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Abstract This study applied the principles of social
ecological model in developing a safety performance
improvement framework in Nigeria construction industry.
When the data collected through questionnaires distributed
to the construction workers were statistically analysed using
Pearson Product Moment correlation, the study found that
safety behaviour intervention factors were positively
correlated with safety performance. The correlation
coefficient (r) ranges from 0.9713 (for community attributes)
to 0.9991 (for interpersonal attributes), all of which were
statistically significant at 5% significance level and the
degree of freedom of 3 (i.e. p<0.05 in all cases). The
coefficient of determination also ranges from 94.34% (for
community attributes) to 99.82% (for interpersonal
attributes). This represented the amount of safety
performance improvement that would be achieved when
behaviour intervention were positively applied, and
translated to the percentage of accident reduction on site.
Based on this result, social ecological model of safety
performance improvement (SEM-SPI) framework was
developed. The framework involved four implementation
strategic steps through which it could be applied. This
framework would be used to model the behaviour of
construction workers towards behaving safely. The study
recommended a practical application of the framework so as
to improve the safety performance of construction workers.

Keywords Construction, Safety Behaviour Intervention,
Safety Performance, Social Ecological Model, Workers

1. Introduction

The construction industry is no doubt the backbone of
economic and social development of every nation. Through
its forward and backward linkages it connects all other
sectors of the economy and serves as the rallying point for
national development. For instance, at 2010 constant basic
price, its contribution to the Nigeria Gross Domestic Product
(GDP) was 2.88% in 2010; 3.31% in 2011; 3.05% in 2012;
3.59% in 2013; 3.82% in 2014; and 3.88% in 2015 [1-3]. In
2012, the industry contributed about 8121, 900.86 million

Naira of the Gross Fixed Capital Formation; and employed
6,913,536 personnel excluding the casual workers [1]. When
compared against other subsectors of the Nigeria economy,
the industry ranked 7" in the contribution to GDP in 2015
despite separated from the real estate sector.

Despite its huge significance, the construction industry is
still facing untold challenges especially in the developing
countries like Nigeria [4-7]. In terms of safety performance
however, the construction industry has performed abysmally.
The construction industry is one of the most hazardous
industries due to the unique nature of its products and the
processes involved in it. It is one of the industries with very
high accident rate. Hinze [8] infers that when compared with
other labour intensive industries, construction industry has
historically experienced a disproportionately high rate of
disability injuries and fatalities for its size. Janackovic, Savic
and Stankovic [9] accept that these represent a significant
social and economic burden on individuals, employers, and
society. As a complex, dynamic and challenging sector, the
construction workforce, as a whole, comprises a diverse mix
of races, socio-economic groups and cultures [10] which
makes the construction process more challenging. Although
dramatic improvements have taken place in recent decades
[11], Alkilani, Jupp and Sawhney [12] argue that the safety
record in the construction industry continues to be one of the
poorest, thus, continues to hinder performance improvement.
Mouleeswaran [13] also agrees that construction still
accounts for a disproportionate number of occupational
related fatalities despite recent efforts to improve site safety.
Correspondingly, Sousa, Almeida and Dias [14] contend that
the rate of accidents is still the highest in the construction
industry despite the substantial improvements achieved in
safety through the years. In Saudi Arabia for instance, the
construction industry is considered a major contributor to
work accidents [15]. Mouleeswaran [13] further argues that
the construction workers are more prone to accidents as the
industry is considered one of the most hazardous industrial
sectors. To clearly underscore how pathetic this situation is,
a brief background scenario of the global construction safety
report and that of Nigeria is provided.

1.1. Background Scenarios
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Globally, poor performance in the construction industry
accounts for more than 100,000 fatalities annually, equating
to approximately 30-40% of the world’s work related fatal
injuries  [16,17].  Occupational Safety &  Health
Administration (OSHA) [18] reports that every day more
than 12 workers die on the job (more than 4,500 a year), and
every year, more than 4.1 million workers suffer a serious
work-related injury or illness. Almost 160 million people
have work-related diseases; and in one third of these cases,
the disease causes a loss of four or more working days [19].
The industry alone produces 30% of all fatal industrial
accidents across the European Union (EU), yet it employs
only 10% of the working population [20]. According to the
methodology adopted by the United States Occupational
Safety & Health Administration (OSHA), the estimated
value of each life lost is $8.7 million, therefore, if one takes
into account the number of deaths at work (4,547) reported
by the Bureau of Labour Statistics for the year 2010, the
estimated annual cost is almost $40 billion [18]. Che Hassan,
Basha and Hanafi, [21] also report that the construction
industry accounts for 22% of all fatal accidents in The United
States of America (USA).

In other developed countries such as Japan, United
Kingdom (UK), Singapore, Australia and Ireland, accidents
still occur on construction site. Bomel [22] notes that in
Japan, construction accidents account for 30%-40% of the
overall industrial accidents, with the total being 50% in
Ireland and 25% in the United Kingdom UK. Recent study
conducted on health and safety in construction sector in
Great Britain [23], shows that annually between 2011/12 and
2014/15 around 69,0000 (3.1%) of workers in the
construction sector in Great Britain were suffering from an
illness that they believe was caused or made worse by their
work in the sector. Between 2012/13 and 2014/15 annually,
around 65,000 (3%) construction workers in Great Britain
sustained an injury at work. Around a quarter of these cases
resulted in absence from work of over 7-days. There were 35
fatal injuries to workers in the construction sector in 2014/15,
around 20% lower than the five year average for
2010/11-2014/15 [23]. This brings the total number of fatal
injuries to workers in the sector over the last five years to 217.
The worker fatal injury rate in the construction sector (1.62
per 100,000 workers) is over 3.5 times the average rate
across all industries (0.46 per 100,000 workers). These
resulted to loss of 1.7 million working days [23] even though
there has been a downward trend in the rate of fatal injury
over the latest 20-year time period and more recently (since
2008/09) the trend is less clear [24].

While Singapore has made significant improvements in
putting in place a comprehensive OSH framework that
includes strong legislation, policies, a sound structure and
functional systems, there are still significant gaps when
benchmarked against leading countries in OSH [25]. Asanka
and Ranasinghe [26] concur that accident still happens at the
construction sites in Singapore and even at increasing rate
when compared with the global benchmark. Likewise,
Hosseini, Maghrebi and Rameezdeenc [27] found that

though the newly-introduced regulation in South Australia
has had a positive effect in reducing the number of accidents
on construction sites accidents still occur.

In the developing countries also, the rate of construction
accidents are even higher. For instance, the total number of
reported work accidents in 2014 in Saudi Arabia was about
69,241 accidents [28]. The construction industry accounted
for 51.35% of these accidents [28]. This high percentage
could be due to many factors related specifically to the
construction industry, e.g., construction sites are known for
being dynamic with a constant changing environment
[14,29,30]. Even though construction labour accounts for
about 7.1% of the labour force in Jordan, accidents in the
construction industry account for about 10.5% of incidents
[31]. Somasundaraswaran, Brammananda, Akeel and
Rajakumar [32] show that in Sri Lanka, about 25% of the
total labour accidents were from the construction industry,
and the fatal accident rates in construction industry were
higher than other industries.

In South Africa, Uganda and other African countries [33]
the situation is not better neither. Smallwood, Haupt and
Shakantu [34] report that while it is acknowledged that many
industry associations and professional societies, contracting
organisations and others have made significant efforts to
improving health and safety within the construction industry,
construction health and safety is not improving
commensurately. Notably, construction continues to
contribute a disproportionate number of fatalities and
injuries relative to other industrial sectors, and there
continues to be high levels of non-compliance with health
and safety legislation generally, and specifically the
construction and other health and safety regulations in South
Africa. Secondly, construction health and safety statistics
provided by the Department of Labour (DoL) covering the
period 2004/05 to 2007/08 showed a sharp rise in accidents
up to 2007/08; to around160 fatalities and around 400
non-fatal accidents (i.e. temporary or permanent
disablements). These statistics reportedly include the
Federated Employers Mutual Assurance Company Limited
(FEMA) and statistics (but excluding motor-vehicle
accidents) [34].

In Nigeria, the situation is even more pathetic. Dearth of
reliable accident records on construction site makes the
situation more pitiable. Abubakar [35] argues that
workplaces in some countries like UK have become safer
over the years unlike the situation in Nigeria. According to
Hamaéldinen, Saarela and Takala [36] the annual
work-related death rate of Nigeria stood at about 24 fatalities
per 100,000 employees, which is one of the highest in the
world. This is based on the data available in 2003. A field
study conducted by the Federal Ministry of Labour and
Productivity Inspectorate Division (now the Federal
Ministry of Labour and Employment) suggests that
work-related fatalities are on the increase in Nigeria between
2002 and 2012 [37]. Also, a survey recently conducted by
Abdulahi et al. [38] on the artisans working condition in the
Nigerian construction industry in some states in Northern
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Nigeria claim that about 76.40% of the artisans have been
involved in one form of accidents or the other on
construction sites.

Notwithstanding, these reports have been argued to be
grossly underreported and inaccurate across the globe.
Matiko [39] argues that collection of data on injuries and
diseases is inadequate in most countries. Nevertheless,
available data indicated a frightening trend. In some of the
countries where there are adequate data collection systems,
most of the data are not fully comparable from one country to
the next because of variations in definitions, recording and
notification systems [24,39]. Reports from different
countries on safety performance of construction industry
show how precarious this situation is. Although procedures,
regulations, and safety management systems (SMS) have
reduced the incidence of occupational accidents, they still
occur. Current methods have enjoyed some success however;
these methods mostly address aspects of safety that are not
behaviour-related [40]. Fleming and Scott [41] agree that
these efforts have been very successful as large
improvements in workplace safety have been achieved
through improved hardware and design, and through
improved safety management systems and procedures.
While the improvement can be acknowledged in terms of
low accident rates in the majority of safety critical industries,
it does appear that they have reached a plateau and cannot
provide further improvement. With this, Allegrante et al. [42]
argue that such a reductionist perspective overlooks the
importance of the psychological, environmental, and
socio-cultural conditions as contributing factors to injury and
its consequences, though injury prevention often is
conceptualised as a biomedical construct.

1.2. Purpose of the Study

There is evident that efforts to improve the safety
performance of construction workers are not sufficient to
control the occurrence of unsafe acts at construction sites
[43]. It has been argued that construction actors’ behaviours
account for most accidents and so understanding and being
able to modify behaviour should be crucial to improving the
occupational safety and health (OSH) performance of the
industry [40]. Thus, since the frequency of technological
failures in industry has diminished, the role of human
behaviour has become more apparent. Safety experts
estimate that 80-90% of all industrial accidents are
attributable to ‘human factors’ [44]. To this end, Guo and
Yiu [45] aver that the existing safety performance indicators
in the construction industry had failed to capture the reality
of safety. Guo and Yiu [45] further maintain that it may be
inappropriate, and even dangerous, to wuse safety
performance indicators that are selected based on the
normative safety management system (SMS) approach as an
evaluative tool to identify safety problems, offer solutions
and measure safety performance; because managing safety in
a proactive manner requires foresights, rather than hindsight.
Therefore it seems likely that the most effective way to
reduce workplace injury and accident rates even further and

improve hazard management is to address the social and
organisational factors that have an impact on safety [46]. The
recognition of the importance of organisational and social
factors in improving workplace safety is demonstrated by
increased efforts to improve safety leadership, safety
culture/climate, and employee safety behaviours [41].

Meanwhile there are three major approaches to safety
improvement in organisations: safety management systems
(SMSs); behaviour based safety (BBS) approaches; and
safety culture change programmes [47]. These approaches
are not mutually exclusive, and in fact, scholars argue that
the most effective approach is to use a combination of all
three [48]. Although Dejoy [48] suggests two dominant
psychological approaches to improving workplace safety; (1)
behavioural-based safety initiatives and (2) safety culture
strategies, the two approaches are also different from each
other and in many ways have opposing views about how to
motivate employees to work safely. Notwithstanding the
different strategies propose by the two approaches for
organisations to enhance safety, there is evidence supporting
the effectiveness of both behaviour-based [49] and safety
culture [50] interventions. However, Wamuziri [51] suggests
that future improvements in performance are likely to come
not from more legislation or simply changes to management
systems. According to Wamuziri [51] though rules,
regulations and managements systems have their role to play
in improving safety performance, on their own they are
inadequate to bring about further major improvements in
safety performance which are required in the industry. Thus,
Wamuziri [51] hypothesises that a major cultural shift in
attitudes is still required in the industry.

In response to the scenario above, Sherratt [52] argues that
the problem with the construction industry lies with the
people that operate within it. Therefore, increasing evidence
suggests that public health and safety behaviour
interventions that are based on social and behavioural
science theories are more effective than those lacking a
theoretical base [53]. Accordingly, it appears that some of
the current systems can be revised to take into account
factors that affect safety behaviour [40]. To this effect,
Khosravi et al. [54] provided a good fit structural model that
suggests that some social and organisational components
share their influence on safety performance via the general
component of safety climate. Nonetheless, improvement of
safety performance in the construction industry especially in
the developing countries still remains a subject of current
debate. It is on this premise that this study argues that
improvement of safety performance of construction industry
lies on the application of social ecological theory in the
industry which inadvertently will influence the behaviours of
the industry players and stakeholders at all levels.

The argument above is substantiated by the fact that
behaviour-based safety (BBS) has been instrumental in
reducing accidents and increasing the overall safety
performance in several industries [55,56]. It can also have a
positive impact on productivity [55]. Cooper [57] even
argues that the benefits of BBS outweigh its costs, which
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would suggest that there should be no reason why all
construction organisations in Nigeria do not employ this
strategy of reducing accidents. Notwithstanding, there is
continuous degeneration of safety performance in the
construction industry especially in the developing countries
like Nigeria. It is in line with this scenario that Hovden,
Albrechtsen and Herrera [58] call for a need for new theories,
models and approaches to occupational accident prevention.

This study therefore is aimed at developing a framework
for improvement of safety performance of Nigeria
construction industry through the application of the
principles of social ecological theory. Based on the fact that
at different levels of nested structures including: individual,
interpersonal, organisational, community environment and
policy factors [59], the safety performance of construction
workers is significantly influenced. In view of this, the study
hypothesises that safety performance of construction
workers is significantly influenced by different safety
behaviour interventions at different levels of nested
structures.

2. Theoretical Framework

Construction processes and products involve series of
physical activities. However, physical activity behaviour and
the factors influencing it is very complex [60]. Research
suggests that the social, physical and policy environments
impact on the ability or likelihood of individuals
participating in physical activity. Human behaviour is
difficult to change, especially in an environment that does
not support change like in construction. In order to increase
or improve the performance of construction activity, efforts
need to focus not only on the behaviour choices of each
individual but also on factors that influence those choices.
World Health Organisation [61] reports that health
behaviours, including physical activity participation, are
thought to be improved when environments and policies
support healthy choices, and individuals are motivated and
educated to make those choices. Hence, educating people to
make healthy choices when environments are not supportive
will not be effective in making behavioural change.

Meanwhile, ecological and social ecological models of
human behaviour have evolved over a number of decades in
the fields of sociology, psychology, education and public
health and focus on the nature of people’s interactions with
their environments [60]. Glanz, Rimer and Viswaneth [62]
observe that among the major proponents of social
ecological theory include: Urie Bronfenbrenner’s Ecological
Systems Theory [63], which focused on the relationship
between the individual and the environment; Kenneth
McLeroy’s Ecological Model of Health Behaviours [64],
which classified five different levels of influence on health
behaviour, although this did not include physical
environment, which is an essential element of a social
ecological model of physical activity; and Daniel Stokols’s
Social Ecology Model of Health Promotion [65-67]
identified the core assumptions which underpin the social

ecological model. It is the works of these scholars and others
that have been modified to evolve into what is referred to as
the social ecological model [60].

The social ecological model helps to identify
opportunities to promote participation in physical activity by
recognising the multiple factors that influence an
individual’s behaviour. Efforts to change behaviour are more
likely to be successful when the multiple levels of influence
are addressed at the same time [60]. The social ecological
model helps users to understand factors affecting behaviour
and also provides guidance for developing successful
programmes through social environments [53,68]. Social
ecological models emphasise multiple levels of influence
(such as individual, interpersonal, organisational,
community, and public policy) and the idea that behaviours
both shape and are shaped by the social environment [64,69].
The principles of social ecological models (of which several
have been proposed) are consistent with Social Cognitive
Theory concepts, which suggest that creating an
environment conducive to change is important to facilitate
adoption of healthy behaviours [70-72]. The social
ecological model acknowledges that it takes a combination
of both individual level and environmental/policy level
interventions to achieve substantial changes in health
behaviours, including physical activity behaviour [60].

Thus, social ecological models are used to provide a
framework to understand the numerous factors and
behaviours that enable or act as barriers to physical activity
participation. Models are used to help us understand a
specific problem in a particular setting or context. They help
us to identify factors related to physical activity participation
in specific populations therefore enabling the design of more
effective interventions. The model suggests that there are
multiple levels of influence, and that effective prevention
and reduction programmes should address each of those
levels. The model also serves as a reminder that individual
knowledge is not sufficient for behaviour change; increasing
knowledge, training skills and creating a supportive
environment are all important components of behaviour
change [73].

In the context of construction safety performance, the term
intervention is used to describe safety behaviour strategy,
programme or policy that is designed to have an impact on
safety performance. Models are used to inform intervention
development, implementation and evaluation. In this case,
the influence of these factors is observed on the construction
workers safety behaviours. For example, an individual’s
social environment of family, friends and workplace are
embedded within the physical environment of geography and
community facilities, which is in turn embedded within the
policy environment of different levels of government or
governing bodies [74]. This is to say that all levels of the
social ecological model impact on the behaviour of the
individual [66]. The social ecological model represents this
concept as a series of overlapping circles, with each circle
representing a different layer or component of the model (see
figure 1).
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Figure 1.

2.1. The Main Constructs of Social Ecological Model
(SEM)

In its simplest form Callahan-Myrick [75] defines the
social ecological model (SEM) as a graphic depiction of the
ecological theory of a given health behaviour or outcome. It
can provide a useful framework for achieving a better
understanding of the many factors and barriers that impact
health behaviours and outcomes, in this case safety
performance of construction workers. The social ecological
model helps to direct attention to broader political and
environmental factors that shape individual and
interpersonal characteristics of a person [76]. VCAA [60]
observes that there are a number of versions of the social
ecological model, which use slightly different classifications
of environmental influences. Bronfenbrenner’s work saw the
influences on behaviour as a series of layers, where each
layer had a resulting impact on the next level. He described
these layers as being like a series of Russian dolls, where the
innermost level represents the individual, which is then
surrounded by differing levels of environmental influences
[74].

Nevertheless, it is good to tailor the social ecological
model to suit particular behaviours and population groups
because intervention strategies would differ for each
population and in each setting. Unfortunately, other theories
needed to be integrated into multilevel frameworks, and
empirical research to guide model development is limited
[77].While acknowledging that applying a social ecological
model to the design of interventions is challenging, Elder et

Social Ecological Model [64]

al. [77] argue that the components of the social ecological
model will remain the same and can be used in a range of
populations, while the specific examples within each
component will vary depending on the population group. In
this case, the construction workers working on construction
site are considered. For the purpose of this study, the five
levels SEM of McLeroy et al. [64] are adopted, because the
model addresses the peculiarity of construction industry
setting. These levels are briefly discussed below.

2.1.1. Individual (Intrapersonal) Level

The first level of the SEM is the intrapersonal level.
Lakhan and Ekandayo [78] describe this as the central level
of the social ecological model which encloses the individual.
It identifies the biological and personal history factors that
increase the likelihood of becoming performing safely.
These factors can include knowledge, attitudes, and
behaviours taking risks in addition to age, and gender [79].
This level includes personal factors or attributes that increase
or decrease the likelihood of an individual being physically
active. Individual factors which influence safety
performance include: knowledge, attitudes, and behaviours,
beliefs, perceived barriers, motivation, enjoyment skills
(including fundamental motor skills and sports specific
skills), abilities, disabilities or injuries, age, sex, level of
education, socioeconomic status, employment status and
self-efficacy. Strategies which bring change at the individual
level tend to focus on changing an individual’s knowledge,
attitudes, behaviour and skills. They also include education
and mentoring programmes.
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According to Allegrante et al. [42], the intrapersonal level
involves the characteristics of the individual, that is, his or
her knowledge, skills, life experience, attitudes, and
behaviours as they interface with the environment and
society. For Lakhan and Ekindayo [78], the person interacts
with objects and people in their intimate and immediate
world. The individual’s micro-system includes parents,
siblings, spouse, friends, children and significant others
involving very dynamic and active engagement and
interactions. This is to say that at the personal level,
individuals construct meaning and develop behaviours in
relation to others and to larger collective ideals, shared
symbols, and beliefs. Simultaneously, individuals influence
their social ecology by controlling the cycling of resources
and constructing norms, beliefs, and culture across multiple
systems [59]. Having seen that the intrapersonal level, in the
centre, is most related to an individual’s behaviours and
health beliefs; it is the most personal level of the model. As
the levels move away from the centre, they tend to become
less of a direct influence on health behaviour and begin to
have a more indirect influence [80]. Although not all
influences have equal impact on a workers safety behaviours
and decisions, as can be seen from the model, they are all
connected to an overall workers safety performance in some
way [75].

2.1.2. Interpersonal Level

The interpersonal level examines the close relationships
and influences that may directly affect the safety behaviours
of construction workers. This includes the immediate
physical environment and social networks in which an
individual lives, including family, friends, peers, local
facilities and services, and colleagues and co-workers
[42,78]. VCAA [60] avers that the social environment has a
significant influence on physical activity behaviour. For
example, having someone such as a peer, family member or
work colleague to be physically active that can impact on
physical activity behaviour. In this case, the system may
includes institutions, formal and informal bodies, religious
institution (church, temple, mosque etc), school, club, office,
work, union, informal support group, and volunteer
organisation etc, with which the person is in close contact
[78]. Summarily, interpersonal level involves persons and
small groups with whom the at-risk people associate (family,
friends) [81]. According to VCAA [60] the strategies which
bring change at the social environment level include
community education, support groups, peer programmes,
workplace incentives and social marketing campaigns. These
are used to promote positive community attitudes and
awareness to participation in physical behaviour activity.
However, Fleury and Lee [82] are of the opinion that the
current social ecological frameworks acknowledge multiple
levels of influence on the adoption and maintenance of
physical activity rather than the traditional sole focus on
intrapersonal factors.

2.1.3. Organisational Level

Organisational influences on health behaviour include
formal and informal organisations as well as social
institutions [64]. This involves commercial organisations,
social institutions, associations, clubs, and other structures
that have rules and regulations enabling them to have direct
influence over the physical and social environments
maintained within their organisation [42].These however,
include specific social structures and organisations that does
not contain individual, but affects an individual’s immediate
environment and their micro system. The individual does not
play any role in constructing this system, but they experience
direct impact on their mood and affect [78]. Richards, Riner
and Sands [83] also note that people spend a majority of their
lives in organisational settings including educational and
occupational settings and these settings can have a strong
impact on health related behaviours. Organisational level
involves systems with a formal multi echelon decision
process operating in pursuit of specific targets (schools,
companies, professional associations) [81]. In view of this,
McLeroy et al. [64] state that organisational characteristics
such as the use of incentives, management and supervisor
support changes in benefits, and changes in the structure of
work may all be used to support behavioural changes.

2.1.4. Community Level

The community can be defined within geographical or
political boundaries and may share demographic, cultural,
ethnic, religious, or social characteristics, with its members
having a sense of identity and belonging, shared values,
norms, communication and helping patterns [42].
Environmental influences on health behaviour include
relationships between community organisations, institutions,
neighbourhoods, and community networks. These
relationships can serve as positive change agents for health
and safety promotion [83]. Community level involves
collectives of people identified by common values and
mutual concern for the development and well being of their
group or geographic area (villages, neighbourhoods) [81]. To
this end, this covers the larger society and culture in which an
individual lives and interacts. Macro system plays a
ubiquitous role including in developing and industrialised
countries, across all socioeconomic status, ethnicity, and
immigrant status. This system deals with the perception of
general community that affects individual, family, school,
and institutions [78].

2.1.5. Public Policy Level

These are larger systems, often defined along political
boundaries, possessing the means to distribute resources and
control the lives and development of their constituent
communities [42]. This system considers cumulative
experiences on a person, what they experience over the
course of their lifetime [78]. These experiences include
environmental events, as well as major transitions in life. It
involves formal and informal rules (local, state and national
laws and regulations). Policies, rules and regulations,
political parties in action impact the individual and their
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micro system [78].

According to VCAA [60], this refers to legislation,
regulatory or policy making actions that have the potential to
affect physical activity. These are often formal legal actions
taken by local, state or federal governments but also can be

informal local policies or rules in settings such as workplaces.

Policy may include: urban planning policies, construction
policies, active transport policies, health and safety policies,
environmental policies, workplace policies and funding
policies. Meanwhile, developing the political will to
implement policies promoting physical activity participation
can sometimes be difficult, but [84] avow that strategies
which align physical activity participation with priorities
from other sectors can increase the chances of succeeding.
Therefore, policy level involves larger systems possessing
the means to control several aspects of the lives and
development of their constituent subsystems (provinces,
states, countries) [81].

Generally, Stokols [66] observes that the social ecological
paradigm is rooted in certain core principles or themes
concerning the interrelations among environmental
conditions and human behaviour and wellbeing. There are
four core principles upon the social ecological model is
based [60,66,85].

Multiple factors influence behaviours: There are
multiple influences on specific health behaviours, including
factors at the intrapersonal, interpersonal, organisational,
community, and public policy levels [85]. Therefore efforts
to change behaviour, including safety behaviour, should be
based on the understanding of the interrelationship between
the five levels of the social ecological model: individual,
interpersonal, organisational, community and public policy.
Safety performance interventions are more likely to be
successful when they target multiple components of the
social ecological model.

Environments are multidimensional and complex:
Influences on behaviours interact across these different
levels [85]. Social or physical environments can be described
as containing a variety of features or attributes, such as the
size, temperature, facilities and safety [66]. Environments
can also be described in terms of their actual or perceived
qualities. The variable nature of environments has a direct
implication on the design of initiatives to promote safety
performance.

Human environment interactions can be described at
varying levels of organisation: Ecological models should
be behaviour-specific; identifying the most relevant
potential influences at each level [85]. Human interactions
with the environment can occur at individual, small group,
organisational, community or population levels. The SEM
does not just focus on the individual but includes multiple
levels of human interaction with environments [60]. The
effectiveness of improving safety performance is enhanced
when they target differing levels of the human-environment
interaction.

The interrelationships between people and their

environment are dynamic: Multi-level interventions
should be most effective in changing behaviour [85]. There
is a reciprocal relationship between people and their
environments. The social, physical and policy environments
influence the behaviour of the individual, while at the same
time behaviour of the individual, group or organisation also
impact on the wellbeing of their environments. The
environment can control or set limits to the physical activity
behaviour that occurs within it. Making a change in the
environment can result in a modification of behaviour
[66,86].

2.2. Application of Social Ecological Model (SEM) in
Improving Safety Performance

Glanz [68] argues that the most often mentioned
theoretical model that has not been fully applied in research
and practice is the Social Ecological Model; and then
suggests that this promising model needs to better articulated,
applied and evaluated. Recently, research has shown that
SEM is majorly applied in the public and medical health
research [42,59,77,78,87-92]. Elder et al. [77] observe that
SEM is becoming more widely used in health behaviour
research. According to Sallis et al. [87], SEM model found
relevance in several health issues. However, it is apply
across all health concerns. More so, the social ecological
perspective has been used to develop “multilevel
interventions” in order to modify health-related behaviour.
Multilevel interventions can intervene at various levels and
have different targets (i.e., objectives) at each of these levels
[81]. Although the social ecological framework of behaviour
change is rooted and mostly applied in the public health
practice, its application in the construction industry practice
is worthwhile because of continuous health and safety
related challenges in the industry.

In applying social ecological theory to safety performance
of construction workers, it should be understood that
behaviours are shaped through a complex interplay of
determinants at different levels. For example, safety
behaviour activity is influenced by self-efficacy at the
individual level, social support from family and friends at the
interpersonal level, and perceptions of safety at the
organisation and community levels, and relevant safety
regulations at local, state and federal levels. Ecological
models suggest that these multiple levels of influence
interact across levels. For example, social support for
welfare and health and safety facilities from co-workers and
organisation may interact with the availability of such
facilities at the worksite to lead to improve safety
performance.

Traditionally, and especially in construction site
environment, strategies to change workers’ behaviours have
focused on individual-level factors such as knowledge,
beliefs, and skills. But as the need to raise the safety
performance rises, intervention strategies have broadened to
target factors at other levels of influence such as
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organisational policies and the built environment [68].
Specifically, to further improve the safety performance of
construction industry, the need to introduce rules, procedure,
laws and regulations by the government through its policies
and programmes evolved. However, the interplay of
numerous factors that determines the workers behaviours can
make these efforts discouraging. A number of studies though
not in construction industry have demonstrated that
multifaceted community-based approaches that utilise an
ecological model of intervention are more effective than
single-strategy intervention approaches [83,93,94]. While
the use of behavioural and social science theories in the
context of injury prevention has been limited to a selected
few [95], there are numerous examples of using behavioural,
social and ecological approaches designed to promote safety
in physical activity [96]. In injury prevention for example,
the application of the ecological model in injury prevention
has shown the most promise in falls injury prevention, road
traffic injury prevention, and community safety promotion
[42].

Even though there exists a plethora of frameworks of
behaviour change interventions, it is not clear how well they
serve this purpose [97]. There is also increasing support for
the application of multi-faceted interventions to reduce falls
among older adults [98]. Clemson et al [99] describe a
multi-faceted community-based programme to reduce the
incidence of falls in an elderly population [98]. Applying the
ecological framework, Clemson et al [99] studied the impact
of improving individual falls self-efficacy and lower-limb
balance and strength, while improving home and communal
environmental and behavioural safety. Moreover, an
ecological approach that focuses on the multiple causative
factors for falls, and policies that foster screening and
referral programmes are most likely to succeed. The
ecological model also takes into consideration the need to
train personnel to conduct risk assessments, and preventive
interventions [42].

Though there is dearth of research efforts in the direction
of improving the safety performance of construction workers
through SEM, DelJoy [100] proposed an integrative
framework that conceptualises self-protective behaviour as
consisting of four stages or phases: hazard appraisal,
decision making, initiation, and adherence. In addition, five
general constructs are identified as being of either primary or
secondary importance at each stage: threat-related beliefs,
response efficacy, self-efficacy, facilitating conditions, and
safety climate. The proposed framework highlights the need
to target interventions to each of the four stages. Particular
emphasis was also assigned to environmental or situational
factors in enabling and reinforcing self-protective behaviour
in the workplace [100]. The study failed to recognise that
behavioural change is more effective when systematically
approach at multilevel perspective which SEM adequately
addressed.

In addition, Michie, van Stralen and West [97] proposed a
framework of behaviour change based on three essential
conditions. According to Michie et al. [97], behaviour

change occurs as an interaction between three necessary
conditions: capability (psychological or physical ability to
enact the behaviour); motivation (reflective and automatic
mechanisms that activate or inhibit behaviour); and
opportunity (physical and social environment that enables
the behaviour). This change requires an appropriate method
for characterising interventions and linking them to an
analysis of the targeted behaviour [100]. Though this
framework captures almost all the variables of SEM, it fails
to recognise the multi-level interventions strategy for
effective implementation. In view of these shortcomings
therefore, the current study applies the principles of SEM to
establish relationships between different attributes of SEM
and safety performance of construction workers at
multi-level interventions. This is with the acknowledgement
that human factor plays a decisive role in most accidents, but
the problems caused by them are still unresolved [101].

3. Methodology

This study is framed within a theoretical social ecological
approach using McLeroy et al. [64] model of the social
ecological levels to examine the influence of different safety
behaviour interventions at different levels of SEM on the
safety performance of construction workers. This approach
provides a basis for physical activity research and practice,
focussing attention on multiple issues, such as the social and
physical environments, and policy implications [102]. Since
construction process is an embodiment of physical activities,
this approach is greatly suitable.

The study made use of questionnaire administered to
randomly selected construction workers in one hundred and
twelve (112) construction sites across some selected States in
Nigeria. Parts of the consideration in the selection are the
state’s infrastructural development statues and geographical
location, and the size and nature of construction site. The
questionnaire was divided and structured into three parts.
Part 1 captures the respondents’ demographic data (the work
trade, job position, nature of employment, site location, age
of respondents, and years of experience). Part 2 contains
forty (40) statements on information about the different
safety behaviour interventions at five intervention levels of
SEM. While part 3 measures the overall influence of safety
behaviour intervention on the safety performance of
construction workers with ten (10) structured statements.
The respondents were asked to express their level of
agreement on a five point Likert-type scale, where 1 =
strongly disagreed, and 5 = strongly agreed.

With the help of associates and friends, the questionnaires
were administered to 1,960 construction workers both in the
management positions and operative (artisans) positions in
the selected states. Out of this, a total 638 questionnaires
were retrieved and used for analysis. This represents a
response rate of 32.55% which was still good for this kind of
study. Subsequently, the data generated through the
questionnaire survey were subjected to descriptive and
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quantitative analysis using tables; mean score index and
standard deviation. The Mean score Index was calculated.
Means score index is mathematically represented as:

MS= ¥ ifx

v (M)

Where, MS is the mean score of each variable;

f is the frequency of responses to each rating;

X is the score or rating given to each variable by the
respondents; and

N is the total number of responses concerning the variable.

To determine the degree to which these safety
interventions influences the safety performance of
construction workers, Pearson’s Product-moment

Correlation Coefficient(r) was used to establish the
relationships between the different safety behaviour
intervention variables and safety performance.

Pearson’s Product-moment Correlation Coefficient (r) can
be calculated using:

r= Ny XV-F X3V

\/[n ¥x2 - (¥x) 2] [n Ty? - ()]

2)

Where, r = correlation coefficient;

n = number of pairs of variable being considered;
x = independent variable (culture dimensions); and
y = dependent variable (safety climate).

However the value of r ranges from -1 for perfect
negative correlation to + 1 for perfect positive correlation.
Subsequently, it is very important to ascertain whether the
calculated correlation coefficient is statistically
significant or not. This is done by using correlation
significant test, with the test statistic (t — test).This is
calculated using:

A3)

Where r= correlation coefficient; and n = number of pairs
of data.

The test is a two-tailed, non-directional test. However, in
correlation significance test, the sign of the correlation
coefficient is always assumed to be positive. The degree of
freedom (df) (n—2) is used at 5% significant level. The mean
values of both variables are used to get their correlation.
When Pearson’s Product-moment Correlation Coefficients (1)

between the two variables were computed and their
correlation coefficient test obtained at (n — 2) degree of
freedom and 5% (a = 0.05) significant level.

Decision: Reject Hy if t cyicutaed™ T eritical at df (n -2) and at
5% (0.05) significance level; otherwise accept H, and
conclude.

To establish the amount of variability in the safety
performance attributed to the relationships to various safety
behaviour intervention factors, the Coefficient of
Determination (R*) was calculated. This is the square of the
Correlation Coefficient (r). Thus,

2 2
R =r

“4)
The results of the analysis are presented in the tables
below.

4. Results

4.1. Hypothesis

Hy: There is no significant relationship between safety
behaviour intervention factors at different levels and
safety performance of construction workers.

There is significant relationship between safety
behaviour intervention factors at different levels and

safety performance of construction workers.

Hl:

Table 1 presented the means, standard deviations and
inter-correlations of all the variables concerned. The average
mean scores of the variables ranged from 4.12 (for public
policy) to 4.40 (for community). The high mean score
suggested a high influence. Meanwhile, Bivariate
correlations were performed to examine relationships
between the concern variables. The result revealed that each
of the variables has very strong positive correlation which
was statistically significant at 5% significance level with
each other. The strongest relationship occurred between
organisational factors and public policy with a correlation
coefficient (r) of 0.9996, while the least occurred between
organisational factors and community factors with a
correlation coefficient (r) of 0.9645. However, all the
variables were strongly correlated. In each case therefore,
p<0.05. This depicted that the variables influenced each
other greatly and cannot work in isolation. It equally
underscored the importance of their collective interplay in
improving safety performance of construction workers.

Table 1. Means, standard deviations and inter-correlations of all the variables concerned
S/n Factor Mean Standard deviation 1 2 3 4 5 6
1 Individual 435 0.75 1
2 Interpersonal 4.26 0.80 0.9870 1
3 Organisational 4.16 0.88 0.9763 0.9968 1
4 Community 4.40 0.67 0.9985 0.9782 0.9645 1
5 Public policy 4.12 091 0.9780 0.9961 0.9996 0.9672 1
6 Safety performance 4.19 0.86 0.9821 0.9991 0.9990 0.9713 0.9986 1

Correlation is significant at the 0.05 level (2-tailed), N=638, P<0.05
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Table 2. Correlation of safety behaviour intervention factors and safety performance of construction workers

Safety behaviour Intervention Correlation Nature of T - test Teritical R P - value Decision
factors Coefficient (r) Association value (3,0.05) U ©

Individual (intrapersonal) 0.9821 Very strong 9.031 3.182 09645 | 0.002867 Reject Ho
positive corr.

Interpersonal 0.9991 Vety strong 40.797 3.182 0.9982 | 0.000032 Reject Ho
positive corr.

Organisational 0.9990 Vety strong 38.701 3.182 0.9980 | 0.000038 Reject Hy
positive corr.

Community 09713 Very strong 7.073 3182 | 09434 | 0.005811 Reject Ho
positive corr.

Public policy 0.9986 Vety strong 32.698 3.182 09972 | 0.000063 Reject Hy
positive corr.

df =3; 0=0.05, P<0.05.

Table 2 presented the results of correlation analysis of
safety behaviour intervention factors and safety performance
of construction workers. The results revealed that each of the
five safety behaviour intervention factors (individual,
interpersonal, organisational, community, public policy)
based on the SEM, has very strong positive correlation of
0.9821, 0.9991, 0.9990, 0.9713 and 0.9986 with safety
performance of construction workers respectively. This
suggested that each of these factors could influence and
promote greatly the safety performance of construction
workers. This was attested when further regression analysis
was performed. The values of the -coefficient of
determination (R?) for each factor were as follows:
(individual (0.9645), interpersonal (0.9982), organisational
(0.9980), community (0.9434), public policy (0.9972)). This
implied that 96.04%, 99.82%, 99.80%, 94 .34% and
99.72% safety performance improvement could be achieved
when the each of the safety behaviour intervention factors
were applied respectively.

When the correlation of each factor was tested for its
significance at 5% significant level and degree of freedom of
3, the results revealed that all the computed t-values (9.031,
40.797, 38.701, 7.073 and 32.698) respectively were greater
than the t-critical value (3.182) (i.e. tea>t3005). Likewise, the
p-values of all the factors were less than 0.05 (p<0.05) as can
be seen in table 2. In view of this result, Hy was rejected in all
cases and the study concluded that safety behaviour
intervention factors at different levels are significantly
related to the improved safety performance of construction
workers. Moreover, the extent to which each of the p-values
of the safety behaviour intervention factors were less than
the critical p-value (0.05) conforms to the degree of
variability in the safety performance attributed to each of the
factors as indicated by the values of the coefficient of
determination.

5. Discussion

The results of this study showed that safety behaviour
interventions were significantly related to the improved
safety performance. This indicated that an increase in the
safety behaviour intervention leads to improved safety
performance and vice versa. Alternatively, it implied a

decrease in unsafe behaviour when intervention was applied.
This could also be translated to mean percentage accident
reduction on site. The result of this study further implied that
when positive safety behaviour intervention strategies are
applied, safety performance of construction workers would
be greatly improved. The percentage variability of each
intervention factors signifies that with positive behaviour
strategy at multi-level intervention, safety performance of
construction workers would be improved. Although this
model has not been applied in construction sector, the
theoretical underpinnings of social ecology are relevant to
several practical issues that arise in attempt to design
effective industry-based safety behaviour interventions. For
example, the challenge of developing safety performance
improvement programmes that have enduring positive
effects on safety behaviours of construction workers at all
levels and avoid unintended adverse side effects is explicitly
addressed in the safety performance improvement
framework.

The result is consistent with the social ecological premise
that both person and environment factors shape individual
behaviours. The study also found that both individual
personality characteristics and objective and subjective
features of the individual's behaviour were robust correlates
of safety interventions of how their behaviours affect their
safety performance. Specifically, when the interventions
were increased, workers would behave more safely thereby
lowering the accident rates on site. The result also aligned
with Jebb [47] who avers that as long as the outcomes for
safety performance are not valued, or are inconsistently
provided, or if outcomes for other performance metrics are
more valued, or more consistently provided, the worker may
experience conflicting motivations to perform safely. In this
case, safety behaviour interventions must be motivating to be
valued by the workers. The results are also consistent with
the finding of Allegrante et al. [42] in accident reduction
programme; [64, 66, 69, 81] in health promotion programme;
[85,96,99] in health behaviour change and improvement
programme; and [93,95,97] in fall and injury prevention
programme even though they were in another fields of study.

5.1. The Proposed Conceptual Framework

The results of the correlation analysis in tables 1 and 2
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formed the basis for development of social ecological model

of safety performance improvement framework. Figure 2

below shows the social ecological model of safety

performance improvement. It further illustrates the interplay
between all of the levels of the social ecological model and
safety performance. The doted arrow represents the
interrelationship between all the levels of SEM. This means
that they act collectively in order to achieve the targeted
goal. The horizontal arrows pointing at the safety behaviour
intervention factors indicate the relationships between each
of the factors with the safety performance (extent of
influence on the safety performance). The fact that they are
all pointing at safety behaviour intervention factors implies
that they work in a pool to achieve improved safety
performance. The interconnectivity of the different levels of
intervention indicated that individual knowledge is not
sufficient for behaviour change; rather increasing knowledge,
training skills and creating a supportive environment are all

important components of behaviour change. Therefore a

programme cannot be implemented at one level without

impacting on the other levels. Meanwhile, safety
performance improvement through SEM in construction
industry can be achieved through four (4) steps.

1 Acknowledging the existence of safety challenges on
site: This involves identifying peculiar need for safety
improvement at site. It is a specific individual
challenges which affect the safety performance of the
organisation and can affect the large community and

other peoples around but can be moderated through
policies and programme.

Identifying the intervention group: The next step is
to identify which specific group(s) or situations is
required to initiate the desired influence that can bring
about improvement. In this case, different groups of
people or situations are identified and modelled into the
programme. For instance, individual (individual
knowledge, skills, job position, sex, etc), interpersonal
(family = members, peers, co-workers, etc),
organisational (organisational policy, leadership,
communication channel, etc), community (social
network, culture, work environment, norms, etc), and
public policy (safety regulation, government policies
and programme, etc).

Identifying the intervention mechanisms: This stage
involves identifying the targeted strategies or actions
that can be employed to achieve the targeted outcome.
In this case, specific action(s) is identified at different
intervention levels.

Implementing the intervention mechanisms: This is
a call to action where different identified intervention
groups would work individually and collectively in
influencing the behaviours of the workers through
different strategic means in ensuring the improvement
of safety performance on site. For example applying the
extant safety regulations by the government agencies
concerned, pressure to meet the family needs,
sanctioning of the erred worker by the organisation, etc.
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Figure 2.  Social Ecological Model of Safety Performance Improvement (SEM-SPI) Framework
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6. Conclusions

Mechanistic approaches towards stepping down the rate of
accidents on construction sites have seem to have yielded
minimal results. Recent research [97, 100] has shown that
the solution to improving safety performance of construction
workers lies on the ability of workers to change their
behaviours towards safety, thus shifting attention from
mechanistic approach to a more behaviour based approach.
In the search of means of safety improvement of construction
industry, this study has adopted the Social Ecological Model
as a framework for improvement of safety performance of
construction workers. This is based on the fact that this
approach has proved its worth in the public health and
medical health research.

The study has successfully established that various safety
behaviour intervention factors based on SEM were
significantly related to improved safety performance of
construction workers. The study further found that positive
safety interventions lead to improved safety performance of
construction workers. It also revealed that all the five safety
behaviour intervention factors are very strongly correlated
with the safety performance which in turn has influence on it.
It then averred that though these factors individually
influence the safety performance of construction workers,
they cannot be separately applied in order to achieve the
maximum improvement. The study developed a Social
Ecological Model of Safety Performance Improvement
framework through which safety can be improved in the
construction industry. The framework is the platform
through which safety can be improved on construction site. It
identified five intervention levels based on the principles of
SEM. The study also identified four strategic steps through
which safety intervention could be implemented and applied
through the framework.

The findings from this study highlighted a number of
theoretical and practical implications for social ecological
theory and practice. It has widened the scope of application
of social ecological model to construction industry. This
means that it added a new dimension in the application of
social ecological theory. It has demonstrated that the
behaviour of construction workers can be modelled into
performing safely. The relationship established between the
safety behaviour intervention factors and safety performance
indicated that construction safety can be improved through
positive behavioural change. In terms of novelty and
contribution to the existing body of knowledge, the
achievement of the study is phenomenal. It is the first study
to apply the principal of SEM in safety improvement in the
construction industry.

In the light of the significance of this study, the results
from this study generated some compelling implications for
policy, employment practice, and future research. The large,
robust association found in this study between safety
behaviour interventions and safety performance is
particularly striking, given the current workplace realities
and several efforts towards improving safety performance on

construction sites across Nigeria. More importantly, the
study empirically established relationships between safety
behaviour intervention factors and safety performance which
has given a strong footing for the development of social
ecological model of safety performance improvement. It has
exposed the dearth of research effort in this perspective and
served as a call for more research in this area. First of its kind,
the study developed social ecological model of safety
performance improvement (SEM-SPI).

The study aimed to translate these research findings into
applied recommendations for improving safety performance
and related outcomes within the Nigeria construction
industry. Therefore the study has provided resources for
further research actions. Since safety is a capital issue in the
Nigeria construction industry, the study recommended for
practical application of the model for improvement of safety
performance in the construction industry. This is because
rules, regulations and managements systems have their role
to play in improving safety performance, on their own they
are inadequate to bring about further major improvements in
safety performance which are required in the industry.
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