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Abstract Informal construction (IC) refers to construction activities carried out by individuals who are neither licensed
nor regulated, making them vulnerable to health and safety risks (HSR). This paper uses factor analysis to discern patterns in
masonry workers' HSR perceptions in IC in Dar es Salaam. By combining these perceptions into components, the study aims
to provide a comprehensive understanding of the challenges workers face in IC settings. This approach enables targeted
solutions to enhance workplace health and safety (HS), aligning with Sustainable Development Goals (SDGs) 3, 8, and 11,
which promote health, inclusivity, safety, and sustainability in communities. An interpretivist epistemological approach was
used to thoroughly review literature on workers' HSR perceptions in construction. A survey collected data from IC workers in
Dar es Salaam, Tanzania, based on 19 identified perceptions. Multivariate techniques, particularly factor analysis, was then
employed to condense variables into manageable perceptions. Using factor analysis, the study grouped 19 perceptions on
HSR among IC workers into four main factors: general workplace hazards, environmental injuries, health and ergonomic
issues, and workplace hygiene concerns. This research enhances our understanding of the issue within a previously
unexplored context. The study, conducted empirically in Tanzania, utilizes factor analysis to customize, contextualize, and
consolidate various aspects of workers' perceptions regarding HS risks in IC into distinct components.
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1. Introduction

The construction industry encompasses both formal and
informal subsectors. The informal sector encompasses
unlicensed and unregulated individuals involved in various
construction activities, including supplying both unskilled
and skilled labour for tasks like earthworks, walling, and
concrete works [7] and [8]. It refers to any construction work
undertaken by individuals, regardless of their professional
training or certification, and conducted outside of formal
agreements.

While IC occurs in both developed and developing nations,
it's particularly prevalent in developing countries grappling
with low per capita income [9] and [10]. In Beijing's historic
inner-city areas, a significant portion of the building inventory
consists of informal constructions that local residents have
gradually erected over time [11]. [10] argue that no single
framework can encompass all the diverse informal practices
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Across different regions and societies, the construction
industry has consistently been essential to a nation's economy.
It is pivotal in laying the groundwork for a thriving society
by creating infrastructure, housing, and commercial spaces
that drive economic growth and improve people's quality
of life [1] and [2]. It is also crucial, making a significant
contribution to the economy's Gross Domestic Product (GDP)
and employment levels [3]. Worldwide, the construction sector
represents approximately 6% of the global GDP, with
projections indicating that this figure could reach around
14.7% by 2030 [4] and [5]. For instance, in mainland Tanzania,
the construction sector's growth rate was about 15.1% in 2017,
up from 12.9% in 2015. This growth corresponded to a
contribution of 12.2% to the national GDP in 2017, slightly
higher than the 11.1% contribution observed in 2015 [6].
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compared to other regions. These studies explore the various
aspects of informal construction, including its nature, scale,
management, and social welfare implications for workers.

There is presence of IC practices within formal construction
projects in Tanzania. This suggests the potential for overlap
between formal and informal sectors, with formal projects
incorporating informal methods and formal land being used
for informal construction [15]. This potential overlap highlights
the significant contribution of the IC sector to the overall
construction industry and, consequently, the wider economy.
Notably, construction work can account for up to 80% of all
employment opportunities in developing countries [16].

Both formal and informal construction sectors are vulnerable
to HS risks due to their operations [17].

Effective risk management plays a vital role in minimizing
these hazards [7]. Essential aspects include defining
comprehensive safety procedures and policies, appointing
safety personnel, conducting frequent safety training sessions,
ensuring sufficient availability of personal protective equipment
(PPE), developing emergency response plans, maintaining
detailed records of workplace accidents, establishing efficient
communication systems, and providing fair compensation to
workers who sustain injuries [7]. International bodies like
the World Health Organization (WHO) and the International
Labour Organization (ILO) have introduced fundamental
standards and guidelines for occupational health and safety
in the construction industry, focusing on risk evaluation,
hazard mitigation, workforce training, and creating a secure
and healthy work environment [87] and [88]. Unfortunately,
such measures are often absent in the informal construction
sector, resulting in higher rates of accidents and injuries
[56]. Contributing factors include limited awareness of
safety protocols, lack of safety officers, inadequate training
programs, insufficient PPE, absence of emergency and risk
management plans, lack of accident documentation, partial
or no compensation for injury-related losses, ineffective
communication systems, weak governmental oversight, and
the absence of strict penalties for worker exploitation and
non-compliance with regulatory standards [87].

The nature of the work and environment in the
construction industry exposes employees to various HS risks
and occupational accidents, making it the most dangerous
industry globally [18]. Construction workers are at risk of
developing work-related health disorders due to exposure to
occupational risks [19]. HS issues on construction sites are
not limited to formal construction but are also relevant and
worse to the IC sector. The effectiveness of HS measures on
construction sites is influenced by the way construction site
stakeholders perceive risks [7]. In IC, workers are consistently
held responsible for unsafe practices and perceived lack of
awareness, leading to a rise in construction site accidents [20].

Within the realm of construction site health and safety,
a critical factor is worker risk perception (RP). This concept

encompasses a worker's ability to effectively identify and
evaluate the level of severity associated with on-site hazards
[21]. It transcends mere awareness of danger and delves into
an informed understanding of potential outcomes. It involves
recognizing the potential of a hazard to cause harm and
assessing the probability of that harm happening. [22]
highlights a critical issue in the construction industry: a
prevalent underestimation of occupational health risks among
construction workers. This manifests in their perception of
health and safety protocols as less important and their overall
lack of enthusiasm for taking preventative measures. The
aim of this paper is to use factor analysis to discern patterns
in masonry workers' HSR perceptions in IC in Dar es Salaam.
Combining perceptions into components aimed to yield a
comprehensive understanding of challenges encountered by
workers in IC settings.

A substantial body of research, including works by [23],
[21] and [24], has investigated worker risk perception within
formal construction environments. However, these studies
have largely neglected to delve into the risk perceptions of
workers operating in informal construction settings. This gap
in knowledge represents a critical limitation, as understanding
how informal construction workers perceive risks is paramount
to safeguarding their safety and well-being. In their
investigation of health and safety risk perceptions among
Tanzanian masonry workers within informal construction
settings, [7] identified and ranked approximately 19 distinct
concerns. This relatively high number of factors presents a
potential challenge in developing and implementing effective
management strategies. Naturally, it is simpler to address a
small set of combined issues than to manage a lengthy list of
problem factors. [25] presents the notion of "bounded
rationality," proposing that decision-makers are constrained
by cognitive limitations that hinder their ability to fully
consider all pertinent information and choices. Consequently,
they may concentrate on a subset of issues perceived as the
most urgent or significant. When confronted with a big number
of interconnected challenges, policymakers and practitioners
face a crucial strategic decision. They must choose whether
to address each factor individually or prioritize a manageable
subset of highly interlinked issues for their interventions [26]
and [27]. In the context of IC in Dar es Salaam, factor analysis
emerges as a vital tool to comprehensively understand the
patterns underlying masonry workers' perceptions of health
and safety risks. By systematically combining these perceptions
into distinct components, this approach can reveal crucial
insights. Such insights are instrumental in developing targeted
interventions that directly address the specific challenges
faced by IC workers. This focused approach supports the
goals set out in SDGs 3, 8, and 11 of the 2030 Agenda,
specifically ensuring health and well-being for everyone,
advancing decent work and economic growth, and encouraging
sustainable cities and communities.
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2. Literature Review

2.1. Informal Construction Sector Dynamics in Tanzania

The concept of the informal economy (IE) is believed to
have led to the emergence of the IC industry [28]. IC sector
is well described as being made up of independent workers
and small businesses that don't have formal licenses or
registrations. These groups continue to be significant in the
construction industry by providing labor and various services
[29]. Most residential buildings in the informal construction
sector are built without following current bylaws, health
insurance requirements, levies, or other legal obligations
[30]. [31] used the relationship between building permits
and cement usage to demonstrate the significant amount of
unplanned construction in Kenyan cities during the 1990s.
Despite being challenging to quantify and not well understood,
the informal construction sector is growing in both developed
and developing countries [32]. [33] highlighted that a
considerable portion of global construction output is
generated within the informal sector. In underdeveloped
nations, informal construction activities account for up to
80% of employment (ibid). The formal construction sector
relies on the IC sector for labor, which in turn provides
employment and income opportunities [12]. The Tanzanian
government's construction industry policy acknowledges
and supports the IC sector as a vigorous part of the construction

industry [34]. Due to their informal status, both clients and
artisans often neglect health and safety considerations [35].

2.2. Workers' Perception on Health and Safety Risks
in Construction Sites

On general construction sites, workers' perceptions on
health and safety risks are shaped by several factors,
including the conditions of the site, the practices of
management, and the awareness of the individuals involved.
It shows that construction workers frequently encounter
high-risk environments because their work often involves
using heavy machinery, working at heights, and handling
hazardous materials [36]. Even with the presence of
regulations and safety protocols, many workers still view
risks as unavoidable elements of their job, which can result
in a certain level of complacency. [37] contend that for
HS risk management to be effective, it is essential not only
to comply with regulatory frameworks but also to develop
a safety culture that promotes proactive identification and
mitigation of risks. Furthermore, workers' personal experiences
and the visible commitment of management to safety can
greatly impact their perceptions and attitudes toward HS
on construction sites [38]. Therefore, enhancing workers'
perception of HS risks requires a comprehensive strategy
that encompasses training, enforcement, and cultural changes
within the industry.

Table 1. A synopsis of supporting research on HSRs in construction. Adapted from Mwemezi et al. (2024)

HSRs Supporting literature

HSR1 Injury or death due to falling from height (Slip and trips) [39]; [40]
HSR2 Injury or death due to falling objects [41]; [42]; [43]
HSR3 Muscular disorder due to manual handling of materials and tools/equipment [44]; [39]
HSR4 Injury due to unintended collapse (collapsing trenches) [45]; [46
HSR5 Injury or death due to collapsing walls (for demolition works and/or poorly constructed walls) | [47]; [44]
HSR6 Diseases caused by exposure to airborne fibers and toxic materials [48]; [49.
HSR7 Injury or death due to exposure to sharp and/or protruding objects [39]

HSR8 Respiratory diseases due to inhalation of dust [44]; [50]
HSR9 Muscular disorder due to bending and twisting [46]; [50]
HSR10 | Hand and vibration syndrome (Vibratory tools) [51]

HSR11 | Diseases due to exposure to hazards such as excessive noise, heat and humidity [50]

HSR12 | Injury or death due to exposure to crushing risks from moving objects [52]; [19]
HSR13 | Sickness due to poor drinking water or poor toilet facilities [53]; [54]; [55]
HSR14 | Injury or death due to usage of equipment [46]

HSR15 | Skin sanitizers, irritants (Bitumen, acids, alkalis, cement) [52]; [56]
HSR16 | Fatigue [57]

HSR17 | Bullying and stress [44]; [50]
HSR18 | Injury caused by the environment with limited lighting [58]

HSR19 | Injury due to existence of wild animals e.g., snakes that might cause injury [47]
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Table 2.  One-sample t-test results for the perception of HSRs. Adapted from [7]

Test value Sig Mean 95% Confidence interval  Significant
HSRs Meanscore SD Rank (u=35) df 2-tailed difference of the difference (p <0.05)
t Lower Upper
HSR 15 4.15 0.916 1 12.332 303 0.000 0.648 0.54 0.75 Yes
HSR 13 4.07 0.838 2 11.775 303 0.000 0.566 0.47 0.66 Yes
HSR 1 3.98 0.908 3 9.221 303 0.000 0.480 0.38 0.58 Yes
HSR 3 3.78 0.816 4 6.046 303 0.000 0.283 0.19 0.37 Yes
HSR 9 3.72 0.884 5 4,412 303 0.000 0.224 0.12 0.32 Yes
HSR 2 3.70 0.874 6 4.069 303 0.000 0.204 0.11 0.30 Yes
HSR 7 3.67 0.839 7 3.556 303 0.000 0.171 0.08 0.27 Yes
HSR 8 3.52 0.944 8 0.304 303 0.761 0.016 -0.09 0.12 No
HSR 16 3.47 1.065 9 -0.431 303 0.667 -0.026 -0.15 0.09 No
HSR 19 3.43 1.501 10 -0.802 303 0.423 -0.069 -0.24 0.10 No
HSR 14 3.32 1.049 11 -3.061 303 0.002 -0.184 -0.30 -0.07 Yes
HSR 4 3.16 1.080 12 -5.472 303 0.000 -0.339 -0.46 -0.22 Yes
HSR 18 3.07 1.196 13 -6.281 303 0.000 -0.431 -0.57 -0.30 Yes
HSR 12 3.04 1.072 14 -7.434 303 0.000 -0.457 -0.58 -0.34 Yes
HSR 5 3.04 1.137 15 -7.064 303 0.000 -0.461 -0.59 -0.33 Yes
HSR 11 3.00 1.149 16 -7.587 303 0.000 -0.500 -0.63 -0.37 Yes
HSR 17 2.96 1.424 17 -6.564 303 0.000 -0.536 -0.70 -0.38 Yes
HSR 6 2.88 1.296 18 -8.275 303 0.000 -0.615 -0.76 -0.47 Yes
HSR 10 2.59 1.207 19 -13.115 303 0.000 -0.908 -1.04 -0.77 Yes

In the IC sector, the perception of HS risks is often
markedly different due to the lack of formal regulations and
oversight. [35] notes that both clients and artisans frequently
neglect health and safety considerations due to the informal
nature of their work. This sector, which is prevalent in many
developing countries, operates outside the purview of official
health and safety regulations, leading to higher exposure
to unsafe working conditions [30]. Workers in informal
construction sites often lack formal training and awareness
about potential risks, further exacerbating the issue. [33],
reported that as much as 80% of employment in developing
countries is derived from IC activities, highlighting the
sector's scale and importance. [12] highlight that the formal
construction sector relies on the informal sector for labor,
yet this relationship does not translate into improved safety
standards. Addressing HS in IC sites requires targeted
interventions that include education, community engagement,
and the establishment of basic safety protocols tailored to
the informal context. Table 1 now presents the list of HSRs
on construction sites, compiled from various studies.

3. Research Methodology

This study builds upon the established perceptions
about HS risks among informal workers in the informal
construction sector, as delineated and prioritized in Table 2.
In this study, factor analysis is employed to extract a smaller
set of factors from a larger array of interconnected variables.
This is an extraction of maximum common variance from all

variables and put them into a common score for making the
dataset more manageable.

3.1. Reliability and Validity of the Instrument

The structured questionnaire was designed to gather primary
data. The data were collected from masonry workers at
informal construction sites across the districts of Dar es
Salaam. Before distributing the questionnaire, a pilot study
involving seven professionals selected from the construction
industry was conducted. Professional feedback from the
survey’s pilot test was incorporated to enhance the questionnaire
before collecting primary data [59]. The questionnaire
comprised inquiries and assertions pertaining to variables
concerning informal workers' perceptions of HS risks in
informal construction. These were formulated based on a
review of literature. Each statement was evaluated on a
five-point Likert scale from 1 to 5, with a rating of 5
indicating frequent agreement with the statement. A total of
384 questionnaires were distributed to informal construction
workers, yet only 304 respondents provided their insights
on health and safety risks, yielding a response rate of
79.17%, surpassing the recommended 70% threshold for
impressiveness [60]. All statistical analyses were conducted
using IBM SPSS version 27.

3.1.1. Cronbach’s Alpha

The questionnaire's reliability was evaluated by employing
Cronbach's alpha via IBM SPSS software (version 27),
aiming to gauge the scale's reliability and internal consistency.
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This approach is applied based on the premise that several
items are measuring a shared underlying construct. For
instance, in the survey on informal workers' perceptions of
health and safety risks, there are several questions addressing
distinct aspects. However, when aggregated, they can be
considered as collectively measuring the overall perception.
Cronbach's alpha varies between 0 and 1, with a value
exceeding 0.7 generally deemed acceptable. A higher alpha
value indicates a strong correlation among the variables in
the test [61].

3.1.2. Average Variance Extracted (AVE) and
Composite Reliability (CR)

In this study, evaluating the quality of a measure of variance
was crucial. This was achieved by examining convergent
validity and composite reliability through the average variance
extracted (AVE) and composite reliability (CR) coefficients.
AVE quantifies the extent to which a construct's variance
relates to the variance attributed to measurement error [62];
[63]. To be precise, AVE serves as a metric for assessing
convergent validity.

Convergent validity was utilized to assess the degree of
correlation among multiple indicators of the same construct
that exhibit agreement. To ascertain convergent validity,
calculations of factor loading of items, composite reliability,
and average variance extracted (AVE) are required [64].
AVE and CR values range from 0 to 1, with higher values
reflecting greater reliability. An AVE of 0.5 or higher confirms
convergent validity. The average variance extracted is
calculated by summing the squared loadings and dividing
by the number of items [64].

Composite reliability is a measure used to assess the
internal consistency of items within a scale [65]. As noted
by [62], composite reliability represents the shared variance
among observed variables that represent a latent construct.
Acceptable values generally range from 0.6 to 0.7, with
higher values above 0.7 being preferred in more advanced
stages of analysis. Additionally, [62] propose that if the average
variance extracted (AVE) is below 0.5 but the composite
reliability is above 0.6, the construct's convergent validity is
still considered adequate.

3.2. Factor Analysis

In this study, exploratory factor analysis (EFA) was used
to examine the dataset, with the goal of revealing complex
relationships among items and grouping items that
contribute to unified concepts. Due to its exploratory nature,
factor analysis does not differentiate between independent
and dependent variables. Instead, it clusters similar variables
into factors to reveal underlying constructs, relying only on
the data's correlation matrix [66]. In this study, factor
analysis using principal components extraction was applied
to determine if the statements reveal distinct factors related
to informal workers' perceptions of HS risks in IC. Principal
component analysis (PCA) is a statistical method used to
capture variation by calculating principal data components to

reveal significant patterns within the dataset [67].

Factor analysis generally involves three main stages:
a) assessing the suitability of the data, b) extracting factors,
and c) rotating and interpreting factors. These steps can be
described as follows:

3.2.1. Evaluation of the Appropriateness of the Data

To determine if the dataset is suitable for factor analysis,
both the sample size and the extent of correlation among
the variables must be considered [68]; [69]. Generally, it is
recommended to have a larger sample size for factor analysis,
ideally about ten cases per item. Even with a smaller sample
size, adequacy can still be achieved if the solutions show
several marker variables with high loadings, typically below
0.80 [70]. Evaluating the strength of relationships among
the items requires ensuring that the correlation coefficient in
the correlation matrix is greater than 0.3. Multicollinearity,
a form of disturbance characterized by significant inter-
correlations among independent variables, can distort analysis
outcomes. It renders some variables statistically insignificant,
undermining the reliability of statistical inferences drawn
from the data [71]; [68]. Therefore, the presence of
multicollinearity among the variables is assessed using the
determinant score.

a) Determinant Score

The determinant value serves as a crucial indicator for
multicollinearity or singularity. A determinant score exceeding
0.00001 in the correlation matrix indicates the absence of
multicollinearity. If the determinant value falls below
0.00001, it becomes necessary to identify pairs of variables
exhibiting correlation coefficients (r) greater than 0.8 and
contemplate removing them from the analysis. A lower score
may indicate that clusters of three or more questions/
statements display significant inter-correlations, thus
prompting a reduction in the threshold for item elimination
until this condition is met. If correlation is singular, the
determinant |R| equals 0 [72]; [70].

b) Factorability of the Data

Two statistical measures are employed for evaluating the
factorability of data in factor analysis: the Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy and Bartlett’s
test of Sphericity [70]. In order to assess the suitability of
the data regarding the perceptions of health and safety risks
among informal construction workers in the Tanzanian
informal construction sector for subsequent analysis, the
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy
(MSA) and Bartlett test of sphericity (BTS) were performed.

These two tests establish the minimum criteria that the
data must meet to be deemed suitable for further analysis.
The Kaiser-Meyer-Olkin (KMO) value ranges from 0 to 1,
with a minimum threshold of 0.50 recommended [73]; [74].
The Bartlett test assesses whether the correlation matrix
significantly differs from the identity matrix, where all
diagonal elements are 1 and all other elements are 0. The
Bartlett test evaluates the magnitude of relationships among
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variables, and its significance level is necessary for the data
to be deemed appropriate for analysis [73].

3.2.2. Factor Extraction

Factor extraction involves identifying the minimum number
of factors necessary to effectively capture the relationships
among the variables. Various methods exist for determining
the appropriate number of underlying factors. Principal
component analysis (PCA) and common factor analysis are
commonly employed for obtaining factor solutions [70]. In
this study, PCA was utilized since the aim was to analyze
the data to derive the smallest number of factors needed to
represent the dataset effectively.

Determining the Optimal Number of Factors for Extraction

This study employs two methods to aid in determining the
appropriate number of factors to retain: Kaiser's Criterion
and the Scree Test. Both Kaiser's Criterion (also known as
the Eigenvalue Criterion) and the Scree Test help establish
the number of initial unrotated factors to extract. The
eigenvalue represents the ratio of shared variance to unique
variance explained by a particular extracted factor [69].

a) Kaiser’s (Eigenvalue) Criterion

The eigenvalue of a factor signifies the proportion of total
variance accounted for by that factor. In factor analysis,
factors with eigenvalues exceeding one are retained. This
rule is founded on sound reasoning: an eigenvalue surpassing
one is deemed significant, indicating that the factor explains
more shared variance than unique variance [75]. Measure
and composite variables belong to distinct categories.
Factors are latent constructs formed by combining measured
variables and thus should comprise more than just one
measured variable. However, eigenvalues, like all sample
statistics, are subject to sampling error [76].

Therefore, it is crucial for the researcher to exercise
discretion when employing this approach to decide on the
number of factors to extract or retain [77].

b) Scree Test

A visual method for determining the number of factors,
using a scree plot, was introduced by Cattell in 1996. This
plot displays the magnitudes of eigenvalues on the vertical
axis against the corresponding factor numbers on the horizontal
axis [78]. Within the graph, the eigenvalues are represented
as dots, connected by a line. Factor extraction is recommended
to cease at the point where a distinct 'elbow' or leveling
occurs in the plot [73]. This test aids in identifying the optimal
number of factors that can be extracted before the unique
variance starts to outweigh the shared variance structure [79].

3.2.3. Factor Rotation and Interpretation

Interpreting factors derived during the initial extraction
phase can be challenging due to substantial cross-loadings,
where multiple factors exhibit correlations with numerous
variables. Factor rotation can be approached in two main

ways: orthogonal (uncorrelated) or oblique (correlated) factor
solutions [73]. In this research, orthogonal factor rotation
was employed due to its tendency to yield solutions that are
simpler to interpret and present. The varimax, quartimax,
and equimax methods are associated with orthogonal
rotation. Additionally, the Varimax technique was used in
this study as introduced by [80], aims to reduce the number
of variables with high loadings on each factor. Varimax
primarily emphasizes maximizing differences among the
squared pattern structure coefficients on a factor, focusing
on a column perspective. The goal of rotation is to
maximize the spread in loadings, enhancing high loadings
after extraction and further lowering low loadings. If the
rotated component matrix reveals numerous significant
cross-loading values, it is advisable to conduct another factor
analysis iteration. This iteration aims to ensure that each
item is loaded onto only one component by eliminating all
variables with cross-loadings [77].

4. Results and Discussion

This section presents the results obtained using the
statistical software IBM SPSS version 27. The study
included 304 informal construction workers from the Dar es
Salaam region. The majority of workers (46%) fell into the
age group of 18 to 35 years, followed by 33% aged between
36 to 45 years. Workers had a minimum of six years of work
experience, indicating that most respondents possessed the
necessary maturity and experience to participate in the survey.
The vast majority, 95.4%, were male, highlighting the limited
involvement of females in informal construction work.

This study has adhered to three primary stages in conducting
factor analysis: a) evaluating the appropriateness of the data,
b) extracting factors, and c) rotating and interpreting the
factors.

4.1. Stage 1: Evaluation of the Appropriateness
of the Data

In evaluating the dataset's suitability for factor analysis
in this study, considerations such as sample size and the
strength of relationships among the items were considered.
Additionally, the Kaiser-Meyer-Olkin measure was utilized
to gauge the data's adequacy for factor analysis. Similarly,
Bartlett’s test of Sphericity, correlation matrix, and determinant
score were calculated to assess the dataset's suitability for
effective factor analysis [81].

Factor analysis necessitates relatively sizable samples,
with certain recommendations specifying minimum sample
sizes ranging from n=100 to n=500 [73]. [69] indicates that
several textbooks provide guidance on recommended
sample sizes for factor analysis: 100 is deemed poor, 200
fair, 300 good, 500 very good, and 1000 or more excellent.
The sample size for the study was 304 informal construction
workers which is good for factor analysis.
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Table 3 indicates that the correlation matrix exhibits
enough correlations, supporting the use of factor analysis.
The matrix reveals that only a small number of items
have inter-correlations exceeding 0.3 among the variables,
suggesting that the proposed factor model is appropriate.
The determinant value serves as a significant indicator for
multicollinearity. With a determinant score of 0.044, which
exceeds 0.00001, it suggests the absence of multicollinearity
[71]; [68].

Table 4 illustrates that the KMO value for the dataset in
this study was 0.900, surpassing the threshold of 0.50, while
the BTS value was found to be significant at p=0.000. The
KMO value of 0.900 exceeds the recommended threshold of
0.6 [82]; [83], and Bartlett’s Test of Sphericity [84] yielded
statistical significance, affirming the factorability of the dataset.

Table 4. KMO and Bartlett’s test for perceptions of workers on HSRs in IC.

Authors own work

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.900
Approx. Chi-Square  3812.987
Bartlett's Test of Sphericity df 171
Sig. 0.000

4.2. Stage 2: Factor Extraction

Kaiser's criterion and the Screen test were employed to
ascertain the number of initial unrotated factors for

extraction. The eigenvalues linked with each factor indicate
the variance explained by those particular linear components.
Any coefficient value below 0.5 is disregarded, leading to
the exclusion of factor loadings below 0.5 [82].

Table 5 illustrates the eigenvalues and the total variance
explained. Principal component analysis was employed as
the factor extraction method in this study. Prior to extraction,
nineteen linear components were identified within the
dataset. Following extraction and rotation, four distinct
linear components remained within the dataset, each with
eigenvalues exceeding 1. These four factors collectively
account for 70.4% of the total variance. It is recommended
that the retained factors explain at least 50% of the total
variance [81]; [69]. The result indicates that four factors
can account for 70.4% of the common variance among the
nineteen variables. This aligns with the KMO value of
0.900, indicating a favourable suitability for factor analysis
with these variables. This preliminary outcome implies that
the ultimate solution will likely yield no more than four
factors. The first component has accounted for 33.7% of the
total variance, corresponding to an eigenvalue of 7.53. The
second component explains 14.4% of the variance, with an
eigenvalue of 2.62. Similarly, the third component accounts
for 13.25% of the variance, with an eigenvalue of 1.87,
while the fourth component explains 9.07% of the variance,
with an eigenvalue of 1.37.

Table 5. Eigenvalues (EV) and Total Variance Explained. Authors own work

Initial Eigenvalues Extractiorlj:g;sgc;f Squared Rotation Sums of Squared Loadings
Component % of . % of . % of .
Total Variance Cumulative % | Total Variance Cumulative % | Total Variance Cumulative %
1 7.534 39.651 39.651 7.534 39.651 39.651 6.395 33.659 33.659
2 2.615 13.765 53.416 2.615 13.765 53.416 2.744 14.440 48.099
3 1.865 9.818 63.235 1.865 9.818 63.235 2.518 13.254 61.353
4 1.366 7.190 70.425 1.366 7.190 70.425 1.724 9.072 70.425
5 0.942 4.957 75.382
6 0.644 3.388 78.770
7 0.591 3.112 81.882
8 0.513 2.698 84.580
9 0.452 2.380 86.959
10 0.385 2.024 88.984
11 0.335 1.762 90.746
12 0.293 1.540 92.285
13 0.260 1.366 93.651
14 0.246 1.295 94.946
15 0.224 1177 96.123
16 0.212 1.118 97.241
17 0.191 1.004 98.245
18 0.171 0.897 99.142
19 0.163 0.858 100.000

Extraction Method: Principal Component Analysis.
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Figure 1. The scree plot showing extracted factors on 19 identified perceptions of workers on HSRs in IC. Authors own work

Table 6. Rotated component matrix® for the perceptions of workers on HSRs in IC. Authors own work

Perceptions Companent
1 2 3 4
Perceived General Workplace Hazards and Safety Risks
Injury caused by the environment with limited lighting 0.902
Hand and vibration syndrome (Vibratory tools) 0.858
Diseases caused by exposure to airborne fibers and toxic materials 0.852
Injury or death due to exposure to crushing risks from moving objects 0.820
Injury due to unintended collapse (collapsing trenches) 0.809
Injury or death due to collapsing walls (for demolition works and/or poor
constructed walls) 0.808
Diseases due to exposure to hazards such as excessive noise, heat and humidity 0.804
Injury or death due to usage of equipment 0.607
Respiratory diseases due to inhalation of dust 0.584
Perceived Occupational Injuries from Environmental Factors
Skin sanitizers, irritants (Bitumen, acids, alkalis, cement) 0.866
Injury or death due to falling from height (Slip and trips) 0.803
Injury or death due to falling objects 0.753
Injury or death due to exposure to sharp and/or protruding objects 0.565
Perceived Occupational Health and Ergonomic Issues
Muscular disorder due to manual handling of materials and tools/equipment 0.784
Muscular disorder due to bending and twisting 0.772
Bullying and stress 0.604
Fatigue 0.679
Perceived Workplace Health and Hygiene Concerns
Sickness due to poor drinking water or poor toilet facilities 0.841
Injury due to existence of wild animals e.g., snakes that might cause injury 0.708
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 6 iterations.
Table 7. Reliability, Average Variance Extracted (AVE) and Composite Reliability (CR). Authors own work
Factor Factor interpretation Cronbach a (reliability) AVE CR
1 Perceived General Workplace Hazards and Safety Risks 0.937 062 094
2 Perceived Occupational Injuries from Environmental Factors 0.763 057 084
3 Perceived Occupational Health and Ergonomic Issues 0.705 051 0.80
4 Perceived Workplace Health and Hygiene Concerns 0.721 060 0.75
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Figure 1 illustrates the Scree test, where a graph presents
eigenvalues on the y-axis against the component numbers
in their order of extraction on the x-axis. Initially, larger
factors with higher eigenvalues are extracted, followed by
smaller ones. The scree plot aids in identifying the number
of factors to retain. In this instance, the plot indicates four
factors with eigenvalues exceeding one, which collectively
explain a significant portion of the total variability in the data.
Conversely, the remaining factors contribute minimally to
the variability and are deemed less important [73].

4.3. Stage 3: Factor Rotation and Interpretation

The current research employed principal component
analysis for extraction and varimax orthogonal rotation with
Kaiser normalization. Table 6 displays factor loading
post-extraction. Factor loading values depict the association
of each variable with the underlying factors. Variables with
substantial loading values exceeding 0.50 signify their
representativeness of the factor [77].

Component 1 is denoted as 'perceived general workplace
hazards and safety risks' and encompasses nine items: injury
resulting from poor lighting conditions in the environment,
hand and vibration syndrome (associated with vibratory
tools), diseases stemming from exposure to airborne fibers
and toxic substances, risks of injury or fatality due to being
crushed by moving objects, injuries resulting from unintended
trench collapses, risks of injury or fatality due to collapsing
walls (in demolition or poorly constructed settings), diseases
resulting from exposure to excessive noise, heat, and
humidity, risks of injury or fatality due to equipment use,
and respiratory diseases caused by inhaling dust. The
correlation coefficients between these items in component 1
are 0.902, 0.858, 0.852, 0.820, 0.809, 0.808, 0.804, 0.607,
and 0.584, respectively. Component 1, representing perceived
general workplace hazards and safety risks, accounts for
34% of the total variance, with an eigenvalue of 7.53. The
structure of the component illustrates its broad associations
with workplace dangers and safety concerns. This is supported
by the inclusion and discussion of various elements within
the component as a general health and safety hazards in the
workplace as discussed by the existing literature [44], [50]
and [46]. Studies have indicated that the items within the
component represent perceived general health and safety
risks in the workplace, as emphasized by [58], [51], [19],
[48] and [45]. Hence, this component may be renamed as a
“perceived general workplace hazards and safety risks.”

The second component entitled as ‘perceived occupational
injuries from environmental factors’ explained 14.4% variance
with eigenvalue 2.62. This component contained four variables
such as skin sanitizers, irritants (Bitumen, acids, alkalis,
cement), injury or death due to falling from height (Slip and
trips), injury or death due to falling objects and injury or
death due to exposure to sharp and/or protruding objects
with the correlation of 0.866, 0.803, 0.753, and 0.565 with
component 2 respectively. Studies such as [56], [43], [42],
[52], [85] and [40] corroborate the significance of the items

in this component, as they are closely related to environmental
factors in the workplace that can lead to occupational injuries.
Hence, this component may be renamed as a “perceived
occupational injuries from environmental factors.”

The component 3 is marked as ‘perceived occupational
health and ergonomic issues’. It contains four items namely
muscular disorder due to manual handling of materials
and tools/equipment, muscular disorder due to bending and
twisting, bullying and stress and fatigue which have a
correlation of 0.784, 0.772, 0.604, and 0.679 with component
3 respectively. The third component explained 13.25%
variance with eigenvalue 1.87. The four items of the third
component tend to agree according to their combination as
shown in various studies such as [57], [49] and [39]. Hence,
this component may be renamed as a “perceived occupational
health and ergonomic issues.”

Component 4 is designated as ‘perceived workplace
health and hygiene concerns’. It contains two items namely
sickness due to poor drinking water or poor toilet facilities
and injury due to existence of wild animals e.g., snakes that
might cause injury which have a correlation of 0.841 and
0.708 with component 4 respectively. The fourth component
explained 9.07% variance with eigenvalue 1.37. The two
grouped items of the fourth component seemed to match
with the respective component as they are corroborated with
the existing literature such as [47], [53], [54] and [55].
Hence, this component may be renamed as a “perceived
workplace health and hygiene concerns.”

4.4, Reliability and Validity Test Results

To validate internal consistency, Cronbach’s alpha is
computed to assess the accuracy and reliability of the
instrument. A Cronbach’s alpha value above 0.7 is considered
satisfactory as a threshold for adequacy [61]. The hFigh
Cronbach's alpha values (0.94, 0.76, 0.71, and 0.72) for the
four components in Table 7 which are perceived general
workplace hazards and safety risks, perceived occupational
injuries from environmental factors, perceived occupational
health and ergonomic issues, and perceived workplace health
and hygiene concerns demonstrate the reliability of the survey
instrument. With a Cronbach’s alpha coefficient of 0.90,
surpassing the threshold of 0.7 for total scale reliability, it is
evident that the variables demonstrate a correlation with
their respective component groupings, indicating internal
consistency. Convergent validity is confirmed when the
average variance extracted equals or exceeds 0.5 [64]. The
AVE values for the components concerning perceived
general workplace hazards and safety risks, perceived
occupational injuries from environmental factors, perceived
occupational health and ergonomic issues, and perceived
workplace health and hygiene concerns are 0.62, 0.57, 0.51,
and 0.60 respectively. In accordance with Shrestha (2021)
criteria, an AVE value of = 0.5 signifies convergent validity.
It is evident from Table 7 that all AVE values meet or
exceed this threshold. Moreover, as shown in Table 7, the
composite reliability values for components 1, 2, 3, and 4
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are 0.94, 0.84, 0.80, and 0.75 respectively. This indicates the
internal consistency among the scale items [62].

5. Conclusions

This study extracted few factors components from the
large number of perceptions of health and safety risks among
masonry workers in the informal construction sector of Dar
es Salaam, Tanzania so as to be more manageable. Through
the application of factor analysis, distinct patterns emerged,
leading to the identification of four key perceived components.
These are general workplace hazards and safety risks,
injuries from environmental factors, occupational health and
ergonomic issues, and workplace health and hygiene concerns.
By consolidating these perceptions into comprehensive
components, a nuanced understanding of the challenges
faced by workers in informal construction settings has
been achieved. This approach facilitates the development of
targeted interventions aimed at promoting workplace health
and safety, aligning with SDGs related to health, economic
growth, and resilient urban environments. By addressing the
combined health and safety risks identified in this study,
stakeholders can effectively prioritize measures to enhance
the well-being of masonry workers and contribute to broader
sustainable development objectives.

5.1. Significant Contributions and Implications

The study makes three significant contributions. Firstly,
it identifies components of perceived occupational health
and safety risks, crucial for enhancing worker welfare in
Tanzania's informal construction sector. Secondly, it fills
knowledge gaps, aligning with [86] acknowledgment of such
contributions. Additionally, it sheds light on health and
safety risk perceptions among informal construction workers
in Tanzania, an under-researched area. Moreover, it extends
efforts to understand perceptions across developing economies,
particularly within Sub-Saharan Africa, where health and
safety standards in informal construction are still evolving.

5.2. Practical Implications

The study's findings carry practical and policy implications,
especially for masonry workers in informal construction and
regulatory institutions addressing health and safety concerns
in Tanzania's construction sector. This study's insights can
empower authorities like OSHA to better manage HSR in IC.
By pinpointing key concerns, it can inform policymakers in
revising relevant policies. Factor analysis provided a clear
picture, allowing decision-makers to focus on actionable
workers’ HSR perceptions in IC instead of overwhelming
details. This knowledge can significantly improve health and
safety practices in IC.

5.3. Research limitations and Recommendation for
Further Research

The following limitations are noted. Geographic and

Economic Contexts: The study collected data from the informal
construction sector (ICS) in Dar es Salaam, Tanzania. However,
due to variations in geographic and economic conditions,
the study's findings cannot be generalized to other regions
within Tanzania or beyond. Trade-Specific Focus: The study
specifically examined masonry workers (MW) within the
ICS. Future research should explore the perceptions of health
and safety risks (HSR) from other trades (such as painters,
welders, carpenters, joiners, etc.) in the Tanzanian ICS, as
different trades may have varying perspectives on HSR.
Comparative Analysis: Future studies could compare the ICS
industry with other informal industries in terms of business
size and related factors. In summary, these limitations highlight
areas for further investigation and potential avenues for
enhancing our understanding of health and safety in the
construction sector.

Disclosure Statement

No potential conflicts of interest were disclosed by the
authors.

REFERENCES

[1] Oyedele, O.A. (2016), "Impacts of construction industry on
socio-economic development of Nigeria", Research Gate.

[2] Serogina, D., Pushkar, T. and Zhovtiak, H. (2022), "The
Impact of the Construction Industry on the Social and
Economic Development of Territories", Scientific Bulletin of
the National Academy of Statistics, Accounting and Audit,
1-2, pp. 59-65, doi:10.31767/nasoa.1-2-2021.08.

[3] Makoye, M., Mlinga, R.S. and Ndanshau, M.O.A. (2022),
“Impact of macroeconomic factors on performance of
construction industry in Tanzania”, International Journal of
Construction Management, Vol. 23 No. 15, pp. 1-12,
doi: 10.1080/15623599.2022.2084259.

[4] Perspectives, A.O.E.G.C. (2015), A Global Forecast for the
Construction Industry by 2030.

[5] Schwab, O., Buehler, M.M., WenHsiu, S.W. and Castilla, L.
(2018), "Future Scenarios and Implications for the Industry".
In World Economic Forum.

[6] United Republic of Tanzania (2019), “National accounts
statistics of Tanzania mainland (2012-2018) in the revised
GDP series base year 2015, First Edition, Ministry of
Finance and Planning, Tanzania Government printer, Dodoma.

[71 Mwemezi, B.R., Kikwasi, G.J. and Phoya, S. (2024),
“Perception of masonry workers on health and safety risks in
informal construction sites in Dar Es Salaam, Tanzania”,
International Journal of Construction Management, Vol. 24
No. 12, pp. 1305-1313, doi: 10.1080/15623599.2022.2163556.

[8] Sanga, S.A. (2020), "Compliance with Building Material
Specifications among Informal Skilled Construction Workers
in Dar es Salaam, Tanzania", Journal of Construction in
Developing Countries, VVol. 25 No. 2, d0i:10.21315/jcdc2020.
25.2.3.



12

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Benson Rugalema Mwemezi:

Exploring Multifaceted Dimensions of Health and Safety Risk Perceptions: A Factor

Analysis Approach Among Masonry Workers in Informal Construction Sites, Dar es Salaam, Tanzania

Atapattu, A.HAA.T.L., Abenayake, M., Dilakshan, R. and
Sandupama, A.V.P.U. (2019), “A framework for regulatory
bodies to control informal building construction in Sri lanka”,
in Sandanayake, Y.G., Gunatilake, S. and Waidyasekara,
A. (EDs), World Construction Symposium, pp. 23-32,
doi:10.31705/WCS.2019.3.

van Heumen, L. and Roos, M. (Eds) (2019), The Informal
Construction of Europe, Routledge, London,
doi: 10.4324/9781351141482.

Zhang, J. (1997), “Informal construction in Beijing’s old
neighborhoods”, Cities, Vol. 14 No. 2, pp. 85-94,
doi: 10.1016/S0264-2751(96)00046-7.

Mlinga, R.S. and Wells, J. (2002), "Collaboration between
formal and informal enterprises in the construction sector in
Tanzania", Habitat International, VVol. 26 No. 2, pp. 269-280.

Phoya, S., Kikwasi, G., Sospeter, N.G. and Novatus, M. (2018),
“Selection of risk management strategies in informal construction
sector”, Journal of Civil Engineering and Architecture, Vol.
12 No. 6, pp. 408-415, doi: 10.17265/1934-7359/2018.06.002.

Riisgaard, L. (2022), "What is a Worker? Framing People in
the Informal Economy as Part of the Trade Union Constituency
in Kenya and Tanzania". Global Labour Journal, Vol. 13 No.
2, pp. 209-228, doi:10.15173/glj. v13i2.4597.

Malewo, A. (2012), “Evaluation of extent of informality in
the formal construction settings in Tanzania: the case of
Mbezi beach and Tegeta formal areas”, MSc dissertation,
Ardhi University, Dar es Salaam.

Hedidor, D. and Bondinuba, F.K. (2017), "Exploring concrete
materials batching behaviour of artisans in Ghanas informal
construction sector”, Journal of Civil Engineering and
Construction Technology, Vol. 8 No. 5, pp. 35-52,
doi:10.5897/jcect2017.0439.

Mamin, F.A., Dey, G. and Das, S.K. (2019), "Health and
safety issues among construction workers in Bangladesh",
International Journal of Occupational Safety and Health, Vol. 9
No. 1, pp. 13-18.

Adegboyega, A.A., Eze, C.E. and Sofolahan, O. (2021),
"Health and safety (HS) risks normalization in the construction
industry: the SMEs perspective"”, Independent Journal of
Management & Production, Vol. 12 No. 5, pp. 1466-1495,
d0i:10.14807/ijmp.v12i5.1417.

Nghitanwa, E.M. and Zungu, L. (2017), "Occupational Health
and Safety Status in the Windhoek Construction Industry: A
Namibian Perspective"”, Open Journal of Safety Science and
Technology, Vol. 7 No. 3, pp. 113-127,
doi:10.4236/0jsst.2017.

Gervas, A., Kinyondo, G., Torm, N. and Anasel, M. (2022),
"Occupational Health and Safety in Tanzanian Construction
Sector: Incompliance, Informality, and Power Relations",
PanAfrican Journal of Governance and Development, Vol. 3
No. 1, pp. 186-215. doi:10.46404/panjogov.v3i1.3581.

Chaswa, E.N., Bobby, I., Kosamu, M., Kumwenda, S. and
Utembe, W. (2020), "Risk Perception and Its Influencing

Factors among Construction Workers in Malawi", Safety, Vol.

6 No. 33, pp. 1-12, doi:10.3390/safety6020033.

Si, Y. (2017), "Quality Management of Construction Site of
Construction Decoration Engineering", Journal of Architectural
Research and Development, Vol. 1 No. 3.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

Abbas, M., Mneymneh, B.E. and Khoury, H. (2018),
"Assessing on-site construction personnel hazard perception
in a Middle Eastern developing country: An interactive
graphical approach"”, Safety Science, 103, pp. 183-196,

doi: 10.1016/j.ss¢i.2017.10.026.

Man, S.S., Chan, AH.S. and Alabdulkarim, S. (2019),
"Quantification of risk perception: Development and validation
of the construction worker risk perception scale” Journal of
Safety Research, Vol. 71, pp. 25-39.

Simon, H. (2000), "Theories of Bounded Rationality",
Central Currents in Social Theory: The Roots of Sociological
Theory, pp. 1700-1920.

Lindblom, C. (2018), The science of “muddling through.” In
Classic readings in urban planning, pp. 31-40. Routledge.

Quiggin, J. (2012), Zombie economics: How dead ideas still
walk among us. Princeton University Press.

Ohnsorge, F. and Yu, S. (2021), "The long shadow of
informality", World Bank Group.

Mwemezi, B.R., Kikwasi, G. J. and Phoya, S. (2023), "The
Paradox of Health and Safety Risks: A Disclose of Handling
Strategies in Informal Construction Sites in Tanzania". The
Indonesian Journal of Occupational Safety and Health, Vol.
12 No. 3, pp. 372-381.

Wells, J. (2007), “Informality in the construction sector in
developing countries”, Construction Management and Economics,
Vol. 25 No.1, pp. 87-93, doi: 10.1080/01446190600601339.

Wells, J. (1998), “The informal sector and the construction
industry”, First Meeting of CIB Group 29: Managing
Construction Industry in Developing Countries. 21-23 sept,
1998, AICC, Arusha, Tanzania, pp. 111-123.

Jewell, C., Flanagan, R. and Cattell, K. (2005), "The effects of
the informal sector on construction”, Construction Research
Congress 2005: Broadening Perspectives - Proceedings of the
Congress, pp. 797-806, doi:10.1061/40754(183)78.

Farrell, D. (2004), "The Hidden Dangers of the Informal
Economy", McKinsey Quarterly, 3, pp. 26-37.

URT. (2003). Construction Industry Policy.

Mwemezi, B.R. (2018), “Administration of agreement
practice in the informal construction sector: a case of Goba
and Madale Dar Es Salaam”, International Journal of Construction
Engineering and Management, VVol. 7 No.1, pp. 22-28,

doi: 10.5923/j.ijcem.20180701.02.

Hallowell, M.R. and Gambatese, J.A. (2009), "Construction
safety risk mitigation”, Journal of Construction Engineering
and Management, Vol. 135 No. 12, pp. 1316-1323,
doi:10.1061/(ASCE)C0.1943-7862.0000107.

Lingard, H.C., Cooke, T. and Blismas, N. (2010), "Properties
of group safety climate in construction: The development
and evaluation of a typology". Construction Management and
Economics, Vol. 28 No. 10, pp. 1099-1112.

Mohamed, S. (2002), "Safety climate in construction site
environments”, Journal of Construction Engineering and
Management, Vol. 128 No. 5, pp. 375-384.

Okoye, P.U. (2018), "Occupational Health and Safety Risk
Levels of Building Construction Trades in Nigeria", Construction



[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

International Journal of Construction Engineering and Management 2025, 14(1): 1-14

Economics and Building, Vol. 18 No. 2, pp. 92-109.

Zaini, M.N.Z., Salleh, M.A.M., Hasmori, M.F. and Abas, N.H.
(2020), “"Effect of Accident Due to Fall from Height at
Construction Sites in Malaysia", In IOP Conference Series:
Earth and Environmental Science, Vol. 498 No. 1, pp. 1-7,
doi:10.1088/1755-1315/498/1/012106.

Williams, O.S., Hamid, R.A. and Misnan, M.S. (2019),
"Causes of building construction related accident in the
south-western states of Nigeria”, International Journal of
Built Environment and Sustainability, VVol. 6 No. 1, pp. 14-22,
doi:10.11113/ijbes. v6.n1.313.

Li, C. and Ding, L. (2019), "Falling Objects Detection for
Near Miss Incidents lIdentification on Construction Site",
Computing in Civil Engineering. ASCE, pp. 105-113.
http://toc.proceedings.com/49478webtoc.pdf.

Chew, M.Y.L. (2021), "Facade inspection for falling objects
from tall buildings in Singapore", International Journal of
Building Pathology and Adaptation, Vol. 41 No. 6, pp.
doi:10.1108/1JBPA-10-2020-0087.

Gbajobi, C., Ojo, G.K., Aduloju, T.O. and Fawale, T.S.
(2018), "Contractors’ Response to health and safety risk in
construction site in Southwestern Nigeria", International
Journal of Development and Sustainability, Vol. 7 No. 10, pp.
2414-2422.

Winge, S. and Albrechtsen, E. (2018), "Accident types and
barrier failures in the construction industry", Safety Science,
Vol. 105, pp. 158-166. doi: 10.1016/j.ssci.2018.02.006.

Phoya, S. (2012), “Health and safety risk management in
building construction sites in Tanzania: the practice of risk
assessment, communication and control”, Licentiate dissertation,
Chalmers Tekniska Hogskola.

Bhole, S.A. (2016), "Safety Problems and Injuries on Construction
Site: A Review", International Journal of Engineering and
Techniques, Vol. 2 No. 4, pp. 24-35.

Baron, P. A. (2001), "Measurement of Airborne Fibers: A
Review", Industrial Health, Vol. 39 No. 2, pp. 39-50.

Mohammed, A.R. (2014), "Health and Safety Management
on Construction Projects Sites. Doctoral dissertation”, Eastern
Mediterranean University.

Hasan, M.M., Khanam, R., Zaman, A.K.M.M. and lbrahim,
M. (2017), "Occupational Health and Safety Status of Ongoing
Construction Work in Patuakhali Science and Technology
University, Dumki, Patuakhali”, Journal of Health and
Environmental Research, Vol 3 No. 5, pp. 72-83,
doi:10.11648/j.jher.20170305.11.

Weir, E. and Lander, L. (2019), "Hand-arm vibration syndrome",
Canadian Medical Association Journal, Vol. 57 No. 6, pp.
347-349, doi:10.1503/cmaj.045314.

Phoya, S., Eliufoo, H., Pietrzyk, K. and Nystrom, M. (2011),
"Assessment of Health and Safety Risk Perception of Site
Managers, Supervisors and Workers in Tanzania Urban
Construction Sites", In Proceedings of the Prevention: Means
to End of Safety and Health Incidents and Illiness Conference,
Washington, DC, USA, 24-26 August 2011.

Kheni, N.A., Dainty, A.R.J. and Gibb, A. (2008), "Health and
safety management in developing countries: A study of
construction SMEs in Ghana", Construction Management and

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

(63]

[64]

[65]

[66]

[67]

[68]

13

Economics, Vol. 26 No. 11, pp. 1159-1169,
doi:10.1080/01446190802459916.

Muiruri, G. and Mulinge, C. (2014), "Health and Safety
Management on Construction Projects Sites in Kenya: A Case
Study of Construction Projects in Nairobi County”, FIG
Congress 2014, Engaging the Challenges — Enhancing the
Relevance. Kuala Lumpur, Malaysia, June 2014, pp. 1-14.

Ng’ang’a, K.K., Ngigi, P., Siboe, I., Ongundo, D. and Wanyona,
G. (2014), "Health and Safety Conditions at Construction
Sites in Nairobi County, Kenya", In Scientific Conference
Proceedings, 2002, 8.http://elearning.jkuat.ac.ke/journals/ojs
/index.php/jscp/article/view/1060.

Ahmed, |., Shaukat, M.Z., Usman, A., Nawaz, M.M. and
Nazir, M. S. (2018), "Occupational health and safety issues in
the informal economic segment of Pakistan: a survey of
construction sites”, International Journal of Occupational
Safety and Ergonomics, Vol. 24 No. 2, pp. 240-250,
doi:10.1080/10803548.2017.1366145.

Alhajeri, M. (2011), "Health and safety in the construction
industry: challenges and solutions in the UAE", Doctoral
dissertation, Coventry University, Coventry.

Mitullah, W.V. and Wachira, I.N. (2003), Informal labour in
the construction industry in Kenya: A case study of Nairobi
(Issue ILO Working Papers 995164748402676).

Fasha, G.S. (2015), “Cultural orientation, service performance
and customer satisfaction as antecedents of corporate
reputation in the Tanzania banking industry”, Ph.D Thesis,
Pretoria: University of Pretoria.

Mugenda, O.M. and Mugenda, A.G. (2003), Research
methods: Quantitative & qualitative approaches, VVol. 2 No. 2.
Acts press Nairobi.

Taber, K.S. (2018), "The use of Cronbach’s alpha when
developing and reporting research instruments in science
education”, Research in Science Education, Vol. 48, pp.
1273-1296.

Fornell, C. and Larcker, D.F. (1981), "Evaluating structural
equation models with unobservable variables and measurement
error”, Journal of Marketing Research, Vol. 18 No. 1, pp.
39-50.

Haji-Othman, Y. and Yusuff, M.S.S. (2022), "Assessing
Reliability and Validity of Attitude Construct Using Partial
Least Squares Structural Equation Modeling", International
Journal of Academic Research in Business and Social
Sciences, Vol. 12 No. 5, pp.378-385.

Hair Jr, J., Hair Jr, J.F., Hult, G.T.M., Ringle, C.M. and
Sarstedt, M. (2021), A primer on partial least squares structural
equation modeling. Sage publications.

Netemeyer, R.G., Bearden, W.O. and Sharma, S. (2003),
Scaling procedures: Issues and applications. sage publications.

Black, W.C., Babin, B.J., Anderson, R.E., and Tatham, R.L.
(2006), Multivariate Data Analysis: Upper Saddle River, New
Jersey, Pearson Education.

Dziuban, C.D. and Shirkey, E.C. (1974), "When is a
correlation matrix appropriate for factor analysis? Some
decision rules"”, Psychological Bulletin, VVol. 81 No. 6, p. 358.

Shrestha, N. (2020), "Detecting multicollinearity in regression



14

[69]

[70]

[71]

[72]

[73]

[74]

[79]

[76]

(7]

[78]

[79]

Benson Rugalema Mwemezi:

Exploring Multifaceted Dimensions of Health and Safety Risk Perceptions: A Factor

Analysis Approach Among Masonry Workers in Informal Construction Sites, Dar es Salaam, Tanzania

analysis", American Journal of Applied Mathematics and
Statistics, Vol. 8 No. 2, pp. 39-42.

Williams, B., Onsman, A. and Brown, T. (2010), "Exploratory
factor analysis: A five-step guide for novices", Australasian
Journal of Paramedicine, Vol 8, pp. 1-13.

Shrestha, N. (2021), "Factor analysis as a tool for survey
analysis", American Journal of Applied Mathematics and
Statistics, Vol. 9 No.1, pp. 4-11.

Haitovsky, Y. (1969), "Multicollinearity in regression analysis:
Comment”, The Review of Economics and Statistics, pp.
486-489.

Field, A. (2013), Discovering statistics using IBM SPSS statistics.
Sage.

Almquist, Y. B., Kvart, S. and Brénnstrom, L. (2020), A
practical guide to quantitative methods with SPSS.

Watkins, M. (2021), A step-by-step guide to exploratory
factor analysis with Stata. Routledge.

Pallant, J. (2020), SPSS survival manual: A step by step guide
to data analysis using IBM SPSS. McGraw-hill education (UK).

Verma, J.P. (2012), Data analysis in management with SPSS
software. Springer Science & Business Media.

Thompson, B. (2004), "Exploratory and confirmatory factor
analysis: Understanding concepts and applications”, Washington,
DC, 10694(000), p. 3.

Cattell, R.B. (1966), "The screen test for the number of
factors", Multivariate Behavioral Research, Vol. 1 No. 2, pp.
245-276.

Yong, A.G. and Pearce, S. (2013), "A beginner’s guide to

Copyright © 2025 The Author(s). Published by Scientific & Academic Publishing
This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/

[80]

[81]

[82]

[83]

[84]

[85]

[86]

(87]

(88]

factor analysis: Focusing on exploratory factor analysis",
Tutorials in Quantitative Methods for Psychology, Vol. 9 No.
2, pp. 79-94.

Kaiser, H.F. (1958), "The varimax criterion for analytic
rotation in factor analysis", Psychometrika, VVol. 23 No. 3, pp.
187-200.

Pett, M.A., Lackey, N.R. and Sullivan, J.J. (2003), Making sense
of factor analysis: The use of factor analysis for instrument
development in health care research. sage.

Kaiser, H.F. (1974), "An index of factorial simplicity",
Psychometrika, VVol. 39 No. 1, pp. 31-36.

Tabachnick, B.G., Fidell, L.S. and Ullman, J.B. (2013), Using
multivariate statistics (\Vol. 6). Pearson Boston, MA.

Bartlett, M.S. (1954), "A note on the multiplying factors for
various X2 approximations"”, Journal of the Royal Statistical
Society. Series B (Methodological), pp. 296-298.

Williams, O.S., Adul Hamid, R. abd Misnan, M.S. (2018),
"Accident Causal Factors on the Building Construction Sites:
A Review", International Journal of Built Environment and
Sustainability, Vol. 5 No. 1, pp. 78-92,
doi:10.11113/ijbes.v5.n1.248.

Brown, J.R. and Dant, R.P. (2008), "On what makes a significant
contribution to the retailing literature”, Journal of Retailing,
Vol. 84 No. 2, pp. 131-135.

Murie, F. (2007). Building safety—An international perspective.
International journal of occupational and environmental
health, 13(1), 5-11.

Levitsky, M. (2019). Occupational Health and Informal Work.
In Global Occupational Safety and Health Management
Handbook (pp. 299-308). CRC Press.



