school and
company-based efforts complement each other (Lipscomb et al.,
2008b). However, studies show that there is a greater focus on safety in
the schools than at training companies (Grytnes et al., 2018; Lipscomb
et al., 2008a) and that apprentices do not receive adequate safety
training and role modeling at work sites (Kaskutas et al., 2009). These
results are mirrored and expanded in the current study, as many of the
interviewed apprentices expressed a high level of loyalty to their
training company and a clear understanding that it was (too) expensive
for the owner-manager to provide proper scaffolding or rent cranes or
lifts for heavy duties. This loyalty toward the company underlines the
importance of the owner-manager’s attitude, as the apprentices would
most likely not complain if they were presented with sub-optimal safety
solutions. However, in small construction companies owner-managers
often delegate safety responsibilities to the individual workers and do

not see themselves as role models (Ozmec et al., 2015) which is in stark
contrast to evidence showing that safety leadership is crucial for or-
ganizational safety outcomes (Zohar, 2002; Mullen et al., 2017; Zohar
and Luria, 2003). Thus, new methods to promote an increased focus on
safety introduction and social relations in the training companies are
required. It has been argued that opportunities for in-person meetings
are essential for creating engagement in occupational health and safety
in smaller companies (Cunningham and Sinclair, 2015) and that there is
greater safety compliance and training in large contractors (Kaskutas
et al., 2009) as they have better and more formalized routines for re-
ceiving and training apprentices (Holte and Kjestveit, 2012). This claim
is supported by the results of this project, since the owner-managers
generally found the audit visits from the H&S teacher helpful because
they encouraged them to act on the identified issues and created dia-
logue with the school.

4.1. Strengths and limitations

The primary strength of this study is the thorough iterative devel-
opmental process that involved different types of stakeholders in de-
signing a tailored and flexible intervention. Through the audit inter-
view, the H&S teacher adapted the intervention to focus on the specific
problem areas that were relevant for the specific training company.
Although this adaptability means that the precise content of the inter-
vention differed from company to company, the ability of the inter-
vention to be tailored to the specific company is important in en-
couraging companies to participate (Kvorning et al., 2015).

Another strength of the study is that the intervention is aimed at one
organizational level (owner-managers) while the primary effect is
measured at another level (apprentices). The apprentices were not di-
rectly involved in the intervention; however, one way to further
strengthen the intervention could be to involve the apprentices in the
intervention, e.g. to invite the apprentice and/or the journeyman
working most closely with the apprentice to participate in the audit. By
doing so, the intervention would very directly create interaction be-
tween the owner-manager and the apprentice/journeyman regarding
company safety norms and practices and thereby possibly create a
stronger mutual obligation towards apprentice safety. However, such
increased involvement would also require more resources for the
companies to participate, and previous studies have shown that this
may be a barrier for some companies (Kidd et al., 2004; Masi and
Cagno, 2015)

It is also a strength of the study that it is based on an existing shared
responsibility between the school and the training companies for ap-
prentices' education. However, if the intervention were implemented
beyond this project, this may also give raise to problems, as the school
has no formal right to interfere with the work environment of the
training companies in the Danish educational system. The legislation
and educational system is different in other countries, such as Sweden,
where the apprentices are student workers and are not employed by the
training companies. This makes the schools more able to influence and/
or select training companies (Grytnes et al., 2018).

The lack of random allocation of the training companies to either
the control group or intervention group is a limitation of the study.
Companies were allocated to either group based on the year group of
the apprentices. Neither researcher nor companies were blinded during
or after the allocation. However, in the current project, it is unlikely
that this significantly affected the results, as most of the invited com-
panies agreed to participate and there was no difference in recruitment
level between the intervention and control group. However, in a large-
scale test of the intervention, a blinded randomization to control or
intervention would help to evenly disperse unmeasured confounders.

It is also a limitation of the study that it measures safety climate at
the individual level, through a questionnaire to single individuals (e.g.
journeymen), and not at the group level (with all employees or mem-
bers of the work group). However, we assume that the journeymen
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represent the safety climate emanating from their participation in or-
ganizational practices. This method has been used in other studies
(Ajslev et al., 2017) though it is more likely to hold with smaller
companies than large companies. A further limitation is that the audits
were completed through interviews with the owner-managers, whose
perception of the company’s safety norms and practices may be some-
what idealized and unrepresentative of the actual state of affairs. This
could be because they wished to present themselves and their practice
in a positive way but also because they might be somewhat distant from
the day-to-day practice in the field. Again, this may be more relevant to
larger companies, where the owner-manager has a more administrative
role, than in smaller companies, where the owner-manager and the
apprentice may be the only employees in the company. So, although
part of the instruction for the audit interview was to ask for specific
examples or other forms of documentation for answers, this is not an
objective measure of how safe the companies were for apprentices.
However, as owner-managers are pivotal for the norms and practices in
companies, it was important that the intervention specifically targeted
them, and the audit interviews were used both as a measurement and as
an important part of the intervention where the owner-managers re-
flected on current norms and practices. Furthermore, the implementa-
tion was measured by examining the difference in audit scores from
baseline to follow-up, so it makes no difference if the level is too high,
since this will presumably influence both audit scores equally and thus
not the difference between scores.

Finally, it is important to consider that this is only a pilot study that
focused primarily on developing an intervention that would be ac-
cepted and implemented in training companies in the construction
sector. As such, the study was not designed to demonstrate an effect of
the intervention and therefore the results from the effect measures
should be interpreted with caution. A larger scale study designed to
demonstrate a potential effect of the intervention and better control for
bias and confounding is required before any firm conclusions can be
drawn regarding the effectiveness of the intervention.

5. Conclusion

The study shows a satisfactory recruitment to and implementation
of a tailored intervention aimed at creating safe training companies for
apprentices in the construction sector. The study also supported the
feasibility of the developed intervention as a useful approach to im-
prove apprentice safety in the participating companies. The results of
the pilot test indicate that the tailored intervention and gold standard
may be effective in preventing apprentice injuries and improving
company safety climate in small training companies. Thus, the study
supports an approach where injury prevention strategies aimed at im-
proving apprentices’ health and safety takes an organizational ap-
proach.

Acknowledgement

The project was funded by the Danish Work Environment Research
Fund grant no 42-2015-09.

References

Ajslev, J., Dastjerdi, E.L., Dyreborg, J., Kines, P., Jeschke, K.C., Sundstrup, E., Jakobsen,
M.D., Fallentin, N., Andersen, L.L., 2017. Safety climate and accidents at work: cross-
sectional study among 15,000 workers of the general working population. Saf. Sci.
91, 320–325. https://doi.org/10.1016/j.ssci.2016.08.029.

Breslin, F.C., Smith, P., 2006. Trial by fire: a multivariate examination of the relation
between job tenure and work injuries. Occup. Environ. Med. 63 (1), 27–32.

Breslin, F.C., Smith, P., 2005. Age-related differences in work injuries: a multivariate,
population-based study. Am. J. Ind. Med. 48 (50), 56.

Cunningham, T.R., Sinclair, R., 2015, Application of a model for delivering occupational
safety and health to smaller businesses: case studies from the US. Saf. Sci., vol. 71,
Part C, pp. 213–225.

Farina, E., Bena, A., Dotti, A., 2015. Impact on safety of a preventive intervention in
metalworking micro-enterprises. Saf. Sci. 71 (Part C), 292–297.

Grytnes, R., Grill, M., Pousette, A., Törner, M., Nielsen, K.J., 2018. Apprentice or Student?
The structures of construction industry vocational education and training in Denmark
and Sweden and their possible consequences for safety learning. Vocat. Learn. 11 (1),
65–87.

Grytnes, R., 2018. A sense of security: carpentry apprentices handling uncertain and
dangerous work tasks. Ethnos 83 (2), 353–370.

Holte, K.A., Kjestveit, K., Lipscomb, H.J., 2015. Company size and differences in injury
prevalence among apprentices in building and construction in Norway. Saf. Sci. 71
(Part C), 205–212.

Holte, K., Kjestveit, K., 2012. Young workers in the construction industry and initial OSH-
training when entering work life. Work 41, 4137–4141.

Jorgensen, C.H., 2013. The role and meaning of vocations in the transition from educa-
tion to work. Int. J. Train. Res. 11 (2), 166–183.

Kaskutas, V., Dale, A.M., Nolan, J., Patterson, D., Lipscomb, H.J., Evanoff, B., 2009. Fall
hazard control observed on residential construction sites. Am. J. Ind. Med. 52 (6),
491–499.

Kidd, P., Parshall, M., Wojcik, S., Struttmann, T., 2004. Overcoming recruitment chal-
lenges in construction safety intervention research. Am. J. Ind. Med. 45 (3), 297–304.

Kim, S., Dutra, L.M., Okechukwu, C.A., 2014. Contractor-, steward-, and coworker-safety
practice: associations with musculoskeletal pain and injury-related absence among
construction apprentices. Int. Arch. Occup. Environ. Health 87 (5), 493–500.

Kines, P., Lappalainen, J., Mikkelsen, K.L., Olsen, E., Pousette, A., Tharaldsen, J.,
Tomasson, K., Törner, M., 2011. Nordic Safety Climate Questionnaire (NOSACQ-50):
a new tool for diagnosing occupational safety climate. Int. J. Ind. Ergon. 41 (6),
634–646.

Kvorning, L.V., Hasle, P., Christensen, U., 2015. Motivational factors influencing small
construction and auto repair enterprises to participate in occupational health and
safety programmes. Saf. Sci. 71 (Part C), 253–263.

Laberge, M., MacEachen, E., Calvet, B., 2014. Why are occupational health and safety
training approaches not effective? Understanding young worker learning processes
using an ergonomic lens. Saf. Sci. 68, 250–257. https://doi.org/10.1016/j.ssci.2014.
04.012.

Legg, S.J., Olsen, K.B., Laird, I.S., Hasle, P., 2015. Managing safety in small and medium
enterprises. Saf. Sci. 71 (Part C), 189–196.

Lipscomb, H.J., Dale, A.M., Kaskutas, V., Sherman-Voellinger, R., Evanoff, B., 2008a.
Challenges in residential fall prevention: insight from apprentice carpenters. Am. J.
Ind. Med. 51 (1), 60–68.

Lipscomb, H.J., Nolan, J., Patterson, D., Dement, J.M., 2008b. Prevention of traumatic
nail gun injuries in apprentice carpenters: use of population-based measures to
monitor intervention effectiveness. Am. J. Ind. Med. 51 (10), 719–727.

Lipscomb, H., Dement, J.M., Nolan, J., Patterson, D., Li, L., 2003. Nail gun injuries in
residential carpentry: lessons from active injury surveillance. Injury Prevent. 9,
20–24.

MacEachen, E., Kosny, A., Scott-Dixon, K., Facey, M., Chambers, L., Breslin, C., Kyle, N.,
Irvin, E., Mahood, Q., The Small Business Systematic Review Team, 2010. Workplace
health understandings and processes in small businesses: a systematic review of the
qualitative literature. J. Occup. Rehabil. 20 (2), 180–198.

Masi, D., Cagno, E., 2015. Barriers to OHS interventions in small and medium-sized en-
terprises. Saf. Sci. 71 (Part C), 226–241.

Mearns, K., Whitaker, S.M., Flin, R., 2003. Safety climate, safety management practice
and safety performance in offshore environments. Saf. Sci. 41 (8), 641–680.

Mullen, J., Kelloway, E.K., Teed, M., 2017. Employer safety obligations, transformational
leadership and their interactive effects on employee safety performance. Saf. Sci. 91,
405–412. https://doi.org/10.1016/j.ssci.2016.09.007.

Nielsen, M.L., 2012. Adapting ‘the normal’ – examining relations between youth, risk and
accidents at work. Nordic J. Work. Life Stud. 2 (2), 71–85.

Nielsen, K.J., Mikkelsen, K.L., 2007. Predictive factors for self-reported occupational in-
juries at 3 manufacturing plants. Saf. Sci. Moni., vol. 11, no. 2.

Nielsen, M.L., Dyreborg, J., Lipscomb, H.J., 2018. Precarious work among young Danish
employees - a permanent or transitory condition? J. Youth Stud. 1–22.

Ozmec, M.N., Karlsen, I.L., Kines, P., Andersen, L.P.S., Nielsen, K.J., 2015. Negotiating
safety practice in small construction companies. Saf. Sci. 71, 275–281. https://doi.
org/10.1016/j.ssci.2014.03.016.

Rasmussen, K., Carstensen, O., Lauritsen, J., Glasscock, D., Hansen, O.N., Jensen, U.F.,
2003. Prevention of farm injuries in Denmark. Scand. J. Work Environ. Health 29 (4),
288–296.

Runyan, C.W., Lewko, J., Rauscher, K., 2012. Setting an agenda for advancing young
worker safety in the US and Canada. Public Health Rep. 127 (3), 246–252.

Swuste, P., Frijters, A., Guldenmund, F., 2012. Is it possible to influence safety in the
building sector?: A literature review extending from 1980 until the present. Saf. Sci.
50 (5), 1333–1343.

Zohar, D., 2002. Modifying supervisory practices to improve subunit safety: a leadership-
based intervention model. J. Appl. Psychol. 87 (1), 156–163.

Zohar, D., Luria, G., 2003. The use of supervisory practices as leverage to improve safety
behavior: a cross-level intervention model. J. Saf. Res. 34 (5), 567–577.

K.J. Nielsen, et al. Safety Science 117 (2019) 305–313

313

https://doi.org/10.1016/j.ssci.2016.08.029
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0010
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0010
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0015
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0015
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0025
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0025
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0030
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0030
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0030
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0030
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0035
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0035
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0040
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0040
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0040
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0045
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0045
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0050
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0050
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0055
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0055
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0055
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0060
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0060
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0065
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0065
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0065
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0070
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0070
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0070
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0070
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0075
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0075
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0075
https://doi.org/10.1016/j.ssci.2014.04.012
https://doi.org/10.1016/j.ssci.2014.04.012
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0085
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0085
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0090
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0090
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0090
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0095
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0095
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0095
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0100
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0100
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0100
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0105
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0105
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0105
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0105
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0110
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0110
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0115
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0115
https://doi.org/10.1016/j.ssci.2016.09.007
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0125
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0125
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0135
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0135
https://doi.org/10.1016/j.ssci.2014.03.016
https://doi.org/10.1016/j.ssci.2014.03.016
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0145
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0145
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0145
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0150
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0150
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0155
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0155
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0155
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0160
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0160
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0165
http://refhub.elsevier.com/S0925-7535(18)31792-2/h0165

	Pilot test of a tailored intervention to improve apprentice safety in small construction companies
	Introduction
	Methods and participants
	Developing and tailoring the intervention
	Participants
	Measures
	Analysis

	Results
	Recruitment and drop-out
	Implementation (fidelity) of the intervention
	Effect

	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgement
	References




