Management of construction safety and health plans
based on automated content analysis

Abstract

Safety management in the construction sector continues to be of great con-
cern due to the high accident rate. Enormous legislative efforts have been made
to minimize this problem. In Europe, the Directive 92/57/EEC, which estab-
lishes a mandatory safety and health requirements, defines the Safety and Health
Plan. This paper contains a methodology for automatically extracting struc-
tured relevant information from this textual document. Such plans are crucial
to provide safety in this sector. However, current documents are often enlarged
with nonessential information, whilst the most relevant information is missing
or difficult to locate. The information extracted by our methodology makes it
easier for Safety and Health Plans to be validated and approved at an early
stage, as well as facilitating their later use and updating. The main steps of
this methodology are: i) the definition of the relevant content to be extracted as
seven items, in collaboration with experts in the area; ii) text preprocessing and
enrichment using existing software resources for the natural language employed;
and iii) automated content analysis for extracting information, on the basis of
a collection of previously established rules for identifying the content defined
in the first step. The output is a detailed and structured report containing
the percentage of relevant information identified, as well as the desired items of
information. To illustrate and validate our methodology, we have implemented
and applied it to 50 real Safety and Health Plans. As a result, our system was
able to identify most of the required information for five of the seven items in
all of these plans. In addition, we have been able to detect the problems in the

textual plan that caused the missing information in the other two items, which
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will be corrected in future developments.
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Analysis, Safety Management, KNIME

1. Introduction

The accident rate in the construction industry is among the highest com-
pared to other industries all over the world. [Il 2 B [4]. Therefore, one of the
most important tasks involves project management which requires proper data
management is workplace safety [5l [6]. However, this is not an easy task due
to both the context in which construction work is carried out and its specific
characteristics. These include the traditional nature of the sector [7], the large
number of documents throughout the project life cycle [§], the lack of standard-
ization in documents and data [9], relative uniqueness and complexity of the
projects [I0, 1], legal requirements [12], and, the changing environment and the
overlapping of multiple and diverse activities [I3]. Focusing on safety, all these
aspects, which are commonly reflected and collected in documents, make the
effective management of safety difficult since information is usually scattered,
repeated and fragmented in diverse data sources or even in the same document.
Furthermore, the relevant information concerning safety can be difficult to find
by people responsible for safety management.

Rigorous efforts have been made to provide a safe and healthy working envi-
ronment for construction workers and to reduce casualties [14]. In this regard,
strong governmental enforcement of safety laws and regulations has been es-
tablished. These regulations involve a large amount of information through
many very different documents. In Europe, Directive 92/57/EEC [I5] estab-
lishes mandatory safety and health requirements at temporary or mobile con-
struction sites. Article 3 of the European Directive states that the contractor in
a worksite will have to create a Safety and Health Plan (hereinafter named S&H
Plan). This plan should reflect the prevention management for that worksite

adapted to the specific circumstances of the work and the execution process.
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Concretely, this document should identify, plan, organize and control all ac-
tivities to be performed from the perspective of prevention: work procedures,
risks and preventive measures. An important aspect in this context is that this
document must be updated whenever any modification occurs during the con-
struction process, making it proactive and flexible. This living and dynamic
document must be drafted and approved before work begins. In the case of
private projects, the coordinator is responsible for approving it while in public
projects it is the labor authority.

The S&H Plan should be considered a real instrument on the construction
worksite to carry out the work safely. All the information contained in this
document should be reliable, real and coherent considering the peculiarities of
the project. Nevertheless, in most cases, the content of this document is far
from ideal, being very long, heterogeneous and complex, with redundant and
nonessential information. This means that it is not as useful as it should be
for the required purposes. The main drawbacks identified in this document are:
information overload (the more the better), unstructured information, gener-
alization of risk assessment and preventive measures, and absence of relevant
information. These aspects make it difficult to manage this document, both for
the coordinator and the labor authority during review and validation. In ad-
dition, these issues make this document less practical than it should be during
the execution process.

The Information and Communication Technologies (ICT) area can provide
some interesting techniques for helping to deal with the aforementioned aspects
in an efficient way. Nowadays, the construction research community is increas-
ingly embracing the use of ICT to support data management [16] [I7] and to
achieve safe construction practices [I§]. Safety research to date has tended to
focus on several technologies, such as Virtual Reality (VR) [19, 20], Geographic
Information System (GIS) [21I], 4D CAD [22], Building Information Modeling
(BIM) [23] 24], sensing technologies [25] 26], Internet of Things (IoT) [27], etc.
These technologies are mainly designed to efficiently capture, store, update, ma-

nipulate, analyze, and display data on construction projects. However, not only
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data management (in a strict sense) is needed but also the process which allows
knowledge discovery in datasets, especially from textual data, is becoming more
and more important for organizations [28],[29]. In this regard, Natural Language
Processing (NLP) is a very active and rapidly evolving research area that deals
with the comprehension and analysis of human-produced texts by computers
through artificial intelligence, computer science and linguistics [30, BI]. One of
the applications of NLP is automated content analysis, which is increasingly
being used for a variety of applications even in the construction domain [32].
As mentioned previously, the S&H Plan is created by humans using natural
language, which has irregularities, unstructured information, etc. This paper
shows that these drawbacks can be addressed using automated content analysis.

The main objective of this paper is the integration of different elements and
technologies into a methodological approach for dealing with S&H Plans to find
relevant information to help people responsible for safety management. Our
methodology has been implemented and tested in the specific case of construct-
ing concrete-based structures. We have shown that it helps to detect at an early
stage whether the S&H Plan meets specific requirements by analyzing the con-
tent and automatically extracting relevant information contained in the plan.
Moreover, our approach can provide a significant time-saving advantage for co-
ordinators and the labor authority when validating the S&H Plan and fulfilling
its aim in construction sites: to execute work safely.

The first step of our proposal consists of determining what content should
appear in the S&H Plan. Reference works in the literature and consultation
with a group of experts in the field of construction and safety, with full knowl-
edge of project management, were used to determine this. Most content refers
to general aspects of the construction project. However, some requirements of
the approach focus on the execution of structures (specifically, structures made
of concrete) since it is one of the phases with the highest number of accidents in
the construction industry [33]. Secondly, three phases are considered: prepro-
cessing, enrichment and automated content analysis. In the preprocessing phase

the methodology removes noise and inconsistent data to facilitate the extrac-
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tion of the information. The enrichment phase adds useful information to the
preprocessed text to locate the required information. Finally, the automated
content analysis phase is composed of a set of rules that detect the information
in the document. This proposal makes it possible to quickly verify at an early
stage, whether the plan contains the required information that is relevant to the
management of construction workplace safety.

The remainder of the paper is structured as follows. Section |2]is devoted to
explain the current way of elaborating the S&H document. Section [3| presents
previous works regarding NLP, while Section [4] describes the methodology based
approach. Section [5] presents some results and finally, guidelines for future

research (Section @ and conclusions (Section [7)) end the paper.

2. Safety and Health Plan

According to the European Directive 92/57/EEC [15], the S&H Plan is a
document in which the contractor plans, organizes and controls each one of the
activities from the point of view of workplace safety and health. In addition,
this document constitutes the basic instrument for risk assessment and preven-
tive planning. The S&H Plan is created before starting the activity since the
coordinator or the labor authority must perform an evaluation of the plan. This
process may involve considerable time since the document can exceed 100 pages
in most cases. Unfortunately, the legislation does not establish a structure to
organize the information in the document. This drawback along with those
mentioned in the introduction makes the validation process very difficult.

In the construction industry, safety planning generally consists of identify-
ing all potential hazards, assessing the risks, and choosing the corresponding
safety measures for the worker, task, tools, and work environment [I]. It is
thus necessary to carry out the risk assessment (tolerable, moderate, important,
etc.) to define specific preventive and organizational measures and determine
the necessary Individual Protection Equipment (IPE) and Collective Protection

Equipment (CPE). Below is an example of the hazard “Objects falling while
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being handled or after coming loose”:

e Hazard type: Objects falling while being handled or after coming loose

e Hazard controls:

— Do not stand under suspended loads
— Always ensure hooks with their safety latch
— Always check the state of cables, ropes, slings, etc.

— Do not gather material on the edge of shutter work

Make sure materials are stored correctly

Do not leave tools, equipment or materials in the working platforms

of the scaffolding

e Individual Protection Equipment (IPE): helmet
e Collective Protection Equipment (CPE): safety nets

However, this is not an easy task due to the construction characteristics,
such as, changing environment and overlapping of multiple and diverse activ-
ities. If risks are not assessed the control measures cannot be developed and
implemented since those involved are not aware of the hazard [34].

As mentioned before, each company must elaborate an initial assessment
based on the activities that they develop, determining the preventive measures
that will be applied to control the identified risks. But this document does not
end at this point. The European Directive 92/57/EEC [I5] establishes that
this plan must be updated, expanded and modified whenever any modification
occurs during the construction process. For example, these modifications can
be produced as a result of changes in materials, processes, design, accidents,
land characteristics or work methods, among others. Then, the S&H Plan must
be a dynamic and flexible document.

Nevertheless, this document tends to be a mere requirement that must be
prepared in case of a labor inspection. This poor perception is largely due
to the quality of the document itself and, consequently, to its limited use in

construction worksites [35]. The main drawbacks during its creation are lack
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of knowledge of the execution processes, lack of data when the S&H Plan is
being prepared, information overload (the idea that the more the better) and
the generalization of risk assessment and preventive measures.

As such, the automated analysis of this information might represent an im-
portant challenge in this context. To the best of our knowledge, in the literature,
there are no proposals to address this problem. With the approach presented
in this paper, the S&H Plan will be analyzed automatically to check that it

includes the information determined by experts.

3. Preliminaries

The construction is a greatly information-dependent industry since a lot of
documents need to be transferred and exchanged in order to support the dif-
ferent important management tasks during the project life-cycle. For example,
in a construction project, even a small one, a large amount of information is
contained in textual and digital data coming from specifications, plans, pro-
cess control, safety management, inventory, costs, and scheduling documents
[8, 136l [7, 37]. However, traditional analytics can generate informative reports,
but fail when it comes to content analysis. As a result, pattern recognition, data
mining and Knowledge Discovery Data have received major attention, as they
can provide reliable results and effectively assist in data analysis and knowledge
extraction [32]. These techniques have been used to achieve diverse objectives,
such as, to classify project information [10] B8], analyze construction contracts
[8], costs [39] and, to structure and manage safety knowledge [40, [41], 42} [1].

In recent years, NLP is a very active and rapidly evolving area of research
that deals with the comprehension and analysis of human-produced texts by
computers [43]. It enables machines to derive meaning from human language
inputs [44]. NLP lies at the confluence of artificial intelligence, linguistics, and
computer science and aims at enabling computers to process natural language
text in a human-like manner. Applications of NLP include speech recognition,

machine translation, and automated content analysis [45]. Automated content
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analysis is increasingly being used for a wide variety of applications. This is
motivated by the necessity to make sense of the digital information and to take
advantage of the fast-growing volume of it [30].

Some researchers have been trying to introduce NLP into the construction
industry for several purposes, e.g. retrieval of computer-aided drawings [37],
automatic analysis of injury reports [30], automatic clustering of construction
project documents based on textual similarity [46], risk management [47] and
construction site accident analysis [6]. Some of these proposals combine the
use of NLP with other techniques with the aim of improving the efficiency and
performance of particular applications.

However, some authors discussed that current applications of NLP in the
construction industry represent a challenge [37), 4T]. Generally, the main obsta-
cles when creating a system that understands natural language are the difficulty

to accurately model grammars and the disambiguation of words.

4. Methodology based approach

In this section, which is divided into two main parts, a step-by-step method-
ology based approach is detailed. Firstly, a reference structure which defines
the content that the S&H Plans should contain is proposed. Subsequently, the
methodology which analyzes the mentioned content of this document in an au-

tomatic way is detailed.

4.1. Required information

To evaluate the content of a given S&H Plan it is necessary to determine
what content it should contain. As explained in Section 2] the S&H Plan is the
document in which the contractor plans, organizes and controls each one of the
activities from the point of view of workplace health and safety. Specifically, in
this study we focus on projects using concrete structures.

There is no predefined regulation that determines the structure or the con-

tent of an S&H Plan [48]. This makes sense since, as mentioned previously,
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this document should be adapted to the peculiarities of each project. The leg-
islation gives contractors the freedom to choose the information that should be
considered [I5].

At this point, we should stress that the aim of our proposal is not to estab-
lish a model that designers can use as a reference for developing their plans,
but rather to propose a methodology for testing the content that plans should
contain. To do this, the content is structured in a hierarchical manner on two
levels.

In the first level, reference works in this domain have been reviewed [48] [49]
with the aim of defining an initial proposal regarding content requirements.
Then, ten experts in the field of construction, with a deep knowledge of project
management, were invited to review and validate this proposal. As a result of
this process, Table [I| shows the items and subitems that should be contained in
an S&H Plan in a structured way. In addition, each item has been evaluated
with a percentage from 0% to 100% according to its importance in comparison
to the rest of the items. Similar percentages, from 0% to 100%, were assigned
to the subitems. The sum of the item level and subitem level is 100%.

It should be noted that some items are general and cover the entire con-
struction process, but others are particular to the process of building concrete
structures. This is the case of the item regarding “Risks, preventive measures
and individual protection equipment”, which will involve tasks that are needed
for concrete formwork, placing rebars and pouring concrete. To identify auto-
matically these issues in the S&H Plan, three lists containing all of the possible

situations were created and reviewed by the panel of experts.
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Table 1: Relevant items and subitems to consider in the S&H Plan

Items % items  Sub-items % sub-items
Construction ID 8% Denomination -
Promoter 11
Information Project designer 9
about 9% Author of the S&H Study 16
professionals Project manager 16
and S&H Coordinator in the execution phase 27
companies Contractor 21
Preventive Construction manager 25
structure Foreman 16
of the main 13% Foreman 2 11
construction Organizational mode for preventive activity 24
company Preventive resource 24
Access Control Plan 16
Planning Authorization plan for the use of machines 16
of the 23% Maintenance Plan 13
preventive Delivery Control Plan (IPE) 14
action Emergency and Self-Protection Plan 17
Training and Information Plan 24
Risks 38
Execution 29% Preventive measures 41
process Individual Protection Equipment (IPE) 21
Plans 9% -
Measurement 9% -

and budgets

As can be observed, the items of greater importance are those that focus on
the definition of preventive activities, such as structure and personnel, planning,

and the execution process. The rest of the items have a similar value, around

9%. The next section explains the proposed methodology.

4.2. Proposed methodology

Once the features that our proposal will be able to evaluate have been de-

fined and before explaining them in depth, Figure [1| details the flowchart of the

proposed methodology based approach. Firstly, as can be observed, the S&H

Plan is converted from a pdf file to an excel file.

10

This step is necessary to
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analyze the information contained in the original file. A preprocessing phase
is carried out to remove unnecessary information from the document. Next,
names and locations are identified in the text given that some items contain
this kind of information. After that, the content is automatically analyzed to
identify whether specific items and subitems are contained in the S&H Plan.

Finally, a report with the results is obtained.

[ ' Pre-processing . 'Enrlchment
— J 123 I#<>
— j .\l L — 456 /&
Delete Delete Delete : Identify
5 X | “. number  Punctuation Stopwords . * Names & locations
Content analysis I |
\dentification Organizational Risk, preventive Measurements
= structure measures and IPE and budget ? i
: _ l : | : == : O}
E Planning of the : E

Professionals o0 H

. . Plans
preventive action [== H

Figure 1: The flowchart of the proposed methodology based approach

The proposal has been implemented under the well-known KoNstanz Infor-
mation MinEr (KNIME) software [50]. It is a freely available software, with a
graphical interface where users can design workflows that allow to analyze and
mine data in an intuitive and easy manner. Users can configure the workflows
by dragging nodes from the repository and linking them through their output
and input ports. Additionally, KNIME provides nodes for different stages of

data mining techniques, such as, data sources, data pre-processing steps, model

11
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building algorithms, as well as visualization tools [51].
Next subsections focus on explaining the design process of our proposal,
which is divided in three phases: pre-processing, enrichment and content anal-

ysis phase.

4.2.1. Preprocessing phase

To carry out the preprocessing, the information must be extracted from the
text of the S&H Plan. In our proposal, data collection is performed using the
file reader node in Excel format.

Once the document is loaded, it should be preprocessed to remove noise and
inconsistent data, and the format must be adapted to facilitate the extraction
of the information. This phase could be considered one of the most important
in terms of text analysis. Following, the steps that are involved in this phase

are detailed:

e Lower case conversion. In this step the text is transformed into lower
case which reduces variations of the same word, e.g., after transformation
Employee and employee are indistinctly managed as the same word.

e Punctuation marks removal. They are removed given that they usually
do not contribute to text analysis.

e Stopwords removal. Stopwords are frequent words that do not provide
relevant information to text analysis, such as, conjunctions, prepositions,
and pronouns. Therefore, they are removed in this step [52].

e Tokenization. Tokenization is the task of chopping a text sequence up into
words, called tokens [53].

e Semantic pre-processing. This stage consists of the detection and grouping
of synonyms. To do this, we have elaborated a domain specific list based

on expert knowledge.
Following, an example of this preprocessing phase is shown:

— Using a sample sentence from the source S&H Plan:

“Safety and Health Plan for the execution of 3 isolated single-family houses,

12



which are located in the province of Mdlaga.”
280 — The preprocessing process returns:
safety health plan execution 3 isolated single-family house are located province

malaga

4.2.2. Enrichment phase
The objective of this phase is to add useful information to the preprocessed
25 text. This means linking tags to words to provide information about the type
of word they are, such as noun, verb, adjective, etc. In corpus linguistics, this
is part of speech tagging.
Additionally, tags may also report the semantics of the word, namely, whether
it corresponds to a person, location or organization. To do this, two complete
200 lists are included with Spanish nouns and locations to identify automatically
these words [1]
To continue with the previous example, the output of this enrichment phase
would be: :
safety (noun), health (noun), plan (noun), execution (verb), 3 (number), isolated
205 (adjective), single-family (adjective), house (noun), are (verb), located (verd),
province (noun), mdlaga (location).
Once the text has been preprocessed, the automatic content analysis is con-

ducted. The next section details this process.

4.2.3. Automated content analysis
300 As illustrated in Figure [I] the automated content analysis has been split
into seven items: (i) identification, (ii) professionals, (iii) organizational struc-
ture, (iv) planning the preventive actions, (v) execution process (risk, preventive
measures and IPE), (vi) plans and (vii) measurements.
The first step in the design of the automated content analysis process is

ss  the establishment of rules to detect variables based on combinations of generic

IThough the example uses terms in English for comprehension purposes, the current pro-

posal works with Spanish terms.

13
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keywords in the text. This is not an easy task when handling unstructured texts,

due to the difficulty in examining similar structures. The second step is the

development of a thesaurus, i.e. a keyword dictionary with specific terms in this

context. Although there has been a great deal of construction safety research,

to the best of our knowledge there is no lexicon related to S&H available at the

time of this research.

The KNIME software allows to develop a fully automated content analysis

system based on hand-coded rules and dictionaries of keywords. Following, we

show how the seven aforementioned items are extracted from the text.

L.

II.

Construction site identification

The identification of the construction site is usually defined on the cover
page of the plan or on the first page. Hence, an interval of the first 20
words of the document has been established to verify the identification
of the construction site in two ways. Firstly, looking for words tagged
as location and identifying construction typologies (hotel, isolated house,
block of flats, etc.) in the previous words. Secondly, looking for the word
“plan” and analyzing the subsequent words with the aim of identifying

the construction typologies.

If either of these two ways provides a positive result, it is understood that
the identification of the construction site is provided and the maximum

score is reached in this item.

ID Professionals

In this item, the aim is to identify the different professionals involved in
the construction process: promoter, project designer, author of the S&H
study, project manager, safety and health coordinator in the execution
phase and contractor. To do this, each professional is analyzed separately
by means of a combination of words, including words tagged as “person” or
“organization” and keywords for each professional. These keywords refer
to the different denominations used for the professional. For example, the

promoter may also be defined as owner.

14
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III.

Iv.

Hence, the searching process is defined as follows: firstly, keywords are
explored in the text concerning each professional. Secondly, the words that
appear before and after each coincidence are analyzed to recognize words
tagged as person or organization. This recognition process is possible
thanks to the enrichment phase described above. Thirdly, if coincidences
are found, it is considered that the professional is indicated in the plan
and the corresponding percentage is assigned. Finally, the results of all the
items are added up so as to estimate the total percentage of this second

item.

Preventive structure

In this item, the aim is to identify the information concerning both the
professionals with safety responsibilities and preventive structures: con-
struction manager, foreman, foreman 2, organizational mode for preven-
tive activity, and preventive resource. This is performed similarly to the
previous one, except that only words tagged as “person” are analyzed.

This is because there are no elements related to organizations in this item.

Planning the preventive action

The objective of this item is to identify relevant information regarding
the planning of preventive actions, such as access control plan, authoriza-
tion plan for the use of machines, maintenance plan, delivery control plan

(IPE), emergency and self-protection plan, training and information plan.

This item may be very difficult to examine because the information may
be presented in different ways, using both unstructured and free text. To
be able to analyze this information, the text is preprocessed in sentences,
which are the input of this item. Items have to be detected based on
combinations of keywords that should appear in a specific order in the

text.

Execution process

In this item, the objective is to verify that the S&H Plan contains some

15
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requirements that have been identified as essential for the execution of
concrete structures with regard to risks, preventive measures and IPE.
As explained previously, a group of experts in the construction domain

completed and validated three lists containing these requirements.

On the one hand, 15 risks have been defined. For example: falling form-
work, falls on different levels, cuts in general, stepping on sharp objects,
etc. On the other hand, 25 sentences have been established for preven-
tive measures. Examples include (i) formwork is forbidden without first
having covered the risk of falling from high places by installing safety nets
or handrails, (ii) the use of vertical nets in the perimeter of the structure
is compulsory, (iii) when handling of rebars, the operator will protect his
hands with gloves, etc. Finally, 8 individual protection devices have been
defined as fundamental in the execution of concrete structures, such as
helmets, safety boots, safety belts, etc. These three lists have to be pre-
processed with the same process used previously with the text in the S&H

Plan to be able to compare them.

Therefore, the implementation of this item has been divided into three
parts, corresponding to each of the previously described objectives. Below

a real example is shown to illustrate the process.

— Sentence from S&H Plan - “The workplace must be ordered, free of
obstacles and clear of waste”

— Sentence from S&H Plan preprocessed - “workplace must be ordered
free obstacles clear waste”

— Search sentence - “A lot of effort must be put into order and cleanli-
ness during the execution of the work”

— Search sentence preprocessed - “A lot of effort must be put in clean-

liness during execution work”

As can be seen in the previous examples, the phrases corresponding to

risks, preventive measures or IPE that are searched for in the text might

16
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be written in different ways, but they have the same meaning. In this
case, a word-for-word search in the text would give the wrong result. To
verify that this kind of information is contained in the text, a selection of

representative words should be made for use as keywords.

First, the terms of the phrase are reduced to those strictly essential to
maintain the meaning. For example, verbs, articles and prepositions are
eliminated. Taking the previous example, the sentence would be: “order
cleanliness execution work”. Secondly, dictionaries of synonyms are used
to avoid errors due to the use of different words with the same meaning.
In the previous example, the word “cleanliness” will be replaced by the
representative word “clean” given that it refers to the same concept. Then,
the sentence would be: “order clean execution work”. Once the sentence
has been preprocessed, the methodology proceeds to verify in the S&H
Plan those phrases in which all the selected terms appear. These terms
might appear in any order, but the absence of one of them will result in a

mismatch.

In the end, a percentage is assigned to the subitem based on the number

of matching phrases in the text.

Plans

The inclusion of the plans or blueprints is easy to verify at first glance,
but this verification becomes complex when it is performed through text
processing. In the previous analysis phase, it could be observed that
all S&H H plans that contain blueprints include an entry in the index.
Therefore, in this item, we search for a title or an entry in the index with
the term “Blueprint”. If a match is found, item 6 is assigned the highest

rating.

Measurement and budgets
This item is performed similarly to the previous one. The words “mea-
surements” or “budget” are searched in the index and the maximum punc-

tuation is achieved when an output is obtained.

17
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5. Results

In this section, the results are presented with the aim of showing that the
methodology can accurately identify the established requirements in the S&H
Plan. Two different stages were used to achieve this objective: the learning
phase and the testing phase. Firstly, twenty-five S&H Plans were analyzed
to determine the differences between the output produced by the methodology
and the actual content of the plans. Then, an additional twenty-five S&H Plans,
different from those in the first phase, were analyzed.

Below, Table [2 shows the results from the learning phase:

e The Output column presents the results provided by the methodology.
As can be observed, for the first item “construction site identification” 8
points have been obtained. This means that the methodology has correctly
recognized the identification of the construction site in the plan. Notice
that the total assignment for this item was 8, as shown in table

e The second column output* tries to verify that the automatic methodol-
ogy works correctly. To do this, an expert reviews the outputs to detect
possible errors. For example, it may be that the methodology is not able
to correctly distinguish the different participants: contractor, promoter,
etc. If the value in this column is the same as the first column, it would
mean that the output was correct. Nevertheless, if the result is higher or
lower, it would mean that the methodology has identified some error or
has not identified any, respectively. The information in this column has
been very useful in the learning phase to discover different ways to de-
scribe the items. The text in S&H Plans is unstructured, regarding both
organization and language. Anomalies identified in this phase have been
used to provide feedback for the methodology.

e The third column, expert, shows the results that the expert has previously
assigned to each element after reviewing the information from the plans.
This column is especially interesting in both in the learning and testing

phase to verify the results.

18
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Table 2: Data analyzed in the learning phase

Output Output* Expert Deviation
I. CONSTRUCTION SITE IDENTIFICATION 8 8 8 0
Promoter 11 11 0
Project designer 9 9 0
Author of the S&H Study 16 16 16 0
Project manager 0 0 0 0
Safety and Health Coordinator in the execution phase 27 27 27 0
Contractor 21 21 21 0
II. ID PROFESSIONALS 7,56 5,76 7,56 0
Construction manager 25 25 25 0
Foreman 0
Foreman 2 0
Organizational mode for preventive activity 0
Preventive resource 24 24 24 0
III. PREVENTIVE STRUCTURE 6,37 6,37 6,37 0
Access Control Plan 0 16 -16
Authorization Plan for the use of machines 0 0 0
Maintenance Plan 13 0 13 0
Delivery Control Plan (IPE) 0 0
Emergency and Self-Protection Plan 0 0
Training and Information Plan 24 24 24 0
IV. PLANNING THE PREVENTIVE ACTION 8,51 5,52 12,19 -3,68
Risks 28,15 27,87 25,333333 2,5333334
Preventive measures 11,9 11,48 16,4 -4,92
Individual Protection Equipment (IPE) 17,06 21 18,375 2,625
V. EXECUTION PROCESS 16,5619 17,5015 17,431417 -0,8695167
VI. PLANS 9 9 9 0
VII. MEASUREMENT AND BUDGETS 9 9 9 0
TOTAL 65,0019 61,1515 69,551417  -4,5495167

e Finally, the last column shows the deviation between the automatic output

column and the expert column.

These data are obtained for each of the S&H Plans considered in the learn-
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ing phase and are then used to improve the content analysis methodology. A
subsequent testing phase is carried out with another twenty-five plans that were
not used in the learning phase.

Table [3| provides a summary of the results for each of the seven proposed
items and each column of the table is detailed. Notice that the deviation is
calculated by the difference between the output of the methodology and the

expert’s assessment:

e N°S&H Plan >0 : This column represents the number of S&H plans
where the output is greater than 0. This means that the methodology has
identified something wrongly.

e % N°S&H Plan >0 : The percentage of plans where the deviation is
greater than 0 is represented in this column.

e Avg Deviation >0 : This column represents the error average percentage.
Notice that in most items, this value corresponds to the punctuation as-
signed to this item, since it is an absolute value. However, in point 5, the
mean is relative.

e N°S&H Plan <0 : Contrary to the first column, this column represents
the number of S&H plans where the output is less than 0. This means
that the methodology has not totally identified the information that is
described in the plan.

e % N°S&H Plan <0 : The percentage of plans where the deviation is less
than 0 is represented in this column.

e Avg Deviation <0 : Similarly to the third column, the error average per-

centage is represented in this column.

Table |3| allows us to analyze the results both in a particular and general
way. Firstly, from a deeper perspective, the table provides the results for each
subitem. As can be observed, items 4 and 5 show greater differences. This is
due to the freedom allowed when providing this kind of information, as we will
explain below. However, although the number of plans is higher, the average

deviation is lower than in other items, such as item 2 or 3.
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From the results in column 1, we can observe that in some items (concretely,
1, 2, 6 and 7) the methodology works and has correctly identified the infor-
mation. However, in some plans, not all of the required information has been
identified, as it is apparent from the values in column 4.

As can be seen from the table, the methodology currently works reasonably
well and correctly identifies the information. It can be deduced from the data
in the first and fourth column given that the number of times where the result
is greater than 0 is considerably less considering all items. Nevertheless, the
number of times with a result lower than 0 is more frequent in the different
items. In both columns, the number of plans is very reduced in most items

(between 2 and 3), except in item 5 due to its own peculiarities.
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Table 3: Overall results

N°S&H Plan >0

% N°S&H Plan >0

Avg Deviation >0

N°S&H Plan <0

% N°S&H Plan <0

Avg Deviation <0

I. CONSTRUCTION SITE IDENTIFICATION
Promoter

Project designer

Author of the S&H Study

Project manager

Safety and Health Coordinator in the execution phase
Contractor

II. ID PROFESSIONALS

Construction manager

Foreman

Foreman 2

Organizational mode for preventive activity
Preventive resource

III. PREVENTIVE STRUCTURE

Access Control Plan

Authorization Plan for the use of machines
Maintenance Plan

Delivery Control Plan (IPE)

Emergency and Self-Protection Plan

Training and Information Plan

IV. PLANNING THE PREVENTIVE ACTION
Risks

Preventive measures

Individual Protection Equipment (IPE)

V. EXECUTION PROCESS

VI. PLANS

VII. MEASUREMENT AND BUDGETS

TOTAL

= = O O O S O N O O O O

g= =W N O

o)

20

0%
0,00%
0,00%
0,00%
8,00%
0,00%
0,00%

0,00%
0,00%
0,00%
4,00%
4,00%

0,00%
8,00%
12,00%
4,00%
4,00%
20,00%

32,00%

12,00%
80,00%

20,00

24,00
24,00

16,00
13,00
14,00
17,00
24,00

2,85

6,01
3,28

2,97

NN O Ul W

= = O O O

N O O N

11
20

20

12%
8,00%
20,00%
16,00%
0,00%
8,00%
8,00%

0,00%
0,00%
0,00%
4,00%
4,00%

8,00%
0,00%
0,00%
8,00%
52,00%
4,00%

44,00%
80,00%

0,00%

0,08
0

80,00

-8,00
11,00
-9,00

-16,00
-27,00
21,00

24,00
24,00

-16,00

-7,50

17,15

24,00

4,90

9,48

-9,00

-9,07
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Additionally, a total result is shown in the last row. It is an average value
that is calculated by adding the results for each item in each plan. 520 As a
general overview, in 20% of the plans additional information has been identified
and there was a deviation of only 2.97 points. On the other hand, in 80% of the
plans, part of the information has not been identified, which represents a total
of 9.07 points.

The output results from our approach are shown in a detailed report for each
S&H Plan. This report allows the coordinator and labor authority to explore
the scores that our approach has assigned to each item and their corresponding
subitems as well as to examine the information retrieved. The first part of the
report shows a table with the overall output results. The first column describes
each of the items while the second column shows the percentages represented in
two values. The first corresponds to the percentage achieved by our approach
while the second one corresponds to the total percentage assigned by the expert
panel. The rest of the report shows detailed information about the items and
subitems.

As an example and for the sake of simplicity, Figure[2]shows an extract of the
report for a real S&H Plan which contains a total of 15 pages. In this example,
items I, VI and VII have obtained the maximum score hence our approach has
been able to retrieve the information from these items in the S&H Plan. The
rest of the items present a lower percentage in relation with that assigned by
the expert panel. The second part of the first page of the report shows the
information retrieved for items I, VI and VII as well as the percentages for
subitems II, III, IV and V. As can be observed, our approach has been able
to correctly retrieve the identification of the project corresponding to item I:
“Isolated house”, “PLOT U.A. 1.26”,“CAPANES SUR 1 URB”, “BENAHAVIS
(MALAGA)”. Meanwhile, the second item contains the percentages obtained
for each subitem. Some professionals corresponding to item II have also been
identified due to the maximum score achieved (i.e. promoter, the author of the

S&H study, S&H coordinator and the constructor).
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Evaluation of Safety and Health Plan number: E_044

OVERALL RESULTS FOR THE DIFFERENT ITEMS:

ftem percentage
System Expert

1. CONSTUCTION SITE ID 8,00 % 8,00 %
Il. PROFESSIONAL ID 6,75% 9,00 %
I11. PREVENTIVE STRUCTURE 3,12% | 13,00%
IV. PLANNING PREVENTION 15,87% | 23,00%
V. EXECUTION PROCESS 19,14 % | 29,00 %
VI. PLANS 9,00 % 9,00 %
VIIl. MEASUREMENTS AND BUDGETS 9,00 % 9,00 %

Detailed results for each item/subitem:

ITEM I. CONSTRUCTION SITE ID

"ISOLATED HOUSE", "PLOT U.A. 1.26", "CAPANES SUR 1 URB.", "BENAHAVIS

(MALAGA)"
ITEM II. PROFESSIONALS AND COMPANIES Percentage
System | Expert
Promoter 11 % 11 %
Project designer 0 % 9 %
Author of the S&H Study 16 % 16 %
Project manager 0% 16 %
S&H Coordinator in the execution phase 27 % 27 %
Contractor 21 % 21 %
ITEM IIl. PREVENTIVE STRUCTURE OF THE MAIN Percentage
CONSTRUCTION COMPANY System | Expert
Construction manager 0 % 25 %
Foreman 0 % 16 %
Foreman 2 0% 11 %
Organization mode for prevention 24 % 24 %
Preventive resource 0 % 24 %
ITEM IV. PLANNING OF THE PREVENTIVE ACTION Percentage
System | Expert
Access control Plan 16 % 16 %
Authorization plan for the use of machines 16 % 16 %
Maintenance plan 13 % 14 %
Delivery control plan (IPE) 0 % 14 %
Emergency and Self-Protection plan 0% 17 %
Training and information plan 24 % 24 %
ITEM V. RISKS, PREVENTIVE MEASURES AND IPE Percéntage
System | Expert
Risks 25,3 % 38 %
Preventive Measures 19,6 % 41 %
IPE 21 % 21 %
ITEM VI. PLANS

"PLANS", "TECHNICAL SHEETS"

ITEM VI. MEASUREMENT AND BUDGETS

"MEASUREMENT", "BUDGETS"

page 1/15

24

Figure 2: Page 1 of the report as output where general punctuations are shown
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The rest of the report provides the information retrieved for each item but,
for the sake of simplicity, an extract is provided in[3] As can be seen, the name of
the identified professionals is shown in the second column of the table. Thanks
to this information, both the coordinator and the labor authority can review the
plan and request from the constructor the missing or incomplete information to

validate the S&H Plan with the complete data.

Retrieved information for the item Il:

ITEM Il. PROFESSIONALS AND COMPANIES

Promoter COPROANSA S.L [ORGANIZATION (NE)]
Project designer
Author of the S&H Study MIGUEL [PERSON (NE)]

JESUS [PERSON (NE)]

Project manager
S&H Coordinator in the exec. phase JAVIER [PERSON (NE)]
Contractor COPROANSA S.L [ORGANIZATION (NE)]

Figure 3: Report of information regarding promoter subitem identified

The main drawbacks found for each of the items are listed below:

1. Ttem 1 regarding construction site identification is quite reliable, giving
erroneous results only in plans where there is no cover. In these cases, the
location of the work is expressed throughout the document. In none of
the 25 plans has incorrect information been located for this item, as can
be seen in Table [

2. The second item concerning ID professionals works correctly, but prob-
lems arise when professionals are described in great detail in the text.
This situation is not very frequent but, in this case, the methodology
provides more than one output or an incorrect output if one of them is
not described. In the first option, there is no real problem because the
methodology is able to detect the different professionals. However, if the
professional is not described, but there are others described in great detail,
the output may be incorrect.

3. For the item concerning the preventive structure the behavior is similar to

the previous item. For example, the person designated by [company] as
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the construction manager, with the aim of supervising the work executed,

is [name].

. The main problem in the planning prevention item is that the fact that one

of these plans (access control, maintenance, ...) appears in the text does
not mean that it is defined. For example, in a given S&H Plan the following
appears: “Contractor will be required to make a plan for training and
information for workers”. In this case, the training and information plan is
not defined but the methodology will provide an output. Specifically, item
4 is where fewer lower results are obtained due to its characteristics. The
person in charge of writing the S&H Plan is allowed considerable freedom
when explaining these items and they depend on the characteristics of the

construction process.

. The main drawbacks in the fifth item concerning the execution process

occur with the preventive measures due to the freedom given when ex-
plaining them. Two sentences written with different vocabulary might
have the same meaning. This issue may be easily solved by means of
a more complete dictionary of synonyms from the construction domain.
This dictionary should be flexible with the aim of being able to include
any new terms that may appear. The next section details a proposal for
future work in which the appearance of some terms can be more relevant
than others. In this way, the search would not be so strict and would allow

the identification of more similar sentences.

. Regarding the plans, only two plans were not identified due to the fact that

they did not have a cover and index. However, this is not very common.

. Finally, regarding the measurement and budget item, our approach works

correctly. In all plans, this item has been perfectly identified and inaccu-

rate information has not been detected.

26



580

585

590

595

600

605

6. Limitations and recommendations for future research

Designing and implementing a methodology that can understand natural
language is a very challenging task. Noteworthy to this context, the difficulty to
accurately model grammars and the importance of word sense disambiguation.
In this section, some limitations and reflections of the methodology are detailed
as well as recommendations for future research.

First, the methodology is limited by the use of solid detection rules: it is
not so robust to unknown and erroneous inputs, such as misspelled or missing
words. Although a complete thesaurus of this domain has been developed, it
should be flexible with the aim of incorporating new terms and concepts. It
would be very interesting to apply different metrics to measure the distance or
similarity between two text chains, that is, to measure the differences between
them. This type of metrics is widely used in the solution of diverse problems,
especially in word processing or natural language. The most known metrics
that can be considered in future work is the “Hamming Distance” [54] and the
“Levenshtein Distance” [55].

Secondly, the item 5, regarding the execution process, focuses on the exe-
cution of structures made of concrete because it is one of the activities that
presents a higher accident rate. However, the proposal can be easily extended
in order to cover the entire execution process. To do this, the panel of experts
of the construction domain should decide the risks, measures and IPE that are
essential for each construction process. Additionally, the specific vocabulary of
these activities should be reviewed in order to include it in the thesaurus so as
to achieve a better performance of the methodology.

Concretely, in the item 4 is where little lower results are obtained due to
the characteristics of this item. The person in charge to write the S&H Plan
is allowed much freedom when explaining these items and, they depend on the
characteristics of the construction process. Finding similar text strings in this
context is not an easy task, as mentioned before. For this purpose, we propose

for future work, the use of Ordered Weighted Averaging (OWA) operator, in-
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troduced by Ronald R. Yager [56] that provides a parameterized aggregation.
This operator should allow to assign weights to the words in the search phrase,
depending on their importance to the meaning of the phrase. Based on the
words that appear in the analyzed plan, a level of coincidence is established,
which will be greater if the most relevant terms are found. A threshold might
be established, above which, the search phrase would be considered identified

in the S&H Plan.

7. Conclusions

Construction is one of the most hazardous industries, resulting in a huge
number of work accidents. For this purpose, safety management is one of the
priorities during the execution of construction projects. According to the current
legislation, during the execution phase, each contractor must create a S&H Plan
which sets out the provisions for guaranteeing safety and health for everyone
on the construction site and all others who may be affected. In most cases,
this is a general document that does not specify the characteristics of a given
construction site. In addition, it should be a proactive, living and dynamic
document that is updated whenever any modifications are made during the
construction process. Because of this, it is sometimes ignored and becomes
a mere documentary requirement, making it difficult to manage and not very
practical in the real world.

In this paper, we have thus proposed a methodology-based approach that
promises to be very beneficial, especially for the labor authority and health
and safety coordinators in terms of management safety in construction projects.
Our approach facilitates the verification process and detects at an early stage
whether the document meets specific requirements through automatic content
analysis. As we have mentioned, this is not a trivial task given that the S&H
Plans are unstructured and contain natural language since there is no defined
structure or instructions on how to create them. To verify the content of the

S&H Plan, some requirements have been proposed along with a percentage
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representing its importance with respect to others. These requirements have
been organized into seven items depending on the type of information to which
they refer. For each of these items a set of rules has been designed so as to
detect variables based on combinations of generic keywords in the text.

To validate our proposal, fifty S&H Plans have been used, twenty-five for
learning and the other twenty-five for testing. The learning phase has been
very useful to refine the proposal as well as to enhance the thesaurus. On
the other hand, the results obtained in the testing phase are very promising
and demonstrate that the proposed approach is able to identify the required
information in an easy and intuitive way for the coordinator and labor authority.
Thanks to the report provided by the proposal, the validation process is faster
and more thorough. In this way, the coordinator and the labor authority can
quickly identify aspects contained in, or missing from, the S&H Plan so that
the constructor can update or correct them before work begins. Therefore, the
document will be validated when it contains reliable and coherent information on
the construction project. Additionally, this approach can help when reviewing
updates and project changes, placing in context the flexible and dynamic nature
of the S&H Plan. Finally, we have exposed the weaknesses of the methodology

as well as future proposals to improve its performance.
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