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Particulate matter in the workplace: effects 
of a mental models‑based folder combined 
with a practical assignment
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Abstract 

Background:  With increasing knowledge on the adverse health effects of certain constituents of PM (particulate 
matter), such as silica, metals, insoluble ions, and black carbon, PM has been under the attention of work safety 
experts. Previously, we investigated the perceptions of blue-collar workers in highly exposed areas of work. Subse-
quently, we developed an instruction folder highlighting the most important aspects of PM risk and mitigation, and 
tested this folder in a digital experiment. The digital experiment yielded positive results with regards to acquired 
knowledge about PM, but did not on risk perception or safety behavior.

Methods:  In this study, we investigate the effects of the folder when combined with a practical assignment involving 
a PM exposimeter, showing the amount of particulate matter in microgram per cubic meter in real time on its display 
for various activities. We tested this at six workplaces of four companies in the roadwork and construction branch.

Results:  The results indicate that the folder itself yields an increased knowledge base in employees about PM, but 
the effects of the practical assignment are more contentious. Nevertheless, there is an indication that using the 
assignment may lead to a higher threat appraisal among employees for high exposure activities.

Conclusion:  We recommend implementing our folder in companies with high PM exposure and focusing further 
research on appropriate methods of implementation.
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Background
With increasing knowledge on the adverse health effects 
of certain kinds of PM (particulate matter), such as silica, 
iron and black carbon, PM has been under the attention 
of work safety experts. For the general public [1], but 
especially for people who work in environments with 
high PM exposure, such as the roadwork and construc-
tion branches [2–4], PM can be an important health risk. 
Adverse health effects include a wide array of respiratory 

and cardiovascular diseases [5], which are caused by a 
variety of different substances that make up the contents 
of PM, such as black carbon and metals [6, 7].

Although various means of protection against work-
place PM exposure exist, not all employees that work in 
an environment with high PM exposure make sufficient 
use of these means of protection [8]. This discrepancy 
was the basis of a study on the situation in the roadwork 
and construction branches in the Netherlands, in which 
employees’ perceptions of risk and mitigation were iden-
tified [9], with the intention of empowering workers in 
these branches to work more safely in an environment 
with high PM exposure. We did this based on a men-
tal models approach, in which discrepancies between 
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blue-collar workers’ views on PM and experts’ views on 
PM are the basis of which information to include in the 
communication of risks and mitigation [10–12].

In our earlier studies [13, 14], we developed and tested 
a folder about workplace PM exposure and its mitigation. 
The folder turned out to improve participants’ knowl-
edge about PM in a digital experiment [14]. However, 
effects on risk perception variables and safety behavior, 
as seen in the Protection Motivation Theory (PMT) [15], 
could not be demonstrated. Although the effects on PM 
knowledge in the digital experiment were promising, the 
extrapolation to potential effects in the workplace is non-
trivial. This is partly because the population composition 
of the digital experiment may be slightly different from 
that of an actual company, but also because the instruc-
tions in work safety meetings may be given in a different 
way than in an online experiment.

The absence of the opportunity for active learning in 
the digital experiment may explain the lack of effect on 
risk perception and safety behavior. Based on the SEC-
TIONS model [16], we investigated the optimal means 
of instruction. A practical assignment that visualizes the 
exposure in the working environment with and without 
mitigation methods in place may induce active learning 
[17]. An exposure visualization assignment like this has 
been used in a similar setting with promising results [18]. 
We did not test such an assignment in the digital experi-
ment, as a personalized workplace setting could not fea-
sibly be simulated.

The present field study on PM risk communication in 
the workplace is aimed at answering two main research 
questions. Firstly: ‘To what extent does an intervention 
involving our educational material lead to more knowl-
edge and a better risk perception about PM when used 
in a workplace setting?’ Secondly: ‘Is the intervention 
involving our material more effective if it is augmented 
with a practical assignment?’ Based on our earlier expe-
riences, we expect our educational folder to at least 
improve employees’ knowledge about PM, In addition, 
based on the potential positive effect on active learning 
we expect that the practical assignment will affect threat 
and coping appraisal.

Methods
Participants
We contacted various companies in the roadwork and 
construction branches, i.e. branches whose employ-
ees tend to have high PM exposure, from our pro-
fessional network in the Netherlands. Four of those 
companies agreed to participate in our study. The four 
companies found 74 participants able and willing to par-
ticipate in total; however, of these 74, 17 dropped out 
during the study or failed to adequately fill in the study 

questionnaires. The four companies respectively had 24, 
8, 16 and 9 employees completing the experiment suc-
cessfully, yielding 57 participants in total. Of these 57 
participants, 55 were male, which appears to be repre-
sentative of the roadwork and construction branches 
as a whole, as we found similar male-dominated demo-
graphics in earlier studies [9]. Participants’ ages ranged 
between 17 and 65, with an average age of 42.9.

Design
This study can be seen as a mixed methods study, albeit 
with a larger focus on the quantitative part. For the quan-
titative part, all participants were subjected to a pretest 
and a posttest. These were two identical questionnaires, 
meant to investigate the differences in PM knowledge 
and risk perception before and after the intervention. 
The intervention itself consisted of two parts. The first 
part was a work safety meeting, in which participants 
were each given the educational folder about PM that we 
developed and tested in earlier studies [13]. An instruc-
tor (either the work safety specialist or the first author 
of this article) summarized the key points of this folder, 
provided some additional information, and answered 
questions. The second part was a practical exposure visu-
alization assignment.

We use a step-wedge design, in which some partici-
pants are given the practical assignment before the final 
questionnaire, and some after. The latter is not strictly 
necessary to investigate the effectiveness of this practical 
assignment, but it could prove useful for the companies 
themselves even beyond the scope of this study. Fur-
thermore, we felt that all participants should at least get 
the opportunity to work with the PM dosimeters. In this 
way, we managed to make a clear distinction between 
conditions with and without the practical assignment on 
the posttest, without withholding a potentially valuable 
learning experience from half of the participants.

For the smaller qualitative part of this study, we com-
piled a logbook of each of the instances of data collec-
tion. For these four companies, there were six instances 
of data collection in total, as two companies had two 
locations each. Any noteworthy questions, complications 
and important moments from each of these six instances 
were written down in the logbook. Furthermore, work 
safety experts of all four companies involved in this study, 
who were all present during the intervention, were asked 
to answer a few questions by email after participating in 
our study.

Materials
The questionnaires involved five multiple choice ques-
tions related to PM knowledge (related to properties of 
PM, its causes, its effects, and the mitigation methods), 
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the answer to which could be found in our folder. It also 
involved seven questions related to risk perception; three 
of these seven questions are related to the PMT variable 
of ‘threat appraisal’, three to ‘coping appraisal’, and the 
final question is about safety behavior, i.e. to what extent 
people work safely in practice with regards to PM. These 
seven questions are answered with five-point Likert 
scales. The full questionnaire can be found in Additional 
file  1: Appendix A. All questions, both the knowledge 
and the perception questions, were used earlier in the 
larger online questionnaire from our previous study [14]; 
we made a smaller selection of the most relevant ques-
tions in order to decrease workload for participants, as 
they should not be held from their job longer than strictly 
necessary.

The longer questionnaire from our previous study [14] 
was validated in the following way. For the PMT-related 
questions, we used questions that were very similar to 
those in existing PMT research, and we performed reli-
ability analyses afterwards to confirm the internal con-
sistency of the measures constructs. For the knowledge 
questions, we discussed the answers with experts in the 
field of PM and risk communication. We did not perform 
any additional checks for this smaller questionnaire, but 
it is unlikely that any new problems should arise related 
to validity or reliability.

The small follow-up email questionnaire for the 
involved safety experts contained eight open questions 
such as ‘To what extent do you think employees learned 
something from the practical assignment?’ The full ques-
tionnaire can be found in Additional file 1: Appendix B. 
Finally, for the practical assignment, portable PM expo-
simeters are given to participants, and they are prompted 
to answer questions about PM exposure in their com-
pany. The full assignment can be seen in Additional file 1: 
Appendix C. A photograph of the exposimeters used in 
this study can be found in Fig. 1.

Procedure
The data was collected during the year 2020, in which 
some companies had to postpone participation due to 
COVID-19 restrictions. The remaining companies were 
visited in the summer, and all participants, work safety 
specialists and researchers made sure to comply with 
COVID-19 related regulations. All four participating 
companies were visited on weekdays, during a timeframe 
in which they were already planning to organize a peri-
odical work safety meeting. These meetings are required 
by law in the Netherlands for roadwork and construction 
companies.

Participants were gathered in a room (sufficiently large 
enough to maintain COVID-19 regulations if applica-
ble), and as the meeting started, they were asked to fill 

in the pretest questionnaire. These questionnaires were 
clearly marked to avoid confusion with posttest ques-
tionnaires (as they are otherwise identical). After filling 
in the pretest questionnaire, the participants received 
a physical copy of the folder, and they were prompted 
to read it. The work safety specialist was then asked to 
tell something about PM based on the contents of the 
folder. Then, upon compliance of the work safety special-
ist, the group was split in half, as randomly as possible. 
One half of the group (the ‘safety meeting only’ group)1 
received the posttest questionnaire immediately, and the 
other half (the ‘added assignment’ group) was given the 
practical assignment as well as a PM meter. After both 
groups were finished, they switched. We made sure that 
as many participants as possible filled in both the pre-
test and posttest questionnaires, and we answered ques-
tions during the assignment if needed. We wrote down 
the most important observations during this assignment 
in our logbook. After finishing the work safety meeting, 
we emailed the work safety specialist the short qualitative 
questionnaire.

Analyses
For the quantitative analysis, we compiled a dataset 
based on the pretest and posttest questionnaires in SPSS 
version 16. First, we checked whether there were any 
differences in demographic variables between condi-
tions and companies, such as gender, level of education 

Fig. 1  A low cost, portable PM exposimeter with real time display 
of the amount of microgram per cubic meter, Nova Fitness SDL607. 
(Phone number censored)

1   It should be noted that, when naming the two conditions in this study, we 
define the ‘safety meeting’ as the combined intervention of the folder with the 
oral instructions, but without the assignment. Therefore, the ‘safety meeting 
only’ condition did receive the folder before the posttest questionnaire, but 
not the assignment.
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(both by chi-square tests), age and work experience (both 
by ANOVAs). We recoded the answers to the different 
knowledge-related questions into ‘correct’ (1) or ‘incor-
rect’ (0), and subsequently compiled a knowledge sum 
score.

We analyzed the reliability of the scales of threat 
appraisal and coping appraisal in order to check whether 
the questions could indeed be viewed as part of a larger 
scale and calculated average scores (for threat appraisal 
and coping appraisal). The reliability analysis revealed 
that the threat appraisal scale has a Cronbach’s α of 0.83, 
which is sufficient for use as a coherent scale. We there-
fore computed threat appraisal scores on the pretest and 
posttest by calculating an average of the scores on each 
of the three items. A coherent scale could not be con-
structed for coping appraisal. The Cronbach’s α with all 
four items included was 0.31; inter-item correlations 
ranged from smaller than 0.01 to 0.41; and removing 
any item from the scale could not increase Cronbach’s α 
any further than 0.46. Therefore, we decided to view the 
coping appraisal items not as a scale, but as independent 
items.

For each of the test scales, we analyzed the differences 
between the pretest and posttest scores using a paired-
sample t-test, to investigate any significant general effects 
of the intervention. In addition, we performed univari-
ate ANOVA’s of condition (‘safety meeting only’ versus 
‘added assignment’) and company on the three posttest 
scores, corrected for the respective pretest scores and 
potential differences in demographic characteristics 
between conditions and companies.

We also performed a general analysis of the findings 
from the logbook and the qualitative questionnaire for 
the work safety experts. The amount of information from 
these sources was not sufficient to perform any detailed 
qualitative analyses. We selected the information spe-
cifically relevant for the interpretation of the quantitative 
information.

Results
Demographics
We performed a series of checks to investigate any bias 
between various groups when it comes to demograph-
ics. For the two conditions – the ‘safety meeting only’ 
and the ‘added assignment’ condition – we performed 
chi-square tests with gender and level of education. The 
results of the chi-square tests revealed no significant dif-
ferences between the two conditions regarding gender 
(χ2 = 0.03, df = 1, p = 0.86), nor regarding level of edu-
cation (χ2 = 3.69, df = 3, p = 0.30). Then, the four com-
panies involved were checked for the same biases, with 
two additional chi-square tests with gender and level of 
education. The results of the chi-square tests revealed no 

significant difference among the four companies regard-
ing gender (χ2 = 3.47, df = 3, p = 0.33). However, a sig-
nificant difference was found among the four companies 
regarding level of education (χ2 = 25.26, df = 9, p < 0.01), 
meaning that not all companies provided similarly edu-
cated participants. In company 3, there were significantly 
more educated participants than in company 1 or 4 (25% 
or 4 out of 16). Company 2 also had 25% of their partici-
pants higher educated, but also 50% of their participants 
with a lower or no additional education (beyond grade 
school).

To check any biases between companies and condi-
tions regarding work experience or age, a series of one-
way ANOVAs was conducted. These ANOVAs revealed 
no significant differences between companies regarding 
age (F = 0.56, df = 3, p = 0.65) or experience (F = 0.77, 
df = 3, p = 0.51), nor were there any significant differ-
ences between the two conditions found regarding age 
(F = 0.18, df = 1, p = 0.67) or experience (F = 0.38, df = 1, 
p = 0.54).

Knowledge scores
To acquire a general idea of the difficulty of the questions, 
as well as the effects of the work safety meeting, we first 
calculated the percentages of correct answers for each 
of these knowledge questions. The results can be found 
in Table 1. As can be seen from the table, the number of 
correct answers appeared to increase with each question, 
except for the question about weather effects on PM; 
almost all participants already knew the answer to that 
question before the meeting.

The average knowledge score (on a scale from 0—5) 
increased from 2.96 before the meeting to 3.35 after the 
meeting (t = -2.88, df = 56, p < 0.01). It is noteworthy 
that, even though many participants show an increase in 
score (23 in total), there are a few participants (6 in total) 
who show a decrease in score, one of whom even has a 
decrease of 3 points; all of these 6 participants with a 
decrease in score are found in Company A (two in one 
workplace of Company A and four in the other), and 5 of 

Table 1  Percentages of correct answers on the knowledge 
questions

Question # Topic Percentage 
correct 
(pretest)

Percentage 
correct 
(posttest)

1 Visibility of PM 61% 72%

2 Diseases caused by PM 16% 35%

3 Weather effects on PM 98% 95%

4 Mitigation of PM 88% 90%

5 Diesel as a source of PM 33% 44%
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these 6 participants are found in the ‘added assignment’ 
condition within Company A. This is further shown in a 
boxplot in Fig. 2. The other 28 participants had no score 
change at all. A more detailed overview of average scores 
in each of the companies, split by condition, can be found 
in Fig. 3.

We found that the posttest scores, corrected for pre-
test scores and level of education, were significantly 
influenced by condition (F = 10.89, df = 1, p < 0.01); peo-
ple in the ‘safety meeting only’ condition performed sig-
nificantly better than people in the ‘added assignment’ 
condition. The effect of the company was not signifi-
cant (F = 2.02, df = 3, p = 0.13). No significant interac-
tion effects of company and condition were found either. 
However, since all of the 6 participants with a decrease 
in score are found in Company A, and the process of the 
work safety meeting had some variations in Company A 
when compared to the other companies (we will discuss 
this in more detail in the process evaluation portion of 
this article), we performed a follow-up analysis without 
Company A. Nevertheless, people in the ‘safety meeting 
only’ condition still performed significantly better than 
people in the ‘added assignment’ condition, when con-
sidering only companies B, C, and D (F = 8.33, df = 1, 
p = 0.01). The effect of the company now becomes signifi-
cant as well (F = 3.76, df = 2, p = 0.048), with participants 
in Company C performing significantly worse than the 

other companies. There are still no significant interaction 
effects.

Threat appraisal
We compared the threat appraisal scores of the pretest 
and posttest. Overall, an increase in threat appraisal was 
found, with threat appraisal scores on average increasing 
from 2.55 to 2.74. A paired-samples t-test revealed that 
this increase was significant (t = -2.11, df = 53, p = 0.04). 
An overview of all scores among different companies and 
conditions can be found in Fig. 4. We performed another 
univariate ANOVA, investigating the effects of com-
pany and condition on posttest threat appraisal scores, 
corrected for pretest threat appraisal scores and level of 
education. We found no significant effects of condition 
(F = 0.61, df = 1, p = 0.44) or company (F = 1.28, df = 3, 
p = 0.30). We also found no significant interaction effects. 
A follow-up analysis without Company A did not give 
any significant effects either.

Coping appraisal
The paired-sample t-tests on each of the four coping 
appraisal items showed that only one of these four items, 
which involved the statement ‘I know how to protect 
myself against particulate matter’, revealed a significant 
increase: average scores on this item increased from 2.56 
on the pretest to 2.91 on the posttest (t = -2.47, df = 53, 

Fig. 2  Knowledge score increases for all employees in each of the companies, split by condition
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p = 0.02). No significant effects were found for the other 
three items.

The univariate ANOVA on the posttest score of just 
this item of the coping appraisal scale, correcting for 
the pretest score of the same item and level of educa-
tion, showed no significant direct effects of condition 
(F = 1.75, df = 1, p = 0.20) or company (F = 0.35, df = 3, 
p = 0.79). However, we did find a significant interac-
tion effect of company and condition (F = 5.10, df = 3, 
p < 0.01). Figure  5 showcases all average scores on this 
item among various companies and conditions.

We again performed a follow-up analysis without Com-
pany A. In this case, the interaction effect of company 
and condition disappeared (F = 2.51, df = 2, p = 0.12). No 
other significant effects were found either.

Process evaluation: logbook
The first practical issue was related to making sure that 
the same participants filled in both the pretest and 
posttest questionnaires. Originally, we planned to pre-
emptively send the pretest questionnaire to the work 
safety experts who coordinated the meetings within the 

companies, so the participants could fill them in before 
the meeting. This would reduce the amount of time lost 
on questionnaires during the work safety meetings, as 
well as reduce potential annoyance by participants of fill-
ing in the same questionnaire twice over a short time. 
However, upon visiting company A, we found that this 
plan had the added downside of causing a relatively large 
dropout rate in company A (8 out of 32 potential par-
ticipants). Also, not all participants filled out the forms 
before attending the safety meeting, leading to irrita-
tion and a slow start of the safety meeting as some par-
ticipants had to wait while others were filling out their 
forms. For this reason, we decided to give the pretest 
questionnaires to the other three companies during the 
work safety meetings.

Another practical issue that should be noted was 
related to the person presenting the work safety meet-
ing. To fully test the usability of the folder by these com-
panies, we had planned the work safety meetings to be 
carried out by the experts who are employed by these 
companies. In company A, this is indeed what happened; 
the work safety expert presented the information in the 

Fig. 3  Average knowledge scores on the pretest and posttest, split by company and condition
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folder as the participants listened and had the opportu-
nity to read the folder in the meantime. In company B, 
however, the work safety expert did not feel confident 
enough about presenting the information in the folder 
and instead felt that this task would be more suitable for 
the first author of this article. As this had the additional 
benefit of more thoroughly focusing on the most relevant 
subjects, we decided to maintain this practice for the 
final two companies.

When it comes to the practical assignment with the PM 
meters, there are large differences not just between com-
panies, but also between locations within a single com-
pany. Some participants managed to find very high PM 
exposures of more than 999 µg/m3, the maximum value 
the PM meter could show, which is several orders of mag-
nitude higher than recommended. This value of 999 µg/
m3 was found during a wide array of activities, ranging 
from using heavy machinery and drilling equipment to 
cleaning the floor with a broom or with compressed air. 
However, in other companies or locations, PM exposures 
were relatively low, especially when working outside. One 

of the companies (B) was visited on a cold and rainy day 
with a below-average amount of traffic, resulting in low 
PM exposures for the workers outside, consistently below 
20 µg/m3.

Process evaluation: work safety expert opinions
Overall, the four work safety experts that were connected 
to the four companies involved with this study were all 
satisfied with the procedure, and gave positive feedback 
on the folder as well as the practical assignment. Work 
safety experts’ opinion about the folder is illustrated by 
the following quote:

“The folder is compact and assembled in understand-
able language for my colleagues. They are usually not 
so keen on scientific language.” (Expert Company A)

The work safety experts also agree on the added value 
of the practical assignment with the PM meter:

“A work safety meeting should preferably be interac-
tive.” (Expert Company A)

Fig. 4  Threat appraisal scores on the pretest and posttest, split by company and condition
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“Performing the measurements was great, people are 
still talking about it today. […] They were skeptical 
at first, but after performing the measurements, this 
was over.” (Expert Company B)
“Due to the measurements, people have become 
more aware about what PM is.” (Expert Company D)

Some experts gave a couple of suggestions for improv-
ing the work safety meeting as a whole:

“A fitting short movie as an introduction would make 
it more complete. […] In the end, talking through the 
results of the measurements.” (Expert Company B)

One expert did point out that a briefing for the work 
safety experts would be useful (although three of the four 
experts did not find this necessary):

“A short explanation by means of an instruction 
movie. This should at least involve […] information 
about the subject, […] the goal of the work safety 
meeting, [… and] how to give the work safety meet-
ing.” (Expert Company C).

Discussion
In this study, we investigated the effects of a mental-
model based instruction folder about PM for use in the 
workplace. We assessed whether using the folder led 
to an increase in knowledge and risk perception about 
PM, and whether augmenting the intervention with a 
practical exposure visualization assignment led to any 
improvements in effectiveness. We will argue that, while 
not all of the expected effects that we measured were sig-
nificant, the results of this study are still promising when 
it comes to the effectiveness of our intervention.

Knowledge scores
Based on the increase in knowledge scores, the folder 
can be shown to succeed in giving the participants basic 
information about PM, regarding its causes, effects, 
properties and methods of mitigation. This finding cor-
roborates our earlier findings in a digital experiment [14], 
that also showed an increase in PM knowledge. As the 
present study focuses more on the actual end user of the 
folder, these results are potentially even more relevant.

Fig. 5  Scores on the item ‘I know how to protect myself against PM’ on the pretest and posttest, split by company and condition
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People who were given the added assignment before 
the posttest scored significantly lower on the knowledge 
scores than people who were given the posttest directly 
after the safety meeting. This was contrary to expecta-
tions, but it may be explained by the effect of time; the 
participants who were busy performing the assignment 
had more time to forget the exact information needed 
to answer the questions correctly. Furthermore, they 
may also have been less conscientious when filling in 
the questionnaire because they had been busy with the 
assignment for quite a long time, which may have caused 
them to lose concentration.

If PM knowledge deteriorates quickly, this may become 
a problem when giving information is one of the main 
goals. This problem, however, may be related to the 
nature of the questions; perhaps we should not expect 
workers in a practical setting to have exact long-term 
knowledge on the subject, but we should focus on aware-
ness instead. Judging by the comments of the experts on 
the practical exposure visualization assignment, these 
experts at least perceive an increase in long-term aware-
ness about PM, which they perceive to be predominantly 
caused by the addition of the practical assignment.

Company A is the only company in which some par-
ticipants show a decrease in PM knowledge after the 
work safety meeting. The explanation may be found in 
two of the anomalies we described in our logbook. Com-
pany A was the only company in which participants 
were given the pretest questionnaire a few days before 
the work safety meeting, and also the only company in 
which not the researcher, but the institutionalized work 
safety expert gave the PM-related information during the 
meeting. It is possible that the participants had forgotten 
which answers they gave during the pretest, since it was 
a few days before the meeting, and subsequently became 
confused about the information given by the work safety 
expert, since there may be small anomalies between the 
framing of the information by the expert and the infor-
mation in the folder. This potential problem exempli-
fies the recommendation given by one of the experts in 
another company, to include a briefing for the person 
giving the work safety meeting. It should be noted that 
we followed the protocol as closely as possible in each 
of the companies beyond these two differences, so the 
situations between companies should still be sufficiently 
comparable.

Threat and coping appraisal
Contrary to our previous study in an online setting [14], 
we did find a small, but significant increase in both threat 
and coping appraisals after this work safety meeting. 
Regarding threat appraisal, it did not appear to matter 
much whether or not the assignment was added, nor in 

which company they were active; on average, participants 
felt slightly more aware of the potential risks of PM after 
receiving the toolbox. The absence of differences between 
companies and conditions means that differences 
between measured exposure – which were noteworthy, 
as mentioned in the process evaluation – do not appear 
to translate to differences in threat appraisal.

With coping appraisal, however, it appears that per-
forming practical exposure visualization assignment 
increased the workers confidence in how to protect them-
selves against particulate matter, except for the workers 
in company A, where it lead to a decrease in confidence 
l. The exact cause of this discrepancy is unclear, but as 
mentioned before, company A did have a somewhat dif-
ferent procedure of carrying out the work safety meeting 
and the questionnaires than the other companies. It is 
possible that a more consistent procedure would have led 
to more consistent results.

Strengths and weaknesses
Overall, it appears that the main strength of this study 
is its strong alignment with what a work safety meeting 
might look like in practice. The findings from an earlier 
digital quantitative survey were corroborated and, to 
some extent, even expanded on by involving the actual 
end user of the intervention. The researchers made every 
effort possible to ensure that the work safety meetings 
would follow the guidelines of the various companies that 
participated, thereby increasing the generalizability of the 
results of the study.

Nevertheless, the study also has some weaknesses. As 
mentioned before, the inconsistency of the procedure 
may have harmed the consistency of the results, espe-
cially since the deviant company was also the one with 
the most participants. Adding more companies would 
not have been a feasible solution if we wanted to maintain 
consistency in the type of companies involved; adding 
companies from another branch than simply roadwork 
and construction could have been useful for increasing 
the number of participants, but may also have decreased 
the reliability of the results. For this reason, we decided 
to maintain the current selection of companies despite 
the issues with the procedure.

Within the companies, there may have been some 
selection bias when it comes to the participants in this 
study. For example, participants who are highly disinter-
ested in PM may fail to submit a posttest questionnaire, 
thereby skewing the results in favor of those participants 
who are interested in learning more about PM as an 
occupational exposure risk. Nevertheless, in general, the 
participants who submitted pre- and posttest question-
naires appeared to form a representative sample of the 
company they were a part of.
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Conclusion
The mental models-based instruction folder has been 
shown to have a positive effect on workers’ knowledge 
about PM. This was shown both in an earlier digital sur-
vey and in this current practical study. There is a notice-
able increase in participants’ knowledge about PM after 
taking part in a work safety meeting based on the con-
tents of our instruction folder.

The effects of the added assignment appear to be more 
contentious at present. The expected positive effects on 
threat and coping appraisal are still somewhat dubious, 
and the assignment may even have a negative effect on the 
direct retention of knowledge. Nevertheless, the fact that 
three of the four companies do show an increase in cop-
ing appraisal for the participants who did the assignment 
before the final questionnaire does make the added assign-
ment promising as a means of increasing the work safety.

All in all, the mental models-based folder has proven to 
be a useful tool for use in occupational work safety meet-
ings. We recommend looking into the option of includ-
ing a briefing for the work safety experts, to decrease 
potential procedural difficulties. This may be a topic for 
future research. Mainly because of the enthusiasm within 
the companies, a practical assignment similar to ours 
may still be a useful addition as well; however, the set-
up of the measurement assignment (duration, potency 
for exposure contrasts at the workplace) could be rede-
signed. Finally, one of the experts recommended adding 
a small instruction movie, which is also something that 
could be investigated.

Abbreviations
ANOVA: Analysis of variance; COVID-19: Coronavirus Disease 2019; PM: 
Particulate Matter; PMT: Protection Motivation Theory; RIVM: Rijksinstituut 
voor Volksgezondheid en Milieu (National Institute for Public Health and the 
Environment); SECTIONS: Students, Ease of use, Costs, Teaching, Interactivity, 
Organizational issues, Novelty and Speed; SPR: Strategic Programme RIVM; 
UMC: University Medical Center; WHO: World Health Organization; WMO: Wet 
Medisch wetenschappelijk onderzoek met mensen (Medical Research Involv-
ing Human Subjects Act).

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​022-​13362-y.

Additional file 1: Appendix A. Questionnaire for the workers (translated 
from Dutch). Appendix B. Open email questionnaire for the work safety 
experts. Appendix C. Practical assignment with the PM exposimeter.

Acknowledgements
We would like to thank the participating employees and safety specialists 
working for various companies in this study.

Authors’ contributions
The first author (TS), a PhD candidate, is the main writer of this article as well 
as the data collector. The second author (JB), an occupational epidemiologist, 
is the project leader and the grant writer for the project in the SPR framework 

mentioned above. The third author (LC), a communication scientist, is a thesis 
advisor. The final author (DT) is the promotor, mainly responsible for scientific 
content and quality. The second, third and fourth authors all provided critical 
comments and substantial alterations to this article, as well as valuable input 
for the study design. All authors have read and approved the manuscript, and 
agree to be personally accountable for the result.

Funding
This research was carried out in the framework of RIVM Strategic Programme 
(SPR), in which expertise and innovative projects prepare RIVM to respond to 
future issues in health and sustainability. The funding bodies played no role in 
the design of the study and collection, analysis, and interpretation of data and 
in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The authors declare that all participants consented to participation in this 
study; this consent was documented when participants signed an informed 
consent form before the pretest and posttest questionnaires. No ethics 
approval is needed according to Dutch law, considering the fact that we only 
made use of questionnaires in this study: In the Netherlands, the Medical 
Research Involving Human Subjects Act (Wet Medisch wetenschappelijk 
Fincreonderzoek met mensen, WMO) came into force since 1998. All medical 
scientific research in which humans are subjected to (medical) procedures or 
are required to follow rules of behavior, falls under the scope of this Act. All 
other research with humans (e.g. research with medical data or interviews) is 
not subject to the WMO. (Amsterdam UMC, n.d.)

Consent for publication
No detailed individual information was presented in this article.

Competing interests
The authors declare that they have no competing interests.

Author details
1 National Institute for Public Health and the Environment (RIVM), PO Box 1, 
3720 BA Bilthoven, The Netherlands. 2 Smart Sensor Systems Group, Faculty 
of Technology, Innovation, and Society, The Hague University of Applied 
Sciences, Rotterdamseweg 137, 2628 AL Delft, The Netherlands. 3 Department 
of Public and Occupational Health, Amsterdam Public Health Research Insti-
tute, Amsterdam University Medical Center, Amsterdam, The Netherlands. 

Received: 5 July 2021   Accepted: 26 April 2022

References
	1.	 WHO. Review of evidence on health aspects of air pollution. Denmark: 

WHO Regional Office for Europe; 2013.
	2.	 Loschiavo, L. (2013). Diesel particulate matter & Occupational health 

issues; Position paper. Australia: Australian Institute of Occupational 
Hygienists.

	3.	 Meier R, Cascio WE, Danuser B, Riediker M. Exposure of highway main-
tenance workers to fine particulate matter and noise. Ann Occup Hyg. 
2013;57(8):992–1004.

	4.	 Van Deurssen EHAM. Quartz!? A randomized controlled quartz exposure 
intervention in the construction industry. The Netherlands: Organization 
for Health Research and Development; 2015.

	5.	 Hänninen O, Knol A. (Eds.) (2011). Environmental Perspectives on Environ-
mental Burden of Disease; Estimates for Nine Stressors in Six European 
Countries. Finland: National Institute for Health and Welfare.

	6.	 Janssen NAH, Hoek G, Simic-Lawson M, Fischer P, Van Bree L, Ten Brink H, 
Cassee FR. Black Carbon as an Additional Indicator of the Adverse Health 

https://doi.org/10.1186/s12889-022-13362-y
https://doi.org/10.1186/s12889-022-13362-y


Page 11 of 11Stege et al. BMC Public Health          (2022) 22:968 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Effects of Airborne Particles Compared with PM10 and PM2.5. Environ 
Health Perspect. 2011;119(12):1691–9.

	7.	 Strak M. The Unusual Suspects: Air pollution components and associated 
health effects. The Netherlands: Ipskamp Drukkers; 2012.

	8.	 Liu S, Noth E, Eisen E, Cullen MR, Hammond SK. Respirator use and its 
impact on particulate matter exposure in aluminum manufacturing facili-
ties. Scand J Work Environ Health. 2018;44(5):547–54.

	9.	 Stege TAM, Bolte JFB, Claassen L, Timmermans DRM. Particulate matter 
exposure in roadwork companies: A mental models study on work safety. 
Saf Sci. 2019;120:137–45.

	10.	 Breakwell GM. Mental models and social representations of hazards: the 
significance of identity processes. J Risk Res. 2001;4:341–51.

	11.	 Morgan MG, Fischhoff B, Bostrom A, Atman CJ. Risk Communication: A 
mental models approach. UK: Cambridge University Press; 2002.

	12.	 Slovic, P., & Weber, E. U. (2002, April 12–13). Perception of Risk Posed by 
Extreme Events. Paper presented at “Risk Management strategies in an 
Uncertain World,” Palisades, New York.

	13.	 Stege TAM, Bolte JFB, Claassen L, Timmermans DRM. Development and 
usability of educational material about workplace particulate matter 
exposure. BMC Public Health. 2021;21(1):198–210.

	14.	 Stege TAM, Bolte JFB, Claassen L, Timmermans DRM. Risk communication 
about particulate matter in the workplace: A digital experiment. Saf Sci. 
2022;151: 105721.

	15.	 Rogers RW. Cognitive and psychological processes in fear appeals and 
attitude change: A revised theory of protection motivation. Social Psy-
chophysiology: A sourcebook. 1983. p. 153–76.

	16.	 Bates A, Poole G. Effective Teaching with Technology in Higher Education: 
Foundations for Success. San Francisco: Jossey-Bass; 2003.

	17.	 Bonwell CC, Eison JA. Active learning : creating excitement in the class-
room. Washington, D.C.: School of Education and Human Development, 
George Washington University; 1991.

	18.	 Bolte, J. F. B., Cserbik, D., Gast, L., Haaima, M., Kuijpers, E., Pronk, A., Vonk, J. 
(2018). Meten op de Werkplek – Wearables en werkers. Presented at the 
NVvA Symposium 2018, Woudenberg, The Netherlands. Retrieved from: 
https://​www.​arbei​dshyg​iene.​nl/-​uploa​ds/​files/​insite/​sessie-​n-​bolte-​john-​
meten-​op-​de-​werkp​lek.​pdf

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.arbeidshygiene.nl/-uploads/files/insite/sessie-n-bolte-john-meten-op-de-werkplek.pdf
https://www.arbeidshygiene.nl/-uploads/files/insite/sessie-n-bolte-john-meten-op-de-werkplek.pdf

	Particulate matter in the workplace: effects of a mental models-based folder combined with a practical assignment
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Participants
	Design
	Materials
	Procedure
	Analyses

	Results
	Demographics
	Knowledge scores
	Threat appraisal
	Coping appraisal
	Process evaluation: logbook
	Process evaluation: work safety expert opinions

	Discussion
	Knowledge scores
	Threat and coping appraisal
	Strengths and weaknesses

	Conclusion
	Acknowledgements
	References


