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Abstract: The safety profession has been shaped by the assumption that there is a fixed ratio of low- to high-severity injuries and the notion
that injuries of all severity levels share the same general causes. There is now very strong empirical evidence that this ratio is not fixed, which
has led to a new hypothesis that serious injuries and fatalities (SIFs) happen for different reasons than lower-severity injuries and the idea that
a targeted approach is needed for SIF prevention. To better understand this phenomenon, this study explored the question: what, if anything,
is different about the causes of SIFs? To answer this question, a research team of construction safety experts and academics hypothesized
seven factors that may be unique to high-severity injuries. Concurrently, details of serious injuries and fatalities (SIF, n ¼ 13), potential
serious injuries and fatalities (PSIF, n ¼ 12), and low-severity injuries (LSI, n ¼ 13) were collected from utility, oil and gas, commercial,
pipeline, and specialized construction trades. Blind to each injury outcome, the team assessed the presence or absence of the seven potential
differentiators. The samples were then compared using Fisher’s exact test to determine if any factors explained the differences among the
injury types. Although there were no differences between SIF and PSIF cases, two factors differentiated LSI and PSIF/SIF: (1) absent direct
controls; and (2) absent or not followed work plan. Surprisingly, no human factors were significant. The results indicate that the control
of high-energy hazards through effective work planning, discipline, and execution is vital for targeting SIFs, supporting the theory that a
differentiated approach is needed to avoid the concerning plateau in the rate of construction fatal injuries.DOI: 10.1061/JCEMD4.COENG-
14545. This work is made available under the terms of the Creative Commons Attribution 4.0 International license, https://creativecommons.
org/licenses/by/4.0/.

Practical Applications: The authors present a study that elucidates two factors highly prevalent in high-severity injuries that are absent
in low-severity injuries: (1) absent and not followed work plan; and (2) absent direct controls. This finding supports the theory that a dif-
ferentiated approach is needed to prevent serious injuries and fatalities (SIFs) in construction, and the key is the control of high-energy
hazards (i.e., hazards involving 1,500 J or more) through proper planning, discipline, and execution. Additionally, the authors provide em-
pirical evidence that a targeted SIF approach can be leveraged through the monitoring and learning from near misses with the potential for
SIFs, as they share the same contributing factors as SIFs. Given that incidents resulting in SIFs are so infrequent to permit any meaningful
learnings from a statistical standpoint, equivalency in learnings from near misses with potential for SIF vastly expands proactive decision-
making opportunities for organizations. Interestingly, there were no differences in the human factors that precede injuries of varying severity,
implying that safety practices focused on human behavior might be important for injury prevention broadly, but not for targeting the con-
cerning plateau on SIFs directly.

Author keywords: Injuries; Serious injuries and fatalities (SIFs); Precursors; Safety pyramid; Differentiators; Focus groups.

Motivation

For nearly a century, the safety profession has been influenced by
the “safety pyramid.” The theory introduced by Heinrich (1931)
and later refined by Bird (1966) suggested that there is a constant
ratio of minor to major injuries. When building the safety pyramid,
Heinrich used insurance data to establish a ratio among accidents
of varying severity levels. Specifically, he found that for every 300
near hits (incidents resulting in no injury) there are 29 minor
injuries and one major injury (Heinrich 1941). Bird (1966) later
expanded this theory to include unsafe acts and used the safety
pyramid to support the thesis that minor and major accidents have
similar causes, and that injury severity is fortuitous.

Although Heinrich did not suggest that the safety pyramid was
causal, his work was cited to support the pervasive belief that pre-
venting low-severity injuries leads to a corresponding reduction in
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high-severity injuries (Manuele 2002). This fundamental concept
served as the foundation of many accident prevention programs
(Khanzode et al. 2012; Marshall et al. 2018; Rebbitt 2014), which
led to a generalized approach to safety management. Consequently,
most traditional safety programs are structured to prevent all types
of injuries without specific focus on more severe injuries.

There is an ongoing debate about the validity of the ratios in
the safety pyramid. Some researchers found a correlation in the
rates of minor and major construction injuries over long periods
(e.g., Hubbard and Neil 1986) and a similar distribution of high-
risk tasks preceding minor and major injuries (Lozada-Larsen and
Laughery 1987; Laughery and Vaubel 1993). However, others
disputed these studies, claiming that they failed to account for
the confounding factors that influence injury severity such as the
interaction with energy, age of the injured employee, nature of
injury, and injured body part (e.g., Petersen 1989; Salminen
et al. 1992; Manuele 2011; Cooper 2019; Busch et al. 2021).
Furthermore, although ratios appeared to be stable, some studies
(e.g., Zhou et al. 2012) have found differences in the frequency
of causal factors that lead to near misses, less severe accidents,
and serious accidents in construction. Thus, the correlations fail to
pass as causational evidence (Rebbitt 2014; Dunlap et al. 2019).
Although these studies have elucidated the limitations in the val-
idity of the pyramid ratios, the extent to which these limitations
justify the need for a differentiated approach to safety management
in construction is still uncertain.

If the ratio of low- to high-severity injuries was indeed fixed,
then long-term injury rates must trend in parallel. However, macro-
level trends have revealed that, while the rate of lower-severity in-
juries has declined over the last decade, the rate of fatalities has
plateaued in the USA (BLS 2022). This divergent trend is similar
when comparing the number of fatalities to the number of nonfatal
injuries. To illustrate this trend, the authors created Fig. 1 using
fatal and nonfatal injury data from 2010 to 2021 collected by the
Occupational Safety and Health Administration (OSHA). The
three-year rolling averages in Fig. 1 show that the rate of nonfatal
construction injuries has declined dramatically while the fatality
rate has plateaued. If the ratio of major to minor injuries were
indeed fixed, this divergent trend would be impossible, especially
at an industry level representing billions of worker hours. This
counterintuitive trend supports the emerging viewpoint that focused
injury prevention efforts are needed to prevent serious injuries and

fatalities (e.g., Manuele 2008, 2011; Shanon and Manning 1980)
and raised the following question: what if anything, is different
about the causes of serious injuries and fatalities (SIFs)? Answer-
ing this question will reveal key aspects of a differentiated approach
to prevent SIF in construction. This is aimed at addressing the dis-
concerting lack of improvement in the rate of fatal injuries shown
in Fig. 1.

Literature Review

To establish the specific gap in knowledge, research related to the
causes of high- and low-severity injuries and the proximal causes of
SIF was reviewed. For consistency and brevity, the term serious
injury or fatality (SIF) is used to refer to higher-severity inju-
ries (i.e., life-threatening, life-altering, and life-ending injuries
as defined by Bayona et al. (2023), while low-severity injury
(LSI) is used to broadly refer to injuries that are less than serious
(i.e., actual injuries that are not life-threatening, life-altering, and
life-ending).

Relationship between the Causes of SIFs and LSIs

Researchers have begun to find different contributing factors
for higher-severity injuries (Bellamy 2015; Dunlap et al. 2019;
Hubbard and Neil 1986; Lozada-Larsen and Laughery 1987). Some
differences are related to the work itself such as equipment, tools,
and transportation activities (Nussey 1980; Groves et al. 2007),
while others show differences in the body parts injured (Salminen
et al. 1992). For example, in the mining sector, Nussey (1980)
found that haulage and transportation accidents are more linked to
lost-time injuries compared to less severe injuries and Groves et al.
(2007) found that off-road and underground ore haulage is more
linked to fatal injuries than nonfatal injuries. Interestingly, these
historical studies were conducted at the industry level and focused
on general features of work performed (e.g., transportation).

Several researchers studied more proximal factors contributing
to injuries of different severity levels. For example, Salminen et al.
(1992) examined 99 SIF cases in Finland and found that working
without supervision was more often related to fatalities than less
serious injuries; Alizadeh et al. (2015) found that younger workers
are more vulnerable to SIFs than older workers and that stronger

0.7

0.9

1.1

1.3

1.5

1.7

1.9

2.0

2.3

2.6

2.9

3.2

3.5

3.8

4.1

4.4

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Fa
ta

l I
nj

ur
y  

R
at

e
(p

er
 2

0  
m

ill
i o

n  
w

or
k e

r-
ho

u r
s)

N
on

-F
at

al
 In

ju
ry

  R
at

e 
(p

er
 2

00
,0

00
 w

or
ke

r-
ho

ur
s)

Year

Fatal and Non-Fatal Injury Rates for the U.S. Construction Industry
(Rolling 3-year average)

Non-Fatal Injury Rate Fatal Injury Rate
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prior injury history is linked to lower likelihood of severe injuries;
Bellamy (2015) found differences in the proportions of common
underlying causes of fatal and serious nonfatal accidents (e.g., ven-
tilation failure was present in 36% of fatal accidents but only in
13% of nonfatal accidents resulting from explosions); and Love
et al. (2019) found that mobile equipment transport is associated
with more severe injuries.

Although most studies suggest that there are differences in the
causal factors of injuries of varying severity, Bellamy (2015) found
similar causes between nonfatal and fatal accidents when control-
ling for the same type of hazard. In their study, they examined 36
Dutch safety barrier failures that led to serious accidents and found
that all identified causes of fatal accidents were also present in non-
fatal injuries (Bellamy 2015). This conflicting evidence has led to
debate among researchers and professionals regarding whether tar-
geted interventions are needed to manage SIFs.

Despite the ongoing debates, there is a dearth of research into
the differences in causes of SIFs that are proximal and actionable.
Understanding SIFs are more common for younger workers or
studying incidents that result in head, trunk, or lower limb inju-
ries does not provide actionable insight into how work can be man-
aged differently to prevent all SIFs. That is, previous research
has not equally considered active and latent human factors, man-
agement, and organizational failures that contribute to injuries
(Reason 1990), nor has it incorporated variables present in dy-
namic environments where the sources of hazards are ill-defined
(e.g., Rasmussen 1997). Although researchers have attempted to
study these factors, they reported legal constraints that have limited
how much empirical information could be gathered, often relying
only on publicly available information (e.g., Haslam et al. 2005).
Nevertheless, tailoring an approach to target high-severity injuries
requires knowledge about the actionable differences such as human
factors, management activities, or hazard types.

Energy Assessment to Differentiate SIF-Related
Hazards

Energy assessment was recently introduced as an avenue of explor-
ing differences in low- and high-severity injuries that relate to the
fundamental nature of the hazards involved. Specifically, Hallowell
et al. (2017) found a direct connection between the magnitude of
physical energy associated with a hazard and the severity of injury.
That is, more energy causes more harm, and at a certain level
(approximately 1,500 J), a SIF became the most likely outcome.
This knowledge confirmed that there are differences in the hazards
that cause more serious injuries. However, the study did not elu-
cidate specific precursors or warning signs related to human factors
or work context (i.e., why the energy was released and contacted a
worker such as human factors, management activities, or controls).
Such information is needed to better understand how to manage
high-energy work.

Proximal Causes of SIFs in Construction

Although there is relatively limited research that has explored
the differences between SIFs and LSIs, there is a wealth of knowl-
edge regarding the immediate factors that contribute to SIFs. For
example, precursor analysis has been used to identify anomalous
conditions, events, and sequences that precede a catastrophic inci-
dent (NAE 2004). Precursor analysis began in nuclear (Ballard
1990), aerospace (Groen et al. 2011), and healthcare (Mitchell et al.
2016) domains. Recently, precursor analysis was adapted to the
construction industry by Alexander et al. (2017a, p. 1) who defined
a precursor as a “detectable event, condition, or action that serves as

a warning sign to a fatal or disabling injury.” Precursors explicitly
distinguish conditions with a high probability of a SIF from situa-
tions where no incident occurs (i.e., safe work). That is, precursors
distinguish safe from unsafe work, but they do not necessarily dis-
tinguish SIFs from LSIs.

Some examples of precursors in construction include but are
not limited to significant overtime, improvisation, deficient safety
enforcement by foremen (Alexander et al. 2017a; Toole 2002), lim-
ited supervision, lack of controls, poor pretask planning (Alexander
et al. 2017b; Winge et al. 2019), unavailability of construction
materials (Zou and Zhang 2009), and unstable ground conditions
(Pereira et al. 2020; Suraji et al. 2001). In a controlled experiment,
Alexander et al. (2017a, b) found 16 potential precursors that were
highly predictive of SIF. Since then, researchers followed a similar
approach to identify precursors that are unique to utility construc-
tion such as risk normalization, safety attitudes, and perceived
safety culture (see Table 1; EEI 2019). Although the precursor re-
search does not specifically differentiate SIF from LSI, they were a
starting point for the hypotheses in this study.

Each of the previous precursor studies focused on identifying
the difference between injury and no-injury cases (i.e., a SIF versus
no injury). However, to date, there is no known experiment to study
the difference between SIFs and LSIs in construction. Furthermore,
it is unclear whether there are any differences between the precur-
sors that precede near misses with the potential for SIFs and the
precursors that lead to actual SIFs.

Table 1. Examples of SIF precursors for the US construction and utility
industries

Precursor list

From
Alexander

et al.
(2017a, b)

From EEI’s
customization

study
(EEI 2019)

Crew is unaware of standard work
procedure

X X

No/poor plan to address work
changes

X X

No/poor pretask plan/discussion
specific to work

X X

Schedule/productivity pressure X X
Lack of control barrier and/or visual
warning

X —

Line of fire is uncontrolled X —
Congested workspace/crowding X —
Crew members are not active in
safety

X —

Distracted workers X —
Fatigue X —
Improvisation X —
Limited safety supervision X —
Poor quality or inexperienced
foreman

X —

Prior safety performance is poor X —
Significant overtime X —
Working alone X —
Departure from routine — X
Familiarity with task — X
Hazard recognition — X
Perceived safety culture — X
Risk normalization — X
Rules and procedures — X
Safety attitudes — X
Stop work execution — X
Workers inactive in safety — X
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Proximal Causes of Potential SIFs

SIFs are paradoxical. Although it is fortunate that SIF events are
rare, the low rate of occurrence hampers our ability to trend and
learn (Hallowell et al. 2021). Thus, practitioners and researchers
have begun to study incidents that had the potential to result in
a SIF (e.g., Cooper 2019; Hallowell 2020). The underlying as-
sumption is that incidents with the potential for a SIF (i.e., PSIF)
share the same underlying warning signs as actual SIF events, and
the only difference is the outcome. For instance, some authors
(e.g., Martin and Black 2015) have relied on this assumption to
explore the differences in the causes of SIF events and incidents
that had no SIF exposure in various industrial sectors such as oil
and natural gas extraction. By extension, it is hypothesized that
identifying and monitoring the precursors of PSIF can help organ-
izations learn how to prevent SIF. Unfortunately, just as with the
assumptions based on the safety pyramid, the assumption that SIF
and PSIF incidents share the same precursors has not yet been em-
pirically validated in the construction sector. This study tested this
assumption directly.

Research Objective

Divergent macrolevel trends in high- and low-severity incidents
over the last decade suggest that the proximal causes of SIFs and
lower-severity injuries are possibly different. Inferential evidence
supports this hypothesis and suggests that the differentiating fac-
tors could be linked to specific types of equipment and tools used
(Nussey 1980; Groves et al. 2007; Love et al. 2019), human–object/
machine interaction (Shanon and Manning 1980; Laughery and
Vaubel 1993; Salminen et al. 1992; Love et al. 2019), supervision
factors (Salminen et al. 1992; Haslam et al. 2005; McSween and
Moran 2017; Winge et al. 2019), or even demographic factors and
body parts (Alizadeh et al. 2015; Salminen et al. 1992; Love et al.
2019). Thus, there is a growing consensus among researchers that
SIFs must be managed differently (Busch et al. 2021; Krause and
Murray 2012; Manuele 2008). However, despite this mounting evi-
dence, there is some counterevidence provided by Bellamy (2015,
p. 98) who found that, “fatal and (serious) nonfatal accidents share
the same causes but not in the same proportions.”

This study aimed to contribute to this debate by undertaking a
comparative analysis of SIF, PSIF, and LSI cases and determine
whether there are statistically significant differences in the causal
factors. This study builds upon but deviates from existing knowl-
edge by examining the proximal causes using actual incidents,
a blind assessment by experts, and statistical testing. Specifically,
the study was designed to answer the following questions:
1. What are the differences, if any, in the proximal causes of

serious injuries and fatalities (SIFs) and low-severity inju-
ries (LSIs)?

2. What are the differences, if any, in the proximal causes of seri-
ous injuries and fatalities (SIFs) and potential serious injuries
and fatalities (PSIFs)?
Answering these questions would provide a deeper understand-

ing of how SIFs can be specifically addressed in modern safety
programs. Including PSIFs in the study will elucidate the extent
to which near misses can be used for SIF-related learning.

Research Methods

Since the main objective was to identify any differences in
the proximal causes of SIFs, PSIFs, and LSIs (i.e., “SIF

differentiators”), operational definitions of each group were cre-
ated. The definitions of these key incident types are as follows:
• Serious injury or fatality (SIF): a physical injury that results in

a life-ending, life-threatening, or life-altering injury (Bayona
et al. 2023).

• Potential serious injury or fatality (PSIF): an incident involving
exposure to greater than 1,500 J of energy in the absence of a
direct control where a SIF was not sustained (Hallowell 2020).
As defined in Hallowell (2020) a direct control is a safeguard
that is targeted to the energy source; effectively mitigates the
energy when installed, verified, and used properly; and is effec-
tive even if someone makes an unintentional human error dur-
ing work.

• Low-severity injury (LSI): a physical injury requiring first-aid
treatment or less and involves less than 500 J of energy [thresh-
old discussed by Hallowell et al. (2017); e.g., a minor bruise
resulting from fall to the same level].

Research Process

The research process involved six steps: (1) convening a panel of
safety experts; (2) brainstorming and prioritizing a small set of
hypothesized SIF differentiators; (3) collecting actual incident
cases that resulted in outcomes of varying severity; (4) using a
standardized retrospective data collection tool to determine the
presence of the hypothesized SIF differentiators in the incidents
collected; (5) conducting a focus group to examine the information
from the field to determine whether the hypothesized SIF differen-
tiators were present; and (6) testing the statistical significance of
any relationship between the severity outcome from the cases and
the frequency of the hypothesized SIF differentiators determined by
the experts to be present. Fig. 2 outlines the overall research pro-
cess. The expert panelists and the cases obtained were from the
North American construction industry.

Creating a Focus Group of Construction Safety
Experts

A panel of safety experts was assembled to participate in the study
by hypothesizing potential differentiators, collecting actual injury
cases for review, participating in a focus group to assess the pres-
ence of the differentiators in each case, and interpreting the results.
Seventeen safety experts from across North America were recruited
from the membership in the Construction Safety Research Alliance
(CSRA). Their participation was voluntary and uncompensated.
The participants represented different sectors of the industry such
as utilities (34%); commercial, infrastructure, and industrial con-
struction (24%); oil and gas (24%); and specialty trades (18%). The
group had an average of 16 years of professional experience in
the safety field (collective total of 270 years). All met the following
expertise requirements suggested by Hallowell and Gambatese
(2010): (1) five or more years of professional experience in the con-
struction industry; (2) a bachelor’s degree in construction engineer-
ing and management or related fields; and (3) certification as a
safety professional.

The expert panel deliberations were best characterized as a fo-
cus group based on open discussions and the controls implemented
to mitigate bias (see Table 2). Here, 17 safety experts served as
the participants and three academic researchers served as the facil-
itators. Because a larger group is recommended for developing hy-
potheses (Cortini et al. 2019; Dawson et al. 1993), the full panel
convened to brainstorm potential SIF differentiators. Once the list
of potential factors was narrowed down, a subset of the full panel
convened to prioritize the hypothesized factors through richer and
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more in-depth discussions per the recommendations of Cortini et al.
(2019). These smaller subcommittees of the expert panel included
five to seven experts each.

During each case review, one academic and the expert who pro-
vided the case served as the discussion leaders to encourage an
organized and informed deliberation as suggested by O’ Nyumba
et al. (2018). Several steps were taken to enhance the internal val-
idity of the focus group discussions such as iterative rounds of dis-
cussion and open-ended questions used during these discussions.
These steps helped to proactively address threats to validity linked
to preexisting beliefs, groupthink, and bias in the materials used.
These experimental controls and their impact on validity are sum-
marized in Table 2.

Prioritizing Potential SIF Differentiators

Once the expert panel was established, they were asked to identify
a small subset of factors with the highest potential to be prox-
imal and actionable differentiators of SIF. The panel relied on a
few additional controls to prevent domineering participants from
largely influencing the focus group. First, the panel was composed
of seasoned professionals with similar occupational positions.

This relative homogeneity in experience of experts and the use
of a consistent set of predefined questions may assist in minimizing
bandwagon effects (Leung et al. 2014; Smithson 2000; Bhandari
and Hallowell 2021). Furthermore, the facilitator of the focus
groups ensured active participation by directly asking all partici-
pants for their answers one at a time (round-robin format; Smithson
2000). However, as with any group-based opinion study, elimina-
tion of these confounding effects cannot be guaranteed, which is a
limitation.

The team elected to study a small set of hypothesized differen-
tiators because of time and resource constraints and the desire to
study a few potential differentiators thoroughly rather than super-
ficially examining a long list. To seed these discussions, the expert
panel reviewed the 29 SIF precursors relevant to the construc-
tion industry (Alexander et al. 2017a, b; EEI 2019; see Table 1).
To facilitate the prioritization, the expert panel, through discus-
sions, grouped some of the precursors with similar characteristics
(e.g., significant overtime and fatigue). This resulted in a list of
13 candidate differentiators (see Table 3).

The panelists met through four sessions to prescreen, discuss,
and prioritize the potential differentiators. This number of sessions
was adequate to balance the logistical constraints of the focus group

Fig. 2. Research process.

Table 2. Enhancing the internal validity

Threats to validity Experimental controls Impact on validity Citations

Individual’s preexisting beliefs
(i.e., confirmation and memory bias)

Selection of expert panel representing
different industry sectors

Objective selection of variables to
test hypotheses (i.e., shortlist)

Bleijenbergh et al. (2011) and
Bouma and Ling (2004)

Groupthink (i.e., bandwagon bias) Iterative rounds of discussion Improved decision-making process
and accountability of ideas

Bhandari and Hallowell (2021) and
Morewedge et al. (2015)

Bias in the materials used
(i.e., primacy effect) and
moderator bias

Open-ended questions and structured
prompts that sparked discussion.
Consistent moderator.

Decisions based on panel’s
viewpoints, not researchers’
intuition.

Nahari and Ben-Shakhar (2013),
Tang (2020), and Smithson (2000)
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participants and ensure that every hypothesized factor was clearly
defined before making a group decision about which of these would
be further tested. After iterative rounds of discussions, seven po-
tential SIF differentiators were selected by majority vote: (N1)
unfamiliarity with task; (N2) risk normalization; (N3) poor hazard
recognition; (N4) absent or not followed work plan; (N5) absent
direct controls; (N6) poor response to change; and (N7) unavailable
resources.

These were used as variables for the subsequent research steps.
Unsurprisingly, most of the variables were human factors such as
unfamiliarity with task, risk normalization, and poor response to
change, as they are most proximal to any incident.

Collecting Empirical Case Data with a Retrospective
Investigation Template

Once the hypothesized SIF differentiators were selected, the team
created a standardized data collection template and protocol to
facilitate the collection of empirical data from the field. For each
potential SIF differentiator, a set of questions was created by
adapting the work of Alexander et al. (2017a, b). The seven
hypothesized differentiators, their definitions, and the protocol
questions are detailed in Table 4. From this set of questions,
a retrospective investigative data collection template was created
to capture all relevant information pertaining to the incident. Data
were collected using this template and were populated with infor-
mation gathered from interviewing the personnel involved in the
incident, reviewing photos, and accessing official investigation
reports. The triangulation of these various forms of data helped to
identify inconsistencies and mitigate hindsight bias. For instance,
one case involved a worker that fell from an unsecured ladder.
When interviewed, the worker attributed the incident to not hav-
ing a person holding the ladder; however, further investigation re-
vealed that the ladder used lacked shoes and was supported on
uneven ground, mitigating bias by uncovering a missing control
that was previously overlooked.

The data collection template ensured consistency and replica-
bility of the data collection and helped to mitigate the potential
impacts of subjective interpretations, demand characteristics, and
experiential biases. For example, leading questions were avoided
that could potentially introduce confirmation bias (Klayman 1995).
Additionally, when collecting data retrospectively for an incident,
instead of asking workers if they thought a work plan was present,
they were asked to describe how the task was performed the day of

the incident or what methods were used to identify the hazards.
This ensured that workers expressed their views openly without
fear of retaliation from their company. Because the protocol was
retrospective, data that were unverifiable or based on vague recol-
lections were not included. Finally, only incidents from the past
two years were considered to ensure consistency and relevancy
within the data.

In total, data were collected for 38 past incidents. The academic
team members reviewed each case to ensure formatting and tense
was consistent across them all and any information alluding to the
actual outcome (e.g., SIF, PSIF, LSI) was scrubbed before the cases
were evaluated by the expert team.

Identifying the Presence of Potential SIF Differentiators
in Each Case

Once the cases were received, the focus group reviewed every com-
pleted case template to determine whether each of the seven poten-
tial differentiators were present or not. After reviewing each case,
the focus group would sequentially discuss the seven hypothesized
SIF differentiators and whether each were present or absent in a
case. For example, the written data from the data collection tem-
plate was reviewed to determine whether poor response to change
was a contributing factor. Since this study was conducted during
the Covid-19 pandemic lockdown in the State of Colorado, part
of the focus group was conducted online using the Zoom platform.
The focus group participants were given time to read cases on the
live Web meeting, and the case was paraphrased to ensure common
understanding before discussion as recommended by Vance et al.
(2022). Although there are inherent limitations of conducting focus
groups online such as the lack of depth or contextual data when
sharing insights (Tremblay et al. 2021), the online platform reduced
attrition and coercion that commonly occurs when meeting in per-
son (O’Nyumba et al. 2018).

After the discussion, each panelist was asked to submit an
anonymous survey where they marked each potential SIF differen-
tiator as (1) present; (2) absent; or (3) not enough information
and/or not applicable to the case. The majority vote was recorded
as the focus group decision, and the data were subsequently ana-
lyzed. To mitigate confirmation bias, any missing or nonapplicable
information was treated as an absent factor. Importantly, the expert
panel was blind to the actual outcome of the case (i.e., they did not
know whether the case was a SIF, PSIF, or LSI when reviewing the
case information). The academic team members and anyone in-
volved in the completion of the case template were not involved in
the focus group deliberation or assessments.

Analysis and Results

In total, the focus group analyzed 38 incidents that were distrib-
uted as follows: 13 SIF, 13 LSI, and 12 PSIF. These incidents came
from the utility sector, commercial and pipeline construction, and
specialized construction. Aligned with OSHA’s Construction Focus
Four (Brown et al. 2021), most cases involved struck by, caught-in
or between, and falls. Tables 5 and 6 show the complete data sets
for the 38 incidents analyzed.

Analysis

Using the data from the focus group, statistical tests were con-
ducted to determine the extent to which the seven hypothesized
factors differentiated SIF, PSIF, and LSI. When selecting the proper
statistical tests, the variable type (e.g., continuous, categorical,
etc.), distribution, and sample size were considered. A Fisher’s

Table 3. Initial list of candidate differentiators

Number Candidate SIF differentiators

1 Perceived safety culture, safety attitudes, workers inactive in
safety

2 Fatigue, significant overtime
3 No/poor pretask plan or discussion specific to work
4 Limited safety supervision, poor quality, or inexperienced

foreman
5 Distraction
6 Congestion
7 Abnormal schedule/productivity pressure
8 Risk normalization
9 Improvisation, poor plan to address change, stop work

execution
10 Knowledge of safe work procedures, rules, and procedures
11 Familiarity with the task, departure from routine
12 Poor hazard recognition
13 Lack of control barriers, line of fire uncontrolled
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exact test was used to test the proportion of countable indepen-
dent observations meeting a given condition, such as the presence
of a potential SIF differentiator within incidents of various types
(i.e., SIFs, LSI, or PSIFs) against the observations that do not meet
such condition, where the potential SIF differentiator was absent in
each incident type. Therefore, there were 14 statistical tests needed,
seven for each of the two null hypotheses (NH) explored in this
study (to match the seven hypothesized factors N1, N2, N3, N4,
N5, N6, and N7) as illustrated next:
• NH1: The likelihood of factor Ni being found in SIFs is equal to

its presence in LSIs (for i ¼ 1 to 7).
• NH2: The likelihood of factor Ni being found in SIFs is equal to

its presence in PSIFs (for i ¼ 1 to 7).
Rejecting the null hypothesis implies that there is an associ-

ation between incident type and whether a factor was present or
not (i.e., the factor is a differentiator of SIF). To use the Fisher’s

exact test, the data were cross tabulated in a contingency table
where each cell shows the frequency count of incidents that cor-
respond to each category of the two dichotomous variables in our
study (i.e., incident type and presence of a potential SIF differ-
entiator). To illustrate, Table 7 shows a contingency table for one
hypothesized differentiator, unfamiliarity with task. Although a
chi-square (X2) test is typically suitable for count or discrete
observations, a Fisher’s exact test was used because it provides
a more accurate estimate for smaller samples sizes (Connelly
2016).

A power analysis using RStudio was conducted to assess the
statistical power of this study. Using an alpha level of 0.05, the
sample size of SIFs (n ¼ 13), LSIs (n ¼ 13), and PSIFs (n ¼ 12)
yielded a statistical power above 0.90. This result indicates that
our test had at least a 90% chance of detecting a significant dif-
ference in the proportion of hypothesized factors present in each

Table 4. Questionnaire with potential differentiators and definitions

Potential
differentiator Definitions Protocol questions

Unfamiliarity with
task

Workers are unfamiliar with task expectations or
performance standards.

How long have you been doing this task?
How often do you perform this task with this configuration?

Risk normalization Drift toward feelings of comfort around a hazard over
time that may increase risk-taking behavior.

Since the first time you performed this task, how has the task changed?
What do you think about a new worker being assigned to this task?
Before the incident occurred, how comfortable were you with this task?

Poor hazard
recognition

Workers do not recognize hazards or correctly
evaluate or understand the severity of risks.

What hazards were identified before the incident?
What method was used to identify the hazards?
Which life-threatening hazards were emphasized before the incident?
Before the incident, describe any discussions that you had about the
hazard(s) that caused the incident.
What surprised you about this hazard and the incident?

Absent or not
followed work plan

A written or verbal work plan is absent, inadequate,
infeasible, or violated. Awork plan is a description of
the logical sequence of work indicating exactly how a
job is to be carried out in a way that secures health and
safety and includes all the control measures.

Describe the work plan for this task.
How was the task performed?
If you deviated from the work plan, please explain why?
If the work plan was followed, would the outcome have been different?
Why?
How would you suggest changing the work plan in the future?
What could have changed to improve the rules, procedures, or work
plan?

Absent direct
controls

Missing or insufficient necessary direct controls
against one or more hazards. A direct control is a
physical barrier or condition that (1) is targeted to the
hazard(s); (2) mitigates the effects of energy when
installed and used properly; and (3) works if someone
makes a mistake.

Describe any direct controls that were present.
How was the adequacy of the controls verified?
What other controls would have prevented this incident from
happening?
Have you ever had to modify the controls for this task in the past?
If so, why?

Poor response to
change

Inadequate response to a change after work starts.
(Preexisting conditions are not examples of
changes—e.g., unstable pole). A change is defined as
a significant deviation from initial conditions that
impacts the execution of the work plan.

What happened today that was different than expected or planned?
How might the change have contributed to the incident?
When and how did you notice the change?
How often does this change occur?
How have you responded to changes like these in the past?
When was the last time you stopped work to formally replan a task?
Please describe how you replanned and were confident that work was
safe to restart.

Unavailable
resources

Essential resources are not present in reasonable
proximity of the work performed.

Describe the condition of the equipment and tools that were used on the
day of the incident.
What other resources (time, equipment, tools, etc.) would have made
your job easier or safer that day?
How do you obtain tools and resources if they are not present or
adequate?
How do you troubleshoot, and access information related to your task?
How often does your supervisor assist you in obtaining tools, resources,
and information?
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incident type, assuming that there is a true difference in their
proportions.

Key Results

The statistical tests produced insights related to the two primary
research questions. Although the sample size was small, Fisher’s
exact tests provided compelling answers with high statistical
significance.

Table 7. 2 × 2 contingency table for unfamiliarity with task

Incident type/
presence of a
potential SIF
differentiator

Unfamiliarity
with task
present

Unfamiliarity
with task
absent

Row
totals

LSI 1 12 13
SIF 4 9 13
Column totals 5 21 26

Table 5. Incident data set—Cases 1 to 19

Incident
number

Incident
severity
type

Potential differentiator (1 = Present, 0 = Absent)

Unfamiliarity
with task

Risk
normalization

Poor hazard
recognition

Absent/not
followed
work plan

Absent direct
controls

Poor response
to change

Unavailable
resources

1 L 0 1 1 1 0 1 1
2 S 0 1 1 1 1 0 0
3 L 0 1 0 0 0 0 1
4 P 0 1 1 0 1 0 0
5 S 1 1 1 1 1 1 1
6 P 1 1 1 1 1 0 0
7 P 1 0 1 1 1 0 0
8 P 0 0 0 0 1 0 0
9 P 0 0 1 1 1 0 0
10 L 0 1 1 0 1 0 0
11 S 0 0 1 1 1 1 0
12 P 0 1 1 1 1 0 1
13 L 0 0 0 0 0 0 0
14 S 1 1 1 1 1 0 0
15 P 1 1 1 1 1 1 0
16 L 0 1 0 0 0 0 0
17 S 1 1 1 1 1 1 1
18 L 1 1 1 0 0 1 0
19 P 0 1 1 1 1 1 1

Note: For the severity type row, L = LSI; P = PSIF; and S = SIF.

Table 6. Incident data set—Cases 20 to 38

Incident
number

Incident
severity
type

Potential differentiator (1 = Present, 0 = Absent)

Unfamiliarity
with task

Risk
normalization

Poor hazard
recognition

Absent/not
followed
work plan

Absent direct
controls

Poor response
to change

Unavailable
resources

20 S 0 1 1 1 1 0 0
21 S 0 0 1 1 1 1 0
22 L 0 1 1 1 0 0 0
23 S 0 1 1 1 1 0 0
24 P 0 1 1 1 1 0 0
25 P 0 1 1 0 1 0 0
26 S 0 1 1 1 1 0 0
27 P 0 1 1 1 1 0 0
28 S 0 1 1 1 1 0 0
29 S 0 1 1 0 1 0 0
30 L 0 1 0 0 0 0 0
31 L 0 1 0 1 0 0 0
32 S 1 0 1 1 1 1 1
33 S 0 1 0 1 1 1 0
34 P 0 1 1 1 1 1 0
35 L 0 1 1 0 0 1 1
36 L 0 1 1 0 0 0 0
37 L 0 0 1 0 0 0 0
38 L 0 1 0 0 0 0 0

Note: For the severity type row, L = LSI; P = PSIF; and S = SIF.
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1. What are the differences, if any, in the proximal causes of
serious injuries and fatalities (SIFs) and low-severity inju-
ries (LSIs)?
Two of the seven hypothesized factors were shown to statisti-

cally differentiate SIFs from LSIs: (1) absent or not followed work
plan (p < 0.001); and (2) absent direct controls (p < 0.00001).
Because the odds ratio for these two differentiators was signifi-
cantly larger than 1, the likelihood of encountering these in SIFs
was significantly higher than seeing them in LSIs. That is, these
two factors were involved in a much greater proportion of SIF cases
than LSIs while the other five factors were equally present in both
SIFs and LSIs. Table 8 shows the percentage of each potential SIF
differentiator present in all SIFs (n ¼ 13) and LSIs (n ¼ 13) ana-
lyzed, along with the p-values and the 95% confidence intervals for
the odds ratio of SIF frequency relative to LSI.

To better illustrate this finding, Fig. 3 provides the partial re-
sults for absent direct controls compared to unavailable resources.

The small sample suggests that the odds that a SIF involves a miss-
ing direct control is about two orders of magnitude higher than an
LSI. As illustrated, the factor unavailable resources was equally
present in both SIF and LSI, and the odds ratio was exactly one
(i.e., no difference). This indicates that unavailable resources is an
issue for safety broadly, but not a concern unique to SIFs.
2. What are the differences, if any, in the proximal causes of seri-

ous injuries and fatalities (SIFs) and potential serious injuries
and fatalities (PSIFs)?
There were no statistical differences between SIFs and PSIFs

for any of the seven potential differentiators. Table 9 summarizes
the overall results and shows the percentage of each potential SIF
differentiator present in all SIFs (n ¼ 13) and PSIFs (n ¼ 12),
along with the p-values and the 95% confidence intervals for the
odds ratio of SIF frequency relative to PSIF. This is strong empiri-
cal evidence that supports the popular notion that companies may
learn from PSIFs as a means to prevent SIFs.

Table 8. Summary of statistical test results for the comparison of SIFs and LSIs (Hypothesis 1)

Potential SIF differentiator
Presence in

SIFs (%) n ¼ 13

Presence in
LSIs (%) n ¼ 13

Odds ratio (SIFs/LSIs)

p-value 95% CI lower bound 95% CI upper bound

Unfamiliarity with task 31 8 0.32 0.40 283.55
Risk normalization 77 85 1.00 0.04 6.61
Poor hazard recognition 92 54 0.07 0.87 509.80
Absent or not followed work plan 92 23 <0.001 2.92 1,846.80
Absent direct controls 100 8 <0.00001 11.01 ∞
Poor response to change 38 23 0.67 0.29 17.25
Unavailable resources 23 23 1.00 0.11 9.40

Fig. 3. Mosaic showing partial results for absent direct controls and unavailable resources. This mosaic is a visualization of data in Table 8.
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Limitations

As with any study based on human interpretation, there are several
limitations of the results. First, a convenience sample of volunteer-
ing safety experts and companies limits the external validity of the
results. Although the authors captured a broad range of industry
sectors within the cases examined, a larger and more diverse set
of incidents may produce more generalizable conclusions. Second,
a larger repository of cases may allow for the testing of differences
for categories of injury types, part of the body affected, and other
confounding factors. Third, the retrospective data collection tem-
plate may be subject to confirmation bias because answers were
unavoidably reconstructed from previous incident investigation re-
ports and worker interviews. Although strict rules and a standard-
ized data collection tool were created, confirmation bias could
be reduced, but not eliminated. Fourth, although the combina-
tion of focus groups and surveys has been effective in addressing
assumptions and uncertainties (Abu-Taleb and Murad 1999), it was
challenging to eliminate survey responses grounded in incorrect
technical assumptions. In an ideal setting, a Delphi procedure
would have been implemented to include controlled feedback
and private reflections over iterative rounds to build consensus.
However, Covid-19 pandemic restrictions made such controls prac-
tically infeasible. Fifth, this work does not provide causal explan-
ations of the two SIF differentiators, nor does it examine potential
confounding variables and extraneous factors. These are suggested
as topics for future research. For example, researchers may wish
to explore the reasons why some factors are more present in SIFs
than in LSIs by examining a greater number of cases or by further
analyzing PSIFs, which may exist in greater numbers than SIFs.
Finally, future studies should challenge this work and test other
potential differentiators and extend the study to geographies outside
of North America.

Discussion and Conclusions

Faced with compelling evidence that the ratio of fatal and nonfatal
injuries is not constant, there has been a desire to identify what is
different about SIFs. Within the safety profession, the idea that the
things that hurt people are not the same as the things that kill
people has begun to replace the antiquated view that SIFs will be
prevented by addressing LSIs. To contribute to the body of knowl-
edge, this study involved hypothesizing proximal factors that
may differentiate SIFs from LSIs, collecting empirical data from
real incident cases, evaluating the cases with an expert focus
group, and conducting statistical tests to determine the extent
to which any hypothesized factors differentiate SIFs from LSIs.
Several key findings will help support SIF-focused prevention
efforts that may address the plateau in fatality rates observed in
North America.

Finding 1: Absent or not followed work plan is a key
differentiator of SIFs.

Proper work planning and execution is well documented as
a vital safety practice (Borys 2012; Mroszczyk 2015; Sawacha
et al. 1999). In fact, issues with work planning, discipline, and
execution have been repeatedly identified as contributing factors
to SIFs (Cohen 1976; Alexander et al. 2017a, b; Winge et al. 2019;
Mirzaei Aliabadi et al. 2020). However, this study was the first to
identify this factor as being possibly unique to SIFs. In review of
the cases, it was evident that in most SIF and PSIF cases, the issues
in planning and execution revolved around the control of a specific
and salient hazard. However, this was an issue for only one of the
13 LSI cases studied. The implication is that proper work plan-
ning and execution is needed to specifically address the control of
high-energy hazards, which may be a cornerstone of a program that
targets SIFs. This finding provides the impetus for further investi-
gations that seek to elucidate on the antecedents (e.g., characteris-
tics of a comprehensive work plan, understanding of a work plan
across different stakeholders) to absent or poorly executed work
plans, which could help in designing effective interventions.

Finding 2: Absent direct controls is a key differentiator
of SIFs.

Related to finding 1, a missing or insufficient direct control
almost always precedes a SIF but is almost never involved in an
LSI. That is, LSIs often occurred in situations where no specific
identifiable control was missing. When dealing with hazards asso-
ciated with environmental conditions (such as uneven surfaces or
dust) or routine movements, a singular physical control was rarely
identified. With most LSIs, it is difficult to propose a necessary
physical safeguard and perform construction tasks in a dynamic
environment.

Interestingly, the factors absent direct controls and absent or
not followed work plan were almost always involved in the same
SIF cases (i.e., they covaried). This suggests that they may be
combined into one factor in future research and in practical ap-
plication. To broaden the previous statement, the implication of
these two key findings is that organizations should focus on en-
suring the presence of direct controls against high-energy hazards
through effective work planning and execution. This supports the
recent research that suggests that safety should be measured by the
extent to which life-threatening hazards are observed to be con-
trolled (Oguz Erkal and Hallowell 2023). It also provides practi-
tioners with an actionable factor to prioritize when focusing on
SIF prevention efforts.

Finding 3: The human factors studied were not differentia-
tors of SIF.

Perhaps most surprisingly, the other five hypothesized factors
were not found to be significant. Although the expert panel had
strong reasoning for hypothesizing unfamiliarity with the task, risk
normalization, poor hazard recognition, and other human factors as
differentiators, the study found that they were equally present in

Table 9. Summary of statistical test results for the comparison of SIFs and PSIFs (Hypothesis 2)

Potential SIF differentiator
Presence in

SIFs (%) n ¼ 13

Presence in
PSIFs (%) n ¼ 12

Odds ratio (SIFs/PSIFs)

p-value 95% CI lower bound 95% CI upper bound

Unfamiliarity with task 31 25 1.00 0.17 11.75
Risk normalization 77 75 1.00 0.12 10.54
Poor hazard recognition 92 92 1.00 0.01 92.61
Absent or not followed plan 92 75 0.32 0.25 226.79
Absent direct controls 100 100 1.00 — —
Poor response to change 38 33 1.00 0.18 8.87
Unavailable resources 23 17 1.00 0.14 21.33
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both SIFs and LSIs. This suggests that, although human factors
are prevalent causal factors of injuries, they are not differentia-
tors of SIF. The implication is that generalized safety practices that
focus on human behavior might be important for injury prevention
broadly, but that they may not help to target SIFs directly. This is
interesting because of the historical emphasis of research and prac-
tice on human behavior and error precursors (e.g., Reason 1990;
Senders and Moray 1991; Shappell and Wiegmann 1997).

Finding 4: PSIFs and SIFs happen for the same reasons.
Another important but unsurprising finding was that none of the

factors examined differentiated SIFs and PSIFs. That is, the seven
potential SIF differentiators were present in approximately equal
proportion in both SIFs and PSIFs indicating that, at least for the
factors studied here, these two incident types involved the same
contributing factors. Although practitioners have long recom-
mended studying PSIFs (e.g., Martin and Black 2015), the results
presented here provide enhanced empirical evidence that PSIFs can
be leveraged as part of a SIF prevention strategy. The implication is
that organizations can greatly expand their SIF prevention pro-
grams by collecting and learning from PSIF incidents, which is
extremely helpful since actual SIFs are exceedingly rare.

The findings presented here may be useful to those who attempt
to combat the observed plateau in fatality rates by addressing SIFs
directly. As companies focus their safety programs, the results sug-
gest that the control of high-energy hazards through effective work
planning, discipline, and execution should be a primary focus.
Future researchers should challenge these findings and expand on
this study by examining additional factors and testing the efficacy
of different approaches to SIF prevention.
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