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BEST PRACTICES

8 TIPS FOR SUCCESS WITH SAFETY 4.0
Big Data Tools Zoom In on Unseen Safety Risks
By Keith Bowers and Geoff Walter

The powerful new tools that drive safety leadership in safety 4.0 allow OSH professionals to see and understand 
the workplace and safety risks with new clarity. Done right, these new approaches can deliver big benefits. Done 
wrong, they can bring big problems.

These eight tips will help keep OSH 
professionals in bounds and on the way to 
significant improvements with safety 4.0. 

Safety 4.0 is the application of fourth 
industrial revolution technologies such as 
digitization and artificial intelligence (AI) to 
safety. The safety 4.0 project discussed in this 
article uses AI technologies to extract, sum-
marize and prioritize the safety records and 
other text data that were too voluminous to 
read and understand before safety 4.0.

1) Text Records: A Treasure  
Trove of Data for Safety 4.0

Organizations today collect huge 
amounts of text-based safety data. Before 
safety 4.0, it was not possible to convert 
these data into actionable information 
without expending immense amounts of 
time, effort and resources. Without safety 
4.0, these data are stowed away in spread-
sheets, databases and e-mail systems, and 
little is done to convert these data into 
meaningful insights and conclusions. Most 
text stores are too big, complex, irregular 
and detailed for even the most efficient 
safety professional to read and analyze. 

With safety 4.0 tools, however, it is pos-
sible to efficiently sift through safety data 
including incident reports in all forms, 
such as e-mails, root-cause corrective 
action reports and investigation records, 
and identify safety-relevant data. When 
faced with hundreds or thousands of safety 
documents, it is easy to get overwhelmed 
beyond the first few dozen. Safety 4.0 uses 
a family of AI techniques called natural 
language processing (NLP) to digest the 
detail and complexity buried in these un-
structured text data, where the most criti-
cal safety data often reside. 

The approaches of safety 4.0 empower 
companies to distill much more useful 
information from existing data sources 
and enable rapid, effective improvements 
of safety performance. To illustrate safety 
4.0, the authors use real data from a major 
division of Owens Corning, an Ohio-
based producer of insulation, roofing and 
fiberglass composites. The company em-
ploys approximately 15,000 people in 110 
factories in 25 countries. 

In the case study, customized data science 
analysis, adapted for the company from a 
series of well-tested machine learning and 
NLP algorithms, reshaped the company’s 
safety data and generated analysis, graphics 
and interactive reporting. Table 1 contrasts 
the understanding of safety before and after 
the adoption of big data tools and safety 4.0.

In the example safety 4.0 analysis pre-
sented in this article, safety incident data 
consisted of:

•more than 6,000 written records with 
limited, inconsistent categorical labels;

•unstructured text records with multi-
ple formats (e.g., e-mails, RCCA reports, 
safety database);

•varying lengths and styles, inconsistent 
wording and vocabularies, multiple formats;

•data spanning 110 locations and mul-
tiple languages.

With unstructured written information, 
tools previously used were unhelpful. Print-
ed out, the stack of paper stood 3 ft. tall.

2) Use Safety 4.0 Tools Now; 
The Perfect Time May Never Come

Have you been waiting for that perfect 
moment to implement safety 4.0, when 
the stars align for your software, database 
and process improvement program? That 
moment may never arrive. Consider im-
plementing now if you have mature safety 
processes and a reasonable amount of 
relevant data, even if the data span multi-
ple systems and formats. 

Safety 4.0 technologies thrive on the 
chaotic and abundant data found in writ-
ten incident reports and related commu-
nications that lack consistent structure or 
labels. In the case study, the authors used 
text data from more than 6,000 incident 
reports drawn primarily from the compa-
ny’s safety database. 

Do not worry if your company has 
more or less data than in this example, or 
if the data are not neatly stored in a single 
database or format. These techniques scale 
and can routinely handle the equivalent of 
a million-row spreadsheet. In general, the 
more data the company has, the more you 
will get from these techniques and it does 
not matter where the data are located.

3) Leave Preconceptions Behind;  
Avoid the Easy Ways Out

Before safety 4.0, to determine where 
the company needed to improve, OSH 
professionals relied on professional judg-
ment and assumptions, and had limited 
data to understand the complex landscape 
of workplace risk. With safety 4.0, it is 
possible to access those data to help map 
improvement strategies and determine 
which safety problems most deserve lim-
ited resources. These are both crucially 
important questions.

As human beings, we seek to understand 
our environments, and we are prone to two 
common cognitive errors when we examine 
the weaknesses of our production processes.

Before safety 4.0: Too much data, 
not enough information 

After safety 4.0: Data analytics drive 
meaningful analyses and conclusions 

•Lacked scalable analytical tools to 
process colossal amounts of text and 
numeric data. 
•Impossible to analyze and comprehend. 

•Machine learning and natural language 
processing consider all data concurrently 
housed in safety database (i.e., all text and 
numeric information from all years). 

•Focused on general, industry-wide risks 
in broad categories. 

•Incorporating actionable and detailed 
incident types customized for the 
company’s workplace. 

•Despite these shortcomings, the 
company achieved award-winning 
safety performance. 

•With safety 4.0, the company strives for 
even higher quality performance levels by 
employing data-based decision-making. 

 

TABLE 1
BEFORE & AFTER SAFETY 4.0
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First, the recency effect is the tendency to 
overvalue recent events over more distant 
events. This effect causes us to work on recent 
problems, still prominent in the memory.

Second, humans tend to take the path of 
least resistance and work on problems that 
are easy for them to solve. For example, if 
an individual has resolved measurement er-
rors in the past, s/he will be inclined to look 
for other opportunities to conduct mea-
surement improvement programs, even if 
efforts elsewhere could yield better results.

Using big data techniques can help 
avoid these and other common cognitive 
errors, and make the most of all data to 
determine the biggest safety issues and 
identify the best remedies.

4) Let the Data Show the Way
Do not fall back on past classifications 

for safety data; let the data determine its 
own classifications. By reading the full 
complexity and diversity of safety incident 
data, safety 4.0 can build a reliable and 
comprehensive hierarchical classification.

For the case study, the authors used NLP 
techniques to distill 15 broad types of safety 
incidents seemingly buried in the compa-
ny’s data (Figure 1). Each feedback type is 
labelled with three keywords that are most 
characteristic for that feedback type. These 
15 safety incident types can be grouped into 
four high-level categories: machine impacts, 
slips/falls, strains and hand injuries.

Note the internal consistency of the in-
cident types in Figure 1. The dotted lines 
represent a stronger similarity between the 
incident types. Note that the incident types 
are specific to the authors’ company opera-
tions and naturally fall into four broad cat-
egories. This network helps to visualize the 
natural groupings of the incident types and 
design a systematic incident reduction plan.

Each of the more than 6,000 incident 
reports is associated with a safety incident 
type and provides many real-world exam-
ples of each incident type. Having many 
specific, real-world examples facilitates the 
design of corrective actions. Also, note that 
similar incident types are located close to 

each other and arranged in a precise and 
consistent hierarchy of types (Figure 1). 
The number of feedback types (15) best 
fit the data. The data is routinely analyzed 
with fewer or more types depending on the 
purpose and scale of the questions. 

Big data tools read and classify the 
ocean of valuable information that is oth-
erwise hidden in unstructured text data 
such as incident and root cause and cor-
rective action reports. Harvesting the text 
information in the safety database reveals 
the complex contours of the safety inci-
dents and highlights new opportunities 
for improvement that could not be detect-
ed before using the safety 4.0 tools.

First-time users of these techniques are 
often surprised that these AI-generated 
classifications are specific, informative 
and consistent. They are much more de-
tailed, precise, customized and actionable 
than a general category classification 
could have been before safety 4.0.

With safety 4.0 tools, it is possible to quan-
titatively measure the impact and extent of 
these custom incident types accurately and 
reliably to better understand risks and conse-
quences of workplace safety incidents. Safety 
4.0 allows OSH professionals to confidently 
address the most important safety issues 
because they have been objectively derived, 
quantified and classified rather than relying 
only on professional judgment.

5) Maximize Improvements When 
Combining Text & Numeric Data 

With safety 4.0 tools, it is possible to 
analyze quantitative data while applying 
new techniques such as NLP. The authors 
next rank and prioritize the text analysis 
results and combine them with recordable 
incident and lost-workday totals. The 
authors recommend using multiple met-
rics such as recordable and lost-workday 
counts to rank and prioritize the different 
classes of safety incidents. This reduces 
incorrect interpretations and provides 
additional support for conclusions. 

To put the high-level network of inci-
dent types into perspective, the authors 
ranked the 15 types by total number of 
recordable incidents and lost workdays 
for each incident type. The recordables 
represent the number of safety incidents of 
each type that were classified as OSHA-re-
cordable incidents for each of the 15 types 
shown in Figure 1. The lost days represents 
the total number of lost workdays, if any, 
associated with each safety incident type. 

This quantitative ranking of safety in-
cident types helps to prioritize corrective 
actions. In Figure 2, safety incident type 

Network of the incident types in the Owens Corning safety database, as produced by big data tech-
niques. The database consists of 6,228 incident records and 305,287 words of text. Each incident 
type is labeled with key words that are characteristic for that incident type. The dotted lines repre-
sent stronger similarity between the incident types. Note that the incident types are specific to the 
company operations and naturally fall into four broad categories. This network helps to visualize 
the natural groupings of the incident types and design a systematic incident reduction plan.

FIGURE 1
NETWORK DIAGRAM OF INCIDENT TYPES  
REVEALS PREVIOUSLY UNSEEN PATTERNS
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15 (injuries involving impacts from large, 
800-pound rolls of reinforcement mate-
rial) and incident type 13 (slips and falls) 
have the highest recordable counts and the 
highest total lost workdays. Note that these 
incident types are not the most frequent 
workplace incidents; in terms of first-aid 
visits, hand injuries are much more com-
mon than incident types 11 or 13, but hand 
injuries usually require only first-aid treat-
ment. It is easy to get distracted by the large 
volume of lower impact incident types, such 
as hand injuries, and neglect to see the big-
ger risk presented by less frequent but more 
severe incident types. By clearly classifying 
and ranking safety incidents based on the 
data, the company recognizes problems that 
might otherwise have been missed. 

6) Bolster Professional 
Judgment With Real Data

When implementing a production im-
provement program on one of the com-
pany’s manufacturing lines, it is possible 
to quickly determine whether the process 
improvement program has been suc-
cessful by checking whether production 
has increased or decreased. Companies 
generally rely on a consistent and inter-
pretable metric of production output to 
measure their effectiveness and help teach 
them how to improve skills with more 
experience. However, this is not always 
possible with safety incident reduction 
programs. Many incident types, including 
severe incidents, occur infrequently and it 
is difficult for OSH professionals to deter-
mine whether they have prevented these 
incidents or if they still would not have 
occurred without safety interventions.

By relying on lots of real data with the help 
of safety 4.0 techniques such as NLP, OSH 
professionals can help ensure that the most 
important issues are worked on. The most 
severe incident types are usually not the most 
frequent incident types. In the company’s 
data, hand injuries are much more common 
than other incident types that are often much 
more severe. It is easy to get distracted when 
dealing with the large number of lower-im-
pact incident types and fail to appreciate the 
greater cumulative impact of the less fre-
quent, more severe incidents.

7) Set Clear Goals for Data Scientist
It is not necessary to be a data scientist to 

use safety 4.0 tools. However, the authors 
recommend working closely with one, pref-
erably one who has data science and safety 
experience. Without safety experience, a 
data scientist may apply the wrong tools 
and make less-than-optimal analytical de-

cisions. This was especially important with 
the NLP techniques used in the case study 
since knowledge of company processes 
and technologies was crucial in making the 
many model calibration and analytical de-
cisions that these techniques require.

If the goal is to reduce lost workdays, 
then the data scientist must structure 
analysis so that the results provide the ac-
tionable information needed to reduce lost 
workdays. If the goal is to reduce serious 
injuries and fatalities (SIFs), then make 
clear at the outset that the analysis must fo-
cus on identifying potential SIFs particular 
to the company’s operations. It is important 
to state priorities early and communicate 
them clearly to the data scientist to receive 
the actionable insights that are hidden in 
data, especially freeform narrative text.

8) You Will Be Surprised 
Expect to be surprised. About 25% of the 

safety 4.0 results will be surprising; the rest 
will confirm, quantitatively, what was already 
suspected. The unexpected results that shake 
up your view of workplace risks are where 

the greatest gains can be found and most 
immediate opportunities often reside. Take a 
surprise finding, confirm it and take action.

Conclusion
With safety 4.0, OSH professionals can 

understand workplace risks in new and 
exciting ways. They will grasp the value in 
the complexity and quantity of incident 
reports and safety data. The tools the 
authors used in these examples are just 
some of the many ways that can help OSH 
professionals better understand workplace 
safety as part of their safety 4.0 program. 

Through converting the company’s vast 
stores of data into useful information, the 
authors have gained confidence that they 
are identifying the biggest risks, and not 
getting distracted by the outliers or those 
few distracting incidents that might have 
otherwise absorbed time, attention and 
effort. With a clearly defined and well-con-
ceived safety 4.0 strategy, the company is 
confident that it is focusing on the right 
customer concerns and maximizing im-
provement in customer satisfaction.  PSJ

Incident types are labelled by their keywords and ranked by the total number of OSHA 
recordables and lost or restricted workdays (lost days) per incident type. Incident types 
can be broken down into subtypes when needed. For example, incident type 13 was di-
vided into three subtypes to facilitate the design of countermeasures.

FIGURE 2
RECORDABLE & LOST WORKDAY DATA 
PRIORITIZE IMPROVEMENT OPPORTUNITIES
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