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ABSTRACT

Workers do not always showcase adequate knowledge on potential long-term health effects and other properties
of particulate matter (PM), which may lead to a decreased tendency to work safely in a high-PM environment. To
empower workers to work more safely in environments with high PM exposure, we developed an educational
folder tethered to their information needs. In the present study, we test two versions of our folder in a digital
panel experiment with 227 participants who regularly worked in environments where they are potentially highly
exposed to PM. We tested one version with and one without visualizations of the exposure and health effects, as it
is currently unclear whether such visualizations can improve risk understanding. We compared them with an
existing folder about PM and with a control condition involving a text unrelated to the subject. The outcome
variables included people’s opinions about the quality of the material; learning effects by means of knowledge
questions; and perception- and behavior-related effects about PM and mitigation methods. The results revealed a
significant and relevant difference on improvement of knowledge scores between our folder with extra visual-
izations and the control condition. No significant difference between the conditions with regards to perception

and behavior effects were found.

1. Introduction

In recent years, there has been a strong focus on the chronic aspects
of work safety. One risk that is currently in the spotlight of occupational
hygienists, is particulate matter (PM). PM consists of small particles in
the air, mostly invisible to the human eye (Hanninen & Knol, 2011). Itis
defined by its particle size; any solid particle smaller than 10 um is
considered to be PM;, and further fractions that are often distinguished
include PM3 5 and PMj ; (ultrafine particulate matter) (Strak, 2012). It
consists of various chemical compounds, including black carbon, heavy
metals, organic compounds and salt (Janssen et al., 2011; Strak, 2012,
Van Deurssen, 2015). The presence of high doses of PM in air leads to
800,000 premature deaths per year worldwide (Anderson, Thundiyil &
Stolbach, 2012), many of which can be attributed to occupational
exposure (Van Deurssen, 2015).

Industrial workplaces, mines, and workplaces that involve dense
traffic or heavy machinery are among the most PM-heavy environments
(Buijsman et al., 2005; Loschiavo, 2013; Van Deurssen, 2015).

Construction and maintenance industries, for example with roads or
buildings, often involve high PM exposure due to activities such as
sawing and drilling (Cheriyan & Choi, 2020; Giunta, 2020; Meier, Cas-
cio, Danuser & Riediker, 2013; Van Deurssen, 2015). The presence of
this PM exposure within construction and maintenance industries causes
a number of premature deaths among workers. Although exact numbers
are unknown (Cheriyan & Choi, 2020), an estimate of the number of
premature deaths due to occupational substance exposure exists for the
Dutch situation (Arboportaal, 2018), which amounts to around 3000
deaths per year. Not all of these deaths involve PM exposure, but several
of the most important substances mentioned can be classified as PM,
including quartz, wood particles, or diesel emissions (Arboportaal,
2018). Since PM is caused by a large array of individual actions,
governmental policies alone cannot sufficiently diminish exposure,
prompting the need for a more individual response (Kim, Kim & Hwang,
2021).

Even though a number of mitigation methods are often in place when
PM exposure is high, these methods tend to not diminish PM exposure
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sufficiently (Li, Zhao & Xu, 2019). This may at least partially be
explained by a lack of awareness by workers and managers alike, as PM
is mostly invisible and therefore difficult to perceive (Zuo et al., 2017).
In a previous study (Stege et al., 2019), we concluded that many workers
in construction and maintenance industries have specific information
needs concerning PM. For example, they do not always know when they
are exposed to PM and what effects this exposure has on the human body
(Stege et al., 2019).

In this study, we evaluated the effects of an educational folder about
PM, presented to people who regularly come into contact with PM
during their work, in a digital experiment with an online questionnaire.
This folder intends to influence both knowledge and attitudes of workers
regarding PM. We compared the effects of three separate folders on
perceived quality of the folder, knowledge about PM, and protection
motivation (consisting of threat appraisal, coping appraisal, and self-
proclaimed work safety behavior). Other than the two versions of our
folder, one with and one without icon arrays and exposure visualization,
we also included one of the existing folders about PM (Volandis, 2016),
which is a ‘best practice’ folder recommended by the trade union. We
also included a control condition in which an unrelated text was shown.

The outcome measures are based on Kirkpatrick’s four-level evalu-
ation model (Kirkpatrick, 1959). In this model, used in educational
science, reaction level concerns the opinions of users about the quality of
the material; learning level concerns the increase in knowledge on the
users’ part; behavior level concerns the users’ behavior after the inter-
vention with the material; and result level concerns the desired out-
comes, which in our case involves improved health. In this situation,
assessing whether an addition to the existing risk communication pro-
ceedings would have such effects would be very difficult, since many
other factors may influence this over a long period of time. For this
reason, other more proximal outcome measures have been identified,
involving the other three levels of evaluation from Kirkpatrick (1959) —
reaction, knowledge and behavior. The behavior level will be further
operationalized using the PMT (Rogers, 1983), with the concepts of
threat appraisal and coping appraisal, as mentioned earlier. For the
knowledge level, potential confounding and effect modifying factors
will be included; safety warnings may be interpreted differently among
different groups of people, and demographics such as age and gender are
therefore important variables to consider when designing a risk
communication tool (Fischhoff et al., 2011).

In this way we tested if our folder based on a mental models
approach is an improvement over the trade union folder (Volandis,
2016)'; if the visualization of exposure and potential health effects is
worthwhile; and if any folder is an improvement over simply probing
employees by a questionnaire on exposure and risk of PM, i.e. if a folder
itself is necessary. We ask ourselves the following questions:

e How does the perceived quality of our newly developed mental
models-based educational folder, with or without risk visualizations,
compare to that of a current ‘best practice’ folder?

e How does our folder, with or without risk visualizations, compare to
a current ‘best practice’ folder (or a control condition), with regards
to PM knowledge outcomes? And how do personal characteristics
affect the outcome of PM knowledge?

e How does our folder, with or without risk visualizations, compare to
a current ‘best practice’ folder (or a control condition), with regards
to threat appraisal, coping appraisal or self-proclaimed safety
behavior?

! Volandis is a non-profit 4joint effort’ organization by various trade unions
for the building and infrastructure branches.
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1.1. Theoretical framework

The development process of an educational material tethered to the
needs of employees starts with an understanding of the main goals of
risk communication in the workplace. Visschers & Meertens (2010)
state: “Risk communication should lead to an informed decision related to
the risk”. In other words, proper risk communication in the workplace
should elicit a response in workers in the way they act. This was also
known by Rogers (1983), who identified two main routes of causation
by which engagement in safe working behavior is accomplished, namely
threat appraisal and coping appraisal. Firstly, there is threat appraisal —
if workers perceive something as a large threat, they are more likely to
protect themselves against it. Secondly, there is coping appraisal —
workers need to feel that protecting themselves against the threat is
feasible and efficacious in order to actually do so. An increased threat
appraisal and coping appraisal should, according to the PMT (Protection
Motivation Theory), lead to an increase in safety behavior, which should
in most cases be the end goal of workplace risk communication
(Fischhoff, Brewer & Downs, 2011; Petts et al., 2002).

Generally speaking, training on the job tends to be somewhat lacking
in giving critical information about workplace risk, amplifying unsafe
behavior (Okun, Guerin & Schulte, 2016). To empower workers to work
more safely in an environment with high PM exposure, we developed an
educational folder tethered to their information needs (Stege et al.,
2021). We did this by employing a mental models approach, meaning
that we compared knowledge and beliefs of these workers to the insights
from scientific literature and experts on PM in the workplace (Morgan,
Fischhoff, Bostrom & Atman, 2002), thereby getting crucial insights in
workers’ understanding of PM risk. We used the information needs as
stated by various stakeholders alongside this to determine the desired
contents of this folder, so that workers are empowered to work safely by
gaining critical information.

Although other means of risk communication about PM did already
exist (e.g. Cumela, 2009; Volandis, 2016), the mental models approach
used in our study provided a more thorough method to select the scope
and contents of the educational material. Although the earlier materials
gave valuable and factually correct information about PM, they may
have downsides related to implementation, neutrality, or appropriate-
ness for the target audience. For example, in our earlier studies we found
that existing materials are sometimes criticized for lengthiness and use
of fear-inducing imagery, which was deemed inappropriate by some
participants (Stege et al., 2021). Furthermore, other educational mate-
rial developed for use in work safety meetings is often focused on more
specific substances, such as quartz (Volandis, 2016), or specific disease
prevention, such as pneumoconiosis (Cumela, 2009). Our material has a
broader focus on PM exposure in the workplace in general; furthermore,
it specifically uses the input from the mental models approach to
investigate which PM-related subjects are most important to discuss.
The mental models approach keeps the end users’ needs into account
while still providing the key information for workers to improve their
safety.

In a systematic review of mental models-related studies for risk
communication, Boase et al. (2017) state that while studies like these are
common, only a small minority of these studies actually end up devel-
oping and testing educational material. According to Boase et al. (2017),
the studies that do test educational material tend to omit control con-
ditions and subsequent field studies, and PM does not appear to be the
direct subject of an earlier mental models-based intervention. This
further cements the necessity for this particular study on the efficacy of
our mental models-based risk communication tool.

When designing the educational material, we considered other op-
tions besides an information folder. Evoking playfulness in learners,
even adult learners, does not only increase likability of the material, but
also potentially increases learning outcomes (Deterding, Dixon, Khaled
& Nacke, 2011; Petts et al.,, 2002). Therefore, we considered
gamification-based interventions as well. Furthermore, practical
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assignments and simulations were considered, since Thalheimer (2010)
recommends to align the learning and the performance contexts. We
considered these and other options, comparing them to each other
within the frameworks of the so-called SECTIONS model, a tool to
investigate the proper use of media in a learning context (Bates & Poole,
2003). After analyzing these potential materials, we settled on the
combination of a folder and a practical assignment in the workplace
involving an exposimeter. However, since a similar practical assignment
was already available for use, we focused our attention on the devel-
opment of the folder.

After developing an educational folder to provide PM risk commu-
nication to workers, we performed an initial usability test with a small
number of participants (Stege et al., 2021). A specific aspect that
emerged from this usability test was whether or not to include certain
risk visualizations, such as an icon array, as explained in Lipkus (2007).
As Daradkeh (2017) states: “An effective visualisation tool to support
decision-making must enable decision makers to not only access decision-
relevant information, but also explore and analyse the risk involved in their
decisions”. These risks are in our case, as in many cases, described using
statistical information. Statistical information is notoriously difficult to
understand for many people, but risk visualizations may help alleviate
some of these difficulties (Binder, Krauss & Bruckmaier, 2015).

Including risk visualizations may change employees’ threat
appraisal, but it is currently unclear whether our icon arrays increase or
decrease threat appraisal. Icon arrays are generally considered effica-
cious (Trevena, 2013; Trevena et al., 2021), but both the quality of the
visualizations itself and literacy-related issues on the user’s end may
decrease this efficacy (Garcia-Retamero, Okan & Cokely, 2012; Okan,
Garcia-Retamero, Cokely & Maldonado, 2015). This, along with some
disagreements in research about the effectiveness of icon arrays and
similar risk visualizations (e.g. Etnel et al., 2020; Zipkin et al., 2014), is
why we decided to test two separate versions of the folder, one with and
one without risk visualizations.

2. Method
2.1. Participants

We approached participants through an online panel specialized in
recruiting participants for online questionnaires.” We used a selection
item for the recruitment: “How often do you perform work that may yield
high PM exposure, such as sawing, drilling, or industrial lawnmowing, or
work in a place with high emission of exhaust gases?” If people answered
‘sometimes’, ‘regularly’ or ‘often’ to this question, they were regarded as
potential participants (those who answered ‘rarely’ or ‘never’ were not
selected). We did this in order to only include participants whose daily
work is at least to some extent relevant for an intervention about PM
exposure.

2.2. Materials: Folders

We used three different folders as materials for the intervention in
this study. We also used a ‘dummy text’ for the control condition, un-
related to PM, in order to investigate whether any effects on outcome
measures may be explained by probing; participants may look up in-
formation about PM between questionnaires even when they are shown
a text unrelated to PM.

The first two folders are two versions of the same folder that we
developed. We developed this folder after performing a study in which
we assessed expert and employee mental models of PM risk; we

2 The panel we used is the Flycatcher panel. Flycatcher is situated in Maas-
tricht, The Netherlands, and affiliated with the University of Maastricht. It was
certified ISO 20,252 and ISO 26,362 for research quality, as well as ISO 27,001
for information safety.
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investigated the differences between these two mental models and used
these differences to identify the main information needs. Both versions
of the folder start by explaining what PM is by showing an image of its
particle size and an explanation how various particle fractions can
penetrate the human body. Then, various work-related sources are
shown, and afterwards the potential effects (respiratory and cardiovas-
cular) are explained. The ‘effects’ portion of the folder is where the two
versions differ, as one version shows an icon array where 3 out of 100
icons are colored in red and a graph comparing exposure levels in
various working situations, and the other version omits there two vi-
sualizations and instead explains the effects of PM in plain text. Both
folders end by mentioning a wide range of mitigation methods against
PM exposure, categorized into the four levels of the occupational hy-
giene strategy: substitution, technical measures, organizational mea-
sures, and personal protective equipment.

The third folder, the trade union folder, was not created by us, but
used with permission from the trade union. Its focus is on quartz rather
than PM in general, but the contents are otherwise comparable to our
folder, with a similar goal of empowering employees to work safely
when exposed. The trade union folder does not have an emphasis on risk
visualization, but it does contain a quiz for the reader about their own
exposure at work. The ‘dummy text’ was acquired from the website of
the RIVM (Dutch National Institute for Public Health and the Environ-
ment), and is about work safety in general without specifically
mentioning PM.

2.3. Materials: Outcome measures

As mentioned in the introduction, the framework for the outcome
measures is provided by the four-level evaluation model by Kirkpatrick
(1959) as well as the Protection Motivation Theory or PMT (Rogers,
1983). For perceived quality (equated to Kirkpatrick’s ‘reaction level’),
we utilized the Suitability Assessment of Materials tool (SAM) in order to
identify the most important aspects of material quality (Doak, Doak &
Root, 1996). For knowledge level, we compiled a pre- and post-test
based on the content. Finally, for behavior level, we assessed the de-
terminants of Protection Motivation according to Rogers (1983),
regarding threat appraisal and coping appraisal. These three concepts
are operationalized in this study in order to investigate the efficacy of
our folder on the third (‘behavior’) level of evaluation (Kirkpatrick,
1959).

By basing our questionnaire on existing, widely utilized psycholog-
ical and educational models for evaluation, such as the four-level eval-
uation model by Kirkpatrick (1959), the PMT (Rogers, 1983) and the
SAM tool (Doak et al., 1996), we have tried to maintain the validity and
reliability of the outcome measures of reaction and behavior level. For
knowledge level outcomes, we consulted experts in the field in order to
ensure that the contents of the questionnaire were factually correct. The
full questionnaire (translated from Dutch), based on the three measur-
able levels of the four-level evaluation model, can be found in Appendix
A.

Perceived quality. The quality-related items were divided into ‘layout’
and ‘content’ items, and they were answered by means of a five-point
Likert scale. Examples of these items included: ‘I think the folder looks
nice’ (layout, 5 items in total) and ‘I think the information in the folder is
clear’ (content, 8 items in total). We assessed all 13 items together in an
exploratory factor analysis with Varimax rotation and subsequent reli-
ability analysis.

Knowledge. Regarding the knowledge-related items, we constructed
ten multiple-choice questions with four answers. These multiple-choice
questions covered the full range of topics discussed in the various ver-
sions of the PM folder, including properties, causes and effects of PM and
mitigation methods. They were made with the expert and worker mental
models in mind, and they were fact-checked by an expert in the field.
One example of such an item is: ‘What is the most effective method of
preventing PM exposure when sawing or drilling’, with the options
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being ‘To work in a closed-off space’, ‘To work with outstretched arms’,
‘To make the materials wet first’, and ‘To work as quickly as possible’ (C
is the correct answer here). We compiled knowledge sum scores for both
the pretest and the posttest by counting the amount of correct answers,
as well as difference scores by subtracting the pretest score from the
posttest score.

Protection motivation. These items were further categorized in ‘threat
appraisal’, ‘coping appraisal’ and ‘safety behavior’ items, as defined in
the PMT (Rogers, 1983). All items were answered by means of a five-
point Likert scale, with options ranging from ‘completely disagree’ to
‘completely agree’. The threat appraisal block contained such items as: ‘I
am worried about PM exposure at work’ (6 items in total). The coping
appraisal block contained such items as: ‘I think that it is useful to
protect myself against PM’ (5 items in total). The safety behavior block
contained such items as: ‘In work situations with PM exposure I wear
personal protective equipment, such as a respirator’ (6 items in total).
We performed an exploratory factor analysis with Varimax rotation and
a reliability analysis on the pretest data related to the threat appraisal,
coping appraisal and safety behavior scales, to investigate whether the
items asked were indeed related to the constructs we intended to mea-
sure. We compiled sum scores for each of these scales, and we also
calculated difference scores by subtracting the pretest from the posttest.

2.4. Procedure

After completing an initial version of the questionnaire, we per-
formed a pilot test. The online experiment was pilot tested among 19
potential participants (who did not participate in the final experiment),
after which minor adjustments were made with regards to wording. The
outcome measures were deemed usable for large-scale deployment.

The experiment consisted of a pretest and posttest questionnaire, so
that we were able to make a comparison with their answers to the same
questions after the intervention. First, participants were asked questions
related to their knowledge about PM, perceptions towards PM, protec-
tive behavior, general demographical questions and whether or not they
had had any previous instructions about PM at work. We made two
versions of the list of ten knowledge-related items that differed only in
the order that the items appeared in, to prevent any bias due to the order
of the items as much as possible.

After filling out the questionnaire, the participants were randomly
assigned to one of four conditions. Participants were asked to carefully
read the folder or the text before continuing to the end of the ques-
tionnaire; there were no further questions after reading the folder, but
we wanted participants to read the folder as thoroughly as possible for
the posttest. After about one week, all participants received the same
questions about knowledge, perceptions and safety behavior again, with
the option to take a look at the material while answering the questions; it
was logged whether or not they did check the material during the
posttest questionnaire. Afterwards, they were also asked questions
related to the quality of the material.

2.5. Data analysis

The data analysis was performed using SPSS version 16. After
calculating perceived quality scores for all 227 participants and pretest,
posttest and difference scores on knowledge, threat appraisal, coping
appraisal and safety behavior, we performed several analyses. In order
to investigate the differences between the conditions on the folder
quality scales, we performed a series of one-way ANOVA’s with post-hoc
tests with Least Significant Difference (LSD) correction. In order to
investigate the differences between pretest and posttest scores on
knowledge scores, we performed paired-sample T-tests. In addition, we
used a regression analysis on difference scores to investigate the dif-
ference between conditions and to accommodate for possible con-
founding or effect modification of personal characteristics. Other than
confounding and effect modification, we also performed a follow-up
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analysis investigating whether any effects on knowledge scores were
more pronounced among people who performed better or worse in the
pretest questionnaire, by splitting the participants in quartile groups.
Finally, we performed regression analyses on the differences between
conditions regarding the threat appraisal, coping appraisal and safety
behavior scales.

3. Results

After participants in the online panel answered the selection ques-
tions, 783 potential participants were identified. We randomly selected
400 from these 783 participants to take part in our study. The 400
participants were asked to complete the pretest questionnaire, and 286
(71,5%) of them did this. Of these 286, 229 participants (57,3% of the
original 400) finished the posttest questionnaire (1 week later) as well.
Of these 229 participants, two more were excluded due to extreme
outliers in their answer pattern. The other 227 (56,8%) participants
were included in the analyses.

Out of the 227 participants, 162 were male (71,4%) and 65 were
female (28,6%). Ages ranged from 19 to 79, with an average of 49.
Regarding education, most people had a medium vocational education
level or equivalent, at about 43%; around 20% only had high school or
lower, around 30% had a higher vocational education level, and the
remainder of around 7% had studied at a university.

3.1. Folder quality

For this analysis, we excluded the control condition (in this condition
participants were asked to read an irrelevant text), leaving 170 cases for
the analysis. We performed an exploratory factor analysis with Varimax
rotation on all 13 items related to perceived quality, revealing a three-
factor solution. The first factor consisted of 6 items (items 6, 9, 10, 11,
12, 13), mostly related to the clarity of the folder; therefore, we named
this factor ‘clarity’. The second factor consisted of 4 items (items 1, 2, 4,
8*), mostly related to layout and visual aspects; we named this factor
‘layout’. The other 3 items (3, 5, 7) all loaded sufficiently on the third
factor, and these three items were all negative items related to the folder
being incomplete or not the correct format; we named this factor
‘insufficiency’.

We performed a reliability analysis on the three factors mentioned
above. For clarity, we found a Cronbach’s o of 0.91. For layout, we found
a Cronbach’s a of 0.77; however, this could be increased to 0.82 by
removing item 8 (“I think there is unnecessary information in the folder”,
rescaled). For insufficiency, we found a Cronbach’s a of 0.62. We used
these three factors for further analysis, considering item 8 as a separate
item named ‘Redundancy’. In Table 1, an overview of the means of each
of these perceived quality scales can be found for each of the three

Table 1
Perceived quality scores in each of the conditions (excluding the control
condition).

Clarity Layout Insufficiency ~ Redundancy
‘Risk Visualization’ 25.46 11.94 6.81 2.02
condition” (range (range (range 3-13) (range 1-4)
16-30) 5-15)
‘No Risk Visualization’ 25.20 11.65 7.39 2.22
condition (range (range (range 3-12) (range 1-5)
18-30) 7-15)
‘Trade Union’ 25.24 12.01 6.78 2.29
condition (range (range (range 3-13) (range 1-4)
15-30) 7-15)

5 In the ‘Risk Visualization’ condition, participants were shown the full
version of our folder; in the ‘No Risk Visualization’ condition, two risk visuali-
zations including the icon array were omitted, but otherwise the folder was
identical; in the ‘Trade Union’ condition, an entirely different folder was shown,
designed by the trade union organization Volandis (2016).
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conditions.

Between the 3 folder conditions (Risk visualization, No risk visuali-
zation, Trade Union), no significant differences were found on clarity,
layout, insufficiency or redundancy. The differences between each of the
conditions on each of these perceived quality scales turned out to be not
significant (all p > 0.05).

3.2. Knowledge scores

Knowledge scores ranged from 0 to 10 points on both the pretest and
posttest. A paired-sample T-test revealed that there was an increase from
an average knowledge score (among all conditions) of 5.19 to 5.77, an
increase of 0.58 point, which is significant at the p less than 0.001 level.
Table 2 shows the results from the analyses per condition, revealing
significant increases in all conditions except for the control condition.
Table 2 also shows the results of the regression analysis on the difference
score, when comparing all conditions to the control condition (the
dummy variable). The knowledge scores between conditions are also
shown visually in Fig. 1. The regression analysis revealed a significant
difference between the Risk Visualization condition and the control
condition, but no significant differences between the No Risk Visuali-
zation or the Trade Union and the control conditions.

3.3. Effects of personal characteristics

The variables age, gender, whether or not participants worked in a
branch with an increased PM risk, whether or not participants had prior
experience with education about PM exposure, and whether or not
participants had checked the folder were all included in the regression
analysis to check for confounding. Two of these five variables yielded a
change in coefficient levels of>10%, namely age and checking the
folder, indicating that these variables may be confounders or effect
modifiers. These two variables were further analyzed to check for effect
modification by including their interaction effects in two separate
regression analyses.

When performing a regression analysis of only age on knowledge
difference score, no significant effect was found (B = 0.006, SD = 0.01, p
= 0.59). Furthermore, a regression analysis including an interaction
effect for age revealed no significant effect with any of the conditions (all
p > 0.05). Therefore, age can be seen as a confounder, not as an effect
modifier. When corrected for age, the coefficient B of the ‘No Risk
Visualization’ condition increased from 0.385 to 0.431, but the effect of
this folder was still not significant (p = 0.239). The other conditions did
not reveal a change of>10%.

Only a relatively small number of participants checked the folder

Table 2
Paired-sample T test and regression analysis on the knowledge scores.
Paired- Regression®
sample
T test
Pretest Posttest Diff. p t P
Control 5.07 5.28 0.21 0.406
condition (SD = (SD =
1.51) 1.65)
‘Risk 5.12 6.04 0.92 0.001 2.022 0.044
Visualization’ (SD = (SD =
condition 1.54) 1.40)
‘No Risk 5.47 6.06 0.59 0.046 1.070 0.286
Visualization’ (SD = (SD =
condition 1.42) 2.09)
‘Trade Union’ 5.13 5.76 0.63 0.002 1.284 0.201
condition (SD = (SD =
1.52) 1.49)

6 Potential confounders and effect modifiers were added in this regression
analysis in the next section. Coefficients B of this regression analysis were
compared with and without the extra variables added.
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when answering the questions: 11 out of 52 in the Risk Visualization
condition, 12 out of 49 in the ‘No Risk Visualization’ condition, and 18
out of 68 in the Trade Union condition. No participants checked the
folder in the control condition, which is logical, since only a ‘dummy
text” was shown instead of a real folder. A regression analysis including
an interaction effect for checking the folder revealed a significant
interaction effect of checking the folder with the ‘Risk Visualization’
condition (t = 2.191, p = 0.029). Therefore, checking the folder can be
seen as an effect modifier. In Fig. 2, a visual overview can be seen,
revealing, among others, that knowledge scores increase with around 2
points among people in the Risk Visualization condition who checked
the folder and barely at all among people in the Trade Union condition
who checked the folder.

Despite the small sample size, a one-way ANOVA with LSD (Least
Significant Difference) correction still revealed a significant difference
between the Risk Visualization and Trade Union condition among peo-
ple who checked the folder, with a mean difference of 1.78 points (p =
0.018). The difference between the No Risk Visualization condition and
the other two conditions was, in both cases, not significant (p > 0.05).

3.4. Explorative analysis: Quartile analysis

The different folders had only relatively small effect sizes and
borderline significant effects on knowledge scores. A possible explana-
tion is that people who are already quite knowledgeable about PM have
little left to learn from our folder, while people who have no prior
knowledge about PM may not have enough basic understanding of the
subject to learn something new about PM. For this reason, we performed
a follow-up analysis with quartile groups. We divided the participants in
four roughly equal-sized groups, based on their pretest scores. Partici-
pants with a score of 4 or lower on the pretest were put in quartile group
1; participants with a score of 5 in group 2; participants with a score of 6
in group 3; and participants with a score of 7 or higher in group 4. We
performed new regression analyses for each of these groups to investi-
gate any further effects. Due to issues with small sample sizes, we did not
combine the quartile analysis with confounding or effect modification
analyses.

The regression analyses with the quartile groups revealed no sig-
nificant effects of any condition on knowledge scores for quartile group
1, 3, or 4 (all p > 0.05). However, significant effects were found in
quartile group 2. When comparing the difference scores of the control
condition with each of the other 3 conditions, differences in difference
scores were 1.44 (Risk Visualization), 1.18 (No Risk Visualization), and
1.44 (Trade Union) respectively. The outcomes from the regression
analysis can be found in Table 3. When performing an additional one-
way ANOVA, no significant differences between the quartile groups
were found with regards to age; we suspected that this may have been
the case because of the earlier found confounding, but no such results
were found.

3.5. Threat appraisal, coping appraisal and safety behavior

Based on the exploratory factor analysis and reliability analysis, we
excluded one item related to threat appraisal (‘Exposure to PM could
make me severely ill') and one related to coping appraisal (I think it is
inconvenient to protect myself against PM’). These items did not load
sufficiently on the primary factor in the corresponding factor analysis
while the other items did; furthermore, the reliability analyses revealed
that Cronbach’s a could be improved for both scales by removing these
items (threat appraisal from 0.79 to 0.84, and coping appraisal from
0.62 to 0.68).

The remaining items were used to compile pretest and posttest scores
on each of these three scales, as well as difference scores. The average
threat appraisal difference score among all conditions was 0.15, mean-
ing that people increased 0.15 points on this outcome when comparing
the pretest to the posttest (SD = 3.17). For coping appraisal, this average
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Fig. 2. Interaction effect of checking the folder on knowledge scores.

Table 3
Regression analysis on the knowledge scores for quartile group 2.
Mean diff. score SD t p Table 4
Control condition —0.44 1.82 Regression analysis on the threat appraisal scale.
‘Risk Visualization’ condition 1.00 1.10 2.28 0.027
‘No Risk Visualization’ condition 0.73 205 203  0.047 Mean diff. score  SD t P
‘Trade Union’ condition 1.00 1.37 2.61 0.011 Constant (control condition) 0.57 3.07 1.365 0.174
‘Risk Visualization’ condition 0.12 3.38 —0.748 0.455
‘No Risk Visualization’ condition 0.47 3.64 -0.162 0.872
‘Trade Union’ condition —0.40 2.71 -1.702 0.090
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Table 5
Regression analysis on the coping appraisal scale.
Mean diff. score SD t P
Constant (control condition) 0.47 2.12 1.476 0.141
‘Risk Visualization’ condition 1.00 2.62 1.165 0.245
‘No Risk Visualization’ condition 1.00 2.32 1.147 0.253
‘Trade Union’ condition 1.03 2.51 1.314 0.190

difference was 0.87 (SD = 2.40); for safety behavior, 0.24 (SD = 0.67).
The results of the regression analysis regarding threat appraisal can be
seen in Table 4; coping appraisal can be seen in Table 5; and safety
behavior can be seen in Table 6. None of these analyses revealed sig-
nificant differences between conditions on any of the outcome variables,
with all p > 0.05. Since an earlier analysis on effect modification
revealed that ‘checking the folder’ can be seen as an effect modifier, we
analyzed the subgroup of participants who checked the folder sepa-
rately. However, within this group, still no significant effects were
found.

4. Discussion

In this study, we investigated various effects of a folder about
workplace PM exposure in a digital experiment. We compared a version
of our folder with risk visualizations to a version of our folder without
risk visualizations. We also compared both versions to an existing, non-
mental models based folder about quartz that is currently in use, and to a
dummy text, for outcomes on reaction, knowledge and protection
motivation. We did this in order to better investigate the efficacy of the
mental models approach for risk communication than is presently
common, and to specifically assess the quality of our own developed risk
communication tool.

We found no significant differences between folders regarding
perceived quality or protection motivation outcomes. We did find that
the folder with risk visualizations has a significant positive effect on
learning outcomes compared to a dummy text. Further subgroup ana-
lyses revealed that effects are clearest among participants who checked
the folder when answering the questions; in this subgroup, the icon array
folder also fares better than the trade union folder. Also, the effects are
clearest in the group of participants who had some prior knowledge
about PM, but not the greatest amount of prior knowledge.

3.1. Perceived quality

The quality of the three folders (excluding the control condition) was
appraised equally. Since the two folders of our own making differed only
in the risk visualization, and not in any further content, the differences
between them may have been too minor to have a significant effect on
the perceived quality. Nevertheless, despite small disagreements in
literature (Etnel et al., 2020; Zipkin et al., 2014), icon arrays and other
risk visualizations are generally viewed in a positive light (Trevena
et al.,, 2013; Trevena et al., 2021), depending on the quality of the vi-
sualizations and the end user’s graph literacy (Garcia-Retamero, Okan &
Cokely, 2012). The absence of any positive effect of the risk visualiza-
tions on perceived quality of the folder may be partially explained by
either of these factors.

When comparing our own folder with the existing folder (Trade
Union), no clear differences were found on perceived quality either. One

Table 6
Regression analysis on the safety behavior scale.
Mean diff. score SD t P
Constant (control condition) 0.14 0.63 1.529 0.128
‘Risk Visualization’ condition 0.25 0.58 0.797 0.426
‘No Risk Visualization” condition 0.39 0.79 1.814 0.071

‘Trade Union’ condition 0.21 0.65 0.539 0.591
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element that the other company folder used and ours did not, involved a
small quiz at the end, titled ‘How dusty are you?’. This quiz puts the
practical instructions into a more playful setting, which can be found as
a possible recommendation in literature to increase the likability of an
educational material (Petts et al., 2002). We did not include any such
quiz, because we were more focused on the optimization of the visual-
ization, and instead put the practical instructions in a visually appealing
and insightful table near the end; these visual aspects are considered to
be important as well (Petts et al., 2002). Participants in this study gave
comparable evaluations to each of these approaches.

3.2. Knowledge scores

Participants who were shown our folder including icon arrays and
exposure visualizations demonstrated more increases in knowledge
about PM compared to people in the control condition, involving no
folder at all. This is an indication that our folder has been effective, at
least to a certain extent, in giving people information about PM. These
effects cannot be seen as clearly in the condition without the risk visu-
alizations. As icon arrays and exposure visualizations are recommended
by literature (Garcia-Retamero, Okan & Cokely, 2012; Trevena et al.,
2021), it makes sense that the learning effects are most pronounced
when the visualizations are included.

Notably, people in the control condition also demonstrated small
(albeit non-significant) increases in knowledge. If anything else than
statistic noise, it may be the case that people felt the need to look up
information about PM themselves after participating in the pretest part
of our study, especially if they received a dummy text unrelated to PM.

There was a substantial increase in knowledge scores within the
small subgroup of participants who checked the folder. Furthermore, in
this subgroup, the folder with the risk visualizations resulted in larger
increases in knowledge scores compared to the existing folder from the
trade union. This may indicate that information found from the mental
model approach (Stege et al., 2019) leads to a folder design better tuned
to the needs of the workers.

The much higher effect size among people who checked the folder
may also be an argument to provide employees in the workplace with
‘just in time’ information, that is, to give workers the folder just before
performing certain tasks that involve high PM exposure. Providing ‘just
in time’ information is often recommended when people need to
perform practical tasks in order to reduce cognitive load (Kester,
Kirschner, Van Merrienboer & Baumer, 2001). In this case, work related
safety information shown before entering a room or handling a machine
increases knowledge and may lead to less errors on the job. The small
number of people who checked the folder may also be an indication that
getting the target audience to read the folder is a bigger challenge than
containing the relevant information within the folder, although this
problem may be mitigated when the folder is used in the context of the
workplace rather than an online experiment.

The quartile analysis revealed that people with a comparatively high
or a comparatively low prior understanding of PM did not show any
significant increase in knowledge level. This means that all educational
materials may be most suitable for those people who have some un-
derstanding about PM, but not a full understanding. In practice, it may
not be necessary to keep the higher-scoring workers in mind when
designing the folder, beyond giving them any sources for further in-
depth information, since they may already have the information
necessary to protect themselves against PM. This is different for lower-
scoring workers. When using this or any other educational material in
a workplace setting, a work safety specialist should certainly keep an eye
out for those workers who fail to understand the basics after reading the
folder. Personal attention and further elaboration may be required in
these circumstances.
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3.3. Protection motivation outcomes

There may be various factors that help explain the lack of effects on
threat appraisal, coping appraisal or safety behavior outcomes. One
important thing to consider is that information alone may teach a person
something, but it tends not to be an effective risk communication tool
without contextual aids, such as practical instructions in the workplace
(Fischhoff et al., 2011). Of course, such contextual aids are not easy to
emulate in a digital experiment such as this, so that the folder we
developed is stripped from its intended context in a workplace setting.
Indeed, in the development phase of the folder, we concluded that it
should be augmented with a practical assignment in order to fully
achieve the intended effects. One other factor is that the participants in
this study may only partially overlap with the audience the folder is
actually intended for. We designed the folder with specific job groups in
mind who work with PM on a daily basis, but many of our participants
include people who only have limited experience with PM.

4. Conclusion and follow-up research

Overall, we conclude that this study shows some evidence that
people learn something about PM in the workplace after reading a
mental models based instruction folder. The effects are most pronounced
in the subgroups of people who checked the folder during the survey,
and people who are in the second-to-lowest quartile regarding pretest
scores. The study did not demonstrate clear effects on perceived quality
(reaction level) or on protection motivation towards PM (threat
appraisal, coping appraisal or safety behavior itself).

There are some factors that limit the generalizability of our results.
The participants of this study were recruited using an online panel, and
they do not have a perfect overlap with the target audience of our
intervention. Although we did select participants who have at least some
PM exposure at work, the PM exposure might be of a different nature, or
simply much lower, than the roadwork employees our folder was
intended for. If we had only selected participants with a high degree of
similarity to our target audience, however, we would not have had a
sufficient number of participants for thorough statistical analyses.

Another limitation is that we did not test our entire proposed inter-
vention in this online experiment. In earlier research, we propose to
increase the effects of a folder by means of an exposimeter to visualize
the exposure (Stege et al., 2021). We chose to test our folder first with as
many participants as possible given the budget limitations, and subse-
quently test for additional effects of a practical assignment in a real life
workplace environment in a follow-up. Therefore, in future research we
will amplify the information material with a more practical instruction
visualizing the exposure level. We will then, as mentioned above,
research the effects of the combined intervention in the workplace.

In this study, the participants simply read an online version of the
folders without any further support or additional assignment; thus, only
a small effect could be expected. In such a context, the readers typically
retain a relatively small amount of information. The often quoted 10%
and 20% marks for information retained while reading appear to be
incorrect and based on misinformation (Subramony et al., 2014);
nevertheless, people forget learnt information quickly, depending on the
situation as well as individual differences (Thalheimer, 2010). Thal-
heimer (2010) recommends, for this reason, to align the learning and the
performance contexts — which is what we will do in further research,
when implementing the material in a work safety meeting and ampli-
fying it with an assignment.
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Appendix A. Questionnaires used in the online survey (in Dutch)

In this appendix, the full questionnaires used in the online survey can
be found. Please note that all texts are translated from Dutch, since the
survey was deployed under employees in the Netherlands.

Pretest questionnaire (translated from Dutch)

This questionnaire is part of a study by the Dutch National Institute
of Public Health and the Environment (RIVM) about risk communication
on particulate matter (PM) at work. We hope to get some insights on
your opinion about PM. A number of questions are related to your
knowledge about PM. Please try to answer these questions as accurately
as possible. If you do not know an answer, please fill in the answer you
think might be correct. The questionnaire will take about 20 min. Of
course, we will consider all your data as confidential. All information
will be anonymized.

Thank you for your participation!

General questions

- Age

- Gender

- Occupation / branch

- Years of work experience in current occupation
- Level of education

Selection question:

- How often do you perform tasks at work that involve a lot of PM
exposure, including sawing, drilling, lawn mowing, or working in
locations with a lot of emissions? (1 = never, 2 = rarely, 3 =
sometimes, 4 = regularly, 5 = often)

Knowledge questions

We will now ask you ten knowledge questions about particulate
matter (PM). Please try to answer them as accurately as possible. Please
circle the answer you think might be correct, even if you are unsure.

(These questions are randomized to prevent bias)®

1. Which statement about PM is true?
a. PM is always visible.
b. PM is usually visible, except in very low concentrations.
c. PM is usually invisible, except in very high concentrations.
d. PM is never visible.

3 The correct answer is italicized in this article. Of course, this was not the
case in the original questionnaire.
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2. Which statement about PM and visible dust is true?
a. If you cannot see any dust in the workplace, then there will not
be any PM.
b. If you can see any dust in the workplace, then that is PM.
c. If you can see any dust in the workplace, then PM is often present.
d. There is no connection between visible dust and PM
whatsoever.
3. Which of the following diseases cannot be caused by PM (as far
as is known)?
a. Stroke
b. Colon cancer
c. Heart failure
d. Lung cancer
4. How many workers do you think die prematurely in 10 years due
to substance exposure at work (including PM)?
a. Less than 1 in 1000.
b. About 3 in 1000.
c. About 3 in 100.
d. About 3 in 10.
5. Which kind of weather increases PM risk?
a. Drought.
b. Rainy weather.
c. Storm.
d. Extreme cold.
6. Where or when if PM exposure highest?
a. During lawn mowing.
b. When sawing or drilling.
c. Near highways or other main roads.
d. In the office.
7. What is the best way to mitigate PM exposure when sawing or
drilling?
a. Treating the material in a closed-off space.
b. Treating the material with outstretched arms.
c. Wetting the material before use.
d. Treating the material as quickly as possible.
8. When do you wear a dust mask when working outdoors?
a. Only with certain types of work, such as lawn mowing.
b. Whenever other measures against exposure are not sufficient.
c. During very hot or very cold weather.
d. Always.
9. Which of the following statements is not true?
a. When performing task indoors that cause PM exposure, it is
sensible to open a window.
b. Most tasks should be performed indoors to prevent PM exposure.
c. When driving on the highway, it is sensible to close the win-
dow against PM exposure.
d. There is usually more PM exposure during rush hour.
10. Which is the following statements is true?
a. Ventilation systems often do not work against PM.
b. Diesel causes more PM exposure than gasoline.
c. To prevent PM exposure, people should only work at night.
d. Employees are fully responsible for their own protection
against PM.

Opinions on particulate matter

These questions will ask you about your personal views on particu-
late matter (PM). For each of the following statements, please answer to
what extent you agree with it, on a scale from 1 (completely disagree) to
5 (completely agree).

The following questions are about PM at work.

- I think that the health risk of PM in my workplace is large.

- I think the exposure to PM in my workplace is not that great.

- There is only a small chance that I would become sick due to PM.
- Exposure to PM could make me severely ill.
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- I am worried about PM exposure at work.
- I feel safe in my workplace concerning PM.

The following questions are about protection against PM.

- I do not know how to protect myself against PM.

- I think it is inconvenient to protect myself against PM.

- I think it makes sense to protect myself against PM.

- At work, I get the necessary equipment to protect myself against PM.
- I think it is important to protect myself against PM.

The following questions are about how you protect yourself against
PM in practice. Please answer them on a scale from 1 (never) to 5
(always).

- When performing work that gives PM exposure, I disregard protec-
tion against PM.

- When performing work that gives PM exposure, I use personal pro-
tective equipment, such as a dust mask.

- When performing tasks such as sawing or drilling I make the mate-
rials wet first.

- When performing work indoors that gives PM exposure, I enable the
ventilation system.

- When performing work outdoors that gives PM exposure, I made sure
that no dust is blown into my face.

- T use protection against PM in other ways than mentioned above.

Open question: Do you have any additions or other remarks to
elaborate the answers given before?

(Participants are randomly put into one of the conditions now, and they
are shown one of the folders.)

Next week, we will send you a new questionnaire in which we will
ask some more questions about this subject. Thank you for your coop-
eration so far, and we will see you next week!

Posttest questionnaire (translated from Dutch)

This questionnaire is part of a study by the Dutch National Institute
of Public Health and the Environment (RIVM) about risk communication
on particulate matter (PM) at work. Last week, you have answered a
previous questionnaire about PM. Afterwards, you were shown a folder.
We would like to ask you to thoroughly read the folder before
continuing.

You will again be shown a number of questions to answer. These
questions are partially the same questions as last week. Near the end, we
will also include some questions in which we ask your opinion about the
folder. You can always check the folder when answering the questions.

Answering the questions will take about 15 min. Of course, we will
consider all your data as confidential. All information will be
anonymized.

(The sections ‘Knowledge questions’ and ‘Opinions on
particulate matter’ are now given as in the pretest)

Opinion about the folder

For each of the following statements, please answer to what extent
you agree with it, on a scale from 1 (completely disagree) to 5
(completely agree).

The following questions are about your general impression about the
folder.

- I think this folder looks nice.
- I think the balance between text and illustrations is good.
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- I think the use of language is quite childlike.

- I think this folder is easy to read.

- I would prefer to get the information in a different way than in a
folder.

- Open question: You can elaborate on the answers given above.

The following questions are about the contents of the folder.

- 1 think the folder contains useful information.

- I think there is information missing in the folder.

- I think there is unnecessary information in the folder.

- The folder is understandable.

- Think it is clear what is mentioned in the folder.

- The folder clearly explains what PM is.

- The folder clearly explains the health effects of PM.

- The folder clearly explains how to protect yourself against PM.
- Open question: You can elaborate on the answers given above.

End of the questionnaire

We would like to thank you for your participation in our study.
If you wish to be updated and eventually receive a summary of our
results, please enter your email address here.
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