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Abstract
With a compound annual growth rate of 5. , the modular construction market is forecasted to increase to a

market value of $154.8 million by the end of 2023. Traditional stick-built construction and modular construction
differ in many aspects including design, engineering, collaboration requirements, logistics, and others. Available
research efforts tried to study and model the complex modular construction processes. However, they seemed to
fall short in investigating modular construction processes in a comprehensive and holistic manner. In effect, the
currently used decision-making models and processes for modular construction do not necessarily reflect the
diverse and multiple interconnected and associated factors. This paper develops a comprehensive list of decision
factors as well as determines future research needs for modular construction. As such, the authors (1) conducted
a systematic literature review and analysis of modular construction studies that were conducted between 2009
and 2019, (2) highlighted the broad factors affecting decision-making in modular construction projects, and

(3) utilized social network analysis (SNA) to quantitatively identify the literature gaps and strengths and create a
roadmap for the factors that need further investigation. This paper identified 50 decision factors affecting the
various modular construction operations in the construction industry. Conseqguently, it was revealed that there
are some understudied decision factors, including those related to legal and regulatory considerations, material
and construction waste management, green practices, as well as commissioning and testing. Further, it was

shown that there is an explicit absence of the decision models and frameworks that simultaneously incorporate
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Use of LinkedIin Data and Machine Learning to Analyze
Gender Differences in Construction Career Paths

Paul J. Hickey'; Abdolmajid Erfani?; and Qingbin Cui, AM.ASCE?®

men follow distinctively different paths o achieve executive engineering leadership positions in the US
construction (AEC) industry? Using Engineering News Record’s (ENR’s) 2019 Top 400 list, this research
r over 2,800 executives to assess career differences between genders. Statistical comparisons of important
et of companies, titles, education, and network size, revealed a significant impact of gender on individual
s that men ascend to leadership with a single firm throughout their career, outpacing women almost fourfold

jom forest (RF) as an ensemble classifier, researchers successfully predicted profile gender with accuracy of

B% for testing samples. Collating and categorizing the activities and milestones of individual and collective
ng successful experiences, skills, and choices to reach leadership roles. This creates a roadmap for current and
essionals (o model their own vocational journey and accelerate progression up the corporate ladder. From an
Lprive themselves and customers of the proven wide-ranging benefits of diversity. DO 10.1061/(ASCE)

2022 American Sociely of Civil Engineers

Author keywords: Construction industry; Leadership; Gender; Diversity; LinkedIn; Social media networking.

Use of LinkedIn Data and Machine Learning
to Analyze Gender Differences in
Construction Career Paths

View article page

American Society of Civil Engineers
0742-597X
1943-5479

Introduction

Historical perspective on diversity traditionally focused on legal
and moral perspectives (Grand Kleiner 1997). Coupled with the
Kennedy administration’s legislative efforts in the carly 19605, the
civil rights movement propelled women's rights into the forefront

of social consciousness, driving change in educational and profes
sional outcomes (Jarding and Burns 2016). This paradigm change
allowed women (o0 pursue opportunities previously unavailable,
creating a significant shift in the late 20th-century workforce. The
passing of the Civil Rights Act of 1964 was a key
society, seeking to end discrimination based on an individual’s

ilestone in US

race, color, religion, sex, of national origin (US Equal Employment
Opportunity Commission 2021). Nonetheless, even laws and regu
lations accompanying this landmark legislation failed o generate fair
balance. As a result, affirmative action programs emerged (o bridge
the gap and eliminate the imbalances. With the continuing growth
of women in the workforee and associated greater prominence of

nder diversity, policies must continue 10 evolve to address the
21st-century workplace (Byrd and Scott 2014), Despite greater pub
lic visibility and scrutiny, women's architecture, engineering, and

construction (AEC) representation still lags behind general US pop
in the engineering field, women gravis
s societal impact (Dzombak and Meh

ulation distribution. ¥
towards disciplines offe

'Ph.D, Student, Dept. of Civil and Environmental Engincering, Univ. of
Maryland, Collcge Park, MD 20742. Email: phickey | @umd.cdu

*Ph.D. Student, Dept. of Civil and Environmental Engincering, Univ. of
Maryland, College Park, MDD 20742. ORCID: https://orcid.org/N00-0002
A703-1248, Email: erfani G@umd.cdu

"Professor, Dept. of Civil and Environmental Engincering, Univ. of
Maryland, College Park, MDD 20742 (corresponding author). Email: cui@
umd.cdu

Note. This manuscript was submitied on October 24, 2021; approved on
May 19, 2022; published online on August 3, 2022. Discussion period open

2017). Targeted effonts to increase participation by women only
erated modest gender diversity improvements in sclect engineer
subsegments (National Academy of Engineering 2018). Specifically
in the civil and construction engineering field, programs yield only
minimal market penetration where women fill approximately | in
10 industry positions and fewer than 1 in 25 exccutive engineering
leadesship billets (Hickey and Cui 2020)

This investigation further quantified hierrchal organizational
imbalance in AEC companies, adding a detailed analysis of career
path components. Although significant research exists on gender
celerating corpus focused on the civil engineer
ing and construction industry, authors found a lack of data-driven

studies, with an

measurement of career paths, underlying professional decisions,
and comparison between women and men. Today's early and mid
level carcer women lack role models (o inspire them for continued
growth, hindering their ability to achieve future leadership posi
tions (Rocbuck and Smith 2013). Further exacerbating the issue,
a recent study found that women supervisors leave their jobs more
often than men (Maurer et al. 2021). In an effort to identify factors
1o offset this imbalance, authors extracted profiles of leading indus
try firms’ executive teams to provide roadmaps of successful ac
tions and behaviors. With over 774 million users from more than
200 countries and territories, LinkedIn consolidates the largest cor
pus of professional experience. When considering the accuracy of
self-populated career information, authors considered the adverse
professional ramifications resulting from discovered falsehoods
embedded in profiles. The
LinkedIn information peer reviewed and accurate. However, reli
ance on full disclosure or propensity to inflate their accomplish
ments by all candidates offers study limitations and creates
potential for risk in the data set. As part of the data integrity process,
applied statistical testing found no difference in reporting detail or
completeness between genders. Across the larger workspace, focus
on professional social media ethical practices relating (0 accurac;

Sl [ 2N e = Ll il

e, authors deemed the published
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Simplify your ASCE Library browsing experience and go directly to the latest
and most current technical content to satisfy all of your civil engineering
needs. The solutions to complete your Structural engineering projects are

here.

Research and its Practical Application

Technical Papers

Genuine Influence Line and Influence Surface Identification from
Measured Bridge Response Considering Vehicular Wheel Loads

Technical Papers

A Fast Strategy to Determine Efficient Shape Changes of
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Author Center Home

futhor Center lome Welcome to the ASCE Author Center!
mublishing in ASCE \
Journals ASCE publications are the media through which civil engineers exchange technical and professional
knowledge. Information published by ASCE is the archival record of technical advances in the
> Publishing Books profession, and ASCE authors compose a learned international community of members and
nonmembers.

> Publishing Proceedings
Begin your ASCE publishing journey here, and join thousands of passionate, like-minded individuals

> Publishing Standards as an ASCE Library contributor.

> Rights and Permissions

> Reviewer Guide Language Editing and Translation Services
to Enhance Your Manuscript

(AI Policy /
Expert guidance to assist you in every A 13 2 AR 5%
step of your academic journey
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Author Center Home
Welcome to the ASCE Author Center!
Publishing in ASCE\
Journals ASCE publications are the media through which civil engineers exchange technical and professional

knowledge. Information published by ASCE is the archival record of technical advances in the

General : : : :
profession, and ASCE authors compose a learned international community of members and
About ASCE Journals nonmembers.
ASCE Publication Policies Begin your ASCE publishing journey here, and join thousands of passionate, like-minded individuals

Pear Raview Procacs as an ASCE Library contributor.

Ethical Standards

i Language Editing and Translation Services
Gulde to Figtires to Enhance Your Manuscript

Graphical Abstract Expert guidance to assist you in every Learn more
Guidelines

step of your academic journey
Alternative (Alt) Text
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Peer Review Process

Peer Review Process

Ethical Standards

LaTeX User Guide for
Editorial Manager

Guide to Figures

Graphical Abstract
Guidelines

Alternative (Alt) Text
Practical Applications

Postacceptance
Information

Forms and Checklists

Once an article is submitted for review, it will be evaluated by ASCE journal staff to ensure it meets
our technical requirements for submission. Once the manuscript passes our technical check, the
manuscript will be sent to the chief editor of the journal to begin the review process.

ASCE employs a single anonymous peer review process for review. When the manuscript is sent to an
editor, the chief editor performs an initial review of the article to ensure it fits the aims and scope of
the journal. Authors can review each journal's aims and scope on the journal home page at
ascelibrary.org.

If a manuscript fits within the journal's scope, the chief editor may send the article to an associate
editor who will invite reviewers and make a decision on the manuscript. Once the associate editor
submits their recommendation and the reviews, the chief editor will review the recommendation
and make a final decision.

Guidelines for Publication
To be acceptable for publication, a manuscript must:
- Be of value and interest to civil engineers.

- Be an original review of past practice, present information, or probe new fields of civil engineering
activity.

- Contribute to the planning, analysis, design, construction, management, or maintenance of civil
engineering works.
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it i e Managing an ASCE Proceedings Project
> Publishing in ASCE

ASCE proceedings are collections of papers presented at a conference with an ASCE sponsor, namely,
an Institute, Technical Group, or the Committee on Advancing the Profession. Currently, all ASCE
proceedings papers are published in digital format in the ASCE Library. Conference committees have
several options for making their proceedings available to their attendees.

Journals

> Publishing Books

/(PUbliShing Proceedingﬁ A proceedings may be either for-conference or post-conference. A for-conference proceedings must
General follow a strict schedule so that the proceedings papers are published in time for distribution or online

access at the conference. A post-conference proceedings is produced under a less-stringent

AERE RS deadline, and the papers are accessed by attendees sometime after the meeting.

Managing an ASCE . . .
Proceedings Project A conference may be managed by ASCE or by another organization. In either case, the requirements

and timelines for producing a proceedings are the same.
Copyright and Permissions

ASCE requires that conference proceedings papers be original, unpublished work. Dual publication
Publication and Beyond NP . . . _ . .

\ / (publishing the same paper in multiple places without permission from the original publisher and
agreement by the subsequent publisher) is a violation of publishing ethics and legally unacceptable.

> Publishing Standards
A published proceedings paper may not be published again as a journal article (and vice versa). If a

> Rights and Permissions paper has been substantially revised to include new (at least 51%) or additional material, proceedings
papers may be eligible for discussions and closures, which will be posted with the paper in the ASCE

> Reviewer Guide Library.

> Al Policy Review and Approvals
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About ASCE's Al Policy

Author Center Home

> Publishing in ASCE
Journals

> Publishing Books

> Publishing Proceedings
> Publishing Standards

> Rights and Permissions

> Reviewer Guide

v Al Policy
Al Authorship

Al Automated Tools

Al and Authorship

ASCE is a member of COPE, the Committee on Publication Ethics. As such, ASCE follows COPE
Guidelines on artificial intelligence (Al) and authorship. Our policy is that Al software cannot be
listed as an author on a paper.

ChatGPT and similar software is not human, and for this reason cannot independently design
studies, create and critique methodologies, interpret data, or be held responsible for the
outcomes and implications of the study in question. For this reason, ChatGPT and similar software
should be treated as a tool, not an author. For more information on COPE’s guidance on Al and
authorship, please visit the COPE website.

Al and Automated Tools

ASCE policies on the use of Al and automated tools are the following:

ASCE will not review or accept manuscripts written by nonhuman authors. Large Language
Models (LLMs) and Al tools should not be listed in a byline for any reason.

Authors are required to disclose whether Al tools were used in the creation and preparation
of their manuscripts. ASCE reserves the right to ask for and receive detailed information on
how LLMs and Al were used in the creation of a manuscript.

Reviewers shall not use LLMs or Al tools when reviewing manuscripts or preparing
comments to authors.

Future developments: ASCE will continue to monitor the ethical implications of using Al
tools and automation as they evolve and change.

View COPE's guidelines and recommendations regarding Al tools and automation for more
information.
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