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ABSTRACT

Background: Work-related accidents in construction are not only the cause of significant human suffering
and loss; they are also complex phenomena involving multiple risk factors and stakeholders. Accordingly,
numerous protocols and regulations have been developed to prevent construction work-related injuries in
various settings. However, a specific accident prevention program has not been thoroughly investigated for
construction workers in onshore oil and gas pipeline construction in Thailand. This study aims to develop and
assess the effectiveness of an accident prevention program among onshore pipeline construction workers in
Thailand.

Methodology: Mixed-methods research was conducted from March 2022 to March 2023 among 577 workers
and 30 stakeholders in construction projects. The data were collected by a self-administered questionnaire
and brainstorming. Multiple linear regression analyses, paired samples t-test, Safe-T-Score (STS), and content
analysis were applied to analyze the data.

Results: The work-related accident prevention program, consisting of six steps with five proactive activities,
effectively improved worker health and safety performance (P < 0.001). When compared to past performance,
STS was less than -2 (STS = -2.18), which indicates an improved accident record. Worker health and safety
performance was associated with poor environment (f = -0.146; P = 0.003), unsafe worker behaviors (f = -
0.123; P = 0.026), unsafe workplace conditions (f = -0.466; P <0.001), and organizational psychology factors
(B=0.272; P<0.001).

Conclusions: We recommend extending this program to other construction workers in related contexts to
improve accident prevention and promote safe work practices.

Keywords: Health and safety performance, Safe-T-Score, Occupational exposure, Unsafe behaviors, Unsafe
workplace conditions, Herzberg’s two-factor theory
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INTRODUCTION

The International Labor Organization (ILO) reported
in 2017 that more than 2.78 million people die per
year as a result of occupational health and safety
(OHS) hazards, an increase from 2.33 million at the
end of 2014. In developing countries, the risk of
work-related injury is 10 to 20 times higher than in
developed countries.! Work-related accidents result
in economic losses across multiple dimensions, such
as medical expenses, workers’ compensation, dam-
age to production processes, reduced work efficien-
cy, and decreased morale and motivation. The esti-
mated losses account for approximately 4% of global
GDP! and 6% or more of some countries’ national
GDPs. The burden of occupational mortality and
morbidity is not equally distributed across the
world: About two-thirds (65%) of global work-
related mortality is estimated to occur in Asia,? and it
is most common in the construction sector. The rate
of work-related injury in the construction industry is
high compared to other workplaces. These injuries
often have severe consequences on the workers,
their families, and the public.2-3

In Thailand, Workers’ Compensation Fund reported
that during the year 2012-2021, work-related inju-
ries among all industries totaled 960,375. Of these,
10.01% occurred in the construction sector. Addi-
tionally, the fatality rate in the construction sector is
the highest among all industries (18.98%),* and al-
most half (43.55%) of them are the Thailand’s work-
force labor population is aged 25-39 years old,
which contributes to the country’s economic value.*>
Additionally, Thailand’s construction industry explic-
itly reported that its workers are 2.56 times more
likely to be injured compared to workers in other oc-
cupations.® During 2012-2017, Thai construction
workers were most likely to suffering injuries result-
ing in from disability (average 6 cases per year).>

Construction employees were at high potential
health risk exposure to various factors in the work-
place, including electrical shock, being hit or crushed
by moving machinery, vehicle accidents, falling from
height, structure failure, burns, bruising, fainting,
coma, and death.”-8 Additionally, most of the injuries
occurred due to workers’ unsafe behaviors (e.g., hu-
man errors, unskilled workers, carelessness, and
downright recklessness),>10 environmental factors
(e.g., dust, chemical vapors, volatile organic com-
pounds, loud noise and vibrations from machinery),
unsafe working conditions (e.g., poor housekeeping
habits, high-voltage electrical, improper ventila-
tion),*11 and organizational psychology factors (e.g.,
lack of knowledge, safety training, and safety motiva-
tion).3? Poor safety performance creates a greater
risk of workers facing work-related injuries or fatali-
ties.6-7

Recognizing the impacts of work-related accidents in
the construction sector and other industries, the ILO
has launched a global strategy campaign focused on
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the concept of “sound management of safety and
health at work” for achieving a strong preventative
safety and health culture.? Thailand has recognized
the importance of this issue, ratifying the ILO Con-
vention No. 187 on March 2314, 2016 to promote the
establishment of a preventive safety and health cul-
ture in workplaces. The Thai government has also
launched the Safety Thailand Reform Agenda under
the “Thailand 4.0 model” beginning in 2016, demon-
strating its commitment to implementing national
policies in alignment with the ILO Convention. This
initiative incorporates social dialogue mechanisms,
engaging all sectors and levels (tripartite), dictating
that workplaces must work together to promote
workplace safety, with prevention as the key princi-
ple to effectively enhance safety policies and strate-
gies.

Although the study of occupational safety promotion
programs has been discussed,'314 research in this ar-
ea remains limited particularly the study on safety
culture promotion intervention programs that align
with the ILO promotional framework in the construc-
tion industry. Additionally, Haghighi M. et al. suggest
that continuous implementation of a safety culture
promotion intervention program is needed to ensure
the safety of workers, and is considered the top safe-
ty priority in pipeline construction and the oil indus-
try.15 However, in Thailand, no studies have been
conducted to evaluate a safety culture promotion in-
tervention program and test their effectiveness in
onshore oil and gas pipeline construction.1617 We
conducted a mixed-methods study to address this
gap by exploring factors associated with health and
safety performance and thence developed an appro-
priate work accident prevention program.

This study aims to develop and assess the effective-
ness of an accident prevention program among on-
shore pipeline construction workers in Thailand.

METHODOLOGY

Study design and settings: A two-phase mixed-
methods study was conducted from March 2022 to
March 2023 at the construction site of the oil pipe-
line extension to the northeast region of Thailand
(OPENE) project.

Study participants

Phase 1: Quantitative Phase: In phase 1, we ex-
plored the factors affecting worker health and safety
performance using a cross-sectional study. Eligible
participants were Thai workers in the OPENE pro-
ject, aged 18 years or older, with no communication
problems and who were willing to participate; those
who returned incomplete questionnaires were in-
troduced as extinction. To obtain an optimum or ad-
equate sample size for the study objectives, Daniel’s
formula with a finite population correction was
used.’® A total of 830 construction workers were
considered, with an estimated accident risk of 49%
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(Haslam RA. et al.).?® Using a 95% confidence level
and a 3% margin of error, the final sample size was
577.

_ NZ?P(1-P)
Cd2(N-1)+Z2P(1-P)

n

Where, n is sample size with finite population correc-
tion, N is Population size (830), Z2 is Statistic for a
level of confidence (3.841), P is Expected proportion
(in proportion of one) (0.49), and d is Precision (in
proportion of one) (0.03).

Stratified sampling was employed to recruit the con-
struction workers who met eligibility criteria. First,
we divided them into six strata based on the interna-
tional standard classification of occupations in gen-
eral construction project: (1) Management and Gen-
eral Affairs, (2) Engineers and Specialists, (3) Con-
struction Supervisors, (4) Foremen, (5) Skilled
Labor, and (6) General Workers. Second, random
samples were taken from each stratum to derive a
representative sample of each occupation category to
ensure that construction workers were selected and
being truly randomly sampled as participants. A real
random sample by lottery method was used from
each category, and respondents were excluded if
they were absent or unwilling to participate.20

Phase 2: Qualitative Phase: In the second phase, we
employed action research to develop and evaluate
the project for the accident prevention program by
applying the concept presented by Kemmis and
McTaggart (1988), which consisted of four stages:
planning, action, observation, and reflection.?! The
researcher and co-researchers participated in this
phase through co-thinking, co-practicing, co-
observing, and co-reflection. This qualitative re-
search was conducted from September 2022 to Feb-
ruary 2023. We used purposive sampling for 30
stakeholders to participate in brainstorming ses-
sions, including the occupational safety, health, and
environment committee; project management repre-
sentatives; worker representatives; and senior pro-
fessional safety officers, who were selected by pur-
posive sampling in order to obtain an in-depth un-
derstanding of the organization and its context,
including the accident prevention intervention con-
cept. Brainstorming is an effective conventional wis-
dom and is widely used to help organizations gener-
ate ideas; brainstorming sessions were conducted by
the researchers and facilitated by the researchers’
assistant. Therefore, OHS data analyzed from phase 1
were presented in the second phase, when a current
situation on health and safety performance in the
construction project was interpreted. A semi-
structured questionnaire was used in two brain-
storming sessions. In the first session, three issues
were identified for situation analysis and possible
problem statements: (1) work-related accidents in
the pipeline construction sector, (2) problems of
work-related accident prevention, and (3) measures
for work-related accident prevention. In the second
session, four issues were used to develop the pro-
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gram: (1) previous solutions for work-related acci-
dents, (2) recommended solutions for these prob-
lems, (3) roles in preventing and solving work-
related accident problems, and (4) an idea that has
an element of newness or uniqueness of work-
related accident prevention interventions. The quali-
tative data were analyzed and interpreted themati-
cally using the method of Miles and Huberman
(1994), consisting of (1) data organization; (2) data
display; and (3) conclusion, interpretation and veri-
fication.22 To test validity, we also conducted triangu-
lation with experts and multiple researchers. Find-
ings were discussed with team of researchers (peer
debriefing).23 In this study, three experts were invit-
ed as an investigator in the brainstorming session
outline and after completing. Moreover, to confirm
the accuracy of the data and researchers’ interpreta-
tion of the results, participant validation was also
conducted. Additionally, the item-objective congru-
ence index of the brainstorming questionnaire
ranged from 0.6 to 1.00. Furthermore, expert one of
three was an observer in the second brainstorming
session. The outcome of this step (planning phase)
was an appropriate accident prevention program to
be used in the operational steps (action phase).

Instruments: A self-administered questionnaire was
developed based on the epidemiology theory of acci-
dent causation?* to assess factors affecting worker
health and safety performance, comprising the fol-
lowing six parts:

Part 1: Socio-demographic factors included gender,
age, educational level, positions in the project, expe-
rience in the pipeline construction, and work-related
accidents, with all categorical variables.

Part 2: Workplace-related factors consisted of four
dimensions: environmental, organizational psychol-
ogy, worker behaviors, and workplace condition fac-
tors. This was a five-point Likert scale, which in-
volves scores ranging from 1 (least) to 5 (the most)
as follows:

Environmental factors: We measured the physical,
chemical, and biological environments that were af-
fecting workers’ health and safety in the project us-
ing a 17-item questionnaire. The total score ranged
from 17 to 85, with higher scores indicating poorer
environments for workers’ health and safety. This
measure had good internal consistency, with a
Cronbach’s alpha of 0.93.

Organizational psychology factors: We measured
to understand how organizations affect individual
behavior or feelings within the context of an organi-
zation or work environment using a 7-item ques-
tionnaire. The total score ranged from 7 to 35, with
higher scores indicating greater organization man-
agement for workers’ health and safety. The scale
had strong internal consistency, with a Cronbach’s
alpha of 0.95.

Worker behavior factors: We measured the unsafe
actions or behaviors exhibited by workers on con-
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struction projects using a 15-item questionnaire. The
total score ranged from 15 to 75, with higher scores
indicating more unsafe behavior. It had good internal
consistency, with a Cronbach’s alpha of 0.84.

Workplace condition factors: We measured to
evaluate unsafe workplace conditions on construc-
tion projects using a 15-item questionnaire. The total
score ranged from 15 to 75, with higher scores indi-
cating more unsafe workplace conditions. It had
good internal consistency, with a Cronbach’s alpha of
0.93.

Part 3: Health and safety performance measured
workers’ health and safety performance in prevent-
ing illness and injury in workplaces, applying the el-
ement of OHS performance consisted of: (1) health
and safety knowledge, (2) safe work behaviors, and
(3) workplace conditions.13-14 This was a 15-item
questionnaire with a five-point Likert-type scale,
ranging from 1 (poor) to 5 (excellent). The total
score ranged from 15 to 75, with higher scores indi-
cating greater safety performance. It had good inter-
nal consistency, with a Cronbach’s alpha of 0.95.

Statistical Analysis

Quantitative Analysis: Descriptive analyses were
performed for the participants’ characteristics. The
Kolmogorov-Smirnov test was used for normality
testing. All continuous variables were normally dis-
tributed. We applied Pearson’s correlation to exam-
ine the correlations between the selected variables
and worker health and safety performance. Then, the
stepwise multiple linear regression analyses were
used to assess the associated factors of workplace-
related factors. Furthermore, in the comparison of
outcomes before and after the intervention, the
paired sample ¢-test was used to compare the worker
health and safety performance. All analyses were
conducted using SPSS version 25.0 (IBM Corp., Ar-
monk, NY, USA). The significance level was set at P-
value < 0.05. Additionally, Safe-T-Score (STS) was
used to compare work units’ past and present health
and safety performance.?> This tool returns three
values: (1) STS between +2 and -2 indicates that
health and safety performance showed no significant
change, (2) STS more than +2 indicates that tendency
towards decreased health and safety performance,
and (3) STS less than -2 indicates that tendency to-
wards increased improving health and safety per-
formance.

Qualitative Analysis: Descriptive content analysis
was performed to examine the qualitative data.
Transcription of the audio recordings (verbatim)
was analyzed and validated into categories according
to similarity by two independent researchers. The
brainstorming data were recorded and summarized
by the researcher and research assistants.

The participants were informed about the research
and its voluntary nature, which included a declara-
tion of anonymity and confidentiality. All partici-
pants then provided written informed consent and
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completed a self-report questionnaire. This study
was approved by the Ethics Committee for Research
Involving Human Subjects, Mahasarakham Universi-
ty (ref.no. 102-046/2565).

RESULTS

As shown in Table 1, most of the construction em-
ployees were male (89.91%), with a mean age of
36.55 years (SD = 9.89) ranging between 18 and 61
years. Approximately two-thirds (65.51%) had 3-8
years of experience in onshore pipeline construction,
and about 49.91% were educated at an intermediate
level. Roughly 64.12% held general labor or assistant
jobs. Regarding accidents, 65.51% had no history
with work-related accidents, and 25.48% had expe-
rienced a near-miss accident (Figure 1).

Medical treatment
case, 21, 3.64% First aid case,

31,537%

ear miss case,
147,
25.48%

Never, 378,
65.51%

Figure 1: Work-related accident history in the
pastyear (n=577)

The mean scores of workplace-related factors were;
environmental, organizational psychology, worker
behaviors and workplace condition were 41.07 (SD =
9.54),24.12 (SD = 2.11), 33.33 (SD = 5.80), and 29.82
(SD = 5.34), respectively (Table 2). The workplace-
related factors’ values measure the magnitude of
workplace site exposure to each factor covered by
this study; higher scores of all variables indicated
poor conditions in the construction project, whereas
lower scores indicated that the situation was safer—
excepting organizational psychology, which was op-
positely translated. Additionally, the mean score
which indicating the workers’ health and safety per-
formance level in the study context revealed that
53.26 (SD = 4.39). This score was evaluated based on
safety knowledge, safe work practices, and work-
place conditions. An interpretation has two meaning:
a positive situation (higher scores) indicates a ten-
dency toward improved health and safety perfor-
mance, whereas a negative situation (lower scores)
indicates poorer or unsafe conditions.
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Table 1: Distribution of Socio-demographic char-
acteristics of construction workers (n = 577)

Variables Participants (%)
Gender
Male 513 (89.91)
Female 64 (11.09)
Age (years)*
18-39 354 (61.35)
40-59 219 (37.96)
=60 4 (0.69)
Education*
Basic (lower secondary) 237 (41.08)
Intermediate (upper secondary) 288 (49.91)

Advanced (bachelor’s or equivalent) 52 (9.01)
Experience in pipeline construction (years)

<3 57 (9.88)

3-8 378 (65.51)

9-14 100 (17.33)

>15 42 (7.28)
Positions

Management level & Operation support 17 (2.95)

Engineer and other specialist 18 (3.12)
Supervisor 8(1.39)
Foreman 24 (4.16)
Skilled labor 140 (24.26)
Helper/General labor 370 (64.12)

Note: (1) According to Thai labor law, construction work is a
high-risk activity and as such, it is prohibited to hire employ-
ees younger than 18; (2) Age categories based on the age
grouping standards of the Ministry of Labor; (3) mean =36.55
years (SD = 9.89), min. = 18 years, max. = 61 years; (4) Educa-
tion classification based on International Standard Classifica-
tion of Education (ISCED).

Table 2: Workplace-related factors and worker
health and safety performance (n=577)

Factors Mean SD
Workplace-related factors
Environmental factors 41.07 9.54
Organizational psychology factors 2412 2.18
Workers’ behaviors factors 33.33 5.80
Workplace condition factors 29.82 534
Workers’ health & safety performance 53.26 4.39

Note: SD = Standard deviation

Phudphong S et al.

The results revealed that environmental, organiza-
tional psychology, workers’ behaviors, and unsafe
workplace conditions in the project were correlated
with worker health and safety performance (P <
0.05; Table 3).

The stepwise multiple linear regression analysis was
used to adjust and examined the influence of four
factors environmental, organizational psychology,
workers’ behaviors and workplace condition on
health and safety performance. After adjusting for all
other predictors. A fitted model was statistically sig-
nificant, which was used to predict the worker health
and safety performance of 28.2% (Table 4). Work-
place condition was the variable with the most direct
effect on the level of health and safety performance
in the model. The stepwise multiple linear regression
analysis revealed that worker health and safety per-
formance was negatively associated with workplace
conditions (f =-0.466; P < 0.001), environment (f = -
0.146; P = 0.003), and workers’ behaviors (8 = -
0.123; P = 0.026). Unsafe workplace conditions, poor
environment, and unsafe behaviors of the workers
were significantly associated with lower of health
and safety performance by 0.46, 0.14, and 0.12, re-
spectively. However, health and safety performance
was positively associated with organizational psy-
chology ( = 0.272; P < 0.001); when the level of or-
ganizational psychology was increased, the health
and safety performance level was significantly in-
creased by 0.27.

In phase 2 (planning phase), all stakeholders were
involved in planning to develop a work-related acci-
dent prevention program using the AIC technique.
We presented the quantitative results, such as the
predictor variables of worker health and safety per-
formance (i.e., environmental, organizational psy-
chology, workers’ behaviors, and workplace condi-
tions) and the preliminary data of the accident pre-
vention project in the construction sector and its
context.

Table 3: Correlation between selected variables and worker health and safety performance (n=577)

Variables Y X1 X2 X3 X4
Worker health and safety performance Y) 1

Environmental factors (X1) -0.11* 1

Organizational psychology factors (X2) 0.37%* -0.19** 1

Workers’ behaviors factors (X3) -0.14* 0.27** -0.11%* 1

Workplace condition factors (X4) -0.41%* 0.26** -0.18** 0.57** 1

Note: ** P <0.01, *P < 0.05

Table 4: Multiple linear regression analysis toward worker health and safety performance (n=577)

Variables B SE B t 95% Cl of B P-value
Environmental factors -0.074 0.025 -0.146 2.994 -0.250,-0.122 0.003*
Organizational psychology factors 0.591 0.103 0.272 5.756 0.389,0.792 <0.001*
Workers’ behaviors factors -0.103 0.046 -0.123 2.236 -0.212,-0.194 0.026*
Workplace condition factors -0.431 0.052 -0.466 -8.351 -0.533,-0.330 <0.001*

R=0.539,R?=10.290, R?Adj = 0.282, F = 35.854, P < 0.001, R? change = 0.10
Note: Adjusted for gender, age, educational level, experience in the pipeline construction, positions, work-related accident
B, unstandardized coefficients; SE, standard error; 8, standardized coefficients; CI, confidence interval

*Statistically significant at P < 0.05.
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The impact of work-related accidents—particularly
in the construction sector—remains continuously
high. In this stage, we designed and developed a
work-related accident prevention program, which
consisted of five proactive activities that would be
used in operational steps. Top management exam-
ined the action plan and decided to move forward
with it.

In the operational steps (action phase), we applied
the work-related accident prevention program de-
veloped in the planning phase, comprising five pro-
active activities:

(1) Knowledge Management: The objective of this ac-
tivity was to improve the construction workers’
knowledge and life skills in accident prevention.
Work-related accident cases that had occurred in the
past projects were presented by supervisors and
project management personnel during the weekly
toolbox meeting activity, and risk identification was
analyzed in order to determine appropriate preven-
tion measures. The educational materials (e.g., health
and safety bulletins, pamphlets, posters) were post-
ed around the project site and uploaded to the online
application. Moreover, safe work behaviors and
workplace conditions in the project were observed
through the proactive safety campaign (in the second
activity).

(2) See-Say-Do activity: This activity is based on the
idea that everyone has a role to play in ensuring
workplace health and safety. Thus, all workers will
watch for unsafe practices and/or unsafe working
conditions in their workplace (See), and they all have
an obligation to inform colleagues and report any
unsafe practice or/and unsafe conditions without bi-
as (Say). Any worker who observes or sees some-
thing can say something. Finally, workers are also
encouraged to take action (Do) without negative
feedback from the others, such as reporting unsafe
practices. Smartphones were used to report any crit-
ical issue that could endanger the health and safety
of the employees, project properties, or third parties,
allowing for problem-solving immediately.

(3) Health and Safety Motivation: The aim of this ac-
tivity is to sustain a continuous “See-Say-Do” cam-
paign by applying Herzberg's two-factor theory of
motivation.26 “See-Say-Do” data were collected by
the health and safety department and workers were
randomly chosen to receive a special incentive pro-
vided by project management. The concept of this ac-
tivity was designed to seamlessly bridge to the first
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and second activities; those proactive activities
would allow the workers to change their safety
mindset.

(4) Encouragement: This activity involved encourag-
ing job satisfaction and building a positive working
environment. When employees receive a compli-
ment, it is a special reward of recognition for reach-
ing goals or producing high-quality work. This activi-
ty was designed to seamlessly bridge to the first, sec-
ond, and third activities; meanwhile, it was
reinforced by this activity to allow the construction
workers to change the safety mindset. If a worker de-
termined the best practice for preventing work-
related accidents, they could report it to the health
and safety committee or project management. Then,
their recognition with a certificate of best practice
would be announced by project management during
the weekly and monthly toolbox meetings.

(5) Networking: We cooperated with the other con-
struction project, the occupational health and safety
regulator, and the other organizations involved in
health and safety promotion (including institutional
education and local administration organizations) to
share the strategies and resources for solving work-
related accident problems.

In the observation stage (follow-up phase), the im-
plementation of operational models to prevent and
solve work-related accident problems in onshore
pipeline construction projects was evaluated. We
implement this program among 99 construction
workers working on the OPENE project. After the in-
tervention, the workers had a significantly higher
mean score of health and safety performance than
before (P < 0.001; Table 5). Safe-T-Score (STS) is a
statistical control technique to indicate the effective-
ness of the work accident control program by com-
paratively assessing health and safety performance
in the past and present.2> An STS value below -2.00
indicates improvement in the health and safety per-
formance record. Our STS value showed a significant
decrease (STS = -2.18) since the implementation of
the project, indicating that the health and safety per-
formance record was improving and that the pro-
gram was having positive effects which should be
maintained (Table 6).

In the reflection phase, the researcher and co-
researchers presented the accomplishments of all ac-
tivities and, with all the stakeholders, discussed the
concept of a work-related accident prevention pro-
gram that was suitable for the OPENE project.

Table 5: A comparison of worker health and safety performance between before and after interven-

tion

Workers’ health and n Mean S.D. Mean difference 95% CI df. t P-value
safety performance

Before intervention 99 53.41 4.56

After intervention 99 63.97 3.99 10.56 10.5-10.87 355 66.63 <0.001*
Note: *Statistically significant at P < 0.05.
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The operational model for preventing and solving
work-related accidents in the construction of on-
shore pipelines consists of six steps: (1) establish-
ment of an operating committee, (2) improvement of
knowledge and life skills, building a positive mindset
and safety awareness, (3) communication and re-
porting channel, (4) motivating and encouraging, (5)
work-related accident prevention network, and (6)
evaluation and continuing improvement. Additional-
ly, we discussed the limitations and strengths of the
project; it was concluded that the key factors in the
project’s success were management support, worker
participation, safety mindset, and project stakehold-
ers. Furthermore, the accident prevention model was
found to be an effective intervention in preventing
work-related accidents. These findings suggest that
prevention strategies should focus on enhancing
human behaviors and workplace safety, as well as
improving safety attitudes, peer relationships, con-
struction project bonding, and work-related accident
prevention behaviors.

Table 6: A comparison of Safe-T-Score between
before and after intervention

After intervention
1 October 2022 — 28
February 2023

Before intervention
1 May 2022 — 30 Sep-
tember 2022

Safe-T-
Score

-0.87 -2.18

Note: The Safe-T-Score (STS) is a standard method of quantitative
measure for evaluating organizations’ safety performance. It is al-
so used to compare a work unit’s past and present accident rates.

Interpretation:

1) STS between +2 and -2 indicates that the work accident control
program showed no significant change.

2) STS above +2 indicates that the program has decreased safety
performance.

3) STS below -2 indicates that the program has improved or is im-
proving safety performance.

DISCUSSION

This study demonstrated that increased unsafe
worker behaviors were associated with decreased
safety performance, corroborating prior research on
construction accidents in Thailand, which reported
that most accidents (88.97%) were associated with
unsafe acts.?728 QOur findings also corroborate the
theories of accident proneness and dominoes, which
suggest that unsafe conditions or unsafe behaviors
trigger the sequence leading to injuries.z42-30 Thus,
because workers’ behaviors are an extremely im-
portant factor in workplace safety, promoting safer
practices were associated with higher safety perfor-
mance and reduce injuries on a construction project.
Also, the identification of unsafe work behavior of
employees in advance may help considerably in the
development of remedial measures and strategic ac-
tions to prevent accidents.28-31

We also found that environmental factors (physical,
chemical and biological) were associated with the
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safety performance level: Poorer environments were
associated with reduced worker health and safety
performance. Our study supports prior investigation
by Sawacha E. et al, who reported that sites with
good environments that are well planned (layout)
and kept tidy tend to have high safety performance
levels.28 Numerous previous studies indicate that un-
safe working environments are negatively related to
workers’ safety performance and accident frequen-
cy.283233 Better work environments are known to
have a robust effect on employees’ safety perfor-
mance and safety management practices, whereas
unsafe working environments lead to more construc-
tion accidents.82833.34 Some studies indicated a posi-
tive correlation between work-related injuries and
occupational exposure to a wide variety of occupa-
tional hazards, such as dust and fumes (particularly
welding fumes in outdoor pipeline construction)32-35
as well as biological hazards.323536 Thus, a lack of en-
vironmental control was associated with increases
the risk to health and safety, although several studies
indicate that it can be improved by adopting safety
rules and regulations during construction. The au-
thors suggest that risk identification and proper
planning prior construction commencement would
be better.303233

Moreover, our findings indicate that improved or-
ganizational psychology was associated with increas-
ing worker health and safety performance. This find-
ing adds further support to many earlier studies, in-
cluding that by Shamsuddin KA et al., who indicated
that organizational commitment and communication
is the main factor affecting construction workers’ at-
titudes toward health and safety.3? Additionally, Yu-
liana L. and Adhyaksa D also found that lack of man-
agement support, poor management commitment,
and insufficient safety knowledge and training led to
unsafe actions by construction workers.1® According
to previous studies, organizational psychology makes
a significant contribution to shaping human resource
management strategies and designing safe work en-
vironments that support employee safety perfor-
mance.2%3637 Construction workers may perform un-
safe activities due to a lack of management support,
poor management commitment, and inadequate
worker safety understanding and training; thus,
management commitments are significant influences
on construction safety.? Similar findings were seen in
the study done by Mearns ] and Reader T, reported
that; organizational support, health and safety sup-
port from supervisors and workmates were positive-
ly relationship with workers' safety behaviour in the
workplace.® These empirical findings can be used by
decision makers, construction policy makers and
other stakeholders to apply organizational psycholo-
gy in improving construction productivity, promot-
ing health and safety and thereby decreasing work-
related accidents.

We also found that unsafe working conditions were
related to reduced worker health and safety perfor-
mance. This finding adds further support to earlier
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research indicating that unsafe conditions are the
second most important factor contributing to work-
related accidents.691936 However, an analysis of un-
safe actions and unsafe conditions based on occupa-
tional health and safety card reporting programs in
Indonesia, conducted by Yuliana L. and Adhyaksa D.,
revealed that unsafe conditions are reported more
often than unsafe actions.!® Moreover, Haslama RA.
et al. concluded that poor workplace conditions (e.g.,
poor housekeeping, inappropriate site layout and in-
adequate working space) contributed to half (49%)
of the accidents studied.1® Many studies indicate that
unsafe workplace conditions (hazardous physical
conditions or circumstances) can directly lead to ac-
cidents. Both unsafe physical and psychological cir-
cumstances are hazard risks, and they are the main
cause of construction accidents. Furthermore, unsafe
workplace conditions were also associated with low-
er safety performance.®3! However, considering ac-
cident causation theories, OHS researchers have dis-
cussed that many accepted techniques exist that can
help prevent work accidents. Therefore, to make a
construction workplace safer, the authors recom-
mend that all construction site stakeholders involved
should conduct hazard identification in the work-
place and hazard analysis to determine the appro-
priate hazard treatment or action to ensure a safer
workplace with adequate protection, thereby elimi-
nating or reducing the workplace risk to an accepta-
ble level. Thereafter, continuous monitoring, review-
ing, and improvement is recommended.

Furthermore, the operational model developed for
the work-related accident prevention program had a
strongly positive outcome, increasing workers’
health and safety performance in the construction
project. As an operational step, the intervention fo-
cused on promoting work-related accident preven-
tion among the construction workers, which consists
of: knowledge about the prevention of work-related
accident, awareness, a proactive motivating pro-
gram, encouraging a safety mindset, and increasing
the participation of project management personnel
to commit to occupational health and safety objec-
tives. Our findings add further support to earlier
studies?°-3039 such as Haghighi M et al.’> who con-
ducted a safety culture promotion intervention pro-
gram (SCPIP) on Tehran refinery workers; two
months after implementing the SCPIP in the experi-
mental group, the level of total cognitive factors to-
ward safety culture was significantly increased and
remarkably improved. Yuliana L. and Adhyaksa D.
conducted an intervention to reduce accidents by the
use of “OHS report card” programs,!® In practical
terms, the outcome of the OHS report card program
was similar to that of our “See-Say-Do” program. Ac-
cording to the literature review and our phase 1 find-
ings, we considered the important influence of front-
line personnel, which includes the project manage-
ment team; supervisors play key roles in accident
prevention. We also found that organizational psy-
chology was strongly associated with health and
safety performance; therefore, we strengthened par-
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ticipation in the intervention program during opera-
tional phase by applying Herzberg’s two-factor theo-
ry of motivation2¢ to encourage workers to be more
enthusiastic about safety in the workplace and en-
gagement in safety programs. This led the workers to
greater ownership of issues relating to their safety,
resulting in greater engagement in creating a safe
workplace and engagement in safety programs. In
this study, we employed motivation factors: (1)
Recognition; positive recognition was appeared
when workers receive praise or rewards (for reach-
ing specific goals at their job or reporting of See-Say-
Do), (2) Responsibility; which involves both respon-
sibility and authority in relation to the job, and (3)
Work itself and achievement. Whereas, job satisfac-
tions or hygiene factors was also employed: (1)
Working conditions; such as improving workplace
environment by See-Say-Do campaign, (2) Participa-
tion and peer relationship; (3) Supervision; Supervi-
sor and Manager role and responsibilities in the con-
struction site and (4) Management commitment;
poor leadership or management in the construction
site may decrease the level of job satisfaction in the
workplace and also may be decrease the level of
health and safety performance.

Six months after the intervention, health and safety
performance was significantly increased according to
the remarkably improved measure of STS. In this
study, all factors involve the physical surroundings of
the construction context (workplace conditions); su-
pervision, peer relationships, and organizational
psychology are the hygiene factors; and, responsibil-
ity, recognition, work itself, and achievement are the
motivation factors. The See-Say-Do program was de-
signed to gather all construction personnel involved
to participate in a health and safety campaign; man-
agement commitment and full participation is the
key to success. Chen D. and Tian H. indicate that
praising and encouraging workers’ safety behaviors
and communication within the team and supervisors
contribute to a culture of safety as well as increased
morale. In addition to praise and recognition, our
program also focused on improving workers’ health
and safety knowledge,*0 which evidence suggests is
very important, especially for educating employees
about safety practices and compliance such as acci-
dent prevention and control. Increased health and
safety knowledge may decrease workers’ risk of
work accidents 30-3139-40 and improve their life skills
and awareness of safety work practices.*® Finally,
safety performance may be improved by cognitive
factors and support from the organization, supervi-
sor, and project management personnel in relation to
health and safety issues, such as intervening to assist
work colleagues and reporting hazards (e.g., See-Say-
Do program).

STRENGTH AND LIMITATIONS

This study has some limitations. First, this study was
conducted at a unique onshore oil and gas pipeline
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construction project, which may limit its generaliza-
bility to other industries. Second, we cannot estab-
lish causal relationships due to the cross-sectional
design of the study; longitudinal research is needed
to investigate the causal relationships among the
variables. Third, the self-reported measurement may
be vulnerable to social desirability bias; to minimize
self-report bias, validated and standardized instru-
ments were used. Despite these limitations, our re-
search provides important new information about
the worker health and safety performance of a
unique construction sector as well as its influence on
various aspects of work-related factors (e.g., envi-
ronmental, unsafe behaviors, unsafe conditions, and
organizational psychology). The authors recom-
mended that this study’s insights, as well as the
model we have developed, be applied to other con-
struction contexts. Other industries may also adopt
the strength of the program (i.e, motivating tech-
nique) to allow their employees to fully engage with
workplace health and safety, which is empowered by
management’s commitment.

CONCLUSION

This study highlights the importance of addressing
workplace safety through behavioral and environ-
mental interventions. The proposed six-step accident
prevention program significantly improved safety
performance and reduced accidents. Future studies
should validate this model across different construc-
tion settings in Thailand.
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