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Abstract

Safe and inclusive construction workplaces require more than conventional hazard control;
they also depend on suitable welfare provision, personal protective equipment (PPE), re-
porting arrangements, and gender-responsive working conditions. This study examines
women engineers’ occupational-safety experiences in Iraq’s construction sector through site
exposure, welfare and privacy conditions, PPE suitability, gendered workplace interactions,
reporting climate, and perceptions of digital and Al-enabled support. A survey-based
design combining quantitative items with open-ended responses was used with 215 valid
responses from women engineers in construction-related roles. Quantitative analysis in-
cluded descriptive statistics, reliability analysis, ranked item means, Kruskal-Wallis tests,
effect sizes, and Dunn post-hoc comparisons, while open-ended responses were analyzed
thematically. Respondents strongly supported sanitary facilities, safe transportation, suit-
able PPE, contractor obligations, rest areas, managerial training, confidential reporting,
women’s participation in safety committees, and anonymous digital reporting. Significant
unadjusted differences were found across site-exposure groups for several safety, reporting,
gender-related, and improvement dimensions. After adjustment, the associations remained
significant for preparedness, safety concern, reporting barriers, and improvement priorities,
but not for gender barriers. Open-ended responses emphasized male-dominated workplace
culture, weak safety enforcement, welfare and privacy gaps, management practices, and
transportation constraints. Digital and Al-enabled reporting options were viewed positively,
alongside concerns about privacy, confidentiality, and organizational response. The findings
suggest that safer and more inclusive construction workplaces should address site-exposure-
sensitive arrangements, gender-responsive safety provisions, trusted reporting mechanisms,
and carefully governed digital support.

Keywords: women engineers; construction safety; occupational safety; gender equity;
workplace inclusion; site exposure; safety reporting; digital and Al-enabled reporting

1. Introduction

Construction remains a high-risk work environment because of changing site condi-
tions, work at height, heavy equipment, subcontracting, and complex interactions among
workers and organizations. Accordingly, construction-safety research has traditionally
emphasized hazard control, PPE, training, compliance, and accident prevention. How-
ever, these approaches do not fully explain how organizational practices, job roles, report-
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ing climates, and gendered workplace conditions shape employees’ safety experiences.
Construction-safety risk is also shaped by interacting human, site, social, economic, regula-
tory, ergonomic, and organizational factors, reinforcing the need to look beyond physical
hazards alone [1].

The Iraqi construction industry provides an important context in which to examine
these issues. Construction safety is a continuous managerial and institutional problem,
as revealed by repeated studies conducted in Iraq. Buniya et al. [2] reported that there
is limited safety research and weak safety performance in the Iraqi construction industry,
while Qaddoori and Breesam [3] found that the most influential factors affecting safe-ty
performance are management practices, PPE, first aid and medical care, and contractor
safety programs. More general project-performance issues, such as inadequate planning,
insufficient resource allocation, shortage of skilled labor, low labor productivity and fluctu-
ating economic conditions, can also have an impact on the organization of the sites, their
supervision and enforcement capacity [4]. Similarly, Alomari et al. [5], examining engineers
in Iraq’s construction-related oil and gas sector, found generally good basic safety under-
standing but weaker understanding of risk-management and planning tools, indicating
continuing gaps between safety awareness and formal risk-management practice.

The construction industry remains predominantly male despite increasing efforts to
diversify its workforce. Earlier discussions frequently focused on recruitment and numerical
representation. Yet, more recent research shows that representation alone is insufficient.
Factors that continue to shape women’s participation and retention include workplace
cultures, informal networks, mentoring practices, long hours, harassment, discrimination,
and recurring expectations that women prove their professional competence [6-9]. From
a construction-workplace inclusion perspective, the issue is therefore not only whether
women enter the sector, but whether working arrangements allow them to participate safely,
equitably, and sustainably [10]. These conditions can affect access to information, confidence
in reporting, comfort during site visits, and willingness to undertake field-based work.

Women engineers occupy a distinct spot within this organizational setting. Women
engineers in construction-related roles may work across design, supervision, laboratory
testing, project follow-up, consulting, inspection, and project administration, with differing
levels of direct site involvement. They are therefore exposed to risks primarily in their
work with construction sites. Some women engineers work almost exclusively in offices,
others visit sites on an occasional basis, regular or almost daily. This variation is important
because it relates to the physical hazards, mobility restrictions, welfare issues, privacy issues,
PPE issues and gendered interactions that engineers face when working on a site. Thus,
a role-based approach is required to differentiate between the office-based construction,
site-based construction, and fluid construction roles [11].

Women engineers’ construction-safety experiences cannot be reduced to conventional
hazard control. The PPE sizing for males may not be appropriate for females, resulting in
decreased comfort and protection [12,13].

Other factors that can impact safe and dignified site operations for women include
inadequate sanitation, no private waiting or rest facilities, distance to the project, and un-safe
transportation [14,15].

For women engineers these issues can also be considered as occupational-safety con-
ditions as they affect exposure, participation, comfort and professional performance. As
for reporting climate, women may be reluctant to report unsafe situations, inappropriate
behavior, privacy issues, or concerns related to welfare in male-dominated construction
work environments if they think they will get no response, be blamed, embarrassed, or that
their identity will be exposed. Safety communication research indicates that women may
occupy different positions within safety-information networks, which can affect both access
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to safety information and whose concerns are heard [16]. Digital and Al-enabled tech-
nologies may offer additional sup-port through mobile reporting, dashboards, anonymous
channels, and Al-assisted com-plaint-pattern detection. However, such systems depend on
privacy protection, institutional readiness, and trust [17,18].

Despite growing literature on women in construction, several gaps remain. Few studies
have examined how occupational-safety perceptions among women engineers vary accord-
ing to their actual level of site exposure. Welfare, privacy, mobility, and PPE suitability
are not always integrated within the same occupational-safety assessment. Al-enabled
reporting also remains relatively underexamined as a potential safety-support mechanism
for sensitive workplace concerns. Finally, although Irag-based studies have examined
safety programs, PPE knowledge, safety-performance factors, project performance, and
BIM-based safety support, women engineers’ occupational safety has not been directly
examined through the combined lenses of site exposure, welfare conditions, re-porting
climate, gendered barriers, and Al-enabled support.

From a construction-workplace perspective, these conditions extend beyond phys-
ical hazard control. Site-visit arrangements, welfare provision, suitable PPE, reporting
channels, managerial response, and digital support form part of the working environment
through which women engineers experience safety and participation in construction work.
A workplace may satisfy conventional safety requirements while still creating barriers to
safe and equitable participation if facilities, PPE, transportation, reporting mechanisms, or
site routines do not account for women engineers’ needs. These conditions should therefore
be considered as connected components of a safe and inclusive construction workplace
rather than as secondary diversity issues.

Site exposure was treated as the main analytical grouping variable because women en-
gineers’ contact with construction-site conditions ranges from office-only work to occasional,
frequent, and almost daily site involvement. To address the identified gaps, this study ex-
amines occupational-safety concerns among women engineers in Iraq’s construction sector
through site hazards, PPE suitability, welfare and privacy conditions, reporting climate,
gendered professional barriers, digital and Al-enabled safety support, and improvement
priorities. It also examines whether these perceptions differ by site-exposure level. The
study contributes by examining variation within women engineers according to actual
site exposure, treating welfare, privacy, mobility, and PPE suitability as gender-responsive
construction-safety conditions, and assessing digital and Al-enabled reporting as potential
support for concerns that may remain underreported through conventional channels.

These dimensions were underlined because they cover separate but related aspects
of women engineers’ construction-safety experience. Site exposure measures the extent of
contact with construction-site conditions and can be used to compare office based, occa-
sional, frequent and site-based work. Gender-responsive working conditions reflect welfare,
privacy, mobility, suitability of PPE, reporting and professional interactions that impact the
safe participation of women but are not adequately addressed through traditional hazard-
control approaches. Digital safety reporting was explored given that there might be safety
concerns that are underreported using traditional methods and that digital tools such as
anonymous reporting, mobile apps, dashboards, and Al-based complaint analysis could
offer new avenues for reporting and identifying patterns. These dimensions are combined in
one occupational-safety framework that includes physical exposure, workplace conditions
and reporting support.

Accordingly, the study addresses the following research questions:

RQ1. What occupational-safety, welfare and mobility, PPE, reporting, and gen-der-related
concerns are reported by women engineers in Iraq’s construction sector?
RQ2. Do these perceptions differ according to women engineers’ level of site expo-sure?
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RQ3. Which organizational improvement priorities and digital or Al-enabled safe-ty-
support options receive the strongest support from respondents?

The paper is structured in the following manner: The literature review is presented
in Section 2, covering women engineers, gender responsive working conditions, reporting,
and digital safety support. The research design, questionnaire, sample, and analytical
procedures are explained in Section 3. The quantitative and open-ended findings are
presented in Section 4. The results, practical implications, limitations, and directions for
future research are discussed in Section 5. The conclusions are presented in Section 6.

2. Literature Review
2.1. Women Engineers: Gendered Barriers, Inclusion, and Site Exposure

In spite of the push for inclusion and diversification of the workforce in the construction
sector, it remains one of the most gender-segregated professional environments [6,7,10].
Previous research tended to assume that participation was a recruitment or representation
issue among women. Deeper examination and extensive research revealed that the issue is
not the level of difficulty, it is women’s experience in and actual retention in workplaces that
are male-dominated by informal networks, long hours, and expectations of competence and
availability [7,9]. These conditions impact mentoring, succession, professional status and
opportunities for gaining field experience. Recent evidence similarly identifies exclusionary
workplace practices, limited mentoring and networking opportunities, and work-life con-
straints as persistent barriers to women'’s progression and retention in construction [19].
From a workplace-inclusion perspective, this distinction matters because numerical repre-
sentation and workplace inclusion are not the same. Diversity initiatives may have limited
effect if recruitment increases while working arrangements, field access, mentoring, welfare
provision, reporting systems, and managerial response remain unchanged. Organiza-
tional research distinguishes diversity from inclusion, while construction-specific research
similarly emphasizes initiatives that support women'’s participation beyond recruitment
alone [10,20].

These gendered conditions are directly related to occupational safety. In construction,
safety is typically tackled through aspects of physical hazards, PPE, training, compliance,
and accident prevention. But women’s experiences about their safety are also determined
by whether they are accepted as legitimate professionals on site, whether their concerns
are heeded, and whether they can raise concerns about discomfort, risk, or inappropriate
behavior without resulting reputation damage [12,15]. Recent evidence from South African
female engineers similarly shows that professional identity and belonging are negotiated
within organizational cultures shaped by gendered norms of competence, legitimacy, and
inclusion [21]. Gender-specific safety research in construction likewise shows that women’s
occupational risks are shaped by both physical hazards and the broader psychosocial and
organizational conditions of construction work [22]. Mariam et al. [23] showed that research
on women'’s health and safety in construction remains comparatively underdeveloped, with
major themes including psychological health, occupational injuries, gender inclusivity and
sexism, and gender-specific safety analysis.

Abdelwahed and Soomro [24] examined occupational safety among female engineers
in Egypt and identified work environment, personal protection, safety training, knowledge
of safety regulations, and safety commitment as relevant factors. Less attention, however,
has been given to how women engineers’ safety perceptions vary according to actual site
exposure, welfare conditions, reporting climate, privacy, and digital reporting support.
Afful et al. [11] made distinctions between on-site, offsite and fluid roles for women in
construction. This distinction is helpful when considering the focus of the present study,
which was on site exposure, not job title.
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2.2. Welfare, PPE, Privacy, and Reporting as Safety and Inclusion Conditions

Site exposure is important as it is during site visits that many concerns relating to the
engineer’s role as a woman arise, not in the normal office setting. The results of the Desai &
D’Souza [14] indicate that women professionals working at a construction site encounter
problems in relation to long working hours, the locations of the projects, the lack of flexibility
in working hours, sanitary facilities, and access to clean restrooms. They can seem logistical
but for women engineers they can make the difference between work that is safe, dignified
and manageable or not. Similarly, Pamidimukkala and Kermanshachi [12] highlight the
importance of providing sanitary facilities, providing appropriate PPE, implementing
flexible workplace culture, providing role models and gender-specific safety training as a
way of improving the health and safety of women in construction. PPE suitability is a good
example of how seemingly neutral safety systems may not meet women’s needs. PPE is
assumed to provide the protection and comfort when provided, but fit, design and usability
have an impact on protection and comfort. The local relevance of PPE is also evident in Iraq,
where Abdulla [25] identified continuing issues related to PPE knowledge, attitudes, and
use among construction workers in Erbil.

Lack of properly fitted PPE is a recurring occupational barrier for women in construc-
tion [12]. Aytac et al. [13] link this issue to male-centered design assumptions, ergonomic
strain, psychosocial stressors, and gender-blind safety systems. PPE should therefore be
understood not only as equipment, but as a gender-sensitive safety condition that affects
mobility, confidence, professionalism, and protection.

Welfare and privacy conditions should also be treated as part of occupational safety
rather than secondary workplace conveniences. Women'’s ability to conduct site visits or
remain at project locations may be constrained by the absence of suitable toilets, private rest
or waiting areas, secure changing spaces, and reliable transportation. Pokhrel et al. [15]
note that many construction sites lack gender-sensitive amenities. In developing-country
contexts, remote or temporary project locations may further increase concerns related to
safe transport, waiting time, privacy, and return travel.

Reporting climate links these conditions to institutional response. In male-dominated
workplaces, reporting may be complicated by fear of being ignored, blamed, misunderstood,
or judged as unable to cope with construction conditions. From an organizational-behavior
perspective, safety reporting can also be understood as a context-specific form of employee
voice. Research on inclusive leadership indicates that psychological safety is an impor-
tant mechanism through which employees become more willing to express workplace
concerns [26]. Evidence from other male-dominated occupations also indicates that mas-
culinity norms can be associated with safety priority, safety violations, and the reporting of
safety oversights [27].

In mixed-gender construction crews, Allison and Kaminsky [16] identified that women
had less incoming communication and longer information stream than men, meaning that
safety information might not be disseminated equally. Reporting is particularly sensitive
where welfare, privacy or concerns relating to harassment, discrimination, inappropriate
comments or gender specific discomfort are reported.

Such concerns may remain hidden in conventional safety records if women avoid
reporting due to reputational harm, weak response, or identity exposure [15,28]. Re-
cent construction research also shows that reluctance to disclose workplace concerns may
be reinforced by fear, stigma, possible repercussions, and mistrust in organizational re-
sponse, highlighting the importance of protected reporting mechanisms in creating safer
workplaces [29].
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2.3. Digital and AlI-Enabled Reporting for Safer Construction Workplaces

Digital technologies, including mobile applications, reporting platforms, dashboards,
and Al-supported systems, are increasingly used to support workplace communication,
monitoring, and decision-making. Anonymous reporting systems, mobile safety applica-
tions, digital dashboards, and Al-assisted complaint analysis can help document repeated
problems, identify patterns, and assist management in prioritizing corrective action. Recent
Irag-based research also highlights the potential of digital construction technologies to
strengthen safety monitoring and risk management, while identifying implementation
constraints related to infrastructure, regulation, and resources [30].

This is important when women do not speak out about inappropriate facilities, un-
safe transport, lack of privacy, harassment, PPE issues, and poor site arrangements, via
traditional channels. Digital systems and Al-based systems, however, also pose governance
challenges. While Wu et al. [17] emphasize stakeholder acceptance and adoption conditions
for emerging construction technologies, Kéchling and Wehner [31] show that algorithmic
decision-making can introduce risks of unfair treatment, implicit discrimination, and per-
ceived unfairness in organizational settings. Al should therefore be viewed as a potential
support for reporting and analysis rather than as a substitute for reporting systems, manage-
rial response, or organizational accountability. Recent construction-safety research similarly
shows that Al-enabled applications can support more responsive safety practices, but their
implementation remains dependent on organizational readiness, system reliability, data
quality, and responsible governance [32].

Recent evidence from employees in the GCC and Lebanon further shows that comfort
with Al-driven workplace decision-making is closely associated with perceived benefits
and trust in Al systems. This reinforces the importance of transparency, human oversight,
and responsible implementation when digital or Al-enabled reporting mechanisms are
introduced in organizations [18].

Evidence from Iraq remains especially limited. The present study responds to these
gaps by examining women engineers in Iraq’s construction sector through site expo-
sure, welfare and privacy conditions, reporting climate, gendered barriers, and digital
or Al-enabled support.

2.4. Women'’s Professional Position and Workplace Rights in Iraq

Women engineers in Iraq are employed in public institutions, consulting, design, super-
vision, inspection and construction related activities. The workplace arrangements, mobility,
site access, privacy, appropriate PPE, reporting mechanism, and workplace culture of male-
dominated environments, however, may affect professional participation. Therefore, in this
study, workplace rights are explored practically in terms of women engineers being able to
participate safely, professionally, and equitably in construction work, in line with the broader
literature on women'’s inclusion in and occupational safety in construction [10,12,15].

2.5. Characteristics of the Iraqi Construction Sector

The Iraqi construction sector continues to face safety and project-management chal-
lenges. Previous studies have reported weaknesses in safety performance, management
practices, PPE provision, planning, resource allocation, and workforce productivity [2—4,25].
More recent Iraqi research also identifies opportunities for digital technologies to sup-
port construction-safety monitoring, although infrastructure, regulatory, and resource
constraints remain [30]. The conditions frame the local context of the study of women
engineers’ site exposure, working conditions and safety-reporting needs.
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3. Materials and Methods
3.1. Research Design and Sample

This study used a survey-based design combining quantitative items with open-ended
responses to examine occupational-safety perceptions among women engineers in Iraq’s
construction sector. The quantitative component measured perceptions of site safety, PPE
suitability, welfare and privacy conditions, reporting climate, gendered professional bar-
riers, digital and Al-enabled safety support, and improvement priorities. The qualitative
component captured additional explanations and examples through open-ended responses.

Data were collected from February to April 2026. The Arabic questionnaire was dis-
tributed electronically through professional and organizational contacts, including contacts
in public and private engineering firms and offices, who shared the survey with women en-
gineers professionally connected to construction-related work. The participation was volun-
tary, and the respondents were asked to contribute using their own professional experience.

A total of 258 responses were received. Some questionnaires were incomplete because
completion of each of the items was not technically required by the electronic form. The
incomplete responses were excluded, resulting in 215 completed questionnaires for final
analysis. The survey platform was designed so that only one response could be sent
per person, so no duplicate responses were accepted. All 215 retained records contained
complete responses for the substantive questionnaire items used to con-struct the study
outcomes. Six respondents did not report region; therefore, 209 complete cases were
analyzed for the adjusted analyses.

The sampling method used was non-probabilistic because there were no exhaustive
national lists of women engineers eligible to participate in construction-related occupations.
Because the questionnaire was distributed through organizational and professional contacts,
the exact number of eligible women who received the survey invitation was unknown and
a conventional response rate could not be calculated. The relatively high representation of
respondents from the southern governorates and government departments should therefore
be considered when interpreting the findings. The results describe the participating women
engineers and should not be assumed to represent all women engineers working in Iraq.

The inclusion of office-only, occasional, weekly /high-frequency, and site-based re-
spondents was intentional because the study aimed to examine variation across levels of
construction-site exposure rather than restrict the sample to engineers working perma-
nently on site. Eligibility was determined by the questionnaire profile information which
confirmed engineering background and involvement in construction related work.

3.2. Questionnaire and Variables Examined

The questionnaire was developed based on previous literature on women in construc-
tion, occupational safety, site welfare, PPE suitability, reporting climate, gendered workplace
barriers, and digital support for safety. Before full distribution, the questionnaire was pilot
tested with eight participants to assess item clarity, wording, and suitability for the study
context. Minor wording adjustments were made where needed before the final question-
naire was distributed. Content coverage was not the result of a separate formal expert-panel
content-validation exercise; rather, it was determined in reference to the literature and by
means of the pilot content-assessment with the eight participants in terms of clarity, word-
ing, and contextual suitability. To facilitate understanding and reduce possible confusion
over technical and sensitive items, the questionnaire was prepared in Arabic. Closed-ended
Likert-type items and open-ended questions were included in the survey. The five-point
scales were used for closed-ended questions to indicate levels of agreement or perceived
importance, and open-ended questions were provided to elicit further concerns, challenges,
and recommendations from the respondents. The questionnaire included questions about
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demographic and career characteristics, types of work performed, site exposure, working
conditions and safety risks, PPE, reporting climate, gender barriers in the workplace, digital
and Al-enabled safety support, and workplace improvement priorities. A full mapping of
items-to-construct and literature is given in Supplementary Table S2. The original Arabic
questionnaire administered to participants and its English translation are also provided
as Supplementary Materials. The English version was compared to the Arabic wording to
ensure that the Arabic meaning of the items was maintained.

Since the primary analytical grouping variable was site exposure, respondents were
categorized according to frequency of site-visiting reported. Exposure groups included: of-
fice only/no site visits, occasional exposure (defined as visits only when needed or 1-2 times
per month), weekly /high-frequency exposure (defined as 1-2 site visits per week or 3 or
more per week), and site-based exposure (defined as almost daily site work). Occupational
safety, PPE barriers, welfare/mobility barriers, reporting barriers, gender barriers, Digital
and Al-Enabled Safety Support, and improvement priorities were thematically grouped
into question items for each of the constructs. Where conceptually appropriate, construct
scores were calculated by averaging related items. Constructs with low reliability were
interpreted cautiously and were supported by item-level results rather than relying on the
composite score alone. The two items of the Exposure Risk measure were therefore used as
an exploratory index and interpreted alongside the results for each individual item, and
not as a strong latent or aggregated measure.

3.3. Data Analysis

Data analysis was conducted in R-4.4.3. Descriptive statistics summarized respondent
characteristics using frequencies and percentages. Reliability analysis was conducted for
multi-item constructs using Cronbach’s alpha. Item-level means, standard deviations, and
agreement or importance percentages were calculated for the main questionnaire items.
Agreement percentages were calculated as the percentage selecting 4 or 5 on the agreement
scale, while importance percentages were calculated as the percentage selecting “important”
or “very important.” Statistical significance was assessed at p < 0.05.

Differences across site-exposure groups were examined using the Kruskal-Wallis test
because the variables were based on Likert-type responses and the comparison involved
more than two independent groups. Effect size was reported using epsilon-squared (€?) to
indicate the magnitude of between-group differences. Epsilon-squared was calculated as
¢2 = H/(N — 1), where H is the Kruskal-Wallis statistic and N is the total sample size. For
constructs showing significant Kruskal-Wallis results, Dunn’s post-hoc tests were conducted
with Benjamini-Hochberg adjustment to identify which site-exposure groups differed. For
the nine omnibus comparisons, Benja-mini-Hochberg adjusted p-values were calculated as
a sensitivity check for multiplicity and are presented in addition to the unadjusted p-values
in Section 4. The overall pattern of statistically significant results was not changed by
the adjustment. Full post-hoc results are reported in Supplementary Table S1. Because
several constructs were examined, omnibus results were interpreted together with effect
sizes, post-hoc comparisons, and the consistency of the observed patterns rather than on
p-values alone.

A hybrid thematic coding approach was used in the analysis of open-ended responses.
Of the 215 respondents, 191 gave at least one substantive response that could be thematically
coded; responses were not coded if participants indicated no substantive issue across all
three open-ended questions. Initial coding categories were based on the questionnaire
domains and literature, and further or overlapping themes emerged upon review of the
responses. One respondent may be assigned to more than one theme. Any uncertainties
or difference in classifications were discussed until an agreement could be reached. Given
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that the open-ended questions were incorporated to support the survey results and were
not a separately sampled qualitative study therefore thematic saturation was not utilized
as a recruitment or stopping criterion. The qualitative results were used to provide con-
text for and compare with the quantitative results where the same concerns emerged in
both components.

Since site exposure was the primary analytical grouping variable, the demographic and
professional make-up of the four exposure groups were also analyzed by age, professional
experience, engineering discipline, organization type, and region. Exact contingency-table
tests were applied where the assumptions for Pearson’s chi-square test were not valid due to
sparse cells, and Cramér’s V was reported as an association measure. These characteristics
varied by exposure group, and adjusted sensitivity analyses were performed on the principal
outcomes. The main predictor was site-exposure group, adjusting for age, experience,
engineering discipline, organization type and region. Discipline was coded as civil versus
other; organization was coded as government versus non-government; and region was coded
as southern versus non-southern. Heteroskedasticity-robust standard errors were used.

4. Results
4.1. Respondent Profile and Construct Patterns

Table 1 summarizes the respondent profile and site-exposure distribution. A total of
215 valid responses from women engineers were included in the analysis. The largest age
group was 25-34 years (n = 94, 43.7%), followed by 3544 years (n = 68, 31.6%). Most
respondents held a bachelor’s degree (n = 130, 60.5%), while 34.0% held a master’s degree
and 5.6% held a PhD. Civil engineering was the dominant discipline (n = 133, 61.9%). Most
respondents worked in government departments (1 = 127, 59.1%), followed by universities
or educational institutions and contracting companies. Geographically, most responses
came from the southern governorates and Baghdad. Site exposure varied across the sample.
Half of the respondents reported occasional or monthly site visits (1 = 109, 50.7%), while
44 respondents (20.5%) reported office-only work or no site visits. A further 40 respondents
(18.6%) were site-based or almost daily exposed to construction sites, and 22 respondents
(10.2%) reported weekly or high-frequency site visits. This distribution supports the use of
site exposure as a central grouping variable.

Table 1. Respondent profile of women engineers in Iraq (N = 215).

Variable Category N Percent
25-34 94 43.7
Age group 35-44 68 31.6
45 or above 33 15.3
Less than 25 20 9.3
Civil engineering 133 61.9
Mechanical engineering 23 10.7
Engineering discipline Architectural engineering 15 7.0
Electrical engineering 7 3.3
Other discipline 37 17.2
15 years or more 53 24.7
3-6 years 46 21.4
Experience (years) 6-10 years 41 19.1
Less than 3 years 40 18.6
10-15 years 35 16.3
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Table 1. Cont.
Variable Category N Percent
Bachelor 130 60.5
Highest degree Master 73 34.0
PhD 12 5.6
Government department 127 59.1
University or educational institution 32 14.9
o Contracting company 22 10.2
Organization type Other 20 93
Freelance/private office 7 3.3
Private design/supervision company 7 3.3
Southern governorates 134 62.3
Baghdad 55 25.6
Region Middle Euphrates governorates 11 5.1
Kurdistan Region 7 3.3
Other/not reported 8 3.7
Occasional or monthly site visits 109 50.7
Site-expostire erou Office only/no site visits 44 20.5
P sroup Site-based/almost daily 40 18.6
Weekly /high-frequency site visits 22 10.2

Reliability analysis revealed strong internal consistency for improvement priorities,
gender barriers, and Digital and Al-Enabled Safety Support. Reliability coefficients and
descriptive statistics of construct-level are shown in Table 2. Acceptable reliability was
observed for reporting of barriers and the preparedness for work-site safety. Safety Concern,
PPE Barriers, and Welfare/Mobility Barriers demonstrated marginal internal consistency;
the two-item Exposure Risk index demonstrated low internal consistency and thus was
interpreted with caution with respect to the results from the individual items. Improve-
ment priorities had the highest construct mean, followed by Digital and Al-Enabled Safety
Support. The lowest mean of the constructs was reporting barriers; however, reporting
related improvement measures, especially confidential reporting and anonymous reporting,
were supported at the item level.

Table 2. Construct reliability and descriptive statistics.

Construct I(:Ifu;:::lf: Cr(‘:}z;ih S Mean SD Interpretation
OS: Exposure Risk 2 0.592 3.25 0.93 Low; interpret cautiously
OS: Preparedness 2 0.718 3.32 1.04 Acceptable
OS: Safety Concern 3 0.694 3.30 0.97 Marginal/exploratory
PPE Barriers 5 0.613 3.07 0.70 Marginal/exploratory
Welfare/Mobility Barriers 6 0.692 3.33 0.69 Marginal/exploratory
Reporting Barriers 6 0.780 2.62 0.71 Acceptable
Gender Barriers 7 0.912 3.35 0.98 Strong
Digital and AI-Enabled Safety Support 4 0.886 3.75 0.76 Strong
Improvement Priorities 10 0.966 4.14 0.82 Strong

Note: Construct means are based on a five-point scale. Cronbach’s alpha values below 0.60 were treated
as indicating low internal consistency and were interpreted cautiously. This applies to the two-item
OS: Exposure Risk index, whose composite result was considered together with the corresponding
item-level patterns.
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4.2. Safety Barriers, Workplace Improvement Priorities, and Digital /AI-Enabled Support

The highest-ranked barriers concerned remote-site safety, inappropriate workplace
conduct, sanitary facilities, transportation, and PPE suitability (Table 3). Gender-related
items also appeared prominently, indicating that respondents’ concerns extended beyond
physical hazards to organizational and social conditions affecting site participation.

Table 3. Ranked safety, welfare, reporting, and gendered barriers (top 15 items).

Rank Domain Item Mean SD Ag:;é Setz(o)/n)gly
o
1 Welfare/mobility Rem"teszlfteetsy create additional 3.7 111 70.7
2 Gender barriers Inapplé(:)}:;itcet c;(;ng?eents or 3.70 0.91 74.0
3 Welfare/mobilit Lack of sanitary facilities affects 3.66 1.05 753
y willingness to visit sites ’ ' '
- Transportation affects sense
4 Welfare /mobility 3.52 1.00 60.9
of safety
5 PPE Unsuitable PPE reduces ability 3.50 118 60.9
to work safely
Gender barriers reduce
6 Gender barriers opportunities for 3.47 1.24 63.3
field experience
Avoiding tasks due to lack of
7 PPE euitable PPE 3.41 1.05 59.5
8 Gender barriers Social exssesi?;ﬁ:;fs ffect task 3.41 1.15 59.1
9 Gender barriers Excluded from field work 3.38 1.27 59.1
because of gender
10 Occupational safety Poor hc;tiltseelgfg}e);ng and 3.35 1.25 59.5
11 Occupational safety Ve};glje?;fnin;?:i?:ry 3.29 1.19 50.2
12 Occupational safety Avoiding unsafe site areas 3.27 1.26 51.6
13 Gender barriers EXCI‘Sfji ifsr:;’;‘sli‘;iosrmal 3.20 1.34 52.6
14 Gender barriers ~ Male-dominated site affects 318 119 52.6
sense of comfort
15 Reporting Reporting safety problems may 5 ;5 113 419

cause embarrassment or blame

Note: Items were measured on a five-point Likert scale (1 = strongly disagree, 5 = strongly agree).
Higher mean scores indicate stronger perceived barriers or concerns. Agreement (%) represents
respondents selecting agree or strongly agree.

Improvement priorities received consistently high ratings (Table 4; Figure 1). Sanitary
facilities, safe transportation, suitable PPE, and contractor obligations received the highest
mean scores, while the remaining organizational and reporting measures also received
broad support.
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Table 4. Ranked improvement priorities (N = 215).
A Important/Very
Rank Priority Mean SD Tmportant (%)
1 Sanitary facilities on construction sites 4.30 0.93 86.5
2 Safe transportation to remote or distant sites 4.28 0.93 88.4
3 Suitable personal protective equipment (PPE) 422 0.83 88.4
4 Contractor obligations to provide suitable conditions 421 0.89 86.5
5 Safe waiting and rest areas during site visits 4.16 0.96 83.3
6 Training site managers on women’s safety issues 4.14 0.87 87.4
7 Women's participation in safety committees 4.09 0.97 81.9
8 Confidential channels for reporting safety problems 4.08 0.98 80.5
9 Anonymous digital reporting systems 3.99 0.99 78.6
10 Clear protocols for women engineers’ site visits 3.93 0.98 76.3

Note: Items were measured on a five-point importance scale. Important/very important (%) indicates
responses of 4 or 5.

1
1
Clear site-visit protocols 1 3.93 I |
1
Anonymous digital reporting 3.99 I:
h
Confidential reporting channels 1 4.08 |
Women in safety committees 4.09 l
Training site managers 1 4.14 |
Safe waiting/rest areas 1 4.16 |
1
Contractor/consultant obligations 4 4.21 |
Suitable PPE 1 4.22 |
|
Safe transportation 1 4.28 l
Sanitary facilities 4 4.30 |
i
0 1 2 3 4 5

Mean importance (1-5)

Figure 1. Ranked improvement priorities for women engineers’ occupational-safety conditions.
Bars show mean importance scores on a five-point scale. The dashed line indicates the “important”
threshold of 4.0.

Table 5 summarizes respondents’ perceptions of digital and Al-enabled safety-support
options. In general, the participants were positive about the digital safety-support possi-
bilities and of the particular function of the Al-based complaint analysis examined. The
highest-rated item concerned mobile safety applications for improving site communication,
followed by digital dashboards for prioritizing safety improvements, anonymous digital
reporting systems, and Al-based complaint analysis for detecting repeated safety problems.
At the same time, respondents expressed privacy-related caution. Nearly half agreed that
fear of identity disclosure may deter the use of digital reporting. Thus, the findings indicate
generally positive perceptions of digital and Al-enabled safety support, while also showing
that respondents’ perceptions were accompanied by concerns about confidentiality, privacy
protection, and organizational response. The items reflect varying levels of technology-
enabled safety reporting, with AIl, AI2 and Al4 containing items related to digital tools,
Al3 related to the explicit use of an analytical function enabled by technology, and AI5 and
Al6 related to privacy issues that affect willingness to use digital safety reporting.
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Table 5. Perceptions of digital and Al-enabled safety-support options.
Item Statement Mean SD Agree (%) Neutral (%) Disagree (%) Type
Anonymous digital reporting
All systems could help report 3.72 0.99 73.5 13.0 13.5 Digital
safety risks
AR Mobile safety applications could 3.84 0.81 79.1 153 56 Digital
improve site communication
Al3 Albased complaint analysis could 5 ¢ 0.88 70.2 200 9.8 Al-enabled
detect repeated safety problems
Al4 Digital dashboards could help 3.75 0.82 74.0 195 6.5 Digital
prioritize safety improvements
Al5 Would use digital reporting if 349 0.89 55.3 33.0 11.6 Digital/privacy
privacy 1s guaranteed
Fear of identity disclosure may . .
Al6 deter use of digital reporting 3.20 123 49.3 15.8 34.9 Digital/privacy
Note: Items were measured on a five-point Likert scale (1 = strongly disagree, 5 = strongly agree).
Percentages may not sum to 100 because of rounding. The items measure respondents’ perceptions of
prospective digital and Al-enabled safety-support options; they do not represent evaluation of an
implemented system.
4.3. Differences by Site-Exposure Level
Table 6 compares construct scores across the four site-exposure groups. Significant dif-
ferences were identified for occupational-safety exposure risk, preparedness, safety concern,
reporting barriers, gender barriers, and improvement priorities. No significant differences
were found for PPE barriers, welfare/mobility barriers, or Digital and Al-Enabled Safety
Support. These findings indicate that site-exposure level was associated with differences in
several dimensions of women engineers’ safety perceptions, although the patterns were not
uniformly linear across exposure groups.
Table 6. Site-exposure group comparisons using Kruskal-Wallis tests.
Construct Office n = 44 OCCaSiZn:II/(I)\;Ionthly Wee’:(lz/zl;igh Si;efized H Raw p BH-Adjusted p €2
] ) 3.5 4.00 4.00
0OS: Exposure Risk [2.50-3.50] 3.00 [2.50-4.00] [3.50-4.00] [3.00-4.00] 31.062  <0.001 <0.001 0.145
. 3.25 3.00 2.50
08: Preparedness [3.004.00] 4.00 [3.00-4.00] [3.00-4.00] [1.36-3.00] 32967  <0.001 <0.001 0.154
X 3.67 3.00 3.00
OS: Safety Concern [3.00-4.00] 3.67 [3.33-4.33] [2.33-3.92] [2.33-3.33] 21.260 <0.001 <0.001 0.099
. 3.00 3.20 3.00
PPE Barriers [2.80-3.40] 3.00 [2.60-4.00] [2.40-3.20] [2.60-3.60] 2.971 0.396 0.396 0.014
Welfare/Mobility Barriers [3'0%;137_ 7] 3.67 [3.00-3.83] [2_8%'}; - [3.030'92' 7] 6716 0082 0.105 0.031
. . 3.00 217 2.83
Reporting Barriers [2.46-3.00] 2.33[2.00-3.17] [1.92-2.17] [2.33-3.54] 22.278 <0.001 <0.001 0.104
. 3.29 3.14 3.57
Gender Barriers [2.43-4.00] 3.86 [3.004.00] [2.86-3.29] [1.86-3.86] 9.859 0.020 0.030 0.046
Digital and Al-Enabled 4.00 4.00 4.00
Safety Support [3.504.00] 4.00[3.50-4.00] [4.00-4.00] [2.75-4.00] 3.224 0.358 0-39 0.015
I 4.00 4.60 4.00
Improvement Priorities [3.60-4.80] 4.30 [4.00-4.90] [4.00-4.90] [3.10-4.20] 21.443 <0.001 <0.001 0.100

Note: Group values are presented as median [Q1-Q3]. H = Kruskal-Wallis statistic; ¢> = effect size.
Raw p-values are shown together with Benjamini-Hochberg (BH)-adjusted p-values across the
nine omnibus comparisons. See Supplementary Table S1 for Dunn post-hoc comparisons with
Benjamini-Hochberg adjustment within significant constructs. Office = office only/no site visits;
Occasional/monthly = occasional or monthly site visits; Weekly /high = weekly or high-frequency
site visits; Site-based = almost daily/site-based work.
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The largest group differences were observed for preparedness, H(3) = 32.967, p < 0.001,
¢2 = 0.154, and exposure risk, H(3) = 31.062, p < 0.001, &2 = 0.145. Exposure-risk scores
were highest among the weekly /high-frequency and site-based groups, both with a median
of 4.00, compared with medians of 3.25 among office-only respondents and 3.00 among
occasional/monthly respondents. The pattern was different in the case of preparedness,
the highest median in the case of occasional/monthly respondents (4.00) and the lowest in
the case of site-based respondents (2.50). Safety concern was also significantly different,
H(3) = 21.260, p < 0.001, £ = 0.099; office-only and occasional/monthly group medians
scored 3.67 and the weekly/high frequency group and site-based group scored 3.00.

Also, there were differences across site-exposure groups in reporting barriers and
improvement priorities. Gender barriers showed a significant overall group difference,
H(3) =9.859, p = 0.020, although the corresponding adjusted pairwise comparisons did
not identify a single group contrast that remained statistically significant. PPE barriers,
welfare/mobility barriers, and Digital and Al-Enabled Safety Support did not differ signif-
icantly across site-exposure groups. The main group patterns are illustrated in Figure 2.
The significant group difference for Exposure Risk should be considered with caution due
to the low internal consistency for this two-item index (Table 2).

Exposure risk Preparedness Safety concern

FOERITR BN RN

%)

Reporting barriers Gender barriers Improvement priorities

Median construct score (1-5)

s
"

a® D . <& o® 2
o™ d\;\\\“ N\ o o™ ‘_\;\o“
oY \\gr,\“ : S oY

PR L. o of
ol s o o
N o A B
~ & ¥

o o«
Figure 2. Median construct scores by site-exposure group for selected constructs showing significant
unadjusted between-group differences. The error bars show the interquartile range (Q1-Q3), and
the dashed horizontal line is the neutral point of 3.0 on the five-point scale. Given the low internal
consistency, caution must be used in interpreting the results of the Exposure Risk index. The Gender
Barriers association was not statistically significant in the adjusted sensitivity analysis.

The demographic and professional composition of the four site-exposure groups was
not uniform. Significant differences were identified by age, experience, engineering dis-
cipline, organization type, and region (all p < 0.001; Supplementary Table S3). Principal
outcomes of adjusted sensitivity analyses (N = 209) were therefore assessed, with sen-
sitivity analyses taken into account for these characteristics. The association with site
exposure was still statistically significant with preparedness (p = 0.001), safety concern
(p < 0.001), reporting barriers (p = 0.006), and improvement priorities (p < 0.001); how-
ever, the association with gender barriers was no longer statistically significant (p = 0.224;
Supplementary Table S4). The unadjusted omnibus comparison was significant for gender
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barriers, but this association was not retained in the adjusted sensitivity analysis. The results
in this study suggest that a number of the main patterns of site-exposure were still present
post-adjustment, and that the relatively low gender-barrier was sensitive to the composition
of the respondents.

4.4. Open-Ended Responses

Of the 215 respondents, 191 provided substantive open-ended responses that are
suitable for thematic coding. Figure 3 summarizes the themes identified from the open-
ended responses. The qualitative findings provided additional context for the quantitative
results. The most frequent theme was male-dominated culture and professional respect
(n = 86, 45.0%), including concerns about professional recognition, inappropriate conduct,
and maintaining professional boundaries in male-dominated work environments. Site
safety hazards and weak safety enforcement were almost equally prominent (1 = 84, 44.0%),
including unsafe work areas, heavy-equipment movement, poor housekeeping, work at
height, and inadequate enforcement of safety procedures. Sanitary facilities, rest areas, and
privacy formed the third most frequent theme (n = 52, 27.2%), followed by management,
protocols, supervision, and training (n = 42, 22.0%) and transportation and remote-site
access (n = 41, 21.5%). Less frequent themes included digital and Al-enabled support
(n =19, 9.9%), PPE suitability and availability (n = 14, 7.3%), and reporting channels,
confidentiality, and fear of blame (1 = 13, 6.8%). Overall, the qualitative responses reinforced
the quantitative finding that women engineers” workplace-safety experiences involve not
only physical hazards but also organizational conditions, workplace inclusion, mobility,
reporting, and institutional response. These themes were echoed in illustrative anonymous
comments. One respondent referred to “working in a male-dominated field environment,
where maintaining professional boundaries can sometimes be difficult and attention to
safety procedures is weak.” Another respondent highlighted the “unprofessional conduct
among work crews and the lack of privacy for women engineers on site.” A third respondent
identified “weak safety procedures, lack of suitable facilities, long working hours, and an
unorganized work environment” as important concerns. The translations of the quotations
are for reporting purposes only.

Male-dominated culture and professional respect 86 (45.0%)

Site hazards and weak safety enforcement 84 (44.0%)

Sanitary facilities, rest areas, and privacy 52 (27.2%)
Management, protocols, supervision, and training 42 (22.0%)
Transportation and remote-site access 41 (21.5%)
Digital and Al-enabled support 19 (9.9%)
PPE suitability and availability 14 (7.3%)

Reporting, confidentiality, and fear of blame 13 (6.8%)

0 20 40 60 80 100
Number of respondents

Figure 3. Frequency of themes identified from open-ended responses. Several themes were coded
for a single respondent; percentages are based on the 191 respondents who gave substantive
open-ended responses.
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5. Discussion
5.1. Site Exposure and Construction-Safety Support Needs

The findings support treating women engineers as a heterogeneous professional group
whose workplace-safety experiences vary according to site exposure and organizational
conditions. In this study, site exposure represents a work-context variable that differentiates
respondents’ exposure to site routines, safety arrangements, reporting opportunities, and
institutional support. Differences across some of the safety, reporting, gender-related, and
improvement dimensions were found in relation to site exposure. The Exposure Risk results
are considered exploratory due to lower internal consistency. The clearest pattern was
observed for exposure risk. Exposure-risk scores were highest among the weekly/high
frequency group (median of 4.00) and the site-based group (median of 4.00), whereas office-
only respondents had a median score of 3.25. This pattern supports the use of site exposure
as a meaningful grouping variable, although the relationship was not strictly linear.

Safety Concern was highest among the occasional/monthly group (median = 3.67)
and lowest among the weekly/high-frequency and site-based groups (median = 3.00).
One possible explanation is that occasional site visitors may encounter construction-site
hazards without being as fully integrated into site routines, access arrangements, or safety
procedures as personnel who work on site more continuously. This interpretation should
nevertheless be treated cautiously because the study measured perceptions rather than
directly observed site conditions.

Preparedness also differed significantly across site-exposure groups. Occasional/monthly
respondents had the highest level of preparedness (median = 4.00) and site-based respon-
dents had the lowest level of preparedness (median = 2.50). This finding suggests that
frequent or continuous site involvement does not necessarily correspond to stronger per-
ceived preparedness. Institutional arrangements surrounding site work, including training,
appropriate PPE, transportation, site protocols, and clear reporting procedures, may there-
fore be important alongside the frequency of site exposure. The practical implication is not
to reduce women engineers’ participation in site work, but to ensure that such participation
is appropriately supported and organized. These cross-sectional differences reflect rela-
tionships between site-exposure level and reported perceptions and are not interpreted as
evidence of the causal effects of site exposure.

Exposure groups also varied in terms of demographics and professions, substantiating
that these unadjusted comparisons should not be viewed as being solely attributable to
site exposure. However, adjusted sensitivity analyses indicated that the relationships with
preparedness, safety concern, and reporting barriers, as well as improvement priorities,
remained after the inclusion of age, experience, discipline, organization type, and region.
After adjustment, the weaker gender-barrier association was not significant.

5.2. Gender-Responsive Safety and Inclusive Working Conditions

A central finding is the strong support for welfare and mobility measures. Sanitary
facilities, safe transportation, suitable PPE, rest areas, contractor obligations, managerial
training, and women'’s participation in safety committees should not be treated as peripheral
workplace conveniences. In this study, they represent gender-responsive components of
construction-safety infrastructure because they influence whether women engineers can
participate in site work safely, comfortably, and professionally. The findings therefore extend
construction safety beyond conventional hazard-control categories to include the working
conditions that enable safe and equitable site participation.

The suitability of PPE also needs to be considered. Unsuitable PPE was one of the
highest-ranking barriers and suitable PPE was one of the highest ranked improvement
priorities. The issue is not merely the availability of PPE but its suitability and usability
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for women engineers. Poorly fitted PPE may reduce comfort, restrict movement, impair
protection, and discourage participation in some site activities.

Gendered professional barriers also emerged strongly in the item-level and qualitative
findings, and the gender-barriers construct showed a significant overall difference across
site-exposure groups. However, no individual pairwise comparison remained statistically
significant after Benjamini-Hochberg adjustment. This suggests that the overall group
pattern should be interpreted cautiously rather than attributed to one specific site-exposure
contrast. This finding is consistent with Reuben et al. [21], who show that women engineers’
professional identity and sense of belonging are shaped within gendered organizational
environments. In the present study, such conditions are also reflected in site participation,
professional recognition, and workplace-safety experiences.

5.3. Reporting Climate and Digital /AI-Enabled Safety Support

Reporting climate is a critical component as site issues cannot be resolved if not com-
municated and acted upon. The lowest overall construct mean was for reporting barriers
yet there was a strong rating for confidential reporting and anonymous digital reporting as
improvement priorities. This indicates that reporting is not always a consistent challenge for
all respondents; however, trusted reporting options are widely seen as essential. Reporting
is particularly sensitive where issues relate to privacy, inappropriate behavior, welfare
facilities, transport and/or discomfort in male-dominated settings. These concerns may not
be readily addressed by the traditional safety system, which generally deals with physical
hazards or near misses.

Institutional response is as important as access to reporting channels. A reporting
channel is not very useful if women engineers think nothing will change, their identity
might be revealed, or reporting could hurt their professional reputation. The systems
should therefore be confidential, easy to access, and should include documented follow-
up. Effective reporting requires more than the availability of a reporting channel; it also
requires a workplace climate in which employees can raise concerns without fear of negative
consequences. This finding connects with employee-voice research. Fatoki [26] emphasizes
the role of psychological safety in employees” willingness to express workplace concerns;
similarly, the present findings suggest that reporting mechanisms may be less effective
where confidentiality, institutional response, and protection from negative consequences
are uncertain. This pattern is consistent with recent construction-sector evidence showing
that fear, stigma, and anticipated repercussions can discourage disclosure of workplace
concerns and leave important occupational risks less visible to organizations [29].

The results show that perceptions of several technology-supported safety features are
positive although the distinction between the digital and Al-enabled features should be
made. Digital safety-support tools included mobile safety applications, anonymous digital
reporting and digital dashboards, while Al-enabled functions included Al-based complaint-
pattern analysis, which was the unique Al-enabled function assessed in the questionnaire.
The overall ratings for all four options were generally positive. Such tools may potentially
facilitate women engineers to convey safety issues, record recurring issues, and highlight
underreported issues to decision makers. If implemented and appropriately governed, such
systems may help identify recurring patterns: a report of an inappropriate facility, unsafe
transport, PPE mismatch, inappropriate comments, or weak site arrangements might seem
not linked; however, systematic analysis can uncover recurring issues related to a single
site, contractor, or institution.

The two privacy-related digital-reporting items were separately treated and not com-
bined as a governance construct. Over half of respondents reported they would be willing to
use digital reporting, provided that privacy is assured, and 49.3% said that concerns about
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disclosure of identity might prevent them from using digital reporting. These responses
suggest that perceived technological sophistication or efficiency alone is insufficient to
generate trust.

The findings therefore suggest that privacy protection, appropriate governance, and
confidence in organizational response are important considerations for digital reporting in
sensitive workplace contexts. Data from other BIM-based construction projects indicate that
trust in digital systems depends not only on the technology, but also on the organizational
management, the state of the systems, the policy and user readiness [33]. This conditional
acceptance is consistent with El Achi et al. [18], who found that employees’ comfort with
Al-supported workplace decision-making is closely related to trust and perceived benefits.
In the present context, privacy protection and confidence in organizational response appear
particularly important to perceptions of Al-enabled safety reporting. Al-enabled reporting
should therefore be viewed as a support mechanism for organizational safety management
rather than as a substitute for appropriate welfare provision, suitable PPE, supportive
workplace culture, or accountable institutional response.

5.4. Implications for Safe and Inclusive Construction Workplaces, Limitations, and Future Research

From a construction-safety and workplace-inclusion perspective, the findings point
to four practical priorities. These are: site-exposure-sensitive work arrangements, gender-
responsive welfare and PPE provision, managerial training, and trustworthy reporting
governance. These priorities translate safety, equity, and inclusion into concrete site-level
practices rather than treating women’s participation primarily as a representation issue.
The practical implications of this study are: First, women engineers’ safety needs should be
assessed according to site-exposure level. Occasional and periodic site visitors should not
be overlooked, because they may experience site risk without being fully integrated into site
routines. Second, the respondents were very supportive of the idea of incorporating gender-
responsive welfare features in project specifications and contractor commitments, such
as sanitary facilities, safe waiting/rest areas, safe transportation, and PPE in appropriate
sizes. The provisions could thus be taken into consideration in designing gender-responsive
site-readiness arrangements.

Third, there was a strong consensus on the need for practical training of site man-
agers and supervisors on women engineers’ safety needs. Training may include site-visit
procedures, communication, movement on site, privacy, access to welfare, reporting is-
sues, and responding to inappropriate behavior. Fourth, there was also strong respondent
support for confidential reporting channels which can be considered in conjunction with
clear follow-up mechanisms. Digital or Al-enabled reporting tools may be piloted, but
only with strong privacy protection, transparent governance, and institutional commitment
to corrective action. The need for targeted safety training is also in line with Alhammadi
etal. [34] who pointed out that construction safety education should focus on specific safety
knowledge gaps to better equip people with the necessary safety knowledge to work in the
construction industry.

This study has limitations. It used non-probability sampling, which limits generaliz-
ability to all women engineers in Iraq. Because the study included women engineers only,
it does not estimate differences between women and men. The findings should therefore be
interpreted as variation within women engineers according to their reported site exposure
and workplace experiences, rather than as evidence of gender differences relative to male
engineers. The site-exposure groups were unequal in size, particularly the weekly/high-
frequency group, and subgroup comparisons should therefore be interpreted cautiously.
Data were self-reported; therefore, the findings represent perceived rather than indepen-
dently observed site conditions. In addition, some constructs demonstrated marginal or low
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internal consistency and were interpreted cautiously alongside item-level and qualitative
findings. The improvement priorities reflect the perceived importance of the proposed
measures to the respondents; the study did not assess the effectiveness of the interventions
or their regulatory adequacy.

Future research could include male engineers, contractors, site managers, and institu-
tional decision makers to compare perspectives across stakeholder groups. Further studies
could also evaluate interventions such as anonymous reporting platforms, mobile safety
applications, and gender-responsive site protocols.

Despite these limitations, the study provides focused evidence from Iraq on women
engineers’ workplace-safety experiences. It also reports their views on possible digital and
Al-enabled safety-support options.

6. Conclusions

This study examined women engineers’ workplace-safety experiences in Iraq’s con-
struction sector, including site exposure, welfare and privacy conditions, PPE suitability,
reporting climate, and gendered workplace barriers. It also examined respondents’ views
on possible digital and Al-enabled safety-support options. Evidence from 215 survey re-
sponses and open-ended comments shows that these experiences involve not only physical
site hazards but also work arrangements, organizational provisions, reporting systems, and
confidence in organizational response.

A central practical finding concerns the strong support for workplace improvements.
Facilities for sanitation, safe transportation, appropriate PPE, contractor/consultant respon-
sibilities, rest areas, site manager training, women on safety committees, and confidential or
anonymous reporting channels were all high in importance for the respondents. The find-
ings indicate that welfare, mobility, and privacy are not secondary workplace considerations
but important occupational-safety conditions.

Several safety, reporting, gender-related, and improvement dimensions differed across
site-exposure groups in the unadjusted analysis. After adjustment, the associations with
preparedness, safety concern, reporting barriers, and improvement priorities remained
significant, while the gender-barrier association did not. The result with lower-reliability
exploratory indices should be interpreted with caution and in conjunction with the item-
level evidence. These differences suggest that office-only respondents, occasional/monthly
visitors, weekly /high-frequency visitors, and site-based/almost daily respondents may
require different forms of organizational and safety support.

The results indicate that promoting safer and more inclusive construction workplaces
should not stop at increasing women'’s representation. Respondents’ priorities indicate the
critical role of site arrangements, provisions of welfare and PPE, reporting mechanisms,
managerial support, and digital governance that can be trusted in supporting women
engineers’ safe and equitable engagement in construction work.
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