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ABSTRACT

Risk assessment processes have enormous potential to help employers
strengthen their occupational safety and health programs. Managers of
occupational safety and health programs seeking ways to stay current on
developments in risk assessment may find the only available information
source would require reading multiple scholarly journal articles. Six recent
advancements provide insights potentially useful to risk-assessment teams.
The subject matters of these advancements are: 1) risk-assessment processes,
2) hazard identification, 3) hazard analyses, 4) risk-reduction strategies, 5)
risk-assessment matrices, and 6) risk decision support. Each of these
advances may contribute to particular attributes of risk-assessment methods.
A current challenge is communicating these advances to the managers
of risk-assessment teams. To address this challenge, the article provides
concise explanations of each advancement and how each advancement
contributes to the whole risk-assessment program. An innovation in the
article is a process flow chart depicting all the advancements in a single
page graphic.
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1. Introduction

Risk assessment (RA) has become well-established
in many countries. In the U.S., with a history of
regulation-driven safety practices!, the use of RA
has expanded in scope according to frequency of
occupational safety and health books!*"], two book
chapters® 9, two voluntary standards®® 3, and at
least 14 journal articles!®?), Applications of RA
assessments have been spreading to many ordinary
industrial sectors because of either legislative
requirements or the motivation of business leaders.
Descriptions of RA processes for occupational
safety and health have much in common along with
notable differences. Notable commonalities in RA
processes include the following.

1) Assessments start with a clear description of
the system involved and the specific part of
the system involved,

2) RA projects engage a team of individuals to
provide expertise appropriate for the subject
matter,

3) Typically, RAs involve breaking the project
into a logical steps or other units suitable for
analysis,

4) Keeping records to document, at each step,
potential hazards identified and the means
for controlling the risk of each hazard, and

5) An end point decision on acceptability of the
residual risk of each hazard.

Notable differences in methods used by risk
assessments teams to reach their end point are
diverse, but all recognize the concept that RAs are
proactive processes to help employers recognize
ways to prevent injuries, illnesses, and fatalities. A
project was undertaken to clarify benefits of risk
management in occupational safety and health
establishment.

2. Methods

Background investigations sought to clarify needs
for a feasible method for implementing hazard reviews
of industrial equipment, machinery, manufacturing
processes, or systems generally in order to minimize

risks of harming people primarily through changing
strategies and tactics for preventing hazards. Part
of risk management was examining how different
options may change risk-reduction methods and
providing management decision-makers with
meaningful indicators of risk to facilitate making
safety-related decisions.

Pre-project investigations provided the author with
insights into the needs of various participants in risk
assessment processes. Company risk managers
need a measure of risk to compare with company
levels of risk considered acceptable, tolerable, or
unacceptable. Assuming risk-assessment projects
are assigned to small teams, with one leader and
members having different expertise, everyone will
benefit from clear methods and procedures. Currently,
these individuals need risk indicators suitable for
prioritizing resource allocations. The needs of risk-
assessment study team members are similar but
more specific. The project described in this paper
was undertaken with the aim of meeting the needs
risk-assessment participants by summarizing recent
advancements using state-of-the-art science by
providing a summary of recent advancements in
RA methods.

3. Results

A synthesis of recent literature on risk assessment
methods identified the six described in this section.

3.1 RISK ASSESSMENT PROCESSES—
ADVANCEMENT 1

After receiving a team-based risk assessment project
some clarification may be needed to precisely describe
the system, including interfaces with inputs, outputs,
and other interfaces. Based on comparison of several
lists and flow-chart models, an aid for achieving
success is to follow a series of processes similar to
the steps recommended by various system safety
engineersi?®, The process flow chart model in Figure
1 provides a structure for ordering the processes.
Located left of the flowchart processes are brief
comments. The flow chart is generally traditional except
it extends prior models include two risk-acceptance
decisions-the diamonds near the bottom.
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Explanation or Comment

Start of a risk-assessment project

1. Description of system to be studied

1. Define objectives & project scope

h 4

2. Ahazard is a source capable of
harming personnel or other

2. ldentify Hazards

A

3. Describes the link between hazard
source and the deviation from control.

3. Describe Events and Exposures

b4

4. Each of nine risk-reduction strategies
has at least one risk-reduction tactic

4. Plan Risk-reduction Tactic

Y

5. Assessing risk i built on the severity
of harm from foreseeable harmful event

5. Assess Attributes of Risk

or exposure and the likelihood of
occurrance.

Sewverity

Likelihood

h 4

6. Compare risk indicator with
organization's risk criteria as depicted in
arsk-assessment matrix.

6. Evaluate by Comparing Risk Indicator to

Criteria

7. Is the risk-assessment team ready to
present a recommendation to decision
makers?

8. Has decision maker decided to accept
residual risk?

.

7.1s Risk Acceptable No
To RA Team? A4
.Is Risk Acceptable t No

Management?

Approval

Figure 1. Flowchart of risk-assessment processes. Another term for step 1 is “establish the context”

[5, p. 340]. The loop depicted terminates once no new tactics are identified.

The first of two decision diamonds in the flowchart
asks if the risk is acceptable to the risk assessment
team. This decision is like a gate that needs opening
before the process goes to the second diamond
applicable to review by management for consideration
of factors beyond those of the RA team. Both negative
decisions lead back to a process in which an
additional risk-reduction tactic is added, followed
by reassessing risk including the newly added
tactic. This loop accounts for the effect of each risk-
reduction tactic on acceptability. Thus, the flowchart
recognizes the need for approval of the risk by two
reviews. Regardless of the final decision, the RA

team needs to create a report documenting topics
they considered, processes used, and procedures
followed to provide unbiased evidence for
recommending acceptance, tolerance, or rejection.

3.2. HAZARD IDENTIFICATION—ADVANCEMENT 2
The second advancement helps clarify Step 2 in
Figure 1 of the flow chart. Step 2 involves identifying
hazards associated with the system. Having a clear
understanding of what is a hazard and what is not
a hazard sets the right focus for the risk assessment
team and helps avoid overlooking a hazard. In
reviewing literature, definitions of hazard have not
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been sufficiently specific?®. A review found common
definitions refers to a source capable of harming
people or something else without spelling out what
a ‘source’ includes. Jensen attempts to be more

specific by presenting in Figure 2 hazard sources
listed in three groups: energy sources, other-than-
energy sources, and mixed sources.

Energy Sources

Other-than Energy Sources

Mixed Sources

Mechanical Energy (gravitational
energy of falling person)*
Mechanical Energy (person struck by
moving object)

Thermal Energy
Fire emits thermal & radiant energy
Radiation
Pressure
Acoustic and vibration energy
Extreme weather & geologicevents

Workplace Conditions* *
Biological agents
Chemical agents

Loss of life-supportimg
environments

Violent actions of people
Musculoskeletal stressors

* Gravitational Enerqy plays a key role in falls of persons and objects. Injuries occur when the momentum of
the falling person suddenly exchanges energy with the lower surface.
** Workplace conditions (e.g. slippery floors can cause person to loose postural support and fall).

Figure 2. Hazard sources in three groups

3.3 HAZARD ANALYSES—ADVANCEMENT 3

Overlooking one or more hazard can have a
significant impact on the risk assessment. It's,
therefore, useful to follow a systematic structure for
identifying hazards early (Step 2) in a risk analysis
project [6 pp. 352-356]. Commonly used tabular
approaches serve a dual function of identifying

hazards and doing an initial analysis of each [2, pp.
53-63]. Three common processes are: preliminary
hazard list (PHL), job hazard analysis (JHA), and
starting a risk assessment. All three of these common
analyses make use of a spreadsheet type of worksheet
structured something like in Figure 3.

Column A Column B Column C Column D Column E Column F Column G
" dRiSIt(' Attributes of Risk
. eduction,
Analysis Potential Controls, or ) . Risk
Unit Hazards Mitigation* Severity Likelihood Indicator** | Comments

*Footnotes: Column C has options including risk-reduction, controls, mitigation, or precautions

** Column F may have qualitative or quantitative entries.

Figure 3. General format for a table-based Risk Assessments

Figure 3 shows a worksheet form suitable for three
common hazard analyses. All three use a row-
column format and involve a team. Each of the analysis

© 2026 European Society of Medicine
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Table 1. Risk Analyses Using a Row-Column, Generic Table Worksheet

Analysis Method Columnt Contents
- A Open ended hazard Listing
Preliminary Hazard . . >
Analysis B Review and decide to retain for further analyses
C Comments
A Stepsin atask
Job Hazard Analysis B Potential hazards .
C Hazard controls or orecautions
D Comments
A Analysis unit
B Potential hazardous event or exposure
C Risk reduction strategy or tactic
Risk Analysis D Severity resulting if event or exposure occurs
E Likelihood of occurrence
F Risk Index
G Comments

1 Letters are columns headers in Figure 3.

Both PHA and RA methods aid an RA team to
develop a complete list of potential hazards and
begin identifying applicable risk-reduction tactics.
The RA project scope should serve as a guide for
identifying hazardous events and exposures that
may involve potential harm to personnel, property,
or environment. It is most effective in the early
stage of a new design process and may be effective
for reviewing proposals to modify existing processes.

For a PHA, either of the left columns in a table is
suitable for recording potential hazards during the
lifetime of the system without regard to importance
or likelihood of occurrence. The process for generating
potential hazards involves a small group using a
brainstorming process. A follow-up assessment by
the RA team members may justify removing selected
items from the initial list of potential hazards. During
this review, the RA team is to update their list by
retaining hazards considered significant enough to
warrant further analyses. The utility of this process is
documenting, in the third column, why certain items
on the initial list were dropped from further analyses.
An example where a PHA may be useful is when
doing an RA on a new consumer product before
company officials decide if the risk to consumers is
low enough to authorize release to consumers. Later,

after selling thousands of the items, a consumer may
get injured and bring a product liability suit against
the product manufacturer. Having a file describing
the RA processes followed prior to placing the
product on the market, will find the file is a valuable
source of evidence to show the manufacture exercised
reasonable prudence and appropriate concern for
consumer safety prior to releasing the product for
sale. The file may also provide evidence justifying
why some of the potential hazards initially listed
were dropped due to lack of realistic foreseeability
of occurrence or significant injury.

If the project scope includes personnel performing
a task, the JHA is straight forward and useful. Each
step is written in terms of what is to be accomplished,
not how the step is to be performed. Each task is
listed in Column A with Column B to indicate one
or more hazardous events or exposures potentially
involving the step in the same row. If the JHA team
was using a conventional spread sheet, the columns
for step, hazardous events and exposures, and risk-
reduction tactic would be in Column A, Column B,
and Column C, respectively.

Column C of Figure 3 is for controls and precautions
applied to the step in a JHA or other analysis unit

© 2026 European Society of Medicine 5
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in the same row. Controls involve changes in the
system which do not require employees to perform
in a particular manner. These tend to be known as
engineering controls. Precautions based on employee
behavior are sometimes referred to as administrative,
behavioral, or procedural controls.

Risk analyses may be recorded as an extension of the
table used for a task analysis by adding information
beyond Columns A, B, and C. This extension may
use Column D for the foreseeable severity of a
harmful event or exposure; Column E for likelihood
of the hazardous event or exposure; and Column F
for a risk indicator (RI). Information for each column
may come from predefined categories. The categories
may be qualitative or quantitative. These options
are explained in Step 5 of this article. Using table-
based methods may help the risk-assessment team
avoid overlooking a relevant hazard source. Table
1 summarizes the table formats used in the three
analysis methods mentioned: PHA, JHA, and RA.

Describing potential events and exposures (Step 3)
in the RA flowchart in Figure 1 reflects a theory
growing in recognition and respect—the deviation
theory of occupational accidents. It means that on
normal days, the work goes on without any injuries.
Occasionally, a deviation in the work processes
opens a door for an injury. This theory does not fit
long-term, gradually developing, repetitive motion
musculoskeletal illness or hearing loss. This theory
helps with before and after injury analyses. On the
before side, the theory implies the importance of
safety in production management. By contributing
to smooth operations, avoiding deviations, the
general risk of injury should be reduced. Why is this
important? The deviation theory of accidents can
influence the general opinion that safety is viewed
only as an expense item versus a contributor to
increasing productivity and profit.

3.4RISK-REDUCTION STRATEGIES—
ADVANCEMENT 4

For hazard already entered in the applicable table,
the RA team is expected to explore all options for
reducing risk (Step 4). An approach recommended

by the author of this article is to use a systematic
approach to avoid overlooking something. A public
health pioneer, Dr. William Haddon, proposed using
10 strategies for preventing all sorts of hazards!?> 2,
Years later, an update to Haddon'’s strategies by
Jensen expanded to include post-injury treatment
and rehabilitation as being part of reducing risk??"..
The updated approach recognizes nine broad risk-
reduction strategies with each strategy having one
or more practical risk-reduction tactics within each
strategy [3, pp. 215-219]. The list of strategies and
tactics provided as Figure 4 of this paper apply to
engineering types of controls. Administrative type
risk-reduction strategies, shown in Figure 5, are
intended to serve risk assessment teams with ideas
for adding to the risk-reduction tactics in a JHA or
RA table [3, pp. 231-438].

© 2026 European Society of Medicine 6



Risk Assessment Methods for Occupational Hazards: A Focused Review

1. Eliminate the hazard

Avoid creating the hazard.

2. Substitute or reduce the

hazard.

Remove an existing hazard

3. Avoid releasing the hazard.

Enclose potentially hazardous
materials within appropriate
containers.

Contain electrical energy
within insulated circuits.

Enclose sources of radiation

4. Modify release of the
hazard.

within appropriate shields.

Lockout and tagout potential

Avoid the coexistence of fuels,

Reduce the energy levelto no
more than what is needed for
functionality.

Reduce theintensity of
energy transfer.

Reduce the concentration of
hazardous air contaminants.

Substitute aless hazardous
material or process for a
more hazardous material,

Change asharp edge to a
more rounded shape.

sources of energy or materials.

oxygen, and an ignition source.

5. Separate the hazard from
the personnel.

Control the rate of release.

Control the location of the
release.

Stop the released hazard to

avoid further harm.

Separate by distance.

Separate by locations.

6. Improve the resistance

Separate by a barrier.

of that needing protection.

Equipment and tools to withstand
impacts and vibrations.

Electronic devices to withstand power
surges.

Structures to survive severe weather
events.

Buildings to resist fire.

Materials to withstand rusting and
corrosion.

Product containers to withstand rough
handling during the distribution
processes.

Humans to resist a disease through
immunization.

Figure 4. Depiction of engineering-type risk-reduction strategies on the left and tactics.

In addition to engineering-type hazard controls, many
controls involve active involvement of people. For
convenience, these are referred to as administrative
hazard controls. Figure 5 displays three major

categories of administrative-type risk-reduction

strategies.

© 2026 European Society of Medicine
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7. Help people perform

readers.

Design human-machine interfaces to minimize errors and maximize correct performance.
Provide warnings to notify and remind people of hazards, and to communicate

safely appropriate precautions.

Design work to match task demands to the capabilities and limitations of the workers.
Provide personnel with excellent task training and safety-related training.

Design work so the convenient method is also the safest method.

Design equipment and work demands to tolerate foreseeable human errors.
Provideinstructions and user manuals developed to meet the needs of the intended

Help employees prepare their bodies for the stresses faced on the job.
Conduct operations in a manner that minimizes likelihood of workplace violence.

8. Use personal protective
equipment

Protect body parts from impacts with objects.
Protect body parts from repeated forces by damping and distributing forces.
Reduce the concentrations of air contaminants entering the upper respiratory pathway.

Provide a barrier to protect skin and eyes from contact with hazardous chemicals.

9. Respond, repair, and
rehabilitate.

Use fire extinguisher on incipient fires.

Administer effective first aid.

Expedite transit of injured employees to emergency facilities.

Refer employees with possible occupational diseases to appropriate medical providers.
Maintain an effective return-to-work program.

Respond promptly and effectively to hazardous material releases.

Implement stepsin a business continuity plan after a disastrous business event.

Figure 5. Depiction of Administrative-type risk-reduction strategies and tactics.

The next step in the RA process (Step 4) requires
an estimate of harm most likely to result if the event
or exposure occurs. Appropriate places to record this
information are Columns D for severity, Column E
for likelihood, and Column F for the risk indicator or
risk index (RI). If a hazard has only one sort of harm,
only one row is needed. If other harms need entry, an
additional row is used for each different foreseeable
harm. Once the estimated severity has been
determined, the likelihood of that harmful event
needs estimating. Various authors have proposed
methods for characterizing severity and likelihood.

The method described by Jensen illustrates one of
several found in books and journal articles®. In that
method, both severity and likelihood use a scale with
multiple verbal markings. As a practical matter, using
a numerical scale with end points of zero to 10 or zero
to 100 has several advantages, a major one is the
ease of characterizing risk using a familiar X-Y graph
with severity as a horizontal axis with likelihood along
the vertical axis*214%%, Example 100-point scales, with
verbal markers, are in Figure 6. The verbal anchorage

points are based on research™ ** in which subjects
were presented with a range of terms and a linear
rating scale to indicate what each term means.
Investigators used means and modes to select best
sets of terms. For example, the set of five, nearly
equally-spaced terms for severity emerged as
catastrophic, serious, moderate, marginal and
insignificant. These are displayed in Figure 6, Panel
B, right side.

A recommended approach for addressing each
hazard identified in the initial risk assessment is to
begin determining a risk assessment without any
specific attempts to reduce the risk. This approach
provides a starting point—a base level—to assess
risk without any attempt at risk reduction. This allows
the RA team an opportunity to assess the safety value
expected from adding particular risk-reduction tactics.

3.5RISK-ASSESSMENT MATRICES—
ADVANCEMENT 5

Risk level may be characterized using either of two
methods. A widely accepted practice is dividing the

© 2026 European Society of Medicine 8
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scale into equal-width groups and asking the team
members to select one of the equal-width groups
to reflect their collective judgment of severity and
likelihood, respectively. This approach is referred to
as either categorical or qualitative. Common equal-
width group numbers are from three to six groups on
each axis. The risk-assessment team members need
to select the most appropriate category for severity
and for likelihood as their best estimate. These
estimates provide the foundation for determining
level of risk, or more specifically, a risk indicator (RI).
An example risk matrix is in Figure 6, Panel B.

The second method for characterizing risk level is
more quantitative, A means for accounting for both
severity and likelihood (Step 6) has presented a

challenge for years. Since a major article by Cox
published in 20081*" and mentioned with approval
by Duijm*®, the dominant framework is a 2-dimentionsl
graphic (Figure 6, Panel B)?® similar to a chess board.
Figure 6 displays the framework for determining a
Risk Index (RI) for a hazard. At the top of each column
is a column header term based on prior researchf> 261,
At the bottom of each column is the numerical value
assigned for risk assessment purposes®® 1€, To the
far left of each row is a descriptive term determined
from prior research> 1, At the right of each row are
the numerical values assigned for risk assessment
purposest'®. The cells depicted in Figure 6 are to be
determined by multiplying the cells column value
by its row value and dividing by 100.

¢
S
B Z ~ Z £
9 ? > q
& 5§ ¢ &8
> &S £F
Certain
8 80
o
= HighlyLikely |
g 60
_ Moderately
L Likely
o 40
E  Somewhat
2 Unlikely
Highl 20
Ighly B - !
Unlikely ] . I S
‘ 0 20 40 60 80

0 20 40 60 80

Severity Scoring Level

Panel A

Severity Scoring Level

Panel B

Figure 6. Framework for determining a Risk Indicator (RA) for a hazard. Panel A is a
framework with numerical axes. Panel B has iso-risk lines at 25 and 50 to illustrate using
the these to establish three zones of similar risk.

The framework in Figure 6, Panel B, has five rows
and five columns resulting in 25 cells. The equal-
width groups are 0-20, >20-40, >40-60, >60-80,
>80-100. Organizations have flexibility to design a
matrix with any number of rows and columns,
however, there's a tradeoff. Choosing a matrix with
fewer cells has less granularity but easier to apply;
while choosing a matrix with too many cells allows
greater granularity but more difficulty applying® 4.

The curved lines in Figure 6, Panel B are iso-risk lines.
These are useful for separating zones of similar risk.
The two iso-risk lines, with values 25 and 50 divide
the 25 cells into three categories. More in-depth
information about risk-assessment matrices and
methods may be found in other articles?®?4.

© 2026 European Society of Medicine 9
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100 _—Certain
80 | —Highly Likely
60 _—Moderately Likely
40 |

| —Somewhat Unlikely
20 |-

| —Highly Unlikely
O L

Panel A: Likelihood

100 = — Catastrophic
80 |—
—Serious
60 |
[ —Moderate
40 |—
— Marginal
20 |
| — Insignificant
O —
Panel B: Severity

Figure 7. Example 100-point rating scales with terms placed at mean values based on
research: Panel (A) scales for likelihood. Panel (B) scales for severity.

In the risk-assessment matrix (Figure 6) the upper
right area is for highest risk areas, green for lowest
risk, and yellow for in-between. Risk indicators in the
red zone are generally considered unacceptable,
while those in green are generally considered
acceptable. RA values in the yellow cells are those
requiring careful review by top management before
deciding to tolerate the risk. The second major
enhancement is lines indicating equal Rl values
derived by multiplying the row and column values.
In the upper line in Figure 6, Panel B. Cells fully above
that, and cells with majority of the space above 50
are to be colored red. The lower line is based on the
iso-risk line 25; cells fully below that, and cells with
majority of area below 25, are to be colored green.
Cells not assigned red or green are colored yellow.

The iso-risk lines used in the risk-assessment graph,
should match the categories in the RA table (Column
D for a severity term, Column E for a likelihood term,
and Column F for an RI). The Rl numbers are obtained
by Equation 1 using the numerical values in Figure 7.

Rl = 0.01 x Severity x Likelihood Eqg 1

An enhancement for improving communication with
management is coloring the cell in the RA table,
Column F, the color matching the RA (red, yellow,
and green).

3.5. RISK DECISION SUPPORT—ADVANCEMENT 6
As indicated in the flow-chart model of a risk
assessment project in Figure 1, near the end are two
decisions—first by the risk assessment team followed
by discussions among managers and members of
the risk assessment team.

An effective communication media is the risk-
assessment matrix with iso-risk lines and colored
zones of similar risk. The managers are expected to
consider the RA teams recommendation plus other
factors, in deciding if the risk level presented is
acceptable. Their approval indicates the process
may proceed. If top management decides the risk
level is unacceptable, the RA team needs to decide
if the process should not continue or look into
additional risk-reduction tactics that might be worth
considering. An approach for this could be reviewing
the options for risk-reduction strategies and tactics
in Figure 5 looking for ideas.

Taken individually, the advances described in Section
3 range in low to moderate significance, but when
taken as a whole, the potential importance becomes
substantial. The one-page graphic in Figure 8 shows
the advances in order of the flow process model. This
holistic perspective is presented as an innovation
to the risk-assessment process for occupational
safety and health applications.

© 2026 European Society of Medicine 10
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Process Flow

Supporting Materials

1. Describe RA project

RA team assignment, system description, methods, acceptance criteria

2. |dentify Hazards:

3-a. Define precipitating events and

exposures.

3-b. Rate severity (S) and likelihood (L)
using rating lines.

3-c Calculate Risk Index for pre-controls

A hazard is a source capable of causing harmful consequences; where sources may be
energy, other-than energy, or mixed.

Severity Scale, 1-100 Likelihood Scale, 1-100

4. Plan how to reduce risk.
Example strategy: Separate hazard and
people.
Tactic options:
Separate by barrrier
Separate by distance
Separate by location

100 100

[ — Certain

[ — Catastrophic

80 . 80 | Highly Likely
— Serious

60 - 60 — Moderately Likely

- — Moderate i

40 - 40 | '
| — Marginal | — Somewhat Unlikely

20 20
| — Insignificant

0 L

| _ Highly Unlikely
O |

5. Calculate Risk Index (RI) from
hazard-specific Sand L.

RI=0.01xSxL

matrix method.

highlighting in a matrix.

6. Evaluate residual risk using table and/or

Exampleillustrates risk for a hypothetical hazard
in a row of a RA table, and an example of

100

o]
o

o2}
(@)

Rl is lower than iso-risk Sev

o
o

Lik RI

Likelihood Rating
Iso-risk lines

line (25), therefore, 50

30

N
o

presumed to be
acceptable.

0 20 40 60 80
Severity Rating

7. Recommendation from RA team

8. Decision by management decision
makers

7. Is Risk Acceptable

To RA Team? Revisit Step 4
8. Is Risk Acceptable to Reconsider
Management? Options

Approval

Figure 8. Enhanced depiction of risk assessment processes

© 2026 European Society of Medicine
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4. Discussion

4.1 SUMMARY

This article began with the aim of meeting the needs
of risk-assessment participants by summarizing
recent advancements using scientific principles to
the extent feasible. This was achieved by summarizing
six recent advancements in risk-assessment methods.
When all these aspects of risk were holistically
presented together, the single-page depiction in
Figure 8 was created.

A limitation is not having factual data on the needs
or risk-assessment participants. The needs described
were based on the functions of RA participants.

4.2IMPORTANT WORDS

Words and definitions play a significant role in
describing RA processes. Some of the recent
developments included reconsidering the terms
used for RAs. In developing this paper, | felt
challenged to choose between using the vocabulary
found in committee-developed standardsi*®Y or
plain English terms. My decision was finally guided
by the principle of human factors and ergonomics
to the effect that we should design work systems to
fit the users rather than design the work and require
the users to adapt The standards development
committees are using the older approach by having
a harmonizing committee develop definitions of
fundamental terms, followed by the applications
committees using those terms in standards and
expecting occupational safety and health practitioners
and managers to learn and use those terms. My
motivations align-well with those of Marling, Horberry,
and Harris" in their paper seeking plain English
words to replace some of the unfamiliar definitions
developed by committees. For this paper, | chose
to use the most straightforward words | could find
rather than being constrained by the definitions found
in the international and national management
standards!’® Y, Table 2 contains some pairs of words
with equal or similar meanings. Supplemental
comments follow Table 2.

Regarding occupational safety-relevant terms,
various committees have developed definitions of
terms that match or differ from similar terms
preferred by the author of this paper. Comments
by the author of this paper are in column 1. Terms
in Table 2 indicate definitions of risk reduction and
risk mitigation have the same meaning . A footnote
of Table 2 explains the difference in probability and
likelihood. As indicated, the author sees no meaningful
difference in risk mitigation and risk reduction. A
number of other commonly-used terms used in
occupational safety and health are listed in Table 2
with comments | have been using risk reduction for
almost 20 years in articles and in both editions my
book — Risk Reduction Method for Occupational
Safety and Health where risk reduction consists of
reducing (1) probability of a specific undesired
outcome, (2) severity of harm, (3) exposure to a
harmful agent, and (4) two or more of these®?"28,

The reason for defining “hazard source” is to
strengthen safety science by having well defined
terms. Using a definition of hazard as “a source
capable of causing harmful consequences” is
unnecessarily open-ended until we define ‘source’
and harmful consequences. Sources are discussed
in subsection 3.1.

© 2026 European Society of Medicine 12



Risk Assessment Methods for Occupational Hazards: A Focused Review

Table 2. Terminology Comparisons

In this Article

In 1ISO 45000 [10]

Risk reduction
Risk reduction strategy

Likelihood?

Hazard source

Hazard control tactics
Severity?

Basic hazard analyses

Risk mitigation
Risk mitigation strategy
Probability?

Element which alone or in combination
has the potential to give rise to risk.

Hazard treatment
Consequence?

Coarse analyses

1. Probability should only be used for quantified data, whereas likelihood is suitable for quantitative
or quantitative data. According to ISO definitions, some languages do not have an equivalent word for
likelihood, so probability is used in translations. The term frequency is a measure of likelihood in which
something bad will occur once during a specified time.

2. Severity and consequence refer to the outcome of a harmful event or exposure. Consequence refers
to the foreseeable harm that might occur. Severity is a level on a scale indicating how bad the foreseeable

harm would be if it occurs.

The reason for preferring the term “likelihood” is it
fits both ordered categorical variables and ratio
scaled data like probability. The word probability
has a specific mathematical meaning with values in
the range of 0-1, 0-10, or 0-100%.

The reason for defining “hazard source” is to
strengthen safety science by having well defined
terms. Using a definition of hazard as “a source
capable of causing harmful consequences” is
unnecessarily open-ended until we define source
and harmful consequences. Sources are discussed
in subsection 3.1, and harmful consequences may
refer to harm to employees, and to whomever and
whatever the organization chooses to list.

The linked terms risk-reduction strategies and risk-
reduction tactics distinguish between the broad
approaches and the more focused approaches as
illustrated in Table 2. This can be useful to members
of risk assessment teams when it comes to identifying
potential options for reducing the risk of a particular
hazard. In other words, team participants may
occasionally find their minds could benefit from a
hint about an idea not previously recognized. In
contrast, the term “treatment” has no boundaries
and contributes nothing of value to RA teams.

RA team leaders need guidance on tools and
processes for conducting risk assessments. This
article mentions bringing out the definition of
'hazard’ as a source with potential to harm workers
where source is further defined by lists in Figure 2.
the importance of defining key terms. This article
discussed and defines ‘hazard’. It makes sense that
if Step 2 of the RA flow chart in Figure 1 is for the
study team to identify hazards. This paper provides
rating scales for assigning ways to recharacterize
risk by either using ordered categories or rating using
valid rating scales for severity and for likelihood. The
term ‘risk’ also needs clarification. In the context of
risk assessment, it refers to chance of a worker being
injured or killed by an event or exposure due to the
hazard. The beneficiaries of specific definitions of
'hazard’ and ‘risk’ directly support RA processes.

Company managers will benefit by definitions
coming from an RA team’s report clearly describing
what hazards were identified, analyzed, and the
risk-reduction tactics currently in use, and/or will be
in the future. This both managers and RA team
members will benefit from having common, everyday
terms in RA project reports.
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Obtaining risk as a function of two obscurely defined
factors will remain unsatisfactory if the OSH
community continues using the same approach of
one committee writing definitions while another
committee writes the standard of use. The
occupational safety and ergonomics community
needs to move on from the process of defining
each term separately to defining all key terms in the
context of occupational safety and ergonomics.

4.3 CONCLUSIONS

The advancements described in this article should
benefit RA participants and the management
personnel responsible for overseeing safety
programs. In addition, benefits may accrue to the
OSH professionals collectively. Conclusions here
refer to how RA participants may benefit from the
six advances described in this paper. To meet the
needs of those who perform hazard analyses, a
method for obtaining inputs of their respective
hazard-specific estimates of severity and likelihood
should avoid overly extended debates among RA
team members trying to obtain a consensus. To
meet the needs of managers with responsibilities
for overseeing occupational safety and risk
management, the very recent development of a
quantitative method for risk assessment and risk
management could serve to encourage fresh thinking.

RA team leaders need guidance on tools and
processes for conducting risk assessments. This
paper provides rating scales for assigning ways to
recharacterize risk by either using ordered categories
or rating using valid rating scales for severity and for
likelihood. The term ‘'risk’ also needs clarification.
In the context of risk assessment, it refers to chance
of a worker being injured or killed by an event or
exposure due to the hazard. The beneficiaries of
specific definitions of ‘hazard’ and ‘risk’ directly
support RA processes.

Company managers will benefit by definitions
coming from an RA team'’s report clearly describing
what hazards were identified, analyzed, and the risk-
reduction tactics currently in use, and those that will
in use in the future. Thus, both managers and RA

team members will benefit from having common,
everyday terms in RA project reports.

4.4. FUTURE DIRECTIONS

Stephans previously described several gaps in the
OSH body of knowledge® and the RA body of
knowledge. The combination of those gaps with
those identified in this paper may be only a fraction
of many. The RA body of knowledge could benefit
from other scholars and practitioners interested in
risk assessment using their experiences to follow up
with projects to expand the RA body of knowledge.

The risk-assessment matrix discussed in this paper
consists of two factors, severity and likelihood. This
2-factor matrix represents a simplification to suit
practitioners of occupational safety and health. A
third factor could be one to account for the frequency
of personnel exposed to a hazard. A previously made
example was a stairway leading to a basement with
a frequency of use once per week compared to
stairway leading from a parking lot to the facility
entrance with a frequency of 300 times per week.
This difference is not explicitly accounted for using
a factor- 2 matrix, although it may be considered
as part of the likelihood factor.

The domain for this paper is occupational safety
and ergonomics. Both professional subcategories
recognize the fundamental principle of designing
work to fit the workers. In the context of this paper,
the principle may be restated as design the process
description for those who will be asked to make the
risk acceptance decision.

To meet the needs of the managers with
responsibilities for overseeing occupational safety
and risk management, adoption of a risk indicator
is explained. A quantitative risk indicator is a very
recent development.

RA team leaders need guidance on tools and
processes for conducting risk assessments. This
paper provides rating scales for assigning ways to
recharacterize risk by either using ordered categories
or rating using the rating scales in Figure 7 for severity
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and for likelihood. Rating of these two elements may
be used to characterize level of risk by plotting on a
risk assessment matrix.
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