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ARTICLE INFO ABSTRACT

Keywords: Within safety practice and science there are countless ideas, approaches and concepts to manage safety. Some of
Safety. concepts these safety concepts are picked up, discussed widely and spread, while others do not. Little is known about this
AdC‘p“‘"“ subject. This paper provides a unique perspective on the development and adoption of safety concepts by using
Memetics . . . .

Evolutiona an evolutionary framework to explore reasons why. As a case, this paper traces the historic development of one of
Safety triargle safety’s most influential and iconic safety concepts, the accident triangle, over nearly a century through suc-
Heinrich cessive cycles of replication, variation, and selection.

Knowledge of factors that influence the adoption of safety concepts can contribute to the design of more
effective concepts that attract attention and of social and organisational environments that are receptive of these
concepts. In the end, provided the concepts in question are useful, this can contribute to enhancing safety and
reducing harm. In addition, the insights gained in this paper can help safety professionals and academics to
critically reflect on the development of safety concepts, to help them better understand how safety concepts
evolve and can change meaning leading to various interpretations and reflect on what this means for their own

adoption of concepts and eventually their practice.

1. Introduction

Within safety practice and science there are countless ideas, ap-
proaches and concepts to manage safety. Some of these safety concepts
are picked up, discussed widely and they spread, while others do not.
One may wonder why this is the case; little is known about this so far.
Exploring the development, spreading and survival of ideas, such as
safety concepts, through an evolutionary framework might be a fruitful
approach to shed light on this question. Memetics, the study of memes, is
such a framework, asking a similar question: why do some memes
replicate and survive, while many others disappear. This paper provides
a unique perspective on the development and adoption of safety con-
cepts by using this framework.

Professionals’ adoption of concepts is influenced by factors on
various levels: individual, interpersonal, institutional, and from the
wider infrastructure system (Busch et al., 2026; Denyer et al., 2008;
Huczynski, 1993; Jackson, 2001). In addition, (safety) concepts are
assumed to possess certain characteristics that make them more likely to
adopt and/or easier to spread (Larouzee and Le Coze; Le Coze, 2013,
2019; Huczynski, 1993; Le Coze, 2018; Ten Bos, 2000). This paper takes
the safety concept as the main unit of analysis and follows it through a
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memetic lens. Memetics is not a method as such but is rather about
adopting an evolutionary perspective that follows the pattern of repli-
cation, variation and selection (Dawkins, 1976).

Knowledge of factors that influence the adoption of safety concepts
and knowledge of characteristics that enhance the spread of these con-
cepts can contribute to the design of more effective concepts that attract
attention and of social and organisational environments that are
receptive of these concepts. In the end, provided the concepts in ques-
tion are useful, this can contribute to enhance safety and reduce harm. In
addition, this study provides a resource for safety professionals and
academics to critically reflect on the development of safety concepts, to
help them better understand how safety concepts evolve and can change
meaning leading to various interpretations and reflect on what this
means for their own adoption of concepts and eventually their practice.

In this paper we explore whether a memetic perspective can inform
us about the reasons why some concepts are adopted. We will trace the
development of a safety concept through time, reviewing the historical
development of a well-known safety concept and discussing this devel-
opment in evolutionary terms. Finally, we will discuss the usefulness of a
memetic perspective and implications of this study, as well as do some
suggestions for further research.
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Several safety concepts might offer a good case to study their evo-
lution, e.g. the development of the Swiss Cheese Model (SCM), from
Reason’s earliest version (Reason, 1990) to later developments, the
safety culture ladder, from Westrum’s (2004) to current developments,
or taking a more recent case, the evolution of the HOP-principles
(Conklin, 2019). For this exercise we select one of safety’s most
enduring memes, the well-known accident triangle. The concept pro-
poses in a visually appealing manner the ratio between accidents with
major, minor and no injuries. There are several reasons for selecting the
accident triangle, also known as “pyramid”, “iceberg” or “Heinrich’s
Law”, as the object of our research. First is the concept’s longevity.
Originally proposed by Heinrich in 1927, this safety concept is used until
today in practice and a subject for academic debate. Second, there are
many variations and applications. This makes it a suitable subject to
explore some aspects of evolutionary development. Third, it is a rela-
tively “small” and discrete idea and thus easy to see as a meme,
although, as we will see, there is more to it than just the iconic drawing.
Fourth, although it has changed over time, it has retained a “recognis-
able identity” (Heath and Seidel, 2005, p. 7).

We will base our review of the historical development of the accident
triangle on the rich description found in Busch (2021) which is grounded
in thorough study of academic and grey literature, based on database
searches and extensive snowballing.

To start with, we will briefly discuss memetics, including some
relevant critique, then turn to previous uses of memetics in safety
literature before we in the next chapter review the historical develop-
ment of the accident triangle.

1.1. A brief explanation of memetics

In everyday language, we tend to associate the term ‘meme’ with
popular internet items that are frequently shared on social media and
websites, for example funny cat pictures, one-liners by Game of Thrones
characters, or inspirational quotes from Einstein (which in many cases
are not by Einstein (quoteinvestigator.com, 2026)).

In a scientific context, a meme is a cultural replicator, a unit through
which ideas are transmitted and imitated. Memetics is a theory of cul-
tural evolution based on Darwinian principles. It was first proposed by
Dawkins in his book The Selfish Gene (1976). In this book, he suggests
genes as the basic units for biological evolution. Genes are replicated,
during these replications, which are never perfect, variations occur, and
successful variations that are suited to the environment are selected and
will survive. Dawkins suggests at the end of this book memes as a cul-
tural replicator, thereby proposing memetics as an extension of genetic
theory, speculating that similar evolutionary processes may exist in
culture.

One rationale for proposing a cultural replicator is the realisation
that cultural evolution occurs much faster than genetic changes could
explain. In culture, replication and variation happen much faster and
more often than in biological evolution. Also, genes are passed on from
one generation to the next, while memes travel also horizontally within
a generation. Therefore, Dawkins proposes a second replicator, sug-
gesting that cultural evolution can be understood by the same principles
as biological evolution. As examples of memes, he mentions ideas, songs,
slogans, or ways to construct parts of buildings (Dawkins, 1976). These
are transported from brain to brain through “meme-vehicles” (Dennett,
1990), which includes information storage ‘devices’ such as books,
pictures, CDs, podcasts, conferences, blogs, Linkedin-discussions, or
human memory.

“If a scientist hears, or reads about, a good idea, he passes it on to his
colleagues and students. He mentions it in his articles and his lec-
tures. If the idea catches on, it can be said to propagate itself,
spreading from brain to brain.” (Dawkins 1976, p. 206).

The theory was further developed by others (Blackmore, 1999;
Dawkins, 1976; Dennett, 1991, 1995; Distin, 2005). Dawkins (1976)
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calls both genes and memes “selfish replicators”. This does not imply
that they possess intentionality or a will of their own, but to meta-
phorically emphasise that they have certain properties that influence
their chances to be replicated and survive. So, taking the perspective
from the gene/meme, they are only “interested” in their own survival,
regardless their value to their host or users. Just as genes compete for
resources (the chemicals they need for replication), memes compete for
attention and brain space. Some authors discuss memes in an analogy
with viruses as “infecting the mind” (Brodie, 2011). Distin (2005) sug-
gest that these processes are both directed and mindless, implicating
that memes have characteristics that make them attractive for selection
and replication, while leaving humans some discretion in the selection
of memes.

The literature contains many different definitions. Heylighen defines
them as “an information pattern, held in an individual’s memory, which
is capable of being copied to another individual’s memory” (Heylighen,
1998, p. 148), Blackmore sees memes are “instructions for carrying out
behaviour, stored in brains (and other objects) and passed on by
imitation” 1999, (Blackmore, 1999, p. 17), while Durham defines a
meme as “any kind, amount, and configuration of information in culture
that shows both variation and coherent transmission” (Durham, 1991, p.
422). For this study we use the latter definition because it is simple,
relatively concrete and contains some important elements regarding the
environmental process.

Dawkins (1976) suggests that successful replicators should have the
following characteristics: longevity (the capacity to successfully repli-
cate), fecundity (the capacity to survive through repeated replications),
and copying fidelity (the capacity to replicate with relative accuracy).
However, the latter is not attainable for memes because they are affected
by their transmitters (humans). Copying from one person to the other is
hardly ever verbatim.

From these three characteristics spring traits of successful memes.
They must be adapted (better than other memes) to fit the environment
(Williams, 2002), confirm to the expectations of the world of their re-
ceivers (Price and Shaw, 1996), have some novelty and/or vividness
(Gelb, 1997), trigger behavioural responses leading to imitation (Heath
and Seidel, 2005), and be endorsed by celebrities (Williams, 2002).
Heylighen and Chielens (2009), created a systematic list of criteria for
successful memes, including that they should refer to something distinct,
be supported by evidence, come from an authoritative source, be valu-
able or useful, provoke strong emotions, fit in with the knowledge that
individuals already have, have simple contents, be simple to commu-
nicate further, and be confirmed by other people. Also, repeated expo-
sure to the same meme helps its assimilation and retention.

There are countless reasons and mechanisms for the selection of a
meme, such as to identify oneself with others, to learn, to illustrate, to
support message, to imitate a popular person, or to critique the idea. The
meme can then be replicated through a diverse number of replication
mechanisms such as copying, memorizing, imitating, parodying, pre-
senting, writing down, acting, or creating an object. When it comes to
safety concepts, their adoption is a selection mechanism, namely when
safety professionals include the safety concept in their mental toolbox
which manifests itself when they apply the concept in their practice.

While memetics focuses on the meme, the environment is of equal
importance. While Dawkins and others call memes a replicator, memes
cannot do anything of themselves. It is humans that do the selecting and
replicating. Therefore, Deacon (2004) suggests that memes should be
seen as replicas, not replicators. He maintains that memes are not vague
ideas in a mind, but they must enter the physical world, for example
through speech, visuals, writing or artefacts, to reach other people. A
meme may thrive within a population, but when that environment
changes, for example when fashions change, then a meme is badly
adapted. This means that a study of memes always needs to include the
environment (Williams, 2002). This also resonates with Centola’s
(2019) work: complex contagions need reinforcement from their envi-
ronment to stick, while simple contagions come and disappear.
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Several authors suggest that memes can act together, forming co-
adapted meme complexes, also known as memeplexes. When this hap-
pens, it adds to their chance of survival. First, because memes that are
part of a memeplex have a greater chance to be replicated than on their
own (Blackmore, 1999; Distin, 2005). Take for example an advertise-
ment slogan combined with a jingle that is more memorable than a
slogan on its own. Or, in safety, when they connect to certain traditions
or paradigms (Price, 1995), such as Behaviour Based Safety (BBS).
Second, because memes that are selected in combination will together
resist new memes which do not fit an established pattern (Price, 1995).
Memes working together will help sustain or replicate each other in a
way similar to how genes in organisms do (Blackmore, 1999).

1.2. Critique of memetics

It is worth noting that memetics is not without critics, and some
authors call it a partly abandoned field (Hofhuis, 2023). The critique
concerns among other things a lack of empirical validation, claims that
memes do not exist, that the comparison with genes is a false analogy,
overplaying the agency metaphor, and that it does not provide practical
suggestions how to create successful memes (Gelb, 1997; Langley et al.,
2005; Williams, 2002; Deacon, 2004; Distin, 2005). Another point of
criticism is that memetics are seen as reductionist and deterministic
(Marsden, 1998; Price, 1995), while culture is about interaction
(Antonsen, 2009) and therefore not best understood by studying its
smallest units. However, despite its focus on memes, memetics should
not be seen as reductionist, because the meme always must be seen in
relation to and interaction with the environment and other memes
(O’Mahoney, 2007).

One major challenge for memetics is specifying its unit of analysis:
what exactly is a meme? Literature shows that this is applied flexibly.
For example, Holm et al. (2015) suggest that Management Systems can
be seen as a meme. However, management systems consist of many
different concepts, such as procedures, policies, auditing, re-
sponsibilities, all of which can be seen as memes in themselves. There-
fore, it would seem more correct to categorise management systems as a
memeplex. However, what distinguishes meme and memeplex? Even
rather small memes as the accident triangle can be reduced to smaller
parts, such as the idea of proactive action, the visual depiction, the
numbers and ratio. Without clear rules, this remains arbitrary.

Some authors attribute much of the critique of memetics to the fact
that memetics is a relatively young framework and that is therefore not
fully developed. Also, some of the critique is triggered by more extreme
versions of memetics such as those that more or less deny free will,
claiming that consciousness is merely a product of memes (Blackmore,
1999; Dennett, 1991).

Another problem surrounding memetics is the different ways it has
been conceptualised and operationalised by different authors, both in
fundamental memetic literature (Blackmore, 1999; Dawkins, 1976;
Dennett, 1995; Distin, 2005) and in academic literature. Key issues are
for example the question of determinism versus free will, and whether a
meme should be seen as “real” (a realist view), or rather as a metaphor
(Gill and Price, 2022). Therefore, Gill and Price (2022) argue in their
critical exploration of the use of memetics in management and organi-
sation studies that researchers should be clear about the chosen oper-
ationalisation. They suggest that researchers should reflexively adopt
one of the four alternative meme conceptualisations presented in their
paper.

1.3. Method

For the purposes of this paper, we will set aside the debate over
whether memes are “real” or not and choose to follow a metaphoric
approach (Gill and Price, 2022). Like several authors who have suc-
cessfully applied memetics to gain new insights on various topics, we
will conduct a thought experiment. Despite critique and challenges, we
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can use memes as a metaphor to think about the development and
adoption of safety concepts. Concepts do evolve; therefore, an evolu-
tionary approach makes sense. One advantage of memetics is that it
allows the researcher to adopt a different lens. The use of memetics
provides an evolutionary framework to discuss the object of our study,
the development and adoption of concepts. This allows for a different
perspective than other approaches, such as behavioural or socio-
technical approaches. Especially because a memetic approach does not
take the human actors as point of departure, but the meme in its context.
This can provide novel insights that an anthropo-centric approach
cannot provide.

In this study, we follow iterations of the safety triangle through
literature, ordering them chronologically and in part thematically,
trying to discern evolutionary patterns such as variations spreading in
time and comparing them to other iterations that came before and after.
We cannot and will not investigate every single iteration, because this
would require a sizeable book, but more importantly, the selection
criteria/mechanism of the various authors are inaccessible to us. How-
ever, we can see the results that the replication left in literature and
documents and can infer some patterns from these artefacts and some of
the context they are replicated into. Objectives of authors can provide us
with glimpses of their reasons and the selection/replication mechanisms
involved. For example, how BBS-scholars emphasized the behavioural
elements of the triangle, how the Center for Chemical Process Safety
(CCPS) uses it to illustrate the different levels of process safety indicators
and how some tried to replicate Heinrich’s ratio or create their own.

1.4. Memetics in safety literature

Memetics have been used as an analytic framework in various do-
mains, for example to predict the success of major innovations (Langley
et al., 2005), marketing and customer behaviour (Marsden, 1998; Wil-
liams, 2000), advertising (Gelb, 1997; Marsden, 1998), diffusion of
quotations (Omodei et al., 2012), urban legends (Heath et al., 2001),
organisational learning (Price, 1995; Price and Shaw, 1996), manage-
ment ideas and fashions (O’Mahoney, 2007; Price, 2012), coordination
mechanisms in organisations (Heath and Seidel, 2005), and manage-
ment and organisation studies (Gill and Price, 2022).

Searches in Scopus and Web of Science turn up a relatively small
number of safety papers featuring the term “memetic” or variations
thereof. Most often it is used in the sense of “memetic algorithms” or
“memetic optimization” in safety literature. These are not relevant for
this study. Among the relevant papers, Brooks (2008) explored how
cultural assumptions were replicated and retained within a small/me-
dium sized enterprise, suggesting the presence of negative cultural ele-
ments which he called “Cultural Safety Viruses”. Kahan et al. (2017)
investigated the effect of “antagonistic memes” on risk perception and
affect regarding the Zika-virus. Holm et al. (2015) used a memetic
approach in the related field of sustainability education and manage-
ment systems, and Ventresca (2022) studied the use of memes to support
health communication.

Because of the limited results in our literature search, we also
searched safety literature for evolutionary approaches using various
keywords. The term “evolutionary” is used frequently in many different
contexts and meanings throughout safety literature. However, it is rarely
used in a Darwinian sense, which is what this study is interested in. An
exception is the attempt by Chen et al. (2023) to use Darwinian prin-
ciples in accident causation, curiously conflating among other things
Heinrich’s accident triangle with Universal Darwinism.

In addition to papers that employ memes or evolutionary ap-
proaches, there are some historical accounts that can be usable as a basis
for exploring concepts from an evolutionary perspective. Some of Le
Coze’s work on the Swiss Cheese Model, Rasmussen, Perrow, the “new
view”, and BBS (Larouzee and Le Coze, 2020; Le Coze, 2015b, 2015a,
2022, 2026), or the review of culture maturity models (Goncalves Filho
and Waterson, 2018) hold elements that are not fully evolutionary but
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provide good historical descriptions of developments. Another historical
account of safety concepts is found in Busch’s work on Heinrich’s her-
itage (Busch, 2021), and to this we now turn.

2. The historical development of a safety concept
2.1. The accident triangle

In this section we will give a brief description of the history and
development of the accident triangle and provide a discussion of its
meaning. For a fuller discussion of these subjects, see Busch (2021). It is
important to note that it is not this paper’s intention to discuss whether
the triangle concept is “right” or “wrong”. As Busch (2021) shows, there
is no straightforward answer to this as it very much depends on in-
terpretations, some of which are in accordance with Heinrich’s princi-
ples and some which are not.

Heinrich reports the triangle as a by-product of a study of 10.000
cases, conducted by Travelers Insurance safety engineers led by Hein-
rich. This research produced the 1:4 ratio for direct to indirect costs of
accidents (Heinrich, 1926, 1927). The concept was mentioned properly
for the first time in a November 1927 paper: “For every actual injury that
occurs there are several ‘near accidents’ resulting in property damage,
spoilage, lost time and other costs, difficult to calculate with exactness.”
(Heinrich, 1927, pp. 230-231).

It seems that Heinrich sensed that he was on to something, so when
Heinrich presented the results of his next project, investigating the
causes of 75.000 accidents, in his mid-1928 paper Origin of Accidents,’
the ratio was further developed, now carrying a lesson,

“The cause in each instance is the same, yet we ordinarily record only
the serious case. We unnecessarily limit our exposure (and conse-
quently the value of our conclusions as to cause) when we select only
compensable, lost time, or major cases for analysis.” (Heinrich,
1928a, pp. 11-12)

By the end of the year, the idea had matured further and was pre-
sented at the Twelfth New York Industrial Safety Congress in December.
His paper The Foundation of a Major Injury (Heinrich, 1929b) for the first
time presented the concept in a complete form. One of the new key el-
ements was an expansion, adding no-injury accidents,

«...for every mishap resulting in an injury, there are many other
accidents in industry which cause no injuries whatever. The inves-
tigation has enabled us to establish the conservative ratio of 10-to-1,
between no-injury or potential-injury accidents and those causing
injuries.” (Heinrich, 1929b, p. 1)

Heinrich supports the findings with a variety of cases with ratios
varying from 1:3.000 to accidents where the first event led to injury.
From the reviewed cases, Heinrich’s team established the average ratio
of 1:29, major to minor injury. Because they had no reports of no-injury
cases, they used the investigated cases to establish an estimate. In an
earlier stage, he had been working from a higher ratio, estimating injury
to no-injury at 1 to 30 to 40 (NSC, 1928, pp. 832-833). Eventually, they
settled for a “conservative” estimate for the injury to no-injury of 1:10,
which they considered convincingly enough. The paper also brought the
first visual representation (see Fig. 1). However, a ‘blocky’ figure
resembling a ziggurat rather than a pyramid (Busch, 2021).

The concept carries some important lessons. First, it suggests a pro-
active, risk-based approach: “The importance of any individual accident
in prevention work lies in the potential power to create injury and not in
the fact that it actually does or does not so result” (Heinrich, 1929b, p.
10). Second, it illustrates that a focus on events with major outcomes is
limiting because often there is a much greater number of low-outcome
events with similar causes, so there is no need to wait for an accident

! One wonders whether Heinrich had Darwin in mind when choosing a title.
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THE FOUNDATION
OF A MAJOR INJURY

1 MAJORINJURY

29 MINOR INJURIES

300 NO INJURY ACCIDENTS

THE RATIOS GRAPHICALLY PROTRAYED ABOVE ----1----29----300----
WHEN EXPRESSED IN PRECENT OF ALL ACCIDENTS SHOW THAT---
0.03% OF ALL ACCIDENTS PRODUCE MAJOR INJURIES -----------—----
08.0% OF ALL ACCIDENTS PRODUCE MINOR INJURIES-------—-—-—-——-
90.9% OF ALL ACCIDENTS PRODUCE NO INJURIES --- - -- - cm e -

THE TOTAL OF 330 ACCIDENTS AS SHOWN BY THE TABLE BELOW

ALL HAVETHE SAME CAUSE.

SINCE IT IS TRUE THAT THE ONE MAJOR INJURY MAY RESULT FROM

THE VERY FIRSTACCIDENT OR FROM THE LAST OR FROM ANY OF

THOSE THAT INTERVENE, THE OBVIOUS REMEDY IS TO ATTACK
ALL ACCIDENTS.

Fig. 1. The first graphic representation, adapted from Heinrich (1929a/b).

with serious consequences to happen. Heinrich argues that safety
management must not be led by (random) outcomes but instead must
concentrate on all that happens. As he says, realising this is a “splendid
opportunity to anticipate and prevent actual injuries.” (Heinrich, 1929b,
p. 4.

2.2. Heinrich’s developments

Several iterations and new versions of the triangle appeared during
Heinrich’s active work. He kept tinkering with the concept as evidenced
by changes in the visuals and explanations. In 1931, Heinrich’s first
book, Industrial Accident Prevention, was published. His early papers
(Heinrich, 1927, 1928b, 1929b) formed the main framework for this
book (Heinrich, 1931) with added themes on management and practical
accident prevention. Most of the Foundations paper re-appeared in the
book with some minor modifications to the text and figure. After 1931,
Heinrich mentioned the ratio in several papers (Heinrich, 1932a, 1932b,
1934, 1937) without elaborating on the concept.

The second edition of Industrial Accident Prevention (Heinrich, 1941)
brought some changes to the concept, most likely intended as clarifi-
cations of the concept. The most striking change was that it finally got its
iconic triangle shape (see Fig. 2). This would become the dominant form
(Utterback and Abernathy, 1975) in which the meme appeared over the
years. In the text, Heinrich emphasises that the unit group of 330 acci-
dents are “similar” and “of the same kind” (Heinrich, 1941, p. 26). This
is an important addition regarding the understanding of its application
and how to understand suggested common causation. The 1941 book
also introduced Heinrich’s ten Axioms of Industrial Safety, of which
Axioms 4 and 6 dealt with the accident triangle:

“The unsafe act of a person does not invariably result immediately in
an accident and an injury, nor does the single exposure of a person to
a mechanical or physical hazard always result in accident and injury.
... The severity of an injury is largely fortuitous — the occurrence of the
accident that results in the injury is largely preventable.” (Heinrich,
1941, pp. 12-13) (emphasis in original)
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THE FOUNDATION
OF A MAJOR INJURY

A

Major Injury

29 |

Minor Injuries

/TN

| 300 No-Injury Accidents |

AR

0.03% OF ALL ACCIDENTS PRODUCE MAJOR INJURIES---------
08.0% OF ALL ACCIDENTS PRODUCE MINOR INJURIES-
90.9% OF ALL ACCIDENTS PRODUCE NO INJURIES--------------

THE RATIOS GRAPHICALLY PROTRAYED ABOVE ---1---29---300
SHOW THAT IN A UNIT GROUP OF 330 SIMILAR ACCIDENTS,
300 WILL PRODUCE NO INJURY WHATEVER, 29 WILL RESULT
ONLY IN MINOR INJURIES AND 1 WILL RESULT SERIOUSLY.

THE MAJOR INJURY MAY RESULT FROM THE VERY FIRST
ACCIDENT OR FROM ANY OTHER ACCIDENT IN THE GROUP.

MORAL - PREVENT THE ACCIDENTS AND THE INJURIES WILL
TAKE CARE OF THEMSELVES..

Fig. 2. The iconic 1941 accident triangle, adapted from Heinrich (1941).

During the 1940 s, the concept was featured in Heinrich’s manage-
ment books (Heinrich, 1943, 1944). These are interesting because they
present different and novel graphic representations, as well as showing
some additional thoughts around the concept. Of course, lacking
explanation by Heinrich himself, we can only speculate on reasons for
the different graphics. One reason may have been that Heinrich wanted
to highlight other aspects of the idea, but it may also have been a
copyright issue due to different publishers. One version (see Fig. 3)
shows an endless row of workers lifting an object with a bend back,
symbolising that this “wrong” way of doing the job in the end may lead
to a serious injury and loss of valuable time (Heinrich, 1943, p. 24). The
text in Basics of Supervision suggested that the principle also applied to
production losses and extending the foundation of the triangle with
thousands of unsafe practices (Heinrich, 1944).

The second edition of Industrial Accident Prevention (Heinrich, 1950)
had only minor changes in the text, but Heinrich’s final version of the

The Background of a Lost Time Injury

1 SERIOUS OR LOST TIME INJURY
29 MINOR INJURIES
300 NO INJURIES

THE BACKGROUND
OF A LOST TIME INJURY

Is THE FOREMAN’S OPPORTUNITY

Fig. 3. The novel war-time one-off variation, adapted from Heinrich (1943).
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concept brought some major changes (Heinrich and Granniss, 1959). As
suggested in 1944, the triangle was expanded downwards, adding an
underlying base of hundreds or thousands of unsafe acts or exposure to
hazards (see Fig. 4), suggesting “It indicates still greater opportunity”
(Heinrich and Granniss, 1959, p. 27). In addition, the text addressed
some misunderstandings, some of which also exist today — but that is
outside the scope of this paper.

2.3. Post-Heinrich

Over the past decades, the accident triangle concept has been
adopted and adapted by many others. The scope of this paper does not
permit an exhaustive discussion of all iterations of the triangle; there-
fore, we will chronologically go through a broad enough selection that
can be regarded as representative of the variations found in literature.
First among these was by Heinrich’s collaborator Alfred Lateiner, who
introduced the famous iceberg metaphor (Lateiner, 1958). He facilitated
the (further) spread of the concept to several European countries as the
Netherlands, Germany and Norway, through industry safety training as
part of the Marshall plan (Swuste et al., 2010).

The first of many studies establishing new ratios was done by Frank
E. Bird jr. While working at Lukens Steel, he studied over 90.000 acci-
dents in a seven-year period, finding a ratio of 1:100:500. Instead of
near-misses, Bird’s bottom layer featured property damage incidents
(Bird jr. and Germain, 1966). He followed up with another ratio study
covering over 1,7 million accident reports from almost 300 US-
companies. This produced a new ratio, 1:10:30:600, which is probably
the best known after Heinrich’s 1:29:300 ratio. Bird added property
damage as the new third level with near misses as the lowest level (Bird
jr. and Germain, 1992; Bird jr. and Loftus, 1976). Like Heinrich, Bird
emphasised opportunities for improvement but did not add nuances
regarding similarity. Bird also drew the ratio in a 3D pyramid shape.
Thanks to Bird’s work, the triangle was connected to the International
Safety Rating System (ISRS) and courses through Bird’s Loss Control
Centre, and later DNV.

Several ratio studies were conducted during the 1970 s, commonly
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accompanied by triangle-styled graphics, including a 1:19:175 ratio by
Fletcher (1972), the Tye-Pearson ratio of 1:3:50:80:400, established on
behalf of the British Safety Council in 1974-75 (Hubbard and Neil,
1986), and the 1:39:292:730 ratio from the 1984 Procter & Gamble
Port Ivory study (Fulwiler, 2002).

Petersen (1971) was perhaps the first to critique the triangle, sug-
gesting that circumstances causing severe consequences were different
from circumstances causing minor consequences. He would reiterate
this in the final edition of Industrial Accident Prevention (Heinrich et al.,
1980). This edition did not offer a new triangle, but presented the 1959
text, discussed Bird’s work, and critiqued some misdirected
applications.

During the 1980 s and 1990 s, the accident triangle was adopted by
authors from the field of Behaviour Based Safety, following the 1959
expansion of the triangle, adding behaviour to the bottom (Krause et al,
1990; Geller, 1996; Fulwiler, 2002; McSween and Moran, 2017). The
UK’s Health and Safety Executive reported several triangles during the
1990 s (HSE, 1997, 1999) with widely varying ratios. Even in recent
years, studies presented new triangles or created them for a specific
industry (Collins, 2011; Dunlap et al., 2019; Freibott, 2013; Prem et al.,
2010; Walker, 2017).

Hale’s critique provides a unique addition to the literature on the
triangle, because it is one of few sources that explicitly discusses the
conditions under which some of the applications of the triangle might be
true. He concludes that one needs to focus on scenarios and not blend
different triangles together (Hale, 2002). Hollnagel (2004) reaches a
similar conclusion, and Hopkins (2008) echoes this by distinguishing
triangles for occupational and process safety. Wright (2002) tests some
of the premises of the triangle, commenting that Petersen and others
confound causality and frequency/severity interdependence in their
critique (Wright and Van der Schaaf, 2004).

Starting from the early 2000 s the Serious Injuries & Fatalities (SIF)
movement suggested that incidents with the potential for serious in-
juries and fatalities have different root causes and contextual factors
leading up to them. Therefore, it was necessary to focus on part of the
triangle, SIF-precursors, instead of any minor incident (Bayona et al.,
2024; Inouye, 2018; Manuele, 2003, 2008, 2013b; Martin and Black,
2015).

Recently, the triangle has been the target of critique, especially from
“new view” safety (Conklin, 2007, 2017; Dekker, 2014, 2018; Hollnagel,
2014; Poole and Dekker, 2024) often echoing Manuele’s critique
(Manuele, 2002, 2011, 2014). Of special interest is Conklin’s short
article. Intended as critique, it resonates well with Heinrich’s work while
proposing a novel depiction, an “accident sphere”. Just as Conklin’s
focus on learning, also Hollnagel’s recent work discusses conditions for
learning. Plotting accidents, incidents and everyday work on a scale of
frequency and similarity creates a figure that resembles a tilted triangle.
(Hollnagel, 2018, pp. 40-42).

While Heinrich mainly worked within occupational safety, the tri-
angle was adopted in many other domains, including process industry
(Jones et al., 1999; Phimister et al., 2003; CCPS., 2022), aviation
(Nascimento et al., 2013; Nazeri and Donohue, 2008; Ranter, 2002;
Rieder and Bepperling, 2011; Walker, 2017), the maritime sector
(Andersen, 2018; Anderson, 2003; Bhattacharya, 2009; International
Chamber of Shipping (ICS), 2013; Majumdar et al., 2022), health care
(Taxis et al., 2005), sports (Hawkins and Fuller, 1996, 1998), bicycling
(Hamann and Peek-Asa, 2017), security, quality, corporate governance,
finance and risk management (Oktem, 2002; Oktem et al., 2010), air
pollution (Environmental Protection Agency (EPA), 2024), compliance
(State of Queensland, 2018), while several health agencies used it during
the Covid-19 pandemic (Folkehelseinstituttet, 2020). It can be said
without any doubt that the accident triangle has become a part of the
safety curriculum (Manuele, 2013a), being used in courses and training,
while many organisations apply the triangle or derivative concepts in
practice.

The many different instances of the triangle in literature can be
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categorised in different traditions; versions that shared certain similar-
ities. This is not a strict taxonomy, as some versions fit several traditions,
but a loose grouping to illustrate the evolution in which we avoided
duplication as much as possible. Fig. 5 illustrates the historical devel-
opment of the accident triangle through a partial family tree showing
different strands of the triangle’s evolution. To facilitate readability, the
family tree shows some of the main branches of triangle-replication and
we selected only some of the sources discussed in this paper, plotting
them on several traditions in which the triangle has been replicated into,
such as behavioural approaches to safety, studies that concern them-
selves with establishing or testing different ratios, and the literature that
is critical of the triangle, including the more recent SIF and “new view”
branches. Branches ‘growing’ to the top signify interpretations that have
endured the replicate-variate-select-cycle until today, while short
branches show non-surviving variations. We added one branch for the
“iceberg” metaphor because it is a metaphor that is frequently used until
today, even though there is no later literature that discusses it other than
using the metaphor (Saloniemi and Oksanen, 1998; Wright and Van der
Schaaf, 2004).

3. Discussion: The accident triangle as a meme
3.1. The evolution of a safety concept

Studying the historical development and application of the accident
triangle, shows us the presence of a Darwinian evolutionary algorithm
characterized by three key processes: replication, variation, and selec-
tion (Dawkins, 1976), illustrated in Fig. 6 by using some of the accident
triangle iterations. As discussed in the methods section, we have limited
access to the reasons and mechanisms involved in selection, variation
and replication by various authors. The replication cycle is easiest to
follow through Heinrich’s work. Therefore, we will study a small section
of evolution in Heinrich’s time and discuss the others more generally. He
selects the meme regularly to convey his message (in words and pic-
tures) and from time to time, he alters it, producing elaborations and
new variations, some of which endure, while others are not selected
again.

The figure shows a snippet from the long evolution of the triangle. In
the first step, we see the figure from the 1931 edition of Industrial Ac-
cident Prevention, which Heinrich replicated and adapted from its first
appearance in the 1929 papers. During the 1930 s, he would mention the
ratio (but not the figure) in several papers and speeches —unchanged,
therefore did we not include them in the figure. When Heinrich prepared
the second edition of Industrial Accident Prevention, he selected again the
triangle for inclusion in the book (replication), but he thoroughly
changed both figure and description (variation). During the 1940 s,
Heinrich selected the triangle again for use in his management books,
one of these is shown in the upper branch, where he replicated and
varied the triangle in an entirely novel way in 1943. This version what
never selected again. The lower branch shows how Heinrich selected the
triangle for the third edition of Industrial Accident Prevention replicating
it in an almost unchanged version. Finally, for the fourth edition, he
selected the concept, producing a new variation with an added level.

We will discuss the different phases of the evolutionary cycle more
explicitly below, but first, we must consider the triangle’s origins.

3.1.1. Origins and background

Evolutionary scientists speculate that genes came into existence
when their building blocks formed under certain conditions, right for
forming complex molecules (Dawkins, 1976). The state of safety prac-
tice and knowledge in the late-1920 s can be seen as an equivalent for
this “primordial soup” (in evolutionary theory, the hypothetical set of
conditions present on Earth billions of years ago in which organic matter
emerged) in which the triangle meme came into existence.

Just as the circumstances had to be perfectly right for genes to
emerge, the circumstances for the accident triangle meme had to be
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Fig. 6. The evolutionary algorithm illustrated with some versions of the accident triangle.

right for its formation. The building blocks had to be present and the
circumstances right for its acceptance. One important building block
was the insight that causes, the accident and its consequences were
separate parts of the accident process (DeBlois, 1926), others the idea of
accident prevention, and the notion of consequences with different de-
grees of severity. Also, the environment had to be ready for its reception,
selection and further replication. One of the most basic conditions for
the meme to be selected and thrive was an interest in safety, which
emerged in the late 19th/early 20th century (Aldrich, 1997).

So, while Heinrich called the “discovery” of the triangle an “inci-
dental” (Heinrich, 1929b), reading some of the literature at the time,
suggests that the idea was “in the air”. It did not appear in any of the
safety handbooks published after World War I (Lange, 1926; Ashe, 1917;
Beyer, 1916; Cowee, 1916; DeBlois, 1926). However, taking the 1928
(the year of the accident triangle’s final realisation) edition of National
Safety News shows several mentions. This indicates that the idea was
around, waiting to be shaped in a meme that could replicate faster and
better. The January editorial featured a section titled Near Accidents
saying,

“The ratio of accidents to personal injury is unknown, but safety
engineers set it at anywhere from ten to a hundred. In other words,
we may assume that the regular process of the work is broken many
times before a man is injured.” ... “The safety engineer endeavors to
prevent such interruptions because every one of them may lead to an
injury. It is ridiculous to suppose that he will try to prevent only the
cases in which men are injured, because no one can foretell when a
man will be hurt.” (Bary, 1928)

The July issue contained the Origin of Accidents paper (Heinrich,
1928a), presenting Heinrich’s triangle concept for the first time. The
August editorial mentioned,

“It is well known among safety engineers, insurance statisticians and
others who have studied the origin of accidents that disasters and
minor mishaps often have similar causes.” ... “The experience of the
company with a large number of risks shows that drives on minor
accidents have often proved resultful in bringing down the number of
serious casualties.” (Anonymous, 1928)

The same month, Tolman quoted Sidney J. Williams from a 1919
presentation, saying “Suppose a box falls off a loaded truck and kills a
man. For every such case which results in a physical injury, there will be
perhaps a hundred cases where a box falls off without injuring anyone”
(Tolman, 1928, p. 60). However, as the January editorial, this was said
in the context of safety and efficiency, not explicitly with the realisation
of proactive accident prevention.

It must be noted that the idea of reacting on what we today label as

near misses was found earlier. Besides the 1919 presentation, a short
article appeared in the September 1916 issue of Safety Engineering dis-
cussing some of the elements that Heinrich popularized through the
triangle (Richardson, 1916). We can only speculate why Richardson’s
original meme did not catch on. One reason must be his limited exposure
(one brief article against many articles, books and lectures by Heinrich),
a lack of graphics and numbers which made it less memorable, and
unlike Heinrich’s meme, it was not part of a larger framework/
memeplex.

3.1.2. Replication

Replication is the evolutionary process necessary to create new
generations or copies of a concept. This happens when the concept is
communicated to others who remember it, but also when it is preserved
(Distin, 2005) by various means, such as books, CDs or websites. When
people interact with these “meme vehicles” (Dennett, 1990) new repli-
cations can follow because people choose to copy the meme, use it in
presentations or papers, and so on.

The historical review from the previous section shows a long row of
replications, starting with Heinrich who clearly believed in the concept
and replicated it until his retirement throughout his work, both in safety
and in management books, papers and speeches. Initially, the meme may
have needed some time before it gained broader traction, but Heinrich
replicated it until it was picked up by others. He had a large reach
through his books and papers. For example, the Foundations paper
appeared in both Travelers Standard and in National Safety News
(Heinrich, 1929b, 1929a), reaching a large part of USA’s safety com-
munity at the time, and several reprintings of Industrial Accident Pre-
vention (and other books) enhanced survival. Over his career, he held
influential positions on various committees providing opportunity to
further his thoughts to a broad audience, increasing chance of replica-
tion by others.

As we saw, the meme was replicated by Lateiner who brought it
abroad, then Bird picked up on the meme, managing to institutionalise it
into the ISRS and courses. Afterwards, many other ratio studies fol-
lowed, it was incorporated in other frameworks such as BBS and SIF,
critics replicated it, while proponents tried to test it. Besides, as we saw,
it replicated from occupational safety in many other fields and became
part of the safety curriculum (Manuele, 2013a).

3.1.3. Variation

Replication is often imperfect leading to variations of the original
meme through two processes, mutation and recombination (Dawkins,
1976; Distin, 2005). Mutations occur unintentionally or intentionally.
Unintentional mutations occur when someone (mis)interprets a concept,
e.g. because of shallow understanding, or using just the picture without
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the nuances that are described in the accompanying text. Intentional
mutations occur when people or organisations choose to partially adopt
concepts, or when concepts are translated to specific contexts. Variation
through recombination happens when a meme is connected to or com-
bined with other memes.

The first variations of the concept happened when Heinrich took the
original idea, extended it, added a ratio and shaped it into a visual, using
various “representation systems” (Distin, 2005, p. 153). On several oc-
casions, he adjusted the meme. Different environments caused variation
in his management books (Heinrich, 1943, 1944), later he expanded the
accident triangle with unsafe acts (Heinrich and Granniss, 1959). During
the 1950 s, others must have interpreted the triangle in unintended
ways, causing mutations, because Heinrich found it necessary to address
some “misunderstandings” (Heinrich and Granniss, 1959). Lateiner
(1958) combined the accident triangle with another metaphor, the
iceberg, while Bird (Bird jr. and Germain, 1966) and others brought new
variations by doing their own research, coming up with different ratios
and sometimes adding and renaming layers. More variations occurred
by combining the triangle with other domains and incorporating it into
larger frameworks as Loss Control (Bird jr. and Loftus, 1976), BBS
(Geller, 1996; Krause et al., 1990), SIF (Manuele, 2008; Martin and
Black, 2015) or making it an organisational metric (CCPS, 2022).

One reason for variation of safety concepts may be that their visual
representations often come without or with limited description of how
to interpret and use them. Therefore, many users will make their own
interpretations and translations. This applies even more when concepts
are transferred between domains (Reiman and Viitanen, 2019). Con-
cepts often produce variations because they are generalist rather than
specific. Successful concepts leave much room for the interpretation of
their implementation. Their “ambiguity means that (potential) users can
eclectically select those elements that appeal to them” (Benders and Van
Veen, 2001, p. 37). We also see this in the variety of adaptations of the
accident triangle in safety literature and practice, such as:

e Triangle-as-opportunity (Bird jr. and Germain, 1966; Heinrich,
1931)

e Triangle-as-metric (CCPS, 2022; Cooper, 2019; Dekker, 2014)

e Triangle-as-fixed-ratio (Gallivan et al., 2008; Yorio and Moore,
2018)

e Triangle-as-prediction (McKinnon, 2012; Taxis et al., 2005)

e Triangle-as-proportional-reduction (McKinnon, 2012; Seward and
Kestle, 2014)

e Triangle-as-scenario (Hale, 2002; Heinrich, 1941)

Triangle-as-learning (Conklin, 2007; Hollnagel, 2018)

e Triangle-as-symbol-of-“old-view” (Conklin, 2017; Dekker, 2018)

It is known that variations of safety concepts often depart from their
originator’s intention (Giroux, 2006; Le Coze, 2013), and some of these
variations are not in accordance with Heinrich’s initial concept. Hein-
rich’s texts contain prescriptions about how to apply the triangle, e.g.
that it applies to “unit groups” of “similar” accidents. However, these
nuances are subject to available resources and time to process, as well as
to personal filters due to background, education, and goals. In addition,
the image is often communicated without the accompanying text. This
means that the image, or ratio, is replicated separated from the in-
structions of use. This separation enables greater variability in its
application. Most importantly, many are not exposed to the original
meme, but to a later variation (which may be labelled as “Heinrich’s”
nevertheless).

3.1.4. Selection

Not all variations survive. Distin (2005) suggests that fitness is
relative. Memes must be adapted or adaptable to changing environments
in which they are selected for further replication, or not. There are
various factors that enhance selection, some of which are characteristics
of memes making them attractive for getting noticed and imitation
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(Blackmore, 1999), other factors relate to a receptive environment.

There are many characteristics that can increase attractivity and
selection, such as novelty, vividness, mass familiarity, usefulness, posi-
tiveness, and universal applicability (Blackmore, 1999; Distin, 2005;
Gelb, 1997), as well as memorability and understandability which can
be increased through visualisations, use of numbers or short bullet-lists.
“Emotional selection” (Heath et al., 2001) is a factor when memes
resonate with people. Relating to the emotional aspect, it also matters
how and by whom memes are communicated. Consultants, enthusiastic
peers, and gurus (Huczynski, 1993) or celebrities who endorse concepts,
can act as “infectious agents” (Williams, 2000). Advertisements and
propaganda utilize memes to great effect, infecting minds and influ-
encing actions of their audience (Price and Shaw, 1996).

Environmental factors enhancing selection of memes include politi-
cal, institutional, and social factors. Popularity is important; concepts
that are “in vogue” provide status to those who adopt them and un-
dermine the status of those who haven’t (yet) (Spicer, 2018, p. 39). Also,
when a meme is part of a larger system or is institutionalised, it has a
clear advantage of being selected and replicated, because that is what
people are supposed to do, what they are used to, and what costs less
effort. Viewed from a memetic perspective, they are in a fertile envi-
ronment where they can replicate. Therefore, it is advantageous when a
meme has characteristics to easily “allying itself with” (Gelb, 1997)
other attractive concepts, or can “cross-fertilize” (O'Mahoney, 2007)
with other memes.

It is not one or the other, factors will interact with each other and
enhance or cancel each other out. It is likely that the combination of
factors for memes will most likely differ. Things that benefit one meme
may hinder others, and sometimes present memes may rival memes
(Best, 2006).

The accident triangle possesses many of the abovementioned char-
acteristics: it is visual, memorable, relatively simple, useful in various
contexts because its interpretation is flexible, it carries a positive mes-
sage, can be used to initiate action, and it was conceived and promoted
by someone who could be regarded as a ‘safety celebrity’ (Busch, 2021).
Heinrich made the triangle memorable and attractive for selection and
replication through the visuals and the neat 1:29:300 ratio. As he ex-
plains, the ratio of injury to no-injury could have been even larger, but
he chose to keep it believable (Heinrich, 1929b), making it a good tool of
communication and persuasion (Busch, 2019, 2021) that he used on
many occasions.

Not all variations were successful. For Heinrich’s management book
variations (Heinrich, 1943, 1944), we can assume that many people,
foremen receiving safety training during WW2, were exposed to these
variations. However, they probably only replicated it in the context of
their workplace. Therefore, these mutations did not survive, in contrast
to the iconic triangle and the iceberg variation (Lateiner, 1958). Neither
did most ratio studies, except Bird’s and the 2003 Conoco Philips study
(Bird jr. and Germain, 1966; Bird jr. and Loftus, 1976; Freibott, 2013),
make impression outside their context. Although Heinrich contributed
through his apparent favouring the triangle over other versions, the
survival of the triangle shaped meme may also fit within culture, given
the abundance of similarly shaped figures for other concepts as Mas-
low’s hierarchy, to depicting strategy, hierarchy of controls, or docu-
ment structures.

However, that certain variations did not survive has not harmed the
meme’s survival. The many mutations, including some mis-
interpretations, have contributed to the survival of the accident triangle.
It has been concluded before that high fidelity in replication may “limit
replicative fitness; limit the niches into which a particular meme can
expand.” (Price, 2012, p. 344). Specialised memes do not achieve broad
replication and are fragile: “Without variation, an environmental change
might destroy all copies of the same meme. By varying in their form,
memes increase the likelihood of their own survival in differing con-
texts.” (O’Mahoney, 2007, p. 1341).

In addition, the accident triangle meme associated with several
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memeplexes, such as prevention, safety management, and measure-
ment. The accident triangle was institutionalised in many instances and
became part of larger memeplexes, ensuring selection as part of a
“package” as with Loss Control, BBS, SIF, and even the “new view”.
Somewhat speculatively, one could say that in the latter case the acci-
dent triangle-meme switched from a “protagonist” to an “antagonist”
role when it was opportunistic.

When discussing selection, it is also interesting to look at the varia-
tions, or other memes that were not selected and thus disappeared. This
is a much harder to do, because less documentation for them is available.
This study has shown that some of Heinrich’s own variations were not
replicated after their initial appearance. A better case, however, would
be the aforementioned anecdote by Williams, which was presented at
the November 1919 conference of the National Safety Council, first
appearing in Williams’ report of that event (Williams, 1920), later
repeated in his book The Manual of Industrial Safety (Williams, 1927),
and quoted by Tolman (1928). We can only speculate on reasons why it
was not selected further. One suggestion could be a waning interest in
the efficiency movement (in which terms it was phrased) among safety
professionals. Also, it did not mutate and adapt. Neither was the anec-
dote generalised and visualised, meaning that it could not compete with
the more attractive accident triangle when it appeared. In more general
terms, we can conclude that Heinrich’s memeplex replaced the work
from all early safety authors with his own, being the only safety author
active before World War 2 to continue his work and leaving names as
Williams, Lange, Tolman, or DeBlois behind, today only known to a
handful of historically interested safety scholars. Bluntly said, after
Dennett (1995), Heinrich’s triangle survived because it was a more
interesting meme and was more able to reproduce itself.

4. Conclusion, implications, and limitations

Are memes a useful way to think about safety concepts? This paper
suggests a positive answer. The novel approach to study a safety concept
used in this paper provides several insights that can be used to improve
safety theory and practice. Taking the “meme’s eye view” (Distin, 2005)
of a safety concept’s history can tell us about both its adaptation and
adoption over time. Through an algorithm of replication, variation, and
selection we can see how ideas and concepts are successful in their
diffusion and adoption, and the reasons why. These reasons can partly
be found in the characteristics of the ideas, but also in the environment
the ideas are exposed to.

We can illustrate this with our review of the accident triangle meme.
The triangle exhibits many of the traits of successful memes. Some of
these traits make the triangle attractive and easy to replicate, others
make it adapt to different environments, and yet others make it easy to
attach itself to various frameworks. This speaks of the versatility of the
accident triangle meme which adapts and combines to changing cir-
cumstances. Our analysis of the accident triangle suggests that a mem-
etic perspective may also offer a useful framework for exploring why
other safety concepts, such as the Swiss Cheese Model, dominos, or the
safety culture ladder, replicate and persist over time. Whether the
mechanisms identified here apply to these concepts remains an empir-
ical question for future research.

Weingart et al. (2013) propose that a genuine unit of culture must
have at least three properties: 1) a conceptual or ideational reality,
capable of influencing behaviour and artifacts; 2) a history of social
transmission; 3) it must be an embedded component part of a greater
conceptual system. All apply to the triangle: it directs attention to
certain type of events for action, it has seen a widespread through safety
literature and practice as illustrated in chapter 2 and the family tree, and
it has become part of the safety curriculum and several traditions within
safety.
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4.1. Relevance and implications

4.1.1. Memes as a tool

Adopting a memetic perspective and memes as a tool may have ad-
vantages. Memes enable and constrain (Price and Shaw, 1996). Taking
the memetic perspective may help understanding why some are
accepted and replicate. This can also help to design better concepts and
campaigns that use emotional aspects (Marsden, 1998) rather than, or in
addition to, rational approaches (e.g. based on safety statistics or haz-
ards). Also, given the importance of the environment, memes must be
designed to fit the (organisational and cultural) environment, e.g. life-
saving rules should not merely be copied but adapted to the organisa-
tion. With knowledge of what makes memes more likely to replicate and
under what conditions, it should be possible to develop safety concepts
with characteristics that make them attractive for adoption or create
receptive conditions in which they thrive: “knowledge of how to create
and then structure them will provide more message for less” (Williams,
2000, p. 273). One way of doing so is getting memes into systems and
social and institutional structures, such as Body-of-Knowledge, regula-
tion, and certification schemes that will store them, communicate them
frequently, and facilitate imitation (Blackmore, 1999).

Memes can work positively and negatively (Brooks, 2008; Kahan
et al., 2017). Memes can become a hindrance for good practice if they
are applied in an unsuitable environment/situation, but they can also as
“unifying vehicles” (Heath and Seidel, 2005), helping people to select
appropriate action. In safety terms, we may think of life-saving rules,
warning signs, or pictograms. Understanding these processes is impor-
tant. Paying attention to them, and intervening can enhance their
effectiveness and dissemination, or to reduce their potential negative
effect. Being mindful of memes can be helpful in implementing new
safety concepts, for example by replacing existing memes with new ones.
This may increase the success of a new concept. An example for this is
the relatively “meme heavy” Human Organisational Performance that
recently made a breakthrough with its five principles, 4Ds, STKY, Wad
vs. Wal, the blue line graphic, Jenga and various one-liners (Conklin,
2019; Dekker and Conklin, 2022; Sutton et al., 2020, 2023). Several
similar movements as Safety-1I (Hollnagel, 2014), Safety Differently
(Dekker, 2015) and Resilience Engineering (Hollnagel et al., 2006),
lacking the catchy packaging, appear to have a more limited following.
This is obviously not the sole explanation, but it is reasonable to assume
that attractive and memorable memes help to further ideas and
movements.

Knowledge of memetics can help safety professionals in reflexive
practice. We are constantly surrounded by and exposed to memes.
Therefore, it is important to be aware of their impact. Safety pro-
fessionals can make better choices if they understand how memes can
influence our adoption (Price, 1995) and perhaps it is possible to train to
think critically when being exposed to memes. These insights can help
safety professionals to think about the reasons for why they do what they
do — beyond the superficial (sometimes illusion of) improving safety.
Finally, thinking in terms of memes highlights the evolutionary char-
acteristics of ideas and emphasises. They are subject to selection and
variation, something which is easily ignored or not recognised. Realising
that things (such as safety concepts) do not mean the same to everyone
(Pomeroy and Pilbeam, 2025) is an important factor when entering
discussions about them.

4.1.2. Dislodging memes

Busch (2021) shows an increase of citations of Heinrich’s book In-
dustrial Accident Prevention since the early 2000s (see an updated version
in Fig. 7). Especially after the publishing of Manuele’s critical 2011
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Citations of Industrial Accident Prevention per year (Scopus 01.01.2026)
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Fig. 7. Citations of Industrial Accident Prevention from 1970 to 2025 (Scopus, Jan. 1, 2026).

paper, there is a sharp increase in citations.? Of course, this is only a
crude approximation of the replication of the meme in safety literature,
but a reasonable one because most authors quote Heinrich’s book when
discussing any of his concepts and only rarely his papers, and almost
never Bird.

This, along with what we have learned from the evolutionary algo-
rithm of replication, variations and selection, illustrates that if you want
to “dislodge” (Manuele, 2011) concepts from practice, merely attacking
and critiquing them proves to be an ineffective approach. At least
initially, it will contribute to more replication and contribute to an
idea’s survival. Every time it is mentioned in a critical way means
another successful replication. Therefore, its life is prolonged and once
more a candidate for selection and further replication. Possibly, critique
increases interest in the concept, leading to counter-critique and new
mutations of the concept. We see this for example when Petersen (1971)
critiques Heinrich, who then is critiqued by Wright and Van der Schaaf
(2004). As the adage commonly attributed to P.T. Barnum says, for a
meme, there is no such thing as bad publicity.

There might be more effective approaches to dislodge memes. A
meme will only “die” when it is not replicated anymore. A first strategy
is to collectively ignore it. However, this may be practically impossible.
Second, to supplement critique by an explanation of useful approaches.
This has been done for the triangle by a few authors (Busch, 2021; Hale,
2002; Hollnagel, 2004; Wright, 2002), and to some degree by the SIF-
movement (Inouye, 2018; Martin and Black, 2015). Third, to replace a
meme by a meme that is similar. Familiar concepts are easier to accept
than entirely new ones (Huczynski, 1993). A good example of this might
be the “Stuff that hurts you, is not the same as stuff that kills you”-meme
(Bayona et al., 2024), although it may be a strawman when aimed at the

2 As Busch (2021) cautions, there are other reasons for the shape of the
graph, including globalisation and increasing numbers of publication in the past
decades, but the change since 2011 is remarkable.
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original meme, because it is not based on Heinrich’s work. From a
memetic perspective, this does not matter. The new meme may replace
the old one. Time will tell.

4.1.3. The triangle

This study builds on and has expanded the research on the accident
triangle by Busch (2021). Through a novel approach, using an evolu-
tionary perspective, we were able to explore its origins to a greater
extent than done so far. Also, this approach enabled us to explore its
spread. Using an evolutionary approach provides a clearer perspective
of concepts than accounts that are constructed or assumed without
proper understanding of their history or evolutionary development, e.g.
linking Heinrich’s work as origin to Behaviour Based Safety (Dekker,
2019) or to the Swiss Cheese Model (Leveson, 2011).

This study also gives insight into the importance of understanding
variations. A meme is not always the same although it may be very
similar. Although they look similar, Heinrich’s triangle (1941) differs
from Bird’s (1966) and Hopkins’s (2008). Memes are social constructs,
and people can give different meanings to them (Mygind du Plessis and
Vandeskog, 2020). In essence this also means that most triangles dis-
cussed today are no longer Heinrich’s or Bird’s conception, but someone
else’s. However, scholars and practitioners rarely specify which varia-
tion they use or critique. This hampers proper discussion of the concept.
Instead of being specific about what variation(s) they discuss, authors
tend to refer to a generic name for the meme, e.g. the pyramid. This also
applies to critique of the concept, which makes it hard for readers to see
what element/interpretation of the concept is being critiqued. However,
one argument cannot invalidate all variations. Therefore, it is important
to know what variation was chosen for application or critique. Often
readers must infer this from the context, a task that really should be the
author’s responsibility.
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4.2. Limitations

To the best of our knowledge, this is the first paper studying a safety
concept from an evolutionary perspective. When adopting a memetic
approach, it is important to be aware of that memetics are not without
controversies. Because of this, we reviewed some of the existing critique
of this approach. On balance, seeing the existence of studies in other
areas that have provided valuable insights, our decision to use a meta-
phorical operationalisation, and the fact that this approach would give
us a novel lens to study the concept led to the assessment that this was an
acceptable choice. It is not the “truth”, but one way of reflecting on the
development of knowledge in safety.

Second, studies based on documents have some inherent limitations.
In this case, we had no or very limited access to the actual actions of
selection, replication and variation by authors. Often, we can only access
and observe the result of these processes with sometimes the opportu-
nity to infer some of the reasons and mechanisms from the context they
are presented in. However, this is not very different from biological
evolution, and the available data presents clear evolutionary patterns.

A third limitation concerns the use of historical sources. When
studying a concept through time, one must acknowledge the challenges
there are regarding the limited data available. We have tried to
compensate for this by thorough use of accessible sources. Undoubtedly,
there is more hidden away in archives, not yet made accessible for a
wider audience. Hopefully, these will be accessible some day and shed
additional light on the subject. Also, the early literature studied was
limited to US-literature. No literature about dissemination of Heinrich’s
work outside the USA before the second World War was available for
review. Additionally, when reading ‘ancient’ literature, one must take
care interpreting it with today’s knowledge or use today’s language. We
have done so on a few occasions, using the term near-miss because this
will be easier to understand for today’s reader than “no-injury
accidents”.

Fourth, memetics does not concern itself with the “goodness” of
safety concepts, but only with their replication and survival. A memetic
approach will therefore not help to assess the usefulness of safety con-
cepts but can make an assessment of their adoption. Which leads to the
final limitation; the study of safety concepts from a historic, evolu-
tionary perspective can give information about why certain concepts
survive. However, it does not provide answers to the question why
specific individuals or groups adopt a concept. However, it gives
knowledge about factors that enhance attractiveness or create fertile
environments for replication. This knowledge thereby supports the
research into adoption of safety concepts by safety professionals.

4.3. Further research

Since this was the first study in safety science to use this approach on
safety concepts, there are many opportunities for gaining more knowl-
edge through further research. It might be worthwhile to explore more
safety concepts from an evolutionary perspective. Interesting candidates
might be recent developments, such as the evolution of “new view”
concepts (Le Coze, 2022), BBS (Le Coze, 2026), the Swiss Cheese Model
(Reason, 1997), safety culture models, lifesaving rules, or HOP-
principles. This should include exploration of less successful concepts,
or even some that did not survive, because they were not, or no longer,
selected and replicated. Although this may be harder to do, it may give
different insights than looking at highly successful memes.

Other research could focus on the question of what enhances the
imitative qualities of safety concepts. Playing on Gelb’s (1997) opening
question: can safety concepts be designed to make them more likely to
be adopted? This might include empirical experiments of introducing
(variations of) concepts and see how they are received, develop, and
evolve. This “memetesting” (Gelb, 1997) could be done through micro
experiments (De Boer, 2021).

Because of limited space and restrictions that a document student
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poses, this paper did not explore the exact mechanisms involved in the
selection and replication of concepts, but exploring these might provide
valuable knowledge. Another useful direction of research could be
exploring how safety professionals can use memetics to improve their
work, either to support their communication and persuasion, or to better
understand situations they encounter. Additionally, different perspec-
tives can help finding different solutions, e.g. to select and coordinate
appropriate action (Heath and Seidel, 2005).

Finally, ethical aspects need to be considered. The aim of the safety
profession should be to improve safety. Therefore, focus on the sub-
stance of concepts should be more important than their symbolism. We
need to use our knowledge of memes to watch out for that we produce
attractive but useless memes, drowning out those that actually enhance
safety.
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