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ABSTRACT 

Applying to business education and labors’ safety training, unlike the traditional way in the past, will bring a more 

location-based of innovative services through mobile-oriented environment. The research considers the phenomenon and 

its importance on the middle-aged workforce of the construction in recent years, and provides security services- a 

recommended system through Building Information Model (BIM), Location-Based Services (LBS), and Mobile App. For 

maximum optimization of resources for system design, it integrates functional modules to construct an innovation system 

of safety work and management with “context-aware” and “safety training records”. 

In order to enhance the safety of pre-working and working safety, the study will collect the initial data of safety 

training history in the work cloud service, and carry out real-time data analysis and sequence mining to find out                          

the warning mode of affecting safety behavior. Sequence mining will use the concept of the phenomenon in monitoring, 

and extract the events, in order to establish the relationship between the time sequences, and then establish the exact rule of 

sequence calculation. It is in order to adapt to the middle-aged workers in the construction warning service with                         

the security model. 

KEYWORDS:  Data Mining, Recommender System, Safety Working Training in Construction, Location-Based Service, 

Building Information Modeling 

INTRODUCTION 

Instant and right information of safety education will help to improve the security on construction sites. Due to 

mobile service has been active and more and more completed, the cloud application and service system surround our lives. 

According to the long-term trends of the labors aging in Taiwan's various industrials, the research considers                               

the phenomenon and its importance on the middle-aged workforce of the construction in recent years (Cheng, J., 2012).              

It will try to develop an available system to manage safety working and related facilities information from sites in the right 

time and correct position. To the goal of zero disaster in construction, the study will get methods-take service mold from 

context-aware environment, under the construction safety of "work" App Cloud Service and introduce Hybrid-based 

Filtering (Content-based Filtering and Collaborative Filtering) to design the recommendation with working safety training, 

and then continue to explore the relevance and effectiveness of their service function. That means the study focus on 

mobility management and via LBS objects (location-based service) and modules designed to build APP environment in 

construction safety management within the cloud service system.  
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It will integrate Building Information Modeling (BIM), mobile applications (App) and Location-Based Service 

(LBS) to increase construction safety as shown in Figure 1. That means to use positioning and through the App on the 

smartphone to understand real-time constructing information from workers. The purpose of the research is to carry out a 

variety of real-time and value-added services on construction sites. Managers and workers will be able to confirm the 

training, education compliance or not through mobile devices, and to get real-time construction information in order to 

reduce the incidence of construction disaster. 

 

Figure 1: The Mobile Management System of Construction Safety 

In order to enhance the safety of pre-working and working safety, the study will collect the initial data of safety 

training history in a recommended system with the functions of “context-aware” and “ safety training records”, and carry 

out real-time data analysis and sequence mining to find out the warning mode of affecting safety behavior. Sequence data 

mining will use the concept of the phenomenon in monitoring, and extract the events in order to establish the relationship 

between the time sequences and then establish the exact rule of sequence calculation. It is in order to adapt to the                   

middle-aged workers in the construction work training service with the security model. 

RELATED WORKS 

“Location-Based Service” (LBS) concept combines the location and the corresponding services, and it has 

become an important demand for mobile users. According to the research report of Pyramid Research's market,                          

a location-based service is expected to rise by a global market value of 280 million dollars in 2010 to 1.03 billion dollars in 

2015. Looking LBS development of the past few years, it is possible to accurately grasp the location of the users. LBS are 

mainly a combination of two technologies of Global Position System (GPS) and Geographic Information System                            

(GIS) two technologies. LBS will be acquired geographic coordinates by GPS services to access the real-time spatial 

information in GIS to various types of services and applications, such as tourism, navigation, advertising and marketing, 

etc. (B. Schilit, N. Adams, 1994) (Kumar, S., 2009). The technology has been adapted for many years, LBS is the highly 

regarded and recent emerging Internet applications during in time to the growing popularity of mobile devices. The feature 

is the ability to provide location-based, personal and real-time services. This study will apply LBS technology based on 3D 

virtual reality training of cloud platform and design the recommendation with working safety training, and then continue to 

explore the relevance and effectiveness of their service function. Therefore, the integration of real-time information system 

of this study will combine the concept of "situational" and "location-based”. In 3R (Right location, Right time, Right 

people) service infrastructure, it imports existing 3D virtual reality and animations materials. 

A recommendation system becomes a major way to solve the problem online and can effectively analyze                   

the characteristics of the users (G. Adomavicius, 2005). It also mentioned the recommender system using observations of 

user groups to assist individuals in the community to effectively identify and propose interest contents from overload and 

large amounts of data (J.L. Herlocker, 2004). Other scholars propose that recommender system is to solve the information 
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overload (Goldberg, D., 1992). A recommendation system can be divided into three modes, content-driven filtering, 

collaborative filtering and hybrid-based filtering (Adomavicius, 2005). The collaborative filtering is most commonly used 

for a recommended technique. The hybrid recommender system is to add the collaborative recommendation system in the 

content-driven filtering, and also to add the content-driven recommender system in the collaborative filtering.       

Therefore, the hybrid recommender systems contain features of both. The study gets a new hybrid recommendation 

architecture based on users’ classification. In this architecture, it makes recommendations according to characteristics, 

context and operating records to classify its situation from users, and selects some appropriate recommendation algorithms 

according its situation. 

METHODS 

 The recommender system can obtain real-time location to users through safety training course modules, and it 

operates situation (computing context) to analysis and provide appropriate training courses, with the user's current situation 

(context). The system can be designed a ubiquitous security education and training environment. In this study, a hybrid 

recommendation technique is used to classify the users to groups through the collaborative filtering technique based on 

three modules that are “Context-Aware of Users”, “Safety Training Courses” and “Evaluation of Training Courses”. It tries 

to find an area-optimized category of grouping users, and locating users with similar contexts. And then the content-based 

filtering method is used to analysis the evaluation of training courses from the users, which are supplemented by different 

weighted-evaluation scores, and the most suitable course content is recommended as shown in Figure 2. 

 

Figure 2: The Hybrid-Based Filtering of Recommended System 

The part of context-aware includes (1) identifying the user's identity, (2) the user's training history, and (3) 

perceiving the user's time-location-security conditions. The recommendation system can obtain the real-time and right 

location information from users. Through the safety training course module and the user's context, the system can provide 

suitable training courses by computing context. It adopts rating and social filtering as the recommendation algorithm to 

filter the content, and then generates the contextual reasoning module, which is mainly deduced and proposed the situation 

to the user. Safety training courses are provided by the work system. In addition, the study presents the courses into four 

feature values, including the average difficulty, the total time, the average learning power and the relevance.                  

The recommendation engine calculates the Recommended Score (RS) for each course, according to the three modules, and 

then finds the courses with the highest RS to give the users a safety training course as shown in Figure 3. 
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Data mining has been successfully applied in the wide fields, such as production, manufacture, health care, 

finance and marketing (Brachman, R. J., 1996) (Daskalaki, S., 2003) (Agrawal, R., 1993). As techniques of data mining 

have been successfully applied in various fields, this study applied association rules of data mining, which can extract 

hidden and useful information from the recommend system. And the other to obtain prediction functions, it is established 

warning service of security model by decision tree with classification. 

 

Figure 3: Service Experience Engineering to a Recommender  
System with Context-Aware 

Before data mining, it must first be pre-treated data from raw data with missing. Namely clearing data,                 

it includes discards unwanted data of field. And the data pre-processing and conversion including collecting relevant 

information to calculate the noise and then determined of the missing data and the correct data type. In mining phase, this 

study used Microsoft SQL Server 2010 as the tool for data mining. It also applied SQL Server Business Intelligence 

Development Studio which has developed an integrated business intelligence environment, including Cube, data sources, 

reports, dimensions, analysis services database. The main stages of the entire mining process include data collection, data     

preprocessing, data mining, modelling, evaluation and final knowledge representation. An important step in the pre-

operation is data pre-processing, including data integration, data clearing, data conversion. And through the phpMyAdmin 

functionality of Database Management, it transposed the original data into SQL syntax. All mining history of the system, it 

clustered data to identify key factors in all affect performance and in order to provide effective decisions in safety system. 
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RESULTS AND DISCUSSIONS  

This study adopted Case Method of Non-Experimental method, and used In-depth-Interview of Qualitative 

Technique through small-scale exploratory study. It interviewed face to face with workers to collect data, and summarized 

and analyzed, including the characteristics explained, data collected, the phenomenon of knowledge analysis and the 

system design and introduction. In order to understand the acceptability of the service system, this study tries to use 

structural equation modelling (SEM) to measure the behavior intention of users. The measurement structure on 

questionnaire is divided into 6 phases and they are “System Quality”, “Self-Efficacy”, ”Computer Anxiety”,                                     

“Perceived Usefulness”, Perceived Ease of Use” and “Behavior Intention”. The questionnaire is based on Technical 

Acceptance Model (TAM) to analyze its significance on “Behavior Intention” between “Perceived Usefulness” and 

“Perceived Ease of Use”. The framework of SEM is such as Figure 4 and given for 9 hypotheses (H1, H2, H3, H9). 

 

Figure 4: The Framework of Measuring the Behavior Intention with SEM 

To test the model, the study used AMOS to analysis the Goodness-of-fit Index including Chi-Square test, GFI, 

NFI, and CFI exceed the recommended 0.90 threshold levels. In addition, RMSEA is lower than 0.80 as recommended by 

Hair et al (1998). RMR is lower than 0.05 as recommended by Bagozzi and Yi (1988). The fitness values satisfied the 

recommended standard. The overall fit is shown as Table 1, and the test of the hypotheses is shown as Table 2. 

Table 1: Goodness-so-Fit of Measurement Model 

Fit Indices The Value Specification Goodness-of-Fit 

2/df 2.023 < 3 Good 

GFI 0.857 > 0.8 Good 
AGFI 0.781 > 0.8 Normal 
RMR 0.032 < 0.05 Good 
RMSEA 0.085 < 0.08 Normal 
NFI 0.927 > 0.9 Good 
CFI 0.913 > 0.9 Good 
RFI 0.915 > 0.9 Good 
IFI 0.906 > 0.9 Good 
PNFI 0.632 > 0.5 Good 
PGFI 0.672 > 0.5 Good 
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Table 2: The Test of The Hypotheses 

   Hypothesis Coefficient t-Value Assessment 
Perceived Usefulness < - System Quality H1 0.53*** 2.856 Significant 
Perceived Usefulness < - Self-Efficacy H3 0.26*** 3.219 Significant 
Perceived Usefulness < - Computer Anxiety H5 0.107 3.378 Nonsignificant 
Perceived Ease of Use < - System Quality H2 0.02** 5.021 Significant 
Perceived Ease of Use < - Self-Efficacy H4 0.016*** 4.026 Significant 
Perceived Ease of Use < - Computer Anxiety H6 0.072 2.117 Nonsignificant 
Perceived Usefulness < - Perceived Ease of Use H7 0.316*** 6.529 Significant 
Behavior Intention < - Perceived Ease of Use H8 0.271*** 5.926 Significant 
Behavior Intention < - Perceived Usefulness H9 0.169*** 8.226 Significant 

 
Note: * p<0.05 ** p<0.01 *** p<0.001 

The testing result suggests “Computer Anxiety” has no direct effect to behavioral intention. It means that H5 

(Computer Anxiety to Perceived Usefulness) and H6 (Perceived Ease of Use) are not supported in the test. For safety 

training course, the location-based service by technology and mobile-services will not lead to the user's willingness to 

reduce and exclude the use. Therefore, the recommendation system may provide a personalized training course based on 

the user’s experience and preference. In this study, it uses data mining and SEM to validate the feasibility of the service 

model. Therefore, the service design can apply Hybrid-Based Filtering to achieve individual recommended training course, 

and then enhance the quality and efficiency of safety training.  

CONCLUSIONS 

This study will be as an object on construction safety and education, training of the middle-aged workers, and 

assumed in research are the conditions for popularity of smart phones, wireless network and the workers of science with 

and technology. How to apply technological innovation and service experience model to achieve zero disaster in 

construction working will be the most important core purpose of this research. It takes working environment, safety and 

education, training as the theme and import the architecture of service experience engineering to build the recommender 

system by using hybrid recommendation technique. It collects user experience data from work and investigates the status 

of middle-aged workers. Through user experience and service model, it will serve as the basis for the recommender system 

for safety training. 
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