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Abstract
The hazards associated with combustible dusts are not universally well known,
particularly when compared to a somewhat similar hazard, flammable gas. The primary
resources currently used in communication about dust explosions are journal publications
and conference proceedings. The knowledge presented in these sources would need to be
translated and presented in a range of formats for it to become relevant and available to
all those who could benefit from the knowledge. Different groups require different
approaches in terms of the complexity and depth of the information, its format, and the
method of delivery, among other factors. A literature review was conducted on topics
such as communication, knowledge management, and diffusion of innovations. This
allowed for a better understanding of how to best communicate information to diverse
groups to their benefits. A communication strategy framework was developed for the
purpose of improving safety awareness of combustible dust hazards among a diverse
audience. Eight diverse target groups were identified as needing access to dust explosion
information. The needs of each of these groups were evaluated, and recommendations
were made in terms of resource development, resource dissemination and in support of an
open organizational culture. This knowledge was implemented in the development of a
specific combustible dust hazard resource. A teaching module geared specifically towards
undergraduate engineering students was developed.
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Chapter 1: Introduction
This work aims to improve awareness and communication of dust explosion
resources in a manner that reaches an extensive audience, ideally any group who may
benefit from the information. As part of this research a communication framework was
developed to help reach a wider audience.
1.1 Scope
For this project a dust explosion communication strategy framework was
developed. This project has both an applied science and a social science aspect. The
applied science aspect is to understand combustible dust hazards and translate resources.
The social science aspect is to determine the best ways to communicate the hazard to
reach a variety of target audiences, and in ways that work well for each group.
The needs and communication tools best suited for each target group were
determined. Once these are understood, resource types appropriate for each group can be
identified. The identified resource types need to be made more readily accessible to the
relevant groups, so that a much broader audience can be reached.
1.2 Motivation
The motivation for this project is to improve safety awareness through better
communication of combustible dust hazards. The current communication media are rather
limited and consist primarily of journal publications and conference proceedings. This
reaches a very limited and typically highly educated audience. Not only does this
information reach a limited audience, but the information is also only relevant for certain
groups. A much broader audience needs to be reached, from plant-floor workers, to
students and technical professionals. Different groups require different information in
1

terms of the complexity and depth of the information, the format, and the method of
delivery, among other factors.
1.3 Objectives
The primary objective of this work is to improve the safety awareness for
combustible dust hazards. The hazard of dust explosions is one that is not very well
known. This project aims to improve awareness through the development, and initial
implementation of a dust explosion communication/ education strategy.
The second objective is to identify how dust explosion resources can be made
more readily available, and to a much greater and varied audience. One method through
which this objective is implemented is an educational module aimed towards upper-level
undergraduate engineering students.
1.4 Brief Methodology
A communication matrix has been developed as part of the project framework.
Research has also been conducted into the social sciences communication perspective of
the project.
A three-case approach was taken in order to explore how to best communicate and
translate dust explosion hazards effectively to different groups. This three-case approach
is demonstrated in Fig 1.1. First a step back from dust explosions must be taken and the
broad case of knowledge management and communication must be explored. There must
be an understanding of how to best communicate in order to convey information to
different diverse communities to their individual benefits. Then this knowledge can be
implemented for the specific case of dust explosions. Only after taking these steps would
it be possible to effectively communicate to an individual target group, this being the very
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specific case. One example of a very specific case is the creation of an educational
module for undergraduate engineering students.
Broad Case
•Knowledge
Management/
Communication

Specific Case
•Dust Explosion

Figure 1.1. Three-case approach utilized for this research.
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Very Specific
Case
•Dust Explosion
Educational
Module

Chapter 2: Literature Review
It is not uncommon for people in industry to be unfamiliar with the occurrence of
dust explosions. Following the dust explosion at a sawmill in Burns Lake, British
Columbia in 2012, people were caught off guard and thought it was a unique, uncommon
occurrence, but within a few short months it happened again at another British Columbia
sawmill (Lian, 2012). Even regulatory/governmental groups can be behind the times on
these matters. The Nova Scotia Occupational Health & Safety Division developed and
released a dust explosion hazard alert in October 2014, more than two years after the
British Columbia sawmill incidents, using research from a US Chemical Safety and
Hazard Investigation Board (CSB) study from 2006 (Nova Scotia Occupational Health &
Safety Division, 2014).
2.1 Communication
There are four primary human factors that make up the root cause of most
incidents: organizational decisions/influences, unsafe supervision/training, preconditions
for unsafe acts, and the unsafe acts themselves (Reason, 1990). The issue of poor
communication could fall within the category of unsafe supervision (Fishwick, 2011).
2.1.1 Written Communication
Language-related issues were found to be a cause in 5-10% of major incidents
internationally (Lindhout & Kingston-Howlett, 2011). Language issues, which fall into
the realm of human error, consist of a number of contributing factors such as poor
education and training, poor written or verbal communication, and foreign language
issues (Lindhout & Kingston-Howlett, 2011). Results of language issues include
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misunderstandings, deviating from instructions, or skipping necessary actions (Lindhout
& Kingston-Howlett, 2011).
It is a common practice to check the quality of written instructions by trialing
them on employees, which can be risky as the inability to understand a safety document
can be detrimental to personal safety (Lindhout & Kingston-Howlett, 2011). Whether it is
an issue of poor literacy and education, or foreign workers, a document may be written at
a reading level that is above that of many workers (Lindhout & Kingston-Howlett, 2011).
With the foreign language issue, it may not be enough to have documentation translated
for a foreign sub-population. Though this may reduce the risk in many cases, there is also
the possibility that the foreign worker may also have poor reading and writing skills in
their native language, as rates of illiteracy vary greatly among countries. For example,
48% of the population of Portugal and 80% of the population of Afghanistan is illiterate
(Lindhout & Kingston-Howlett, 2011). The workforce is becoming increasingly diverse,
yet written information continues to be frequently used, with little consideration given to
the language capabilities of those who may require the information (Lindhout &
Kingston-Howlett, 2011).
Written documents do have their place though. Words can express complexities
far better than imagery can (Humphrys, 2006). The best method and medium should be
determined based on the content of the message and its audience. Messages can be
verbal, audio, visual, or written (Carson & Mumford, 2011).
2.1.2 Information Limitations
There is abundant information available on dust explosions. But having or
providing the information does not result in effective communication (Carson &
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Mumford, 2011). The limitation exists in finding an effective way to get the information
to all the people who need it (Carson & Mumford, 2011). All employees need access to
key safety information, and so do contractors, visitors, emergency personnel and
neighbouring members of the public. It is the duty of the employer to be familiar with
possible dangers in their industry, just as it is management’s duty to provide the relevant
information to their employees and other stakeholders (Carson & Mumford, 2011).
There should be opportunities for feedback throughout the communication
process. This can ensure the message was received as intended. This also allows for a
message to be re-sent or modified if it was not received or understood properly (Carson &
Mumford, 2011).
2.1.3 Information Exchange
Proper training and instruction, while beneficial, is not always remembered by all
employees. Retraining and emphasis on the importance of properly following safety
measures is vital (“Communication – in brief”, 2011). Another issue lies within the
realm of ignoring common sense. This is where employees act in terms of a short-term
gain or advantage, rather than considering the long-term benefit of their actions. They do
not consider what might happen as a result of their actions (Fishwick, 2011). Instructions
and procedures may be ignored for commercial or other gains (Carson & Mumford,
2011). Information exchange relies on the sender to formulate the message correctly and
for the receiver to translate and understand the message as intended. Language, culture,
personal skills and competencies can all influence how the message is sent and received
(Carson & Mumford, 2011).
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2.1.4 Attention Span
Limited attention spans can also influence knowledge capture. PowerPoint has the
advantage of reminding a listener of what was recently said, which they may have already
forgotten (Kletz, 2011). Documents that are too lengthy can be a poor source of written
communication (Lindhout & Kingston-Howlett, 2011). Also, with constant Internet use,
young individuals’ brain functions have changed from that of previous generations.
Students are now less capable of the linear thought process required for extensive reading
and writing (Greenfield, 2010).
2.1.5 Communication Strategies
Carson & Mumford (2011) have listed a number of strategies to minimize
communication breakdown around safety critical tasks:
-

Identify the communication needs of all persons involved

-

Consider both the medium and the method of communication

-

Ensure literacy level, language and terminology is appropriate for the workforce in
question

-

Use at least two methods/media

-

Use signage as part of the communication process where appropriate, but do not rely
on it as a substitute for communicating

-

Use training as part of the process

2.2 Knowledge & Knowledge Management
Knowledge is assimilated into a knower’s belief system from information, which
itself is assimilated from data (Hansson, 2002). Data consists of raw descriptions and
observations, whereas information is the patterns that are found within the data (DeLong
7

& Fahey, 2000). Knowledge is the stories, concepts, and rules that are produced by
human experience and reflection (DeLong & Fahey, 2000). The information must be both
understood and believed in order to be assimilated into knowledge (Hansson, 2002).
Additionally, beliefs that are incorrect or that cannot be justified are not considered
knowledge (Hansson, 2002). As such, Hansson (2002) defines knowledge as a “true,
justified belief”.
Knowledge may be either tacit or explicit (DeLong & Fahey, 2000). Tacit
knowledge is subjective, cognitive or experiential (Gupta, Iyer, & Aronson, 2000), and
cannot be easily explained (DeLong & Fahey, 2000; Gupta et al., 2000). Explicit
knowledge is objective, rational and technical (Gupta et al., 2000). Examples of explicit
knowledge can be found within rules, processes, procedures, and documents (DeLong &
Fahey, 2000; Gupta et al., 2000).
Figure 2.1 depicts risk as a function of knowledge and uncertainty. A risk is
present when there is a gap in knowledge (an unknown or unknown outcome). Therefore
there is some degree of uncertainty (Hansson, 2002).

Figure 2.1. Risk in terms of knowledge and uncertainty. From Hansson (2002).
8

DeLong & Fahey (2000) classify knowledge further into three distinct types:
human, social and structured knowledge. Human (or individual) knowledge is exhibited
through skills and expertise, and represents what individuals know. It can be explicit or
tacit. Social knowledge comes about through collaboration among individuals. It is a
collective knowledge greater than the combined knowledge of all members of the group.
As such it is primarily tacit. Structured knowledge is exhibited in the processes, tools,
systems and routines of an organization, existing as organizational resources. It is explicit
(DeLong & Fahey, 2000). There is a tendency to focus only on one of the three
knowledge types, despite the fact that the existence of all three is critical to effective
decision-making. For example, technologically oriented individuals may focus on textbased information, which falls into the structured knowledge category (DeLong & Fahey,
2000).
Effective knowledge management aids in the acquisition, management, and transfer
of information that is important to the organization (Gupta et al., 2000). What an
organization knows, and how they use this acquired knowledge gives them a competitive
advantage (Gupta et al., 2000).
2.2.1 Culture in Organization
An organization’s culture is revealed through its values, norms and practices.
Values can be difficult to change. Norms, which are derived from values, are somewhat
more vulnerable to change. But changing practices is the most effective way of altering
organizational behaviours in order to promote knowledge creation (DeLong & Fahey,
2000). For example, the practices utilized in a meeting, such as how differences of
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opinion and conflict are addressed can influence how likely the team is to generate and
leverage knowledge (DeLong & Fahey, 2000).
The culture of an organization can prevent the sharing of information if
employees feel they need to hold onto their individual knowledge base (Gupta et al.,
2000). If it is believed that sharing individual knowledge poses a risk to their job safety
then the exchange of knowledge will be limited (DeLong & Fahey, 2000). The culture is
an important factor in the creation and sharing of knowledge (Gupta et al., 2000). An
open culture, which provides incentive to integrate individual knowledge into the
organization’s knowledge base, will be more successful (Gupta et al., 2000). Achieving
this level of effective knowledge sharing can be a challenge, and requires managerial
commitment to new practices (Gupta et al., 2000).
2.2.2 Knowledge Conversion
An organization’s knowledge assets can only be fully utilized through effective
knowledge transfer between individuals. Nonaka & Takeuchi (1995) identify four
common processes for knowledge conversion and transfer: socialization, externalization,
combination and internalization. Socialization is the sharing of experiences by observing,
imitating and practicing. Externalization is the conversion of knowledge from tacit to
explicit. One such example would be report writing. Combination is the process of
copying and distributing the explicit information. Internalization is the process of
associating explicit sources with tacit experiences (Nonaka & Takeuchi, 1995).
2.2.3 Verbal Communication
In a technologically driven world, it is easy to neglect human interactions as a
source of knowledge. Davenport (1994) states that managers get two-thirds of their
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information from in-person and telephone interactions. While this fraction may have
decreased since the time the above paper was published, as a result of increased use of
technology, it serves as a reminder that there can be a vast amount of untapped tacit
knowledge being obtained among individuals. An organization needs a process of
codification of this tacit knowledge into explicit knowledge if it wants to have a more
solid corporate memory (Gupta et al., 2000).
2.2.4 Cultural Influences on Knowledge
Cultures and subcultures have an influence on what knowledge is deemed to be
useful to the organization. As a result, cultures will influence which knowledge a group
focuses on. Different subcultures will have different interpretations of what is important.
As these sub-cultures will value knowledge differently, this can result in
miscommunication among groups (DeLong & Fahey, 2000).
Culture determines whether a certain item of knowledge belongs to an
organization or to its individuals. Culture also dictates who is in control of knowledge,
who is obligated to share it and who may hoard it. This is all dependent upon the degree
of trust between the organization and its individuals. An organization with a low-trust
culture will not see very much sharing and creation of knowledge. For example, an
organization with a history of downsizing will have constricted information flow among
employees, and trust will need to be rebuilt in order to encourage employees to share
their knowledge and expertise without worry. Knowledge sharing among groups may
also be limited when it is evident that some groups are more highly valued by the
organization. This will cause subcultures to feel the need to protect their knowledge
assets (DeLong & Fahey, 2000).
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Culture influences how individuals interact, and hence create, share and use
knowledge. In a closed culture there can be intimidation and a fear of appearing
incompetent when engaged in vertical interactions with upper levels of the hierarchy.
Knowledge creation can be improved through discussion of sensitive topics becoming
more acceptable, as well as senior management being perceived as approachable
(DeLong & Fahey, 2000).
It is possible for knowledge development to be improved through an increased
volume of interactions between individuals and groups. Likewise, collaboration among
groups within an organization allows for interactions that may lead to creation and
sharing of new knowledge. Teaching allows for the teacher to improve upon their
existing knowledge. How mistakes are dealt with will influence social interaction. They
should be used as a learning source, and as a means of creating new knowledge (DeLong
& Fahey, 2000).
An organization’s culture determines how new knowledge from external sources
is adopted. New knowledge can be either adopted at face value from external sources, or
the knowledge can be created internally by reinterpreting external information in a
context that is applicable to the organization. In the latter case, external knowledge is the
beginning, not the end of new innovations. Participation in debating and synthesizing
knowledge is encouraged for important issues (DeLong & Fahey, 2000).
2.3 Diffusion of Innovations
Rogers (2003) outlines a set of six key attributes (Table 2.1) to take into account
when trying to have a group adopt an innovation. An innovation will most likely be
adopted when these considerations have been taken into account. However, these
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attributes alone cannot guarantee adoption. The adoption’s success is dependent upon
how an individual perceives the value of the innovation as compared to alternative ways
of reaching a goal; however, this can vary greatly among individuals (Dearing, Meyer, &
Kazmierczak, 1994). Other attributes that influence adoption include: risk, knowledge
requirements and support (Greenhalgh, Robert, Macfarlane, Bate, & Kyriakidou, 2004).
Table 2.1. Key attributes of innovation. From Rogers (2003).
An innovation will be more easily adopted if…
Relative Advantage

It has a clear unambiguous advantage

Compatibility

It is compatible with the values, norms and needs of the
adopter

Complexity

It is believed to be simple or easily broken down

Trialability

It is possible to experiment with on a limited basis

Observability

Its benefits are visible

Reinvention

It can be adapted, refined or modified

2.3.1 Adoption by Individuals
Traits of individuals that impact how they interact with innovations include
intellect, learning style, drive, and values (Greenhalgh et al., 2004). If an innovation
meets a particular need of an individual, or if it is in line with his or her values, goals, and
beliefs, it is more likely to be adopted (Gladwin, Dixon, & Wilson, 2002; Wejnert, 2002).
Although authoritative decisions around an innovation may initially improve the
likelihood of adoption, it may worsen the long-term success of a sustainable routinization
(Rogers, 2003).
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2.3.2 Diffusion & Dissemination
Interpersonal social networking is the primary mechanism for the diffusion
(passive spread) of innovations (Greenhalgh et al., 2004). Adoption by individuals is
more effective if they share similar backgrounds (e.g. socioeconomic, cultural,
educational) with current innovation users (Rogers, 2003). A boundary spanner is an
individual with social ties within and external to the organization, who is able to link the
two environments, and who may then identify ideas to become new organizational
innovations. Organizations can support the development of boundary spanning roles in an
effort to capture and assimilate innovations (Tushman, 1977).
The effectiveness of a formal dissemination program depends upon recognition of
the needs and perspectives of adopters; strategies tailored to the demographic, structural
and cultural characteristics of each subgroup; effective style, imagery and metaphors
within the message; use of appropriate communication channels; and evaluation and
monitoring of goals and milestones (Rogers, 2003).
2.3.3 Organizational Precursors & Readiness for Innovation
An organization that has an absorptive capacity for new knowledge will be more
effective at assimilating innovations. A learning culture and strong leadership geared
towards knowledge sharing are imperative (Barnsley, Lemieux-Charles, & McKinney,
1998). Knowledge depends on interpersonal social networks in order for it to spread
(Greenhalgh et al., 2004).
Consideration of the innovation can allow an organization to become “ready” for
that innovation (Greenhalgh et al., 2004). If there is “tension for change”, that is, a belief
that the present situation is not tolerable, assimilation is more likely (Greenhalgh et al.,
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2004). If the innovation is aligned with the values, norms and practices of an organization
it is also more likely to be assimilated (Rogers, 2003).
2.3.4 Interorganizational Networks & Collaboration
There are also external influences that may affect an organization’s adoption
decision. If enough comparable organizations have already adopted a particular
innovation that it is considered the “norm”, it will be promoted through
interorganizational networks (Westphal, Gulati, & Shortell, 1997). A policy push can
improve the likelihood of an innovation’s success, in part as a result of dedicated funding
(Fitzgerald, Ferlie, Wood, & Hawkins, 2002). Political mandates can increase an
organization’s motivation, but they will not increase its capacity to implement an
innovation. These regulations may divert focus or diminish financial incentives (Meyers,
Sivakumar, & Nakata, 1999).
2.3.5 Implementation
An organizational structure that is flexible and adaptive will improve the chances
for implementation of the innovation (Meyers et al., 1999). Dedicated funding for an
innovation’s implementation improves the likelihood of implementation (Fitzgerald et al.,
2002). Finally, timely feedback will increase the chance of successful implementation
(Grimshaw et al., 2004).
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Chapter 3: Communication Improvements
This section discusses the current limitations of combustible dust hazard
resources, identifies individuals needing access to the information, and recommends
several communication improvement strategies. The results of this thesis will also have
some applicability in improving communication about other hazards.
3.1 Limitations
Different individuals or groups require different information in regards to
combustible dust hazards. Their needs can vary in terms of the complexity and depth of
the information, the format, media type and method of delivery, among other factors. The
primary sources of information (journal publications and conference proceedings) are
only available to a limited audience. Not only are these resources relevant only to a
limited audience in their current form, their applicability is also limited because these
resources are only accessible to those with subscriptions or other access to the print or
online media.
There should be examination into why there has been non-adoption of the
information to date, in order to aid in improving communication. In general, when
information is provided, it is assumed to be valuable, without any follow-up to confirm
this. If an individual does not know anything about combustible dust hazards, then they
have no way of preventing a dust explosion. This could be categorized as an ‘unknown
known’ event risk, an event that has occurred before but for which there is no awareness
(Paltrinieri, Øien, & Cozzani, 2012). In this case, individuals within a certain company or
industry have not learned from the lessons of others, and are unaware of possible hazards.

16

Even if an explosion incident were then to occur it may be perceived by those in
the same industry, who have now become aware, as having been a “black swan” event. A
black swan event is a low probability, high consequence event. The interpretation of a
black swan event can be based upon an individual’s knowledge (Aven, 2013). While
those who are familiar with the hazard certainly would not consider a dust explosion a
black swan, there are those who are completely unfamiliar with dust explosions who
would perceive it as a black swan. Upon hearing of such an event at another location
within the same industry type, individuals may still believe it to be a fluke incident. They
may not look into it any further and continue operations as before. The two dust
explosions that occurred at sawmills in British Columbia in 2012 potentially illustrates
this. According to the director of the western Canada district of the United Steelworkers,
following the first incident no one he spoke with could recall such a significant explosion
in a sawmill having occurred before, and many believed it to be a unique incident that
would not reoccur. But they were wrong as a second incident occurred three months later
(Lian, 2012).
In the development of dust explosion resources, there are a few questions that should
be asked in order to address certain limitations:


What audience are we developing this for?



Are we publishing this in the right journal, or other publication medium for this
resource? Are we reaching the desired audience?



Are we reaching enough different audiences through our work?
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3.2 Non-Adoption Issues
There has been a lack of adoption of combustible dust hazard prevention and
mitigation information as indicated by several explosion incidents (US Chemical Safety
and Hazard Investigation Board (CSB), 2006). These incidents are not due to a lack of
available information. One of the issues surrounding non-adoption is that information is
provided and assumed to be valuable. But it is not enough to simply provide the
information. It needs to get into the right hands. Then in order to encourage adoption of
the information, it can help to make meaningful connections. One example of a way to
create a strong connection is through personal stories (L. Taylor, personal
communication, November 2, 2012).
A further issue with non-adoption is a culture or sub-culture within an
organization that is not conducive to safety, an anti-safety culture of sorts. There is a lack
of perception of vulnerability with some individuals. They see no need to follow safety
rules, as they believe they will not get hurt. These could include young employees who
believe they are invincible, and “macho” employees who believe safety practices are
unimportant.
There is also the issue of normalization of deviance. This is when unsafe
behaviours and practices become normalized, and deemed acceptable (Vaughan, 1996).
The dust explosion incident at the Imperial Sugar Company in Port Wentworth, GA, US
was in part due to normalization of deviance. Employees at Imperial Sugar were
accustomed to the layers of sugar dust throughout the facility. There were occasional
small fires, and workers knew there were flammability issues, but they did not properly
understand the magnitude of the problem. Despite minor fire incidents, and a much better
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understanding of explosibility risks than the workers had, management did little to
improve housekeeping efforts (CSB, 2009).
3.3 Target Groups
A number of target groups have been identified who may have the need for dust
explosion resources. This list encompasses a varied spectrum of individuals, with these
diverse target groups all having different needs in terms of information, each of which
may be addressed through different communication approaches. Table 3.1 provides a list
of the target groups along with a brief overview of the identified needs for each group.
3.3.1 Geographic Scope
A geographic scope has been determined, though it varies for different groups. For the
Government group there is a need to limit the scope to Canada, as every country would
have different needs and requirements, and it would not be feasible to cover them all. For
example, in terms of Occupational Health & Safety, for the United States, the
Occupational Safety & Health Administration (OSHA) acts as a federal enforcement
agency. In Canada, the Canadian Centre for Occupational Health & Safety (CCOHS) is a
“not-for-profit federal department corporation” (Canadian Centre for Occupational
Health & Safety, 2014), which offers health and safety services to the workplace.
Occupational Health and Safety legislation is governed by provincial/territorial
jurisdictions.
For other groups it makes less sense to have a geographic scope. For example,
plant-floor workers could make use of the same information regardless of the country.
For these groups, the information is more or less universal, so a geographic scope has less
relevance. However, what may work for one country may not work for another. Some of
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Table 3.1. Needs of identified target groups.
Target Group
Needs
1. Plant-floor Workers

Housekeeping practices.
Non-technical background
information. Geared towards
personal safety.

2. Workplace Supervisors &

Hazard identification. Background on

Management

prevention and mitigation. Lowmoderate technical level. Geared
towards protection of employees and
process.

3. Industry Associations, Technical

Educating members for personal and

Societies

process safety. Moderate technical
level.

4. Government (Policy Makers,

Information to create policy,

Regulators, Occupational Health &

regulations, educational information to

Safety (OHS))

protect Canadians and Canadian
companies. Moderate technical level.

5. Engineering Students

Identification of hazards and
introduction to prevention and
mitigation strategies. Moderate to high
technical level.

6. Continuing Education for Practicing

Prevention and mitigation. Moderate to

Engineers

high technical level.

7. Industry Stakeholders (executives,

Collective responsibility for safety.

administration, finance, shareholders,

Effects of loss from dust explosions

etc.)

(people, property, production,
environment). Low technical level.

8. Public & the Media

Non-technical background information.
See Section 3.3.2
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the differences include native language, cultural differences and level of literacy. For the
current purpose, any recommended resources would be in English.
Cultural differences may influence attitudes around safety. Gladwell (2008)
discusses Korean Airlines’ history of plane crashes in terms of Korea’s cultural respect
and value for authority. Between 1988 and 1998 Korean Airlines had an airplane loss rate
of 4.79 per million departures. For comparison, this is over seventeen times higher than
the loss rate of United States-based United Airlines over the same time period. As a result
of Korea’s cultural beliefs around hierarchy, the captain was always in control and a first
officer or flight engineer would be unlikely to correct the captain if they believed he was
making a mistake. This was identified among the causes of the crashes through black box
recordings (Gladwell, 2008).
In some countries, such as China for example, many labour-level workers cannot
read or write. Literacy issues limit the types of resources that can be used. It should be
noted that as a result of an increased diversity in workforces, including immigrant
workers and temporary foreign workers, these language and cultural differences may
influence information needs within Canada. For these remaining groups the scope can be
expanded. The focus still remains toward improving communication for Canadians, but
much of the information would be relevant for use elsewhere, particularly with
westernized countries.
3.3.2 Public & the Media
The “Public & the Media” is a special case group. One might question whether
they really need information. They have been included because while their need for
information is not as great as those who work directly in or with industry, they do have a
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certain degree of need for information. In the event of a dust explosion where there are
injuries and/or fatalities, there will be several members of the general public who know
those who were directly affected by the incident. Hence, these family and friends are also
influenced by the event, albeit to a lesser degree. Also there is power in a larger group of
people to effect change, to prevent future incidents from occurring and affecting those
they know and love. However, it is unfavourable to incite unnecessary fear in the public,
so knowledge must be appropriate and accurate. This is where the media fit in. The
general public would generally become knowledgeable through popular media sources,
and it is in their best interests for media sources to be accurate and factual. Certain
members of the general public may also be at risk, such as individuals working in wood
shops, on farms, and within small businesses that may not have access to the same types
of resources as larger industries. If dust explosion risks can be explained in general
enough terms to make the public understand, it should then be possible to reach the rest
of the groups.
3.3.3 Resource Types
Resource types are not limited exclusively to written works, and may also be
verbal, audio, or visual. Some examples of resource types include: posters, databases,
case studies, presentations, videos, FAQs, personal stories. Some of the identified target
groups may also act as a resource for other target groups. For example, workplace
supervisors & management must educate the plant-floor workers under their care. Also,
industry associations & technical societies will educate others through training and
conferences. Finally, government will influence the actions of all within industry.
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3.4 Communication Matrix
In Section 2.3, six key attributes of innovation were discussed. A matrix has been
developed which explores each of these attributes in terms of the eight identified target
groups. The innovation contained within a dust explosion resource will most likely be
adopted when the key attributes have been taken into account in the development and
distribution of the resource. As such the matrix gives some insight into the different
resource needs for each target group. It can be seen that although there may be some
similarities between groups, the exact needs will not be the same for different groups.
The identified resource needs should in no way be deemed the sole solutions to
the problem at hand. Also, when brought down to the specific level of an individual
within each target group, the answers to each of the attributes would likely vary. The
resource needs identified within the matrix provide general ideas that would be applicable
for the majority of individuals within each target group.
3.4.1 Matrix Development
The observations made for each target group/attribute of innovation combination
were based on evaluation of the attribute definition as well as a few related questions, as
it pertained to the relevant target group. The questions were based upon a comprehensive
review paper on diffusion of innovations (Greenhalgh et al., 2004) and in collaboration
with Dr. Lynn Taylor. The attributes of innovation and their related questions are as
follows:
1. Relative Advantage: clear unambiguous advantage.


What’s in it for me? (Adopters’ needs and perspectives)



Is there “tension for change”?
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2. Compatibility: compatible with the values, norms and needs of the adopter.


To what extent are new practices consistent with current beliefs and
practices?



Does the employer support change?



Resources?



Employee support/participation in decision-making?

3. Complexity: believed to be simple or easily broken down.


How difficult will it be to learn new practices?



Are some things already being done?



How can I access resources?

4. Trialability: possibility to experiment with on a limited basis.


Will the new practice work?



Can it be introduced on a small scale?



How can confidence be built in the new practice?

5. Observability: benefits are visible.


Is anyone else doing this?



Is there a social network for communicating?

6. Reinvention: can be adapted, refined or modified.


Can the practice be customized for my context?



Can it be modified to suit local situation?

3.4.2. Target Groups 1 & 2
The matrix developed for the plant-floor workers group and the workplace
supervisors & management group can be seen in Table 3.2.
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Table 3.2. Matrix for target groups 1 & 2
Target Group 1
Plant-Floor Workers
1. Relative Advantage
2. Compatibility

- Personal safety
- Graphics
- Learning culture with Workplace
Supervisors & Management

3. Complexity

- FAQs
- Mechanisms to listen to concerns
-Collaborative initiatives

4. Trialability
5. Observability
6. Reinvention

- Positive "story" of case studies
- Non-technical
- Personal safety perspective

Target Group 2
Workplace Supervisors &
Management
- Collective safety, assets
- Myths/ realities
- Support culture of workplace safety
- Learning culture with Plant Floor
Workers
- Trade journals/ "popular" articles,
newsletters
- Collaborative initiatives: respect
workers knowledge & contribution
- Positive "story" of case studies
- Low-moderate technical
- Loss prevention (operations)
perspective

A resource for plant-floor workers should address their specific need of protecting
their own personal safety. Graphics/imagery can be used as a possible resource type. A
shared learning culture with workplace supervisors & management demonstrates the
needs for both employers to support change, as well as employees to participate in
decision-making. FAQs allow for information to be simplified. Additionally, mechanisms
to listen to concerns help to limit the difficulties in learning a new practice. Collaborative
initiatives allow for a new practice to be experimented with and initially introduced on a
smaller scale. Positive case “stories” show what others are doing in the industry, making
the benefits of dust explosion prevention visible. Making the material non-technical, and
gearing it towards a personal safety perspective modifies the information to make it more
appropriate for this target group.
A resource for workplace supervisors & management should address their
occupational obligations for the safety of their employees as well as the protection of
other assets of the company (e.g. property, production). One example of a resource type
would be to introduce the myths and realities of dust explosions based upon “An
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Introduction to Dust Explosions” (Amyotte, 2013). Supporting a culture that promotes
workplace safety expresses that the employer supports change. Again, the learning
culture with plant-floor workers shows the need for employee participation in decisionmaking. This group would be able to access the information through their respective trade
journals, newsletters and other popular article sources. Collaborative initiatives allow for
a new practice to be experimented with and introduced on a limited basis initially.
Positive “stories” derived from case studies show the benefits of dust explosion
prevention. A low to moderate technical level and a focus on loss prevention make the
resource more appropriate for this target group.
3.4.3. Target Groups 3 & 4
The matrix developed for the industry associations & technical societies group
and the government group can be seen in Table 3.3.
Table 3.3. Matrix for target groups 3 & 4

1. Relative Advantage
2. Compatibility
3. Complexity
4. Trialability
5. Observability
6. Reinvention

Target Group 3
Industry Associations,
Technical Societies
- Grow the industry, reputation,
research and development
- Technical papers and conferences
- Translate book knowledge
- Funding/ technical support
- Target conferences
- Technical information
- Personal/ collective safety (of
members) perspective

Target Group 4
Government
(Policy Makers, Regulators, OHS)
- Legal responsibility
- Public perception
- Technical papers and conferences
- Translate book knowledge
- Funding/ initiatives
- Target conferences
- Technical information
- Industry/ collective safety
perspective

A resource for industry associations and technical societies should address the
industry’s needs, including industry growth, reputation, research and development.
Possible resources include technical papers and conferences, which are consistent with
what is currently available. Information can be further broken down through appropriate
26

translation of book knowledge, for example “An Introduction to Dust Explosions”
(Amyotte, 2013) and other texts on dust explosion. Opportunities to experiment with new
information will rely upon funding and technical support. Information is available
through conferences, and this allows for a social network to grow and develop
information within the community. Technical information is appropriate for this group,
and resources should be geared towards the personal/ collective safety of the members
these groups are representing, in addition to other identified needs of their members.
A resource for governments should address the need of the government’s
responsibility to its citizens. The importance of a positive public perception shows that
the government supports change. Technical papers and conferences, which are currently
available, are appropriate for this group. Information can be further simplified through
translation of authoritative texts on the subject. Opportunities to experiment with new
information would depend upon funding and initiatives. Relevant conferences exist and
serve as a social network. Technical information is appropriate for this group, and
resources should be geared towards overall industrial safety and the collective safety of
individuals within the industries.
3.4.4. Target Groups 5 & 6
The matrix developed for the engineering students group and the practicing
engineers group can be seen in Table 3.4.
The advantage to engineering students is in their future responsibilities as
practicing engineers. Students would become knowledgeable through their program’s
curriculum, which remains consistent with other practices for how students obtain
knowledge. Instilling beliefs regarding safety culture prior to introduction into the
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Table 3.4. Matrix for target groups 5 & 6
Target Group 5
Engineering Students
1. Relative Advantage
2. Compatibility

3. Complexity
4. Trialability
5. Observability
6. Reinvention

- Future trigger: responsibility as
practicing engineer
- Curriculum
- Instill safety culture beliefs prior to
entering industry
- Safety and Chemical Engineering
Education/ Minerva Safety Modules
- Integration into curriculum
- Minerva Safety Module integration
- Modules/ curriculum modifiable to
meet needs of students and instructor
- Local case studies

Target Group 6
Continuing Education for
Practicing Engineers
- Liability/ ethical responsibility
- Ethics/ safety culture
- Technical papers and conferences
- Technical journals/ papers
- Conferences and technical journals
- Target conferences
- Positive case studies
- Technical information
- Loss prevention/ collective safety
perspective

workforce is compatible with the needs of an engineering student. Resources would be
available through organizations that develop educational safety material for engineering
students, such as Safety and Chemical Engineering Education (SACHE) and Minerva.
Integration of material into the curriculum within specific programs could be done on a
trial basis. Minerva Canada’s development of safety modules (including the module
found in Appendix A) is an example of integration of safety material into curriculums
already in process. Teaching modules can easily be modified to meet the needs of either
the instructor or that of the students. Utilization of local case studies would provide an
added impact by creating a stronger connection than that of case studies from elsewhere.
For example, in Nova Scotia students could learn about the explosion at Westray Coal
Mine, and students in British Columbia could learn about recent incidents in BC
sawmills.
A resource for practicing engineers should address their ethical responsibilities
regarding safety. Ethics surrounding safety culture should be compatible with an
engineer’s values. Existing technical papers and conferences are an appropriate resource
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for this group. Appropriate technical papers already exist and are appropriately simplified
for this group. Targeted conferences can act as a social network for further improving
communication. Positive case studies show a clear benefit of dust explosion prevention
practices. Technical information is appropriate for this group, and resources should be
geared towards loss prevention and collective safety.
3.4.5. Target Groups 7 & 8
The matrix developed for the industry stakeholders group and the public & the
media group can be seen in Table 3.5.
Table 3.5. Matrix for target groups 7 & 8

1. Relative Advantage

Target Group 7

Target Group 8

Industry Stakeholders

Public & The Media

2. Compatibility

- Collective responsibility for safety,
asset protection, legal responsibility,
reputation
- Profitability of safe company

3. Complexity

- Translate book knowledge

4. Trialability
5. Observability

- Collaborative initiatives
- Protection of assets and lives

6. Reinvention

- Low technical
- Loss prevention perspective

- Safety of loved ones working in
industry
- Videos
- News articles/ news segments
(written, online, video, audio)
- Web-based
- Graphics/ images/ stories
- Power of people (numbers) to save
lives
- Personal Stories
- Non-technical

Resources for industry stakeholders should address the industry’s need for
collective responsibility, asset protection, and legal responsibility. Profitability and
success, as a result of a safe company, is compatible with the values and needs of this
group. Information can be simplified through translation of authoritative texts on the
subject of dust explosion. Collaborative initiatives allow for a new practice to be
experimented with and introduced on a smaller scale. There is a clear benefit to the
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protection of assets and lives as a result of dust explosion prevention work. Resources
should be limited in terms of technical information and should be geared toward loss
prevention.
Resources for public & the media should address the desire of the public to keep their
loved ones working in industry safe. Resource types could include videos and news
articles. Resources could be accessed through the Internet (web-based). Information can
be simplified through graphics, images and stories. The power of the public creates a
social network for change. Personal stories aid impact and allow for modification to suit
local situations. Information would need to be non-technical.
3.4.6 Key Themes
There are a few themes and important distinctions that are identified across the
matrix. The first is the learning culture between plant-floor workers and workplace
supervisors & management. This allows for the groups to learn from incidents (i.e., lossproducing events), near-misses (i.e., no loss), and poor conditions/practices, and make
appropriate changes. This also means plant-floor workers feel comfortable reporting
issues, and that supervisors & management encourage reporting and take appropriate
action to remedy issues. Members from both groups can be involved in proposing
improvements. Both target groups should work together to learn from and teach one
another.
The item “collaborative initiatives” appears under trialability for plant-floor
workers, workplace supervisors & management, and industry stakeholders. One example
of a collaborative initiative would be a safety committee with representatives from all
levels and groups in the organization. Within this committee there would need to be
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respect and recognition of all members’ knowledge and contributions. This concept also
revolves around having an organizational culture that supports safety, and in which all
individuals have a collective responsibility for having a safe working environment. While
different groups would have different roles within the collaboration, all levels of industry
should have some involvement in the process.
One identified gap, which would be useful for all groups, is the current lack of
positive case studies. These are studies of “good” industries and facilities where dust
explosion incidents have been successfully prevented or mitigated. Instead, case studies
generally focus on incidents that have occurred. Individuals need to be shown what to do,
not just what not to do. While the way in which these case studies would be presented for
individual groups would need to be different, they could be of benefit for nearly all
groups.
Varying degrees of technical information have been assigned for different groups.
In general, those who can make use of technical material will not need current resources
to be significantly translated or reinvented. They can make sense of journal papers and
other technical literature. For these groups, the issue is getting the information to them
that meets their specific needs. For those with lesser technical abilities, the resources
currently available are more limited and material needs to be translated into more
applicable styles and format.
3.5 Recommended Communication Strategies
In order to increase the number of individuals who are familiar with dust
explosion hazards, the existing research and information on the topic must be put into
context for the individuals so that it can become part of their knowledge base. Creating
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new resources or a database of existing resources (e.g. a website) is not enough to solve
the problem. It is not enough to have the resources available, because only those who
already know about the issue, and who are looking for more information would find it.
All individuals who would benefit from the information must be reached, not just those
who already have some background knowledge.
To improve adoption of information, resources have to meet the needs of the
individuals within each group. The needs of the identified target groups have been
explored in Tables 3.1-3.5. Knowledge transfer can be enhanced if the individual
perceives a benefit as a result of adoption of the concepts within the resource. For
example, for plant-floor workers the message can be framed from the perspective of
personal health and safety. Additionally, for those working in management and
administrative positions (industry stakeholders group), the message can be framed in
terms of the consequences of a dust explosion in terms of both fatalities and costs from
property, production, and other losses.
In meeting the needs of individuals, language and learning style barriers must also
be addressed. Using a variety of communication media will help in reaching the
communication needs of a greater proportion of individuals. Communication can be
verbal, audio, visual, or written. Whenever possible, at least two different communication
media should be used. For example, a training meeting (primarily verbal with possible
written/visual components) could be held, and then posters (visual) could be displayed as
an ongoing reminder.
Meaningful connections should to be made with the identified groups, to improve
the value of the information. Personal stories are one way of making this connection. For
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example, C. Kronisch (personal communication, June 26, 2013) tells of two examples of
how she, and many other Germans are familiar with dust explosions. Firstly, bakers in
Germany are aware of the dangers of flour in the air, and refer to it as ‘burning air’.
Secondly, there is a well-known German children’s story (and subsequent movie),
Krabat, by Otfried Preußler. The story takes place primarily in a flourmill. It is mentioned
throughout the text that the workers in the mill must be careful to prevent flour in the air
from exploding, and the mill does explode at the end. The title of the story has been
translated in English to read as “The Satanic Mill” or “The Curse of the Darkling Mill”.
The use of positive case studies shows the success of a “safe” organization. It
creates a role model for the industry, as well as demonstrating the positive outcomes of
dust explosion awareness and prevention. The outcomes expressed in these resources can
be tailored to the needs and values of the target group who would be making use of the
resource. For example, these outcomes may be expressed in terms of assets, production,
or personal safety.
Figure 3.1 summarizes the recommended strategies. These strategies were
identified through the literature review process and in the development of the
communication matrix, and have been explored earlier in this text. This framework
makes recommendations for resource development, resource dissemination, and elements
of an open organizational culture.
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Resource
Development

Resource
Dissemination

Organizational
Culture

Meet needs of target
groups (Table 3.1)

Multiple
communication
methods

Support learning
culture

Attributes of
innovation
(Sect 3.4)

Make connectionspersonal stories

Encourage
knowledge sharing

Resource medium,
methods, channels

Retraining/
revisiting

Collective
responsibility for
safety

Literacy, language,
technical level

Monitoring &
evaluating

Style, imagery

Feedback

Role Models
(Positive case
studies)
Figure 3.1. Framework for improvements in combustible dust hazard communication.
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Chapter 4: Teaching Module
As a major contribution to this research, a teaching module was developed by the
author, with input from Dr. Paul Amyotte and Mr. Manny Marta. This module was
developed for the purpose of educating undergraduate engineering students about the
prevention and mitigation of dust explosions. The module, seen in Appendix A is titled
“Fires, Explosions, and Combustible Dust Hazards”. This module acts as a vehicle to
achieve the objectives of this research. However, it is not an overall solution to the
problem. While this module was designed specifically for the target group of
undergraduate engineering students, it may have some applicability to other identified
target groups (e.g. practicing engineers), though not to all groups in its current form.
This module introduces the topic of combustible dust hazards, with a focus primarily
on dust explosions. It is comprised of 124 PowerPoint slides with notes. The content is
largely based on the book “An Introduction to Dust Explosions” (Amyotte, 2013). The
outline of the module is as follows:
-

Basic Fire Principles

-

Basic Explosion Principles

-

Dust Explosion Fundamentals

-

Fuel

-

Ignition Source

-

Oxidant

-

Mixing

-

Confinement

-

Dust Layer Fires
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-

Prevention and Mitigation

-

Case Studies

-

Resources

-

Evaluation

The module was developed to meet the specific needs of the given target group. This
was accomplished by taking into account the following aspects: objectives & motivation,
format & style, and content & technical level.
4.1 Objectives & Motivation
Teaching objectives and sample evaluation questions were developed based on
the revised Bloom’s Taxonomy. The six levels of the taxonomy (remember, understand,
apply, analyze, evaluate, and create) allow for different, and deeper levels of
comprehension and understanding (Anderson et al., 2001).
As this module is geared towards undergraduate students, they will be introduced
to the topic prior to their entry into the workforce. As such, the information may act as a
trigger in the future, and may help them identify possible hazards when they are working
in industry. This also provides the opportunity, once they are working in industry, to get
the information out to their supervisors, who may not yet have been introduced to the
topic. In this way the former student becomes a “resource” for their employers.
This module was developed for Minerva Canada, a non-profit organization
dedicated to improving workplace safety through post-secondary education in business
and engineering programs (Minerva Canada, n.d.-b). The module is part of a series of
health and safety teaching modules developed for engineering students. This series of
modules can be found on Minerva’s website (Minerva Canada, n.d.-a). These are free
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teaching resources for inclusion within the engineering curriculum. The topics of the
modules address health and safety needs, including core topics required for engineering
graduates, as well as additional topics important to industry that are not currently widely
taught in academia.
4.2 Format & Style
The module was developed as a PowerPoint presentation. The slides provide
information through text or a figure. Each slide comes with an extensive notes section.
The extensive notes allow for someone who is not intimately familiar with the concept of
dust explosions to be able to teach the material, and to be able to provide information
beyond what is shown on the PowerPoint slide. As a result this material can be taught in
either of two manners. The module could be used in a typical classroom lecture setting by
an instructor who may or may not be intimately familiar with the topic, though the
instructor should have an understanding of the topic that is greater than or equivalent to
the content of the module. The second method would be as a self-study by the individual
students, provided with both the slides and respective notes.
PowerPoint presentations have the advantage of providing an overview of what is
about to be, or has just been, discussed. It can also be reviewed at a later date, to serve as
revision of the discussion. One limitation of PowerPoint, since it generally consists
primarily of bullet points and/or figures, is that some important details may be omitted
from the slides themselves. These points may be filled in by the presenter or a
corresponding paper (Kletz, 2011). The extent of this limitation has been minimized by
providing further information to the discussion directly beneath the respective slides (i.e.
notes).
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4.3 Content & Technical Level
The content includes a moderate level of technical detail. This level of technical
detail could be included because upper-level engineering students have a good
understanding and appreciation of technical detail. This module was designed to be
incorporated into classroom lecture time. As such there may be time constraints for the
material to be taught within. Additional optional resources were included for those
students who may be interested in learning more on their own. These additional resources
include incident investigation reports, testing and risk control standards, peer-reviewed
journal papers and textbooks.
With a total of 124 slides, the module was designed so as to be able to be
completed within 1-2 classes, plus additional time for evaluation. This is based upon the
assumption that the material can be completed at a rate of approximately 1 slide per
minute.
4.4 Key Attributes of Innovation
In Table 4.1 we revisit the key attributes of innovation initially introduced in
Section 2.3. In the table each of the six attributes are related to the development of the
module.
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Table 4.1. Key attributes of innovation in relation to module.
Attribute
Module
Relative Advantage

Will act as a trigger in the student’s future career, in terms of their
responsibility as a practicing engineer.

Compatibility

Taught in a classroom setting in a manner comparable to typical
teaching methods.

Complexity

Developed at an appropriate technical level for undergraduate
students.

Trialability

Instructor trials in classrooms using included evaulation questions
to gauge comprehension and understanding.

Observability

Included case studies demonstrate what can go wrong if
insufficiently aware of hazard.

Reinvention

PowerPoint file is easily modifiable to meet student and instructor
needs.
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Chapter 5: Conclusion
In closing, this research explored the communication issues surrounding
combustible dust hazard awareness. This was conducted using the three case approach
seen in Fig 1.1. The first step of this approach was to explore the broad case of
communication and knowledge management. The next case was to apply this information
to the specific case of dust explosions. Finally, the very specific case was to create a dust
explosion resource for a particular group needing this information.
In the broad case, literature research was conducted on topics surrounding
communication and knowledge management. These topics included written
communication, language issues, communication strategies, information exchange,
knowledge, organizational culture and its influence on knowledge, knowledge
conversion, diffusion of innovations and adoption of innovations by individuals.
In the specific case of dust explosions, the current limitations of dust explosion
resources as well as the issue of non-adoption was first explored. Then eight target groups
who would benefit from having knowledge about combustible dust hazards were
identified. Six key attributes of innovation were analyzed for each target group to better
identify the different needs and benefits for each group. A framework for communication
improvements was developed based on the broad research as well as on the attributes of
innovation matrix.
In the very specific case, a module was developed for the education of
undergraduate engineering students on the topic of combustible dust hazards. An
exploration of how this module was developed to meet the students’ needs was

40

conducted. This included looking at the objectives and motivation for the module, as well
as its format, style, content and technical depth.
5.1 Recommendations for Future Work
The following recommendations are made for the continuation of this work:


Search for additional resources that meet the needs of varying target groups. It is
unlikely that enough high-quality resources exist to meet the needs of each
identified target group. In this case, resources should be developed to meet these
needs. This also includes the search for and development of positive case studies.



Consideration of the development of a database (e.g. website) to compile all
identified resources. It should be noted that the existence of a database only serves
those who know the database exists and those who are familiar with combustible
dust hazards and who actively search for further information and find this
database. Providing information alone does not constitute knowledge
development, and further actions are also needed.



Further research into determining methods to raise awareness for those who are
unfamiliar with combustible dust hazards. These individuals have no way of
preventing combustible dust hazards, because they are unaware of the hazards.
Determination of effective ways to share this information with more people to
limit those who are unaware is needed.
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