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CHAPTER 1: INTRODUCTION
1.1 Overview

This section gives background information about the study and it covers the
demographic information of workers in U.S. construction industry followed by basic
statistical information on construction safety leading to Hazard Communication Standard,
which is the focus of the study. Afterwards, costs associated with accidents are mentioned and
safety and health training is introduced as a means to reduce such costs. Finally, the problem
addressed in the study is stated and objectives of the study are laid out.
1.2 Demographic Information of the Construction Industry in the United States

There are 9.27 million construction workers in the United States according to the U.S.
Bureau of Labor Statistics, 2013. This number represents approximately 6.4 % of all U.S.
workers and makes the construction industry one of the largest industries in the United States.
Worker demographics in the construction industry can be represented by age, union status,
education level, ethnic background, native languages, experience level, working sector,
gender, etc.

The age distribution of workforce in construction industry is seen in Figure 1
(www.bls.gov). According to the figure, 25-34, 35-44 and 45-54 age groups for construction
have the highest portions and each has more than 2 million workers. Number of people who
are older than 55 is 1.8 million. However, according to labor force projections by the Bureau
of Labor Statistics, the number of workers older than 55 will increase due to the large birth
cohort between 1946 and 1964 in 2022 (http://www.bls.gov/news.release/ecopro.t01.htm).
Another reason for this increase is growing number of employees who are planning to have

longer working careers (Silverstein, 2008).


http://www.bls.gov/cps/industry_age.htm
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Figure 1: People employed by industry and age, 2013 annual mean (Numbers in thousands)

Statistics prepared by the Electronic Library of Construction Occupational Safety and
Health (Elcosh) indicate that there were 2.7 million Hispanic workers in the construction
industry in 2008 and construction industry had the highest percentage of foreign-born workers
of any industry sector.

In addition to age and ethnicity, union status is another factor frequently mentioned
as part of worker demographics in the literature. According to Bureau of Labor Statistics
reports, 14.1 % of the construction workers were members of union in 2013 and 14.9 % of
them were represented by unions. (http://www.bls.gov/iag/tgs/iag23.htm#workforce). The
percentage of workers who were union members fell sharply, from 25 % in 1977 to 14.1 % in
2013 (Baldwin, 2003). There are different opinions about this decline in union membership.
However, the most frequently argued cause is the changing composition of employment. This
can be supported by the decrease in the percentage of non-agricultural employment in the
industries of mining, construction manufacturing, and transportation (Neumann and Rissman,
1984). Global investment opportunities may also induce employers to seek union-free or

decentralized bargaining environment to have more flexibility and expectation of lower




wages. Another reason might be the effect of globalization on governments competition
policies and made them weaken the union bargaining strength and legal voice in the
workplace (Lange and Scruggs, 1998). Being a union member may affect the safety climate in
the workplaces and most union workers view their workplace safety more favorably.
However, in both union and non-union workplaces, safety climate measures need to be
improved. (Gillen etal., 2001)

There are also some women workers in the construction industry. According to
OSHA statistics, there were 818,000 women workers in the construction industry in 2010. As
seen in Figure 2, the number of women workers in the construction industry reached the
highest value in 2007 between years 1985 and 2010. However, the number of women workers

in construction industry is less than the other industries as shown in Figure 3.
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Figure 2: Number of women workers in construction industry, each year
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Figure 3: Percentage of women workers in construction industry, and other industries

1.3 Facts About the U.S. Construction Industry

Construction is not only one of the largest and diverse industries, but also is one of
the most dangerous occupations. Construction workers find themselves facing complex and
dangerous situations every day in their workplaces. Therefore, the accidents in this occupation
are common. It can be seen in Figure 4 that 806 out of the 4628 work related fatalities
occurred in construction industry in 2012. This number is equal to 17 % of the total fatal work
injuries U.S. industrywide. Fatal work injury rate in the construction industry is 9.9 per
100,000 full-time equivalent (FTE) workers, which is higher than the average of all industries.
In addition, nearly 3.8 million nonfatal workplace injuries and illnesses were reported in
2012, and construction industry had 183 thousand of the recorded nonfatal accidents

(http://www.bls.gov).



Number and rate of fatal occupational injuries, by industry sector, 2012
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Construction had the highest count of fatal injuries in 2012, but the agriculture, forestry, fishing and
hunting sector had the highest fatal work injury rate.

Figure 4: BLS Fatality Statistics, 2012

Construction is a physically demanding industry presenting many safety challenges,
and construction workers experience chronic illnesses over time, as well. Compared to
younger workers, older workers have been considered at increased risk of injury (Schwatka et
al., 2012 ;Dong et al., 2011). On the other hand, statistics show that there is an increase of
fatal work injuries for workers under 16 years of age. The number of fatal work injury for
workers under the age of 16 rose to 19 in 2012 from 10 in 2011
(http://lwww.bls.gov/news.release/cfoi.nr0.htm). On the other hand, workers under age of 25
had a higher nonfatal injury rate than the overall rate. The same study also showed that young
workers experienced lower fatality rate compared to the older group (Salminen, 2004).
Distribution of fatal work injury rates by age group is seen in Figure 5

(http://lwww.bls.gov/news).
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Figure 5: Fatal work injury rates, by age group, 2012 (all workers average fatal injury rate is
3.4)

When the accidents were investigated according to the ethnic background of workers,
it was observed that 331 white, 48 African American, and 151 Hispanic or Latino workers
became victims of fatal accidents in 2011(http://www.bls.gov).

Most of the developed countries have been addressing occupational safety and health
challenges for over 100 years, resulting in the promulgation of various laws and regulations
(Hamalainen, et al., 2009). In the U.S., the OSH Act was signed on December 29, 1970.
According to this Act every employer in the U.S. had the responsibility of protecting their
employees. This act created OSHA, Occupational Safety & Health Administration, which
formally came into existence in 1971. OSHA’s mission is to protect employees, and to
accomplish this, the agency works together with approximately 100 million employees and 8
million employers. Developing safety and health standards, maintaining record keeping
system to track injuries that are happened in the workplaces and providing training programs
to increase the knowledge about health and safety are some of the things that OSHA does to

carry out its mission. As a result of this and other factors, worker deaths in America have been



reduced (on average) from about 38 worker deaths a day in 1970 to 12 a day in 2012. Worker
injuries and illnesses have also shown a downward trend; namely, from 10.9 incidents per 100
workers in 1972 to 3.4 per 100 in 2011 (www.0sha.gov).

OSHA does not only develop safety and health standards but also schedules site visits
for inspecting the implementation of safety and health standards in the workplaces. In these
site visits, or based on employee-provided accident data and reports, OSHA can cite the
violation of a standard. Most frequently cited violations in 2013 are presented in Figure 6. It is
observed that Hazard Communication Standard (in bold), which is central to this research, is

very highly ranked in this list.

1) Fall protection 6) Powered industrial trucks
2) Hazard communication 7) Ladders

3) Scaffolding 8) Lockout/ tagout

4) Respiratory protection 9) Electrical: systems design
5) Electrical : wiring 10) Machine guarding

Figure 6: OSHA's 2013 TOP TEN Most Frequently Cited Violations

1.4 Hazard Communication Standard

Hazard Communication Standard (HCS) is one of the standards developed by OSHA
to decrease the number of injuries and illnesses and to ensure employee’s right to be informed
about hazardous chemicals in the workplace. This standard is therefore also known as the
“Right to Know” standard; it was first enacted on November 25, 1983. It includes both
physical and health hazards and requires employers to inform and train their workers about
hazardous chemicals, as well as possible hazards that can happen in the workplace. Under this

standard, employers must;



e provide information and training about chemicals in the workplace in a
language that workers can understand;

e keep a current list of hazardous chemicals in the workplace;

e make sure that container labels are appropriate; and

e make available to workers the Safety Data Sheet (SDS) for each chemical
product, their effect, preventive information, and emergency treatment in case
of exposure.

Since HCS was enacted, it has been used as the primary standard about training and
informing workers about possible hazards. Employers used the labels and materials in the
format which they desired as long as it covered all required information. HCS was recently
revised to align with the United Nations’ Globally Harmonized System of Classification and
Labeling of Chemicals (GHS). It was first introduced in 2012 and will be fully implemented
by 2016. After incorporating GHS in HCS, all employers will use the same format for labels
and SDSs. This will improve understanding and safety of hazards. It will help to prevent
injuries and illnesses, and it will decrease costs for American businesses that periodically
update labels and revise SDSs.

With the adoption of GHS, there are some changes in the framework, exemptions and
scope of the standard. Some parts of HCS were improved and some terminologies were
changed. For instance the term “Hazard Determination” became “Hazard Classification”,
“Material Safety Data Sheet” became “Safety Data Sheet”. In addition, some new information
was added to the standard. Hazard determination which was in the old form of HCS, was the
process of evaluating the scientific evidences of chemical product to show if it was pursuant
to the standard. The evaluation were showing both physical and health hazards. In the revised
HCS, the hazards of a chemical are defined as a chemical that meets the definition of a health

hazard class. In other words, and employer is not supposed to test the chemical; s/he can



instead make a review of the scientific literature and use the old records or information to
show that the chemical meets OSHA’s requirements.
The hazard classification process includes the following steps:
o Identify the relevant data regarding the hazards of the chemical
e Review the data to ascertain the hazards associated with the chemical
e Determine if the chemical is hazardous based on its physical, health, and other
hazards
o Identify each of the hazard classes that apply to each chemical
e Where appropriate, identify the appropriate hazard category within each class for the
chemical being classified. (The hazard categories are divisions within each hazard
class which identify the severity within the hazard class).
1.5 Cost of Accidents In the Industry
Accident can be defined as an unplanned, undesirable, unexpected, and uncontrolled
event. An accident can result in an injury, damage to equipment and materials. (Hinze, 1997).
There are some direct costs and indirect costs of these accidents. Direct costs can be defined
as those actual, contractor cash flows that can be directly attributable to injuries and fatalities.
On the other hand, loss of productivity, disruption of schedules, administrative time for
investigations and reports, training of replacement personnel, wages paid to the injured
workers and others for time not worked, cleanup and repair, adverse publicity, and third-
party liability claims can be listed as indirect costs of an accident (Business Roundtable
Report, 1982). Indirect cost of the accidents can be found by multiplying the direct cost of
the accident by an indirect cost multiplier. The range of this multiplier may vary between 2
and 20; generally it is used as 4 (Everett and Frank, 1996).
According to a National Academy of Social Insurance (NASI) report published in

2011, the workers' compensation programs managed by 50 states, the District of Columbia



10

and federal government paid $ 60.2 billion in benefits which was $58.2 billion in 2010. In the
same year, medical payments to health care providers increased by 4.5 percent to $29.9
billion and benefits to injured workers became $30.3 billion. Compensation costs of workers
including benefits to employers increased by 7.1 % to reach $77.1 billion in 2011.
Accordingly, accidents are a heavy burden for both the employers and the government. This
signifies that focused attention should be paid to safety and health training to decrease the
number and cost of accidents (http://www.nasi.org/research/2013/report-workers-
compensation-benefits-coverage-costs-2011).
1.6 Safety and Health Training

According to Ridley (1986), 99 % of the accidents are caused by either unsafe acts or
unsafe conditions or both, and as such, they are preventable. Research shows that, the causes
of accidents include lack of awareness and enforcement of safety regulations, lack of proper
training, unsafe site conditions, poor regard for safety by people involved in construction
projects, engaging incompetent personnel, mechanical failure of construction machinery and
equipment, physical and emotional stress, chemical impairment, not using provided safety
equipment (Lubega et al., 2000; Toole, 2002; Tam et al., 2004). According to Kazan (2013),
who studied causal factors for construction heavy equipment accidents, not having an OSHA
required safety program in the workplace increases the odds of fatal injury by 1.45 times
compared to the presence of a safety program prepared in accordance with OSHA training
requirements. It can be stated that safety and health training, which is an essential component
of an effective safety and health program, has an important effect on workplace accidents.
Training helps both the management and the employees in identifying the safety and health
hazards at the site along with their mitigation and control leading to accident prevention

(https://www.osha.gov).
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Such training can be delivered through different methods such as traditional learning,
e-learning, and blended learning.
1.6.1 Traditional Learning

Traditional learning, also known as classroom learning, centers on instructors who
have control over class content and learning process. Traditional learning gives students the
opportunity to get immediate feedback, and become familiar with both the instructor and
other students. However, besides being instructor centered, there are time and space
constraints. According to Zhang et al., (2004), it is also more expensive when compared to e-
learning. In traditional learning, the teacher is the authority in the class and conducts the
lesson according to the study program. Information provided by a 2013 Training Industry
Report, indicated that 44 % of the training overall was delivered by a stand-and-deliver
instructor in a classroom setting.
1.6.2 e-learning

Clark and Mayer (2008) defined e-learning (online) as training delivered on a digital
device such as a smart phone or a laptop computer that is designed to support individual
learning or an organizational performance goal. E-learning has become more important
nowadays because it provides expediency for learners to study and learn their knowledge
without constraints of time and space. In addition, e-learning may decrease the internal
training cost for some enterprises and it can be used as an alternative self-training for assisting
or improving the traditional classroom teaching (Chao and Chen, 2009). According to the
2013 Training Industry Report, 25.9 % of the training was delivered via online or computer
based technologies. Approximately 1.9 % of the training hours nationwide were delivered via
mobile devices, up from 1 % from 2012. Social learning also increased to 3 % from 1.1 %

from the previous year (http://www.trainingmag.com/2013-training-industry-report).
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There are two main types of e-learning: synchronous (virtual classroom, webinar)
learning and asynchronous (self study). Synchronous learning allows students from different
places to attend an online class taught by an instructor in a specified time. On the other hand,
asynchronous learning is typically self paced, allowing individual learners to access the
training content at any time or location on their own. (Clark and Mayer, 2011)

1.6.3 Blended Learning

Blended learning is the integration of traditional (classroom, face-to-face) learning
with e-learning (Garrison and Kanuka, 2004). According to Martyn (2003), blended learning
gives teacher the opportunity of face-to-face meetings with students, synchronous chat, online
assessments, asynchronous online threaded discussions, online quizzes, and immediate
feedback. This training method is used to find the optimum training program for the audience.
It uses many different forms of e-learning with an in class training method (Bersin, 2004).
According to Garrison and Kanuka (2004), blended learning integrates the strengths of
traditional and online learning. Using technology and the internet can make the blended
learning more effective and efficient when compared to traditional learning method, and in
2013, 28.3 % of training was delivered with blended learning techniques.

1.7 Training Expenditures

According to the 2013 Training Industry Report, the cost of industry training
programs, including payroll and spending on external products and services, decreased from
$55.8 billion to $55.4 billion last year. At the same time, training payroll itself increased
substantially (from $36.4 billion to $39.9 billion), while spending on outside products and
services  decreased  significantly  (from  $7.4  billion to  $5.7  billion)
(http://www.trainingmag.com/2013-training-industry-report). It is commonly agreed that
safety training decreases total direct and indirect cost of accidents by decreasing the number

of occupational accidents. Survey results presented in this publication suggested that, on
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average, for every dollar spent for improving workplace safety, return on investment was
about $4.41.The median was $2; see Figure 7 (http://www.asse.org). Huang et al., (2006),
listed other benefits of effective workplace safety training program as increased productivity,

increased retention and better employee morale.
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Figure 7: Perceived Dollar Return on Each Dollar Spent Improving Workplace Safety
1.8 Problem Statement
OSHA mandates that all employers have to assure safe and healthful conditions for
their workers and train them about possible workplace hazards and their prevention. It is the
legal right of the employees to know of the possible hazardous conditions on the jobsite and
get proper training about them (https://www.osha.gov/Publications/osha3021.pdf). The
requirements for safety training can be frequently found in OSHA standards (29 CFR Part
1926) and under training guidelines on OSHA website. It is important to recognize, however,
that even in large companies where safety training programs are well established and
documented, there are still occurrences of accidents and injuries (Killingsworth et al., 2014).
In specific reference to the Hazard Communication Standard, according to OSHA, the

purpose of the standard is to ensure that the hazards of all chemicals produced or imported

are classified, and that information concerning the classified hazards is transmitted to
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employers and employees. Employers are required to train employees on hazardous
chemicals in their work area at the time of their initial assignment, and whenever a new
physical or health hazard the employees have not previously been trained about is introduced
into their work area. Training type might change according to OSHA requirements and
worker's age, experience level, ethnicity, etc. to gain higher benefit from the training.
Therefore, the characteristics of the workers should be considered before preparation of the
training materials and delivery system.

Constant technological improvement and innovation about new equipment and
chemicals have increased the incidence rates of occupational injury and illness. A relatively
new approach the companies have started to implement is e-learning via the internet (Ho and
Dzeng, 2010). In regard to the effectiveness of e-learning, Rehberg (2003) found that there is
no significant difference between the knowledge scores of two groups of college students who
got trained by e-learning and the traditional method. Zang et al. (2004) suggested that e-
learning can be at least as effective as traditional learning among undergraduate students, but
it is hard to claim that e-learning can replace the traditional learning method. Park, Lee and
Cha (2008) studied the effectiveness of e-learning with Korean high school students. They
proposed that there is no significant difference between traditional learning and e-learning.
Kirtman (2009) did a study to explore the issues of learning in online courses vs. traditional
courses in master's degree program. She also found no significant difference between two
groups of students. Cho and Zeng (2010) studied the effectiveness of e-learning and factors
affecting learning effectiveness. They used data gathered from different construction project
workers who had different types of training. They concluded that e-learning method is more
effective than the blended learning and traditional learning methods according to average pass
rate, degree of satisfaction and total number of unsafe behavior observed. In view of these

research findings there is strong evidence in favor of the effectiveness of e-learning. However,
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there is insufficient information on which factors impact the effectiveness of e-learning to
what degree. Different demographic characteristics of trainees may have different effects on
the benefits gained from e-learning, while this has been studied and documented only to a
limited extent.

1.9 Objectives of the Study

The main purpose of this study is to measure training effectiveness and compare the
effects of construction worker demographic factors on online self-paced training using Hazard
Communication Standard as the training medium. In other words, this study will show how
groups with different characteristics benefit from e-learning. The trainees included in this
study are operating engineers and representatives of other construction trades.

Traditionally the effectiveness of safety training has been measured by the
improvement of posttest performance over pretest performance. In this research we introduce
an additional metric, training success, based on the posttest score meeting or exceeding a
minimum threshold value (70 %). So, a secondary objective is to incorporate training success
in the evaluation of overall training effectiveness.

A final objective is to gain insights into possible relationships between the
demographic factors (variables) considered in this research. This requires formulation of
pertinent research questions and generating answers through statistical analyses.

Studies have been limited on evaluating the reaction of workers in the construction
industry to online construction safety training; consequently, this research will aim at
expanding the knowledge about how people benefit from online safety training. The findings
of this study should be useful to the people who are responsible for training delivery as well

as workers receiving training on various activities and tasks they are supposed to perform.
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CHAPTER 2: LITERATURE REVIEW
2.1. Overview

The goal of this chapter is to provide additional background information on all aspects
of e-learning effectiveness and usage of e-learning in construction safety. This review helped
to identify e-learning usage in other industries and educational institutions, impact of human
characteristics on e-learning effectiveness and safety applications which are used to improve
safety in workplaces. In order to gain this knowledge, all relevant journals and governmental
websites were searched. Published papers and completed statistical analysis were reviewed in
order to expand our knowledge and understanding on construction safety and health, safety
and health training methods, effectiveness evaluation, and training effectiveness.

The literature covers the topics of construction safety and health, construction safety
training, training effectiveness evaluation, e-learning effectiveness and available safety apps
since the study focuses on mobile based training. The aim of covered topics is to reveal
information to improve the quality of the study.

2.2 Construction Safety and Health

In the United States, 139 million people, including 9 million construction workers, go
to work every day, working as full time or part time employee. These workers face with
serious of accidents, injuries, illnesses and even death during their hours of work on the job.
Therefore, safety becomes an important issue to prevent accidents, injuries and illnesses in
construction industry and decrease the number of fatal and nonfatal accidents.

Jaselskis et al. (1996) conducted a research on construction safety and stated that there
is an interest in improving construction safety for humanitarian purposes and because of rising
cost of OSHA fines and compensation costs. There are different ways to increase the safety in
the workplaces. In some companies, they hired full time safety coordinators, increased

number of inspections, developed safety training programs and implemented "back to work™
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program for injured workers. They recommended that construction safety is one of the most
important issues that companies should focus on to decrease the number of incidence and
experience modification rate (EMR). There should be more supportive actions towards safety
such as increased time to devoted safety, more formal meetings with supervisors and
contractors, increased number of safety inspections and more budget to safety awards.

Sawacha, Naoum and Fong (1999) did a study on factors contributing to accidents and
stated that accidents at work occur either due to lack of knowledge or training, lack of
supervision, or lack of means to carry out the job safely. In addition, carelessness, diversity
and complexity of the size of the organization, lack of controlled working environment also
have effect on construction accidents. However, unsafe behavior is the most effective
contributor of site accidents and poor safety culture. Productivity bonus pay kind of payments,
which make people work faster than usual, increase the number of unsafe behaviors. Safety
trainings and talks, safety policy, care for personal safety, relationship with workers and
having a safety representative are the factor that have positive effect in safety performance.

Mohamad (2001) also indicated that the major causes of accidents in construction can
be directly attributed to unsafe site practices. To decrease the number of unsafe behavior in
the workplaces, which is consequence of existing safety climate, there are some issues to pay
attention such as management commitment to safety, safety rules and procedures, supportive
environment. On the other hand pressure on the workers has negative effect on workers such
as using tight schedule to complete the job. In such situations, workers use shortcuts and
increase the number of unsafe behaviors.

Huang and Hinze (2006) stated that construction is one of the industries with the
poorest safety. To increase safety performance in construction, there are two key factors
which are having a full time safety representative at workplace and requirement of submitting

the resumes of key safety personnel of the contractor to the owner for the approval. Safety
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training, site specific safety plan and safety policy of the firm are also additional requirements
which have effects on safety and health.
2.3 Construction Safety and Health Training

It is understood that safety is an important issue to decrease the number of unsafe acts
in the workplaces. According to OSHA, employers shall instruct their employees in the
recognition and avoidance of unsafe activities and regulations applicable to their work to
control and eliminate any hazards or any other exposure to prevent injury and illnesses.
Therefore each employer has to have a safety program including education and training for
preventing the unsafe condition, and improve safety in the working environment.

Goldenhar et al. (2001) studied the health and safety training in open-shop
construction companies. They interviewed with contractors about their safety performance at
their workplaces. Most of the contractors who have safety program in their workplaces stated
that safety training increased employee productivity, morale, safety and health of the work
environment and quality of the product. After trainings, workers feel safer and cared, they are
more aware of safety issues, and there is an increase in using personal protective equipments.

Weahrer and Miller (2009) conducted a study on construction safety training effect on
workplace injuries and they used 1993 BLS Survey on Employer-Provided Training
information in their analysis which is gathered by mailed surveys to private non-agricultural
establishments. They stated that formal safety program is positively associated with reporting
of injuries and illnesses. It reduces the number of toxic exposure events in manufacturing
establishments but does not have positive effect on overexertion incidents. It also has positive
effect in decreasing the number of days away work injuries, cost of injuries and illness rates in
large firms. However, having a safety program increases number of days away from work

injuries in small sized establishments while decreasing injury rate. The increase in number of
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days away from work seems unreasonable but it can be a reason of increase in reporting the
accidents.

Arditi and Demirkesen (2011) stated that accidents generally happen in unsafe
workplaces, because of carelessness, inadequate labor force, low education level and unsafe
acts. Therefore, construction safety training becomes an important issue to provide a safer
workplace. In construction safety trainings, the purpose of the training should be clearly
defined, and the ability, capability, education level and language skills of trainees should be
considered. Training method also has effects on quality of the trainings. Nowadays, on site
trainings are the most used training method. However, online training is cheap, has flexibility
and ease of accessibility.

Kazan (2013), in his study on factors associated with the fatalities and nonfatal injuries
resulting from construction accidents involving earthmoving equipment, stated that only 53 %
of the victims of accidents had adequate safety training while the remaining 47 % did not
have adequate or any safety training. According to the results, equipment operators who were
not trained according to OSHA guidelines are 3.74 times more likely to be a victim of a fatal
accident and on foot workers are who were not trained according to OSHA guidelines are
2.35 times more likely to be a victim of an accident resulting in fatality.

2.4 Training Effectiveness Evaluation

There are different methods to evaluate the effectiveness of the training to make sure
that it improves the knowledge of trainees. Kirkpatrick's classical evaluation model is one of
the methods used to evaluate the training effectiveness. According to the American Society of
Training and Development (ASTD) reports, over 60 % of organizations that evaluate their
training programs currently use the Kirkpatrick model. By using this model, any training can

be evaluated at four progressive levels. According to Donald L. Kirkpatrick (1967) if the
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evaluation is broken into logical steps, it changes from a complicated elusive generality into
clear and achievable goals. Kirkpatrick defines the steps as follows:

1) Reaction

2) Learning

3) Behavior

4) Results

Kirkpatrick (1967) defines the reaction (Level 1) as how well the trainees liked the
training program. In the reaction evaluation step, the purpose is to measure the feeling of
trainees. It does not measure any training that takes place. In reaction step, it is important to
ask questions to the trainees about the training they attend. There may be questions about the
training institute, training delivery system, frequency of the training, instructor, etc.

Learning (Level 2) is about the principles, facts, and techniques that are understood
and absorbed by trainees. Trainers try to find how much the skill, and knowledge of the
trainee changed after the training. To measure learning both pretest and posttest are given to
trainees to determine how much they learned as a direct result of the training program.

Behavior (Level 3) measures the ability of workers to transfer and apply what they
have learned to their jobs. In other words, it is the visibility of learning in practical works.
However, it takes long time to measure because it is needed to observe the changes in trainer's
behavior. In construction, this measure might be the error, injury rate of the worker.

Level 4 is the final result of the training for organization. It shows whether the
outcomes are good for business, employees and bottom line of the company. It is the most
complicated part of the evaluation since it is difficult to identify which results, benefits are
linked to the training. Outcomes of the training may include: increased productivity, reduced

waste, higher quality, increased customer satisfaction, etc.
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Since, evaluation level 3 and level 4 takes long time, only level 1 and level 2 were
analyzed in this study.

2.5 E-learning Effectiveness

It is known that with the developing technology, companies started to change their
training types to increase the productivity and decrease the expenses. IBM saved $200 million
in 1999, Ernst & Young reduced their training expenditures by 35 % and Rockwell Collins
reduced by 40 % by adopting online training to their existing trainings. There are also
companies adopted online training but have not received the desired benefits (Strother, 2002).
More than $156 billion was spent on employee training in 2012 and 77 % of corporations
were using e-learning in the U.S. in 2011. The market for mobile education products which is
a part of online training created $ 4.4 billion portion of the training expenditures in 2012 (e-
learning magazine, 2013).

Online learning is not only used in industry for employee training but also it is used in
educational institutions. It is still discussed whether e-learning acceptance and effectiveness
change from person to person based on different criteria. Age, level of education, gender,
union status, experience are some of the factors that may affect the acceptance and the
effectiveness of e-learning.

Ong and Lai (2004) conducted a study on gender difference in e-learning acceptance
and stated that men's ratings of perceptions with respect to computer self-efficacy, perceived
usefulness, perceived ease of use, and behavioral intent to use e-learning are higher when it is
compared to women. Understanding better the gender differences in users' attitudes toward e-
learning can help developers to design and develop their e-learning theories in the future. To
increase the e-learning effectiveness, it is important for men to perceive that the system is

useful to enhance their job performance or productivity. For women, it is important for
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companies to make them familiar with computing technologies and increase their self-
efficacy.

Wallen and Mulloy (2006) indicated that aging results in number of changes that
makes it more difficult to learn from computer based training. In their study, they created
three different modules; text, text with pictures and text with pictures and audio narration. It
was found that young learners are better than old learners overall. Old learners who got
training with narration, pictures, and animation did better than the old workers who read the
text only version. This can be because of loss of cognitive function throughout the adult
lifetime, not being familiar to technology as much as young people and having difficulty
when something is new, unpracticed and unusual. However, it can be said that when text is
supported with narration, pictures and animations is the best option for both young and old
learners.

Ho and Dzeng (2010) conducted a study on effectiveness of safety education to
prevent falls in Taiwan. They used each one of the different training methods which are e-
learning, blended learning, and traditional learning in three different construction sites and
compared them according to average pass rate, satisfaction degree and total number of unsafe
behaviors. Workers who got trained with e-learning method had the highest satisfaction
degree and pass rate, also the lowest error rate. However, all training types are effective when
they are used properly no matter education degree, age and information accomplishment of
labor. A good training mode can reduce unsafe behavior and increase the overall safety in the
construction sites.

According to Islam et al. (2011), e-learning is an effective tool in education and it has
positive effects on learning process. However, these effects may change with respect to
learner characteristics. Gender, and level of education have significant effect on the e-learning

effectiveness in a higher learning institution in Malaysia. According to the results obtained,
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men get more benefits from e-learning type of training while they are more interested in
technology. Students with higher level of education have a broader knowledge on the use of
technology. Therefore, as level of education increases, students become more likely to update
their knowledge through e-learning. Nevertheless, race and marital status were found to have
no significant effect on e-learning effectiveness.
2.6 Safety Apps
2.6.1 Occupational Health and Safety

Occupational Health and Safety (OHS) mobile application features the latest
discussions, webinars and topics from featured experts and publishers about occupational
health, workplace safety, occupational health and safety training and tutorials, YouTube
videos of experts, Facebook and Twitter discussions. It is also possible to find some job
opportunities across Australia, the USA, UK and Canada. Figure 8 shows the screenshots of

the safety app.
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APPENDIX B: Training Delivery System Screenshots

Figure 39: Homepage, registration page and training delivery system sections

Figure 40: Pretest questions
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Construction safety and health training can be delivered by different training methods,
such as traditional, online and blended learning. E-learning is a newly introduced method
whose effectiveness is still being investigated. This study focuses on the effect of construction
worker demographics on the effectiveness of e-learning. The univariate analysis technique
was used to find out the distribution and frequency of data collected by an internet based
system. Further, multivariate analysis (cross tabulation) and analysis of variance (ANOVA)
were performed to determine the association between the independent variables which are
age, gender, ethnic background, union status, number of employees in the company, working
sector, experience level, job classification, years spent in industry, being previously trained,
and the duration spent in the training and the dependent variables of posttest/pretest ratio and
training success. It was concluded that cross tabulation analysis and analysis of variance
(ANOVA) can be used to evaluate the training effectiveness, and e-training can be effective
for all workers of varying demographics if properly applied. Workers’ literacy level and

motivation were found to be important factors in the successful implementation of e-learning.



123

AUTOBIOGRAPHICAL STATEMENT
Serhan Kaya graduated from Middle East Technical University, Turkey in 2013 with a
Bachelor of Science degree in civil engineering. Same year, he came to the U.S. and attended
Wayne State University to pursue his graduate education. He is currently a masters student at
Wayne State University Civil Engineering Department. He has been serving as a Graduate

Teaching Assistant in the same department since August, 2013.



