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Abstract:

Construction sites are complex and dangerous. Over the past decade, construction
fatality rates have been high in most countries. Construction accidents cause harm to
construction workers and financial loss to construction firms. Smart wearable jackets are
among the most effective personal protection equipment (PPE) for India's most recent
and future generations. Prevention is better than Cure. To prevent the occurrences of
construction accidents and to provide better safety and health to construction workers,
the sensor data has to be collected from the IoT environment and has to make it subjected
to cloud-based big data analytics to provide better decision support to project managers
and doctors. Further, the decision support system can be enhanced by adding semantic
capabilities using Ontology, Semantic Web Services, and data mining and artificial
intelligence techniques. This study highlights the feasibility of using the automated
market basket analysis method to investigate the cause-and-effect pattern of construction
accidents, especially when using the Apriori algorithm to extract frequent item set
associations. Data File preparation is one of the most essential and significant modules of
incorporating automation. Therefore the value of this research effort lies in preparing a
sample database and how such a sample database can become helpful in construction
safety and health management to prevent accidents, as well as the computations of
measures of the Apriori algorithm that support decisions regarding construction safety
and health provision to construction supervisors and managers are explained.

Keywords: Apriori Algorithm, Association Rule Mining, Construction Health
Management, Construction Safety Management, Frequent Item Set Generation,
Investigating cause-and-effect patterns

1. INTRODUCTION

Construction sites are complex and dangerous. Construction fatality rates have been
high over the past decade in most countries. [48]. Accidents on the construction sites
cause physical harm to construction workers and financial loss to construction firms.
One of the most influential personal protection equipment (PPE) in recent times is
believed to be wearable jackets. Wearable jackets are cloud-connected devices that detect
various hazards in the construction workplace by providing data transfer and
information to support managing the impact of such construction-related threats [27].
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[55] promoted Bening’s Rapid prototyping-based design thinking methodology
towards problem-solving and the microcontroller’s control process feedback loop in
passing. The IoT (Internet of Things) based prototyping has drawn the construction
industry's attention to providing worker safety. As a part of the intelligent wearable
jacket prototype development, sensors attached to wearable jackets worn by
construction workers send the worker’s health and safety data using IoT technology to
conduct data analysis using cloud computing. If any abnormal conditions are found, the
data report will be transferred to the construction manager and on-site or off-site doctor
to take appropriate action on the worker’s health condition [4] [57].

According to the research work conducted by [57], IoT may be attributed to a micro-
controller-based prototyping platform of the author’s contribution to developing CRASP
methodology. The prototype, connected with a pulse sensor and button sensor, senses
various health and safety parameters such as the construction worker's pulse rate,
whether the push button of the helmet, which is associated with the belt being pushed
properly to make it fasten or not. The status of these parameters is transmitted through
Wi-Fi to a central computer at a base station along with the GPS location [3]. By adopting
CRASP methodology and adding semantics to big data analytics-based decision support
systems, semantic decision-making capability can be realized in the form of creating
strategic value for the business [54].

2. LITERATURE REVIEW

The case study-based research work of [55] mentioned that by applying the Apriori
algorithm as a part of libraries of Python programming, it is possible to mine the data
items of retail purchases to elicit and indicate the patterns of retail purchase items and
their associations during the customer visits at a grocery shop. They worked on a use
case by accessing the GitHub sources for re-writing an existing Python program for
generating output by actually working on the available data file of grocery purchase
items that are already available.

Recently, [42] worked on the same kind of problems that mines the essential cause of
different types of fatal construction accidents. [9] did similar work use association rules
in Chinese construction safety management and decision support? Almost with the same
idea, [37] investigated the causality patterns of safety-related incidents using association
rules. [50] used association rule mining to evaluate accident investigation records to
determine the factors’ interrelationships. Authors [45] have worked on the same
problem, mining association rules from construction accident data. A research study by
[62] identified critical causes of construction accidents in China using a model based on
system thinking and case analysis. Analyzed association rules on evidence of fire
accidents from Taipei city [22]. Further, [11] worked on an association rule learning
algorithm to correlate mining factors by accessing the maritime accidents database. [61]
studied analysis of multi-dimensional association rules in marine casualties.

Moreover, From the perspective of construction safety database formation, research
work done by [49] analyzed 157 accident cases based on conducting systematic
knowledge engineering method and found that the accident information can consist of
six labels such as accident expenses, accident types, accident time, causal factors, worker
types, and accident location. Causal factors are the most essential part of case analysis.
They further applied the Apriori algorithm to explore the association among these
accident factors to recommend more precise safety instructions for workers. In the
construction of power transmission and substation projects, many hazards put on
workers subjected to numerous accidents such as electrocution, falling from height, and
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being hit by objects, causing substantial economic losses to enterprises [34] in passing
[33].

Moreover, according to [16], the combination of cognitive and visual analytics
engages human-like behavior and produces decision-making capabilities. The
harmonious blending of automated visual analysis methods, the quantitative abilities of
computers, and the cognitive capabilities of humans, along with human interactive
explorations, could lead to the creation of new knowledge in powerful ways. For this
purpose, cloud services can be accessed through their corresponding APIs of pattern
mining, semantic mining, and visual analytics [16]. It helps prevent hazardous or
catastrophic events to construction workers and equipment in the sensing environment
in terms of maintaining safe distances from obstacles and responding to stimuli
appropriately and on time [12]. Prevention through design is a comprehensive approach
to address the issues and problems of construction safety and health. The Prevention
through Design (PtD) concept has also been adopted by countries like Malaysia since
2017 to reduce the risk of occurrence of construction accidents during the construction
life cycle of a building [43].

3. RESEARCH OBJECTIVE

Although many researchers started working on this problem, this study has put effort
into preparing a database that works as a source to prepare a sample data file with about
ten records. The database consists of construction safety-based cause-effect related data
to match to work on the data frame feature of Pandas library in Anaconda Navigator
environment to do Python program to elicit cause-effect based frequently associating
items. The result set produces a pattern that can be stored in the pattern database. Pattern
mining focuses on identifying rules that describe specific practices within the data.
Market basket analysis was one of the first applications of data mining [14]. Associations,
Clusters, Correlations, and Frequent patterns fall under the descriptive data mining
patterns group, and the other group is predictive data mining patterns [46]. The result
sets supports construction administrators in alerting construction workers and
supporting construction management personnel in making better decisions toward
arranging safety measures to avoid or prevent construction accidents. Prevention is better
than curing is a well-known quotation known to the globe. Poor knowledge of accident
prevention approaches can become a barrier to informed decision-making and designing

workplace policies [13].

4. RESEARCH APPROACH AND METHODOLOGY

4.1 Strategic Rationale

The Balanced Score Card Methodology is a tool for senior management to define their
strategy for success. Strategy map diagrams and charts can be developed to translate the
successful business organization strategy because strategy map diagrams and charts can
include objectives, target markets, value propositions, critical business internal processes,
etc. At a higher abstraction level, this map can also illustrate the cause-and-effect linkages
between financial and non-financial objectives (e.g., customer loyalty and customer

satisfaction) in passing to [2]. Further [5], it attempted to provide the customized strategic
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mapping of its adaptability to the electronic enterprise as a part of manifesting the
management information principles and its components of delivering what is called
‘internal information” and ‘external information’ to further detailed level abstraction
focusing on bringing the outcome of value creation and action generation where e-
customer satisfaction becomes the value creation and semantic web service activities
become action generation in the context of e-enterprise. While profitability represents the
tangible outcome of the organization, e-customer satisfaction becomes an intangible
outcome; hence is becoming essential to be considered in the contemporary development
of digital society [5].

The National Institute of Health defines Epidemiology as the study of health and
disease causes, occurrence, and distribution in a defined population [8]. WHILE
DISCUSSING EPIDEMIOLOGY, the UK Faculty of Public Health mentioned the Bradford
Hill criteria: "The stronger the association or magnitude of the risk between a risk factor

and outcome, the more likely the relationship is thought to be causal.”

4.2 Tactical (Analytics) Rationale

Argued that TAMPA (T-Transform, A-Analyze, M-Measure, P-Predict, and A-Act)
based analytical approach as an extension to MPA methodology mentioned in the book
by Berson, Smith & Threading (2000) for eCRM solution as a close loop methodology
provides better solution with its capability of building ontology approach that enables
true semantic integration to draw wider interferences and make better conclusion than
following a simple ETL based Data Warehousing approach [26]. For example, in the smart
cities context, data can be collected directly from various sensors, smartphones,
structured data from RDBMS, and unstructured data from crawled online web resources
and text files. These kinds of data can be collected directly from a variety of sensors, and
smartphones, which are then integrated and linked with smart city data repositories to
perform analytical checks and provide reasoning to generate required information as well
as new knowledge or inference for having decision making so that better urban
governance can be conducted [23]. Aligning internet-based services with the enterprise
mission accomplishment will also increase the agency’s ability to implement strategic
business goals and provides decision-makers with critical web services allocated
information. Along with the knowledge-based view, which becomes strategically
essential as a service-based resource, the e-enterprise value lies in generating activities
related to knowledge-based economic service metamorphosis [5].

Solving national-level economic problems requires understanding the factors that
influence the production of MSMEs [40]. MSMEs play a significant role in the growth and
development of distributed economy [41]. According to Mohit Jain, Chair of the MSME
(Micro, Small, and Medium Enterprises) committee at PHD Chamber of Commerce and
Industry (PHDCCI), the MSME (Micro, Small, and Medium Enterprises) sector has faced
challenges related to financial liquidity, debt, repayments, meeting fixed expenses like
wages and salaries, statutory dues, increase in raw materials, etc., which led to increasing
in the product cost, thereby impacting cash flows. Several reasons for this scenario in

India are Demonetization, GST implementation, COVID-19 pandemic intervention, and
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geopolitical war between Russia and Ukraine. The MSME sector comprises nearly 63
Million enterprises, contributing 30 percent to India’s GDP, 45 percent to manufacturing,
40 percent to exports, and employs 113 million-plus people in India as per government
data [28]. Now, India urgently needs accelerated growth and development of MSMEs.
The effective functioning of MSMEs can be better understood using economic models
related to production functions [40].

Cost minimization is one of the most fundamental concepts in the business economy.
It is a financial strategy to reduce the cost of products in a firm [30]. The Cobb-Douglas
production function is still the most universal form of economic function that provides
important theoretical constructs related to growth and productivity such as economic
output, technical change, and labor demand [15]. [55] discussed the hypothetical idea of
economic module adoption as a part of achieving sustainability, that a general
equilibrium-seeking algorithm, based on a Solow model in which Cobb-Douglas
economy-based production function (input (cause) and output (effect)) as an instrument
represents the sustainable economy in terms of six factors viz., agriculture, materials,
energy, industry, services, and technology [11], which when combined with Walrasian
trial and error approach will help in bringing in cost minimization. For example, [7]
experimented with the combination of Cobb-Douglas economic production function and
cost minimization problem and found that when production increases, the minimum cost
needed increases non-linear and exponentially. Insurance companies need to come
forward and work with construction MSMEs to offer cost-effective smart wearable jackets
to construction workers affiliated with MSMEs. It is because society is getting everything
delivered to the doorstep by just pushing a button or a click away. But people are still
getting hurt or subjected to fatal accidents and getting subjected to death or permanent
disabilities or severe injuries, and hence such scenarios are not acceptable. Creating
wearable jackets incorporating sensors, artificial intelligence, actuators, BIM, and cloud
computing technologies are expected to reduce the worker compensation package under
fatal conditions. A wearable jacket captures data and provides feedback about the wearer
to reduce injuries and fatalities and improve operational efficiency. Radio Frequency
Identification Devices technology also has its value in detecting the presence of wearable
transponders and transferring information to a receptor, who can be a construction
supervisor, manager, or both. In fact, this kind of technology already exists in the national
level authority of sports and games and in defense sector to track their soldiers and

employees not only to provide safety but also to improve productivity [25].

5. CONSTRUCTION ACCIDENT PREVENTION THEORETICAL MODELS
AS STRATEGIES

Reference 20 described that accident prevention is an integral program involving a
series of coordinated activities, which can directly control unsafe conditions and
performances based on prior knowledge acquisition, abilities, attitudes, and behaviors.
Further, Heinrich developed a five dominoes model having aspects such as ancestry &
social environment, unsafe acts and conditions, faults of persons, accident, and injury.
This theory highlights that people are the fundamental reason for the cause of accidents,
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and also, the management is responsible for preventing accidents when happening by
providing safety facilities to workers to avoid workers' accidents from happening in
hazardous environments, as cited in [39] [1] [18]. According to the research conducted by
[29], accident causation models best describe the factors influencing accidents and help
develop strategies for accident prevention. [32] in master thesis mentioned the use of a
fishbone diagram as a tool that represents the cause-and-effect relationship to help
identify and display the causes and effects of a problem in general and construction
accidents in specific. McClay identified hazards, human actions, and functional
limitations as three critical elements of accidents with the “universal framework.” Hinze’s
distraction theory (1996) [21] argued that production pressure might distract construction
workers from hazards and cause construction accidents. [48] the constraints-response
model argues that management decisions and project conditions can lead to
inappropriate actions and become the cause of actions as cited in passing to [29]. The
Construction Accident causality model (ConAC) model is a holistic model of accident
causation developed from the investigations of 100 construction accidents prepared by
both Loughborough University and the University of Manchester Institute of Science and
Technology. This model recognizes the accident causation process produced by various
complex integrating factors. It enhances construction safety by considering different
parties involved (e.g., contractors and sub-contractors apart from clients and others), as
cited in [19].

Construction management is where heavy data is expected to be increased,
generated, and collected. Association rule mining is a widely used data mining technique
that can be made applicable to the field of construction safety management. Association
rules can be used to deduce possible correlations between attribute data item labels such
as Construction Accident, Cause of Accident, Effect of Accident, and Safety Measures [60].
Association Rules as a data mining technique refers to the most frequently utilized
algorithms like Apriori, FP-growth, and Dynamic item-set counting, others being RARM-
Rapid Association Rule Mining, ECLAT-Equivalence Class Clustering, and Bottom-Up
Lattice Traversal algorithm and ASPMS-Associated Sensor Pattern Mining of Data
Streams [38]. Association rules are determined in the form of A @ C where A is called
Antecedent, and C is called Consequence, which are disjointed item sets. Association
rules can help identify undiscovered relationships for forecasting and decision-making
[62] in passing to [42].

Secondary data is formed by gathering labels and data on different construction
scenarios, causes of accidents, the effect of accidents, and safety measures from different
results produced by performing Google Search using phrases “cause and effect
relationship,” “ construction safety.” According to CII (1988), the
major causes of accidents are related to the poor safety management, difficult work-site
conditions, unique nature of the industry, human behavior and unsafe work methods and
procedures as cited in passing to [6] and [31]. Hence prevention of construction accidents
is to be more critical.

s

association analysis,

5.1 Developing Construction Safety & Health Management Sample Database
The sample data is construction for ten (10) construction accident types as following
Table 1.
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Table 1. Qualitatively Correlated Data based on Systematic Knowledge Base

SI.  Construction Unsafe Site Effect of
Cause of Accident Safety Measure
No. Accidents Type Conditions Accident
Slippery surfaces, extra Sprains,
Materials, tools, Helmets, shoes,
1 Slips materials, tools, and fractures, head
and debris jackets, Gloves
debris injuries
Fractures of
Bones, Spines,  Guarded scaffolding
Unguarded scaffolding Head Firmly fixing and
Workers Falling Scaffolding or
2 Loose and Incorrect Death (e.g., placing a ladder
from Height Ladders
placement falling from Wearing a helmet,
the highest wearable jacket,
story)
Cleaned workspace
Sharp and Solid ~ Sharp and Solid objects
Things Falling Cuts, head and well-organized
3 objects used at used at elevation Fall from
from height bruises, death  equipment and
an elevation height.
handling.
Slow driving,
Non-fatal
Being hit by Highway Speed driving, distracted cautious driving
4 accident, fatal-
vehicles projects driving ) Supported barriers
accident
to pedestrians
Exposed wires, unfinished Electric Hard-duty gloves,
Wiring and
5 Electrocution 1di electric system shocks, electric  shoes, helmets,
weldin
& Downed power lines firing wearable jackets
Trench collapse or
Helmet, wearing
Getting struck by Fall of loose soil, land Head injuries,
6 Raft Foundation belted eyeglasses,
moving or falling sliding Red Eye )
) wearable jackets
materials
Gas welding
Surrounded by
Fire or explosions ~ Unwanted Fireproof jackets,
7 Explosions, Gas leaks Burns, Deaths
Injuries debris wearing nose masks
Chemical
explosion
Lack of communication
between drivers, safety Maintain distance
Heavy Cuts, head
8 Crane operation  staff, and pedestrians, from Crane heavy

Equipment-crane

strikes & crashes

bruises, death

equipment.
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Sl.  Construction Unsafe Site . Effect of
. . Cause of Accident . Safety Measure
No. Accidents Type Conditions Accident
) Maintain distance
Heavy Bull Dozers and Loud, Non-audible Deafness &
9 from Noisy, heavy
equipment-Noise  others sounds numbness )
equipment
Hand Arm
Hand-held power Drilling Operating vibratory Appropriate PPE
10 Vibration
tools operation power tools equipment
Syndrome

Three measuring factors play a significant role in determining the strength of the
association rule. They are (i) Support, Confidence, and Lift. Based on the set level of
support, the frequent item set is filtered iteratively, and the confidence determines the
strength of the association rule and lift, as mentioned in passing to [33]. When the Apriori
algorithm is used to perform association rule mining, i.e., to generate frequent item sets
from a given location of a large number of transactions file, which works in two stages,
they are (i) Support and (ii) Confidence. Transaction file consists of transaction data,
which is a set of fact data related to occurrences of construction accidents and preventive
measures [24]. The transaction record combines antecedents and consequences with an
implicit meaning of the conditional expression, i.e., IF antecedent THEN consequence

form.

5.2 Terminology related to Association Rule Mining and Apriori Algorithm

(a) Item set: An Item Set is a set of items placed together. If any item set has n-items,
it is called n-item set. An item set consists of two or more things.

(b) Frequent Item Set: If any item set occurs frequently, it is called a frequent item
set. Apriori Algorithm follows an iterative approach in identifying the regular item sets
and extracts the most frequent ones.

(c) Measures of Apriori Algorithm

The example calculations on measures of the Apriori algorithm, viz., Support,
Confidence, Lift, and convictions, are performed based on the customizing efforts made
by Zamil et al. (2020) [59] to the present context of construction accident causes, effects

and prevention or safety measures.

Table 2. Sample Transactional data for realizing the computations of Support,

Confidence, Lift, and Conviction while using the Apriori Algorithm

Transaction Health Issue
Type of Accident (Cause) Safety
ID (Effect)
Tran-1 Slip Head Injury No Helmet
Tran-2 Slip Head Injury No Helmet
Tran-3 Slip Head Injury No Helmet
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Transaction Health Issue
Type of Accident (Cause) Safety
ID (Effect)
Tran-4 Slip Death
Tran-5 Fall From Height Head Injury No Helmet
Tran-6 Fall From Height Head Injury No Helmet
Tran-7 Fall From Height Head Injury No Helmet
Tran-8 Fall From Height Death

The steps followed in the Apriori data mining algorithm are shown in Figure 1.

Generate K-ltemset

Check Support

[tern Sets Candidates {Join > {Pruning)
Steps) runing
¥
Set of K-1 frequent
Stop itemsets is & Frequent items

Fig. 1. Flowchart of Apriori Algorithm (Redrawn Source: [47])

(i) Support: It is the percentage of transactions that contain all the items in an item set

(e.g., in the context of preventing construction accidents as a part of construction safety

management, can be expressed in terms of a stereotype of item set as follows: <<

Construction Accident Type, Unsafe Conditions, Worker Unsafe Behavior, Cause of

Accidents, Effect of Accident, Safety Measure>>—the more the item set's occurrence

frequency, the higher the support. High support item sets are more likely acceptable to

many future transactions [35].

Support (Fall From Height) = Transaction Containing Fall From Height /Total

Number of Transactions

Support (Fall From Height) = 4/8 * 100 = 50%
Support (Fall From Height = Head Injury) = 3/8*100 = 37.5%

Support (Fall From Height, Head Injury - No Helmet) = 3/8 *100= 37.5.5%
Support (Head Injury) = 6/8*100 = 75%
Support (Head Injury, No Helmet) = 6/8*100 = 75%

(ii) Confidence: Confidence refers to the likelihood occurrence of a Head Injury

when a Slip Occurs; Expressed as (Fall From Height->Head Injury)
Confidence (Fall From Height>Head Injury) = Support (Fall From Height-> Head

Injury)/Support (Fall From Height)
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Confidence (Fall From Height->Head Injury) = 37.5%/50% * 100 = 75%
Confidence (Head Injury, No Helmet) = 75%/75%%100 = 100%

Almost similar to Naive Bayes Algorithm result (in passing to stakebuse.com)

(iii) Lift: Lift (Fall From Height->Head Injuries) refers to the increase in the ratio of
occurrence of Fall From Height leading to Head Injuries

Lift (Fall From Height=> Head Injury) = Confidence (Slip>Head Injury)/Support
(Slip) =75%/50% =1.5>1

Inference: Lift > 1 - There is a positive correlation between Fall from Height and Head

Injury

Inferences for Lift Values:
(i) Lift (X=>Y) =1 means —There is no correlation within item set
ii) Lift (X->Y) >1 means — There is a positive correlation within item set

(iii) Lift (X=>Y) <1 means — There is no correlation within item set

(iv) Conviction: Conviction (X-=>Y) = (1-Support (Y))/ (1- Confidence (X->Y))
Conviction (Fall From Height, Head Injury) = (1- 0.75)/(1-0.75) = 1.

Inferences for Conviction Values:
(i) Conv (X->Y) = 1 means —There is no correlation within item set

ii) Lift (X->Y)>1 means — There is higher interest in the rule

CONCLUSION

The literature review developed theoretical frameworks from various research
efforts. Further, some Github implementations [44] revealed that it is feasible to work
on Al-based intelligent helmet detection, Wearable jacket detection that workers are
wearing as a part of PPE or not. Regarding frequent item set generation using the
Apriori algorithm of Association Rule Mining: [17], they cited that 88% of all
industrial accidents were caused primarily by unsafe acts of the workers. Based on
their case study of workers” hazardous behavior, their research built a rule mining
database and applied the Apriori algorithm to extract frequent item sets concerning
worker unsafe behaviors of different worker types in different construction phases.
So, most IoT and Al-based application programming provide better results only
when their case accesses the relevant database in a specific format. Therefore an effort
is made to build a sample database. It is a secondary data-based sample database
pertinent to apply the Apriori algorithm. It is then attempted, prepared, and
explained how to compute measures on support, confidence, lift, and conviction
values to understand the accuracy of semantics. Regarding construction safety data:
Structured OSHA accident and injury data for the period between 2015 and 2017 can
be found on the Kaggle.com website. [67] revealed the .csv formatted data files related
to construction site parameters for predictive analysis on the kaggle.com website. For
better accuracy, one has to put effort into collecting and preparing the real-time
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scenario data in a format accessible by data mining algorithms such as the Apriori
algorithm and machine learning libraries containing these kinds of algorithms.
Python programming language helps in working on these kinds of libraries of
algorithms by accessing data files and producing the required output with
visualization and information accuracy levels better to interpret the model results and
their corresponding accuracies. When the data is properly formatted, the research by
[53] shows how Association Rule mining using the Apriori algorithm can extract
antecedents with corresponding lift values grouped or classified by various incident
types, such as First Aid and Damaged Property. Similarly, it is possible to provide
such data categorized by Construction Fatalities too.

ACKNOWLEDGMENTS

Thanks to all the team who have helped to complete this research well.

AUTHOR CONTRIBUTIONS

All authors contribute to Conceptualization, Methodology, validation, formal analysis,
investigation, data curation, writing—original draft preparation, writing—review and
editing, visualization, supervision project administration, funding acquisition, and have
read and agreed to the published version of the manuscript.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1.

Abdelhamid, T. S. & Evertett, J. G. (2000). Identifying root causes of construction accidents. Journal of
Construction Engineering and Management, 126 (1), Jan./Feb., ASCE [Crossref]

ADB (2007). Chapter-3: Balanced Scorecard for state-owned enterprises. In C. C. Johnson & I. Beiman (eds.)
Balanced Scorecard for state-owned enterprises: Driving performance and corporate governance. Asian
Development Bank.

Abro, G. E. M. et al. (2018). Prototyping loT-based Smart wearable jacket design for securing the life of
coal miners. In Proceedings of International conference on computing, electronics & communications
Engineering, Southend, UK, 134-137. [Crossref]

Admin-IEEE Xpert (2022). Wearable technology in a jacket for tracking person health and safety using IoT,
Available [Online] https://www .ieeexpert.com/ece-projects/wearable-technology-in-jacket-for-tracking-

person-health-and-safety-using-iot/ Retrieved on 10-07-2023


https://doi.org/10.1061/(asce)0733-9364(2000)126:1(52)
https://doi.org/10.1109/iccecome.2018.8658851

ITota 2023, ISSN 2774-4353, 03, 03 294/299

10.

11.

12.

13.

14.

15.

Al Sudairi, M. & Tatapudi G. V. (2012). Model for value creation and Action generation of an Electronic
Enterprise in a Knowledge-Based Economy. In Proceedings of 2012, International Conference on
Information Society. 978-1-908320-05/6, 174-180.

Al-Tabtabai, H. M. (2002). Analyzing Construction Site Accidents in Kuwait. Journal of Science and
Engineering, 29 (2), 214-238.

Bounthavong, M. (2019). Cobb-Douglas production function and costs minimization problem. Available
[Online]  https://mbounthavong.com/blog/2019/2/19/cobb-douglas-production-function-and-total-costs
Retrieved on 08-07-2023

Brachman, P. S. (1996). Chapter 9 Epidemiology, [Online]
https://www.ncbi.nlm.nih.gov/books/NBK7993/#:~:text=Epidemiology %20is%20the%20study %200f, tissu
€%2C%20which%20may%20cause%20disease. Retrieved on 03-07-2023

Chen, N., Zhang, Z., Yao, X. & Chen, A. (2022). Cause analysis of construction safety accidents in China
using Association rules, Intelligent Decision Technologies, 16 (3), 601-614 [Available]
https://dl.acm.org/doi/abs/10.3233/IDT-220038#sec-ref = Retrieved on 03-07-2023.

Changhai, H., Shenping, H. (2019). Factors correlation mining on maritime accidents database using
association rule learning algorithm. Cluster computing, 22, 4551-4559.

Costanza, R. Leemans, R. Boumans & Gaddis, E. (2007). Integrated Global Model. In Costanza, R. L. J.
Graumlich & W. Steffen (eds.) Sustainability or Collapse: An Integrated History and future of people and
Earth. Dhalem Workshop Report 96. MIT Press., Cambridge, MA.

Dreany, H. H. & Roncace, R. (2019). A cognitive architecture safety design for safety critical systems,
Reliability Engineering and System Safety, 191, Elsevier

Dyreborg, J. et al. (2022). Safety interventions for the prevention of accidents at work: A systematic review.
Campbell Systematic Reviews, 18 (2), e1234.

Encyclopedia Britannica. Pattern Mining. Available [Online]
https://www.google.com/search?q=pattern+mining&rlz=1C1IONGR_enIN1015IN1015&oq=pattern+mini
ngé&ags=chrome..69i57j0i51219.7257j0j7 &sourceid=chrome&ie=UTF-8 Retrieved on 05-07-2023.

Felipe, J. & Adams, F. G. (2005). A Theory of Production: The estimation of the Cobb-Douglas Function:

A Retrospective View. Eastern Economic Journal, 31 (3), 427-445



ITota 2023, ISSN 2774-4353, 03, 03 295/299

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Gudivada, N., Irfam, M. T, Fathi, E. & Rao, D. (2016). Chapter 5- Cognitive Analytics: Going Beyond Big
Data Analytics and Machine Learning. In V. Gudivarada, V. Raghavan & V. Govindaraju, C. R. Rao, (eds.)
Cognitive Theory and Applications, Handbook of Statistics, 35,

Guo, Zhang & Ding (2019). Time-statistical laws of worker’s unsafe behavior in the construction industry:
A case study. Physica A: Statistical Mechanics and its Applications, 515, 419-429.

Hamid, A.R. A., Abd Majid, M. Z. & Singh, B. (2008). Causes of Accidents at Construction Sites. Malaysian
Journal of Civil Engineering 20(2), 242-259.

Haslam, R. et al. (2005). Contributing factors in construction accidents, Applied Ergonomics, 36 (4), 401-
415.

Heinrich, W. H,, et al. (1980). Industrial Accident Prevent. McGraw-Hill Book Company, New York.
Hinze, J. (1997)., The distraction theory of accident causation. CIB Rep., A. A. Balkema, Rotterdam,
Netherlands.

Huang Y. Y., Perng, Y. H. (2014). Analysis of association rule in fire accidents-evidence from Taipei city.
Advanced Materials Research. 1030-1032: 2407-2410.

Kasem, M. & Hassanein, E. E. (2014). Cloud Business Intelligence Survey. International Journal of
Computer Applications, 90(1), 23-28

Kurniawan, F., Umayah, B., Hammad, J., Nugroho, S. M. S. & Hariadi, M. (2018). Market Basket Analysis
to Identify Customer Behaviors by way of transaction data. Knowledge Engineering and Data Science,
1(1), 20-25.

Lombardo, J. (2016). Investing in Worker Safety through Wearable Technology. Available [Online]
https://www.forconstructionpros.com/business/construction-safety/article/12160886/investing-in-
worker-safety-through-wearable-technology Retrieved on 08-07-2023.

Maninti V. & Vasista, T. G. (2023). Extraction, Transformation and Loading Process in the Cloud
computing scenario, International Journal of Engineering, Applied Sciences and Technology, IJEAST, 8(1),
232-236.

McGettigan, J. (2023). Wearable technology as a solution for workplace safety. [Available]
https://www.connerstrong.com/blog/insights-detail/latest-thinking/wearable-technology-as-a-solution-

for-workplace-



ITota 2023, ISSN 2774-4353, 03, 03 296/299

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

safety/#:~:text=Wearables %20are%20essentially %20cloud %2Dconnected, the%20impact %200f%20such %2
Ohazards. Retrieved on 03-07-2023.

Mishra, R. (2023). MSMEs will be critical for pushing India’s growth in the next 25 years. Here’s why.
Available  [Online] https://www.businesstoday.in/magazine/economy/story/msmes-will-be-critical-
sector-for-pushing-indias-growth-in-next-25-years-heres-why-369004-2023-02-05  Retrieved on 08-072-
23.

Mitropoulos, P., Abdelhamid, T. S. & Howell, G. A. (2005). Systems Model of Construction Accident
Causation, Journal of Construction Engineering and Management, 131 (7),

MOHAJAN, H. K. (2022). Cost Minimization analysis of a running firm with economic policy, Annals of
Spiru Haret University, March Issue, 317-337

Mouleeswaran, K. (2014). ‘Evaluation of Safety Performance level of construction firms in and around
erode zone. International Journal of innovative research in science, engineering, and technology, 3, 1587-
1596.

Liu, (2016). Safety Management analysis for the construction industry: Statistical process control
approach. Master thesis submitted to Morehead State University, Kentucky, USA.

Liu, W., Wang, X,, Ye, P, Jiang, L. & Feng, R. (2023, preprint), Safety Accident Analysis of Power
Transmission and substation projects based on Association Rule Mining., Under review at Environmental
Science and Pollution Research, Springer.

Lu, Z. M, Jin, T., Zhao, Y. N. (2021), study on characteristics and test judgment of electrical fault of high
voltage equipment. Electrica 21, 458-467.

McColl, L. (No date). Market Basket Analysis: Understanding Customer Behavior, Available [Online]
Market Basket Analysis: Understanding Customer Behaviour - Select Statistical Consultants (select-
statistics.co.uk) Retrieved on 06-07-2023

Mitropoulos, P., Abdelhamid, T. S. & Howell, G. A. (2005). A systems model of construction accident
causation, Journal of Construction Engineering and Management, July Issue, ASCE

Mohajeri, M., Ardeshir, A. & Banki, M. T. (2022). Using association rules to investigate causality patterns

of safety-related incidents in the construction industry, Scientia Iranica E. 29 (2), 929-939.



ITota 2023, ISSN 2774-4353, 03, 03 297/299

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Nasreen, S., Azam A., Shejzad, H., Naeem, U., Ghazanfar, M. A. (2014). Frequent Pattern Mining
Algorithms for Finding Associated Frequent Patterns for Data Streams: A Survey, Procedia Computer
Science, 37, 109-116

Petersen, D. (1982). Human Error-Reduction and Safety Management, STPM Press, New York.
PINKVTSKAIA, I. S.,, ROJAS-BAHAMON, M. J. & ARBELAEZ, C. D. (2019). Estimation of production
functions of turnover small and medium enterprises: Experience of Russian regions, Revista Espacios, 40
(13),

Purnamasari, I, Hernawan, D. & Hastuti, S. (2022). MSME policy based on cost reduction strategies during
the COVID-19 pandemic. In Proceedings of IAPA 2021 Annual Conference of Indonesian Association for
Public Administration, KnE Social Science, 35-356.

Rafindadi, A. D., Shafig, N., Othman, L, Ibrahim, A., Aliyu, M. M., Mikic, M. & Alarifi, H. (2023). Data
Mining of the essential causes of different types of fatal construction accidents, Heliyon, 9 (2), e13389.
Samsuddin, N. S., Khalil, N., Zainonabidin (2022). The Sustainable aspects of safety in architectural early
design: An Introduction to Prevention through Design (PtD) concept. International Journal of Sustainable
Construction Engineering and Technology, 13 (2), 34-50.

SnehilSanyal (2023). Construction Site Safety Image Dataset Roboflow.,
https://www.kaggle.com/datasets/snehilsanyal/construction-site-safety-image-dataset-
roboflow?resource=download Retrieved on 10-072-23

Shin, D. P., Park Y.J., Seo, J. et al. (2017). Association rules mined from construction accident data, KSCE
Journal of Civil Engineering, 22 (1): 1-13.

Shmoon, What kind of patterns can be mined in data mining? Available [Online]
https://www.educative.io/answers/what-kind-of-patterns-can-be-mined-in-data-mining ~ Retrieved on
05-07-2023.

Softwaretestinghelp.com (2023). Apriori Algorithm in Data Mining Implementation with Examples.
Available [Online] https://www.softwaretestinghelp.com/apriori-algorithm/ Retrieved on 10-07-2023.
Suraji, A., Duff, A. & Peckitt, S., (2001), Development of Causal Model of Construction Accident Causation,

Journal of Construction Engineering and Management, 127 (4), 337-344



ITota 2023, ISSN 2774-4353, 03, 03 298/299

49.

50.

51.

52.

53.

54.

55.

56.

57.

Tang, N., Hu, H. & Xu, F. (2021). Personalized safety instruction recommendation for construction workers
based on Apriori Algorithm. In IEEE Xplore proceedings of 11th Annual Computing and Communication
Workshop and Conference Proceedings, DOI: 10.1109/CCW(C51732.2021.9376127

The UK Faculty of Public Health (2009), Association and Causation, [Online]
https://www.healthknowledge.org.uk/public-health-textbook/research-methods/1a-
epidemiology/association-causation Retrieved on 03-07-2023.

Tong, R., Zhao, H., Zhang, N., Wang, H. Li, X. & Yang, H. (2020). Modified accident causation model for
highway construction accidents (ACM-HC), Engineering, Construction. Architectural Management, 28
(9), 2592-2609.

Tsay, Y. ]J. & Chiang, J. Y. (2005). CBAR: an efficient method for mining association rules. Knowledge-
Based Systems, 18 (2-3), 99-105

Ugur, O., Arisoy, A. A., Bolac, B. & Ganiz, M. C. (2021). Descriptive and Prescriptive analysis of
construction site incidents using Decision Tree Classification and Association Rule Mining, In Proceedings
of 2021 IEEE International Conference on Innovations in Intelligent Systems and Application.
DOI:10.1109/INISTA52262.2021.9548427.

Vasista, T. G., K. & AlAbdullatif, A. M. (2015). Turning customer insights contributing to VMI based
decision support system in demand chain management, International Journal of Managing value and
supply chain (JMVSCQC), 6 (2), 37-45.

Vasista, T. G. et al. (2022). Design Thinking: An Innovative Approach for Engineering Design and
Technological Development, Research & Reviews: Journal of Embedded System & Applications, 10 (3),
19-27.

Vasista, T. G. (2022). Environmental Impact Assessment in Green Building Construction Project
Management for Sustainable Development. In Proceedings of International Conference on Science,
Engineering Management and Information Technology (SEMIT-2022 Sep), September 8-9 Ankara, Turkey,
Vasista, T. G., Hegde, R. & B. M. Praveen (2023). Construction safety analysis of India: Exploring the
feasibility of Implementing Internet of Things as a Platform to protect worker safety & health. Journal of

Construction Engineering, Technology & Management, 13(1).



ITota 2023, ISSN 2774-4353, 03, 03 299/299

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Vasista, T. G. (2023). Internet of Things: A Hypothetical and Prototyping Platform for CRASP
Methodology, 03 (02), 162-177.

Zamil, A. M. A, Al Adwan A. & Vasista, T. G. (2020). Enhancing customer loyalty with market basket
analysis using innovative methods: A python implementation approach. International Journal of
Innovation, Creativity, and Change, 14 (2), 1351-1368.

Zeng, L., wang, B., Fan, L. & wu, J. (2016). Analyzing sustainability of Chinese mining cities using an
association rule mining approach, Resources Policy, 49, 394-404

Zhang, X. & Liu, Z. (2011). Analysis of multi-dimensional association rule in marine casualties. Internal
conference on Transportation Information & Safety, 2693-2705.

Zhang, W., Zhu, S., Zhang, X., Zhao, T. (2020). Identification of critical causes of construction accidents in
China using a model based on system thinking and case analysis. Safety science. 2020; 121:606-618.
Eclcivil (2021), Top 11 Safety Hazards In Construction, [Available] https://www.eclcivils.co.uk/top-eleven-
safety-hazards-in-construction/ Retrieved on 03-07-2023

PulsePro (2021). Five Incident Types at a Construction Industry to be Aware of [Available]
https://www.pulsepro.ai/blog/five-incident-types-at-a-construction-industry-to-be-aware-of/  Retrieved
on 03-07-2023

Fountainjurylaw  (2015) The 10 most common construction accidents, [Available]
https://www.fountaininjurylaw.com/ten-most-common-construction-accidents/ Retrieved on 03-07-2023.
Kaggle.com (2018), OSHA Accident and Injury Data. Available [Online]
https://www.kaggle.com/datasets/ruqaiyaship/osha-accident-and-injury-data-1517 Retrieved on 11-07-
2023.

Singh, S. (2019). Safety Parameters in Indian Sites. Available [Online]
https://www kaggle.com/datasets/sugandhasingh/safety-parameters-in-indian-

sites?select=Proactive+Data.csv Retrieved on 11-07-2023



