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Construction is one of the largest contributors to national economies and also one of the most accident-prone in-
dustries worldwide. Construction site accidents often result in serious injuries or death, cause serious project de-
lays and cost overruns. Prior studies focused on cause and effect relationships of construction accidents, design
for construction safety, effectiveness ofworker safety programs and government policies. The focus in those stud-
ies has been on generation and utilization of safety-related data and information, and not on how to share safety
data efficiently among all stakeholders in the construction industry. This paper proposes a Social Network System
for Sharing Construction Safety & Health Knowledge (SNSS), which utilizes semantic wiki web and ontology ap-
proach for better communication and representation for construction safety information. SNSSwas developed on
the basis of a safety semantic wiki template (SSWT), which consists of three components: 1) Safety information
module (SIM)whichuploads common accident and hazard information for sharing; 2) Safety knowledgemodule
(SKM)where the safety information is refined, confirmed and transferred to a repository of safety knowledge; 3)
Safety dissemination module (SDM)which allows users to monitor, manage and retrieve safety information and
knowledge. SNSS has been tested in a fall accident case study. The study confirms the applicability and benefits of
a social network system for enhancing safety communications among all stakeholders of construction projects
and organizations behind the construction business.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Construction is a very intricate and complicated environment that
consists of more than twenty trades with different skilled workers in-
volved in construction process. This leads to construction being a high
risk industry. The accidents occur repeatedly and inevitably during con-
struction project [4]. In spite of the attention given in the construction
site injuries, the incidence rate of industry is reported to be twice compar-
ing with the industrial average [18]. This plague causes many problems
related with cost overrun and schedule delay in construction project.
Therefore, many studies have been performed to reduce the incident
rate, such as construction safety and health monitoring system that inte-
grates internet and database systems for a total automated safety and
healthmanagement [5], the game technology based visualizing safety as-
sessment for safety and health training [11], and so on. However, accord-
ing to Fang et al., most of current researchers have been focused on safety
training and education as a main channel to improve construction safety
rather than to solve the communication problems in sharing and retriev-
ing construction safety information and knowledge [8].
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This limitation has required a high demand for online interactive
multiuser and information exchange to achieve the sharing and retriev-
ing safety knowledge purpose. The social networking platform allowed
its users to connect and communicate with the others, and would help
to successfully obtain the construction safety & health sharing purpose.
Social network sites are web-based services that allow an individual to
construct a profile, articulate a list of other users that they share a con-
nectionwith, view and traverse their list of connections, exchange infor-
mation, and communicatewith other users within the system [1]. In the
construction industry, the integrated classical projectmanagement con-
cepts and social network science theory [6] or the use of social network
as a strategic tool for managing construction project [14] could greatly
improve efficiency of construction project management. Social net-
working is a potential and powerful tool to engage, motivate user to
share, update, and manage information [7], and plays an important
role in exchanging resources among partners which have been applied
in many diversified areas [10].

This paper proposes a social network system for sharing construc-
tion safety & health knowledge (SNSS) that integrates state-of-the-art
of information technologies such as semantic wiki and ontology in
order to overcome the communicative barrier of safety knowledge shar-
ing. For efficient representation and effective communication of con-
struction safety knowledge, this paper develops three modules in the
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system — information module, knowledge module, and dissemination
module — based on safety semantic wiki template (SSWT). The SSWT
exploits semantic wiki and construction ontology combination as the
platform of SNSS, which provides a convenient and easy environment
for construction safety and health information sharing and knowledge
exchange. In SSWT, semantic wiki application allows users to add, re-
move, edit, change content of incident andhazard cases in a cooperative
manner without their having any computer science background, while
ontology technology plays role as a tool in accident information ar-
rangement and knowledge retrieval. The safety information module
(SIM) allows users to upload and gather safety data through the
SSWT. In the SIMmodule, the safety data (dangerous occurrence or haz-
ard & risk)will be transferred to a comprehensive information. The safe-
ty information will be conveyed and analyzed in the safety knowledge
module (SKM). It is noted that the SKMmodulewillmobilize and utilize
domain experts to join in knowledge contribution and refinement
phases for achieving the best knowledge. And thewhole safety informa-
tion and knowledge will be manipulated in safety dissemination mod-
ule (SDM) on a website. It supports users to construct, participate, and
explore high-level construction safety and health knowledge easily
and conveniently. The proposed SNSS system could be utilized as a
beneficial tool for construction safety and health management in the
industry.

2. Literature review

2.1. Safety data, information, and knowledge

Before entering more deeply into a discussion about this research,
several terminologies, which include construction safety data, informa-
tion and knowledge need to be understood to make the paper more
clear. According toWikipedia, data are values of qualitative or quantita-
tive variables, belonging to a set of items [24]. Information is a message
or collection of messages in an ordered sequence that consists of sym-
bols, or it is the meaning that can be interpreted from such a message
or collection of messages, while knowledge is a familiarity with some-
one or something, which can include information, facts, description, or
skills acquired through experience or education [26,27]. Data is the low-
est level of abstraction, information is the next level, and finally, knowl-
edge is the highest level among all three. From the point of view of three
definitions above, construction safety data in this paper are accident and
hazard & risk records or reports while safety information is considered
as the description of accident process, which consists of hazard phe-
nomenon, accident result, etc. Construction safety knowledge is ac-
quired by domain experts based on safety information analysis
through a social network platform.

2.2. Communication in construction safety & health

The construction industry is considered to be a distinctly unique and
highly fragmented environment where lack of safety knowledge is a
critical reason for high accident rate causing cost and time overruns
[22]. The effective safety knowledge and information exchange is be-
coming more important to reduce dangerous occurrence of accidents
as well as hazards and risk in the construction industry [13]. However,
it is difficult to solve this problem due to nonstandard knowledge, and
vague, ambiguous, and inconsistent safety standard and regulation [8]
or the subjective nature and ad-hoc nature of construction knowledge
[29]. In other words, the lack of construction safety information ex-
change and knowledge sharing is a main reason that causes on-site ac-
cidents and thus low construction productivity. So, in order to achieve
better safety performance, an enhanced safety and health communica-
tion system is necessary to identify and analyze safety hazards and
risk, incident information, and to develop proactive accident prevention
method in construction process.
2.3. Semantic wiki website

Unlike some content management system, semantic wiki websites
offer sharable environment that allows visitors to easily add, remove,
edit, and change available content in a collaborative manner without
using any complex commands or learning programming language
[15]. West andWest have found in their review that wiki could support
the dynamic online communication where wiki customers could write,
discuss, comment, edit and evaluate information [23]. Furthermore, the
wiki system is used for many different purposes such as database for re-
search and writing, information management, collaborative tool for
documents needed to update frequently due to the free expandable col-
lection of interlink web pages or storing and modifying information
functions [20]. Buffa et al. proposed a system, called Sweet Wiki that
combines general wiki advantages and semantic web technology [3].
The SweetWiki not only formalizes and reuses information based on se-
mantic searching and navigation but also supports knowledge relation-
ships between searching keywords and the results through semantic
tagging. Obviously, semantic wiki technique would be an excellent
tool in information sharing and knowledge exchange.

2.4. Ontology application

An ontology is a representation model which defines concepts,
attributes, and relations with explicit specifications that could solve
the problems of ambiguity in knowledge sharing and reuse [19].
According to Rezgui, ontology plays a critical role in proposing knowl-
edge environment and providing a semantic reference to ensure rele-
vance, accuracy, and complete information [17]. Lima et al. suggested
e-COGNOS that applied ontology as the main feature of the platform
providing a formal representation of knowledge domain with an effec-
tive means [12]. Reusable ontology is more important for information
integration, knowledge-level interoperation, and knowledge base de-
velopment [9]. Tudorache and Noy developed Protégé system as an
open-source platform that provides a growing user community with a
suite of tools to construct domain system and knowledge based applica-
tionswith ontologies [21]. The Protégé system enables users not only to
establish and populate hierarchical ontologies but also to build a new
ontology class. In summary, ontology is a potential and powerful tech-
nology to facilitate knowledge sharing, reusing and also knowledge
acquisition.

2.5. Need for an integration semanticwiki and ontologywith social network

The social network provides the conduit for users to engagingly
share their knowledge and experiences on their term, and communicate
with others. However, social network seems chaotic due to no
predefined index, no knowledge managers, and no structure. This
causes some problems related with data repository and knowledge
management. Previous literature review indicates that semantic wiki
and ontology can potentially play a key role to facilitate a hierarchical
view of information and knowledge management. Therefore, the inte-
gration of semantic wiki and ontology with social network would
bring a powerful and strong tool in sharing, retrieving and reusing infor-
mation as well asmanaging knowledge. To do this, the next section will
propose a social network systemwhich utilizes state-of-the-art seman-
tic wiki and ontology for better communication and representation for
construction safety information & knowledge.

3. Social network system for sharing construction safety
& health knowledge

The main purpose of developing a social network system is to en-
hance information sharing and knowledge exchange through social
communication. The key benefit of social network system does not re-
quire the authority expert as an intermediary, so it allows users to



Fig. 1. The disintermediation process of SNSS.
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have amore direct access to data and information. As illustrated in Fig. 1,
the disintermediation process properties of SNSS mobilize and utilize
expert domains to take over the role of the intermediary and to help
users attain accurate safety information and knowledge. The SNSS is a
broker between user and information, which enables the individual to
play an active role in perception rather than just passively receiving im-
pression from surroundings. Through this disintermediation process,
the safety data are transferred to information using wiki editing, tag-
ging, browsing, and linking, and the safety information is changed to
the safety knowledge using ontology tagging and wiki editing. Then
the safety knowledge will be available in the website for the use of spe-
cific safety knowledge.

Unlike some knowledge management systems, the SNSS is struc-
tured under a semantic wiki system as a bridge to link the following
three modules: safety information module (SIM), safety knowledge
module (SKM), and safety dissemination module (SDM), as illustrated
in Fig. 1. The safety semantic wiki template (SSWT) is a backbone of
the SNSS that is designed to support a flexible environment for informa-
tion collection, knowledge creation and dissemination on construction
safety. The SIM would convey relevant and important accident data to
safety informationbyusing thewiki techniques of SSWT. By utilizing so-
cial experts, the SKM refines the comments on safe information for safe-
ty knowledge achievement and ontology representation. The SDM
where safety knowledge would present on the web-based as social
website shares and disseminates safety information and knowledge.
The SSNS systemwould offer a user-friendly approach to those involved
in creating a good sharing and communication environment that help
users find the right safety knowledge at the right time.

3.1. SNSS technique definition

Before describing deeply about the SNSS system, some key functions
that were incorporated in the SSNS framework would be specified:

1. Tagging–linking–browsing: This is the common technique that has
been applied in social network web 2.0 to enhance the annotation
of information [2]. In the SNSS, this technique allows users to place
tags, link to published information, and browse their own data on
the SNSS's database and user profile. Furthermore, users could be
able to select tags from safety ontology library of SNSS to classify
the safety information and knowledge. Going beyond that, social tag-
ging–linking–browsing is used for information discovery, sharing,
and navigation as well as information extraction.

2. Commenting: This approach allows users to share their opinions and
experiences about the accident information, hazard causes and pre-
vention method by writing comments on the SNSS without their
having any computer science background. The peer review in
commenting function would enrich the SNSS contents. It is noted
that users could incorporate social tagging–linking–browsing in
commenting function to annotate their comments.

3. Editing: Users can add supplementary ideas or correct errors in orig-
inal safety information by using editing function. The editing process
often beginswith the author's idea for thework itself, continuing as a
collaboration between the author and the editor as thework is creat-
ed [25]. As such, the editing function would mobilize and utilize so-
cial experts to collaboratively work together that can improve
SNSS's safety database both of quantity and quality.

4. Voting: This technique allows users to rate the comments on acci-
dent cases to refine safety information by using like, dislike, or neu-
tral functions in SNSS. Through the peer rating, users are able to
agree or disagree with other users' comments or ontology tagging
not only to reject the wrong safety information but also confirm
the good safety knowledge. Voting process in SNSS would help to
achieve the best safety knowledge to deliver to users.

5. Grouping: Similar to general social network sites, this approach via
users' profile can gather users that had same interest, major, job,
etc., into groups. It allows users tomanage andmonitor the safety in-
formation and knowledge following their needs easily. Furthermore,
users are able to connectwith their friends ormake new friends con-
veniently that create the good environment for safety knowledge
sharing and exchange.

3.2. Safety semantic wiki template

The safety semantic wiki template (SSWT) is designed under the
collaboration between semantic wiki web and construction safety
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ontology technologies to allow visitors to share safety information and
knowledge as well as to classify them easily and conveniently without
their having any computer background. Firstly, the semantic wiki web
provides an elegance and flexible form of safety knowledge, which
users can add, comment, remove, and edit its content via web browser.
The SSWT pages are directly edited by all users, and allow them to cre-
ate new topic pages as required. Similar to Wikipedia, the SSWT page
creates a knowledge network through tagging, linking, and browsing.
Secondly, the safety ontology provides the safety classification frame-
work that presents the correlation of safety information and their corre-
sponding significance. The ontology applied in the SSWT constructs
conceptual maps of safety information based on Protégé [21] in order
to provide an effective safety catalog for reference to users as they per-
form information search and contribution. Fig. 2 delineates the safety
catalog ontology that is connected with a comprehensive SSWT. The
functions of sharing and reusing of ontology enable users to search,
identify and manage text safety information easily and accurately.
With taken advantages of semantic wiki and ontology, the SSWT pro-
vides open safety platform for its users to contribute, share, evaluate,
and synthesize their safety knowledge. Furthermore, the SSWT supports
safety knowledge management in terms of knowledge accessing and
extraction.

As noticed in Fig. 3, there are two main sections which are informa-
tion and knowledge of construction safety in the SSWT. Firstly, in the
section of construction safety information, the visitor will contribute
to upload cases of accident, unsafe situation or hazard by describing as
to what kind of hazard, how the accident happened, and so on. Similar
to other social network pages, they can use dynamic editing and seman-
tic resources by tagging in order to create better description of unsafe
phenomenon. Secondly, domain experts take part in analyzing the
uploaded accident information to suggest accident causes and preven-
tion methods in the construction knowledge section. It is noted that
this knowledge section of SSWT would support three main functions
of bringing the best result: 1)Discussion forumwhere experts can easily
and collaboratively insert their expertise to analyse accident or danger-
ous case; 2) safety voting and confirmation for expert evaluation to at-
tain the best knowledge; and 3) ontology representation to categorize
construction safety information and knowledge.
Fig. 2. Safety
3.3. Safety information module

The safety information module (SIM) is the fundamental module of
SNSS that is devised for construction engineers/participants to share ac-
cident and dangerous occurrence data. The known accident data and its
relative informationwould be input step by step in the SSWT, which in-
clude: (1) accident case name and location; (2) specific accident data
such as work phase, hazard type and case, spaces, as well as related ac-
cident element; (3) file attach to upload visual information such as acci-
dent case picture or video for better understanding of accident; (4)
description section to depict detailed accident process and also level of
damage of accident case; and (5) result section to figure out the real sit-
uation after the accident happened (refer to the top portion of Fig. 3).
With these collaborative safety data contributions and classification of
the SSWT, an active user engaged community can be created. It should
be noted that the SSWT, similar to wiki pages, would support functions
of editing (B) and semantic tagging–browsing–linking (A) (C) to partic-
ipants for ambiguous terminology explanation and data supplement
without their having any computer science skill (refer to the mid-
dle portion of Fig. 3). Through the process of uploading and sup-
plementing data in the SIM, the safety data are transferred into safety
information and are ready for information analysis to convert it into
safety knowledge.

The top andmiddle portions of Fig. 3 exemplified the safety informa-
tionmodule through a ‘Fall off a topping scaffold’ real accident case. The
general information including (1) accident case: fall to below, (2) work
phase: maintenance, (3) work type: roof painting, (4) spaces: third
floor, (5) related element: scaffold, and (6) file attach: falling direction
and accident scene pictures, would classify not only to help users easily
read and organize accident information but also allow themanagement
and storing of information effectively. The falling case sequence was
continuously detailed step by step. A worker who was assigned a roof
painting task, erected amobile scaffold along a corridor at fourth storey.
During the erection process, he didn't check the quality of the steel bar
of the scaffold. Furthermore, the scaffold ladder was not installed for
climbing. After finishing scaffold erection, the worker didn't check the
stability of the scaffold and directly stood on the handrail to climb to
the scaffold. The scaffold collapsed and resulted to death of one worker.
catalog.



Fig. 3. A sample case of SSWT. (A) wiki tagging; (B) wiki editing; (C) ontologies tagging.
This case studywas extracted from “Falls fromHeight—Case Studies Construction Industry”,Workplace Safety andHealth Council, Lee Tzu
Yang, 2008 [28].
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These falling scenarios showed that the safety information module cre-
ates a good environment to share and present accident data and also
store and manage safety information effectively and efficiently.

3.4. Safety knowledge module

In the safety knowledgemodule (SKM), the accident information are
analyzed and refined through the contribution of domain experts. Fig. 4
illustrates the refining process that is a main core of SKM. The SSWT
provides the knowledge contribution forum for experts to add their ex-
pertises by clicking the editing button icons (B) in cause (6) and recom-
mendation (7) sections (refer to the bottom portion of Fig. 3). By
leveraging on state-of-the-art of social network system, the SNSS sup-
ports users with an easy and convenient environment to share their ex-
periences about the causes and prevention method of accident
phenomenon by commenting ideas and uploading evident documents.
After this expertise contribution activity is finished, all analytical acci-
dent causes and recommendation ideas would be refined to achieve
best results through a voting process by domain experts. In the voting
process, domain experts give ratingpoints by inserting “like” or “dislike”
or “neutral” opinions to each idea via the voting tool of SSWT in a pre-
defined time. At the end of the pre-defined time, the idea acquires the
highest score voting, and it is the credible knowledge.

The information of ‘fall off a topping scaffold case study’ would be
converted to safety knowledge as illustrated in the bottom portion of
Fig. 3. Seven users (lecturers) joined in analyzing and refining the falling
accident case. From the accident information found on the top andmid-
dle portions of Fig. 3, users would comment their ideas on accident
causes and prevention methods. Based on the editing and voting func-
tions, this falling accident causeswere defined following direct, indirect,
and basic causes. The causes in three catalogswere arranged from top to
bottom following the voting score (high priority in direct cause is im-
proper position for climbing to the scaffold, in indirect cause it is lack
of hazard analysis and risk assessment in designing the painting meth-
od, and in basic cause it is lack of real experience). And the prevention
method has a best score in this case study, that is to use an alternative
painting method — using automatic exterior wall spraying equipment
or usingmobile crane. There is no doubt that the semantic wiki and on-
tology technologies provide users with a powerful tool to acquire the
good safety knowledge.

After safety knowledge is confirmed, the whole knowledge in the
SSWT would be converted into ontology classes, as illustrated in Fig. 5.



Fig. 4. Construction safety knowledge analyzing and refining.
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Via ontology library of SNSS, domain experts would execute ontology
tagging and verification for the knowledge sharing and reuse. The ontol-
ogy library of SNSS has been built based on the theory of Collaborative
Protégé [21] that supports collaborative ontology editing and voting to
allow expert participants not only to extract ontology class from the li-
brary but also to contribute and define new ontology classes onto the
ontology library. Particularly, in the case of accident cause and recom-
mendation knowledge, there could be more than one ontology classes
to be tagged based on the different theories of the construction industry.
In the SNSS, users can play an active role in establishing safety informa-
tion and knowledge in the form of systematic and automatic procedure.

3.5. Safety dissemination module

The safety dissemination module (SDM) of SNSS consists of the fol-
lowing three layers: Interface Layer to implement, Management Layer
Fig. 5. Ontology converted info
to create knowledge from user input, and Data Layer to store the input
data from users, as illustrated in Fig. 6. The Interface Layer including
searching engine, SSWT pages and social services allows users to inter-
act with a website to create safety knowledge based on the semantic
wiki web and ontology applications. The Management Layer includes
three parts to support the system management: 1) SSWT Management
creates andmodifies the safety knowledge in wiki pages as well as sup-
ports domain experts to accumulate knowledge and to construct ontol-
ogy classes; 2) OntologyManagement provides ontology class name list
and new ontology class creation; and 3) Refining Engine allows users to
discuss and score the knowledge. The score of knowledge is stored in
the data layer for knowledge refinement. The Data Layer consists of Da-
tabase Storage and Safety Ontology Library. Ontology Library is encoded
based on Protégé [21] that is the cornerstone to support the knowledge
classification framework of the Database Storage. The SDM clearly illus-
trates the interaction between social network with semantic wiki and
rmation and knowledge.



Fig. 6. Dissemination module technical architecture.
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ontology. The social network technology provides the platform for users
to share, represent accident data and also exchange and evaluate the in-
formation with others while semantic wiki and ontology techniques
support hierarchical safety catalog to classify and structure the safety in-
formation. The social network controls the information accessibility and
user interaction, plays an important role in management and interface
layer. Ontology and semantic wiki would manage the safety knowledge
and the relationship between the information. The integration of social
network with ontology and semantic wiki in the proposed system
would enhance information retrieval and knowledge management in
terms of access and extraction.

In the dissemination module, some key functions has been specified
as follow: (1) Profile: This approach allows users to define andmaintain
their profile including user's name, kind of job, study area, working
place, and so on; (2) Safety information and knowledge sharing: SNSS's
users can upload accident knowledge & experience and comment or
vote to other user's information via SSWT if they are willing to share;
(3) Group Tool: Due to the user's profile, the systemwould automatical-
ly match relevant safety information with user's job, major, etc. to pro-
vide themvaluable safety catalogs; and (4)Navigation tool: it is used for
ontology tree as safety categorization and for searching safety knowl-
edge. And also typical website interfaces are provided for managing in-
formation share and knowledge exchange. This feature of SDM would
attract many people to take part in for the creation of qualitative and
quantitative safety knowledge in the SNSS.
Table 1
Summary of interview result.

1 — Useless
2 — Ineffective
3 — Normal
4 — Effective
5 — Highly effective

Average SNSS rating

Ease of use Information shari

Lecturers (7) 3.88 3.95
Construction students (12) 4.02 3.74
Safety managers (5) 3.52 3.98
Site supervisors (4) 3.3 3.03
4. System evaluation

The system has been tested with a real accident scenario in order to
figure out the potential applicability and limitations of the SNSS. And
the system practicability and applicability have been appraised and
evaluated through interviews. The interviewees were divided into
four groups: student, lecturer, safety manager, and site supervisor. The
evaluation criteria were identified as the following: ease of use, infor-
mation sharing, communication and increase knowledge accessibility
[16,29]. The summary of the interview result is shown in Table 1.

The results indicate that the interviewees generally agreed that the
proposed SNSS has great potential in the creation of a good environ-
ment for construction safety knowledge retrieval in the construction in-
dustry. The SNSS is applicable in construction academic and commercial
area, and could support information sharing, knowledge representation
in storing andmanaging construction safety data. The results can be ex-
plained through the effectiveness of semanticwiki and ontology, and in-
tegration with social network techniques towards knowledge
management. However, the interviewees also expressed that they
were unfamiliar with the communication platform and it is difficult to
use for chatting and talking. Furthermore, it should be noted that
some limitations of the system were found: 1) the pre-defined time
for knowledge voting creates some difficulties for users to join in the
safety contribution and confirmation process; and 2) the knowledge
transfer procedure sometimes encountered problems due to the abuse
ng Communication Increase knowledge accessibility

3.23 3.67
3.44 3.88
3.06 3.56
2.98 3.38
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of semantic resources tagging, linking and ontology tagging for knowl-
edge sharing and reusing.

The use of SNSS, in contrast with traditional safety information
management system, provides a new communication platform forman-
agers,workers, owners, etc. The users cannot only get the right informa-
tion that they need in a timely manner but also share and store their
safety experiences through connecting with SNSS. By utilizing this sys-
tem, users can improve their safety knowledge and have effective deci-
sion making.

5. Conclusion

This paper presents a social network system for coordinating and
sharing construction safety and health information and knowledge in
the construction industry, which are focused on combining unique
features of semantic wiki web and ontology to create a more effective
and efficient representation and communication tool. The core of
the proposed SNSS is the SSWT that allows users to conveniently and
cooperatively contribute, refine, and retrieve knowledge linking three
modules— information, knowledge and dissemination. A prototype sys-
temwas developed and testedwith a real accident case scenario. Through
the recommendation via interviewswith some field safetymanagers, it is
confirmed that the SNSS could greatly enhance the current practices and
communication problems of construction safety knowledge. However,
there are still some limitations such as the pre-defined time or the
abuse of semantic tagging and ontology tagging thatwill be further exam-
ined in the future research. And some research efforts would be directed
toward the combinationof social network and virtual technique for estab-
lishing the good knowledge sharing environment as well as developing
the construction safety training or education tool.
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