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It gives me immense pleasure in acknowledging
the support rendered by all those individuals and
organisations.

| would like to thank all the authors of the papers
and attendees at the conference today. Without your
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Preface

| am delighted to write the preface for the
proceeding of the 44th AUBEA Conference hosted
by Deakin University. During recent years, AUBEA
Conferences have expanded its traditional catchment
area of Australasia, to also attract delegates from
Asia, Africa, and Europe and this has confirmed
AUBEA as a truly global conference. Attending an
international event such as the AUBEA Conference
has provided an opportunity for academics, industry
practitioners and students to build their network
whilst exchanging good practices in a prominent
event relevant to education in the building and
construction management discipline. Due to the
unique blend of topics within building/construction
education and industry, the AUBEA Annual
Conferences have provided a perfect platform

to strengthen the nexus between research and
learning/teaching whilst being fully informed by the
dynamics in our construction industry.

This 44th AUBEA Conference is the first AUBEA
Conference conducted entirely online.

The AUBEA Council made a deliberate decision to postpone the conference in 2020 due to COVID-19 and
decided to run a fully online AUBEA Conference in 2021. There is no denying that the level of disruptions
caused by COVID-19 is unprecedented in the 46 year history of AUBEA. Despite this disruption, it was the
joint view of the AUBEA Council and the host committee to continue with the AUBEA tradition to hold

the AUBEA Conference in 2021, not only to maintain the tradition and continue the benefits for the wider
academic community but also as symbol of our resilience as a mature academic society. |, therefore, would
like to commend the perseverance and hard work of the organising committee to make this happen under
such challenging circumstances. It is the view of AUBEA Council that AUBEA Conferences will continue in
the future, so this AUBEA 2021 conference, in particular, is an important milestone to signal that continuity
strongly.

Last but not least, | would like to thank you, our sponsors, and all delegates for attending and supporting
AUBEA 2021. | would also like to extend my thanks to the scientific reviewers and other relevant parties
that have supported AUBEA 2021. Your strong support has enabled us to host another successful AUBEA
Conference. AUBEA Conferences are indeed a celebration of building education, and it is imperative

for us to continue. Yes, there have been and still are disruptions due to COVID-19 but our drive and
innovativeness will prevail so that we can carry on doing what we do best, which is educating the next
generation in building/construction to continue to build a better and sustainable world for all humankind.

i___,.-""--_-_-_

—

Professor Monty Sutrisna
President of AUBEA 2020-2022
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Welcome to Deakin University as we host the

44th Australasian University Building Educators
Association Conference (AUBEA 2021). Deakin is
one of the oldest providers of built environment
education in Australia. We have a long history of
built environment education, which dates back to
the 1870s via our predecessor The Gordon Institute,
in Geelong. The School of Architecture and Built
Environment is one of the foundation schools that
formed Deakin University in 1974. Over that time,
we have been active contributor to AUBEA, and so
it is with much pride that we host the conference in
2021.

AUBEA is a membership-based non-profit
organisation, established in 1975 to promote and
improve teaching and research in building through
communication and collaboration. In these most
unusual times, this is the first virtual conference of
AUBEA’s in its 46-year history.

The conference theme of “Live the Future” was identified before the pandemic, but as time has passed it
has become more important than ever to reconsider what building education will become in future. The
profound changes that are resulting from this global event, has brought new attitudes, behaviours, and
ideas, to challenge established norms, and pose new questions about education in the built environment.

To maintain and assure the quality of the conference proceedings, each abstract received was reviewed.
The authors received anonymous reviewers’ comments on their abstracts and were invited to submit their
initial full papers. All the full papers have been peer reviewed with anonymous reviewers’ comments before
final acceptance to the conference.

On behalf of the organising committee, | would like to express my thanks to Professor Imriyas Kamardeen
as chair of the committee. | would like to acknowledge my colleagues, Dr Jamal Thaheem,

Dr Nateque Mahmood, Dr Gayani Karunasena, Dr Abid Hasan and Dr Abdul-Manan Sadick, who were also
on the organising committee and have been working very hard to make this conference a reality.

Professor Anthony Mills

Chair of Construction Management

School of Architecture & Built Environment
Deakin University
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Industry Professor, Deakin University

Engaging with Industry in Times of Disruption

Tony Arnel is Industry Professor at Deakin University. He is an expert

in the built environment and has been a sustainability advocate for
more than three decades. Tony is also the Chair of the Engineering
Advisory Board at Deakin University, serves on the board of Forest and
Wood Products Australia and is the Immediate Past-President of Energy
Efficiency Council

Tony is a Life Fellow of the Australian Institute of Architects and a Fellow
of the Australian Institute of Company Directors.

Over his distinguished career, he has worked in a variety of positions
in state government, capital city government, the private sector and
academia.

For nearly a decade, he was the Global Director of Sustainability at
engineering company Norman, Disney and Young, working across the
companies worldwide network. Before Norman, Disney and Young, he
was the Victorian Building Commissioner for over ten years. He was also
a director at the City of Melbourne in the late 90s.

Dean of the School of Property, Construction and Project Management
(PCPM), Interim Dean of the School of Global, Urban and Social Studies
(GUSS) and, Deputy Pro Vice-Chancellor, International, RMIT University

Preparing Construction Management Students for the Future

Professor Wakefield is currently Professor of Construction, Deputy

Pro Vice-Chancellor International, Dean of the School of Property,
Construction and Project Management and Interim Dean of the School
of Global, Urban and Social Studies at RMIT, Australia. Ron researches
and teaches at RMIT in the areas of process simulation and modelling,
residential and commercial construction and uses of information
technology in construction management. He has degrees in Civil
Engineering, including a PhD and BE (Hon 1) from the University of New
South Wales and an MSE from Princeton University.

Prior to joining RMIT, Professor Wakefield was the William E. Jamerson
Professor of Building Construction in the Department of Building
Construction and the Associate Director for Building Technology Research
at the Center for Housing Research, Virginia Tech. Ron has over 25 years’
experience as an international researcher, consultant and engineer in
building construction. He is the Chair of the Board of Tract Consultants, a
Director of Launch Housing and JJR Consulting and a co-opted member of
the Victorian Building Practitioners Board.
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Honorary Professor Norman Faifer

Chartered Builder, Certified Quantity Surveyor, Accredited Adjudicator,
Norman A Faifer and Associates

How do Universities add value? Research, teaching, employability skills
and fostering social and community values

Norman served his cadetship in building at LU Simon P/L, Builders,
retiring after 14 years to set up his own building business trading out
some 25 years later. He now practices as an Expert in Building Matters
and has appeared in all Victorian jurisdictions and the Federal and Family
Courts of Australia in Building matters. He has been appointed by the
Family Court as the single Expert Witness and Special Referee in Building
matters in cases listed before that Court. He has acted as an Arbitrator
in commercial building disputes and has been nominated as Adjudicator
in Building and Construction Security of Payment Disputes. Has been
appointed as the Expert Determiner (both in binding and non-binding
cases) in building and construction disputes.

He is a Life Fellow of the Australian Institute of Building, a Fellow of the
Australian Institute of Quantity Surveyors, the Institute of Arbitrators
and Mediators, Australia, and the Resolution Institute, a member of
the Building Disputes Practitioners Society and has been, through his
company, a member of the Master Builders Association of Victoria for
over 35 years.

He has lectured in building and construction related topics in the faculties
of: Architecture and Building at RMIT, in Engineering at Swinburne, in
Architecture, Building and Planning at the University of Melbourne and

in Science Engineering and Built Environment at Deakin University. He
has given seminar lectures to the Institutes of Quantity Surveying and
Arbitrators & Mediators and of course is committed to the Institute of
Building which he joined as a student member in 1971.

Professor Margaret Bearman
Professor, Research, Office of DVC (Education), Deakin University

The Future of Higher Education within a Digital World

Margaret Bearman is a Research Professor within the Centre for Research
in Assessment and Digital Learning (CRADLE), Deakin University. She
holds a first class honours degree in computer science and a PhD in
medical education. She is known for her work in assessment design,
feedback in clinical environments and digital education. Recognition for
her work, includes Program Innovation awards from the Australian Office
of Learning and Teaching and Simulation Australasia.
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Chair in Construction, Faculty of Architecture Building and Planning, The
University of Melbourne

Women and Construction Management Education

Valerie Francis is a Professor in Construction Management within the
Faculty of Architecture, Building and Construction. She is a civil engineer
with over ten years’ experience in commercial, industrial, institutional
and domestic construction as a senior structural engineer and project
manager. Valerie also has a Master’s degree in Project Management and
a PhD which focused on gender in construction and engineering. She
worked as a Research Fellow for five years on two large ARC projects
investigating construction efficiency prior to joining the University in
2000.

While she maintains an interest in issues involving construction
procurement her current research explores factors affecting
organisational effectiveness and employee satisfaction and well-being.
Valerie is a recognised expert in the field of work-life balance in the
construction industry and to date she has been the sole and joint (with
Lingard) recipient almost half a million dollars for research in the area.
She is the joint author of “Managing Work-Life Balance in Construction”
published by Spon Press in the UK in 2009 and was the Chief Investigator
on an ARC grant investigating the effect of different work-life strategies
on several “live” construction project.

Valerie research has also investigated issues affecting women’s attraction,
retention and progression in construction. Her study on professional
women’s career progression was the largest study of its nature worldwide
and it resulted in the development of a career typology for professional
women. Her research work has resulted in the publication of a wide
number of industry reports and papers in top tier international journals
as well as local Australian journals. In 2010 she won the NAWIC Bovis
Lend Lease Crystal Vision Award (Victoria) for her thirty years of service
to women in engineering and construction. She subsequently awarded
the National Crystal Vision Award in 2012. This is awarded every two
years by the National Association of Women.

Valerie is also the co-ordinator of the Master of Construction
Management and Assistant Dean (Research Facilities).
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2021 Conference Themes

Theme 1: Redesigning construction education for the Fourth Industrial Revolution
(Industry 4.0)

This theme focuses on defining educational contents that equip construction graduates with the required
skills for the jobs of the future, and covers, but is not limited to, the following broad topics:

e curricula that prepare graduates capable of shaping the built environment for individuals and
communities to thrive

e improved integration of BIM and Digital Engineering into curricula

e meeting future industry expectations of construction graduates.

Theme 2: Preparing construction graduates for the jobs of the future

This theme emphasises on pedagogical techniques that prepare construction graduates with the required
skills for the jobs of the future, and covers, but is not limited to, the following broad topics:

» pedagogical strategies that nurture graduates for the jobs of the future

e construction education to enhance the digital literacy of graduates

e adopting Cloud computing, VR/AR/Al and Gamification in construction teaching and learning

e new and emerging roles in the construction industry.

Theme 3: Innovation and research that makes a difference to our industry

This theme encapsulates research and innovation that is critical to the advancement of the construction
industry, and covers, but is not limited to, the following broad topics:

e cutting edge technologies for high performance construction and built environment

e innovative methodologies for enhancing sustainability, quality and resilience in construction

e remodelling processes, productivity and performance of the construction industry.

Theme 4: Value adding to stakeholders and the community

This theme concentrates on industry-focused, applied research that can add value to and enhance industry

practices, processes and products, and covers, but is not limited to, the following broad topics:

e best value and best performing products, methods and processes for a sustainable industry and
community

e rethinking contracts, ethics, professionalism and diversity for a thriving industry and community

e revamping policies, regulations and codes for a thriving industry and community.

Theme 5: Industry case studies, innovative methods and practices

This theme captures insights from construction industry practitioners’ experiences, research and analytic
findings, and exemplary case studies. The theme is quite broad and any topic of current interest to
construction organisations and industry as a whole can be submitted, including aspects/topics that discuss
the expectations of industry from future construction graduates and academia. Similarly, exemplary case
studies of the implementation of novel technologies and approaches can be submitted, highlighting insights
thereof.
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who would have thunk it
could work?

Dr Larry Xiancun Hu,
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Mangosuthu University of
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Editorial

This section contains the abstracts and full papers presented at the conference. On behalf of the
conference committee, we would like to acknowledge and thank the authors that submitted papers
for consideration under the conference themes. Table 1 below shows the number of submissions and
outcomes for 2021.

Table below: AUBEA 2021: Submissions and outcomes

Theme 1 25 9
Theme 2 32 14
Theme 3 60 22
Theme 4 45 23
Theme 5 32 8
Total 194 76

Full papers identified as ‘Full Paper — Peer Reviewed’ in the Conference Proceedings have undergone a
double blind peer review process, with de-identified feedback and suggestions for revisions provided to
authors. All submissions were also reviewed by members of the conference committee review panel. We
gratefully acknowledge the generous work of the reviewers, a national group of colleagues who contributed
their time and expertise to provide review commentary, including constructive and valuable feedback for all
submissions.

These proceedings are published by Deakin University under ISBN 978-0-646-85008-5 (e-Book). We hope
that this collection of papers will make a positive contribution to the ongoing discussion about those
challenging issues that lie at the heart of assessment.

Disclaimer

The papers published in this Conference Program have been reviewed, edited and proofread to the best of
our ability within the timeframe permitted. We acknowledge that there may be further proofing errors.
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Abstract

This study examines the differences in career choice predictors among a sample of women
university students from diverse socio-economic backgrounds. This study surveyed 229
conveniently sampled students, enrolled in construction-related programs at two universities
in South Africa. The samples were drawn from student cohorts enrolled in construction
management, civil engineering, property development, land surveying, building and quantity
surveying. Adopting the Social Cognitive Career Theory as the study’s theoretical framework,
the Kruskal-Wallis test was conducted to test for SES differences in the extent to which nine
constructs determined a career choice in construction. The study found statistically significant
differences in self efficacy beliefs among the high and low SES groups. A practical implication
of the research is that results from the study suggest clear pathways to making a career choice
in construction, for women who want to enter and remain in the construction work.

Keywords
Career Choice, Construction, SCCT, SES , Women

1 Introduction

Issues regarding gender equality and accommodation of peculiar gender needs are lacking in
South Africa (Alves and English, 2018; Chileshe and Haupt, 2010). A lack of understanding
of girls and women’s career choice and development is a significant obstacle to attracting
women into the construction industry. Although the industry has sought to find solutions to the
problem of under-representation of women, progress seems to be very slow and erratic. Despite
the existence of a significant range of studies on gender and women’s career choice and
development in construction (Ahuja and Kumari, 2012; English and Hay, 2015), limited
progress has been made to develop interventions and strategies that can be applied to the
women and minorities in the construction industry (Moore, 2006).

Another issue is the lack of understanding of social and cultural factors that influence women’s
career choices in the construction industry. Influences from the society and culture combined
with the negativity they experience have been discovered to contribute to the few number of
women in the construction profession, therefore resulting in a low number of mentors to attract
young women into the profession. Numerous studies have explored women in other non-



traditional and male-dominated environments (Shapiro et al., 2009; Wells et al., 2010), but few
have specifically focused on the construction industry in the South African context, where the
experiences of women may differ because of a variety of sociocultural influences.

Findings from previous studies suggest that demography and ethnic differences may have an
impact on the career decisions of women and their perceptions of career-related barriers. While
scholars have begun seeking the role culture and society plays on the career decisions of women
and their development at the workplace, fewer studies have focused on inter-group differences
(Holvino, 2010).

To increase the participation of women in construction programs in South Africa, this study
applies the Socio-Cognitive Career Theory (SCCT) to understand the differences in career
choices among women from diverse socio-economic backgrounds. This study contributes to
research on the career choice of women in male-dominated environments in non-Western
cultures.

2. Literature Review

Career Choice and Socio-economic Status

Socio-economic status (SES) is the position of a person based on their access to wealth, power,
and prestige (Ali and McWhirter, 2006; Taylor and Yu, 2009). SES is also conceived with
regards to a family or a person’s income, occupation, level of education and social rank
(Bécares and Priest, 2015; Xin et al., 2020).

In South Africa, the hierarchical structure of society, including access to wealth, prestige, and
power, was constructed to be based on ethnicity through decades and even centuries of
institutionalized inequality (Ali and Saunders, 2006; Taylor and Yu, 2009). Restriction was
placed on the type of education people had access to, where people could live, and the kind of
work they could engage in (Taylor and Yu, 2009).

Subsequent research has widened the consensus regarding SES as a strong predictor of
educational and career outcomes in South Africa- a highly unequal society (Taylor and Yu,
2009). Studies have shown that the SES of a person has a significant influence on their
educational achievement and career choices (Ali and Saunders, 2006, Patton and Creed, 2007,
Taylor and Yu, 2009). Becares and Priest (2015) investigated the inequalities of educational
opportunity, with the assumption that ethnicity could be the primary cause of inequalities.
However, findings from the study suggested that neither did ethnicity and funding predict
educational and career choice. Instead, family and socio-economic background were found to
determine academic and career outcomes substantially.

Lee and Burkham (2002) found that significant differences in the cognitive ability of students
could be associated with their SES backgrounds. Cheng and Starks (2002) ; Kao and Tienda
(1998) reported lower educational and occupational aspirations for students from lower
socioeconomic status compared to advantaged students. In many studies, family support has
been identified as a direct influence, bearing in mind that parental education and occupation
are an indicator of SES (Ali, McWhirter and Chronister, 2005 ; Taylor and Yu, 2009). Highly
educated parents may offer better support to their children, as they have better access to
information that could feed into the educational and career achievement of the children (Taylor
and Yu, 2009).



In addition to the disparities among people from socio-economic backgrounds, different
patterns in education and career outcomes among women with varying SES has also received
longstanding attention (Becares and Priest, 2015). These differences have been attributed to
the socialization process and gender role stereotyping within families, schools, and
communities (Bécares and Priest, 2015; Cvencek et al., 2011). These socialization and
stereotyping processes are also significant causes of educational and occupational inequalities
(Bécares and Priest, 2015; Kelly, 2009).

Although substantial evidence in the literature has suggested that SES can significantly
influence educational and career choices, samples have been bias towards higher SES
categories (Bécares and Priest, 2015;Breen and Jonsson, 2005). Studies of women’s career
choices in male-dominated occupations have been found to rarely include women from low
SES categories (Nieva and Gutek, 1981). To adequately examine SES differences among
women, it is crucial to consider samples from a diverse range of SES backgrounds. Since men
rarely undertake careers in female-dominated professions, the relationship between SES and
career prestige has been adequate for the study of the career choices of men (Hannah and Khan,
1989). Betz and Fitzgerald (1987) suggest that the study of women’s career choices are more
complex, and the influence of SES on choices should be examined.

Comparisons have revealed that in lower SES categories, homogeneity and lack of exposure
were found to hinder women’s ability to contest gender norms, limiting their awareness to
unconventional gender roles (Pozarny et al., 2016). Women from higher SES backgrounds are
less pressured to conform to socio-cultural restrictions compared to their counterparts from
disadvantaged backgrounds (Reichlin and Shaw, 2015).

Unterhalter et al. (2010) noted that issues of social exclusion concerning ethnicity and
socioeconomic background, family composition and gender, strongly influenced educational
attainment and career decisions of girls. The academic level of parents influenced their gender
role perceptions. Sandikci (2018) associated social class to the value of higher education in
high SES families. Families from high social classes have less traditional perceptions of gender
roles for boys and girls. Lewis and Lockheed (2006) found that communities where ethnicity
was a prominent part of the social structure displayed gender divisions regarding women’s
education.

Regarding education and gender role perceptions of women, Sandikc1 (2018) emphasized that
discriminatory policies on women’s education hinder the educational progression of most
women with lower SES. Educating the girl child is given low priority, particularly in
households where assistance is required in carrying out domestic chores and income generation
(Chant et al, 2016). Majority of women do not make it beyond primary education and are
usually encouraged to prioritize their families rather than pursue higher education. However,
their counterparts from higher SES backgrounds have access to more significant educational
opportunities and are encouraged to take up careers in engineering and business, which places
them at an advantage of attaining higher social status (Lombard and Wairire, 2010). Parents
from higher SES backgrounds might possibly encourage their daughters to break gender
stereotypes and undertake careers in traditionally male-dominated environments (Chant et al.,
2016;Lombard and Wairire, 2010).

Sonnert (2009) reported that in high socioeconomic backgrounds, mothers with careers adopted
more egalitarian gender roles for their daughters compared mothers in traditional families.
Daughters were also found to consult with their fathers concerning career choices. Watson et
al. (2011) found that female students from higher SES backgrounds chose their preferred
course of study without considering the professional value of such a field. However, girls from
lower SES backgrounds were more concerned with areas of studies that would provide them



with financial security in the future (Watson et al., 2011). Andres et al. (2007) concluded that
regardless of whether the gendered reality of the labour market is accepted, career choices of
women are strongly associated with their social background.

2.2 Socio-Cognitive Career Theory (SCCT)

This study was framed by the Social Cognitive Career Theory (SCCT) as it relates to the
students’ career choices in the construction industry. SCCT (Lent et al. 1994) is a direct
application of the social cognitive theory by Bandura (1989) and elaborates exclusively on the
educational interest formation, career development, performance, and persistence of
individuals in their career endeavours. Processes whereby the educational and professional
interest of individuals are developed; the influence of interests and other socio-cognitive
mechanisms on career choices and the attainment of different levels of career performance and
persistence are outlined in the SCCT (Lent et al., 1994; Ali and McWhirter, 2006).

SCCT focuses on the role of cognitive factors such as self-concept, self-efficacy, goal
representations, interests, outcomes and expectations in the career development of an
individual and how these factors interact with internal and individual variables such as gender,
ethnicity, belief systems and social supports to influence the career behaviour of adolescents
(Lent et al., 2000; Lent et al., 2008; Ali and Saunders, 2006; Kelly, 2009; Saifuddin et al.,
2013). Biological, situational, and contextual factors such as race, sex, intelligence, culture,
and gender role socialization are moderators of the formulation of choice goals and
significantly influence career development (Ali and McWhirter, 2006; Kelly, 2009).

2.1.1 Self-Efficacy

Self-efficacy refers to “people’s judgments of their capabilities to organize and execute courses
of action required to attain designated types of performances” (Bandura, 1989). From the
social-cognitive perspective, self-efficacy is a set of beliefs concerned with specific
performance domains and interact complexly with external and contextual factors. These beliefs
help to determine the choice of activities, environments, persistence, and emotional reactions to
certain events (Malach-Pines and Kaspi-Baruch, 2008). Ali and McWhirter (2006) ; Kelly,
(2009) ; Lent and Sheu (2010) described self- efficacy as a person’s perception of their
capabilities and ability to perform at certain levels in a specific domain, that influence certain
events which have an impact on their lives. It is a conviction by a person that a target can be
achieved (Hunt et al., 2017). Commonly, a person has a higher level of self-efficacy when
they believe they have the required competency and efficacy to obtain necessary results
(Bandura, 1977). Elements of self-efficacy are perceived to assist a person in determining their
choice of activities, degree of persistence, and emotional reaction to situations (Pefa-Calvo et
al., 2016).

Introduced to career development literature by Hackett and Betz (1981), self-efficacy has
received wide attention in career literature and has been identified as a major predictor of
choice to undertake and remain in a male-dominated career such as construction (Lent and
Brown, 2006; Lent and Sheu, 2010).

2.1.2 Outcome Expectations

Outcome expectations refer to a person’s beliefs relating to probable response outcomes and
consequences of performing certain actions (Lent and Brown, 2006). Career choice behaviour
is perceived to be significantly dependent on the subjective likelihood that a particular action



will yield a certain outcome as well as the value a person places on those outcomes (Locke et
al., 1986; Wanous et al., 1983). According to Bandura (1989), “people act on their judgments
of what they can do, as well as on their beliefs with regards to the likely consequences of their
actions.” Physical outcomes (money), social outcomes (approval), and self-evaluative
outcomes were highlighted as the types of outcome expectations (Bandura, 1989). Outcome
expectations have been identified as one of the most salient predictors of career choice
behaviour as individuals have positive expectations from engaging in the behaviour (Kelly,
2009).

2.1.3 Goal representations

Goals play a significant role in the career behaviour mechanism (Lent et al., 1994). Goals are
the determination to undertake a particular action or to initiate a specific future outcome
(Bandura, 1989). Goal representations result in extra input by a person in the relevant domain,
inspiring the person to proceed energetically, making a career choice in the domain through
organized planning (Lent et al., 1994). In most cases, a person defines some criteria for certain
behaviours depending on their expectations and beliefs, and these criteria are referred to as
goals (Ali and McWhirter, 2006; Pena-Calvo et al., 2016).

Numerous studies have suggested that several factors related to goals, influence career choice
behaviour (Ali and McWhirter, 2006;Pefa-Calvo et al., 2016). It is expected that firmly held
goals will more likely influence career entry choice behaviours (Lent et al., 1994). Goals are
also perceived to have a strong motivational effect on career choice behaviour to the extent that
they are specific and clear, although may be challenging, are attainable and proximal (Hunt et
al., 2017).

2.1.4 Social support

Although numerous studies have adopted the SSCT framework, a majority have emphasized
more on individual and cognitive variables, ignoring one of the main constructs of SCCT- the
influence of social and contextual variables (Pio et al., 2013). A major influencing variable on
career decisions is social support (Hunt et al., 2017; Lent et al., 2001). Support from significant
others such as parents, teachers, and peers are crucial social supports in occupational
aspirations career decision making, and persistence of students is well documented in literature
(Mau et al., 2000 ; Pio et al., 2013).

Lent et al. (1994) ;Whittock (2002) have highlighted support structures that may influence
career choice. Exposure to role models, networking contacts, emotional and financial support
from significant others are key support mechanisms that influence the career choices and
progress of women in the construction industry (Burke and Mattis, 2007;Vainikolo,
2017;Yokwana et al., 2016).

2.1.5 Learning Experience

Career choice behaviour is guided by an interaction of learning experiences with person and
contextual factors (Hunt et al., 2017). Studies have argued that previous learning experiences
promote future career behaviours and that an accumulation of different kinds of reinforcements
is responsible for career choices and that these prior experiences influence future career choice
behaviour (Lent et al., 2008;Pio et al., 2013). During the socialization process, the environment
exposes a person to a range of activities which might be of occupational relevance (Kessels



and Taconis, 2012). A person also experiences and observe other people within their
environment performing various vocational activities, exposing them directly and indirectly to
diverse activities as well as differently reinforcing their aspirations to pursue certain activities
(Kelly, 2009). By repetitively performing certain activities, role models, and feedback from
models, people refine their career choices (Lent et al., 1994). Learning experiences produce
values that are acquired through socialization and fundamental social learning processes, such
as vicarious learning and self-evaluative experiences (Alexander et al., 2011). Interactions with
family members, teachers, peers, role models, cultural and religious institutions, and media
sources influence personal values and standards, which may consequently influence career
choice behaviour (Charity-Leeke, 2012).

2.1.6 Interests

Interests are skills developed during a person’s socialization process and ideally are translated
into career choices, although social and environmental factors often influence the level of
career aspirations and choice (Bécares and Priest, 2015). Jin et al. (2009) defined career
interests as patterns of likes, dislikes, and indifferences with regards to career-related activities
and occupations. Betz and Voyten (1997) considered interests as a state of mind that emerges
before an action and is perceived as a principal motivator of career choice behaviour. A person
makes continuous choices, which are often regarded as unconscious, without considering how
their time and efforts will be spent (Rogers et al., 2008).

2.1.7 Gender role stereotypes

The influence of gender-stereotyped beliefs and attitudes on career choice has been a subject
of scholarly inquiry among researchers (Blakemore and Hill, 2008;Deemer et al., 2016;Sainz
et al., 2016). The career choice of a person may be hindered by socio-cultural and stereotypical
beliefs that undertaking certain careers are a violation of traditional gender norms (Blakemore
and Hill, 2008). Individuals are mandated to compromise their stance regarding a career choice,
by undertaking careers that are perceived as more realistic than ideal (Junk and Armstrong,
2010;Tsaousides and Jome, 2008). Numerous studies have argued that the under-representation
of women in male-dominated occupations could be because of continued gender-role
stereotyping of careers (Leung et al., 1994;Mendez and Crawford, 2002).

2.1.8 Access to Opportunity Structures

Lack of information on career opportunities may likely influence the career advancement and
value individuals place on various educational and career options (Ali et al., 2005;Jamenya et
al.). Reduced access to educational and vocational job-training opportunities have implications
on opportunities for women to choose careers in construction (Vainikolo, 2017). Numerous
studies have emphasized on the unequal access to training and development programs,
networking opportunities and educational programs, and as a result, there is unequal awareness
of a variety of career options that could broaden the career choices of women, with construction
as a viable option (Aulin and Jingmond, 201 1;Charity-Leeke, 2012).

2.1.9 Perceived Barriers

Individuals may perceive numerous barriers or hindrances to undertaking a career in the
construction industry (Aulin and Jingmond, 2011;Everhart et al., 1998;Lowe and Woodcroft,
2014). These barriers include discriminatory attitudes, work-life conflict, the wage gap,
workplace culture, lack of access to opportunities, challenges in career progression, poor



working conditions, long work hours, glass ceiling, gender stereotypes, lack of knowledge and
career information, lack of role models, sexual harassment, lack of education and training and
lack of opportunities (Mendez and Crawford, 2002;Fraser et al., 2013;Hoobler et al.,
2009;Kaewsri et al., 2013).

3 Research Methodology

A quantitative research method was adopted for the study. The study used a close-ended
questionnaire in a survey of university students enrolled in construction-related programs in
South Africa. Based on the advantages of the non-probability sampling method, the study used
a conveniently selected sample from two public universities in the KwaZulu-Natal province of
South Africa to participate in the study. The two universities were conveniently chosen because
of their proximity to the researchers. Convenience sampling consists of selecting participants
who are closest and more convenient to access (Sekaran and Bougie, 2010). This sampling
method was preferred to conveniently select two universities, which were closest to the
research domicile. Undergraduate students enrolled in construction-related programmes such
as construction management, land surveying, building, civil engineering, quantity surveying
and architecture in South African Universities were chosen as the sample frame. A sample size
of 229 was used for the analysis.

The survey questionnaire was administered for five weeks. The questionnaires were designed
using Google forms and administered electronically by sending out hyperlinks of the
questionnaire via email and the WhatsApp platform. Google forms is a cloud-based and online
tool used to create and customize questionnaires.

Following the result of the normality test, which revealed a non-normal distribution of data, a
non-parametric test was deemed suitable to test for significant differences among the SES
groups concerning the study constructs. In this study, the Kruskal-Wallis test was adopted to
test for significant differences between the SES groups. Similar to the Mann-Whitney U test,
the Kruskal-Wallis test is the non-parametric alternative to the one- way analysis of variance
test (ANOVA) and is used to test for significant differences among three or more independent
groups by comparing the scores on continuous variables (Field, 2013). An alpha level of 0.05
or less suggests a significant difference between groups.

4 Findings and Discussion
4.1 Demographic Statistics

To determine the socio-economic background of the respondents, participants were required to
indicate the current or last occupation and the highest qualification of the breadwinner of their
household.

Table 1 presents results relating to the socio-economic data of the participants. Most of the
household breadwinners were unskilled workers such as housekeepers, farmers, waiters, and
gardeners (n= 161; 70.3%), followed by graduate workers such as teachers, nurses, and police
officers (n=39; 17%).



Table 1: Socio-Economic Background

Occupation of the breadwinner of the household No Percent
Unskilled 161 70.3
Skilled 21 9.2
Graduate 39 17.0
Specialist 8 3.5
Highest qualification of the breadwinner of the household No Percent
Post- Matric 59 25.7
Matric 54 23.7
High School 59 25.7
Primary School 57 24.9
Socio-economic Category No Percent
High SES 42 18.3
Medium SES 54 236
Low SES 133 | 58.1
Total 229 | 100.00%

Concerning the highest qualification of the household breadwinner, 59 (25.7%) had post-matric
education, 54 (23.7%) had matric education, 59(25.7%) had high school education, and
57(24.9%) had primary school education. Based on the occupation and the highest qualification
of the breadwinner of the household, 133 (58.1%) of the students were categorised to be of low
socioeconomic status.

4.2 Differences in SES Categories subjected to the Kruskal-Wallis test

The test for significant differences in the influence of the career choice predictors between the
SES groups among women shows that significant differences were found for self-efficacy (Chi-
square =8.703, p=0.013) as the Sig. value was less than the alpha value of 0.05. An inspection
of the mean ranks for the career choice predictors in all the SES groups suggests that outcome
expectations and perceived barriers were the career choice predictor with the most influence.

Table 2. Test Statistics for SES and Career choice predictors

High SES Medium SES Low SES Kruskal-Wallis

MIS Rank MIS Rank MIS Rank | Test Df Sig.
Static
Self-Efficacy 1794 | 7 19.13 7 20.36 7 8.703 2 0.013
Outcome Expectations | 52.94 | 1 56.34 1 57.50 1 0.851 2 0.653
Goal Representations 2626 | 4 28.27 3 28.84 3 0.795 2 0.672
Social Supports 221 |5 24.34 4 22.56 5 2407 2 0.300
Learning experiences 16.05 | 8 15.82 9 15.73 9 0.014 2 0.993
Interests 2063 | 6 21.37 6 22.03 6 3.738 2 0.154
Perceived Barriers 47.05 | 2 38.89 2 40.16 2 3.185 2 0.148
Gender Stereotypes 3057 |3 22.72 5 2450 4 4.205 2 0.122
Access to Opportunity | 15.89 | 9 16.75 8 16.18 8 0.653 2 0.722
Structures

Results from the post-hoc test presented in Table 3, shows that the only groups that differed
significantly (p< 0.011) among each other where the high and low SES groups. There was no
evidence of significant differences between the other pairs.



Table 3. Analysis of Dunn- Bonferroni Test
Test Static | Std. Error | Adj. Sig.

Self-Efficacy High-Medium SES 16.024 9.620 0.287
Medium-Low SES 8.760 1.204 0.686

4.3 Women, SES, Self-efficacy and Career Choice

A statistically significant difference was found for the influence of self-efficacy on career
among the SES categories. The follow- up revealed differences lie among the low and high
SES groups.

Compared to men, limited research has been conducted on SES differences among women in
male-dominated and prestigious occupations. However, the findings in the current is supported
by (Burlin, 1976; Garrison, 1979 ;Henderson et al., 1988 ;Lueptow, 1981 ; Hannah and Kahn,
1989). Hannah and Kahn (1989) findings were mostly supportive, as the results reported that
women from high SES backgrounds displayed higher self-efficacy beliefs and were more likely
to choose male-dominated professions such as construction, compared to women from low SES
groups. Betz and Fitzgerald (1987|) ; Zuckerman et al. (1980) reported SES differences
between women who chose to undertake careers in male-dominated occupations, and further
noted that women in male-dominated occupations who were from high SES backgrounds were
more likely to have highly educated parents who made them more confident in their career
choices. Similarly, Burlin (1976) ; Kenkel and Gage (1983) found that low SES girls with less-
educated fathers were too traditional in their career choices and were less likely to choose
careers in male-dominated environments. An explanation for this was that girls from high SES
backgrounds had more access to family resources compared to low SES girls.

5 Conclusion

This study sought to understand the differences in career choices among women in South
Africa from diverse socio-economic backrounds given the historic institutionalized inequality.
To this end the Socio-Cognitive Career Theory (SCCT) was used. Whereas previous studies
have focused largely on higher socio-economic status (SES), this study examined a diverse
range of SES. High, medium and low SES were compared.

The study asserts that the socio-economic background, which is categorized as a person input
will significantly predict career choices and have diverse influences on career choices in
construction. A key finding of the study suggests that in the context of male-dominated
industrial sectors such as construction, there are significant differences between women from
high and low SES. This finding is generally not supported by literature given that very limited
studies have been done in this context and comparatively between different SES ranges.
Therefore, more studies should be conducted both as a contribution to the existing body of
knowledge but also to be cognisant of the impact of socio-economic status when trying to
attract more women to register for construction programs and consequently increase the
representation of women in construction.

The findings of this study cannot be generalized across all construction program given that the
convenience sample was drawn from only two universities in the KwaZulu-Natal province of
South Africa. In order to validate the findings a further study needs to be done involving a



larger sample of universities to determine whether the trends identified are consistent across
the country.
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Abstract

Previous studies have shown that most construction and professional firms did not achieve the
objective of client satisfaction because they failed to adopt innovative practices in their service
delivery. This study evaluates the factors influencing the adoption of innovation by Quantity
Surveying (QS) firms in Nigeria in order to improve services delivery. The data for the study
were obtained through a questionnaire survey of QS firms based in Lagos State, Nigeria. Using
a stratified sampling technique; the survey was administered on QS firms based in Lagos
mainland and Lagos Island. This partition was considered because QS firms based in Lagos
Island were perceived to be more elitist and it was worthwhile examining the way QS firms in
Lagos Island embrace innovation compared to QS firms in Lagos Mainland. A total of 125
questionnaires were administered out of which 78 were returned and considered fit for analysis.
Responses to the survey were analysed using mean ranking analysis, Analysis of Variance
(ANOVA) and factor analysis. Results showed that there are statistical differences of opinions
on some factors between QS firms based in Lagos mainland and those in Lagos Island. The
factor analysis result showed that the factors identified as promoting innovation adoption in
QS firms could be grouped into five; namely, organizational, economic, managerial,
environmental and technological factors. The study concludes that an understanding of these
factors will provide a basis for introducing innovative solutions in QS firms.

Keywords
factor analysis, influencing factors, innovation, Nigeria, quantity surveying

1 Introduction

Innovation is the generation or adoption of new ideas; design concepts or delivery processes,
new to the adopting organisation, which when implemented will yield a reduction in cost and
time associated with project delivery and improves the quality of outcomes (Kissi et al., 2012).
The new idea in this context might be associated with the adoption of new technology or system
that benefits the organisation (Hua et al., 2013).

World Intellectual Property Organisation (2019) produced the Global Innovation Index of 131
countries in the world. Out of all these, African countries such as South Africa was ranked 63,
while Tunisia, Ghana and Nigeria ranked 70", 106" and 114" respectively. In 2020, this
ranking was conducted by the aforementioned body using the same yardstick, South Africa
ranked 60™, while Tunisia, Ghana and Nigeria ranked 65" 108" and 117" respectively.
Therefore, comparing Nigeria with counterpart African countries, there is evidence Nigeria is
lagging behind other major economies of the world when it comes to innovation.
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Globally, major economies of the world construction industry such as the UK, Australia and
the likes are experiencing escalating demand for technological innovation as these countries
now enforce the use of BIM and other technological innovations available to the construction
industry for major construction activities undertaken (Amna and Chris, 2015). Innovativeness
itself has been linked to demand for innovation, adoption of innovation and competitive
advantage (Porter, 1990). Latham (1994) and Egan (1998) however observed that most
construction firms did not satisfy their clients because they failed or refused to adopt innovative
practices in their services delivery. Innovation has been alluded to aid firms in overcoming the
turbulent external environment, making it a key factor for business survival, especially in
dynamic markets.

Yusof et al. (2010) highlighted the importance of innovation in quantity surveying firms
because of rising construction costs, changing clients’ requirements, increased competition,
tighter control over environmental regulations and quality standards among others. However,
for innovation to be an effective strategy that sufficiently sustains firms within the challenging
business environment it should not be treated as a one-time event, rather, firms must
continuously be innovative to sustain competitive advantage (Yusof, et al., 2016).

Studies have been carried out in various domains regarding factors influencing innovation
adoption. For instance, Yusof, ef al. (2010) investigated the factors influencing firms readiness
towards innovation in the house building industry. Will et al. (2017) also examined factors
promoting innovation and efficiency in the construction industry. However, there is a paucity
of studies on factors influencing Quantity Surveying firms in adopting innovation in their
services delivery. This gap in knowledge makes this study a worthwhile one. The study was
conducted in Lagos metropolis, Nigeria. This is because Lagos is the commercial capital of
Nigeria and the hub of construction activities where the majority of QS firms are based. Lagos
metropolis was further divided into Lagos mainland and Lagos Island. This partition was
considered because the QS firms based in Lagos Island were viewed to be a bit more elitist and
it was worthwhile examining the way they embraced innovation compared to those on the
Mainland.

2 Literature Review

2.1 Quantity Surveying Firms

Historically, the QS firms have contributed significantly to meeting the economic, social, and
technological developments. QS execute their duties either as consultants or contractors to
protect the client's interests (Senevirante ef al., 2008a). The QS has grown to become a highly
reputable professional in the built environment with construction cost management for all
stakeholders as their primary role (Ashworth et al., 2013). QS firms offer their expertise in
diversified areas within the construction industry and non-construction industry (Hanid et al.,
2007a, Senevirante et al., 2008b, Addai et al., 2009). QS firms have seen expansion and
modification of services to meet the demands of the industry (Smith, 2009).

QS firms have persistently diversified their knowledge base to evolve into services including
project management, value management, arbitration, adjudication and facilities management
throughout the construction and other non-construction industry sectors namely, banking and
petroleum sectors (Hanid ef al., 2007b). Today, QS firms explore opportunities in the financial
industry, insurance industry, manufacturing industry and real estate sectors (Perera, et al.,
2007) as well as oil and gas. QS firms are principally oriented to be the major handlers of
information in the built environment. The flow of major information evolves around quantities

13



and cost. The advancement in demands of QS services affords the firms massive opportunity
to adopt innovation (Smith, 2004).

2.2 The Concept of Innovation

Generally, there is no one specific definition of innovation. Various studies conceptualised
innovation in different ways, with diverging perceptions on its effect on firms’ efficiency,
performance, development and survival. However, Law (2006) defined innovation as “any new
approach to designing, producing, or marketing goods that give innovation adopters or firms
an advantage over competitors”. Since, employees and employers often have diverse opinions
concerning the nature and types of innovation, having the knowledge of the different types of
innovation which are technological, organisational, process and marketing are imperative
(Goffin et al., 2005).

2.3 Factors Influencing the Adoption of Innovation

Cox et al., (2002) concluded that firms that engage in innovation were concerned with
economic factors. He stated further that direct costs of innovation and the costs of finance were
perceived to be the major constraint for them to adopt innovation. Also, the perceived economic
risk that may arise from innovation adoption has been identified as another factor. An
enterprise’s internal capability was however regarded as less inhibitor (Will et al., 2017).

Tornatzky et al. (1990) identified three different categories of factors influencing innovation
adoption to comprise of organizational, technological, and environmental factors. Kimberly et
al. (1981) identified three groups of predictors of innovation: characteristics of organizational
leaders, characteristics of organizations, and characteristics of environments. In summary, four
categories of factors can be found in technological innovation literature, which is as follows:
managerial, organizational, technological, and environmental. However, all these identified
factors are based on perception, lacking quantitative backing. Researchers have identified the
following common environmental factors relating to technological adoption: pressure from
competitors, customers or suppliers; the role of government (incentives); partners alliances;
technological infrastructure; technology consultants; image of internet technology; and user’s
expectations (Aguila-Obra et al.,, 2006a). Technological factors have also been identified to
include complexity, compatibility, relative advantage, ease of use and usefulness (Rogers,
2003). The technological factors are related to barriers to technology adoption and its perceived
benefits. The perceived benefits for managers could be direct, such as cost savings or income
generation, or indirect, such as potential opportunities in new markets, marketing, or publicity
(Poon et al., 1999). Thus, when adopting an innovation, organizations must perceive the
positive effects of the adoption and hence its potential value before starting the process
(Vadapalli et al., 1997).

The organizational factors that have been most cited in the literature include IT users
community; organizational structure; firms processes; firm size; technological capabilities of
the organization’s members; the technological and financial resources available; the culture of
the organization; the process of selecting and implementing the new technological innovation;
management backing and support for the project and the project leader (Aguila-Obra et al.,
2006b). Some researchers have integrated these factors into one model (Kuan et al., 2001,
Mehrtens et al., 2001, Kamal, 2006), allowing for the treatment of all these factors and their
interaction in one dynamic framework. Such a framework can explain marked differences in
the performance of organizations in identical contextual situations (Montealegre, 1996).
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From the foregoing, innovation is something new but not in absolute terms, since some ideas
might be creative in developing countries but would not be regarded as such in developed
economies. This study conceptualises innovation as any process or development, which
consists of significant novelty for the adopting units or firms resulting in enhancing goals, but
is not necessarily new to the world. Literature related to quantity surveying firms, the concept
of innovation and factors influencing innovation adoption has been thoroughly reviewed in
order to fortify the questionnaire administered to achieve the aim and objective of this study.

3 Research Methodology

3.1  Research Design

This study employs a positivist research approach with a quantitative research design. Under
the quantitative research design, a structured questionnaire survey method was used involving
a cross-sectional questionnaire survey. The target population for this study is made up of one
hundred and fifty (150) quantity surveying firms in Lagos State registered with the Nigerian
Institute of Quantity Surveyors (NIQS). Fagbemi (2008) posited that 75% of quantity surveying
firms in Nigeria are either located in or have their head offices in Lagos State. A total of 125
QS firms are located in Lagos Mainland while 25 QS firms are located in Lagos Island as
compiled by the Association of NIQS Consulting Firms (2018).

3.2 Data Collection

A stratified random sampling technique was adopted for this study. As a first step, the study
population was stratified into two according to the geographical location of the study area;
namely QS firms operating in Lagos Mainland and those operating in Lagos Island. A total of
125 QS firms are based in Lagos Mainland while the remaining 25 are based in Lagos Island.
Out of the 125 QS firms based in Lagos Mainland, a proportional sample of 80% was selected
using the table of random sampling, giving a sample size of 100. This is in accordance with the
proportional sample selection suggested by Leedy et al. (2010). Furthermore, a total
enumeration of 25 QS firms in Lagos Island was taken (Leedy et al., 2010). These bring the
sample size from the two strata to 125 QS firms as shown in Table 1.

Table 1: Sample size

Area of Focus in No. of QS firms Total Sample Size
Lagos State surveyed
Lagos Mainland 125 100 (80%)
Lagos Island 25 25 (100%)
Total

150 125

3.2.1 Questionnaire Survey

A total of 24 factors promoting the adoption of innovation were obtained from literature and
were investigated using a structured questionnaire survey. The respondents were requested to
score the QS firms’ level of importance attached to the factors influencing the adoption of
innovation in QS firms on a 0-5, six-point Likert-type scale with 0- representing not applicable,
1- very low extent, 2- low extent, 3- moderate extent, 4- high extent and 5- very high extent. A
questionnaire survey was administered to a sample of 125 QS firms. Out of these, 78
questionnaires were returned and found fit for analysis. This represents a response rate of
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62.4% as shown in Table 2. This indicated a good response rate and conforms to Mugenda et
al. (2003) stipulation that a response rate of 50% is adequate for analysis and reporting, a rate
of 60% is good and a response rate of 70% and over is excellent.

Table 2: Questionnaire Distribution and Response rate

Respondent Questionnaire Questionnaire  Respondent
Distributed Retrieved Rate (%)

Quantity Surveying Firms in Lagos 100 57 57

mainland

QuantitySurveying firms in Lagos 25 21 84

Island

Total 125 78 62.4

33 Methods of Data Analysis

For the purpose of statistical analysis, the data collected on the Likert-type scale were treated
as interval data (Carifio et al., 2008). Statistical Package for Social Sciences (SPSS) was used
to analyse the data collected. First, the data collected from the questionnaires were edited,
coded and keyed into the Statistical Package for Social Sciences (SPSS). Descriptive statistics
in the form of frequencies and percentages were used for the first level of the data analysis.
Further analyses were carried out using means score analysis, Student’s #-fest to determine the
difference in the sample means of the two stratifications of QS firms. Mean ranking analysis
was also employed in the ranking of the extent of the importance of factors promoting the
adoption of innovation. Lastly, factor analysis was used to reduce the factors promoting the
adoption of innovation available to QS firms into principal components.

4 Findings and Discussion

4.1 Reliability of Research Instrument

A measure of the reliability of responses, using Cronbach’s Alpha is most commonly carried
out when the internal consistency of a questionnaire or survey that consists of multiple Likert-
type scales are to be assessed (Nurosis, 2010). This is supported by the rule of thumbs
postulated by George et al. (2012) which stated that Cronbach’s alpha value > 0 .9 — Excellent,
> 0.8 — Good, > 0.7 — Acceptable, > 0.6 — Questionable, >0 .5 — Poor, and < 0.5 — Unacceptable.
A Cronbach Alpha of 0.959 achieved in this study indicates excellent reliability of the
responses.

4.2 General Information of the Respondents

The background information of the respondents was first determined to make sure that they
meet the requirements for the research study. Issues discussed include designation of
respondents, academic qualification of the respondents, professional qualification of
respondents and their experience in the construction industry. These are presented in Table 3.
below:
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Table 3:Background Information of the Respondents

Background Information Frequency Percent
Respondents’ designation

Principal partner 4 5.1%
Senior Quantity Surveyor 32 41%
Quantity Surveyor 42 53.8%
Total 78
Respondents’ educational qualifications

Higher National Diploma (HND) 49 62.8%
Bachelor’s Degree 25 32.1%
Master’s Degree 3 3.8%
Doctorate Degree 1 1.3%
Total 78
Respondents’ professional qualifications

FNIQS 7 9.0%
MNIQS 56 71.8%
Others 15 19.2%
Total 78
Respondents’ years of experience

1 -5 years 42 53.8%
6 — 10 years 5 6.4%
11— 15 years 19 24.4%
16 — 20 years 12 15.4%
Total 78

4.4  Factors promoting the adoption of innovation by quantity surveying firms

The summary of the analysis of the factors promoting the adoption of innovation in quantity
surveying firms is presented in Table 4. The Table shows the overall mean and ranking of
factors promoting the adoption of innovation with respect to QS firms’ located in Lagos
metropolis. It also shows the overall ranking of the factors promoting the adoption of
innovation.

The Table presents the result of the overall rank that replacement of existing services (MS =
3.77) and sufficient orientation towards adoption of innovation (MS = 3.77) were ranked as the
first factors promoting the adoption of innovation by Quantity Surveying firms in Lagos
metropolis. This is closely followed by improvement in quality services (MS = 3.72), ease of
use (MS = 3.72), potential opportunities in new markets (MS = 3.71), enhancement of ability
to adapt (MS = 3.70), cooperation and openness of top managers and subordinates (MS = 3.70),
Improvement in profit margin (MS = 3.70), cost savings (MS = 3.68) and extension in the range
of services (MS = 3.67), all occupying the top ten factors promoting the adoption of innovation
by Quantity Surveying firms in Lagos metropolis. While the five least overall ranked factors
promoting innovation are the generation of new clients for firms (MS = 3.49), clear
understanding of expected goals from innovation adoption (MS = 3.38), supporting the culture
of a firm (MS=3.36), technological capabilities of firms (MS=3.32) and location of firms
(MS=3.10)
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Table 4: Factors Promoting the Adoption of Innovation by Quantity Surveying Firms

Overall Lagos Mainland Lagos Island T-test
Factors promoting the adoption of Mean  Rank Mean Rank Mean Rank  T-stat P-Value
innovation Score Score Score
Replacement of existing services 3.77 1 3.65 2 4.11 15 3.262 0.08
Sufficient orientation towards 3.77 1 3.53 4 4.44 3 0.830 0.36
adoption of innovation
Improvement in quality services 3.72 3.47 7 4.44 3 11.601 0.00%*
Ease of use 3.72 3.43 10 4.56 1 0.040 0.85
Potential opportunities in new 3.71 3.51 5 4.28 8 0.850 0.36
markets
Enhancement of ability to adapt 3.70 6 3.71 1 3.67 23 4.103 0.05%*
Cooperation and openness of top 3.70 6 3.49 6 4.28 8 0.181 0.68
managers and subordinates
Improvement in profit margin 3.70 6 341 13 4.50 2 2.224 0.14
Cost savings 3.68 9 3.47 7 4.28 8 0.830 0.37
Extension in range of services 3.67 10 3.55 3 4.00 17 0.080 0.78
Government regulations 3.64 11 3.43 10 4.22 12 3.631 0.06
Minimisation of constraints and 3.64 11 341 13 4.28 8 5.483 0.02*
challenges to innovation adoption
Increase in income generation 3.64 11 3.39 16 4.33 6 0.012 0.93
Firm size 3.61 14 3.41 13 4.17 13 0.290 0.59
Financial resources available 3.61 14 3.35 18 4.33 6 4.540 0.04*
Attitude of professionals and trade 3.59 16 3.47 7 3.94 19 1.560 0.22
associations
Pressure from competitors, clients and ~ 3.57 17 3.43 10 3.94 19 0.091 0.77
suppliers
Commitment by top managers 3.57 17 3.27 20 4.39 5 0.333 0.57
Government incentives enhancement 3.51 19 3.31 19 4.06 16 6.000 0.02%*
programs
Generation of new clients for firm 3.49 20 3.37 17 3.83 21 8.722 0.00%*
Clear understanding of expected goals 3.38 21 3.10 24 4.17 13 6.921 0.01%*
from innovation adoption
Supporting culture of a firm 3.36 22 3.14 23 4.00 17 5.830 0.02%*
Technological capabilities of firm 3.32 23 3.16 22 3.78 22 6.080 0.02*
Location of firm 3.10 24 3.25 21 2.67 24 5.650 0.02*

*Significant at 5% level

Table 4 also show the factors promoting the adoption of innovation by Quantity Surveying
firms in Lagos Island, the top ten (10) ranked factors promoting the adoption of innovation by
Quantity Surveying firms are ease of use (MS = 4.56), improvement in profit margin (MS =
4.50), improvement in quality services (MS = 4.44), sufficient orientation towards (MS =4.44),
the commitment by top managers (MS = 4.39), increase in income generation (MS = 4.33),
financial resources available (MS = 4.33), potential opportunities in new markets (MS = 4.28),
cooperation and openness of top managers and subordinates (MS =4.28) and Cost savings (MS
= 4.28). The least five (5) ranked factors are pressure from competitors, clients and suppliers
(MS = 3.94), generation of new clients for firms (MS = 3.83), technological capabilities of
firms (MS = 3.78), enhancement of ability to adapt (MS = 3.67) and location of firms (MS =

2.67) and others as shown in Table 4.
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Previous research on factors promoting the adoption of innovation by Quantity Surveying firms
has highlighted factors like improvement in quality services, ease of use, potential
opportunities in new markets, enhancement of ability to adapt, cooperation and openness of
top managers and subordinates, improvement in profit margin, cost savings and extension in
the range of services (Kim et al., 2004b). The findings from this study are thus supported by
previous research.

Further analysis was conducted using Student’s t-test to test the hypothesis that there is no
significant difference (at 5% level of significance) in the opinions of QS firms based in Lagos
Island and those based in Lagos Mainland regarding their perception of the factors promoting
the adoption of innovation by Quantity Surveying firms. The results indicate that while the two
categories of Quantity Surveyors were unanimous in their perception on some factors
promoting the adoption of innovation by QS firms, there are statistically significant differences
of opinion in their perceptions of some other factors such as improvement in quality services,
enhancement of ability to adapt, minimisation of constraints and challenges to innovation
adoption, financial resources available, government incentives enhancement programs,
generation of new clients for firms, clear understanding of expected goals from innovation
adoption, supporting the culture of a firm, technological capabilities of firm and location of
firms with significant values of 0.00, 0.05, 0.02, 0.04, 0.02, 0.00, 0.01, 0.02, 0.02 respectively.
While their opinion agrees on the other factors that insignificantly promotes the adoption of
innovations by Quantity Surveying firms as their P- values are greater than 0.05 such as
government regulation (0.060, ease of use with 0.85 value and others as shown in Table 4.

5 Conclusion

Respondents were mostly unanimous in their opinions of the factors promoting the adoption of
innovation by Quantity Surveying firms in Lagos metropolis. However, there are statistically
significant differences of opinion between QS firms in Lagos Island and those in Lagos
Mainland regarding some factors which include improvement in quality of services,
enhancement of ability to adapt, minimisation of constraints and challenges to innovation
adoption, financial resources available, Government incentives, enhancement programs,
generation of new clients for firms, clear understanding of expected goals from innovation
adoption, supporting the culture of a firm, technological capabilities of firm and location of
firms.

Innovation is not a one-time event as pointed out from the study, therefore, QS firms should
endeavour to keep training their staff from time to time on both product and organizational
innovation.

Based on the conclusion regarding the factors that promote innovation adoption, it is suggested
that top managers should be more supportive and proactive in ensuring innovation adoption in
QS firms.

This research work is limited to Lagos metropolis, Nigeria. Therefore, further researches can
focus on other major cities and states within the country and beyond for comparative purposes.
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Abstract

Recently, the public-private partnership model has widely received acceptance in emerging
economies to solve huge infrastructural deficits. However, one of the greatest setbacks of the
projects built with this model is high financial risks. Scholars have ranked financial risks as
one of the topmost causes of the long delays of completion and failure of PPP projects in
emerging markets like Ghana. However, a tailor-made financial risk maturity model to tackle
this problem is missing in the construction literature. The purpose of this study is to develop a
theoretical model validated by experts on PPP projects to enhance the continuous improvement
of existing financial management practices of PPP projects. The model was developed from
theories, models and statements extracted from relevant literature on this topic. A test and
validation were conducted on the developed model with factor analysis and experts’ opinions
where data were taken from online surveys and interviews in Ghana. The outcome of this study
establishes a framework to guide project managers to cut down financial losses of PPP projects
and serves as a springboard for further studies into this important topic.

Keywords: Financial risks, Ghana, Public-private partnership project, Risk maturity model

1 Introduction

In recent years, the public-private partnership model has featured prominently in national
debates and it is being largely recognised by the Ghanaian government for all developmental
projects. Numerous reasons account for this. First, the country has a huge infrastructure gap of
$30 billion (Eyiah-Botwe et al., 2019, Owusu-Ansah et al., 2019) which the government’s
limited budget cannot finance. Second, the current state of infrastructure in the country is poor
as evidenced by congested roads and huge vehicular traffic volumes, poorly-maintained
recreational facilities, and deteriorated schools and water supply systems (Ablo and Yekple,
2018). Third, infrastructural projects which are being constructed face long delays, huge cost
overruns and minimum financial returns due to poor financial risk management.

Although studies such as Demirag et al. (2011), Akomea-Frimpong et al. (2020) and Aladag
and Isik (2017) acknowledge this problem (poor financial risk management) with PPP projects
in emerging economies like Ghana, few empirical studies exist on practical financial risk
maturity models to address this problem in the country. Another challenge related to this
problem is the lumping together of all types of risks on PPP projects without a separate and
thorough assessment and control of financial risks. The best approach to ameliorate this
problem on PPP projects is to develop and implement a practical continuous improvement
financial risk model to cut down losses and increase the financial success of the projects in the
country (Akomea-Frimpong et al., 2020, Jin and Zhang, 2011). Even though risk maturity is
not a new concept in the construction industry and it has been been applied to a number of
construction projects with evidence from studies such as Wibowo and Taufik (2017), Hoseini
et al. (2019), Hillson (1997) and Chapman (2019).. However, a specific financial risk maturity
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model for PPP projects is missing in the literature.. Therefore, in this article (a portion of a
Doctor of Philosophy thesis project), we aimed at developing and validating a financial risk
maturity model of PPP projects in Ghana. The research objectives of this study are twofold: 1)
to develop a practical financial risk maturity model for PPP projects, and ii) to validate the
financial risk maturity model of PPP projects.

The outcomes of this study provide a guiding framework for both practitioners and researchers
in the PPP market in the country to design and implement measures to control the devastating
consequences of financial risks to projects. The remaining sections of the paper are organized
as follows. In the next section of this article, a review of existing empirical literature related to
the two key concepts — financial risks and risk maturity model — is presented. The research
process of this paper is shown from the retrieval of articles relevant to the analysis of the data
in section 3. The results section reveals the theoretical framework underlying the financial risk
maturity model developed from a critical review of the various risk maturity models and
theories in the finance and construction literature. The theoretical model is validated with data
from experts in the PPP market in Ghana. The concluding remarks of the study briefly
summarise the outcomes of the study, implications and recommendations for future studies and
practice.

2 Literature Review

2.1 Financial risks of PPP projects

In construction literature, there are diverse variations in the definition and constituents of
financial risks of PPP projects. Schaufelberger and Wipadapisut (2003) listed fluctuations in
currency exchange rates, inflation, and cost of capital (interest rates) as the principal financial
risks of PPP projects. In the same vein, Kumar ef al. (2018) focused on limited financial
investments from equity instruments and misuse of contracted loans for the project as financial
risks. On the other hand, Lam and Chow (1999) utilised the lifecycle phases of the PPP project
as the benchmark to identify, group and examine the financial risks of PPP projects. The
outcome of the study indicated that shortages of investment capital, poor credit ability, huge
interest charges, increased liquidity risk, counterparty risk, high cost overruns, higher taxes and
unstable microeconomic policies of a country are the prominent financial risks affecting Build-
Operate-Transfer (BOT) projects. Xenidis and Angelides (2005) expounded the findings of
Lam and Chow (1999) by conceptualising financial risks to the cash inflows, viability and
profitability of the project. Twenty-seven major financial risks were identified and classified
using the lifecycle phases of PPP projects. Further, the study regrouped the financial risks under
the headings of the origin of the risk, the concession period and the market forces. Shen et al.
(2006) and Aladag and Isik (2017) simplified the various financial risks into financial risks that
affect the financial returns of PPP projects and those that do not affect the financial outcomes
of the project.

The source of financial risks of PPP projects arises from numerous conditions and transactions.
First, prolonged loan repayment time: the longer the time contracted to settle the financial
obligations of the investment, the greater the risks and interest charges expended on the project.
Further, financial risks of PPP projects arise from the overdue delays and failure to meet
deadlines leading to high cost overruns setting back the financial returns of the project
(Akomea-Frimpong et al., 2021). Following this, misuse of funds on the project limits the
financial contributions of the private sector and increases the probability of the failure of the
project (Xenidis and Angelides, 2005). Corrupt practices in the public sector in emerging
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economies account for this management of funds received from the private financiers to build
public infrastructure (Demirag et al., 2011). Lastly, some studies on PPP projects have also
investigated and recommended practical measures to reduce the financial losses of the projects.
For instance, Sun et al. (2018) recommended a minimum revenue guarantee (MRGQG) of the cash
inflows of the project to be paid to private financiers in the event of the failure of the project.
However, the MRG must be set at a level that could be borne by the government or the public
sector (Tan and Zhao, 2019). Vasudevan et al. (2018) proposed hedging the uncertainties
surrounding PPP projects with derivative instruments such as real options, swaps and futures
contracts. While Siemiatycki and Friedman (2012) suggested reassessment of projects and
improvement of the knowledge of the personnel managing the projects to avert cases of
financial losses.

2.2 Risk Maturity models

Risk maturity models are organisational capability models to boost the efforts of organizations
to measure, assess and continuously improve upon existing risk management practices to align
the best interests and outcomes of the organisation (Bai et al., 2018, Eadie et al., 2012).
According to Risk Management Research and Development Program Collaboration, the
concept of maturity model propounded by the Software Engineering Institute at Carnegie-
Mellon University led to the first maturity model (CMM) for software organizations (Zhao et
al., 2013). Scholars (Gao and Liu, 2019, Salawu and Abdullah, 2015) have investigated and
conceptualised the link between maturity models and effective management of risks in
organisations. In the same vein, the construction industry, which is inherently troubled by
project risks, has seen the development and application of maturity models to tackle the generic
risks of projects. Studies such as Hillson (1997), Hopkinson (2011) and Hoseini et al. (2019)
detail a risk management maturity model to support project managers. A maturity model could
consist of three, four, five, six or more levels of maturity depending on the project and the risks.
The levels of maturity dictate the standardization and continuous improvement of the processes
of the organisation towards project risk management. The attributes of maturity models capture
systems, processes, people and culture. Collectively, the attributes complement the processes
of risk management from identification to practical controls. Risk maturity models embrace
top management, people and leadership in the implementation of managerial controls to
ultimately shape an organizational system towards risk management (Hopkinson, 2017,
Salawu and Abdullah, 2015). Also, the attributes reflect the fundamentals of risk management
that assist in assessing and improving organisational capabilities (Hopkinson, 2011). Peculiar
to PPP projects, risk maturity models rely heavily on multi-faceted stakeholders from the
principal partners on the project to the workers at the construction site. This means that having
a healthy work environment plays a significant role in the morale and successful execution of
risk maturity modes on PPP projects. Thus, people and culture must be focused upon in addition
to the identification, analysis, and standardization of the process of managing risks which are
specifically concerned with the surrounding events (Davis and Walker, 2009).

3 Research Methodology

The process of achieving the research objectives in this article comes in three stages as
illustrated in Figure 1.
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Stage 1: Literature review

The research began with an extensive search and retrieval of literature on this topic. Scopus,
Google Scholar and Web of Science are the academic databases where articles were searched.
These databases host and publish top-tier journal articles on the financial risks of PPP projects.
Also, they serve as an avenue to access research literature on economics, finance and
construction which are relevant for this study (Rossi and Civitillo, 2014, Du et al., 2018, Cui
et al., 2018). The search period covered recent years of 2000 to 2021 with keywords such as
“financial risks”, “financial losses”, “risk maturity model”, “maturity model” AND “PPP
projects”, “public-private partnerships” and “build-operate-transfer”. The initial search results
revealed 324 articles. A brief screening of the results led to the selection and acceptance of
seventy-two (72) relevant articles. Content analysis was utilised to extract significant
statements (variables) and theories from the 72 articles (Kavishe and Chileshe, 2019). In
content analysis, key concepts and themes extracted allow for the interpretation of the text,
identification of explicit information that is essential to build up a case, and development of
theoretical models and frameworks in the PPP researches (Stevenson and Youde, 2021).

-Search for journal articles
Literature Review (Scopus, Wf:b of Science, qugle Sc{holar) |
-Systematic content analysis of articles

-Retrieval of relevant statements & theories

-Design of survey questionnaire

Instrument design and data L. . s
Stage 2 collecti%)n -Practitioners from construction and financial industry

-84 respondents for the survey

-Theoretical model development

Model development & .
Validation -Test & analysis of collected data e

-Validation of the model by 16 experts

Figure 1: Research methodology map

Stage 2: Instrument design and data collection

The main data collection instrument designed to assist in addressing the research objectives is
a survey questionnaire. It had two sections: background information about participants and
statements on the financial risk maturity model. Statements in the survey were closed-ended
variables extracted from the systematic literature review in stage 1. The statements were
operationalised on a 5-point Likert scale representing the significance of the statements, from
not critical totally (1), somehow critical (2), indifferent (3), critical (4) and extremely critical
(5), into the Qualtrics online survey platform (Babatunde et al., 2017). A pilot test was
embarked upon to improve the survey with five (5) experts on PPP projects to eliminate
ambiguous statements and ensure the acceptability of the survey to potential participants
(Saunders et al., 2007). The comments received from the experts were used to refine the
questions, statements and the general structure of the survey (Myers, 2019). Afterwards,
reliability and validity tests of the statements ensued to ascertain the distributable flow of the
survey. The collection of the data using a survey began with the search for PPP practitioners
and consultants/researchers who are experts in financial risks of PPP transactions. We targeted
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participants in the private sector, state institutions, project management firms, the financial
sector and project management professional bodies in Ghana. Due to the Covid-19 restrictions,
the targeted participants were contacted online through the collation of the e-mails and phone
numbers from institutional websites, LinkedIn and other social media platforms. In addition,
potential participants who agreed to be part of the data collection were asked to recommend
colleagues who have vast knowledge of PPP activities in Ghana. In the end, we collated the
details of a total of 114 targeted participants. We sent a survey link from Qaultrics via e-mails
of the participants. Participants who fully responded to the survey were 92 out of 114
participants. The 92 responses were reduced to 84 responses after data cleaning to remove eight
(8) responses that were found to be partly filled and incomplete. Thus, the sample size of this
study is 84.

Stage 3: Model development and validation

The financial risk maturity model (FRMM) was built from the existing theories, models and
statements in construction and business management literature. Then, the model was validated
by testing the statements in the model to select the most significant variables. Factor analysis
(FA) together with principal component analysis (PCA) was run of the data collected through
the online survey. Various underlying tests were used such as Kaiser-Meyer-Olkin (KMO) to
check the sampling adequacy, and Cronbach’s alpha which measures the reliability and internal
consistency of the variables and variance extracted analysis (see Section 4.2). The next step of
the validation process was interviews with experienced project managers of PPP projects in
Ghana. Participants (specifically project managers) who responded to the online survey and
agreed to be part of the interview session of the study constitute the interviewees. Sixteen (16)
project managers with more than 10 years of experience on PPP projects agreed to take part in
the interviews. Prior to the interviews, the outcomes of the analysis of the survey data were
distributed to the 16 interviewees. The aim of the interviews is to validate the relevant extracted
statements/varibales to practices on PPP projects. The interviews took place on Zoom, a video
teleconferencing platform and questions ranged from suitability, usability and benefits of our
developed financial risk maturity model to PPP projects in Ghana.
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4 Findings and Discussion

4.1 Financial Risk Maturity model

Level 4: Naturalise and
optimise overall policy and
strategy

Level 3: Normalised culture

Level 2: Novice on people and
knowledge

Level 1: Naive at the strategic
management level

Figure 2: Theoretical financial risk maturity model (Authors, 2021)

The foundation of the financial risk maturity model (FRMM) is the existing theories and
models on risk maturity, project risk theories and business management models (Hoseini et al.,
2019, Jankensgard, 2019). Although maturity models portray different levels of organisational
processes and capabilities to deal with risks (Qureshi ef al., 2009), our FRMM has four levels.
Also, FRMM differs from existing maturity risk models because it aims at solely controlling
financial losses of PPP projects. In Figure 2, the FRMM is a top-down maturity model theorised
on two conditions. First, level 1 of the model is akin to an uncoordinated stage of the financial
risk management of the project where top managers have uncharted measures to confront the
unpredictable events of financial losses (Xenidis and Angelides, 2005). Top managers have not
embraced the financial risks due to little or no assessment of the risks. The existing risk
management process designed from the strategic management level is either silent on financial
risks or lumps them together with all risk factors on PPP projects. Financial risk is treated as
trivial and repetitive, and documentation is limited and controls are largely dependent on
individuals (Hoseini et al., 2019). In the second level, the organisation acknowledges the
existence and peculiarity of the financial risks to the projects. However, a lack of formalisation
of the financial control processes to tackle the losses leads to limited understanding of the
various partners and pertinent stakeholders who matter to the project (Chapman, 2019) and the
contributions of these stakeholders to the creation and management of financial risks. Thirdly,
level 3 embraces formal training of top managers, construction workers and relevant
stakeholders on the project to embed the financial risk management processes into the
organisational culture. Appropriate resources are invested into knowledge to improve upon the
internal culture of the organisation in relation to financial risks. Documentations and processes
are formalised, well-defined and consistently aligned to the overall objectives of the
organisation and the project (Qureshi et al., 2009). In the end, Level 4 organisational policies
and strategies are optimised, details of the financial risk factors are defined and the managerial
processes are subjected to continuous improvement. The continuous improvement of the
processes influences the identification and planning of financial risks with assessment and
controlling of financial risks (Akomea-Frimpong et al., 2020).
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4.2 Validation of the model

The validation of FRMM started with the testing and extraction of principal statements
(variables) with factor analysis. Overall, the Cronbach’s Alpha indicated 0.814 which proved
the reliable and consistent relationships between the variables. In support of this finding, a
Field (2013) mentioned that a Cronbach Alpha coefficient of greater than 0.7 is accepted. The
norm distribution of the data was tested using the Shapiro-Wilk Test and the results generated
were less than 0.05, indicating non-skewness of the spread of the data. No significant variations
were detected among the responses given by the respondents using the Kruskal-Wallis Test,
revealing greater than 0.05 significance level. Also, the level of sampling adequacy was
measured with the Kaiser-Meyer-Olkin (KMO) Test resulting in 0.743, greater than the
benchmark of 0.6 (Hair, 2009). The principal extraction technique used for the analysis was
varimax rotation against promax, equamax and quartimax due to its simplicity. The outcome
of the analysis of the 18 significant (critical) variables related to the FRMM out of 34 variables
is shown in Table 1 together with 74.12 percent of the cumulative explained variance of the
results. “v ” in Table 1 indicates the criticality of the variables at a level of maturity. In Figure
3, the scree plot displays the eight principal variables (in groups) to be retained indicating the
total variances of the squared loadings maximised.

After attaining the results from the survey analysis, interviews of sixteen (16) experienced
project experts on PPP projects ensued in Ghana. The participants were shown with the
theoretical model (Figure 1) and the results from the empirical analysis in Table 2. Some
statements such as #No. 5, #No. 15 and #No. 18 from Table 1 were mentioned as irrelevant
due to the predetermination of the PPP contracts. It is difficult to amend the terms of the
contract. Participants recommended additional statements to be included in the model. Most of
the recommendations were centred on continuous improvement at maturity level four (4).
Different approaches to tackling financial risks were mentioned by the participants where they
recounted few formalised systems relating to the financial risks of PPP projects. All the
participants agreed on the relevance, usability and sustainability of the model and mentioned
that they will use it to boost their internal organisational process on financial risks of PPP
projects. For example, a participant recounted that “FRMM contains relevant statements my
management team has discussed in the last 2 years concerning two road projects under
construction with PPP model”. Another participant stated, “currently, there are no formalised
processes to deal with financial risks on our projects so we will accept FRMM if management
approves it”.
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Figure 3: Scree plot of principal components of the critical variables

Table 2: Extracted principal variables of the FRMM model

Statements (Variables) MCS L1 L2 L3 L4
1. Review financial reports 4.41 — — v —
2. Initiate broad stakeholder consultation 4.38 — v v —
3. Top management commitment 4.29 — — v —
4. Threshold of exposure on financial risks set 4.24 — —_ - v
5. Thorough analysis of contractual agreements 4.22 — — v —
6. Find the root causes of all the financial risks

relating to the project 4.19 — v — —
7. Embed financial risks in policies and strategies  4.15 — —_ - v
8. Identify, select and prioritise financial risks 4.11 — — v —
9. Fairly allocate the financial risks based on

expert judgements 4.04 — —_ - v
10. Use appropriate financial assessment tools 3.98 — — v —
11. Establish a Minimum Revenue Guarantee

(MRG) 3.19 — — v —
12. Provide specialise training on financial risks 3.01 — v — —
13. Create formal structures on financial risks 2.92 — — v —
14. Audit projects and transactions 2.72 — v — —
15. Reassessment and renegotiation of financial

agreements 2.60 — — v —
16. Utilise technology and track financial

transactions 2.59 — — — v
17. Participative budgets involving key partners

of the project 2.57 — — v —
18. Extend concession period to recoup

investments 2.54 — — — v

Note: MCS=Mean Criticality Score; Cumulative variance explained of the relevant variables
is 74.12 percent; L1 to L4 refer to FRMM levels in Figure 2.



5 Conclusions

In this article, a theoretical financial risk maturity model was built and validated. The aim is to
reduce financial risks of PPP projects and increase the financial outcomes for principal partners
of the project. Relevant literature was retrieved from widely accepted academic databases. Data
collection instruments designed for this study were mainly surveys and interviews with 84 and
16 participants respectively. The outcome of the study shows that existing financial risk
management processes need continuous improvement. Experts from the PPP projects in Ghana
accepted the usefulness of the model to guide them to cut down financial losses. The
implications of the study are twofold. The results serve as a guide for further studies on this
important topic in PPP project management in developing economies. Second, project
managers will receive assistance in developing financial models to tackle this problem. Despite
these implications, the study is limited in relation to context and a small sample size. Although
Ghana shares similar features with other developing economies, the external environmental
conditions of PPP projects in the country are different from other countries. Thus, caution must
be exercised when applying the results to other countries.
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Abstract

Claims management is recognized as a complex phenomenon that often leads to disputes between
contracting parties. A contractor can claim for many reasons including additional cost. Additional
cost claims allow the contractor to recover cost occurred due to several reasons such as delays
and/or disruptions, variations and escalations, which evidently result from events beyond the
conditions of contract and control of contractors. However, the submission and evaluation of such
claims is a challenging task for construction stakeholders because of the existing issues in the
management of these claims using traditional approaches. Hence, there is a need realized by
industry practitioners for shifting the traditional claim management process of these claims to a
digital environment. This need can be fulfilled by a forthcoming Information and Communications
Technology (ICT) platform such as Building Information Modeling (BIM). Therefore, in this
research effort has been made to utilize BIM for effective management of claims for an additional
cost that frequently occur in construction projects. To start with, issues in traditional claims
management process of construction cost claims are identified, which is followed by development
of a framework for a new system named as BIM - Based Cost Claims Management System
(B-CCMS). Grounded on the Application Programming Interface (API) provided by one of the
BIM software (Autodesk Revit), a plugin named B-CCMS is proposed for working of the
developed system. The proposed system is expected to solve the identified issues in the
management of additional cost claims, especially those related to documentation, time, resources,
cost, presentation and impact. This will result in quick and transparent settlement of additional cost
claims making it less prone to disputes between contracting parties.

Keywords

Building Information Modeling; cost; claims; contracts; claims; framework; API; plugin.

1 Introduction

Cost claim in construction projects is a compensation request by a contractor for an additional cost
payable due to the amount of extra work, delays or disruptions that evidently results from events
beyond the initial scope and conditions of contract (Adrian, 1988, Barrie and Paulson, 1992).
Claims including those for compensable cost are turning out to be fact of life for most of the
construction projects (Tan and Anumba, 2010). The vibrant, exclusive and multifarious nature of
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the construction industry makes such claims inevitable on projects (Ren ef al., 2001).

Construction key staff used to spend a lot of effort in project planning, project control and
monitoring and project administration phase. But, due to the potential of claims to turn into
disputes (Vidogah and Ndekugri, 1997), which globally costs around US$30.7 million and lasts
for 15 months on average (Arcadis, 2020), the strategy is now being changed and most of the key
staff devote a larger amount of their time in effective management of construction claims (Yates
and Epstein, 2006).

Claim management is defined as “the process of engaging and coordinating resources to progress
a claim from identification, notification and analysis through examination, and documentation,
presentation, to negotiation and settlement” (Kululanga et al., 2001). Poor management of claims
is one of the major causes of construction disputes (Vidogah and Ndekugri, 1997). In spite of
extensive research related to the management of claims, the ever increasing rise in disputes gives
the indication that current methods are not very effective to meet industry requirements
(Yogeswaran et al., 1998, Ren et al., 2001).

To the researchers' knowledge, an Information and Communications Technology (ICT) based
developed system can be an effective solution in this regard (Vidogah and Ndekugri, 1998). The
primary reason for this recommendation is the information difference between contracting parties,
which creates problems during claims management and leads to disputes (Vidogah and Ndekugri,
1997). Therefore, an ICT based centralised hub will ensure that the most up to date claims related
information are readily accessible to all the stakeholders of the project (Gibbs et al., 2014).

Owing to this recommendation, an ICT based centralized repository need is realized in this
research and a framework is proposed that could help in effective cost claims management and
elimination of unwanted disputes between parties involved in a construction contract.

2 Research Gap and Aim

The quality of the report used during claims is a prime concern for obtaining desired results (Gibbs
etal.,2014). According to Pickavance (2010), digital data in the form of computerized presentation
can be used for the effective presentation of claim evidence.

Building Information Modeling (BIM) is a forthcoming ICT platform (Ahmad et al., 2018), and is
used to facilitate the design, construction and operation processes of a built object through its
shared digital representation (Azhar, 2011). BIM as an electronic, visual and demonstrative
evidence tool for construction claims if used on a project from initiation and all records are stored
in its central database, then all the project information would be linked to a 3D model (Gibbs et
al., 2014). This will help in claims identification, quantification and visualization (Gibbs et al.,
2014). Similarly, desired outcomes for claims can be achieved through visualization (Marzouk et
al., 2018). Therefore, BIM being a visualization tool can be adopted as a vital tool in proactive
avoidance of construction disputes (Gibbs et al., 2014).

However, the literature suggests that BIM has yet not been used for the management of
construction claims for an additional cost (Marzouk ef al., 2018). This owes to the fact that BIM
platforms do not have the inbuilt function of dealing with construction cost claims. Providentially,
Application Programming Interface (API) that is provided by various BIM platforms such as
Autodesk Revit can be used to develop plugins for enhancing the functionalities of BIM (Akinade
etal.,2016). In this way, modelling, data accumulation and visualisation capabilities of the existing
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BIM platforms are utilized to accomplish specialized tasks.

Therefore, the aim of this research is to propose a framework for developing a BIM-Based Cost
Claims Management System (B-CCMS), that will equip the BIM platform for the management of
construction cost claims. This in turn will result in quick and efficient settlement of such claims

with minimum disputes between contracting parties.

3 Literature Review

Extensive literature is studied to extract problematic issues related to the management of
construction claims including cost claims. After critical review literature, 23 issues were identified

as presented in Table 1.

Table 1. Problematic Issues in Construction Cost Claims

ID | Issues Identified from Literature References
1 Lack of documents Badger and Gay (1996), Chovichien and Tochaiwat (2006),
Essuman (2017), Ren et al. (2001), Yates and Epstein (2006),
Yoke-Lian et al. (2012), Yusuwan and Adnan (2013)
2 Documents inaccessibility when Bakhary et al. (2015), Enshassi et al. (2009), Surawongsin
required (2002)
3 Ineffective record-keeping system Bakhary et al. (2015), Enshassi et al. (2009), Surawongsin
(2002), Scott et al. (2004)
4 Poor paperwork by the contractor Bakhary et al. (2015), Yoke-Lian ef al. (2012), Yusuwan and
Adnan (2013), Palaneeswaran and Kumaraswamy (2008)
5 No computerized documentation system | Bakhary et al. (2015), Enshassi et al. (2009), Surawongsin
(2002)
6 Lack of contemporary evidence Enshassi et al. (2009), Palaneeswaran and Kumaraswamy
(2008), Ren et al. (2001), Surawongsin (2002)
7 Un-organized information to prepare Alkass et al. (1995), Bakhary et al. (2015), Enshassi et al.
claim (2009), Surawongsin (2002)
8 Time consuming Alnaas et al. (2014), Bakhary et al. (2015), Chovichien and

Tochaiwat (2006), Maduranga et al. (2016), Vidogah and
Ndekugri (1997), Yoke-Lian et al. (2012)
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9 Cause and effect determination Hughes and Barber (1992), Palaneeswaran and Kumaraswamy
complexities (2008), Ren et al. (2001), Vidogah and Ndekugri (1997)
10 | Poor presentation of the impact Enshassi et al. (2009), Hughes and Barber (1992), Ren et al.
(2001), Surawongsin (2002), Yusuwan and Adnan (2013)
11 | Time taking in information retrieval Bakhary et al. (2015), Enshassi et al. (2009), Surawongsin
(2002), Vidogah and Ndekugri (1997)
12 | No standardised format Bakhary et al. (2015), Chovichien and Tochaiwat (2006),
Enshassi et al. (2009), Hassanein and El Nemr (2008)
13 | Deficiency of personnel Bakhary et al. (2015), Carmichael and Murray (2006),
Chovichien and Tochaiwat (2006), Enshassi et al. (2009),
Essuman (2017), Surawongsin (2002)
14 | Not realizing what to claim Chovichien and Tochaiwat (2006), Enshassi et al. (2009),
Hughes and Barber (1992), Surawongsin (2002)
15 Verbal directions/variations Bakhary et al. (2015), Chovichien and Tochaiwat (2006),
Enshassi et al. (2009), Hassanein and E1 Nemr (2008)
16 | Contractors exaggeration of claims Palaneeswaran and Kumaraswamy (2008)
17 | High cost in preparation of claim Bakhary et al. (2015), Braimah (2013), Enshassi ef al. (2009),
Maduranga et al. (2016), Surawongsin (2002)
18 | In efficient communication channel Bakhary et al. (2015), Enshassi et al. (2009), Surawongsin
(2002).
19 | Lack of compliance with contract Yoke-Lian et al. (2012), Yusuwan and Adnan (2013)
requirements
20 | Contractors delay in notification to Bakhary et al. (2015), Braimah (2013), Hughes and Barber
Employer (1992) Enshassi et al. (2009), Surawongsin (2002), Yusuwan
and Adnan (2013)
21 | Lack of contract awareness Bakhary et al. (2015), Enshassi et al. (2009), Essuman (2017),

Hassanein and El Nemr (2008), Keane (1994), Nguyen and
Ibbs (2008), Surawongsin (2002), Yoke-Lian et al. (2012)
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22 | Lack of experts Bakhary et al. (2015), Essuman (2017), Maduranga et al.
(2016), Yusuwan and Adnan (2013)

23 | Personnel leaving organization Palaneeswaran and Kumaraswamy (2008)

To resolve these identified issues in the management of claims, particularly in cost claims, this
research proposes a framework using a BIM environment to develop a management system for
cost claims in the construction industry named B-CCMS.

4 Framework Development

Autodesk Revit Architecture 2017 (BIM platform), Structured Query Language (SQL) Server
(Database Management System), and Visual Studio.Net (Software Development Environment) are
used to develop the framework for B-CCMS. The reason for using Autodesk Revit Architecture as
a BIM platform is its good visual presentation and ease of connectivity with external databases
(Ali et al., 2020). Moreover, Autodesk Revit’s API provides a fully customizable. NET Program
Development Toolkit for user interface and software logic development (Akinade et al., 2016).
The API of Autodesk Revit software will also create a data link between Autodesk Revit
Architecture software and SQL Server. The plugin named B-CCMS will be created with Microsoft
Visual Studio and the widely used multi-paradigm programming language C#.

5 B-CCMS Framework

The developed framework for B-CCMS is shown in Figure 1. It utilizes a plugin to be developed
in a BIM environment named B-CCMS for cost claims management. The developed plugin
(B-CCMY) is interacting with BIM software i.e. Autodesk Revit for its inputs and is connected to
a centralized database. The framework and working of the B-CCMS plugin is as follows

1. In the first step, the BIM model of the project is launched in Autodesk Revit software.

2. Ina case where a designer or employer has instructed for some design revisions, it will be first
incorporated in BIM model.

3. After incorporating the changes or in a case where no such revisions are to be done B-CCMS
plugin will be invoked in Autodesk Revit that will be connected to Autodesk Revit through its
APIL.

4. After invoking the plugin, the model element against whom the cost claim is to be generated
will be selected.

5. The plugin will provide the option for selecting the type of cost claim from three major types
of cost claims i.e. 1. Variation Cost, 2. Extension of Time (EOT) Cost and 3. Escalation Cost.
The proposed different types of input information required under each category of all three
types are shown in Table 2.

6. The required data against selected type of cost claim will be then entered.

7. Evidence in the form of documents and reports etc may also be attached to strengthen the case
and for future record.

8. The B-CCMS will be connected to a centralized database such as with an SQL server, where
the data entered for cost claim will be stored.
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10.

11.

The cost claim data can be then recalled in the form of cost claim register in B-CCMS plugin,
which will also assist in 3D visualization of a model element within Autodesk Revit against
which cost claim is generated. Similarly, the evidence added can be also seen in the cost claim

register.

In case if more information is required for decision, it will also be added to the claimed

element.

After viewing and visualizing the information, a decision can be made on the cost

compensation.
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Figure 1. B-CCMS Framework
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Table 2. Input Categories for Different Types of Compensation Cost

Actual Start

Total Material Cost

Actual Finish

Direct Cost

Delay Duration

In-Direct Cost

Direct Cost

Approved Direct Cost

(Updated during decision stage)

In-Direct Cost

Approved In-Direct Cost

(Updated during decision stage)

EOT Cost Variation Cost Escalation Cost

Plan Start Quantity of Varied Material (Auto Inputs are required as per relevant
Picking from BIM Model) contract conditions on project or a

Plan Finish Unit Cost of Varied Material standard escalation formula needs to

be incorporated to calculate the

escalation amount.

For example, Price adjustment

formula given by FIDIC Contract.

Approved Direct Cost

(Updated during decision stage)

Approved In-Direct Cost (Updated

during decision stage)

Escalation Cost Claim

Approved Escalation Cost

(Updated during decision stage)

Attachments if any

Attachments if any

Attachments if any

Direct costs and In-Direct Cost will be calculated for the manhours and machine hours specified
in the project schedule for the specified tasks based on productivity. Separate input categories with
established backhand formulae for cost calculation can also be provided in the plugin.

6 B-CCMS Roles and Responsibilities

The roles and responsibilities of contractor, engineer (consultant) and a new stakeholder “BIM
Manager” for the proposed system are also suggested as per the guidelines of standard contracts
and BIM roles and responsibilities guidelines published by (Joseph, 2011). The proposed roles of
contractor, engineer and a new stakeholder as “BIM manager” is shown graphically in Figure 2.
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Phase 1: Compensation Cost Claim Generation

@ =g

Communicate to BIM Manager Revise BIM model and/or

Record data and generate
compensation cost claim

@

Phase 2: Review and Decision

Provide additional information to
Engineer if any and/or
Communicate Engineer response to
Contractor

Assess claim and
communicate response
to BIM Manager

Legend

v =y

Contractor BIM Manager Engineer

Figure 2. B-CCMS Roles and Responsibilities

7 Conclusion

BIM as a forthcoming ICT tool is utilized in this research to improve construction cost claims
management. The problematic issues in existing construction cost claim management are
identified in this research through an extensive literature review. Following that BIM technology
is reviewed, and it is realized that BIM platforms do not have the in-built option to deal with cost
claims but they provide the APIs that can be used to perform specialized tasks within BIM utilizing
its visualization and centralized repository capabilities. Thus, in this research, a framework is
proposed for developing a system named B-CCMS to deal with construction cost claims using
BIM. Guidelines for developing a B-CCMS plugin using Autodesk API is also proposed within
the developed framework. Roles and responsibilities for the newly proposed system are also
recommended.

Using the developed framework for B-CCMS and developing the plugin on proposed guidelines
will help construction stakeholders to utilize B-CCMS or dealing with construction cost claims.
BIM together with B-CCMS plugin as the central repository for cost claims will provide the end
user with records keeping, communication, presentation, resources and impact visualization of cost
claims. Resulting in the elimination of relevant identified issues in present construction cost claims
management to a large extent. Overall, this study will contribute to a more transparent and quicker
conclusion of construction cost claims. And reducing the probability and impact of disputes in
construction projects. Resultantly, construction projects will be completed within time without any
unwanted delay and additional cost.
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Abstract

Within the Australian construction industry, small subcontractors are highly vulnerable to
insolvency risk due to poor payment practices. The Security of Payment legislation was
introduced to ensure that those subcontractors are timely paid for the work they do. However,
since the enactment of the legislation in Australia, the utilisation rates of the legislation have
been relatively low. Through a desktop study, this paper aims to identify and discuss the main
causes of the legislation under-utilisation including affordability, lack of industry confidence,
lack of knowledge and awareness, impact on business relationships and limited right to access
the regime. Moving further, this paper will acquaint the lead author's PhD study, which aims to
address the barriers and solutions to achieve an appropriate utilisation of the security of payment
legislation.

Keywords: accessibility, adjudication, security of payment, subcontractors, utilisation.
1 Introduction

The construction industry is the third-highest revenue-generating sector in Australia,
contributing around nine per cent of the gross domestic product (AISC, 2020). It employs
around 1,180,000 people with the highest number of registered businesses of 394,575 (ABS,
2019, AISC, 2020). Since 1995, the Australian construction industry has been facing high rates
of insolvencies, which became somewhat of an endemic in the sector (Coggins et al., 2016,
Griffiths et al., 2017, Ebrahimi, 2019). In 2015, the Australian Economics References
Committee published an insolvency report under the title: ‘7 just want to be paid’, which
stressed the significance of reducing insolvency within the Australian construction industry.
The report identified the payment practices as one of the primary triggers for insolvency
(Economics References Committee, 2015).

Within the Australian construction industry context, the poor payment practices are primarily
attributed to the unavoidable contractual hierarchical structure, which produces an unbalanced
contractual power (Coggins et al., 2016, Murray, 2017). The imbalance in power forces
subcontractors to accept unfavourable conditional payment provisions in the contract.
Additionally, contractors with higher power might be inclined to delay payments to use the
money in other projects (Sahab and Ismail, 2011, Gerber and Ong, 2013, Davenport et al., 2015,
Griffiths et al., 2017).
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The pyramidal contractual structure imposes the highest financial risks on the subcontractors at
the bottom of the hierarchy who perform most of the actual work in the projects. These financial
risks manifest once any contractor at a higher tier becomes insolvent, which will impact all the
subcontractors at lower levels through a domino effect (Cheng et al., 2010, Yung and Rafferty,
2015, Coggins et al., 2016, Griffiths et al., 2017, Murray, 2017, Tay and Kong, 2018, Ebrahimi,
2019). Hence, small subcontractors who represent the highest proportion of registered
businesses had the highest insolvency rates. For example, in 2018, 64 per cent of insolvencies
were for subcontractors with less than five employees (ASBFEQO, 2018). Therefore, this paper
focuses on subcontractors at the bottom levels of the contractual chain.

The Security of Payment (SOP) legislation was introduced across Australia to mitigate the risk
of insolvency by addressing poor payment practices and boosting cash flow in the industry.
However, it failed to significantly reduce insolvencies due to variant shortfalls and some
existing norms within the industry (Economics References Committee, 2015, Ebrahimi, 2019).
One of the vital shortfalls in using the SOP process is the accessibility and utilisation of the
process, especially for subcontractors at the bottom of the contractual hierarchy (Bowyer,
2018).

This paper aims to investigate the barriers facing small subcontractors to utilise the SOP
process. To do so, this paper begins with an overview of the SOP legislation in Australia,
followed by exploring the evidence for the low utilisation of the process. Then, the paper turns
its focus to identify and discuss the associated barriers. At last, it identifies some measures that
might help in improving the utilisation of the process. This paper embraces an exploratory
desktop study that reviews the available literature including primary legal sources, journal
articles, and governmental reports.

Background of the SOP legislation in Australia

In 1999, the first SOP Act was enacted in the state of New South Wales (NSW) to improve the
payment practices within the construction industry, encouraging “pay now, argue later”
principle (Murray, 2017). Henceforth, all other states/territories progressively, save for the
Northern Territories, followed the NSW model with some variations. In 2021, Western
Australia (WA) made significant changes to its SOP legislation by the virtue of Building and
Construction Industry (Security of Payment) Bill 2021 to become more aligned with the NSW
model based on the recommendations of the Murray Report.

An adjudication process was introduced within the SOP legislation to settle the payment
disputes as quickly as possible. The NSW SOP legislation introduced a separate statutory
right to payment along with the contractual payment scheme. The statutory right entitles
claimants to get paid by seeking a summary judgement without the need for adjudication in
case of respondent’s failure neither to provide a payment schedule nor to pay the full claimed
amount. Alternatively, the claimant can apply for adjudication within 20 business days of the
payment due date instead of seeking a summary judgement. Furthermore, the claimant has the
right to apply for adjudication to dispute a payment schedule within ten business days after
receiving it.

To apply for adjudication under the NSW legislation, the claimant should submit an application
to any Authorised Nominating Authority (ANA) within the allowed duration. The respondent
may lodge an adjudication response within five business days after receiving a copy of the
application. The ANA refers the application to an eligible adjudicator who must provide a
determination within ten business days after the lodgement date of the adjudication response.
The respondent must pay the adjudicated amount within five business days of receiving the
adjudicator’s determination; otherwise, the claimant may request the ANA to provide an
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adjudication certificate and serve notice to suspend the work. The adjudication certificate can
then be filed as a judgment for a debt in any court of competent jurisdiction and be enforceable
accordingly.

2 The evidence of low utilisation of the SOP

The underutilisation of the SOP process was identified as a concern in different studies and
surveys. Bowyer (2018) considered the measures implemented in the SOP Act adequate to
reduce the problems in payments but believed the underutilisation to be the main hurdle.
Likewise, Evans (2015) and Brand and Uher (2010) considered the underutilisation by small
subcontractors in both WA and NSW as the main issue in the SOP process. Similarly, Coggins
et al. (2016) expressed a parallel viewpoint by indicating that the process is not used as much
as it should be, although usage rates might appear healthy. A recent survey also reinforced the
claim of having an underutilised process where only 23 per cent of respondents had ever used
the SOP process. At the same time, 59 per cent of people who used it indicated that they are
doubtful if they will use it again (Murray, 2017). Lately, Steensma and Evans (2020)
highlighted a reduction in using the SOP process in WA, which they considered a significant
concern for the industry. However, they indicated that there is a lack of solid evidence for the
causes behind this reduction.

There is no reliable method of quantifying the utilisation rates for the SOP process since the
actual number of payment disputes between parties is unknown due to the existence of many
unreported disputes. In order to examine this further, a descriptive analysis of the annual volume
of completed construction works as well as the annual number of adjudication applications in
the leading states was carried out. Figures 1, 2 and 3 demonstrate the annual value of the
performed construction work versus the number of adjudication applications in the states of
NSW, VIC and QLD being the most active states using the SOP process.
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Figure 1. the annual value of construction work done ($'000) vs. annual number of lodged adjudication
applications in NSW — Source: NSW Fair Trading (2012-2019); ABS (2020)
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Figure 2. the annual value of construction work done ($'000) vs. annual number of lodged adjudication
applications in Victoria - Source: VBA (2012-2019); ABS (2020)
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Figure 3. The annual value of construction work done ($'000) vs. annual number of lodged adjudication
applications in Queensland - Source: BCIPA (2012-2014); QBCC(2014-2019); ABS (2020)

As shown in Figure 3, QLD demonstrated a continuous decline in the number of lodged
adjudication applications while the values of the construction work were increasing. The same
occurred in NSW between the years 2012 and 2017, as demonstrated in Figure 1. This decline
might indicate less appetite from subcontractors for using the SOP process in NSW and QLD.

On the other hand, as illustrated in Figure 2, the consistent increase in the number of lodged
applications in Victoria with a proportionate increase in the value of performed construction
work is reasonable, as more construction work increases the probability of having more
payment disputes. However, comparing the number of lodged applications in VIC against NSW
1s concerning since NSW had almost triple the number while having no significant difference
in the construction work values. Similarly, the value of construction work in VIC was almost
twice the value in QLD. However, the number of lodged adjudication applications in VIC was
around half the number in QLD.

3 Causes of the underutilisation

By examining the literature, five main causes of subcontractor underutilisation of the
legislation were identified as denoted in Table 1. Each cause is discussed in depth below.

Table 1. Underutilisation main causes

Undeg;t;lstzatton Reference
e (Coggins et al., 2010, Wallace, 2013, Australian Legislation Reform

;:frfgz(i)a;) él(;g ;11 d Sub-Committee, 20}4, Economics Refe'rences Committee, 2015,

time Marquet, 2015, Skaik et al., 2016a, Skaik et al., 2016b, Murray, 2017,
Skaik, 2017d, Skaik, 2017b, Fiocco, 2018)
(Ali, 2006, Chan, 2006, Kennedy, 2008, Supardi ef al., 2011, Wong et

Lack of industry al., 2914, Marquet, 2015, Skaik et al., 20.150, Yung aqd Rafferty, 2015,

confidence Jayasinghe and Ramachandra, 2016, Skaik, 2016, Skaik et al., 2016a,
Skaik, 2017b, Lopez and Amara, 2018, Tay and Kong, 2018, Hassan et
al., 2019, Munaaim, 2019)

Lack of knowledge (Brand and Uher, 2010, Coggins et al., 2010, Wallace, 2013, Economics
References Committee, 2015, Evans, 2015, Murray, 2017, Skaik, 2017d,

and awareness
Steensma and Evans, 2020)
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Impact on the (Brand and Uher, 2010, Coggins ef al., 2010, Australian Legislation
business Reform Sub-Committee, 2014, Economics References Committee, 2015,
relationship Murray, 2017, Skaik, 2017d, Coggins and Donohoe, 2018)

limited right to (Bell, 2011, Gerber and Ong, 2013, Wallace, 2013, Australian

access the Legislation Reform Sub-Committee, 2014, Evans, 2015, Skaik et al.,
legislation 2015a, Skaik et al., 2015b, Murray, 2017, Skaik, 2017b, Fiocco, 2018)

3.1 Affordability in terms of cost and time

Cheung (1999) investigated twelve attributes that motivate a party to use any dispute
resolution process. Cheung found that the cost and time to be the most significant ones
affecting the utilisation of any process. The SOP legislation typically has a relatively short
timeframe for resolving payment disputes which attracts many claimants. The same applies to
the direct cost of the process, which is relatively low compared to other forms of dispute
resolution mechanisms such as arbitration. However, the cost-effectiveness of the
adjudication in WA (based on the repealed legislation) in low-value disputes was criticised as
adjudication fees were twice its counterparts in NSW and QLD for claims under $25,000
(Yung and Rafferty, 2015, Coggins and Donohoe, 2018). Similarly, Queensland was criticised
for having a lengthy and costly process for adjudicating complex payment claims greater than
$750,000 (Murray, 2017).

Whilst the SOP process is perceived as cost and time effective, which should ease the
accessibility to the process, the actual duration until getting paid and the total cost involved
makes the process much less attractive. In practice, the prolonged and costly adjudication
process is highly influenced by the complexity of the regime, the claimant’s administrative
burden as well as heavy involvement by lawyers and courts (Skaik et al., 2016b), as
elaborated further below:

3.1.1 Complexities in disputes and drafting of the legislation

In order to achieve an efficient process, Murray (2017) emphasised the importance of avoiding
complexity and providing a simple drafting style of the legislation. However, complexities
within the legislation drafting and adjudication process exist; Lopez and Amara (2018) clarified
that some parties perceive the legislation as a subjective, frustrating, stressful and painful
process and are reluctant to use it for future disputes.

Some of the identified complexities within the legislation drafting are the reference dates and
the adjudicator's jurisdiction. These complexities led to inconsistency of case law and increased
judicial intervention. The inconsistency of case law is mainly associated with the different court
interpretations of the jurisdictional errors that may be the basis for invalidating the adjudicator’s
determination. Such inconsistencies are confusing to all parties involved in the process,
including lawyers and adjudicators. Therefore, some claimants avoid going for adjudication
altogether and go directly to courts (Skaik, 2017e). Such inconsistencies produced uncertainties
in the adjudication process and contributed to the lack of affordability of adjudication in terms
of time and cost (Skaik et al., 2016a, Bailey, 2019a).

Furthermore, allowing the parties to adjudicate complex disputes has been an ongoing issue
that affected the accessibility and fairness of the process. It was one of the significant elements
in exposing the deficiencies in the SOP regime, diverting it away from being a quick and cost-
effective method (Skaik et al., 2015c). Complex disputes typically include a large volume of
submissions and technical reports, which are typically challenging for the adjudicator to
appropriately consider the raised arguments within the strict timeframes. As a result, the
determination might be challenged by respondents in the supreme court by way of judicial
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review. This means that claimants will not be able to recover the adjudicated amounts and be
forced to invest more amounts of money in defending the determination in court (Skaik et al.,
2015a, Skaik, 2017d).

3.1.2 Claimant’s administrative burden

Many stakeholders noted that the payment claims in the Australian eastern jurisdictions
generate a substantial legal and administrative burden above the contract administration
workload (Coggins et al., 2010). From the claimant’s perspective, the administrative burden is
generated due to the need for identifying and recording what has already been paid for and what
is not. This might be difficult, especially when the respondent intentionally aims to keep the
claimant in the dark about what has already been paid for. Otherwise, the claimant will be under
the risk of judicial intervention and having the determination quashed (Coggins et al., 2010).

Another cause of administrative burden was highlighted by Murray (2017) for the
subcontractors or suppliers who operate in different states. Those subcontractors and suppliers
have to comply with the various requirements under the different jurisdictions they operate in;
hence, it increases the administrative burden for them.

3.1.3 Involvement of lawyers

Since there are complexities within the legislation and the process, subcontractors tend to hire
a legal representative to deal with these complexities. Therefore, subcontractors should account
for legal and administrative costs, which represent a large portion of the overall cost. These
costs might reach twice or thrice the adjudication fees, making the regime unfeasible for small
disputes (Coggins et al., 2010, Skaik et al., 2015a, Yung and Rafferty, 2015, Skaik, 2017d).
The impact of legal cost can be seen in the example of the UK (United Kingdom), wherein 60%
of respondents to a survey believe that the transformation of the regime to a relatively formal
and legal process is the main reason for it becoming expensive (Munaaim, 2017b). Moreover,
considering the involvement of lawyers without the accompanied uncertainty might deceive a
party to believe that hiring a lawyer is feasible while neglecting the increased cost in case of
going for judicial review proceedings (Coggins et al., 2010). On the other hand, uneducated
subcontractors cannot abandon the lawyer’s help if there is a lack of free support services which
are usually provided by ANAs (Murray, 2017, Coggins and Donohoe, 2018).

3.2 Lack of Knowledge and Awareness

In a survey conducted in NSW, Brand and Uher (2004) found that one-third of the survey
participants had low or no knowledge about the process and considered it the main reason for
low usage rates. Six years later, the authors conducted another survey and found that over half
of the participants had little or no knowledge about the Act in NSW (Brand and Uher, 2010).
Therefore, they concluded that the awareness of subcontractors has not improved since 2004,
but instead, it might have declined; they also found that small firms are not getting benefits
from the legislation as the big ones do (Brand and Uher, 2010). Murray (2017) found similar
results where around 50 per cent of his survey participants were familiar with the legislation,
while 20 per cent had no idea about its existence. Similarly, Steensma and Evans (2020)
indicated that there is a significant ignorance for the existence of the legislation in WA,
especially between the subcontractors at the bottom of the contractual chain. In addition, many
other legislative reviews identified the lack of knowledge and understanding of the legislation
as the main obstacle for the appropriate utilisation (Evans, 2015, Fiocco, 2018).

3.3 Lack of industry confidence

The judicial intervention shifted the SOP away from its object by transforming adjudication
from being a speedy, definitive, informal and cost-effective dispute resolution process to
become a meaningless complicated legal process accompanied with a lot of uncertainties
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(Kennedy, 2008, Marquet, 2015, Skaik, 2017b). Furthermore, the judicial intervention led the
SOP legislation model adopted in NSW and other jurisdictions to be described as a practical

but blunt tool due to focusing on speed over accuracy, which resulted in quashing high numbers
of determinations in courts (Chan, 2006, Skaik ef al., 2015c, Yung and Rafferty, 2015).

From the utilisation perspective, the high rate of quashed determination increased uncertainties
of the overall cost and time to secure payments and impacted the confidence in the regime
(Wong et al., 2014, Lopez and Amara, 2018, Hassan et al., 2019). It also made subcontractors
hesitant of using their right of suspending work when the adjudicated amount is not paid. This
hesitation comes from the probable financial risks they might face if the determination is
quashed by the court (Supardi et al., 2011, Skaik, 2016, Skaik et al., 2016a). Therefore,
suspending or slowing work that should reduce subcontractors’ costs and pressurise the
respondent to pay the adjudicated amount became ineffective in protecting subcontractors.
Consequently, subcontractors might avoid accessing the process and seek other avenues for
dispute resolution (Ali, 2006, Jayasinghe and Ramachandra, 2016, Tay and Kong, 2018,
Munaaim, 2019). Alternatively, subcontractors will be left to negotiate their rights to settle the
dispute to avoid going to court, which is typically considered unfeasible for small claims (Skaik
etal.,2016b).

3.4 Impact on the business relationship

The preservation of the relationship between parties at the end of any alternative dispute
resolution process is critical for the effectiveness of the process (Cheung, 1999, Gerber and
Ong, 2013). Murray (2017) found that in the case of adjudication in Australia, only 12 per cent
of the claimants who used it in the last two years have done business later with the respondents,
which may confirm that the SOP process damages the business relationship.

One of the identified factors affecting the relationship between parties under the East Coast
Model (ECM) is the requirement to endorse the payment claim under the SOP Act. Brand and
Uher (2010) found that half of the survey participants believe that this endorsement impacts the
relationship negatively to some degree which would demotivate claimants from accessing the
SOP process due to their fear of losing future contracts. This impact primarily affects small
subcontractors who represent the highest proportion of businesses in the industry; thus, it
reduces the usage rate substantially (Brand and Uher, 2010, Coggins ef al., 2010, Gerber and
Ong, 2013, Coggins et al., 2016).

Although the endorsement might reduce the usage rate, its existence is essential for the process.
The necessity of endorsing the payment claims under the Act comes from the fact that payment
claim is the trigger of the SOP process, in which the payment claims intend to inform the
respondent that the claimant is going to apply for adjudication if the amount is not paid on time
(Magintharan, 2011). Additionally, it informs the respondent to comply with the timeframes
under the SOP Act, otherwise face the draconian consequences of failing to do so under the
SOP process (Magintharan, 2011). Furthermore, the existence of the endorsement increases the
probability of amicable settlement as it encourages the parties to communicate and solve the
dispute at early stages (Brand and Uher, 2010).

The impact of not having this requirement was witnessed in Singapore, which raised the
“Sungdo principle” (see Sungdo Engineering & Construction (S) Pte Ltd v Italcor Pte Ltd
[2010] SGHC 105). Under this principle, the respondents might not realise that they were served
a payment claim; hence they might ignore it (Magintharan, 2011, Burr, 2017, Murray, 2017).
On the other hand, a claimant might submit a document that is not intended to be a payment
claim. However, it will invalidate the second payment claim served for the same reference date.
This means that the claimant will lose the right to adjudicate the later payment claim (Coggins
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and Donohoe, 2018). Therefore, after removing the requirement to endorse the payment claim
under the NSW Act in 2014, it was reinstated in 2018. In contrast, in QLD, this requirement
was removed in the 2017 reform (Coggins and Donohoe, 2018).

3.5 Limited scope for accessing the process

Each SOP Act has some exclusions for parties to access the process. In Victoria, for example,
the legislation excludes claims for some variations, compensation and damages due to their
complexities (Bell, 2011, Skaik et al., 2015a). However, this exclusion resulted in adding
complexity to the process instead of easing it and shifting the associated review mechanism to
become ineffective (Skaik et al., 2015b, Skaik, 2017b). More importantly, this exclusion
reduced the usage rates (Gerber and Ong, 2013, Skaik et al., 2015b, Skaik, 2017b); as
demonstrated previously when comparing the number of adjudication applications lodged in
VIC to the relevant numbers in NSW or QLD. However, due to their impact on accessibility
and being unfair for some contractors, many legislative reviews opposed implementing these
types of exclusions anywhere in Australia (Wallace, 2013, Australian Legislation Reform Sub-
Committee, 2014, Evans, 2015, Murray, 2017, Fiocco, 2018).

Another access limitation exists in all eastern states save for Tasmania, which is the exclusion
of the residential construction work carried out by owner-builder (Bell, 2011). Having said that,
NSW has recently amended its legislation to remove this limitation (see section 7(5) of the
Building and Construction Industry Security of Payment Act 1999 and section 4(1) of
the Building and Construction Industry Security of Payment Regulation 2020). Since most
small subcontractors work in small residential projects (Brand and Uher, 2010), many are
expected to be involved in contracts with resident owners. Hence, there might be a substantial
number of subcontractors excluded from accessing the process(Wallace, 2013, Murray, 2017,
Fiocco, 2018). This exclusion is implemented in the eastern states due to the unfairness of
having an occupier unaware of the SOP process compared to a contractor who is familiar with
the process (Kennedy, 2008); thus, subcontractors were left with no option but to go for
litigation which requires a longer duration (Munaaim, 2017a).

4 Measures to address the under-utilisation:

To address the underutilisation, a separate adjudication process for low-value disputes is
proposed with a wide scope of accessibility; following the one implemented in the UK “CIC
Low Value Disputes Model Adjudication Procedure (LVD MAP)”. In doing so, a fixed and
simple template can be used to apply for adjudication, which will help the subcontractors who
lack the knowledge in using the process and its requirements to submit a valid application with
the proper documentation. Introducing such a process should reduce or eliminate the need for
legal representation, decrease the complexity produced from the lawyer’s involvement, and
reduce unrecoverable costs of hiring a legal representative. Furthermore, providing a process
for low-value disputes offers the opportunity to implement limitations on the size and type of
the submitted documents, making it easier for the applicant and the adjudicator. Alternatively,
limitations on the submitted documents can be implemented as the ones introduced in section
17 of the Building Industry Fairness (Security of Payment) Regulation 2018 (QLD), which
limited the size of submissions to disputes that have a value less than $25,000.

Furthermore, there should be a compulsory registration requirement for new subcontractors to
have at least one employee trained on using the SOP legislation and preparing valid payment
claims and adjudication applications. Such a practice will increase the knowledge within the
industry while bringing back the process to its intention of being inexpensive, quick, informal
with less legal interference. Other measures identified from the reviewed literature are
summarised in Table 2.
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Table 2. Identified measures to overcome SOP underutilisation.

Identified measures

Reference / similar implemented measure

Developing a simpler, quicker, and more
cost-effective process for low-value
disputes

Similar to the CIC LVD MAP (Lindsey, 2020)

Limiting the submitted document

Implemented in section 17 of the BIF
Regulation “Building Industry Fairness
(Security of Payment) Regulation 2018 (QLD)
(Australian Legislation Reform Sub-
Committee, 2014)

Implementing a wide scope adjudication
reView process.

(Murray, 2017, Skaik, 2017c)

Implementing Cascading Trust accounts.

(Collins, 2012, Murray, 2017, Ebrahimi, 2019)

Allowing courts to invalidate part of the
determination.

(Skaik et al., 2016b, Bailey, 2019b)

Enhancing the performance of ANAs and
adjudicators.

(Skaik et al., 2016b, Murray, 2017, Skaik,
2017d)

Mutual agreement on the adjudicator or
the appointer after the rise of the dispute
as in NZ Act

(Coggins et al., 2010)

Implementing reactive measures such as
disciplinary actions (penalties and/or
suspending or cancelling registration) on
respondents who fail to pay the
adjudicated amount or fails to provide a
payment schedule

Implemented in Building Legislation
Amendment (Consumer Protection) Act 2016
(Vic), or QLD BIF Act (Murray, 2017, Fiocco,
2018)

Granting claimant with remedies to
recover unpaid money from other venues
(i.e., from client or lodging a statutory
charge over the property)

(Tay and Kong, 2018)

Implementing wider scope of
accessibility (i.e., removing VIC
exclusions, claims against homeowner)

(Wallace, 2013, Australian Legislation Reform
Sub-Committee, 2014, Evans, 2015, Murray,
2017, Fiocco, 2018)

Providing free advising services

(Wallace, 2013)

Offering a Pre-adjudication conference

(Munaaim, 2017a)

5 Conclusion and direction for future research

The need for reducing the insolvency rates within the Australian construction industry is at its
peak. Therefore, there is an urgent need to increase the utilisation of the SOP process, especially
for small subcontractors who are highly vulnerable to the risk of insolvency. This paper
discussed the main causes of low usage rates for the SOP legislation in Australia. The paper
considers, inter alia, the affordability, lack of industry confidence, lack of knowledge, impact
on the business relationships, and the limited right to access the process as the main causes for
underutilisation.

Although the paper identified some measures from the literature to overcome the identified
barriers, many of those measures are not supported by empirical evidence. Therefore, the
effectiveness of such measures in improving the utilisation of the SOP requires further
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investigation. Moving forward, the lead author, as part of his PhD study is currently critically
investigating and evaluating all barriers and associated solutions for utilising the SOP process.
To do so, a mixed-method approach is adopted, including a questionnaire survey and semi-
structured expert interviews.
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Abstract

Occupant behaviour (OB) is one of the most impacting variables in the energy intensity in
buildings. Several interdisciplinary factors: psychosocial, economic, environmental, and
cultural, impact how occupants interact with the building’s systems and features. This paper
provides the results from a case study performed on two University buildings from Western
Sydney University in Sydney: a green-rated and non-rated building. The patterns of the
occupants interacting with cooling, heating, lighting, equipment, shading, and windows were
studied using questionnaire surveys and building simulation. Results have shown that the lack
of awareness in energy conservation measures may represent a difference of 72% in the energy
performance of these buildings. The green rating had no impact on the occupants’ awareness
related to the efficient use of energy. Moreover, 81% of the occupants had no information
concerning the building systems and/or features and how to use them efficiently. Finally, this
paper discusses several solutions to address the lack of occupant’s awareness in terms of energy
use.

Keywords
Awareness, building simulation, energy use, occupant behaviour, surveys.

1. Introduction

The behaviour of occupants is one of the variables with the highest impact on the whole
building’s energy performance. Among the lack of information and misunderstanding,
awareness on how to interact efficiently with the buildings’ systems and features are some of
the main factors impacting the energy use in buildings. This paper presents the results of a
study performed on two university buildings from Westerns Sydney University, in Sydney,
Australia: a green- and non-rated building. The occupants were asked to participate in a survey
to collect their interactions with cooling, heating, lighting, equipment, shading and windows
opening. To quantify the impact of occupant behaviour in the overall energy performance of
the two buildings, the behaviours collected in the surveys were then used as input variables in
the 3D models of the two buildings and simulated, using building simulation, using the
software DesignBuilder and EnergyPlus. This study aimed to understand how occupants
impact the overall energy performance of a building and understanding the relevance of
providing awareness to occupants (Cobben, 2017). Finally, this study intends to analyse if in a
building rated as ‘green’ occupants were more aware, lining up with Darby et al. (2016a), and
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what were the main differences in the overall energy performance between the non-rated and
green buildings.

2. Literature Review

Occupant behaviour is well for its unpredictability. This unpredictability is responsible for 64%
of the difference between the operational and predicted energy, followed by 24% discrepancies
related to the heating, ventilation, and air conditioning system, and 12% of inefficiencies
associated with equipment’s conductive heat losses and air rate divergences (Norford et al.,
1994). Several other variables impact occupants’ energy and comfort choices, including their
moods, which makes occupant behaviour one of the most challenging topics within the building
sector. The use of energy linked to occupant behaviour has been studied since the early 1950s.
Dick and Thomas (1951) were one of the studies identifies in the literature related to the matter.
The authors have discussed the relationship between occupants’ window-opening habits and
their implication in heat loss through air change rates. Then, Iwashita and Akasaka (1997)
identified that the occupant behaviour was responsible for 87% of the total air change rates. By
then, occupants were simple heat generators. The impact of their behaviours was ignored in
most energy simulations (Emery and Kippenhan, 2006, Newsham, 1992). For example,
occupants interactions with windows operation, shading, lighting, heating, etc., were ignored
(Al-Mumin et al., 2003, Tanimoto and Hagishima, 2005, Nicol, 2001). Factors such as cultural
or economic differences, lifestyle or social moral sense and occupant's location were not
considered (Wilhite et al., 1996). This led to the gap between the designed predicted energy
and the monitored data during the operation stage. The consequence was an overestimation of
energy use because the building’s systems were over-dimensioned during the design stage
(Tanimoto et al., 2008a, Tanimoto et al., 2008b, Mahdavi et al., 2008). Occupants may impact
the use of energy passively, due to their movement, presence, and the type of activities they
are performing; and actively, by interacting with switching on and off the air conditioning (AC)
set-point temperatures, equipment loads and lights, open or close blinds, and windows (Yan et
al., 2017). Nevertheless, the behaviour of occupants may be impacted by several different
factors. Error! Reference source not found. represents all the main factors (driving forces)
impacting occupant behaviours related to energy use, according to the International Energy
Agency (IEA) (Yoshino et al., 2017).
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Figure 1. Driving forces impacting occupant behaviour related to energy use
Source: Adapted from Yoshino et al. (2017)

The behaviour of occupants is complex, needs a more profound understanding, and diverges
according to occupants’ diversity, backgrounds, social-psychological contexts, motivation, and
demography (Hong et al., 2016). Occupants' energy choices are impacted by descriptive norms,
where what other people do impact a specific behavioural response, and subjective
characteristics are associated with their perceptions of what other people expect from their
behaviours. For example, the choice to save energy is extremely impacted by a tendency to feel
a moral obligation to a particular behaviour. Creating campaigns that promote efficient use of
energy will significantly impact occupants' behaviours and choices (Al-Mumin et al., 2003,
Nisiforou et al., 2012, Masoso and Grobler, 2010). Other tools may be used to increase
occupants’ awareness, such as social media, social networks and systems (Klockner, 2019).
However, the values of occupants must be taken into consideration if what is aimed is a
behavioural change because it affects the way individuals and communities decide and behave
(Burrows et al., 2013). Additionally, despite an increasing trend, the feedback provided by the
smart meters needs further improvement, as it currently lacks in providing information to
occupants on "how to act” and motivate them towards the implementation of practices that save
energy (Bent and Kmetty, 2017, Hyysalo, 2013).

According to Darby et al. (2016a), the significance of the “green” tools and schemes are a
positive catalyst to reduce energy use and raise occupants’ awareness. Occupants tend to be
more tolerant in a green-rated building than in a non-rated one, and even more in small
buildings than in larger ones (Leaman and Bordass, 2007a). Just by having the “green” brand
does not mean that the building is a “green building”. The sustainable design concepts will
only have real-time effects when used adequately by occupants (Khashe et al., 2015). A green
building has lower emissions related to lighting, heating and equipment, and they can be
reduced by 50% to 70% compared to a worst-case scenario (Roetzel et al., 2010).

Furthermore, occupants’ satisfaction may be increased by allowing occupants to control these
uses of energy, however, there is no clear consensus when addressing energy use. Nicol and
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Humphreys (2002) stated as adaptive behaviours that, ‘if a change occurs to produce
discomfort, people react in ways that tend to restore their comfort'. However, some literature
support that energy use will reduce when occupants have control of their uses (Maniccia et al.,
1999), while other states that the more occupants control their use of energy, the more energy
will be used (Azar and Menassa, 2012). Surveys have been used as a reliable tool to evaluate
occupants’ behavioural patterns in buildings related to their perceptions and opinions related
to several different subjects, as light and noise levels, wellbeing, thermal comfort, and indoor
air quality (IAQ), and energy use (Ek and S6derholm, 2010, Crosbie and Baker, 2010, Bluyssen
et al., 1996). Hong et al. (2017) highlighted that decision-makers have been using surveys to
report social, physical, and psychological factors that may impact the implementation of future
efficient energy procedures. However, some disadvantages related to the use of surveys were
identified, too. The difficulty of occupants to understand the aim of the questions, biases of
social and psychological nature because of the feeling of having to perform ‘forced’ choice
according to what is socially acceptable and the feeling of being observed, the lack of
information related to the building systems, among other aspects. All these factors may impact
and compromise the consistency of behaviours that are self-reported (Yan and Hong, 2018).

3. Research Methodology

3.1. Case study buildings

Two buildings from Western Sydney University, in Sydney Australia, were selected for this
study. A building from 2016, certified as green according to the Green Star Australian
certification scheme (Dawes, 2013) and a building without any rating, from 1989. The
buildings, to be comparable, had similar characteristics in terms of the floor area, type of fabric,
energy, annual intensity rates, occupancy rates and activity type. Table 1 and Figure 2 show
the main characteristics of the buildings. The energy performance of these buildings was
studied and analysed through building simulations with the software DesignBuilder and
EnergyPlus. 3D models from the two buildings were created and calibrated according to actual
energy data (electricity and natural gas) and physical characteristics. The models it was
intended to create realistic representations of the green and non-rated buildings and evaluate
the real impact of occupant behaviour in energy use (Almeida et al., 2020a).

a)

Figure 2. a) green building and b) non-rated building
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Table 1. Characteristics of the buildings

Green building Non-rated building
Total floor area (m?) 5696 5242
Conditioned area (m?) 5181 4667
Unconditioned area (m?) 515 576
Energy intensity [kWh/(m2.yr)]" 187.22 190.45
Average light intensity (W/m?) 6.07 10.85
Average equipment intensity (W/m?) 16.04 23.15
Average occupancy intensity (occ/m?)” 0.16 0.11
Energy for cooling and Hot water
Energy for heating Natural gas
Main activities Offices, computer-/classrooms, laboratories, and corridors
Occupant type Students, academic, administrative, and technical
Location Parramatta, NSW Kingswood, NSW
Latitude and longitude 33°48°41.14° S 33°46°06.14° S
151°01°37.98’ E 150°43°44.83’ E
Elevation (m) 12 20
Orientation (°) 2 7

* Per conditioned area
** Calculated through building simulation

Source: Adapted from Almeida et al. (2020a)

3.2. Collection and quantification of occupant behaviours

The behaviours of occupants towards energy use were collected under 100 questionnaire
surveys delivered in the two buildings. The surveys aimed to provide occupant questions
addressing their awareness in using energy and analyse their behaviours when interacting with
the lighting, cooling, heating, equipment, shading, and windows opening (Almeida et al.,
2020b). Tables 2 and 3 represent the main characteristics of the two samples and the
probabilities of occupants interacting with the previously mentioned systems.

Table 2. Demography of the samples

Green building Non-rated building

Gender Female 68% 27%
Male 32% 73%
Work role Academic 16% 45%
Student 52% 41%
Administration 12% 7%
Technical 20% 7%

Age Average 3040 3040

Standard Deviation 0.862 1.337
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Maximum 50-60 >60

Minimum <30 <30

Source: Adapted from Almeida et al. (2020b)

Table 3. Probability’ of occupants interacting with the buildings’ systems

System Actions Green-rated Non-rated

building building

P(A)cs P(A)~rB
HVAC? Adjust thermostat when cold 0.11 0.18
Adjust thermostat when hot 0.09 0.23
Light Reduction due to glare and visual discomfort 0.50 0.38
Switch off lights at the end of the day 0.50 0.61
Switch off lights during daytime 0.30 0.43
Plug Switch off plug loads Offices at the end of the day 0.58 0.78
loads Switch off plug loads Labs at the end of the day 0.38 0.49
Switch off plug loads Circulations at the end of the 0.53 0.74

da

Switch off plug loads Geanal at the end of the day 0.53 0.74
Switch off plug loads Offices during daytime 0.38 0.48
Switch off plug loads Labs during daytime! 0.20 0.36
Windows Open/close windows during daytime when hot/cold 0.51 0.36
Shading® Close shading due to glare 0.31 0.31

Source: Adapted from Almeida et al. (2020a)

The occupant behaviours collected in the surveys, after being collected, were introduced in the
building simulations models as input variables. The impact on the overall energy performance
of the two buildings was then identified and quantified (Almeida et al., 2020a).

4. Findings and Discussion

The results from the buildings presented in Table 1 and Figure 2 show that the leading
indicators in terms of energy, greenhouse gas emissions and costs, for the non-rated and green
buildings are; 187 kWh/m?, 192 kgCO».eq/m? and 11 AUD/m?, and 190 kWh/m?, 194 kgCOs.
eg/m? and 10 AUD/m?, respectively. The actual behaviours of occupants, represented in Table
3, in terms of energy use (Almeida et al., 2020a), represent 25%, (47 kWh/m? pa out of 190
kWh/m? pa) in the non-rated building, and 19%, (35 kWh/m? pa out of 187 kWh/m? pa) in the
green building, of the total energy used. The highest potential for reduction in energy was
verified for the equipment, while the heating was the function most impacted by the behaviours
of occupants. The end uses impacted the most by occupant behaviours in the two buildings

! The probabilities were calculated with the equation P(4)= i P(A/E) P(E,)’ where ‘P(A)’ represents the probability of a specific

action to occur, ‘P(A/Ei)’ is the probability of occupants’ interaction at an event i due to action A and ‘P(Ei)’ refers to the
probability of the occurrence of the event i.

2 The percentage of occupants interacting with the air conditioning system is low because the management system mainly manages
this system. Only a few rooms have individual units such as Splits or Multisplits

3 According to the results from the questionnaire surveys, occupants only activated the shading system due to glare in 68% of the
rooms with shading in the non-rated building and 61% of the rooms with shading in the green building
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were: heating, lighting, and equipment, in the non-rated building, with 81%, 66%, and 46%,
respectively. In the green building, occupants impacted lighting, heating, and cooling in 43%,
28% and 24%, respectively (see Figure 2).
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Cooling
32%

Cooling
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Exterior Lighting
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13% 1%

Non-rated building Green building

Figure 2. Energy distribution per end-use based on the occupant behaviour
Source: Adapted from Almeida et al. (2020a)

With the results, it was possible to verify that an intensive type of energy user increased by
29% the energy use. However, a saving type of user decreased by 43% the use of energy. This
means that the difference between an aware type of energy user and an unaware one may reach
72%. Moreover, because of occupants’ interactions with the temperature set-points, it was
possible to verify that the green building was not operating according to its certified standards.
The green building was operating as a non-rated building. Therefore, it was possible to verify
that the green rating had no impact on the overall energy use or on the way occupants perceive
the energy, contradicting past literature that mentioned that 'green' tools and brands are a
positive catalyst for the reduction of the energy use and increase the occupant awareness (Darby
et al., 2016b). The results showed that the importance of energy awareness campaigns
discussed by Masoso and Grobler (2010) does not apply to all situations. In this study, 25% of
the occupants in the green building answered that they had been educated in how to operate the
building systems, while only 15% of the occupants in the non-rated building replied
affirmatively to this question. From the combination of the two buildings, 81% of occupants
are left without knowing how to operate the building systems. The lack of information on how
to efficiently use the building systems, leading to substantial losses due to energy wastes, and
the urgency for occupant awareness aligns with the literature (Al-Mumin et al., 2003, Nisiforou
et al., 2012, Masoso and Grobler, 2010).

Several solutions to increase occupants’ awareness were explored in the literature. The use of
flyers, images or short text blocks (Cobben, 2017), campaigns to promote energy efficiency
(Al-Mumin et al., 2003; Masoso & Grobler, 2010; Nisiforou et al., 2012), social-media and
interactive networks technologies (Klockner, 2019), smart meters with feedback to the
occupants on their preferences and uses, and, finally, green tools and schemes (Darby et al.,
2016) were used and suggested as having a positive impact on the behaviour of occupants.
However, these solutions are not enough. They do not provide extensive information on the
best practices or building’s characteristics to drive the building towards an optimised version
of itself. Yan and Hong (2018) highlighted the relevance of creating a guidebook with
information related to occupant behaviour to aid simulation users during the design stage.
Almeida et al. (2021) suggested the elaboration of a user’s building optimal performance (U-
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BOP) manual to be implemented during the operation stage of a building and have open access
to occupants and other building users, with guidelines and information on how to use the
building and its systems efficiently.

Furthermore, from the questionnaire surveys researched in detail on the authors’ paper Almeida
et al. (2020b), the green rating impacted the overall satisfaction of occupants, which agrees
with previous literature (Leaman and Bordass, 2007b). Because occupants were more satisfied
(see Figure 3), they became more tolerant. Furthermore, occupants’ interactions with shading
are not related to increase the level of natural light in their working spaces but are related to
visual discomfort. Gender, age, workplace size, location, and occupant’s working role impact
energy uses. For example, older generations have more energy conservative behaviours than
younger generations.

Similarly, women are more energy aware than men in the green building; however, the opposite
was verified in the non-rated building. Men tend to interact more frequently with building
features, while women interact with the building systems (e.g. lighting). The built environment
and workplace size encourage occupants’ interactions with the lighting system.

Hislsgram Hislsgram

Framiesiy
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Oresrall eatinfaction hwesl with suliding 7 Dwwrall estiefsction level with bullding

a) Non-rated building b) Green building

Figure 3. Overall satisfaction levels in the a) non-rated building and b) green building
Source: Adapted from Almeida et al. (2020b)

The GHG emissions and costs were lower in the non-rated building when compared to the
green one (see Figure 4). The study showed a similar range of carbon emissions reduction for
the green and the non-rated building, 52.5% (761 tonCOazeqyr) and 57.3% (747 tonCOaeqyyr),
respectively. This fact has shown that carbon emissions are not always associated with a green-
rated building, but a similar range of reduction is also possible to be verified in a non-rated
building, contradicting past research stating that carbon emissions related are lower in a green-
rated building (Roetzel et al., 2010). The occupants in the non-rated building use 25% less
energy than the occupants of the green building. Because a green building is already an
optimised version of a building, occupant behaviour had a higher expression in the non-rated
building. Any changes in the behaviour or actions of occupants will strongly impact the overall
energy performance of a building.
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Figure 4. Total greenhouse gas emissions and costs in the non-rated (NRB) and green (GB)
buildings

The actual energy data per all the end uses monitored by the university’s management system
was impossible to be distributed. Despite the intended accuracy of the models used in this study
and of the calibration process to refine them, the lack of additional monitoring points, the high
investment needed to install them, the limited time for this study and to have access to the
building’s systems, as well as internal changes in the management system, were the main reasons.
Another limitation of this study is the data collected for the non-rated building. This building is
from 1989, and some information was not accessible or did not have enough detail. This
information was mainly related to the building envelope. Other limitations included; the sample
size, psychological factors were not accounted for, and both buildings are home to different
schools at the university. One is related to social sciences and the other with computers and
mathematics.

5. Conclusion

This paper provided a case study performed on two university buildings, in Sydney Australia,
a green and a non-rated building. Occupants’ opinions and behaviours related to energy use
were collected in questionnaire surveys, and their behaviours were analysed and quantified
using building simulation. One of the main results showed that the GHG emissions and costs
were higher in the green building when compared to the non-rated one. Both buildings had
similar ranges of reduction in the GHG emissions, 52.5% for the green building and 57.3% for
the non-rated one, showing that carbon emissions decrease is not always associated with green
buildings. Moreover, occupants used 25% less energy in the non-rated building than those from
the green one. The difference between an aware energy user and an unaware one may reach up
to 72%. The surveys have also shown that, in both buildings, 81% of the occupants have not
received any information concerning the building systems and how to use them efficiently. To
increase occupants’ awareness, several methods were studied in the literature. This study has
suggested implementing a users' building optimal performance (U-BOP) manual during the
operations stage of a building as a tool to provide guidelines related to the efficient use of
building systems and features, to drive the building towards optimal performance.
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Abstract

This paper discusses on issues, challenges and opportunities to engage with circularity and the
circualr economy in the property construction and infrastructure sectors. In particualar when
looking at procurement delivery methods in which operational expenditure (Opex) can offset
higher upfront expenditure (Capex). Oportunities are here discussed for Governements and
private sector to increase their environmental credentials and project performance. At the hart
of this lies engaging with values for circularity through procurement. Two whole of life-cycle
procurement methos are discussed in relation to opportunities including: Public-Private
Parnerships (PPPs) and Build to Rent (BTR), each presents opportunities for Value for Money
(VIM); increased project quality; and reduction of carbon footprint and waste in building and
infrastruction projects. This paper concludes with an argument on business opportunities with
circularity and whole-of-life-cycle (WoL) in mind. And reminds on the moral and ethical
responsibility to all proprty, construction and infrastructure stakeholders.

Keywords
Procurement, Circular Economy, Infrastructure, Sustainability

1 Building Circularity in Construction

The World Economic Forum recognises the challenges that come with sustainable
construction, our current practices are not sustainable. In 2019, over 92 billion tons of materials
were extracted from the planed and processed, contributing to about half of the global CO2
emissions. The resulting waste — including construction related materials — is takin gits toll on
the environment and human health (WEF 2016). The circular economy, which promote the
elimination of waste and continual safe use of natural resources, offers an alternative that can
yield up to $4.5 trillion (USD) in economic benefits to 2030. According to the Circular Gap
report only 8.6% of the world is circular (2021).

But what do we mean by circular economy or circularity? “Circular development is a model of
economic, social and environmental production and consumption that aims to build a
sustainable society based on a circular model. The purpose is to be able to form a model that is
no longer linear and transforms toward a circular economy. The aim is to enable economies
and societies in general to become more autonomous, sustainable and in tune with the issue of
environmental resources” (CGRi Report 2021)

The World Economic Forum identifies four key value drivers for generating asset and resource
productivity. Their value creation potential results from extending the use of cycle length and
count, increasing asset utilisation, while reducing the creation of new product from virgin
materials and producing less waste (Intelligent Assets WEF, 2016) With over 80% of global
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GDP generated in urban areas, there are multiple opportunities to optimise construction and
supply chain material flow, including waste recovery and asset reutilisation.

Although there has been much R&D on circularity and closed-loop construction systems little
has been implemented. The authors argue that there are various procurement contractual
structures that contribute to its slow uptake including the lineal staged approach of construction
contracts from schematic design, design documentation, contract administration and building
operations and facilities management (FM). The transformation toward a circular construction
and building operations would demand more business integrations across the engrained silos
and this means to convert the prevailing lineal structures into circular loops. The construction
industry is still in its early steps toward such integration. The construction sector has identified
that directly and indirectly contributes for 18% of global greenhouse gas (GHG) emissions, it
was the largest consumer of raw and manufactured materials in 2005 and as such it was labelled
as a major emitting (polluting) industry. In other studies (Levermore 2008 and Huang et. al
2018) the construction sector is said to account for 40% of primary energy utilization. This
condition rises serious concerns on the impact to GHG impact and calls for strategies for
tangible CO; reduction at various projects stages, from design through construction and int
Whole-of-Life cycle (WoL) operations and FM. The question here is on how much
procurement methods could directly contribute to the reduction of CO; in the WoL of a building
on infrastructure project?

The circular economic model is a direct response to the United Nations Global Development
Goals and the Sustainable Development Goals to achieve a green economy. It aims at
transforming our economy into one that is regenerative in which waste is dramatically reduced
or become non as the result of a close-loop production model in which product such as building
elements, domestic appliances, clothing or cars reutilise materials and components at the end
of the life-cycle and thus land field waste is reduced to a minimum.

This paper discusses opportunities for the construction industry to increase circularity and
closed-loop models as a requirement within whole-of-lifecycle (WoL) procurement in both,
infrastructure, and commercial construction sector. An important component to consider in the
WoL procurement in the operational and Facilities Management (FM) stage as it accounts for
a majority emission, but which could be reduced at the design and construction stages.
Facilities Management and behavioural programs in building occupancy is an important factor
to consider when thinking on operational energy and its related carbon emissions. Also, the
‘unoccupied’ built environment such as roads, bridges, and other infrastructure, also accounts
for embodied energy emissions for over 90% of life cycle emissions, for example, this would
be the case of the use of concrete (such as Portland cement) for instance. The embodied energy
would typically include 1) direct energy which is the energy required for the on-site
construction operations (construction, maintenance/renovation and demolition); 2) indirect
energy which is the energy required to providing products and services for the construction
operations. Most of the energy used in the construction sector are mostly from non-renewable
resources thus the urgency to chance our modus-operands.

2 Circularity Requirements in Procurement

Project lifecycle also referred as whole-of-life-cycle (WoL) considers the utilisation span of a
service, product or building from the design stage, through construction, building operations
and Facilities Management. WoL contracting can stretch up to three decades which is often the
case of Public-Private Partnerships for the delivery of economic and social infrastructure
(Grimsey and Mervin, 2013). In the private WoL procurement which can take the form of the
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increasing popular model Build to Rent (BTR). Both methods provide an opportunity to
maximise value as WoL plays a role in evaluating improved overall services (output
specifications) and risk management which looks at shifting the risk from the client into private
sector consortium. In the case of PPPs transferring risk to the private sector experts who can
bear the cost of design, construction over-runs are a way in which PPPs can potentially add
value for money in a public project. In both, PPP and BTR construction risk are not the only
aspect to be addressed. There are also risks attached to site use, building quality (or standards),
operations, revenue, financial conditions, service performance, obsolescence, and residual
asset value, amongst other. Other WoL construction and procurement methodologies including
Design-Build-Operate (DBO) had the advantage of including building operations in the design
team. Grimsey and Mervin (2005) define Value for Money as ‘the optimum combination of
whole life cost and quality to meet the user’s requirements. These scenarios present
opportunities for increasing circularity requirements and close-loop systems (fully defined in
next section) to increase project long term (1) quality, (2) operational performance and (3)
waste reduction.

In defining quality as general term applicable to any trait or characteristic whether individual
or generic. Quality is defined by the Merriam-Webster dictionary as ‘how good or bad
something is,” also as a characteristic or feature that someone or something has: seeming that
can be noticed (or felt) as part of a person or thing. Quality often denotes something of a high
level of value or excellence (in which quality is an adjective rather than a noun). In building
and architecture, quality might simply be fitness for purpose.’ Authors such as Cook became
seminal references for the objective (technical) evaluation of design quality including areas of
architecture, environment, user comfort, WoL costing operations known as Operational
Expenditure (OpenX), detail design and user satisfaction. In more recent times international
benchmarks of building quality such as the building occupancy survey (BUS, 2017) and WELL
(2020) have become a standard or quality reference for corporate tenants. Both provide a
method to benchmark buildings international as to providing keep performance indicators
(KPIs) for auditing purposes. Questions of quality in high rise residential construction in mayor
Australian capital cities have emerged after recent events of facades catching fire or signs of
cosmetic and structural defects in new developments. Governments have also increased
occupant/end-user evaluations of infrastructure services such as in transport, health, and
education. Either public or private construction needs to bring quality back as a core output
and better finance, procurement methods with a strong operations and service delivery need to
increase uptake. The next two subheadings introduce PPP and BTR.

In defining building operations performance, we can simply think on energy consumption
and green principles from not only from building operations and Facilities Management aspect
of mechanical, electrical, plumbing and air-conditioning (MEP/AC) equipment but also from
green building occupant behaviour too. This has increased to attract attention, with commercial
office spaces and ways to benchmark occupant wellbeing as an indicator of operations
performance. This approach brings the discussion on an early design stage the durability of
equipment and materials, cleaning and maintenance costs, energy efficiency to balance as an
example option for passive construction solution, that can be expensive initially versus the
offset of costs in cooling and heating energy bills. Recently, the Australian government created
the Clean Energy Finance Corporation (CEFC, 2021), to boost clean, green rental stock and
extend the benefits of clean energy to Australian renters. Following this commitment some
initiatives were taking in place to finance project in built-to-rent (BTR), like Qualitas which
made available a new fund to finance the construction and management of energy efficient,
low emissions build-to-rent (Qualitas, 2020) residential buildings .
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Waste reduction, construction is notoriously known for being a highly wasteful sector.
Building operations and FM also contribute to waste production during the lifecycle of a
project. Incentives to reduce waste should make business senses. In traditional contracting
incentives are next to know. This is because of the silo effect of contracting which opposes the
principles of circularity, the circular economy, and close loops systems. Waste reduction must
be an integral decision process vertically and horizontally such as design-construction-
operations and supply chain.

2.1 Building Circularity in Public-Private Partnerships

Public Private Partnerships (PPPs) are a refinement of the private financing initiatives for
infrastructure that started in the early 1990s and describe the provision of public assets and
services through the participation of the government, the private sector, and the consumers
(Grimsey and Lewis, 2005 and 2013).

There is no single definition of a PPP. Depending on the country concerned, the term can cover
a variety of transactions where the private sector is given the right to operate, for an extended
period, a service traditionally the responsibility of the public sector alone, ranging from
relatively short term management contracts (with little or no capital expenditure), through
concession contracts (which may encompass the design and build of substantial capital assets
along with the provision of a range of services and the financing of the entire construction and
operation), to joint ventures where there is a sharing of ownership between the public and
private sectors. PPPs fill a space between traditionally procured government projects and full
privatisation (Foster, 2013).

Although many consider PPPs to be a new version of privatisation (Grimsey and Lewis, 2013),
in our view PPPs are not privatisation because with privatisation the government no longer has
a direct role in ongoing operations, whereas with a PPP the government retains ultimate
responsibility and the asset is returned to Government at the end of the concession period. Nor
do PPPs simply involve the one-off engagement of a private contractor to provide goods or
services under a normal commercial arrangement. Instead, the emphasis is on long-term
contracts and strict performance regimes, such as Build-Operate-Transfer (BOT) or Design-
Build-Finance-Operate (DBFO) projects to design, construct, finance, manage and operate
infrastructure under a concession, with revenues (either from government or users) according
to services supplied. The private sector partner is paid for the delivery of the services to
specified levels and must provide all the managerial, financial, and technical resources needed
to achieve the required standards. Importantly, the private sector must also bear the risks of
achieving the service specification (Aranda-Mena and Vaz-Serra, 2018).

There are various reasons as to why governments might undertake PPPs, although paramount
is the objective of achieving improved value for money (FM), or improved services for the
same amount of money, as the public sector would spend to deliver a similar project. There is
a long history of publicly procured contracts being delayed and turning out to be more
expensive than budgeted. Transferring these risks to the private sector under a PPP structure
and having it bear the cost of design and construction over-runs is one way in which a PPP can
potentially add value for money in a public project (Foster 2013; Grimsey and Lewis 2013).
Circularity should be integral to risk transfer and value for money considerations.

2.2 Building Circularity in Build to Rent

Build to Rent could be the response to designing, building, and operating commercial
development with whole-of-lifecycle in mind and as such tapping into the opportunities that
circularity could provide. The supply of rental dwellings via emerging financial routes such as
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‘build to rent’ is a promising procurement route for dwelling and commercial development
(BTM, 2019).

What is ‘build to rent’? The ‘build to rent’ model focusses on increasing the supply of rental
housing through improving investment options and outcomes for institutional investors. As
such developers and their financiers build multi-unit buildings and, instead of selling the units,
retain them to rent to tenant households. Rents may be set at market rents or, for affordable
housing, an appropriate discount to market rents could be offered with appropriate government
support to make up the funding gap (Dunn, 2019).

‘Build to rent’ is an established practice in both the UK and USA but it has not been taken up
in Australia. Developers cite Australia’s tax settings, which were designed for a ‘build to sell’
model, as a major impediment, land taxes and the inability to defer GST costs on construction
materials makes retaining dwellings unprofitable. In Australia, the experience of tenants has
included developing a ‘build to rent’ and a large corporate landlord (LCL) sector (AHURI,
2019). While these two sectors may share similarities, there is a subtle difference between
them.

Previous AHURI research identified several barriers for institutional investment in the
Australian market, reducing the attractiveness of 'build to rent' for investment by the large
banks, insurance companies and the superannuation funds. These barriers, which reflected the
market conditions at the time of the published research in the early 2000s include low returns,
high risk, high management costs, illiquidity, poor market, and no track record. Recent media
coverage suggests these conditions have changed, and with the right policy settings, Build to
Rent would become a more attractive development option (Ashurst, 2019; AHURI 2019).

Once the building phase is completed, ‘build to rent’ developers may become large corporate
landlords in their own right. However, the skills and expertise in managing a tenant base are
different from the skills required to obtain finance, design, and construct a large residential
building.

Large Corporate Landlords (LCL) could be compared with the automotive and aerospace
industries, circular production and procurement models which have continued to grow.
Circularity as a model for social-technical change requires a shift in prevailing systems and
although “renting” carpets and floor tiles may seem a minor change to the status quo, such
changes have a direct impact on how we all collectively perceive, use, and repair good and
services (2020).

Rent to lease in the property and infrastructure sector could easily consider many more
examples as the above one and lessons from more mature industries such as car manufacturing.
From a client perspective there is also a need in changing values and perceptions. For example,
buildings will be designed with a view to be dismantle at the end of their lifecycle and reutilised
with no (or reduced) waste which also means less carbon footprint and economic incentives for
a highly pollutant industry. 39% of global energy-related carbon emissions are attributed to
buildings and this situation needs to be addressed according to the World Green Building
Council (WGBC 2020). More efficient building energy performance is needed. Better Facility
Management and Building Operation services can alleviate the current situation. In such case,
tenants are expected to receive quality, not only as built form but as a service. This brings
economic incentive for investors and partners adding to the wider quality of life and
sustainability drivers much required in our current urban environment.

LCLs are different in that they are financial institutions that acquire large numbers of dwellings
and make them available to the rental market, or potentially at a discount to market rents for
low-income tenants if appropriate government support is provided. LCLs do not necessarily
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build new housing stock, they can purchase properties in the market or through mergers and
amalgamations with other LCLs. Indeed, the largest LCL in the USA, Mid-America
Apartments, (99,939 apartments in 2017) was created in 2016 through the merger of two
smaller LCLS that had each been established in the 1970s. Another LCL, Blackstone’s
Invitation Homes, grew through purchasing 200,000 already existing single-family dwellings
between 2012 and 2014 (spending $100 million per week at one stage in 2013). Even a small
change or improvement in this scenario would have a substantial direct impact.
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Figure 1. Circularity in Built to Rent, adapted from CBRE

Proponents claim LCLs and ‘build to rent’ schemes offer greater supply of rental housing,
greater security of tenure for tenants, and better professionalism in tenancy management than
small scale 'mum and dad' landlords, opportunities and benefits could include initiatives
towards adopting circular thinking and circular practices.

Although Built to Rent suggests that successful implementation in Australia requires adequate
regulation to ensure the proposed benefits an opportunity rises to built-in requirements for
circularity and adding for a better housing experience by increasing materials, products and
finishes standards under a tenancy agreement for instance (e.g., see above Figure 1).

2.3 Building Circularity in Design for Manufacturing and Assembly

If defining building performance, the appeal of DEMA concepts in the high-rise construction
industry derives from the likelihood of repetition, which is often an inherent characteristic of
tall buildings, and by the high stakes of economic risk and public safety, which are associated
with the timely completion of speculative commercial projects. The idea of applying DIMA
strategies in the conception and erection of tall buildings is, therefore, a theme of debate that
has gathered interest in the CTBUH community (Vaz-Serra et.al, 2017) and idea that is not
new and dates to the early 1900’s with the advent of car manufacturing (Kieran and Timberlake
2004).

Designs conceived with ease of manufacture and assembly in mind can contribute to more
efficient tall building construction. This argument is often presented as the justification for
high-rise experiments in modular construction. Case studies have been shown where strategies
of “partial modularization” have brought tangible benefits of productivity for contractors. One
study claimed up to 60% reduction in on-site labour and 30% reduction of program time
(McFarlane and Stehle 2014). Moreover, the transfer of DfMA principles from the industrial
manufacturing realm to that of construction has an even stronger appeal when applied to three-
dimensional modular construction systems, also known as prefabricated prefinished volumetric
construction (PPVC). The affinity between the manufacturing of products and the assembly of
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PPVC modules is almost self-apparent and suggests that there are abundant opportunities for
direct transfer of technologies and processes of production from vehicle manufacturing to
building construction. Notwithstanding that PPVC may remain as a vital component of the
high-rise innovation agenda for years to come, the construction of high-rise buildings with
three-dimensional modularization also has significant limitations (Mills et al. 2015; Krulak
2017). It is often suggested that three-dimensional vertical modularization will continue to
grow in the future (Wallace et al. 2015), but it is doubtful that PPVC design will be the primary
conduit through which DfMA concepts can more effectively bring circularity in the
construction industry.

Building circularity through DfMA in the built environment such as efficient processes of
innovation with flat-pack systems, rather than three-dimensional modularization, although an
small component it can act as an effective catalyst for circularity by volume or repetition such
as the utilisation in tall building projects. The validity and possible repercussions of DfIMA for
tall buildings are discussed by using the case study of a wall-integrated plumbing system that
was developed for the bathrooms of a high-rise apartment tower in Australia one small change
like this one could provide a high impact or at least a steady step in the right direction.

2.4 To summarise

The selection process for the best procurement route, when the decision to build with circularity
in mid is to have a commitment between investor and final user, is paramount. Measure
properly unbalanced risk aversion or preventions rather than partial outcomes, thus identifying
best value for money solution for overall project lifecycle (McCann et. al, 2014a and 2014b).
A call for a level of leadership in integrating circularity and lifecycle procurement. The
comfort-zone in selecting known procurement methods is pervasive and at time not much
seems to have changed since those utilised in the mid-1990’s (Turner’s 1997 Pg.81). Circularity
must come into the previous and other similar multicriteria analyses tools applied for the
selection of procurement methods including build to rent/lease or Public-Private Partnerships
in social infrastructure.
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Figure 2 Circularity in Built to rent report for Australia (Adapted from Ashut, 2019).

In construction build to rent (or to lease) presents a clear opportunity to bring commercial
incentives to uptake circularity in private sector development, need to have a specific
procurement due to the nature of the asset. Integrated management systems of the building in
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a design stage are essential for the success of the projects (see Figure 2). According to Scheule
(2020) the Australian market can benefit largely from the BTR model like attractive solutions
for those unwilling or unable to buy their own homes, allowing people to live near the job, and
less volatility for long term investors. The procurement method should cover the long-term
operational costs, promoting the increase of quality in building environment high more
sustainable solutions, high standard of amenities and reducing long term energy costs. BTR for
residential buildings is supported by the Clean Energy Finance Corporation (CEFC), looking
at the construction and management of its energy efficiency and low emissions (Qualitas, 2020)
and with the potential for engaging with the supply chain of products and services.

Several construction companies, developers and real estate agents in Australia are looking and
using BTR concept to start new business models and adapt their strategic plan in a long-term
commitment with property investors which are likely to be owner-occupier.

2.5 Worked scenarios

The method is that of Schon’s Reflective Practitioner in which the authors think, reflect and
critically discus industry cases publicly available through government and business reports:

Icon’s experience in South Yarra, where it is currently delivering the Iglu student
accommodation project primes it for the contract. Hickory could also be expected to bid for the
development, given its current pipeline of residential developments including the Aspire tower
on King Street in the CBD and Galleria in Glen Waverley. Multiplex is another strong
contender with potential to compete, with the Tier-1 builder soon to reach completion on
several high-profile projects including Southbank’s Australia 108 tower. Probuild, another
Australian tier one contractor has indicated interest. Grocon, whose pipeline houses several
build-to-rent projects, is not likely to compete, given its partnership with Singaporean investor
GIC. Kane, Watpac and Citta are all currently competing for the tender to deliver the state
government’s build-to-rent projects in Prahran, Brighton, and Flemington, and following
announcement of a preferred builder, are expected to express interest in Greystar’s
development (Love 2020).

Mirvac created a concept based on their rental revolution (Mirvac 2020) for the strategic BTR
brand called LIV. CBRE developed the concept of designing a lifestyle, expecting to have
continuity in the 2020 BTR gaining momentum in Australia and to have 1800 units completed
by 2021. This presents clear opportunities to build circularity in the WoL of high-rise
construction, especially due economies of scale. BRE experts advocated that BTR
demonstrated resilience through the current COVID-19 pandemic offering a safe haven for
investors (BTR 2020).
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Figure 3 — Integrating circularity in Built to Rent Adapted from CBRE 2020.

Trends of change in the Australian construction industry suggest that the long-term
implications could change the sustainable landscape of an entire industry. The subcontracting
market may take a decisive turn in the future, moving towards circular scenarios in which the
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actors most able to integrate different green production and circular possess in the production
of technological systems may emerge as market leaders. The case of prefabrication with
integrated plumbing is, in fact, a global phenomenon on the rise, of which very sophisticated
examples can be witnessed in prominent recent buildings under construction worldwide, such
as at 100 Bishopsgate in London. Such example may have seemed unthinkable in the context
of traditional schemes of procurement only a few years ago. However, processes of innovation
that depend on the concentration of know-how have occurred long before in other subsectors
of the high-rise industry, such as unitized curtain walls (Vaz-Serra et. al. 2019).

As a final statement and if considering the reduction of upfront risk in WoL procurement
shifting major project risk to building operations, here lies the opportunity for higher upfront
commitment to circularity in a way that makes a ‘business sense’ in reducing the operational
cost as increasing the building quality. There are also clear opportunities to reducing risk
because of a more integrated supply chain of products and services. Infrastructure projects most
provide a well justified evaluation of Value for Money (VfM), circularity could be a key
assessment criterion. It is our hope that this paper is a first step toward government and private
sector engagement with concepts of circularity across design, build and operational stages of
commercial and public sector procurement.

3 Final remarks

To conclude, this paper has promoted the concept of circularity in WoL procurement, in
particular Public-Private Partnerships (PPPs) and Build to Rent (BTR). The aim was to provide
insights into opportunities to engage with close-loop systems integrated across design,
construction and building operations as a contractual service obligation. The opportunity rises
as the popularity of leased over ownership model is on the rise. The benefits that come with
the model have been discussed, the most obvious is the long-term contract duration as
concession period which can stretch for up to 30 years. In the public sector PPPs have
demonstrated Value for Money for Governments and Risk Transfer to private sector means
that projects are financed, executed, and operated efficiently by teams of expert specialists and
as such a circularity benchmark assessment should be an integral part of VIM in PPPs. In the
case of private sector, residential and commercial development, there is also a business case to
engage with the circular economy. Circularity on return on investment (Rol) outcomes under
the ‘Build to Rent’ procurement method is plausible. Current cases in the Built to Rent scenario
were discussed and future scenarios illustrated. Finally, Design for Manufacture and Assembly
(DfMA) clearly provides incentives for circularity a close loop could provide technical
efficiencies and component performance such as the example of BMW (2020). The above three
scenarios have direct implications to increase building performance during life cycle operations
and Facilities Management. Ultimately, circularity is about the environment and improving a
highly wasteful industry sector, it did not get a single mention in two of the most influential
construction industry surveys (KPMG 2021 and Deloitte 2021), nor recycling and not even
waste. What a shame!
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Abstract

There is an increased awareness among higher education institutions of the importance of
engaging with industry partners to define learning and skills outcomes that meet the
employability needs of their graduates. This paper reports findings of an initial narrative
literature review to underpin a wider study that aims to contribute to the debate on project
management graduate employability in Australia by merging industry-specific and generic
employability skills for graduates and highlighting similarities and differences between
different schools of thought on the competence of project practitioners. This review was guided
by the following research questions: How do employer expectations of higher education project
management graduate knowledge and skill differ from the actual attributes that graduates bring
to the workplace? What are generic employability skills and how do they relate to project
management discipline skills? How could project management performance standards
contribute to the employability of higher education graduates?

Insights gained from these questions are expected to lead to suggested improvements for
project management higher education curriculum design and pedagogy. For this paper,
different theories of graduate employability skills are explored and aligned with a proposed
integrated model of competence for project management roles, to provide a more holistic view
of work-ready project/construction management graduate practitioners. The paper concludes
with some remarks on how perceived gaps may be addressed through enhanced dialogue
between employers and higher education institutions, and the possible adoption of a
competence-based approach by higher education institutions, possibly mediated by
professional organisations in their role as custodians of performance standards.

Keywords
Australia, generic employability skills, graduate employability, integrated model of
competence.

1 Introduction

There exists a well-supported view in the literature that higher education programs in
project/construction management are producing graduates who are not always equipped to
handle the complexities of today’s workplace environment (Crawford, L., 2005; Ramazani, J.
and Jergeas, G., 2015; Thomas, J., Mengel, T., 2008). Crawford and Hoffman, applying the
Dreyfus and Dreyfus model for skills acquisition (1980) to project practitioners, suggest that
the development of meta-competencies is required to complement threshold competencies, or
minimum standards for project management knowledge and skills, to produce reflective
practitioners (2011).
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The above argument is put forward within the realm of project management, and while no
comprehensive list of the intended meta-competencies is provided, reference is made to the
work of Cheetham and Chivers who suggest that they include communication, creativity,
problem-solving, learning, and self-development, mental agility, analysis, and reflection
(1998). It is noted that none of these attributes is discipline-specific and are resembling traits
that are also characterised as generic employability skills in literature (Curtis, D, McKenzie, P,
2002), in which case the suggestion by Crawford and Hoffman accords with research findings
that the project management industry values generic abilities more than discipline skills in
general, except for employers that are looking for entry-level recruits, who prefer industry-
specific skills above generic skills (Chipulu, M., Neoh, J.G., Ojiako, U., Williams, T., 2013).
As teamwork and stakeholder management is central to project management, it could be said
that projects are both scientific and social endeavours and that soft skills such as self-awareness
and social confidence could be seen as core skills, considering that some authors believe that
the human factor is also the main source of complexity involved in managing projects (Stevens,
C, Patton, J, Cooke-Davies, T, 2011). It is therefore suggested in this paper that generic skills
are needed at all levels of experience as part of the project management discipline and should
be acquired not exclusively by experienced, reflective project practitioners, but should be
included as early as possible in a project management career, i.e., during the formation stage.
Further, universities, more than vocational learning institutions, aim to produce project or
construction management graduates capable of assuming roles of accountability in their
profession soon after graduation and not entry-level recruits (Curtis, D, McKenzie, P, 2002),
enforcing the need to incorporate both generic skills and project management skills into higher
education curricula, with the caveat that they are not separate families of capabilities but
complementary elements of employability, as elaborated in various models of graduate
employability discussed below (Dacre Pool, L, Sewell, P, 2007, Hillage, P, Pollard, E, 1998,
Yorke, M, Knight, P, 20006).

This paper will suggest some initial ideas on the inclusion and alignment of these generic
employability skills to existing theories of project practitioner formation. However, as it is
argued that meta-competencies can be ‘learned but not taught’ (Crawford, L, Hoffman, E,
2011) such inclusion would necessarily have to be accompanied by a re-evaluation of our
education system, and perhaps most significantly higher education. This is not a novel or
revolutionary idea, and while several initiatives to include new pedagogies globally and locally
are reported (Olawale, Y, 2015) and novel concepts like employability (Fletcher-Brown, J,
Knobbs, K, Middleton, K, 2014) and signature-agogy (Webber, R, Todhunter, A, Love, P,
2015) have been advocated, not all have achieved high levels of implementation (Jackson, D,
2014, Nagarajan, S, Edwards, J, 2014). The authors have therefore resolved to re-examine some
of the foundations of modern management education.

2 Literature Review
2.1 Theories of graduate employability

2.1.1 Generic employability skills

‘Generic skills’ is a term with many possible meanings, and the Australian Council for
Educational Research (ACER) report on employability skills for Australian Industry (Curtis,
D, McKenzie, P, 2002) identifies the need for uniformity of terminology at the outset. It
suggested that the term ‘generic employability skills’ best captured the state of the ongoing
debate at the time (pp. vii).
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The ACER report draws heavily on the findings of the Mayer Committee (1992) which it
expands in the light of emerging workplace requirements, with a renewed focus on the
attributes of individuals. As discussed below this focus on graduate attributes also occurs in
the literature on project management competence, which distinguishes between output-based
and attribute-based competence (GAPPS, 2021), and the need to combine the two to obtain a
more holistic understanding of the capabilities of a person (Crawford, L, Hoffman, E, 2011).

2.1.2 Components of employability as per the DOTS, Hillage and Pollard, USEM and
CareerEDGE models

Studies conducted in the United Kingdom during the 1970s towards the broadening of curricula
to improve students’ transition into the ever-diversifying world of employment resulted in the
identification of decision learning, opportunity awareness, transition learning, and self-
awareness, collectively known as the DOTS model. This model gave rise to substantial further
research as career development learning became a crucial part of the employability framework
for higher education (Small, L, Shacklock, K, Marchant, T, 2017).

Hillage and Pollard (1998) allowed for the changing nature of the employment market, which
they argued is no longer providing job security, and emphasised the need for graduate
jobseekers to market and sell what they termed their ‘employment assets’. These assets are
categorised at three levels: base-line assets, referring to essential personal attributes such as
reliability and integrity, intermediate assets comprising occupation-specific skills, generic
skills like communication and problem solving and high-level assets contributing to
organisational performance, such as teamwork, self-management, and commercial awareness
(Hillage, P, Pollard, E, 1998). The most notable change in this model compared to the DOTS
model is the inclusion of occupation-specific skills, perhaps somewhat arbitrarily placed in the
‘intermediate assets’ category (Small, L, Shacklock, K, Marchant, T, 2017, p. 155).

Subsequent research into graduate employability has further led to the proposed USEM account
of employability (Yorke, Knight, 2006), illustrated in Fig. 1, and the CareerEDGE model of
graduate employability (Dacre Pool, L, Sewell, P, 2007), illustrated in Fig 2. Of relevance to
this discussion is that both these models continue to include both generic as well as discipline-
specific knowledge, skills, and understanding as key components of employability, although
no clear hierarchy is intimated.
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2.2 Measuring project management proficiency

2.2.1 Performance-based and attribute-based competence standards in project management

Standards for project management performance define minimum requirements for individual
practitioners, organisations, and individual projects, and are usually developed by national or
international project management professional associations, although companies may also use
industry- or organisation-specific standards of performance for recruitment and skills
development. Requirements for individual practitioners, and lately also for project
organisations, are conceived as taxonomies of competence at various levels of proficiency and
across different areas of the field such as scope management. Opinions differ however as to
how this competence is assessed, and one view is to gauge competence by judging the quality
of outputs produced by a candidate in a real-life environment, supported by evidence. Standards
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that propose outputs as the basis for assessment are often referred to as performance-based
competence standards. Another view depicts competence based on personal attributes, which,
if established and proven infer a candidate’s capability to produce acceptable performance.

Most standards, like the Australian Institute for Project Management (AIPM) Professional
Competency Standards for Project Management are output-based where certification is
awarded based on evaluation of demonstrated work results produced at a certain level of
engagement. Five levels of engagement are identified: Certified Practising Project Practitioner
(CPPP), Certified Practising Project Manager (CPPM), Certified Practising Senior Project
Manager (CPSPM), Certified Practising Project Director (CPPD), and Certified Practising
Portfolio Executive (CPPE). These standards are under constant revision, and all have been
updated in 2021, except for the CPPM standard which has been replaced with a (certification)
applicant guidance document, probably awaiting further development (AIPM, 2021). Critics
of this method argue that the production of a one-time output does not guarantee consistent
performance, and that input competence and personal qualities are overlooked.

Attribute-driven standards like the International Project Management Association (IPMA)
Individual Competence Baseline version 4.0 (ICB 4.0, 2015) contain key competence
indicators that reveal personal attributes needed for satisfactory performance. Critics of this
approach argue that personal attributes are more difficult to establish and even if ascertained,
that a capacity to perform does not guarantee performance in a real-life context. A merged
grouping of these competence categories is proposed by Crawford and Hoffman (2011) and
illustrated in Fig 4.

2.2.2 Meta-competencies for project management practitioners

The meta-competencies required for superior performance of project practitioners as suggested
by Crawford and Hoffman (2011) are conceived as higher-level competencies, developed over
years of practice, as shown on their adaptation of the Dreyfus and Dreyfus model. This
placement of meta-competencies as part of advanced proficiency levels is based on research
findings that traditionally, it took 15-25 years to develop a project manager capable of handling
a mega-project (Turner, JR, Keegan, AE, & Crawford, L, 2000) and that those competencies
cannot be taught through formal education methods. However, the same authors also contend
that this traditional on-the-job learning path is no longer a viable option as demand for expert
project managers is rising exponentially due to a growing volume of increasingly complex
undertakings. Adoption of this learning in higher education curricula requires a taxonomic
model of employability skills, and a possible configuration using the employability assets as
conceived by Hillage and Pollard is shown in Fig. 3.
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Figure 3: Summary of the Dreyfus & Dreyfus model of skills acquisition as presented and modified for
application to project management by Crawford and Hoffman, 2011, modified here to show possible
alignment with employability assets as per Hillage and Pollard on the left.

3 Research Methodology

This paper reports the findings of an initial narrative literature review undertaken to frame a
wider study that aims to contribute to the debate on project management graduate employability
in Australia by merging industry-specific and generic employability skills for graduates and
highlighting similarities and differences between different schools of thought on the
competence of project practitioners.

The search into generic employability skills used the terms ‘employability skills of graduates’,
‘project management’, ‘construction management’ and ‘Australia’ and yielded 19 articles from
5 databases. As this was not a full systematic review, findings were further contextualized to
enhance credibility (O’Leary, Z., 2009) through comparison with the AQF framework (2013),
the QILT 2020 Graduate Outcomes Survey (2020) and 2020 Employer Satisfaction Survey
(2021), and ACER Report on Employability Skills for Australian Industry (2002).

Industry-specific skills requirements were selectively gathered from the AIPM project
management competence standards because of their relevance to the Australian context, the
IPMA ICB for its international relevance and attribute-driven approach, the South African
SAQA standards for project management because of the high familiarity of the lead author with
this standard, and the GAPPS standard for leadership in complexity for insight into higher-
order competence. The intent of the authors here was to create ‘initial or preliminary
conceptualisations and theoretical models ... to combine perspectives and insights from
different fields’ (Snyder, H, 2019, p. 336.), and to guide further research.

Further steps in the research may employ emerging methodological design (O’Leary, Z., 2009)
including a phenomenological study of the perspectives on both sides of the employment
spectrum through interviews; however, this has unfortunately been delayed due to a pending
ethics approval and can therefore not be reported in this paper.
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4 Discussion
4.1 Alignment between generic and subject-specific models of competence

4.1.1 Areas of overlap between generic employability skills and project management
competence.

The literature review clearly shows that theories on employability of graduates, while initially
focusing on personal attributes alone as in the DOTS model, have gradually included
discipline-specific knowledge and skills as a component of employability. However, levels of
proficiency are not as pervasive as they are in project management competence standards. This
may be because they are aimed at entry-level graduates, however, the literature suggests that
these skills need to be honed and nurtured along with a life-long career along with occupational
skills (Curtis, D, McKenzie, P, 2002) and would therefore become suitable for taxonomic
analysis. It is not inconceivable that Australian universities, whose status requires alignment of
their learning programs with the higher levels of the Australian Qualifications Framework
(AQF levels 7-10) are deterred by this perceived lack of taxonomy for generic skills.

Conversely, project management competence standards are generally contextualised by range
statements, and importantly underpinned by generic skills. There is however an important
difference in how these generic skills are positioned in a competence standard, depending on
whether it is performance-based or attribute-based. In a performance-based standard such as
those published by AIPM, these skills are peripherally included as ‘underpinning skills and
knowledge’, while the South African Qualification Authority (SAQA) uses the term ‘Critical
Cross-field Outcomes’ and are not explicitly assessed during certification. Moreover, in the
AIPM standards, the underpinning knowledge is largely discipline-specific while the
underpinning skills seem generic.

The IPMA ICB 4.0, an attribute-based competence document, outlines three areas of
competence: perspective, people, and practice, hence the generic skills component is not only
intrinsically included, but it also represents about half of the competence elements and is very
much assessed as part of the accreditation process of individuals.

4.1.2 Towards a holistic model of competence

As mentioned earlier, Crawford and Hoffman (2011) advocate an integrated competence model
using both output-based and attribute-based approaches to obtain a holistic view of a
practitioner’s capability to manage projects in a complex environment, and hence this model
includes the generic skills deemed essential in a competent practitioner, as noted in the adapted
model outlining the generic skills area as shown in Fig. 4.

It is argued that problems may still arise from the different ‘verticality’ of the two sides of the
model, as performance-based standards typically comprise several levels, (5 in the case of
AIPM), directly aligned with a level of certification. An attribute-based standard like ICB 4.0
is conceived more like a binary on-off standard and less of a factor in determining certification
levels. While IPMA certification comprises a 4-tier structure, the three higher tiers (IPMA A,
B, and C) all require ‘possession of the competencies described in the ICB’ while the lower
level D requires ‘knowledge’ of the same, and the level of the certification accredited depends
on proven experience (IPMA.world). Admittedly the ICB 4.0 includes project, programme, and
portfolio management attributes but they should be seen as different competencies rather than
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as different levels of the same competencies. The important point to note here is that generic
skills are now included as part of a holistic view of project management competence.

Context {

Attribute-Based Performance-Based

Inference of Inference of

Competence Competence
Input Personal Output
Aspect { [ Competencies ] [ Competencies

Unit of
Assessment Knowledge ’

Qualifications
and Experience
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Attitudes and Performance
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Underlying Enabling ‘

Knowledge Guides Resume or Instruments such as Competency Standards
- PMBOK® Guide Curriculum Vitae -0PQ, 16PF - UK - ECITB
Assessment - APMBOK (UK) - Meyers Briggs : - Australia - NCSPM
Guide/Method - IPMA Competence - Caliper Profile - South Africa - SAQA
Baseline (ICB) - Competency Model - Global - GAPPS
-P2M Japan - Assessment Center

Generic skills

——

Figure 4: Integrated model of competence for project management roles (Crawford and Hoffman, 2011.)
highlighting the generic skills.

4.2 Learning outcomes, graduate attributes, competence

4.2.1 Definitions of learning outcomes and competence

A notable difference between higher education and the VET sector in Australia is that
universities traditionally specify indicators of achievement as learning outcomes and graduate
attributes, rather than use competence-driven descriptors (Martin, L. and Mahat, M. (2017). A
possible contributor to the reluctance of universities to adopt the competence approach may be
that the term ‘competence’ is not uniformly accepted (e.g. versus ‘competency’, ‘skill’,
‘ability’, and other terms) or defined (Kennedy, D, Hyland, A, Ryan, N, 2009), or the view that
‘advanced levels of performance on cognitively complex tasks are not amenable to
disaggregation into discrete competencies’ (Curtis, D, McKenzie, P Curtis, D, McKenzie, P,
2002, p.7.), the latter having a profound impact on the respective approaches to curricular and
pedagogic design by the different education sectors, and acknowledging the notion of
complexity in projects and project management. Another more political reason may be that
universities do not want to be associated with the recent challenges of the competency agenda
in Australia that led to the major restructuring of the state-owned Technical and Further
Education (TAFE) institutions.

For this paper, the authors have resolved to adopt the term ‘competence’, also used in the ICB
4.0, and suggested as preferred term in the ACER report (Curtis, D, McKenzie, P, 2002), and
meaning ‘the ability to do something well or effectively’ (www.collinsdictionary.com).

While terminology in the literature remains diverse and often nebulous, comparing the ICB
competence standard with the Australian Qualifications Framework reveals an interesting
similarity between the definitions of competence and learning outcomes: The former defines
competence as ‘the application of knowledge, skills, and abilities in order to achieve the desired
results’ (ICB 4.0, 2015, p. 15). while the latter describes learning outcomes as ‘a taxonomy of
what graduates are expected to know, understand and be able to do as a result of learning,
expressed in terms of the dimensions of knowledge, skills and the application of knowledge
and skills’ (AQF, 2013, p.11). Another interesting link between competence and learning
outcomes is made by Hartel and Foegeding, who depict a competency (sic) as ‘a general
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statement detailing the desired knowledge and skills of students graduating from our course or
program’ and outcomes as ‘very specific statements that describes exactly what a student will
be able to do in some measurable way.’ (Hartel, R.W., and Foegeding, E.A, 2004, p. 69.),
positioning learning outcomes as criteria for assessing competence.

4.2.2 Foundations of university project management curricula

A widespread view on the role of universities is that they are expected to “equip graduates with
higher-order intellectual skills” (Curtis, D, McKenzie, P, 2002, p. 25), while many project
management performance standards in the world, including in Australia, are typically based on
industry consultation and are conceived as competency-driven, and more and more inclusive
of generic skills, as demonstrated by the recently published Guiding Framework for Leadership
in Complexity by the Global Alliance for the Project Professions (GAPPS, 2021).

For this reason, it is argued that the reluctance of universities to follow a competency-based
approach is an increasingly less tenable position, a viewpoint further endorsed by a survey of
PM university degree programs in Australia that identified a prevalence of curricula based on
prescriptive standards, basic bodies of knowledge, commercial publications, and project
management methods such as PRINCE2® (Bredillet, C., Convoy, K., Davidson, P., Walker,
D., 2013).

4.2.3 The need for higher education- industry dialogue

Research on project management competence in the construction industry suggests that
academic programmes are essential in building project management competence, but the
knowledge and skills required to maintain it are obtained largely from experience, and to a
lesser degree from formal training, rather than academic courses. (Edum-Fotwe, F.T. and
McCaffer, R., 2000). The maintenance of professional certifications through short-term
training courses is further underpinning this preference. This finding accords with the ACER
report in that workplace training takes on an ever-important place in generic employability skill
development in Australia (Curtis, D, McKenzie, P, 2002). However, while workplace training
seems to be more adopted as an essential element of vocational formation and is recently re-
gaining significance in the VET sector under a new paradigm (Hager, P, 2007), it is far less
assimilated in university education (Kenvale, 2021).

Without compromising the ethos of furthering the scholarly dimension of the subject expected
to be acquired by a higher education graduate, it is suggested that in many university curricula
meta-competencies and generic employability skills are insufficiently addressed and that the
industry-higher education dialogue is under-developed in the Australian context.

5 Conclusion

The view that project and construction management graduates need discipline skills as well as
generic employability skills to become and stay employed is now well accepted in literature
and is particularly relevant to the project management environment as it could be argued that
most soft skills could be seen as essential to the discipline. Research shows that employers of
project managers attach high value to the possession of these skills. However, some higher
education institutions in Australia have been slow to adapt to this need. This paper has
suggested several possible reasons for this: First, there seems to be a reluctance of higher
education institutions to pay more attention to graduate competence rather than gained
knowledge. While it may be worthwhile for higher education institutions to take notice of
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recent developments in this area, it is argued that to overcome this reluctance the image of the
notion of competence needs to be cleared, its terminology and structures unified and accepted,
and the body of research into the basis for assessment of competence needs to be substantially
strengthened. This paper has shown that project management competence theory is evolving
within the discipline by incorporating both output driven and attribute driven standards and
assessment philosophies and argues that further integration with a taxonomic model of generic
employability skills may be needed to produce a holistic view of a graduate’s ability to
successfully enter the workplace.

Second, the fact that employability skills are more intrinsic and are perceived to augment over
the years with work experience, and therefore difficult, or even impossible, to teach in an
academic curriculum. To change this perception a systemic rethink of higher education
instruction may be needed, and while valuable research has been reported in this area over the
past decades, examples of successful implementations remain scarce.

A third reason may be that graduate entry and exit attributes are not reliably, or only partly
measured, and therefore disparities between intended and actual attributes are not addressed.
This is not discussed in this text but may have a significant impact on graduate employability
and prove fertile ground for further research.

Closer examination of employability skills specific to project and construction project
management roles is necessary and may even have to be categorised into skills preferred by
project suppliers (contractors) and buyers (client organisations) to make a rounded contribution
to the debate.
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Abstract: Built Environmental design has a purpose to provide environments for people to
live and work, but often places a lack of contribution to promoting human wellness.
Numerous research studies conducted on improving workspace, productivity and improving
health and healing environments provide considerable evidence for improving the ‘home
construct’ to improve user health and wellbeing. Existing design research shows benefits and
methods to reduce injury and suicide events, as used in health spaces, to be considered for
home designs. Considering home design aspects of, safety, security, comfort, and family in
planning and construction process can provide spaces to improve health and wellbeing. This
paper reviews literature on human studies, developing theory considering home design inputs
to combat suicide rates in at-risk groups with focus on youth, middle age, and unemployed
groups. Results of this scoping review provide comprehensive analysis for improving homes
by integrating healing and productivity using design aspects, that can be considered with
value management considerations. The review purpose will designate outcomes and pave a
holistic strategy to prevent suicide in homes. The scoping focusses on improved architectural
design information for increasing mental comfort and wellbeing, using; social, spatial &
biophilic design. The strategy will contribute to addressing social and economic problems
associated with suicide in built environment home designs. This suicide research will be used
for public health promotion by improving benefits of mental wellbeing (management) for
suicide alleviation in Australian homes.

Keywords: Built Environment; Suicide; Home Design; Environmental psychology; Value
Management.

1. Introduction

Current global pandemic situation has applied lock downs in most countries, which has
compelled people to stay at home most of the time. This is quite unusual practice to most people;
therefore, well-being is under scrutiny. The unexpected situation has restricted people’s life and
work routine; for example, they have missed their daily jogging or routine workouts in the gym
from life perspective, whereas they must work at home from work perspective, but there is
doubt whether safe work environment exists in homework environments. New statistics of
increased suicides and suicide attempts currently provides convincing evidence that home
design can be an influential factor for committing suicide. This paper reviews suicide
prevention in the home through environmental design and examines research and design theory
available, from existing literature. The research spans multi-disciplinary fields, of economics,
building design and environmental psychology. This scoping review aims to contribute to the
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body of knowledge for suicide prevention by design, in an effort to “Start suicide prevention
from home.”

The research hypothesis examines design methods and available theory to improve wellbeing
in homes, to ameliorate causes for suicide in homes (Wang et al., 2020). This scoping review
of building design studies shows quantified methods for improving health effects (Jiang et al.,
2021, Manzar et al., 2021, Pollock, 2019, Raby, 2018, Thodelius, 2018, Wang et al., 2020)
surrounding ideation and suicide events. Preventative measures and restorative health design
measures can be used in conjunction with environmental psychology design for risk
management in planning for home designs. The scoping of this review aims to provide a more
holistic framework for starting suicide prevention in the home, using design research methods
of biophilic, spatial and social design principles. This article analyses existing research and
emerging theory showing evidence based design methods (Bailey et al., 2021, Berg and Joye,
2012, Chrysikou, 2019, Connellan et al., 2013, Gaminiesfahani et al., 2020, Mackett, 2021,
Peters and D'Penna, 2020, Thodelius, 2018, Zingraff-Hamed et al., 2021) to provide built
environment design solutions that improve human wellbeing, to reduce suicides in homes. This
scoping research has been conducted to consider wellbeing impacts through lock-down events
in homes, with existing research providing methods from health, healing, (Chrysikou, 2019,
Connellan et al., 2013) education (Peters and D'Penna, 2020) and workspaces (Egner et al.,
2020, Thodelius, 2018) to improve wellbeing.

The scoping review provides information to support future research with a cost-benefit (value
management) analysis, to model economic benefit for the design measures to consider pareto
optimality economic modelling. Cost/benefit research provides a value measure for planning
(Kelly et al., 2014) and this can be used to consider suicide prevention design, for homes. Cost
benefit design methods consider economics to consider suicide prevention in design planning
analysis stages. Economic modelling using impact measures can consider a wider scope for
planning analysis to include suicide impact. Building design methods have proven impacts to
users, where negative impacts resulting in injury events impact society (Spence et al., 2010).

2. Research methodology

The research methodology for this scoping review was limited to available data and theory for
this conceptual research topic. Data analysed included key finding studies and peer review
articles within 12 years focussing on suicide, health spaces and proven effects of design and
greater health impacts resulting from design. Mental health design research focusses on
commercial built environments that can be applied for home designs improving health and
wellbeing. A Prisma diagram is shown in Figure 1 to display research scoping methods of this
academic investigation. Data was collated and refined according to a five-point value scale with
relevance value scores higher than 3-5, dismissed prior to submission. All articles were
evaluated against quality metrics by topics of social, spatial and biophilic design aspects. The
evaluation qualified 55 research articles as relevant with 22 articles used relevant to the research
topic. Data was evaluated to improve wellbeing in homes using biophilia, social and spatial
methods quantified for healing environments. VM in planning can include economic values for
suicide prevention and risk management to include low-cost prevention strategies listed in
Table 1. The data collection process used academic analytical process’ regarding validity of the
research hypothesis, with research evidence used for qualitative synthesis. Data was evaluated
across academic fields before review by industry experts. Data included reflexivity accordingly
by information reporting by “Mind frame” media guidelines (Mindframe).
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Figure 1. Prisma methodology diagram, adopted from Prisma example (2009)

3. Literature Review

Building designs support positive emotions and sensory impacts, and this research reviews
sensory impacts of biophilia with supportive healing environment research. This research
considers suicide impact for future economic cost/benefit analysis to compare findings for
pareto optimality modelling. The Biophilia hypothesis was presented in the late 1980’s by
Kaplan and Kaplan in their book “The experience of nature: A psychological perspective”.

The research by the Kaplan’s provides design theory on human wellbeing and restoration
potential, exploring relative perspective theory of; Attention restoration theory (ART) as
environment psychology (Kaplan and Kaplan, 1989).

3.1 Biophilia

Biophilia is a theory of connecting or preserving nature for inter-relatedness in construction
designs, by relating to nature gaining benefits of nature connection. The research into
biophilic effect is quantified by much research into human experience and surveys. The article
by Mata et al., (2020) “bringing nature back into cities” evaluates human nature connection,
including cultural relevance by locality, as experienced in Australian cities. The article
outlines key approaches for regenerating ‘whole of country’ including positive biophilic
design aspects. The article by Mata et al., (2020) provides considerable well-being
improvement for homes and greater urban footprints, listed as follows:

e Acknowledge sovereign Indigenous knowledge systems and land management
¢ Inclusive decision-making
e Ecology in action
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e Uptake of innovative ‘bringing nature back’ actions

e Engaging with built-environment professionals

e Evaluating the success of ‘bringing nature back’ actions
e Overcoming barriers and addressing concerns

The article includes biophilic design methodology for re-introducing nature-based systems
into cities and urban areas to include local flora and fauna into more urban residential designs.
By including nature corridors and green space networks it serves greater society by improving
biodiversity, to preserve endangered plant and wildlife species, with benefit to “country” for
cultural, individual, and societal wellbeing. Education and public engagement including
public knowledge for improving urban areas will improve residential wellbeing. Consultation
with community and stakeholders fosters resilience for future generations to heal country, and
emotional wellbeing (Mata et al., 2020).

Biophilic design provides restorative impacts to well-being as researched by Newton and
Rogers (2020), in their research “Transforming Built Environments: Towards Carbon Neutral
and Blue-Green Cities”. The research provides biophilic research for wellbeing in the home
toward ‘suicide prevention’ by including biophilia design for collective well-being.

The article by Newton and Rogers into carbon neutrality and design of cities for blue and
green spaces provides considerable input for renewable, sustainable, cost-effective design
measures, using smaller case studies as applied in Australian communities. This article by
Newton and Rogers (2020) identified positive design for wellbeing through larger strategic
built environment goals. The residential sector has opportunity to apply renewable
materials/energy goals, climate change design to include carbon capture elements such as
water storage and power generation for every home design. An enormous number of homes
can use solar and water capture, using natural designs and native species repopulation to
provide biophilic versatility in homes and surrounding areas. Green spaces (biophilia) used in
high-density housing design can be increased to facilitate wellbeing. Design for wellbeing can
be considered for legislation by green credits to encourage roof top community gardens for
food security, inclusiveness, and human well-being.

Therefore, tall buildings can include increased basement water storage, solar fences (to
prevent access) with green spaces (natural resource provision) for biophilia connection.
Design solutions for tower residents provide benefits with restorative environments, foster
spiritual and cultural wellbeing, improve environmental psychology, provide social inclusion,
and maximise spatial benefits for improved wellbeing in homes. COVID-19 has highlighted
issues for mental health in homes, where fresh water, food security, safety, and restorative
spaces for wellbeing, provide important design considerations to support: Suicide prevention
in homes. Community planning governance is considerable for community stability and
emotional wellbeing, as provided in urban development planning and governance research.
Economic incentives such as green economy rewards can bolster capital investment, in an
effort to begin transitionary policies to align with sustainable urban development objectives.
Green economy rewards can increase Biophilic design inclusions, for carbon neutral cities, as
a cost effective more productive design for cities to include regenerative urbanism designs
(Newton and Rogers, 2020).

Environmental psychology designs influence people’s wellbeing and productivity as reviewed

across research with biophilic design review of urban post-secondary educational
environments. This review of learning environments by Peters and D’Penna (2020) titled;
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“The influence of the built environment on university students: emotional stress, happiness,
stimulation, cognitive function, social support, belonging, places to study, lighting, and
ventilation” examines wellbeing by design, for learning environments.

The review by (Peters and D'Penna, 2020) provides impact to students as positive experiences
resulting from:

Nature views and nature images

Natural colours and natural materials

Auditory aspects of nature,

Water and water features

Indoor plants, campus landscapes

Daylight access, thermal and environmental comfort for study spaces

Biophilia research confirms improved student wellbeing, with these improvements useful for
home designs. The research discussed providing considerations for Evidence-Based Design
Guidelines for biophilic design in university settings, with design guidelines for consideration
to; “Starting suicide prevention in the home” listed as follows.

Campus (Evidence-Based design) guidelines:

Campus-defining landscape - multi-sensory nature connection for stress reduction
Improve vegetation - views, improve thermal comfort, microclimates, mediate noise
Path and transition spaces improved by biophilia (vegetation)

Spatial design for refuge, restrict unnatural form, campus views, local culture, art

Classroom (Evidence-Based design) guidelines:

Connect to natural systems for more productive workspaces (views, nature, lighting)
Operable windows, natural ventilation, auditory benefits of nature

Daylight and lighting variability, lighting, and shading adaptability

Nature inspired patterns, fractals as subtle nature connections

Indoor plants (biophilia) and green views

Guidelines to improve wellbeing provide additional psychological benefits to; foster place
attachment, personal development (developmental psychology) and location experience
(culture/emotions) by environmental experience. The article includes recommendations for
design benefit by cultural and environmental design to encourage place attachment at outer
campus spaces, with orientation of buildings to optimise daylighting, reduce thermal loads, as
a precursor for occupant comfort (Peters and D'Penna, 2020).

The impact of mental health (wellbeing) is demonstrated in the article with positive design
elements for consideration in home designs to include Biophilia (natural aspects), social
(wayfinding, refuge, sanctuary, inclusion) and spatial (wayfinding, views, orientation) design
arrangements to improve wellbeing.

Benefits of Biophilic design is explored for healthcare settings in the paper “Biophilia and
salutogenisis as restorative design in healthcare environments” by Abdelaal, M., and
Soebarto, V., (2019). This article provided a design framework for improving therapeutic

92



impacts, by connecting with nature to alleviate people’s distress, depression, anxiety, and
pain, using salutogenic and biophilic design principles (Abdelaal and Soebarto, 2019). The
framework was tested for the research by analysing the “Royal Children’s Hospital” design in
Melbourne, Australia. The findings of the article by Abdelaal, M., and Soebarto, V., (2019),
provides positive collective and personal wellbeing benefit to mental health of patients when

experiencing a stressful health event, by improved experiences resulting from biophilic design
(Abdelaal and Soebarto, 2019).

Extensive literature reviewed demonstrates positive effects on humans by exposure and time
in nature (biophilia). The articles show biophilia improves mental health in health and
learning spaces to provide evidence base to; Start suicide prevention at home using biophilic,
social and spatial design principles, to reduce suicides and improve experiences in homes.

3.2 Health and healing environment

The research into wellbeing through environmental design has been conducted across multi-
disciplinary fields to provide design and impact measures, that can be adopted for starting
suicide prevention in home designs. A relevant area of research often overlooked in building
design is mental health in consideration of a home designs impact. Design history creates
feelings born from experiences that can form negative stigmas associated by experience, such
as police stations, incarceration facilities and mental health spaces. Form and space design is
evolutionary, and health spaces gained increased design attention for design theory for
positive design impacts of SRT and ART to increase healing (Kaplan and Kaplan, 1989).

Design of health spaces is reviewed for wellbeing design methods to use in designs of
residential spaces; to improve wellbeing in homes as an impact point for suicides in society.
The article by Chrysikou, E., (2019) titled “Psychiatric institutions and the physical
environment: Combining medical architecture methodologies and architectural morphology
to increase our understanding” regards medical design for mental health as a paramount
design consideration; to facilitate healing and improve user experience in confronting spaces.

Psychiatric institution designs of physical environments is examined in this article to provide
design considerations and improvements for staff and patients. The focus of the article is on
harm and self-harm minimization (safety & security) with social integration for wellness. This
research is useful regarding mental health for acute illness situations, where statistically most
persons are subject to poor mental health impact at some point through their lifetime
(Chrysikou, 2019). This research provides positive design outcomes for improving wellbeing
using methods of socio-spatial design to provide positive outcomes for participants. This
acute mental health research shows effects of poor design that can provide adverse reaction of
stress, illness, and confusion. Experiences of acute mental health can continue as resultant
future sequalae from adverse experiences and impacts (Chrysikou, 2019).

Therefore, more complex (density) home designs can improve spatial design aspects such as
wayfinding, safety, and security as a method to improve wellbeing. Social design for
inclusivity, cultural impact, refuge, art as cues, signs, sculptures, colour, and themes provide
benefits for ease of navigation, and will improve mental health for residents.

The research by Gaminiesfahani et al. (2020) in the research “Scoping review of the impact
on children of the built environment design characteristics of healing spaces” aims to
research impacts on health and well-being of children by the design of healing spaces. The
research examines impacts of social, spatial and biophilic design aspects for improved
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wellbeing in health environments, providing wellbeing benefits for home design applications.
This younger audience study provides positive sensory experiences as impacting healthcare
and healing spaces for child users. The study covered design for; Smell, temperature,
decorations, presence of photographs, playing with toys, computers, and TV’s. Architectural
design benefit for children’s wellbeing in healing spaces was identified by this design review
to provide positive benefits. Benefits are expressed as child friendly spatial layouts,
appropriate room sizes, with window placement for views to nature, including child friendly
décor, colours, fixtures, fittings, and furnishings. The research design shows benefits for child
friendly design of spaces to improve wellbeing and enhance positive experience, focusses on
(1) noise, (2) music, (3) lighting, (4) gardens and nature, (5) crowding, (6) colour, (7) spatial
needs, (8) play and distraction, and (9) art (Gaminiesfahani et al., 2020).

More ambient design features for benefit to children were identified as, Lighting and natural
light, noise and acoustics, and environmental temperature control, ventilation, with patient
and family centeredness. The research identified positive benefits from design for personal
space, privacy, security, space for family, wayfinding and directional signs, leisure, and
recreational facilities, including landscaping, garden areas, and external recreational areas
(Gaminiesfahani et al., 2020).

Spatial design research provides design methods to accommodate wellbeing for children;
overcoming crowding, using colour for wellbeing and wayfinding ease, with purpose specific
child metric spatial designs; including play spaces for distraction, with heightened aesthetic
values using art, music, and thematic designs for enjoyment. The inclusion of biophilic
aspects and social design through photographs and family centredness shows applicable
design methods useful to design for children’s well-being in homes.

A relevant recent article by Mackett, R., (2021) on “Policy interventions to facilitate travel by
people with mental health conditions” provides significant design guidelines relative to
mental health resulting from wayfinding (spatial design), quantified by results from a health
survey of transport users. The article shows the nature of anxieties (wayfinding design
impact) that a large proportion of travellers have when they travel in public spaces, in
London. The key finding of relevance to well-being for home design considerations, is for
persons with existing ailments that experience negative impacts from wayfinding (Mackett,
2021). The research shows positive design impacts by clear information, before and during
travel for user benefit. Spatial design can be improved in complex urban settings with benefits
for users in dense residential settings. This research reinforces research and shows clear
impacts by spatial design (wayfinding) that cause stress and anxiety, and future sequalae that
restrict human movements (Mackett, 2021).

The research paper by Spence et al. (2010) into the “Psychological and coping strategies
after an urban bridge collapse” provide traumatology consideration for design impacts
considering mental health impacts. Adverse design impacts often have widespread impact to
society wellbeing from environmental design failures. Impact to community wellbeing can be
related to home designs, such as “The Opal Towers” or “Grenfell fire” that impact resident
and societal wellbeing as negative externalities, impacting the emotional safety of society.

The elements of research relate to the [-35 bridge collapse, where a 1,907-foot bridge fell into

the Mississippi River, and onto roadways below in Minneapolis, Minnesota, killing 13 and
injuring a further 145 persons. The elements of research interest were faith, interpersonal
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communication, self-efficacy, and gender, where the analysis methods included survey by
gender and emotions following a bridge collapse (Spence et al., 2010).

The results of the research were recorded directly after and at a later point in time for
qualitative measurement. The article by Spence et. Al. (2010) highlights psychological
processing involved, and for alerting society about risks, and shows benefits of planning for
crises by design impacts, with impact measures to emotional wellbeing. This article shows
reliance of public trust on policy makers to consider multiple audiences with different
psychological needs. The article highlights gaps in information relative to emotional
wellbeing as a “cost” and “impact” for officials who design systems, controls, and legislation.
Results in this study considers distress as public impacts, during, and post event. Planning
design often results following an adverse design impact, considering the holistic impact.
Planning design provides codes and standards for design with informative programs and
improves goals to meet user needs. Mental health needs are considered for health spaces and
legislation planning can address needs for coping and/or choices of societies after building
crisis events. This event article shows a wide demographic audience impact following loss
events, related to personal or wider audiences by “loss of life” events. The research relevance
provides value management considerations for home design research, of a wider audience
regarding emotional impact considerations by “loss of life” construction events. The article
shows coping strategies, provides resilience consideration for environmental design,
considering design failures resulting in deaths (Spence et al., 2010). The article considers
mental health phenomena from a bridge collapse, that is comparable to impact from COVID-
19 lockdown, by considering wider scope of “/oss of life” and greater mental health
(wellbeing) effects in homes.

Comprehensive research was conducted by Connellan et al., (2013) in the mental health
design article on “stressed spaces”, that provides design evaluation of mental health and
wellbeing in health facilities. The article on stressed spaces compares literature across a multi-
disciplinary focus, (mental health and architecture) examining design impacts (Connellan et
al., 2013). The article shows existing evidence for guidelines to improve wellbeing in health
spaces that can be used for suicide prevention in homes. Themes of this article provide great
significance to this research topic, as follows; Security, light, gardens, impact of architecture
on health outcomes, interior design, art, and adolescents (Connellan et. al., 2013). The article
provides a systematic review that highlights positive restorative outcomes from proposed
design methods, to apply as acceptable design outcomes for wellbeing design methods. This
article shows clear evidence to strengthen the design focus to “Start suicide in the home using
social, spatial and biophilic design methods” to improve health and wellbeing in homes. This
mental health design research provides data for adopting the design methods as evidence-
based design solutions for health environments to be used in residential home spaces.

The work of Pollock, N., (2019) in the article, “Place the built environment and means
restriction in suicide prevention” provides significant research evidence to use in suicide
prevention. The article shows prevention methods for spaces in residential designs or
adjoining public spaces by restricting access and structures for self-injury events. The aims of
the article examine built environment and place-based approaches to means restriction in
suicide prevention by considering connections between place, location, and suicide methods
(Pollock, 2019). The relevance to for the research for the scoping of this review shows that
existing legislation applies in institutions (prisons) and hospitals for suicide prevention.
Prevention is considered by removing ligatures and anchor points for hanging deaths,
combined with screening and barriers in spaces of height access (Pollock, 2019). A persistent
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challenge for built environment design approaches to similar design for means restriction
applies to statistics that 75% of suicide deaths occur at home (Pollock, 2019). Structural
barriers and signage at bridges or train stations are installed in public spaces to increase safety
and prevent jumping (Pollock, 2019). Methods for means restriction apply to high-risk
residential spaces. This review provides means restriction as a valid prevention method for
tall building spaces (carparks, bridges, towers) and as such designs can consider fall barriers,
catch nets and signage as suicide prevention strategies for building design.

4. Value management (Economic cost/benefit suicide prevention value considerations)

Value management (VM) of building projects provide opportunity to improve benefits as
presented in project life cycle and life cycle cost planning measurements. VM historically
considers planning decisions for specified performance outcomes, such as legislative
compliance (Kelly et al., 2014).

Value for clients relates to economics and design outcomes that is improved through planning
and data analysis. Value can be considered by more detailed designs, changes of plant or
change to construction methods to improve value outcomes such as efficiency, material
durability, or aesthetics (Kelly et al., 2014). VM provides opportunity for issues analysis, risk
management, function analysis, legal issues, and community consideration (Kelly et al., 2014)
to suit design goals. Suicide prevention methods can include VM cost/benefit measures in
residential projects. The value workshop phase of VM planning should consider suicide
prevention methods, such as means and access restriction measures, mental health and
emotional wellbeing impacts, as future considerations for risk management. Risks can be
reduced by design methods of, social, spatial and biophilic design identified by this research
that can be evaluated as cost/benefit measures. Therefore, design consideration for suicide
prevention can provide VM analysis, with basic examples listed in table 1. for impact
measures in cost/benefit VM design planning.

Table 1. Cost/benefit value management design planning value examples (Booth, 2021)

Design method Cost ($) Benefit | Wellbeing benefit Prevention
Biophilia Low Yes Yes No

Spatial Medium Yes Yes Yes

Social Low Yes Yes Yes
Access (intervention) Medium Yes No Yes
Education (signage) Low Yes Yes Yes

Green economy (reward/incentives) Medium Yes Yes No
Biodiversity (impacts) Medium Yes Yes No

Urban resilience design (governance) High Yes Yes Yes

National Suicide Event data (AIHW)

2018
2017
2016
2015
2014
2013
2012
2011
20110 |
2000 |

Years

0 500 1,000 1,500 2,000 2,500 3,000 3,500
Suicides

Figure 2. Suicide data (AIHW 2021)
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5. Results and Discussion

This scoping review discovers existing suicide prevention building design research ((Berman
etal., 2019, Blaschke et al., 2020, Chrysikou, 2019, Connellan et al., 2013) in health and healing
spaces. Building design methods of biophilia, social and spatial design can be used for suicide
prevention in home designs. Home designs methods can be improved to provide superior
comfort and also restorative experience (Abdelaal and Soebarto, 2019, Berg and Joye, 2012,
Connellan et al., 2013), with wellbeing as included as a form of preventing suicide ideation and
reducing injury events. This suicide prevention research shows design methods that can provide
suicide prevention by design strategies such as signage in high-risk areas (Chrysikou, 2019,
Connellan et al., 2013, McGregor et al., 2017, Pollock, 2019), means restriction (Pollock,
2019), and including wellbeing design for psychological restoration (Egner et al., 2020).

This research discovers a comprehensive list of suicide prevention methods to be used for home
designs. We can provide VM cost/benefit values to consider economic benefits. This research
considers community impact considerations for disaster events (Spence et al., 2010) and
intensive home use (Manzar et al., 2021) requirements through lockdowns. The research shows
positive regenerative design principles provide suicide prevention, that can be used as
values/costs in economic terms. This scoping review shows design methods for suicide
prevention in homes. Environmental design psychology methods improve wellbeing as
qualified and included in previous academic studies. Literature reviewed supports design
methods for suicide alleviation by improving mental health in homes. Literature reviewed
means and access restriction showing design methods reduce injury and prevent home suicides.

6. Conclusion

This scoping review findings show knowledge gaps for future design research for prevention
designs to link economic impact modelling for value benefits. Developing VM and planning
to include suicide prevention research into economic modelling to demonstrate future impact
as wellbeing value for society. This review of design evidence provides design methods for:
Starting suicide from home using environmental design methods of social, spatial and
biophilic design. This research is an effort to reduce suicide and injury events in the home and
finally, Winston Churchill (1943) once said, “We shape our buildings and afterwards our
buildings shape us”. With consideration of COVID-19 impact to homes, we can now build
spaces to improve societies and economies, using research to quantify and qualify solutions.
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Abstract

There is a need for new entrants into the project management profession to possess the
knowledge, skills, and behaviours that render them work ready and able to transition smoothly
into their careers. This study explores the views of early-career project management
practitioners on what constitutes work readiness in the context of construction, focusing on the
attributes they possessed and those they lacked in their early-career transitions. Semi-structured
interviews were conducted with twenty early-career professionals. Participants were asked to
reflect on how well their education had prepared them for their early-careers. Thematic analysis
revealed that while participants found that their education had helped in preparing them to 1)
communicate with external stakeholders, ii) lead meetings, iii) exhibit professional conduct
and iv) be competent using professional software, they felt that there was still more that
educators could do to help prepare graduates for their early-careers. Interviewees
recommended that educators focus on 1) providing greater exposure to industry, ii) reflecting
industry practice in the curriculum, iii) employing more staff with industry experience and iv)
providing skills in career mapping. This research may help inform universities on what they
can do to better prepare project management graduates to successfully transition into their
careers in construction.

Keywords
construction industry, early-career professionals, project management education, project
management, work ready.

1 Introduction

There has been global debate over whether universities are producing graduates who possess
the skills required in today’s fast paced and rapidly changing industries (Pant & Baroudi 2008;
Chipulu et al. 2013). It is held that for early-career professionals, merely having completed a
university degree is not enough to render them ready for work, with scholars asserting that
graduating professionals are required to “develop certain capacities beyond their qualifications
which would enable them to deal with the stressful nature of the work environment” (Masole
& van Dyk 2016, p.70). Work readiness is a concept recognized as being a key objective of
education, and an essential component of performing well at work. It encompasses individuals’
possession of a range of attributes that make them prepared for the workplaces in which they
aspire to work (Prikshat et al. 2018). As a concept, work readiness constitutes a range of
attributes which in turn, encompass a mixture of values, behaviours and skills that facilitate a
successful transition into the workplace (Business Council of Australia 2016).
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Educators have a role in preparing their graduates to be work ready and industry is quick to
recognise the importance of work readiness in its workforce, with employers continuing to
advocate for the improvement of work readiness education for their future employees
(Cavanagh et al. 2015). There is a need for further investigation to better understand factors
influencing early-career transitions into the workplace, to ensure that graduated professionals
are embarking on their career journeys equipped with the attributes they require to thrive in the
twenty-first (21st) century knowledge-based economy (Finch et al. 2013).

2 Literature Review

There continues to be a knowledge gap in the extant literature with regards to how well-
equipped graduating professionals are to perform at work. Extant literature posits that holistic
work readiness is better realised through the consideration of key stakeholder perspectives
concerning education (Borg, Scott-Young & Turner 2019; Cavanagh et al. 2015). However,
the student and graduate voices on the attainment of work readiness attributes remain largely
under-researched (Su 2014) and while studies have examined the transition from university to
the workplace, the perspectives of early-career professionals are often discounted (Moreau &
Leathwood 2006). Early-career professionals (i.e. recent university graduates) are key
stakeholders when it comes to their education and in reflecting on their own personal transitions
from university into the industry (Borg et al. 2019), and are well-placed to share their stories
on how well their education prepared them for the workplace.

There is a need for research which explores the transitions of graduating professionals from
academia into the workforce (Holden & Hamblett 2007; Wood, Psaros, French & Lai 2015).
Work readiness of early-career professionals is under-researched across many disciplines
including project management and construction. Within the context of project management,
there has been little focus on careers in the extant literature (Keegan, Ringhofer, & Huemann
2018), which is concerning given that project managers continue to constitute an increasingly
important component of management in todays’ many industries (Bredin & Soderlund 2013).
It is recognized that “most modern work requires significant project management skills and
capabilities” (Konstantinou 2015, p.21). Project management graduates form an important and
growing portion of the project management talent pool (Borg & Scott-Young 2020a; Borg &
Scott-Young 2020b; Lloyd-Walker, Crawford & French 2016; Pant & Baroudi 2008; Ramazani
& Jergeas 2015). As work becomes more project-oriented, more well-trained graduates will be
required to address the rapidly burgeoning global demand for project practitioners (Borg, Borg,
Scott-Young & Naderpajouh 2021). The Project Management Institute (PMI 2017) has
predicted a 33% increase in the project labour force over the next decade, hence it is timely to
develop a better understanding on the skill-requirements of early-career project manager
practitioners.

The construction industry continues to be in constant state of change as a result of impacting
variables including economics, labour resources, market forces, emerging technologies and
government laws and regulations (Ahmed et al. 2014; Benhart & Shaurette 2014). When
transitioning into any role, individuals are known to experience negative feelings such as stress
and pressure (Davis 2010; McNamara 2011). For project management individuals working in
the dynamic and diverse construction industry, the challenge of the transition is exacerbated by
the many challenges of the industry itself. It is therefore critical that early-career project
management practitioners in construction are aware of the work readiness attributes that would
enable them to smoothly become adjusted to their work. It is held that the diverse nature of the
construction industry, makes it “impractical for the industry to have a single voice on their
skills and labour requirements” (Amaratunga, Thayaparan & Malalgoda 2012, p. 3). However,
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without guidance on the skills-requirements of the industry, educators face the challenge of
training future construction professionals without clear confirmation from industry on the areas
that these future employees will need to be educated in. This study explores the work readiness
requirements for early-career project management practitioners in the industry, from the
perspective of the practitioners themselves, with the aim of shedding light on the best way to
equip future construction graduates for the future.

2.1 Research Aim

The aim of this research was to ascertain the perspective of early-career project managers
regarding the work readiness requirements of working within the Australian construction
industry. In line with this aim, this study set out to answer the following three research
questions from the perspectives of early-career project management practitioners working in
the construction industry:
(RQI1) What work readiness attributes do current early-career project management
practitioners working in construction possess?
(RQ2) What work readiness attributes do current early-career project management
practitioners working in construction lack?
(RO3) What can universities do to better prepare project management practitioners for
their early-careers in construction?

3 Research Methodology

The purpose of the current research is aligned with the interpretivist/constructivist research
paradigm, which suggests that it is essential that social action is analysed from the actor’s
standpoint (Tracy 2012). In alignment with this understanding, this research explores the
concept of work readiness from the personal viewpoints and perspectives of early-career
project managers working in construction. Stakeholder Theory (Hickman & Akdere 2017),
coupled with the underlying theoretical principles of the Resource Based View (Wernerfelt
1984), and Matching Theory (Gale & Shapley 1962), frames the aims and methodology of this
research. Specifically, interviewees consisted of early-career project managers who had been
working in the construction industry for 1-5 years and who had graduated from one of the
highest ranked universities for employer reputation in Australia (Quacquarelli Symonds 2019).
It was held that information collected would provide insight into the work readiness values,
bahaviours and skills necessary for the successful performance of early-career project
managers in the construction industry.

2.2 Data Collection and Analysis

The research entailed the use of semi-structured in-depth interviews to capture early-career
project managers’ individual voices and work experience accounts. In depth interviews are
described as constituting “a meaning-making partnership between interviewers and their
respondents”; they are knowledge producing conversations (Hesse-Biber & Leavy 2006,
p.128). Thematic Analysis was selected as the method for analysing the data collected
following the guidelines of Braun and Clarke (2006; 2013). Inductive thematic analysis entails
“coding the data without trying to fit into a pre-existing coding frame or the researcher’s
analytic preconceptions” (Braun & Clarke 2006, p.83). In contrast to theoretical thematic
analysis (whereby the analysis is considered to be more analyst driven), inductive thematic
analysis has the strength of providing a richer description of the overall data set (Braun &
Clarke, 20006).
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2.3 Sample — Demoraphic Profile

This study adopted purposive sampling of research participants. The sample was comprised of
20 early-career project managers who had graduated within 1-5 years of the study and had
made the transition from university into the project management discipline. Participants
worked in various types of organizations and were involved in various types of projects,
including commercial high-rise, residential construction, land and property development,
defense force projects, and project consulting services across disciplines including tourism,
manufacturing and construction. Forty percent of participants were female. Ages of the
participants varied from 20 to 32 years of age. All participants had graduated from their
undergraduate degree within the previous 5 years and had transitioned into the project
management profession following graduation. Thirty percent of participants participated in
graduate programs offered by their organisations, while the remaining 70% did not have access
to graduate programs within their organisation. In total, 35 participants who had graduated
between the years 2013 and 2017 and who were employed as project management professionals
were contacted and invited to participate in the research. Twenty-five participants expressed
interest in participating, however only 20 progressed to signing and returning the research
consent form and scheduling the interview, corresponding to a participation rate of 57%. While
all 20 were interviewed, data saturation was reached at approximately 14 interviews, yet further
interviews were conducted to ensure that no new themes emerged from the data set.

4 Findings

4.1 Addressing RQ1: Possessed Work Readiness Attributes

Participants reflected on instances in which they had demonstrated their work readiness in the
profession. They were asked to reflect on their perceived areas of strength and what they
believed had helped them make a successful start to their careers in the discipline. The themes
that emerged included 1) communication with external stakeholders, i1) leading meetings, 1i1)
professional conduct and iv) professional software competency.

4.1.1 Communication with External Stakeholders

Participants felt confident in their communication with stakeholders. Underlying their ability
to communicate with stakeholders, was a confidence that they had the skills required to
communicate effectively in the workplace. Participants felt that communicating with external
stakeholders was key to their roles as project management practitioners and it was encouraging
to see that participants felt confident in their ability to deliver a task which they saw as
fundamental to their roles. ‘I came to find that stakeholder management was a really critical skill to
have — you should really be able to build those relationships. Too much tension and things can go pear
shaped — you need to be able to manage that.” — (Participant (P) 06, male, 30years).

It is important to note that the theme focuses only on communicating with external stakeholders
and not the internal stakeholders or members of the participants’ organisations. While results
showed that participants were confident in their communication with external stakeholders,
there was no observed confidence in the participants’ communication with their internal
stakeholders, superiors and colleagues.

4.1.2 Leading Meetings

Results showed that participants were comfortable leading and chairing meetings and
participants reflected on similar scenarios in which they were tasked with leading a group of
people in a project related meeting and their ability to do that effectively. A number of
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participants attributed their ability to lead meetings to the skills taught as university, while
others noted that their previous work experience while combining work and study had prepared
them for the task. Results suggested that both university and work experience helped prepare
students for the task. Participants were confident in their ability to lead meetings and felt that
their skills were also noted by their employers, suggesting that their skills in this area were well
developed. ‘My boss was shocked that I could lead meetings so well. I felt confident to put the input in,
whereas I think he thought that [ would not contribute and be in background.’ — (P13, female,23 years).

4.1.3 Professional Conduct

Participants expressed that they were confident in their personal and professional presentation
and that they were prepared in how to conduct themselves in the workplace upon making the
transition from university to the industry. Results showed that participants were confident in
presenting themselves professionally in a number of situations in the workplace, including to
both internal and external members of their organisations.

4.1.4 Professional Software Competency

Participants felt that they had a competitive advantage when it came to professional software,
specifically Microsoft Project (MS Project), which is a project scheduling software. Primavera
was mentioned as a software package they had come across in their studies, but it was MS
Project that most participants mentioned as finding useful in industry. ‘MS Project subject gave
me a leg up at work. I had people coming to me asking me how to use the program.’ — P19, female, 26
years

Participants felt competent in the application and use of the software, with some participants
noting that their level of competency was higher than some of their colleagues.

4.2 Addressing RQ2: Lacking Work Readiness Attributes

Participants reflected on situations in which they had felt under prepared to deal with in their
early-careers. The themes that emerged included 1) career progression, ii) construction
knowledge, iii) earning respect and iv) handling bad behaviour.

4.2.1 Career Progression

Findings showed that while graduates felt comfortable with the job application process and
securing a job, graduates felt under prepared for the professional steps that followed,
specifically with regards to their career planning. Results showed that graduates felt
comfortable securing a job but were unsure of how to proceed once they were employed.
Specifically, participants highlighted that they did not know how to approach issues such as
workplace rights and salary negotiation. 7 feel applying for jobs was definitely taught as well as I
think it could have been but once you're in a job and re-negotiation or trying to move on from a job...1
Jjust don’’t think that was ever discussed, how to move on and progress with your career.’ — (P01, female,
22 years).

4.2.2 Construction Knowledge

Participants conveyed that they felt there was a knowledge gap when it came to the specific
construction knowledge. When reflecting on situations in which they felt underprepared for, a
number of participants attributed this inability to respond well to the situation at hand to a lack
in technical knowledge. ‘In terms of technical ability and technical skills, I didn’t know what I was
doing.” — (P17, male, 25 years).
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While participants acknowledged that university taught them a range of technical skills, they
noted that there was a breadth of technical skills that seemed to have to come with experience.
Specifically, participants felt that they lacked technical skills such as: 1) the ability to read and
interpret construction drawings, ii) knowledge of constructability and the processes of building
and construction, ii1) knowledge of the tender process in construction, iv) knowledge of costing
and v) contract knowledge. ‘7 was looking at some of the plans, wall details and plasterboard and
not knowing what a stud wall was ... it was pretty petrifying.” — (P14, male, 26 years).

4.2.3 Earning Respect

Participants expressed difficulty in earning the respect of their project teams in their early-
careers. Participants acknowledged that respect is something to be earned and results revealed
that they did not specifically expected to have this respect upon transitioning into the industry,
but results also indicate that the respect was harder to earn than anticipated by the participants.
Many participants attributed this difficulty in earning the respect of their project teams to their
age and their lack of experience. In fact, age was an issue raised by many participants and they
perceived this as a barrier of which they had no control over nor an idea of how to manage the
people who saw their age as a barrier to being deserving of their respect. ‘Dealing with trade
professionals, me being a 22-year-old that doesn’t know have the experience they do and they’re 50
and have all the experience they have. It’s hard to break down that barrier, making them listen to you
and earning that respect.” — (P20, male, 26 years).

Participants did not attribute this apparent inability to earn respect to any particular skill they
lacked, but rather as a direct result of people within the workplace not being cooperative. What
results indicate is not that participants were not knowledgeable on how to earn the respect of
the stakeholders, but that they were not prepared for the barriers to earning that respect, placed
on them by no other than their fellow colleagues and consultant teams.

4.2.4 Handling Bad Behaviour

A significant theme that emerged repeatedly through the data was that participants felt
surprised by the behaviour of people within the industry and their attitudes and nature towards
their own colleagues. Results revealed that participants found themselves working with what
they described as ‘horrible humans’ (P11, female, 23 years); people who at times behaved
‘unprofessional’ (P9, male, 25 years) and ‘ruthless’ (P05, male, 26 years). Participants
recounted scenarios they faced in which they felt underprepared and unequipped to respond to.
Some participants noted that the construction industry is one in which you need a ‘thick skin’
(P04, female, 27 years) and you need to ‘learn to be more ruthless’ (P05, male, 26 years).
Results indicated that not only were participants not prepared for such scenarios but that these
scenarios came as somewhat of a shock to them. Both female and male participants found
themselves in situations in which people within the workplace had either belittled, harassed or
embarrassed them in front of their colleagues.

4.3 Addressing RQ3: Advice for Universities

Participants suggested some areas which educators at the university could have focused on
and that in their opinion, had these areas been more integrated into the curricula, they would
have better helped them be work-ready and prepared for their early-careers. Results revealed
that participants’ advice to educators to better prepare graduates for their careers would be to
focus on 1) exposure to industry, ii) career mapping and development, iii) reflecting industry
practice, and iv) staff with industry experience.
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4.3.1 Exposure to Industry

Participants stressed that they would have benefited from more exposure to the industry while
at university and suggested that this may be an area which university could better focus on to
help graduates for their early-careers. Participants described the course as largely ‘classroom-
based’ with ‘no real practical elements’ (P17, male, 25 years). Participanst felt that ‘there’s no
real incorporation of what the industry is into the course’ (P4, female, 27 years). Results
suggested that some ways which participants considered would be useful in exposure to
industry would be to incorporate work experience. Results revealed that participants felt that
the course would benefit from having work experience embedded within the curricula.
Participants stressed the importance of exposure to industry and suggested that university
embed this into the program.

2.3.1 Career Mapping and Development

Result showed that while graduates felt able to apply for and secure employment upon
graduation, they felt unprepared when it came to the next steps in their career development.
Participants therefore reflected on educators could do better to better prepare future graduates
in this area. Furthermore, a number of participants raised the issue that university had not
necessarily educated them about the roles they could expect to step into following graduation.
Results revealed that participants were not aware of the day to day role of a contract
administrator, project manager, assistant project manager or similar roles they could apply for
after graduation. 7 would talk to some of the key roles, like we knew from uni that a contract
administrator was one of the basic roles that we could go into and I don’t think we did a lot of things
that related to that position.” — (P10, female, 23 years).

2.3.2 Reflecting Industry Practice

Results revealed that participants felt there was a gap in terms of the way things were taught to
them at university and the way that these were applied in the industry. Participants suggested
that university looks towards teaching the content in a way that mimics how it would be then
applied in the industry and the workplace. Participants suggested that educators embed real life
industry examples into their teaching and reflect industry problems in their assignments.
Participants felt that this would have helped them in the practical application of theory and thus
made them more work-ready for when they had to face such similar issues in their workplaces.
‘I probably needed to know more of the knowledge we were learning in a practical sense. What it was
going to apply to and how we would have to analyse what we were learning.’— (P1, female, 22 years).

2.3.3  Staff with Industry Experience

A number of participants reflected back on their educators, lecturers and tutors at the university,
saying that staff with experience helped in their work readiness as they were able to integrate
industry examples within their teaching. Results revealed that participants felt that had they
been taught by more staff that had industry experience and who could bring their experiences
as examples within the classroom, they would have been better prepared for work.

5 Discussion

The findings show that early-career project management practitioners identified stakeholder
communication, leading meetings, professional conduct, professional software competency,
career progression, construction knowledge, respect and handling bad behaviour as key
components of work readiness in project management professionals within the construction
industry. Essentially, the results suggest that the eight attributes (identified as areas of strength
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and weakness) identified by the early-career professionals are key skill-requirements for early-
career project management practitioners in construction. The variety in attributes resonates
with the findings of other scholars in that the identified attributes entail a combination of both
project-specific technical knowledge and interpersonal/ ‘soft’ skills (Borg & Scott-Young
2020b). This in turn is consistent with definitions of work readiness as entailing a range of
attributes that include values, behaviours and skills (Borg & Scott-Young 2020a; Business
Council of Australia 2016; Caballero & Walker 2010). The literature shows that for project
managers, soft skill competencies valued by employers across disciplines encompass;
leadership, problem solving (Miiller & Turner 2010; Holzle 2010), communication (Skulmoski
& Hartman 2010), emotional intelligence (EQ) (Miiller & Turner 2010), social skills,
negotiation skills, and professionalism (Skulmoski & Hartman 2010). We observe that there
are overlaps with the project management skills detailed in previous studies and the attributes
identified as necessary for early-career practitioners by the participants of this study. For
example, professionalism (Skumoslki & Hartman 2010) is closely related to professional
conduct, which was raised by the participants as being essential for early-career project
management practitioners. Moreover, in handling bad behaviour, an individual’s emotional
intelligence, communication and social skills would come into play. These findings suggest
that elements of work readiness within the context of project management transcend across the
discipline (i.e. communication, emotional intelligence) but others are specific to the industry
context in which they are applied (i.e. handling bad behaviour was identified as a desired
attribute due to the industry culture as described by participants).

Work ready individuals are assumed to be able to make a successful transition into the
discipline and industry in which they aspire to work (Caballero & Walker 2010). In light of
this, it is concerning that construction knowledge was identified to be lacking in the skills
repertoire of early-career project management practitioners embarking on their careers in the
construction industry. The results suggest that the higher education degrees may not have
contextualised the theory within industry practice (i.e. in this case the project management
theory within construction practice). This echoes the participants’ recommendations for
educators to focus on more exposure to industry through their courses and the reflection of
industry practice in curriculum. Another apparent concern is the lack in confidence of early-
career practitioners with regards to their career planning. Edcators have a role in preparing their
graduates for the world of work (Borg & Scott-Young 2020a; Cavanagh et al. 2015), yet this
study shows that not enough is being done at university to help early-career practitioners plan
for their careers.

Through the lens of Matching Theory (Gale & Shapley 1962), graduate work readiness results
from the ability of the graduates to successfully exercise their knowledge and attributes, which
can only be realised if their possessed knowledge and attributes match those required in the
industry in which they aspire to work. In looking at the results from a Matching Theory
perspective, there appear to be elements of misalignment between some of the skills possessed
by the early-career practitioners and the attributes they have identified as necessary
components of work readiness attributes (such as earning respect, handling bad behaviour,
being ablet oplan for their career development). From a macro level and Stakeholder Theory
perspective, this research observation suggests that both industry employers and university
educators may benefit from open dialogue with the early-career professionals for the
enhancement of work readiness within the discipline. From the Resource Based View
perspective (Wernerfetlt 1984), it becomes clear that as key stakeholder in work readiness,
educators need to work towards contributing to an increased work readiness of project
management professionals.
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6 Conclusion

This research serves as a critical step towards ascertaining the perspectives of early-career
project management practitioners’ views on the attributes that make them work ready and
which they require to navigate their careers. This is the first known study to explore work
readiness from the perspectives of early-career professionals within the context of project
management and construction, thus contributing to new knowledge and helping shed light on
the topic of work readiness in an under researched area. While early-career project management
practitioners were found to possess key attributes and traits that enabled them to contribute
positively to their industries in their early-career period, this study has identified a number of
key attributes that are still areas of weakness in today’s young project management
practitioners. In highlighting the areas of weakness and strengths in early-career professionals’
work readiness, this study suggested areas of focus for university educators in their endeavour
to prepare and support early-career practitioners for their work in project management and
construction. This study advocates for ongoing and topical discussion of work readiness
requirements within a project management and construction context among the key stakeholder
groups involved (including educators, employers and working professionals).While the
findings of this study cannot be generalised to apply to all early-career project management
practitioners in the construction industry, or to all efforts made by universities in the training
and support of these professionals, the results can serve as a foundational step in beginning to
understand early-career work readiness within the context of project management and
construction. The next phases of this research looks towards ascertaining and contrasting the
perspectives of other stakeholders on the topic, including those of project management
educators, employers, students, and professional bodies.
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Abstract

The construction industry is subject to the dynamic 21 Century environment characterised by
volatility, uncertainty, complexity and ambiguity (VUCA) coupled with the ongoing threat of
the Coronavirus Pandemic (Covid-19) threatening the industry’s survival. Further challenging
the sustainability of the construction industry is the forecasted skills shortage coupled with high
turnover rates. These turnover rates are caused by an ageing population which contribute to the
loss of company-specific knowledge and experiences, as well as increased job-hopping of
Generation Y and Z. This conceptual paper highlights the important role that Generation Z play
in the sustainability of the construction industry. By presenting Generation Z as necessary
resources for an organisations success, this paper details the responsibilities required of
employers, presenting career resilience as the required strategy which Generation Z employees
must utilise to thrive in their work environments, and contribute to the success of their
organisations. Drawing on the limited research on the youngest and most vulnerable segment
of the workforce- Generation Z, this paper links the phenomenon of career resilience with the
sustainability of the construction industry highlighting the requirement for employers to take
an active role to contribute to the resilience of the industry to address these arising concerns
and sustain its workforce in the face of the new era.

Keywords
Challenges, Construction industry, Generation Z, Retention, Sustainability, VUCA

1 Introduction

As industries continue to navigate and survive in the Covid-19 pandemic riddled environment,
the work environments of the 21° Century have intensified in both complexity and dynamism
pertaining “natural and unique stresses that contribute to environmental and employee stress”
(Darling & Whitty, 2019, p.1754). In conjunction with navigating the dynamics of Covid-19,
as well as the VUCA (Mack, Khare, Kramer & Burgatz, 2016) environment, the Australian
construction industry also faces the challenges associated with the forecasted skills shortage,
high turnover rates and talent gaps and technological disruptions (Schwab, 2016; Project
Management Institute, 2017; 2018). Whilst some of these disruptions and shocks may be
unable to be anticipated or in some instances uncontrollable such as the Covid-19 pandemic,
the manner in which employees and their employers respond to these shocks affects the worker
experience which may result in deliberations on career path shifts through the development of
new skills, exploration of new jobs and career paths or in some instances retirement (Kulip et
al., 2012; Seibert, Kraimer & Heslin, 2016). This further adds to the complexities and
challenges of the construction industry, amplifying the importance for employees to hone in on
their career resilience capacities. Furthermore, there needs to be an intensified focus on the
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youngest and most vulnerable segment of the workforce- Generation Z (Twenge, 2017) who
require a higher degree of guidance both intrinsically and extrinsically through their employers
to successfully overcome these shocks and develop a positive work experience in the process.

This conceptual paper draws on existing literature on strategies used to bolster career resilience
amongst employees to further contribute knowledge in the under researched areas of both
Generation Z workforce (Twenge, 2017) and general career resilience research (Bimrose &
Hearne, 2012). Furthermore, this paper discusses the needs and requirements of Gen Z
employees, presenting the manner in which existing strategies that are currently being used by
organizations can be personalized towards the specific needs of Gen Z with the aim of
increasing retention rates. This paper presents the criticality of career resilience as a necessity
for retaining Generation Z in the construction industry- who are necessary resources in the
challenge of sustaining a talented and adaptable workforce in this fluid and uncertain era.

2 Literature Review

With the ongoing battle to mitigate the threats imposed by the myriad of challenges such as the
high turnover intentions amongst younger professionals (Deloitte, 2018), forecasted talent
shortages (PMI, 2017) and now the ever-present challenge of imminent changes imposed by
the shock of the Covid-19 pandemic (Akkermans, Richardson & Kraimer, 2020), employers in
the construction industry must recognize the importance of their younger workforce- Gen Z
and their roles in nurturing these critical human resources if they are to not only remain
competitive in the industry, but also survive. Additionally, with the significant impacts of the
high turnover rates experienced which employers report as resulting in re-hiring and re-training
costs of up to 150% of the departing employee's annual salary (Cascio & Boudreau, 2008), the
proactive role that employers have in the retention of their employees has never been more
critical. Employers must recognize the benefits they stand to gain from actively providing
directed support and resources directed specifically at nurturing the development of career
resilience amongst their youngest workforce in order to prepare them to deal with the inevitable
career shocks and equip them with the necessary skills and capacities to allow them to respond
in a manner which will result in positive worker experiences, heightened motivation and
satisfaction and thus higher rates of retention of these invaluable resources.

2.1 Generation Z

Gen Z comprise the newest entrants of the workforce and refer to those born from 1995
onwards (Scholtz & Rennig, 2019). With the ageing workforce, Gen Z is anticipated to make
one third of labour in 2025 (McCrindle, 2019) further highlighting the importance for
employers to invest in the development of this cohort for the sustenance of their human
resources and operations. Furthermore, in comparison to their counterparts- Generation Y who
were born between 1980 and 1994 (Howe & Strauss, 2000), Gen Z research remains relatively
unexplored however research does suggest that there are key differences between value
systems and social behaviours of these two generational workforces. In addition, with job
hopping becoming more common with newest entrants expected to tenant up to seven job
changes by their late 20s (Cascio, Moore & McGlone, 2019), organizations must recognize that
in their endeavours to retain their Gen Z workforce there are two critical actions which must
be undertaken; 1) understanding the values and needs of Gen Z, and i1) implementing adaptable
human resource management strategies in line with meeting these needs (Scholtz & Rennig,
2019). Failure to do so may result in detrimental consequences with the most detrimental risk
being a failure to retain the resources required to survive (Van Wyk, 2015).
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According to existing research, Gen Z place high degrees of value on organizations who offer
job security as well as those offering training and development opportunities directed at
providing an environment in which employees can continually develop their skills and enhance
their employability (Iorgulescu, 2016). Initiatives such as mentoring which provides an
opportunity to acquire knowledge and skills from experienced mentors are highly valued
amongst younger generations with mentoring regarded as necessary “for talent development,
retention and attraction” (Robinson, 2007, p.208). Moreover, Gen Z employees also look more
favourably upon organizations offering practices directed at encouraging work life balance,
diversity opportunities, fair compensation and opportunities for career advancement (Wayne
& Casper, 2012). In adapting their human resource management practices to fulfil the needs of
Gen Z and provide the necessary means of support to employees in the face of challenges,
employers can take active charge in developing a career resilient workforce who is not only
prepared to face challenges and shocks, but one who is motivated and satisfied with their work
conditions and environments (Coetzee & Potgieter, 2014) which can be expected to lower
turnover intentions and hence increase retention.

2.2 Changing Nature of Work

A career encompasses “the evolving sequence of a person’s work experience” (Arthur, Hall &
Lawrence, 1989, p.8), with today’s careers representing the multi-dimensional work roles
experienced by individuals (Super, 1957). The worldwide economic crisis which occurred in
2012 initiated a move away from traditional models of careers which encompassed a shared
responsibility of career planning and career management by organizations and their employees
(Akkermans, Seibert & Moi, 2018), towards a career paradigm characterized by; self-agency,
continual upskilling, employability and key attributes of adaptability and resilience in assisting
with the navigation of disruptive factors (Maree, 2017). This is echoed in the high degree of
value placed on importance of training and continual development opportunities by Gen Z
employees. This new career paradigm necessitates the importance for a high tolerance of
uncertainty and stress, as well as the capacity for undergoing transformative change and
adaptability in an effort to enhance harmonization with the broader macro environment (Fourie
& Van Vuuren, 1998). Therefore, the constant changing nature of careers deems the importance
of human resource management (HRM) practices in taking a focus on assisting employees with
not only harbouring career adaptability to respond to and overcome challenges, but to also
possess career resilience to prepare for, manoeuvre through and reduce the impacts that
uncontrollable shocks may impose on their careers (Akkermans et al., 2018).

Whilst a greater degree of responsibility exists within the new employer-employment contract
for employees to take ownership of their careers, as highlighted by Waterman, Waterman and
Betsy (1994), under this new contract, “it is the employee’s responsibility to manage his or her
own careers”’, whilst employers (and HRM personnel) maintain the responsibility of “providing
employees the tools, the open environment, and the opportunities for assessing and developing
the skills” (p.88). In delivering on their responsibility, employers are able to mitigate the risks
associated with high turnover amongst Gen Z. One manner in which employers can further
reduce risks of unexpected shocks is through a heightened commitment to provide the
necessary support, tools and resources aimed at fostering and nurturing a career resilient
workforce (Waterman et al., 1994) to enable them to maintain positive work experiences. With
the ever-growing threats and shocks present in current workplaces, career resilience is the key
to overcoming what literature has regarded as ‘shocks’.
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2.2.1 Career Shocks

The increased intensification of the current work environment has contributed to the numerous
transitions and shocks faced by employees. Shocks can arise from numerous sources including;
(1) interpersonal personal content (i.e., family related), (ii) work context (i.e. organizational
environment), or (iii) general context (i.e., environmental or geopolitical environments) all of
which affect not only the employee experiencing the shock, but also the organization’s ability
to retain their workforce, as well as affecting the broader society (Morell, Loan-Clarke &
Wilkinson, 2004). In accordance with extant research, a career shock encompasses significant
expected and unexpected events which may result in deliberations on career path shifts via
development of new skills, exploration of new jobs, changes in career paths or even retirement
(Kulip et al., 2012; Seibert et al., 2016). Whilst these career shocks, are unavoidable and in the
case of Covid-19, unfathomable, research highlights the importance of both resilience and
adaptability in employees generating a positive worker experience from viewing these as
opportunities (Seibert et al., 2016), as opposed to threatening events which have a negative
connotation and effect on their worker experience. According to Akkermans, et al. (2018), a
career shock is “a disruptive and extraordinary event that is, at least to some degree, caused by
factors outside the focal individual’s control and that triggers a deliberate thought process
concerning one’s career” (p.4). Furthermore, following the worldwide economic crisis in 2012,
the emergence of a new career paradigm characterized by individual agency of one’s career
and a new psychological contract between employers and employees (Waterman et al. 1994;
Birchall & Lyons, 1995), has highlighted the importance of career adaptability and career
resilience. These attributes have been classified as being critical in assisting both the employee
and the organization in surviving and succeeding in the face of turbulence (Maree, 2017). This
focus on implementing strategies which are aimed at instilling career resilience amongst this
younger cohort positively benefits the career development of employees, and hence instils
confidence in HRM that their workforce is equipped and capable of navigating change, as well
as satisfied within their current career tenure.

2.2.2 Career Resilience

The complex phenomenon of career resilience has received a high degree of interest since the
20™ Century (Kuijpers & Scheerens, 2006) recently due to its association with taking into
account not only the ability to survive perturbations and shocks, but allow the employee to
thrive by focusing on the positive trajectory to a new, improved state of working, and hence a
positive worker experience. Extant research has reported effects that career resilience (or a lack
of) can have on worker experience, most specifically; job satisfaction (Coetzee & Potgieter,
2014), career success (Salisu, Hashim, Ismail & Isa, 2017), staff turnover and retention
(Waterman et al. 1994). Originally defined by London (1997, p.34) as “the ability to adapt to
change, even when the circumstances are discouraging or disruptive”, the concept of career
resilience has undergone various formulations, the majority of which regard the phenomenon
as an “ability, process and outcome- that is something that people possess...something that is
developed...something that can arise as a consequence of experiences” (Burke & Scurry 2019,
p.18). With this in mind, career resilience accounts for the transitionary events (be they of a
planned and unplanned nature) which challenge the individual and based on the response
initiated, fundamentally affects the worker experience. Extant research has deemed the
importance of accounting for the contextual factors which initiate a recovery response from
individuals, noting that careers do not exist in isolation and in reality, encompass an interaction
between an individual’s skills and behaviors, their situational factors, and the environmental
context (Bryant, 1995). With the level of high turbulence being experienced globally across
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workplaces (Fourie & Van Vuuren, 1998) and the more recent threats imposed by the Covid-
19 pandemic (Akkermans et al. 2020), career resilience is important to directly improve the
worker experience and in doing so place organizations in a position which allows for the
mitigation of risks associated with a loss of competitiveness and labor shortages (Kuijpers &
Scheerens, 2006). Moreover, in a similar vein to the nature of careers which are defined as the
“evolving sequence of a person’s work experience over time” (Arthur et al. 1989, p.8), the
career context too, is constantly evolving, necessitating the requirement for career resilience
(Liu, 2003). Extant research in the nature of future careers support the requirement for career
resilience, claiming that “career resilience is an essential survival skill in the 21st Century”
(Cascio 2007, p.552). Whilst career resilience, in conjunction with the new employee-employer
contract places a high degree of responsibility on the employee to develop this capacity, career
resilience is not solely a self-reliant concern, noting that organizations have an active role in
the provision of resources to employees to assist in their capacity to navigate turbulence and
enhance their career resilience to improve their worker experience and intentions to stay loyal
to their organizations.

3 Discussion

With the growing complexities faced by the construction industry ranging from the talent
shortages, low retention of younger workforce entrants and unrelenting changes to the manner
in which work is conducted as a result of the disruptions of Covid-19, the necessity of a career
resilient Gen Z workforce has never been more critical. To mitigate the risks associated with
the abovementioned challenges, and proactively develop career resilient Gen Z employees to
work towards positive worker experiences, this conceptual paper presents strategies that can
be directed and employed by employers (see Fig.1 below). These are classified as pertaining a
focus on the wellbeing of Gen Z employees which directly affects their personal lives, as well
as those which pertain a focus on providing opportunities for career advancement.

3.1 Wellbeing Focused Strategies

3.1.1 Healthy Workplace

Workplaces that foster flexibility, work-life balance and positive and caring relationships
amongst workers have the capacity to affect the career resilience of Gen Z employees or
alternatively, contribute to their turnover intentions (Bardoel, Pettit, De Cieri & McMillan,
2014). Furthermore, with the increased usage of screens from the enhancement of technological
usage to conduct work, employers must recognize their roles in encouraging strategies directed
at assisting Gen Z employees to conduct their work without impacting their mental health from
excessive technological usage through assisting in the management of stress and improving
their mental health and wellbeing (Winwood, Colon & McKewen, 2013). Employers can do
this by more widely encourage social media breaks at specific intervals to ensure that
employees maintain a balance as opposed to ongoing multi-tasking (Twenge, 2017).
Additionally, by encouraging supportive workplaces where Gen Z employees can make
relatable connections, contribute in discussions with all levels of management and institute
positive mental health and wellbeing (through sharing information, encouraging a climate of
civility and contributions), this environment will assist in bolstering the career resilience of
Gen Z employees. Additionally, with the complexities and uncertainties posed by the changing
workplaces as a result of Covid-19, organizations are recommended to continue to offer
mindfulness programs and emotion-regulation initiatives (Knapp, Weber & Moellenkamp,
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2017) to ensure that the workplace encourages good wellbeing and provides support for
instilling resilience amongst Gen Z.

Organizational Strategies to Enhance Career Resilience amongst

GenZ
A 4
WELLBEING FOCUSED CAREER ADVANCEMENT FOCUSED
Healthy Workplace Career Mentoring

Felxibility & Work Life Balance Training & Development
Rewards & Recognition

y

EXPECTED BENEFITS

Job Satisfaction & Motivation
Sustained Competitiveness
Decreased Turnover Intentions Enhanced Retention Rates

4

Career Resilience

Figure 1. Organizational Strategies to Enhance Career Resilience amongst Gen Z

3.1.2  Flexibility & Work Life Balance

With the Covid-19 pandemic presenting ongoing challenges for employers and employees alike
in terms of the manner in which their work is conducted and completed, the requirement for
flexible workplace arrangements through technological facilitation has increased in value and
importance and has become an expectation (Agarwal & Waghela, 2018). Whilst Gen Z
employees value face to face communication to enhance their social interactions, they place an
expectation of having the flexibility and convenience of remote working which is maximised
by their technological skills and availability of communication via devices such as
smartphones, tablets and laptops. Additionally, Gen Z highly value work life balance (Kelliher,
Richardson & Boiarintseva, 2019) and support from their organizations to assist them to keep
their private and professional lives separate. Through providing this flexibility Gen Z
employees can be expected to work hard during business hours and maximise their efficiency
through the flexibility to utilise technology and remote working arrangements whilst remaining
satisfied that their organizations value their work life balance.
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3.2 Career Advancement Focused Strategies

3.2.1 Career Mentoring

According to research, mentoring has been classified as an invaluable tool in assisting
employees to enhance their self-efficacy and career development through providing them with
guided support from more experienced individuals hence impacting their general resilience and
career resilience capacity (Luthars, Avey, Avolio & Peterson, 2010; Arora & Rangnekar,
2015). Mentors have the capacity to provide invaluable insight into coping mechanisms and
strategies which Gen Z employees can use when faced with challenges. This allows Gen Z
employees who may experience difficulty with facing adversity (which is common due to the
VUCA environments) (Twenge, 2017), to change their perception to viewing challenging
circumstances as invaluable learning opportunities for their career development. Through
offering mentoring opportunities, employers provide direct support resources to Gen Z
employees, and directly respond to the Gen Z’s needs and desires to work for a company whose
HRM strategies support and encourage continual skills development and career advancement.
As well as benefitting Gen Z’s direct careers, mentoring has been regarded as an invaluable
tool “for talent development, retention and attraction” (Robinson, 2007, p.208) thus assisting
employers to retain their Gen Z workforce.

3.2.2 Training & Development

Whilst mentoring provides a means by which Gen Z employees can seek guidance and support
when faced with difficult circumstances as well as for their general career advancement
endeavours, employers can also seek to address Gen Z’s priority of career advancement
(Torgulescu, 2016) through technologically aided self-learning opportunities (Francis &
Hoefel, 2018). Training and development must be tailored to Gen Z’s requirements and needs
to maximise the benefits and accessibility. As Gen Z generally prefer short, visually aided self-
paced technological learning (Hart, 2017; Scholtz & Rennig, 2019; Gould, Nalepa & Mignano,
2020), employers must ensure that training programs are designed with this in mind. It is
therefore suggested that accessibility to online modular learning which are focused and directed
at the improvement of specific credentials and skills are made available and are easily
accessible via technology (Seemiller & Grace, 2017). With the increased commonality of a
working from home (WFH) model as a result of the Covid-19 restrictions, ensuring training
programs are technologically accessible is key will assist in both the career resilience and
retention of Gen Z employees. This investment in the career advancement of Gen Z will
develop their skills and capacity to be resilient in the face of shocks, as well as instil job
satisfaction and motivation amongst employees due to a heightened perceived investment in
their careers by their employers (Kraimer, Seibert, Wayne, Liden & Bravo, 2011).

3.2.3 Rewards & Recognition

Although Gen Z employees place a high degree of importance on intangible benefits offered
by their employing organziations which can take the form of training and development
opportunities and mentoring for career growth (Landry, Schweyer & Whillans, 2017), in order
to maximise their motivation, employers must provide a combination of financial and non-
financial rewards and recognition initiatives. As Gen Z also value being rewarded for their
contribution via monetary rewards in the form of salaries reflective of their efforts (Scholtz &
Rennig, 2019), organizations must be creative in the rewards offered to Gen Z employees. One
important factor that needs to be considered is the criticality in personalizing these rewards to
the deserving employee (Landry et al. 2017). With younger generations now seeking meaning
and purpose in their careers, this suggests that individualizing rewards to recognize their efforts
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through a mix of tangible rewards (i.e., extra leave days or travel rewards) and intangible
rewards (flexible working practices, training and development initiatives etc.) will demonstrate
to Gen Z employees that their contribution is valued within the organization hence increasing
motivation and reducing turnover intentions.

3.3 Expected Benefits

Employing tailored strategies to specifically target their younger Gen Z employee cohort has
direct and indirect benefits for employers. By providing strategies which cater to the needs and
requirements of Gen Z employees such as availability and accessibility to; career mentoring,
training and development, rewards and recognition, flexibility, healthy workplaces and
encouragement of work life balance, this positive worker experience results in satisfaction
within the personal and professional environments of workers which directly contributes to
their career resilience. These initiatives are also expected to result in enhanced job motivation
and satisfaction amongst these younger employees (Coetzee & Potgieter, 2014). A highly
motivated and satisfied workforce who has the required support resources to survive in this
VUCA work environment decreases the risks associated with staff turnover thus assisting
employers to increase retention rates (Waterman et al., 1994) of these invaluable human
resources. This indirectly assists in their ability to maintain a competitive advantage as through
their support in developing their coping mechanisms and repositories which dually assists in
their growth and experience and thus career advancement prospects (Luthar et al. 2000; Caza,
2007), employers will be a step closer to sustaining a workforce which encompasses the
flexibility, nimbleness, and adaptability to achieve the organization’s strategic objectives.

4 Conclusion

This paper highlights the importance and urgency for employers to implement focused human
resource strategies to their Gen Z employees for the purposes of addressing concerns
surrounding their high turnover rates and thus low retention. As research on both Gen Z
workforces and the importance of the phenomena of career resilience remain relatively slim,
this conceptual paper draws on existing literature on strategic human resource management
strategies and career resilience, integrating this extant knowledge and applying it to the context
of Gen Z. This conceptual paper discusses the expected benefits employers can gain by
extending their supervisory roles to actively support the development of a career resilient Gen
Z workforce and improve their retention of a talented pool of invaluable employees as a result
(Kidd & Snewing, 2001). Whilst this paper has provided insight into the manner in which
employers can actively act to retain their Gen Z employees, it is conceptual in nature and future
studies are encouraged to undertake data-based research to further investigate these insights
and further develop to the proposed framework. Additionally, based on the effects of Covid-
19 on the manner in which both employers and employees conduct their work, future research
is recommended to focus on specific initiatives that can be implemented by employers to
inoculate employees from the effects of these disturbances. By implementing specific strategies
directed at catering for the needs of Gen Z and supporting the development of their career
resilience, employers can expect to contribute to a highly motivated and satisfied younger
cohort, contributing to their ability to retain such invaluable assets amidst such chaotic times.
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Abstract

This paper investigates information requirements development practices in Australian civil
infrastructure projects characterised by the use of models, methods and tools to support a
strategic approach to asset information lifecycle management. The research study focuses on
rail transport infrastructure where the complexity of rail networks as a cyber-physical system-
of-systems makes it increasingly difficult for current Requirements Engineering (RE) practices
to handle the myriad of requirement types across temporary project supply chains.
Consequently, the RE effort needs to continuously consider multiple disciplinary perspectives
of the process throughout the asset life cycle. Using both literature and interview surveys,
process-oriented challenges to RE are investigated. Findings identify a lack of implementation-
ready requirements development and management methods supported by interoperable tool-
chains that provide integration and automation in requirements traceability and change
management workflows. The paper closes with a discussion on the correlation of our findings
with previous studies and the direction of future research.

Keywords
Requirements Engineering, Asset Information Requirements, Asset Information Lifecycle
Management, Rail Infrastructure, Challenges.

1 Introduction

Requirements engineering in rail transport projects is increasingly complex. As a part of a
greater whole in a linear network, rail transport infrastructure assets are Cyber-Physical
Systems (CPS). Different types and levels of requirements about the physical and cyber
systems must be developed and managed during the planning and delivery of rail transport
projects. Requirement types include, amongst others, high-level capability requirements
defining the system architecture capabilities, current and future operational requirements,
definitions of system-, sub-system-, and unit- level requirements that span functional and
performance requirements, physical requirements, and business case requirements.
Government transport agency standards and terms of contract covering Systems Engineering
(SE), Digital Engineering (DE), Building Information Modelling (BIM), common
classification systems, and supporting ISO standards (e.g., ISO 19650 and ISO 55000), play a
key role in enabling more strategic approaches to asset information lifecycle management.
Growing maturity in the application of these procedural methods and information schemas has
resulted in new service-oriented offerings linking, for example, BIM to Facilities Management,
and more recently to the development of spatial Digital Twins (DTs) in support of
theOperations and Maintenance (O&M) of rail transport assets.

The recent application of the spatial DT to support O&M is largely driven by the need to
manage the growing complexity of the rail CPS. There are a range of use cases for creating a
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DT of a rail transport assets, namely to: enable connected and autonomous transport
capabilities, manage digital cadastral information, leverage the value of digital asset data
created during project delivery (e.g., to locate and maintain assets), and to enable more strategic
approaches to asset information lifecycle management. However, due to their scale, functional
complexity, dynamic interactions, and emergent properties, rail transport projects are
increasingly difficult for RE practices to handle.

Against this backcloth, the authors explore contemporary RE practices in rail transport projects
relative to the development of the physical and cyber systems, as well as their virtual replicas
and the digital deliverables required to support O&M. We examine the process-oriented
challenges encountered by project stakeholders, with the aim of identifying the key barriers to
the development and management of asset information requirements during the ‘plan’ and
‘acquire’ phases of the asset life cycle, which ultimately impact on the creation and verification
of digital deliverables, and in particular those supporting the digital twin.

2 Background

In the built environment, integrated approaches to requirements engineering (RE) are relatively
immature (Chen and Jupp, 2018; Johnson ef al, 2021). In rail transport projects, and in
particular those implementing a strategic approach to asset information lifecycle management,
the network of authorised engineering organisations (AEOs) including consultants and
contractors must develop different types and levels of CPS requirements, and manage the
complex of interfaces between them.

2.1 Rail Cyber-Physical Systems and Digital Twins

The phrase “Cyber-Physical Systems” (CPS) was coined by Gill in 2006 (Gill, 2006). It is used
to describe systems that seamlessly integrate computational elements and physical components
with mutual communication (Wiesner et al., 2014; Deka ef al., 2018). The CPS approach has
long been adopted in information systems in industry sectors like aerospace, automobile,
shipbuilding, and healthcare (Akanmu ef al., 2013). Relative to a domain-specific level, where
many sub-systems are working in parallel, term “Cyber-Physical system-of-systems” (CPSoS)
was coined to describe the multidimensional and complex network that integrates the cyber
world and the dynamic physical world (Broy, 2013; Tao et al., 2018). Complex rail transport
projects can be categorised as a CPSoS. Rail CPSoS can be broadly classified into
infrastructure-based CPS, vehicle—infrastructure coordinated CPS, and vehicle-based CPS
(Deka et al., 2018).

The “Digital Twin” (DT) concept was first introduced by Grieves in 2003 (Grieves, 2014) and
differs from a CPS or CPSoS. Definitions and explanations of the DT concept have been
proposed and refined by various researchers (Grieves, 2014; Negri et al., 2017; Parott and
Warshaw, 2017; Tao et al., 2018). DT technologies were adopted in the spacecraft sector in
2010 and later in complex manufacturing sectors (Glaessgen and Stargel, 2012; Lee ef al.,
2013). NASA were early pioneers of DT technologies for remote monitoring, controlling and
running simulations of spacecraft from Earth (Shafto et al., 2010). In the built environment,
the application of DTs are in the early stages, with few fully-realised examples (Lamb, 2019).
The creation and verification of a DT of a rail infrastructure and/ or vehicle CPSs is dependent
on the timely definition of asset information requirements, asset information classification, and
hierarchy management. Asset information needs are predominantly non-geometrical including
specifications of: asset performance, uptime, pressure ratings, operating temperatures, set
points, manufacturer, asset tag numbers, operating limits and costs. This information is more
valuable than having geometrically accurate ‘twins’ of a rail infrastructure asset.
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According to these definitions, both CPSs and DTs are aimed at achieving systems integration.
However, their emphasis on the implementation of functions is where these two concepts differ.
CPSs emphasise sensors and actuators, while DTs consider asset data and models as the main
modules (Tao et al., 2019). Although emphasising different elements, it is necessary to
understand DTs in light of CPSs as they share procedural similarity and dependency relative
to their creation, where the elicitation, specification, implementation, verification, and
validation of asset information is essential to their successful delivery. The development and
management of asset information requirements must span physical, cyber and virtual systems.

2.2 Strategic Asset Information Management

To support RE in rail transport projects, the International Standard ISO 55000 (2014), and ISO
19650, Parts 1 and 2 (2018a, 2018b) provide procedural methods and much needed consistency
in the terminology, concepts, and principles underpinning the development of asset
management strategy and identification of supporting requirements. Together, ISO 55000 and
ISO 19650 are able to provide a regulated procedural method for the development of a strategic
approach to asset information lifecycle management.

The ISO 55000 series consists of three international standards that provide the terminology,
requirements and guidance for implementing, maintaining and improving asset management
systems. The ISO 55000 series is widely used by utilities, transport, mining, process and
manufacturing industries worldwide, enabling them to streamline their expenditure, strengthen
their credentials and future-proof their facilities and assets.

The release of ISO 19650 describes the processes supporting digital information management
in the context of buildings and civil engineering works, including building information
modelling (ISO, 2018a, 2018b). Prior to the introduction of ISO 19650, projects implementing
BIM and structured data approaches did not have a consistent information requirements
management process across the industry. ISO 19650 provides a procedural method according
to four requirements types, including client-side: 1) organisation information requirements
(OIR), ii) asset information requirements (AIR), and iii) project information requirements
(PIR); as well as the: 1v) exchange (or employer) information requirements (EIR) of the project
team. Information requirements management activities commence with the client’s OIR, which
are established in a statement about the information needed by an organisation to inform
decision-making about high-level strategic objectives (Simpson et al., 2018). The OIR is
therefore a critical step in the procedural method as it supports the capture and mapping of
information and deliverables contained in the policies or acts of government transport agencies,
including their asset management accountability framework (AMAF), which is an integral
component of ISO 55000:2014 implementation. Australian government transport agencies
widely utilise the AMAF to detail mandatory asset management requirements and provide
guidance for managing assets.

Consequently, it is critical that the OIR accurately reflects what information is required so as
it is able to inform the development of the AIR and PIR. The AIR and PIR will in turn inform
production of the EIR, which represents the overall information requirements that span the
managerial, commercial and technical aspects of the AIR and PIR, where the owner’s
requirements for asset registers to support spatial referencing, classification, hierarchical
management and location referencing as per the nominated schema, e.g., Uniclass 2015. The
EIR is then primarily concerned with the who, how and when of their delivery, and includes
the information production processes and procedures, data standards, file formats, timetables
for information exchange, and roles and responsibilities of the project team (Simpson et al.,
2018). The EIR is used to inform the development of the Digital or BIM Execution Plan (DXP/
BXP). ISO 55000 and ISO 19650 procedural methods together play a central role in the
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development and management of asset information requirements, as well as the ongoing
management of digital information and digital deliverables supporting asset management.

3 Literature Survey of Challenges to RE Processes

This section presents a literature-based survey of the challenges to requirements engineering
and information requirements development. The research focuses on process-oriented issues.
By reviewing the literature, the intention of the authors is to map the process based challenges
to RE challenges and undertake an interpretive analysis. In total, 37 papers from the AECO
domains were identified and 20 papers were reviewed after eliminating papers that did not meet
the search criteria. The search criteria restricted papers to those using model-based approaches
to complex projects with digital deliverables supporting strategic approaches to asset
information lifecycle management.

3.1 Challenges to Requirements Engineering Processes Identified in the Literature

The early involvement of all stakeholders is essential for requirements elicitation, prioritisation,
negotiation and communication processes. The absence of key stakeholders during the early
design phase brings challenges to all activities in the requirements development process due to
knock-on effects to downstream requirements-dependent tasks (Navendren ef al., 2015; Jupp
and Awad, 2017; Heaton et al., 2019). The continuous changes to AECO requirements and
lack of adequate change management processes is one of the most well-documented challenges
reported by researchers over the last decade (Yu et al, 2010; Nekvi and Madhavji, 2014;
Papinniemi et al, 2014; Patacas et al., 2016; Koltun et al., 2017; Junior et al., 2019). These
general challenges to RE processes are categorised and ordered in Table 1 according to author.

Table 1. Requirements Engineering Process Challenges

Code Challenge Source

LS-RE-PCO1 Missing stakeholders and lack of collaborative work (Navendren et al., 2015; Jupp and
amongst the team during early design phase Awad, 2017; Heaton et al., 2019)

LS-RE-PC02 Missing links between requirements captured in the user (Berkovich et al., 2014)

requirements’ document and their functional specification

Change of requirements/ evolution of client needs, (Yu et al., 2010; Nekvi and Madhavji,

LS-RE-PCO03 Lack of change management processes 2014; Patacas et al., 2016; Koltun et
& & P al., 2017; Junior et al., 2019)
LS-RE-PCO4 Highly distributed requirements development with (Penzenstadler and Eckhardt, 2012)

different levels of abstraction

3.2 Challenges to Information Requirements Development Processes

A series of challenges specifically related to information requirements development processes
were then identified. These challenges are categorised and ordered in Table 2 according to
author.

Table 2. Information Requirements Development Process Challenges

Code Challenge Source

LS-IRD-PCO1 Incomplete information requirements documentation, (Kelly et al., 2013; Aaramaa et al.,
decomposition, analysis, and allocation 2015; Johnson et al., 2021)

LS-IRD-PC02 Lack of common language supporting information (Tallow et al., 2014)

requirements development processes

Unstructured and late delivery of data and information to

LS-IRD-PC03 the FM phase of buildings.

(Patacas et al., 2015)

Lack of application of standards or guidelines supporting (Patacas et al., 2015; Cavka et al.,

LS-IRD-PC04 information requirements processes 2017; Jupp and Awad, 2017)

The specification and allocation of OIRs combined with the consistent management of AIRs
and EIRs throughout the project amplify traditional requirements change challenges. Other
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issues surround deficiencies in the requirements specification process resulting in unclear,
incomplete (Aaramaa et al., 2015) or conflicting requirements (Scott et al., 2016; Junior et al.,
2019), the lack of process standards (Patacas et al., 2015; Cavka et al., 2017; Jupp and Awad,
2017), unstructured and late delivery of data and information to facilities management (FM)
phases (Patacas et al., 2015), and absence of a common language for AECO requirements
(Jallow et al., 2014).

3.3 Key Challenges to Rail RE and Information Requirements Development

The complexity of rail transport RE processes is emphasised due to the number and type of
system requirements, stakeholder requirements management interactions, and supporting
requirements software tool-chains. RE challenges therefore increase in rail projects that must
deliver a strategic approach to asset information lifecycle management as complexity resides
in physical and cyber assets, their virtual replicas and their real-time behaviours in operations.

In projects with strategic approaches to asset information management, challenges to rail
transport RE processes stem from the ‘plan’ phase of the asset life cycle and can be linked to a
lack of owner-developed asset information requirements supporting current and future
operational scenarios, as well as a deficiencies in the detail of required asset information to
support asset management systems (Kasprzak, 2013). Whilst the asset management sector
undergoes this digital transformation, it remains that few owners have defined their actual
information needs and how asset information will map to asset management systems.

In the transition from the ‘plan’ phase to the ‘acquire’ phase of the asset life cycle, requirements
specifications must make an important transition from system level to project level
documentation formats. RE efforts may be compromised during this exchange process due to
the lack of detail about sub-system and unit level asset information requirements, which affect
the downstream information management capabilities of the project team. In what is largely a
text-based exchange, insufficient specifications and documentation of the level of information
(need), level of detail, and level of integration between systems, sub-systems and unit level
design components all compound these difficulties.

From a process standpoint, RE complexity remains a critical challenge due to the many
interdependent activities enacted in the elicitation, description and documentation of
organisational and asset requirements types, as well as the decomposition, analysis and
allocation of requirements across collaborating AEOs. The dynamic nature of complex rail
transport projects also results in an intricate network of requirements change management
activities and challenges to this stem from deficiencies in RE tool-chains, lack of software
interoperability, imperfect or incomplete information exchange, and poor stakeholder interface
management across the asset life cycle. Complexity in RE processes is therefore also embedded
in the social challenges surrounding the presence, power and influence of project team
members involved in (or absent from) requirements development and management activities.

Requirements integration risks therefore persist in rail transport projects and evidence of
bespoke RE tool-chain integration initiatives in rail transport projects exist (Roodt et al., 2020).
However they are predicated on the key assumption that information requirements are
consistently developed in accordance with industry agree data schemas providing a standard
for asset system hierarchy (Chen and Jupp, 2019). Such approaches also demand that the value
of requirements assurance, verification and validation processes extend beyond asset handover.

RE complexity exacerbated by a lack of maturity in collaborative information requirements
development processes and the co-engineering of physical and digital assets. The maturity of
integrated RE procedural methods are a critical barrier to advancing enterprise platform RE
processes.
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4 Interview Survey of Challenges to RE Processes in Industry

Following the literature review, the research collected primary data to investigate the process
related challenges encountered by project teams when developing and managing complex and
interdependent information requirements. An interview survey (Hox and Boeije, 2005)
approach was adopted, and data collection involved semi-structured interviews with Australian
industry experts in the rail infrastructure domain who have participated in public rail project.
The semi-structured interviews ensured that multiple topics surrounding the research problem
could be covered.

4.1 Interview Questions and Participants

Key interview themes included the following question areas: (1) experience in developing and
managing requirements of physical assets and digital deliverables, and (2) Current challenges
to developing and managing different requirements types. Ten participants were interviewed
across five companies (see Table 3). Interviews took place between February 2020 to May
2020. Each interview took approximately one hour, and recordings were subsequently
transcribed and verified.

Table 3. Interviewees

Organisation Role # Interviewees
Developer Digital Engineering Director/ Lead 2
Senior Project Manager 1
Systems Architecture Principal Engineer 1
Consultant Systems Engineer/ Rail Systems Engineer 4
Digital Engineering Lead 2

—_—

Total Participants Interviewed 0

4.2 Interview Findings

Interviews were transcribed and analysed using the same taxonomy as identified in literature
review. Findings identified a variety of challenges relating to process maturity issues. Analysis
also revealed insights related to the adoption of more integrated and systems-based approaches
to requirements engineering. A summary of findings is provided in Table 4 and discussed in
the following sub-sections.

Table 4. Process Challenges to Requirements Engineering and Information Requirements

Code Challenge Phase
INT-RE-PCO1 | Disconnect in workflows and tool-chains linking requirements types and levels Plan > Acquire
INT-RE-PC02 | Lack of requirements change management process Acquire
INT-RE-PCO03 | Lack of standard process for physical, cyber and info. requirements validation Acquire
INT-IR-PCO1 | Delays in information requirements development process Plan > Acquire
INT-IR-PC02 | Lack of process standards supporting information requirements development Plan > Acquire
INT-IR-PC0O3 | Lack of agreed and consistent language describing information requirements Plan > Acquire

4.2.1 Challenges to Requirements Engineering Processes

Process maturity refers specifically to requirements engineering related processes and the
integration of those processes with traditional AECO project management processes. A number
of significant challenges were identified by rail infrastructure interviewees, 1) disconnection in
the workflows that support system architecture and project level requirements, ii) lack of
requirements change management processes, and iii) lack of validation process supporting
physical and virtual requirements.
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Disconnect in workflows and tool-chains linking requirements types and levels: In rail
infrastructure, network level and system architecture requirements should guide the
development of project level design requirements. However, a disconnect was reported by
interviewees between the planning of the system architecture and the elicitation of project level
requirements at the unit design level as reflected in the following response from the Systems
Architecture Principal Engineer.

“...There is disconnect between the planning of the system architecture and how requirements
are not derived from a well-planned definition of the system network so as to inform and spill
into a project level...” --- Systems Architecture Principal Engineer

Lack of requirements change management processes: Change of requirements keeps
happening during the development and delivery of rail infrastructure. To minimums delivery
risk, it is important to inform those project level changes to network level. However, this
process is lack at the moment as captured by the following responses from the Systems
Architecture Principal Engineer.

“...changes occur at the project level without informing the upper level — the network level —
to evaluate the impact on the data of service that is expected at that given time in the future...”

--- Systems Architecture Principal Engineer

Lack of standard process for physical, cyber and information requirements validation:
In sectors such as aerospace and automotive industries, requirements validation - ensuring
specified requirements meet the customer needs — is recognised as a critical activity in the
requirements development process. A lack of robust requirements validation in rail
infrastructure was highlighted by all rail interviewees.

“The behaviours that came from the Defence sector, where there is a lot of rigor in validating
the mathematical information, is not being shared in construction industry.”
--- Systems Engineer

4.2.2 Challenges to Information Requirements Development Processes

There are also some challenges specific to information requirements development processes
identified, including 1) delays in information requirements development process (elicitation and
description and documentation and decomposition activities), ii) lack of process standards
supporting AECO requirements development and management, and iii) lack of agreed and
consistent requirement language

Delays in information requirements development process: The information requirements
should be recognised during early planning phase and then fed into the design phase. However,
the reality on many rail infrastructure projects is that this occurs during the detailed design and
even construction phases.

“...The rail systems are so fragile and sensitive... This industry is always at risk of making
decisions that have side effects and unknown emergent properties and consequences that are
often picked up far too late...” --- Systems Engineer

“The current rail industry is very, kind of, physically focused. The digital twin should be
developed in parallel with physical rail. But it's very difficult to get the focus from the key
stakeholders on the information requirements at the early stages of development...because the
maturity of the industry is actually quite low with regards to the sort of requirements definition
up front to feed into the design. It's very much geared around detailed design.”

--- Digital Engineering Lead
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Lack of process standards supporting information requirements development: The use of
industry standards typically indicates the maturity level of the industry. In rail infrastructure,
there is a lack industrial-wide standards and guidance supporting structured processes and the
management of information requirements throughout the lifecycle of the asset.

“...different projects adopt a digital engineering approach in different levels of maturity...
there is a lack of standards or structured guidance... and consistency across these ap-proaches
is really important...” --- Senior Project Manager

“...people require information at different levels [of detail] in terms of how the systems wide
requirements map with the project requirements and the functional requirements...”
--- Senior Project Manager

Lack of agreed and consistent language describing information requirements: Consistent
requirement language supporting effective and efficient communication and collaboration
among multiple stakeholders of a project was noted as lacking across the sector. The lack of a
common or standard requirement language used across different rail infrastructure projects was
lamented by those engineers with systems backgrounds.

“...there is no common set of requirements that go down...” --- Rail Systems Engineer

5 Analysis and Discussion

To locate the procedural pinpoints of RE identified in the literature and interview surveys, each
challenge was mapped to corresponding phases using an adapted ‘V-model’ of the asset life
cycle with the classic ‘V’ model reflected to represent the development phases of a CPS’s
digital twin, see Figure 1. The lower “V’ reflects the classic systems engineering process of the
CPS, while the mirror reflection of the ‘V’ above represents the DTs modelling and simulation
(Hatakeyama et al., 2018).

Acquire Operate/ Maintain Dispose

Asset life cycle stages
(by TINSW)

LS-IRD-PCO2 & INT-IR-PCO3
Lack of agreed and consistent language describing info. Req.

LS-IRD-PC04 & INT-IR-PCO2
Lack of proces standards supparting info. Req..development

LS-IRD-PCO1 & 03 & INT-IR-PCO1
Delays in info. Req. development process

INT-RE-PC03
Lack of standard process for physical
cyber and Info. Req. validation

Digital Twins Requirements‘

Physical Systems Requirements
= LS-RE-PC03 & INT-RE-PC02

Lack of Req. change management process

Client Reg. Definition Operation & Maintenance

System Definition Validation

System and Sub-system Rgd. Definitio) \ System validation.and acceptance test

LS-RE-PC02 & 04 & INT-RE-PC01
Disconnect in workflows and tool-chains

linking Req. types and levels

System integration and test

i R Subsystem integration and test
LS.RE-PCOL Design Development
Missing stakeholders and lack of
collaborative work amongst the
team during early design phase

Construction Simulation and:Optimisation Unit level inspection and test

Construction & Installation

Configuration Gate 0 Gate1 Gate 2 Gate 3 Gate 4 Gate 5 Gate 6
Management initial requirements initial for ready accept asset
gates (by TAINSW) (need) complete design construction to test assets review

Figure 1. Challenges to RE and information requirements development

127



Challenges specifically related to information requirements development (and relating to ISO
19650 procedures) are mapped onto the reflected “V’. As shown in Figure 1, the development
process of asset information requirements can be delayed and effectively shifts the reflect ‘V’
capturing the digital deliverables procedures to the latter stages of the classic “V’ development
process of the CPS itself. Figure 1 also shows that the majority of challenges are located in the
‘specify’ and ‘design’ stages of the asset life cycle, with their knock-on effects causing impacts
on downstream verification activities. Further, although verification issues identified are
mapped to the ‘integrate’ stage, these process challenges can largely be addressed in the earlier
‘specify’ stage within the PIR and EIR specifications.

A comparison of the challenges reported in the literature with those identified in the interview
survey reflects a number of overlapping issues. However, key differences can also be found.
Process challenges relating to requirements validation processes have not been previously
documented in the literature. Furthermore, the absence of key stakeholders and a lack of
integrated workflows across the different AEO participants in the ‘design’ stage was not
reported as a key challenge by interviewees. These differences will be explored in follow-up
interviews to analyse their significance in rail transport projects.

Information requirements supporting the physical, cyber and digital assets must be shared and
exchanged between multiple disciplines so as to create a common and integrated view of the
targeted deliverables (Wiesner et al., 2017). The implementation of strategic approaches to
asset information lifecycle management demands continuity in RE processes spanning the
‘plan’ and ‘acquire’ phases. However, our findings show that robust procedures and tool-chains
linking RE phases across requirements elicitation and analysis, prioritisation, communication
and negotiation, change management, traceability and validation activities are not well-
supported by a continuous workflow shared by participating AEOs.

6 Conclusion and Future Work

The paper highlights a number of key challenges to RE in rail transport projects, where
continuous workflows and integrated RE tool-chains spanning the asset life cycle impacts on
the development and management of asset information requirements and the effectiveness of
strategic approaches to information lifecycle management. Whilst regulated procedural
methods are addressing the complexity of asset information requirements development and
management, greater levels of maturity will provide greater capability in the verification of
digital deliverables and ultimately supporting the efficacy of DT creation. Existing studies of
rail transport and complex building projects reported in the literature highlight the impediments
to mature methodologies and integrated tool-chains to support RE. The interview findings
presented demonstrate the need for greater levels of requirements interfaces and change
management. Whilst together with ISO 55000 and ISO 19650 provide much needed guidance
to building and civil engineering projects in this area, there remains a lack of implementation-
ready OIR and AIR development and management methods supported by integrated tool-
chains that provide continuity and automation in requirements traceability and change
management workflows across collaborating project team members. Future research will focus
on verifying the findings of this study and examining the prioritisation of challenges identified
in both literature and interview surveys by using a more quantitative approach (e.g., survey
questionnaires).
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Abstract

Green building as one of the lexicons of sustainable construction could be explained as building
in standards that take into consideration the environment and the people within. However, this
innovative way of construction has encountered more challenges in its implementation in the
industry. Despite the established benefits of green building to the environment and its
occupants, the method 1is still underexploited in the industry. Several factors have been
identified as hindrances towards its implementation. Nevertheless, little or no attention has
been given to the inherent psychological root of these stated barriers. Using the Construction
professionals as the unit of analysis, the study explored the attitudes of stakeholders towards
the adoption of green building into the Ghanaian construction industry using a quantitative
approach with a survey questionnaire as the data collecting tool. The study identified that
construction professionals in the Ghanaian construction industry were open-minded towards
the adoption of the green building concept due to its environmental friendliness, resource
efficiency, and cost-effectiveness in the long run. Incorporating the green building concept in
the construction industry is a major concern for both academicians, construction professionals,
and the government. Hence this study should be helpful to decision-makers to understand and
implement policies that suit the attitudes of stakeholders.

Keywords
Attitude, Construction professionals, Ghana, Green building, Stakeholders.

1 Introduction

According to Asamoah and Decardi-Nelson (2014) despite the support and benefits, the
industry gives to the country’s economy and social development, the industry is also
characterized by unprofessional practices. Aside from the inefficient usage of resources, some
activities by the construction industry have been recorded as unsustainable. Activities such as
sand mining, deforestation, water pollution can be tagged as some of the unprofessional
practices by the construction industry hence resulting in resource depletion. These actions by
the construction industry propelled Murota (1996) to state that, the rapid development of
developing countries using the conventional method of construction could quicken global
warming and hence worsening the resources problem. An attempt to solve these characterized
unprofessional practices in the industry consequently promoted the concept of
sustainable/green building. According to Yu et al (2017), the previous researcher in an attempt
to improve the sustainability of the construction industry has offered different approaches
including green innovation of construction methods. According to Erten et al. (2011) green
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building is defined in construction as providing determined standards about subjects including
sustainable land planning, usage of low embedded- energy material, saving water and energy,
indoor quality, presenting healthy and comfortable medium, and control of wastes. In the case
of Ghana, several types of research have been conducted on the adoption of green practices
into the building construction industry. Ghana is noted among the few developing countries
putting effort to achieve major progress in Green Building Technologies (GBTs) adoption and
development (Darko et al., 2017). In an attempt to achieve sustainability, the Ghana Green
Building Council which is mainly responsible for the implementation of GBTs in Ghana was
established in 2009 (GHGBC, 2010). Nonetheless, several challenges have been identified by
the researcher as factors hindering the smooth implementation of sustainability or green
practices in the Ghanaian Construction Industry. Chan et al. (2018) in their study identified 20
critical barriers to the adoption of GBTs in Ghana. The high cost of GBT’s, lack of government
incentives, and the lack of financing schemes were the three major barriers according to the
ranking of the variables. Ametepey (2015) in his study equally included that, the fear of high
investment cost on the implementation of sustainable construction has been well documented.
These challenges despite the existence of green building benefits propagated in the construction
industry hinder its adoption in developing countries. According to Addy et al. (2020), Ghanaian
construction stakeholders struggle to incorporate the green building concept in planning,
designing, and constructing new buildings as well as retrofitting existing structures. Could this
struggle be a result of an inclined perception or belief? Or could it be stated that construction
stakeholders are considered cost minimizers or profit maximisers hence concentrate only on
the initial cost neglecting the life cycle cost of the building which is of more importance?
However, Barros (2010) was of the view that in the real world, building construction
stakeholders might not act as cost minimizers or profit maximisers but just choose acceptable
solutions-satisfiers. This statement, however, contradicts the situation in the Ghanaian
construction industry since the currently acceptable solution satisfier is sustainable/green
building solutions worldwide. Human decision-making and behaviours specifically are
powerfully influenced by context, and particularly subjected to emotions, cognitive biases, and
social influence (Kahneman and Tverty,1979: Thaler and Sunstein, 2008). Nonetheless, the
majority of studies conducted on green buildings are “its challenges and benefits” but very little
attention has been given to the actual attitude of stakeholders to the adoption of the green
building concept. According to Adjen’s (1985) proposed theory, attitude is a major factor that
influences one’s behaviour. Therefore, the study aims at assessing stakeholders’ attitudes
towards green building adoption based on the theory of planned behaviour as these attitudes
contribute greatly to determining stakeholders' behaviours.

2 Literature Review

2.1 Construction Stakeholders

Freeman et al. (2003) defined stakeholders as parties contributing to a decision-making process
and/or being impacted by it. Freeman (2004) also explained stakeholders as a group of
individuals who can be affected and is affected by the achievement of the organization’s
objectives. Moloney (2006) added by suggesting that a person or group that makes a profit
from an organization is a stakeholder. These definitions are however broad but narrowing down
to the construction industry, a stakeholder can be explained as an individual or group whose
activities critically affect the success of a project. As a labour-intensive industry, the
construction industry was noted for its wide range of stakeholders. Stakeholders in the
construction industry are; clients, Project managers, Contractors, Artisans, Subcontractors,
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Suppliers, Architect, and Consultants. Osei (2013) buttresses the statement by classifying this
wide range of stakeholders in the Ghanaian built environment sector into four. According to
the classification, the four range of stakeholders are Users/customers, demand-side operators,
Supply-side operators, and finally the regulators. Several researchers have other classifications
for these stakeholders such as internal/external, outsider/inside, and finally direct/indirect
(Winch and Bonke, 2002; Newcombe, 2003; Smith and Love, 2004). These classifications are
based on the level of input of the various stakeholders involved in the construction project. The
successful performance of the construction project is dependent on these identified
stakeholders. Service suppliers and demand-side stakeholders are most classified as the
internal/inside/direct stakeholders of constructions. Any wrong move by any of these key
stakeholders could be very detrimental to the success of the project.

2.2 Green Building Concept

The paradigm shift from the conventional method of construction to sustainability construction
is a result of the negative influence of construction on the environment, the people within it,
and finance. According to Howe (2011), about 81 million buildings in the United State, a
majority of which, operate on energy inefficiency, generated high amounts of waste in their
construction and overall emits large quantities of pollutants and greenhouse gases. On the other
hand, the green building seeks to correct and improve on all these negative sides of
conventional buildings. The green building concept seeks to incorporate a broad variety of
ideas and best practices (US Green Building Council, 2009). EPA (2013) equally defined
green/sustainable building as the practice of creating and using healthier and more resource-
efficient models of construction, renovation, operation, maintenance, and demolition. This
method of construction focuses on the optimization of resource utilization and increasing
resource efficiency (US Green Building Council, 2009). The Green/sustainable construction
method seeks to incorporate a natural and less harmful means of construction into the industry
taking into consideration the environment, the people within it, and their finance. However,
according to Darko et al. (2018), the definition of a green building varies according to the globe
as it depends on the requirement of national and regional building industry development. Socio-
cultural setup, economy, materials, and technology availability and affordability greatly
influence sustainability building (Singh et al., 2009). Even though the definition of
green/sustainable varies across countries, the fundamental concept of the green building
remains the same. The main objectives of green/sustainable buildings are to ensure the efficient
usage of resources, protecting and improving the productivity of occupants, and reducing the
negative effect of the conventional method of construction on the environment.

2.3 Attitudes of Stakeholders towards Green Building Construction

Blackwell et al. (2006) described the attitude as favourable or unfavourable cognitive
judgments, emotional experiences, or behavioural patterns that are continuously retained by
individuals for certain circumstances or ideas. According to modern psychologists, attitude is
believed to be a type of inherent psychological property comprising cognitive, affective, and
conative tendencies that exhibit acts of consistency and persistence (Gifford, 2007). Attitude
could therefore be explained as the individual’s conviction to undertake something. The theory
of planned behaviour equally explains attitudes as the judgment people make about the
behaviour they dislike and like (Fang et al., 2017). White et al. (2009) added that attitude refers
to an “individual’s overall positive or negative evaluations on the behaviour.”
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In the construction industry, the attitude of stakeholders towards green building adoption is not
very clear as the concept is clouded by uncertainties. The uncertainty of stakeholders towards
the adoption of green building is shown during the initial stages of the project. Sustainable
measures according to Rafindadi et al. (2014) are accompanied by confusion in various ways.
These uncertainties are mostly associated with developing countries. The active delivery
processes of sustainable project planning, design, construction, and operations have recently
been reported to be inherently more dynamic and have more stakeholder interactions than their
conventional counterparts' delivery processes (Lapiski et al., 2006, FIDIC, 2012). In all phases
of the Project Life Cycle (Ward and Chapman, 2008), stakeholders are considered to be a
significant source of uncertainty. Klotz and Horman (2010) added that this is due to the
dynamic systems with which they are mostly unfamiliar within implementing sustainable
projects. According to Ness et al. (2007), two types of uncertainties have been identified such
as stochastic uncertainty which referred to the natural variability of the system while
fundamental uncertainty is the inability to predict due to lack of knowledge about the system.
The uncertain attitude of stakeholders towards the adoption of green buildings could be any of
these two types of uncertainty. These uncertainties have resulted in the fear of high financial
investment. However, the claim of the high cost associated with the implementation of
sustainable technologies and practices according to (Bartlett and Howard, 2000 and Rehm and
Ade, 2003) are a mere illusion per other researchers. This assumption contributes significantly
to the attitude of fear and uncertainty by stakeholders in the adoption of the green building
concept. These uncertain and fearful attitudes of stakeholders can affect their intention towards
the adoption of the green building concept in the construction industry. Attitude based on the
theory of planned behaviour is noted to have a significant influence on the behaviour intention
of people. Could the uncertain attitude of stakeholders towards the adoption of green building
construction be the major hindrance towards its campaign especially in developing countries?

3 Research Methodology

Based on the theory of the Planned behavioural model on attitudes, eight (8) attitudes were
identified as potential attitudes of construction stakeholders towards the adoption of green
building in the Ghanaian construction industry. A quantitative research approach was adopted
for the study with a questionnaire as the main data collection instrument. This tool of data
collection was adopted due to its ease of objectivity (Chan et al., 2018). A pilot study was
conducted with a drafted questionnaire survey where five sustainable researchers were selected
to review the drafted potential attitude of stakeholders. Drafted questionnaires were revised
based on the comments of reviewers. Based on the pilot study, three questions on potential
attitudes were rephrased whiles two other variables were removed. The questionnaire survey
was a closed question with target respondents required to rank the variables on a five-point
Likert scale. The Likert scale ranged from 1 to 5 and represented strongly disagree, disagree,
neutral, agree, and strongly agree. Respondents were further encouraged to outline potential
attitudes that were not stated in the questionnaire.

The population for the study was construction professionals within the built environment in the
Ghanaian construction industry. Due to the difficulty in accessing the sample frame, the study
adopted non-probability sampling techniques which are purposive and snowball sampling
techniques. Selecting a representative sample according to Patton (2001) could be done using
non-probability sampling techniques as it consequently reduces bias associated with this
sampling technique. Wilkins (2001) used this approach in construction management study and
is best used when there is difficulty in selecting a random sample from the population set as
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evidenced in this study. Participants willing to undertake the research study are classified as

the
eith
incl

target respondents. Target respondents for the study were construction professionals with
er practical or research knowledge in green/sustainable buildings. Target respondents
uded Project managers, contractors, quantity surveyors, architects, civil engineers. A total

of 206 responses were gathered at the end of the survey. The respondents were made up of 32
project managers, 47 construction managers, 56 Quantity surveyors, 61 Architect, and 8 Civil
engineers. Based on the responses, 121 of the respondents indicated having experience with
green buildings. Nonetheless, out of the 121, 67 of the respondents indicated research
experience whiles 54 of the responses indicated practical experience.

4

Findings and Discussion

Statistical Package for Social Science (SPSS) V 26 was used to analyse the data set. One
sample t-test, Kendall’s W and mean score were used in the analysis of the data. Based on
this the study could be said to adopt a three-stage data analysis. The first stage of the
analysis was the use of One sample t-test to assess the significance of the potential attitudes
of construction professional stakeholders towards the adoption of green building in the
Ghanaian construction industry. According to Zhao et al. (2012) and Ahadzie (2007). One
sample t-test used in analysing data is adopted in examining the relative significance of the
variables. Each variable standard deviation, mean, and significance value is used to
determine the outcome of the survey. The test value of the population’s mean and
significance value was hypothesized at 3.5 and 95 respectively (Ling, 2002; Ahadzie et al.,
2008; Kissi, 2013). Table 1 indicates the variables above the hypothesized mean and hence
suggesting that all 8 variables were important concerning their attitude towards green
building adoption. Again, it was observed that the standard deviation of the various
variables was less than 1. This indicating little variability and high consistency of target
respondents’ opinions (Field, 2005). In confirming this, Kendall’s coefficient analysis was
conducted to verify the reliability of the five-point Likert scale by measuring the internal
consistency among the various variable. Amongst a set of rankings, an overall agreement
can be ascertained with the aid of Kendall’s coefficient of concordance (Chan et al., 2009).
The Kendall’s W for the study was 0.092, indicating a low degree of agreement amongst
the set of rankings. Again, the p-value of all the variables was less than 0.05 for the two-
tailed test. This shows that the variables are considered statistically significant towards the
adoption of green building in the Ghanaian construction industry.

Table 1. Test Statistics

Test Statistics

N

128

Kendall's W? .092

Chi-Square 82.559

df 7

A

symp. Sig. .000

a.

Kendall's Coefficient of Concordance
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Table 2. One-Sample Test

One-Sample Test

Test Value = 3.5
t Sig. Mean 95% Confidence Interval of
(2- Difference the Difference
tailed)
Lower Upper
I am confident that, adopting green 6.842 .000 437 31 .56
building practices is more convenient
I believe that green building practices 10.42 .000 .621 .50 74
are favorable due to their benefit 7
I appreciate the concept of green 10.02 .000 .626 .50 5
building and adopting it will be more 7
desirable
I think green buildings are more 11.93 .000 .699 .58 81
efficient hence should be adopted 6
I believe the adoption of green 8.611 .000 .553 43 .68
building is better as it is more cost-
effective in the long run.
As a stakeholder, I believe the 12.19 .000 777 .65 .90
adoption of green building is 8
significant to the environment
I like the idea of designing and 11.75 .000 104 .59 .82
constructing a green building 4
The idea of living in a green building 6.791 .000 417 .30 .54
is intriguing

The mean score on the various variable was adopted in ranking the variables in order of
importance and the result was displayed in Table 3. The average weight of the various variable
was given based on this method. As shown in Table 3, all variables had a mean score greater
than 3.5.

Table 3. Mean Score

Mean Std. Std. Error Ranking
Deviation Mean

I think green buildings are more efficient hence 4.20 .841 .059 2nd
should be adopted
I like the idea of designing and constructing a green 4.20 .859 .060 3rd
building
I appreciate the concept of green building and 4.13 .896 .062 4th
adopting it will be more desirable
I believe that green building practices are favorable 4.12 .855 .060 Sth
due to their benefit
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I believe the adoption of green building is better as 4.05 922 .064 6th

it is more cost-effective in the long run.

I am confident that, adopting green building 3.94 916 .064 7th

practices is more convenient

The idea of living in a green building is intriguing 3.92 .882 .061 8th

Several studies have empirically indicated the role of attitude in the predictions of various types
of behaviour (Armitage and Conner 2001; Johnson and Hall 2005; Goh and Sa’adon 2015).
Nonetheless, to ascertain the role of stakeholders’ attitudes in the prediction of their behaviour
towards the adoption of green buildings, the attitude of construction professionals towards the
concept needs to be ascertained.

The first ranked “attitude” according to professionals was “As a construction professional, |
believe the adoption of green buildings is significant to the environment”. According to
Hungerford et al. (1990) in the field of social psychology, studies on the influence of attitudes
on behaviour have shown that educationalists believe that in a behavioural change system if
people obtain relevant knowledge that helps prove the environment, they may gain further
environmental awareness and a positive attitude towards the environment and therefore exhibit
a greater level of pro-environment behaviour. Schultz and Zelezny (2000) also indicated that
“attitudes of environmental concern are rooted in a person’s concept of self and the degree to
which an individual perceives him or herself to be an integral part of the natural environment”.
From the ranking of the attitudes, it is seen that construction professionals perceive themselves
to be an integral part of the environment hence are looking for a good interest in it. This
indicates that construction professionals believe in the environmental benefit of green building
adoption in the Ghanaian construction industry. That is to say, construction professionals have
a feeling of favouritisms for green building as it is more beneficial to the environment. The
second-ranked attitude was, “I think green buildings are more efficient hence should be
adopted”. US Green Building Council (2010) indicates that green building is an outcome in
design philosophy that focuses on the maximum utilization of resources hence increasing the
efficiency of resource utilization. Again, one of the basic objectives of green building as
indicated by NCRE (2010) is the efficient use of energy, water, and other resources.
Construction professionals based on their knowledge of green building was of the view that
they like the idea of adopting green building due to the degree of efficiency. Thirdly,
Construction professionals also indicated that they like the idea of designing and constructing
green buildings in the industry. US Green Building Council (2010) explained green building
as a new concept involving a broad spectrum of a solution to existing construction methods.
The concept is still regarded in the Ghanaian construction industry as its awareness and
knowledge acquisition have not properly diffused into the industry. Anzagira et al. (2019)
added that, although a green building is no longer a novel in developed countries, given the
state of green building practices in SSA, the GBC appears to meet these criteria because it is
relatively new in most developing countries, including Ghana. Based on the newness of the
concept and its broad composition alongside the benefits and comfort to users and the
environment at large, construction professionals are enthused with the idea of designing and
constructing. Fourthly, construction professionals again agreed on the cost efficiency of green
building, especially in the long run. Buildings are responsible for about 48% of total energy
consumption according to US Energy Information Administration and Energy Agency (Singh
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et al., 2009; International Energy Agency, 2010; US Energy Information Administration,
2010). However, Singh et al. (2009) further indicated that incorporating energy efficiency in
the building has the potential of saving 40-50% energy in buildings. These energy savings
contribute tremendously to cost reduction during the usage of the buildings hence leading to
cost efficiency in the long run. Also, construction professionals again indicated that they do
appreciate the concept of green building and finds the concept desirable. The tangible and
intangible benefits of green building practices make the concept desirable. It is however not
surprising that construction professionals based on their knowledge of green building find the
concept favourable and desirable hence should be adopted. All the eight list possible attitudes
of stakeholders towards green buildings adopted were strongly agreed to by respondents.
Construction professionals were of the view that the concept of green building is favourable
and convenient hence are of the idea that the concept should be adopted in the construction
industry. The responses from the respondents indicate that construction stakeholders especially
the professionals have open minds and attitudes towards the adoption of green buildings in the
construction industry.

The positive mindedness of construction professionals towards the adoption of the green
building concept in the Ghanaian construction industry is encouraging. It is stated empirically
that attitudes play major roles in the prediction of various types of behaviour (Armitage and
Conner 2001; Johnson and Hall 2005; Goh and Sa’adon 2015). Nonetheless, despite the
positive attitude of construction professionals towards the adoption of green building, the
adoption of the concept in the Ghanaian construction industry is still at its infant stage.
According to Ajzen and Fishbein (1980), although attitudes could affect a person’s intention
and actual behaviour, the correlation between attitudes and behaviour is often weak. It must
therefore be noted that according to Ajzen and Fishbein (1980) attitude is one of the major
factors that could predict a person's intent or behaviour. Since construction professionals have
a positive attitude towards green buildings, it is recommended that these attitudes be
continuously fed by equipping professionals with the necessary knowledge on green building.
Also, a study should be conducted on the possible social norm in the Ghana Construction
company. This will help ascertain the level of influence these elements have on the prediction
of intention and behaviours.

5 Conclusion

The study reports on the attitude of construction professionals towards the adoption of green
building in the Ghanaian construction industry. These attitudes identified were measured from
the perspective of various construction professionals such as the quantity surveyor, contractor,
project managers, civil engineers, and architects. Findings from the study suggest that
construction professionals have a positive mindset towards the adoption of the green building
concept in the Ghanaian Construction industry. Construction professionals were in support of
the green building concept based on the positive effect it has on the environment, resources,
and cost. The construction professional’s open-mindedness towards the green building concept
is very encouraging and promising. However, could it, therefore, be concluded that the opened
mindedness of construction professionals in the Ghanaian construction industry is not enough
ticket to drive the agender of green building. The construction professionals despite being a
key primary stakeholder are just implementers of clients' “wants” hence can do very little with
their strong-mindedness on the concept.

Based on the findings of this study, a further study into the attitude of the demand-side
operators in the Ghanaian construction industry on the adoption of green buildings should be
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encouraged. In addition to that, further study into the attitudes and perceptions towards
economic incentives and wellbeing drivers should be conducted.

The outcome of this study will help researchers focus on other factors that could be affecting
the behaviour of stakeholders towards the adoption of green building. The attitude being a key
factor in behaviour prediction, this study will enlighten the various environmental protection
agencies to focus their attention on some green policies that are within the practicality of
professionals to implement during construction looking at their attitude towards the
environment.
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Abstract

Essential building information modelling (BIM) skill competency by quantity surveying (QS)
graduates is highly desired by construction industry employers. There is a growing BIM
popularity in New Zealand, QS professional body and practice. However, there remains a
constant BIM learning and teaching gap in academia. The rapid increase in infrastructure
development and construction sector contribution to gross domestic product (GDP) invariably
leads to huge BIM graduate attribute demand. Wellington Institute of Technology (WelTec) in
a bid to improve QS graduate competencies implements BIM learning and teaching. This study
examines the effects of BIM learning and teaching practices on student perception. An
extensive literature review was carried out on different BIM pedagogy. A simulation based
pedagogy was utilised to give students real-life hands-on BIM learning. Survey questionnaire
was administered to QS students to derive impacts on perceived learning. Data was analysed
using descriptive and relative importance index (RII) of examined BIM learning and teaching
variables. The results revealed that introducing BIM to QS students had a positive impact on
their learning in several aspects such as quantification, cost estimation and scheduling. The
result also found that understanding of design drawings was improved including an immense
increase in productivity in carrying out QS task. The implication drives inclusion of more BIM
learning and teaching in relevant QS courses and other construction related courses.

Keywords
Building information modelling (BIM), Quantity Surveying (QS), Students, Cost Planning,
Competencies

1 Introduction

BIM is a coordinated set of processes, supported by technology, that add value through the
sharing of structured information for buildings and infrastructure assets (BIMINNZ, 2019).
“BIM is a digital representation of physical and functional characteristics of a facility. A BIM
is a shared knowledge resource for information about a facility forming a reliable basis for
decisions during its life cycle; defined as existing from earliest conception to demolition. A
basic premise of BIM is a collaboration by different stakeholders at different phases of the life
cycle of a facility to insert, extract, update or modify information in the BIM to support and
reflect the roles of that stakeholder.” (NBIMS, 2019). The fifth dimensional characteristics of
BIM is related to cost. This dimension generates immediate cost budgets and general financial
representation of the BIM model. This dimension of BIM decreases the time required for
quantity take-off and estimation drastically. It also helps in reducing the errors and let the cost
consultant or Quantity surveyor to spend their time efficiently for other value improvement
activities (Karmeedan, 2010). According to Ashar et al (2012), BIM is not only software; it is
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both technology and process. The technology part of BIM helps project stakeholders to
envision what is to be built in a simulated environment to identify any possible design,
construction or operational concerns. The process part helps the stakeholders with close
collaboration and encourages the integration of their respective roles. As opined by Jayasena
and Weddikkara (2012), BIM is an IT solution for integrating software applications and
Information technology tools to design a building in a common platform. This platform will
not be dependent on the software that is to be used. As mentioned by Woo (2006), BIM is a
building design and documentation methodology which allows all the graphical and non-
graphical building information for a construction project to be readily available using a
relational database that store, access and retrieve all the information about building
components.

The usage of building information modelling (BIM) in the New Zealand construction industry
is increasing gradually. According to 2018 BIM in New Zealand report, the use of BIM in cost
estimation in New Zealand will increase from 46% to 54% in 2019. Collaborative working
environment is considered one of the main drivers of BIM adoption by construction
stakeholders (Enegbuma et al., 2014). There is an increasing demand for quantity surveying
professionals with the knowledge of BIM in New Zealand. Quantity Surveyors have a pivotal
role in the cost management services for the construction industry. Wong et al, (2014),
highlighted that QS oversee the cost management for a project right from the inception till the
completion which is from the feasibility study stage to the construction completion and handing
over stage. QS with the knowledge of BIM is an essential requirement for the successful
completion of a project using BIM. According to Stanley and Thurnell (2013), the use of BIM
in New Zealand for quantity surveying practices are not as advanced as internationally,
however, it is evolving. The use of 5D BIM for cost modelling is limited and is restricted to
certain specific features of cost modelling such as quantity measurement take-offs for cost
planning usage. In New Zealand, National BIM Education Working Group (NBEWG) started
in December 2014 through BIM Acceleration Committee (BAC). BAC is a committee which
cooperates with industry and government to coordinate with all the parties to motivate and
accelerate the use of BIM in New Zealand. NBEWG found that there is no room for
implementing BIM into education especially into the diploma programmes due to the lack of
flexibility in the curricula, Puolitaival et al (2017). As part of a 2-year diploma, WelTec is
providing New Zealand Diploma in Construction with strands in Construction and Quantity
Surveying. It will be advisable to introduce BIM in this programme especially the 5D aspect
of BIM which covers the costing and measurement take-offs of the models. Hence, it is vital
to explore what factors influence BIM use by quantity surveying students, impact of BIM on
quantity surveying learning and suitable framework for BIM education for quantity surveying
students. This study aims to examine the influence of BIM on learning for quantity surveying
students of WelTec.

2 BIM and Quantity Surveying

According to Ismail et al. (2016), by applying BIM in cost estimation would probably improve
input data and improve the knowledge of quantity surveyor/estimator. This finally will lead to
producing more reliable cost estimates. Wong et al. (2015), highlighted the changes in the
requirements of clients and the discontentment in the performance of quantity surveyors are
the factors driving the quantity surveyors to pursue advanced effective methods as compared
to the existing methods. Olatunji et al. (2010) mentioned that BIM measurement which links
with the estimate is possible however it will be challenging to filter the data of BIM to adhere
with the standard methods of measurement. Kulasekara et al. (2016) observed that application
of BIM in Quantity Surveying will have numerous benefits for quantity surveyors to offer
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fruitful service in both pre-contract and post-contract phases by the meaning of reducing time,
cost and improving buildability of project. Ali et al. (2016) stated that a framework can be
developed to equip the quantity surveying students with the necessary knowledge and practical
skills required to learn BIM in terms of quantity surveying activities. This has a direct impact
on the BIM learning needs of WelTec quantity surveying students, it is therefore, advisable to
develop a framework to include in the curricula.

Zima (2017) found that the data provided into the BIM model have a significant impact on the
calculated cost of a construction project. The method of modelling and building elements along
with the data contents have a big influence on the BOQ preparation process and subsequently,
it will affect the cost estimation substantially. Olatunji et al. (2010), stated that BIM
measurement represents an approach that could have marked an impact on preconstruction
processes like quantity take-off and cost estimation. McCuen (2008) opined that BIM can be
utilized by estimators for their gain if they have sufficient understanding of BIM from the 5th
dimensional function and quantification automatically by getting more rapid quantities and
estimates. Wu et al. (2014), found that the capability of BIM in automating the measurement
is the key benefit which clearly speeds up the traditional estimating process. BIM provides a
better effective operation solution for quantity surveyors in cost estimating activities with the
ability to associate relevant quantities and cost data to the digital building model which can be
updated whenever there is a change in design. According to the research done by Thurairajah
and Goucher (2013), there is an overall lack of eagerness to use BIM for developing its service
offerings on top of quantification and cost estimate, such as lifecycle cost estimates and carbon
assessments.

3 BIM Pedagogy

Pedagogy is defined as ‘any conscious activity by one person designed to enhance learning in
another' (Mortimore, 1999; Eadie et al., 2016). As BIM proves increasingly useful and the
necessity for the quantity surveying students to have a basic knowledge about BIM in terms of
quantity surveying activities. Pedagogical practices need to be considered in developing the
curriculum of tertiary education in quantity surveying to meet the required competencies for
the fresh graduates. According to Eadie et al. (2016), the construction industry will change as
BIM develops across platforms, cloud, tablet, mobile phone etc, which will, in turn, makes it
challenging for the pedagogical characteristics of BIM. Teaching methods need to be adapted
as per the requirements of the industry. Babatunde et al. (2018), found that quantity surveyors
both in the industry and in the education sector, including students need to progress their
knowledge and skills in BIM and apply BIM into their day-to-day practices. According to
Sabongi (2008), the future of BIM is not that optimistic as the development of new courses and
making it fit in the syllabus will be time-consuming. Kymmell (2008) and Barison et al. (2009),
also arrived at the same conclusion that there are three types of possible obstacles to the
introduction of BIM in the curriculum. They are difficulties in learning and using BIM
software, misunderstanding of BIM process and issues associated with the circumstances of
the academic situation. Promoting resilience in construction management related courses are
critical and Ershadi et al. (2021) explored the application of academic resilience intervention
(ARI) measures namely site visit, guest lectures, internship, role model, self-assessment,
mentoring group discussion, code of conduct, educating concepts, case studies and role playing
in promoting an improvement in the curriculum and student learning experience.

According to Russel et al, (2014), presentations with case studies and subsequent discussions
can enable students to learn and think about real-world scenarios and solutions. Gier (2008)
also found that courses aided with BIM will need teachers to act as coaches and facilitators
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than as guardians of knowledge and wisdom. Education providers or teachers should design
the course activities carefully with the study materials to groom the students with self-
construction of information and knowledge. The learning can be enhanced by collaborative
approaches such as team assignments, knowledge-sharing platforms and web-based platforms
(Shenton et al., 2014). Suwal et al. (2013), highlighted that BIM education should not be limited
to the teaching of how to use BIM application, instead of that it should emphasis in increasing
BIM competencies of the learner with BIM concepts and technologies. According to Wu and
Luo (2015), BIM education is challenging for the construction education sector as it is under
two types of challenges such as it has to meet the educational objectives stipulated by the
qualification and assessment requirements, also it has to meet the professional aim of
developing skilled future workers for the industry. Ershadi et al. (2021) study on building
resilience through teaching practice ranked case study as 4" place and highlighted the
importance of having a good role model in a practitioner for increased student learning and
interest in subjects like BIM-based cost planning.

Traditional learning follows a stand-alone BIM course beneficial for the students to gain
exhaustive experience of the use of BIM. As mentioned by Suhaida et al. (2019), the stand-
alone approach will provide a much better understanding of the quantity surveying students
for taking off quantities and preparing estimates using BIM. Some research proposed that
studying 2D and 3D CAD is not necessary for studying BIM because students will not be
required to use CAD once they understand how to make use of BIM tools (Sacks and Barak,
2010; Russell et al., 2014).

Badiali et al. (1998), opined that Problem-Based Learning (PBL) is a method of learning which
have different types. They typically start with a situation and end with a charge to the group
who is solving the problem. A good PBL is one in which learners can only be successful when
they think, solve the problem, and defend their solution for the problem.

According to Chetan et al. (2018), gamification has not only encouraged learning but has also
obvious to increase the engagement of students with the subject. It also improves the marks in
the examination. It is observed that the formal method of teaching supported with gamification
provides better engagement from students which in turn gives them the opportunity to interact
with the content, of course, to understand it more easily.

Zigmont et al. (2011), presented a strong case for simulation which is linked to life-long
learning achievement through simulation, but the teacher needs to consider the people and their
experiences along with their circumstances. Simulations give an occasion to experience and
makes the learners understand in a better way. This will have an impact on adult learning in a
positive way. BIM learning through simulation will similarly help the learners to understand
the methods and activities in a real-life experience method. Oludele et al (2014), justifies that
by simulating an expert systems technology in a user-friendly manner will provide a good
estimate in lesser time while Luo and Wu (2015), attributed using project-based learning
through simulation as effective in BIM learning.

4 Research Methodology

In order to assess the effect of BIM on learning amongst Quantity Surveying students of
WelTec, a simulation-based class for BIM which will be followed with a survey questionnaire
was developed (Creswell and Creswell, 2018). This questionnaire was be distributed to the
students. The answers to the questionnaire were collected and analysed to assess the impact of
BIM learning among the students. A quantitative approach is selected because the class will be
having 30-40 number of students from combined 1% and 2™ year quantity surveying students.
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The expected response rate was 80%. The data received will be analysed using the relative
importance index (RII) method.

The simulation method will be given so that there will be an opportunity for the quantity
surveying students of WelTec to have a hands-on experience to practice at least one project to
measure the quantities and provide estimation using BIM. This is the part of research in which
the students get a real-life experience of working with a project model on BIM from a quantity
surveying point of view. To apply the simulation familiarity for the students, it is advisable to
invite some industry/academic experts to the WelTec campus (Zigmont et al., 2011; Oludele
etal., 2014; Luo and Wu, 2015). A guest lecture was planned for this purpose conducted in the
computer lab where all the students have access to computers. A BIM expert visited WelTec
campus to give a guest lecture and a detailed simulation experience on BIM for the QS students.
He introduced the software Vico Office, Revit, Navis Works Manage to the students. There
were over 40 students in attendance of the guest lecture.

During the simulation-based class, some building models were analysed by the guest lecture.
Students were allowed to use the model by themselves in their respective computer with each
software introduced by the guest lecture. It was an interesting class for the students as it gave
them an idea about different features of BIM models. To further link learning to practice, the
students were briefed with all the software that was supposed to use in the class and later given
the opportunity to prepare their own quantities. Students generated the bill of quantities. Then
they practised the scheduling feature of BIM by providing start and end date of construction
and then observed the status of the project at different time. During the guest lecture, the
lecturer explained how BIM can be used in post-contract activities like the extension of time
claim, variations, progress payment and final account settlement. The students were
encouraged to try measurement of quantities of the same model by using BIM and as well as
with manual measurement from the 2D drawing. This exercise helped the students in finding
exactly what is the difference that the introduction of BIM making in quantity surveying
activities. This facilitated the students in recognizing the impact of learning of BIM in their
learning.

The survey questions are divided into six sections in which the first five sections are considered
as independent variables and the last section which is named as “BIM competencies” is
considered as a dependent variable section (Creswell and Creswell, 2018). For the dependent
variable section, the questions were developed based on the programme document of WelTec.
This was done to ensure the BIM competencies met established learning outcomes for the QS
programme. Questions inquired into knowledge from simulation-based class about using BIM
effectively in procurement and tendering, if the simulation-based classes helped students in
their learning, improvements in their hands-on experience with BIM models, improvements in
the communication between the parties involved in a construction project and if preparing the
schedule of quantities/bill of quantities is easier with BIM and gives confidence in producing
such document.

Relative index analysis was selected in this study to rank the criteria according to their relative
importance for the variable sections. The formula used to find the relative index is given in Eq.

W RII
= w
Z HxT (1)
where w is the weighting allocated for each student who responded to the questionnaire on a
scale of one to five with one indicating the minimum and five the maximum. H is the highest
weight and T is the total number of the sample. Based on the ranking (R) of relative indices
(RI), the weighted average will be determined. According to Akadiri (2011) and Rooshdi
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(2018), five significant levels are converted from RI values are high (H) (0.8 <RI < 1), high-
medium (H-M) (0.6 <RI < 0.8), medium (M) (0.4 <RI < 0.6), medium-low (M-L) (0.2 <RI
<0.4) and low (L) (0 <RI<0.2).

5 Results and Discussion

Demography

The number of respondents was 43.33% female respondents and 56.67% male respondents.
These distributions are presented in Table 1. This reflects an even distribution among the
respondents. There were different age group students who attended the BIM simulation-based
guest lecture. There were 9 students in the age group of 18-24 age. In the age group 25-34,
there were 12 students and in the age group of 35-44 there were 9 students. The percentage of
both 18-24 age group and 34-44 age group against the total number of respondents were 30%.
But the percentage of 25-34 age group was 40%. This shows an estimate of predominantly
aged 25-34 graduating into the workforce with BIM based costing competencies. Only 4
students out of 30 respondents are working in the construction industry. 13.33% is the
percentage of respondents working in the construction industry. Out of four students working
in the construction industry, no one is using BIM. Thus, the percentage of BIM using
respondent is 0%. This highlights not only the slow rate of BIM adoption but the skill gaps
needing to be filled by academia for graduate competencies. Although, the organisations the
respondents work in contributes to the measure of BIM maturity in the wider New Zealand
construction industry. Out of 30 students, all responded that they are aware of Navisworks,
ArchiCAD and Revit and this resulted from the simulation learning in class. 96.67% of the
respondents prefer simulation-based learning style for learning BIM. One of the respondents
responded as not aware of the preferred learning style for BIM learning. 3.33% of respondents
are not aware of the preferred learning style for BIM learning and this could be attributed to
possible areas to improve in in-class simulation pedagogy.

Table 1. Demographic distribution

Measure Description Percentage
Gender Male 56.67
Female 43.33
18-24 30.00
Age Group 25-34 40.00
35-44 30.00
Working in Industry Yes 13.33
No 86.67
Navisworks 100.00
BIM Software Use ArchiCAD 100.00
Revit 100.00
Lecture 0.00
BIM Learning Pedagogy Simulation 96.67
Unsure 3.33

Relative Importance Index

From the ranking assigned to each question, it was possible to identify the most important
questions or factors in the awareness section shown in Table 2. It was ranked higher for the
question stating that BIM simulation gave awareness to the respondents about using BIM in
quantity surveying activities. The same ranking was evident for the question about BIM
simulation-based lecture provided knowledge on the schedule of project tracking very easily
using BIM. The question with the last ranking was given to the statement which mentioned that
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adequate awareness and knowledge of BIM is essential for the construction industry. The
respondents feel that it is not necessary to have adequate knowledge and awareness of BIM to
have sufficient achievement in the construction industry. Levels of RII for this section were
high for all the questions. These rankings are consistent with the findings of Ismail et al. (2016)
which reported on the need to producing more reliable cost estimates from improve awareness
and knowledge in QS competency.

Table 2. Awareness RII
Awareness Measure RII | Ranking | Levels of RII
BIM awareness in QS post simulation learning 0.900 1 High
Schedule tracking in QS post simulation learning 0.900 1 High
BIM dimension in QS post simulation learning 0.887 2 High
5D cost component in QS post simulation learning 0.880 3 High
Precontract requirement in QS post simulation learning 0.827 4 High
BIM limitation in QS post simulation learning 0.813 5 High

From the learning ranking allocated to each question in Table 3, it became possible to identify
the most important questions or factors in the learning section. It was ranked higher for the
question stating that the respondent is eager to learn more about BIM after attending the
simulation-based class because the respondent is keen on mastering latest technologies. This
result is consistent with the findings of Zigmont et al. (2011) and Oludele et al. (2014) which
found that simulation promotes interest in BIM learning among students. Last ranking question
with least ranking was given to the statement which mentioned that adequate awareness and
knowledge of BIM is essential for the construction industry. The respondents feel that it is not
necessary to have adequate knowledge and awareness of BIM to have sufficient achievement
in the construction industry. These findings are similar to Ershadi et al. (2021) study which
ranked guest lectures as 4™ place and having a high significant impact on resilience for
construction management related course learning outcomes.

Table 3. Learning RII
Learning Measure RII | Ranking | Levels of RII
Eagerness to learn with QS post simulation learning 0.947 1 High
Clarity of drawings with QS post simulation learning 0.940 2 High
Lecturer expertise with QS post simulation learning 0.927 3 High
Active learning with QS post simulation learning 0.920 4 High
Sample BIM models in QS post simulation learning 0.900 5 High
Collaboration with QS post simulation learning 0.887 6 High

According to Table 4, pedagogy choice was ranked higher for the statement which is given that
including a properly structured BIM course in the syllabus will help the respondent in
developing knowledge in BIM which in turn will help the respondent in working with real BIM
projects in future. This was consistent with the findings of Peterson et al (2011) and Woo
(2006) which recommended the need to provide more learning materials and consideration in
assessment task. The statement about the introduction of BIM throughout the existing course
instead of introducing as a new course was received with low points.

Table 4. Pedagogy RII
Pedagogy Measure RII | Ranking | Levels of RII
Structured BIM course with QS post simulation learning 0.960 1 High
Realistic project situations with QS post simulation learning | 0.940 2 High
Workload reduction with QS post simulation learning 0.940 2 High
Hand-on practice with QS post simulation learning 0.907 3 High
Teacher-student contact with QS post simulation learning 0.860 4 High
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Books and references with QS post simulation learning 0.840 5 High
Cooperation with QS post simulation learning 0.840 High
BIM introduction with QS post simulation learning 0.787 6 High-Medium

()]

The statement on BIM enhances better communication between client and designer received
more points and hence ranked first in Table 5. This is consistent with the findings of Zima
(2017) which attributed growth in cost calculation and how layers of cost information can be
shared between project teams. The respondents gave the least points on the statement that the
number of disputes in a construction project can be reduced by introducing BIM as it provides
more transparency in different aspects of construction such as design, schedule, and cost
management.

Table 5. Communication RII

Communication Measure RII | Ranking | Levels of RII
Enhanced communication with QS post simulation learning 0.953 1 High
Client-Contractor communication with QS post simulation learning | 0.920 2 High
Better understanding with QS post simulation learning 0.907 3 High
Eliminating errors with QS post simulation learning 0.907 3 High
Dispute reduction with QS post simulation learning 0.900 4 High

The declaration which states that respondent who uses BIM for measurement found that it saves
a lot of time comparing the manual measurement from drawings that the respondent learned in
the class received more points and ranked first in Table 6. This is consistent with the findings
of McCuen (2008) and Suwal et al. (2013) which found that BIM growth was improved with
increased learning. When asked whether BIM can be to produce elemental
estimate/preliminary estimate quickly, the ranking was lower and hence ranked 6. All the
questions/statements in this section received with high grading for levels of RIL.

Table 6. Skills RIT

Skill Measure RII Ranking | Levels of RII
Time savings with QS post simulation learning 0.960 1 High
Error reduction skill with QS post simulation learning 0.953 2 High
Productivity gains with QS post simulation learning 0.933 3 High
Post contract with QS post simulation learning 0.873 4 High
Ease of SOQ with QS post simulation learning 0.847 5 High
Quick estimates with QS post simulation learning 0.807 6 High

Three measures in the questionnaire received the first rank in RII in Table 7. Majority of the
respondents answered positively on the question asked if BIM simulation assisted them to gain
knowledge in evaluating and presenting feasibility information and preliminary estimated to
clients.

Table 7. Competency RII

Competency Measure RII Ranking | Levels of RII
Knowledge gain with QS post simulation learning 0.933 1 High
QS role with QS post simulation learning 0.933 1 High
Construction activities with QS post simulation learning 0.933 1 High
Tender with QS post simulation learning 0.927 2 High
Resources with QS post simulation learning 0.907 3 High
QS documentation with QS post simulation learning 0.893 4 High
Component pricing with QS post simulation learning 0.880 5 High
Communication with QS post simulation learning 0.880 5 High
Administration with QS post simulation learning 0.853 6 High
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This is consistent with the findings of Puolitaival et al. (2017), Stanley and Thurnell (2013),
McCuen (2008) and Thurairajah and Goucher (2013). Hence, it received with first rank through
RII analysis. Respondents also responded to the statement with higher points that BIM will
improve the quantity surveying role of the respondent as respondent can use their time at work
efficiently by spending for developing value management and other specialized competencies
of a quantity surveyor. Another questionnaire measure which received the highest points was
that BIM implementation will help the construction team to manage programming and
construction activities of a project more realistically.

6 Conclusion and Recommendations

Based on the research, it is evident that quantity surveying students of WelTec observed that
BIM simulation has a positive impact on their learning. As stated by Lee and Hollar (2013),
there will be a massive demand for people who have the necessary BIM skills and expertise for
entry-level employment in the construction industry. It will be advantageous for the WelTec
students to have BIM knowledge and skills with them when they are looking out for jobs after
they complete their studies at WelTec. As the end part of the survey carried out based on the
programme document of the diploma course in quantity surveying at WelTec, it provided an
in-depth analysis of the course’s expected outcome along with the BIM learning. Usage of BIM
is gradually increasing in New Zealand, and it will be of immense benefit if the students are
provided with enough hands-on experience in BIM which will enable them to perform better
in their future jobs. This research revealed that the students prefer simulation-based learning
which will help them in understanding the topics with better clarity. The awareness of BIM for
the students can be improved by improvising the teaching techniques by providing the teachers
with more expertise in BIM and simulation-based teaching. The learning of BIM for the
quantity surveying students’ needs to be enhanced by providing interactive and simulation-
based teaching with expert teachers. The simulation-based BIM classes can be introduced in
the learning with a properly structured curriculum this will enhance the pedagogical
requirement for the quantity surveying diploma course at WelTec. Understanding of BIM can
be utilized in improving the communication between all the parties involved in the construction
project. The overall result of this research confirmed that BIM has a positive impact on learning
among the quantity surveying students. There were some noticeable drawbacks with the
assessment of this research. The main limitation is the small class sizes and the lack of historical
data on the impact of student learning of BIM. Further study with more students and if possible,
with different institutes is suggested for future research.
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Abstract

Inefficient progress monitoring is a major factor triggering time and cost overruns in building
projects. Traditional manual progress monitoring is labourious and error prone. Automated
progress monitoring is achieved by means such as imaging technology, tracking and
positioning devices, machine learning algorithms, building information modelling. Automated
progress monitoring focusses on exterior elements such as columns, beams, and outer walls.
Few studies on automated indoor construction progress monitoring (ICPM) have been
conducted even though the cost share of interior finishes and services is about 40%. Therefore,
this paper intends to explore the technical challenges constraining automated ICPM. Initially,
a systematic literature review was conducted on automated ICPM studies followed by semi-
structured interviews with subject matter experts to corroborate the literature findings. The data
collected were analysed using content analysis. The findings revealed that the technical
challenges for automating ICPM can be divided into three categories, as challenges related to
indoor objects, lighting conditions and data capturing devices. Indoor objects with achromatic
colours constrain feature extraction. Low lighting indoors cause difficulty in detecting objects.
Global positioning systems based data capturing is hindered by blockage of satellite signals
indoors. Recommendations to improve automated ICPM can be built upon the current
technological advancements.

Keywords
Automation, Interior Construction Environment, Indoor Construction Projects, Progress
Monitoring, Technical challenges

1 Introduction

Majority of the building construction projects undergo time and cost overruns. Generally,
construction projects suffer about 20 percent schedule overruns and up to 80 percent budget
overruns (Agarwal et al., 2016). The failure to accurately and efficiently monitor project
progress results in time and cost overruns (Marco et al., 2009). Progress monitoring determines
inconsistencies between as-planned and as-built status (Golparvar-Fard et al., 2011, Mantel and
Meredith, 2003). The traditional methods necessitate data extracted from drawings, site reports
and subjective judgements of different construction personnel. Hence, the traditional
approaches are erroneous, labour intensive, time-consuming, and visually difficult (Yang et al.,
2015, Golparvar-Fard et al., 2015). The adoption of state-of-the-art approaches has accelerated
automation in progress monitoring process while improving accuracy with real time remedial
action implementation (Omar and Nehdi, 2016).
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Automated progress monitoring process encompasses site data collection, information
extraction, as-built and as-planned state comparison and visualisation of the results (Kopsida
et al.,, 2015, Omar and Nehdi, 2016). Among the state-of-the-art as-built data acquisition
techniques, computer vision (CV) based approaches are predominant. CV-based methods
replicate human vision by acquiring, processing, and understanding images obtained from
cameras (Szeliski, 2010). Many platforms use CV to perform low-cost automated measuring
of onsite progress (Ahmadian Fard Fini et al., 2021). The 3D point clouds obtained from laser
scanning is a volumetric data capturing technique (Shahi et al., 2013). Another category of data
acquisition is radio wave-based object tracking identification such as barcodes, radio frequency
identification (RFID), and ultra-wide band (UWB) (El-Omari and Moselhi, 2009, Shahi et al.,
2012). The geo-spatial based technologies, namely global positioning systems (GPS) are also
used to capture position data (Kang and Tesar, 2004, El-Omari and Moselhi, 2011). Progress
monitoring systems mainly employ as-planned 3D building information models (BIM) and the
schedule (4D BIM) with machine learning (ML) algorithms to determine schedule
discrepancies (Braun and Borrmann, 2019, Park et al., 2018). 5D BIM enables both cost and
schedule management (Smith, 2016). Visualising the progress deviations using 3D walk-
through models has been realised by incorporating augmented reality (AR) (Golparvar-Fard et
al., 2011, Roh et al., 2011).

The aforementioned automation approaches have profoundly been focussed on the exterior
construction environment, while the focus on indoor sites has been scarce (Ekanayake et al.,
2021, Deng et al., 2020, Kropp et al., 2018). There are significant differences between the
exterior and interior construction environments. The exterior environment mostly consists of
columns, beams, and outer walls, while the interior comprises of services including electrical
and plumbing, drywalls and finishes (Hamledari and McCabe, 2016, Hamledari et al., 2017).
The scope of interior construction progress monitoring (ICPM) covers the the fit-out,
refurbishment, renovation and retrofitting projects (Ekanayake et al., 2018). Many factors
linked to indoor environments render ICPM challengeable, causing complications in data
collection, algorithmic processing and modelling (Deng et al., 2020, Ekanayake et al., 2021).
Exploring the technical challenges constraining automated ICPM is imperative in determining
future directions to automate onsite progress monitoring as a whole. Although the previous
studies on automated ICPM have discussed about the challenges during the ICPM process,
having an in depth understanding is necessary to device solutions to overcome them. To attain
this aim, initially a systematic literature review on the extant studies of ICPM was conducted
and these literature findings were substantiated through expert opinion interviews.

2 Methodology

The methodology consists of 2 stages. Initial stage was to conduct the systematic literature
review. Since ICPM is an emerging area, the literature findings were corroborated and modified
through expert opinion interviews in the second stage.

2.1 Systematic literature review

The systematic literature review was undertaken in the 3 steps of literature search, literature
selection and data abstraction to collate the studies on automated ICPM and thereby explore
the technical challenges constraining automated ICPM. This technique was adopted from
Antwi-Afari et al. (2019), Zhou et al. (2013) and Snyder (2019). The study used major research
databases and libraries such as Web of Science, Scopus, American Society of Civil Engineers
with peer reviewed articles relevant to this study. Using several research databases to search
articles minimises the bias. A systematic search based on “article title/abstract/keyword” to

153



access previous publications in the area, “automated interior construction progress monitoring”
was conducted. Initially, 45 articles were retrieved. Rayyan (Ouzzani et al., 2016), an online
tool for organising literature was used with EndNote X9. Once the titles and abstracts were
screened, and the duplicates were removed, 31 peer reviewed articles spanning from year 2005
to year 2021 were retrieved for full-text screening. This paper followed a data abstraction
method recommended by Snyder (2019), which provides a systematic guidance on extracting
information from articles of a small sample size. It enables summarising the facts in the form
of descriptive information to organise and understand the common themes among the previous
studies.

2.2 Expert opinion interviews

The experts are consulted through qualitative interviews to capture their opinion and in-depth
understanding on the subject matter (Dawson, 2007). Since automation application in ICPM is
relatively new, the number of experts in the relevant area is limited. The construction
professionals, who have contributed to automated construction progress monitoring research
with their expertise in the areas such as BIM, imaging technology, tracking and positioning
technologies were considered as the subject matter experts. As the data sampling technique,
purposive sampling was selected since it focusses on a small sample which facilitates capturing
respondents appropriate to the study based on the researcher’s own knowledge and opinion. It
also accomadates resource and time constraints (Patton, 2002). Data saturation (Patton, 2002)
was reached without adding any new insights by 5 interviews. These interviews were
conducted as semi structured, because they facilitate gathering information through structured
questions while remaining flexible to discuss any other important information (Berg, 2004).
The profile of the respondents is presented in Table 1. Some of the interview participants were
met in person, while the others were contacted via Zoom due to COVID restrictions.

Table 1. The profile of the respondents

Respondent | Profile description

R1 A structural engineer of 5 years of experience with the expertise in BIM, laser technology and
AR

R2 A civil and computer science engineer with 7 years of experience with the expertise in BIM,
GPS and RFID technologies

R3 A BIM coordinator and robotics consultant at a construction company with 4 years of
experience.

R4 A digital facility modelling expert and a Director at a construction company with 26 years of
experience.

RS Imaging technology expert and a consultant at a construction company with 23 years of
experience

Respondents were inquired based on 2 main questions; what is the extent of automated ICPM
in construction projects; why do they think automated ICPM is challenging technically in the
current setting. They were presented with the tabulated litetaure findings (Table 2) and asked
whether they agree with the findings. They were requested to comment on each and mention
any additional challenges missing from the list. The data collected was analysed using content
analysis since it enables interpreting meaning from qualitative data categorised under the
themes (Denscombe, 2014, Hsieh and Shannon, 2005). The opinions, views and comments
capturd from the interviws were analysed under the 3 main themes indoor objects related,
lighting related and data capturing related challenges.
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3 Findings and Discussion

3.1 Literature findings on technical challenges for automated ICPM

Based on the literature findings, the authors have organised the technical challenges for
automating ICPM into three categories, as challenges related to indoor objects, lighting
conditions and data capturing devices collated from 20 studies. These were referred to as
technical challenges, since the data collection from the as-built scenes and algorithmic
processing to extract information to make inferences are constrained by aforementioned
conditions. Moreover, technical solutions are required to overcome the said challenges
(Ekanayake et al., 2021). These literature findings are presented in Table 2.

Table 2. Literature findings on technical challenges for automated ICPM

Literature Sources

findings
112|3|4(5[{6|7(8/9|10 |11 |12 |13 |14 [ 15 |16 |17 |18 |19 |20

Indoor objects related challenges

Detection of the
region of interest ° °
(ROD) is
constrained by the
presence of
temporary
equipment and
material

Movements of
construction )
personnel create
clutter in images

Feature extraction

of slender objects [ )
and small objects is

challenging

Indoor objects with

less texture and ® ®

achromatic colours
constrain object
classification

Changes in the
interior walls cause L]
capturing

overlapping images

Lighting related challenges

Detecting the ROI
can be hampered by o0
changing indoor
lighting

Missing artificial
lights, back-lights [ °
and shadows
constrain object
detection

Non-uniform
illumination cause L]
ineffective shape
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extraction of indoor
elements

Data capturing devices related challenges

Concrete and steel
enveloped indoor ° )
environments
interrupt GPS
readings

UWRB devices are
less effective as the )
signals are
obstructed by
indoor building
materials

RFID devices can
determine the [ (] ®
presence of objects,
but they are limited
in localisation

Fixed cameras get
hindered by the o
limited field of

view

Continuous
relocation of data (] (]
capturing devices is
exhausting

Unsupervised
device movements )
lead to uncertainties
in capturing
different
perspectives
ofobjects

Point clouds
generated by laser ® °
scanners for
reflective surfaces
such as metallic
pipes can be
incomplete

Detecting
transparent indoor ° )
elements like
glazed doors and
windows, which
cannot reflect laser
beams is
challenging

Inaccurate point
clouds are o
generated due to

occluding indoor
building elements

Sources: I-(Pu and Vosselman, 2007); 2-(Ibrahim et al., 2009); 3-(Bosché, 2010), 4-(Bohn and Teizer, 2010);
5-(Roh et al., 2011); 6-(Golparvar-Fard et al., 2011); 7-(Dai et al., 2012); 8-(Kropp et al., 2012); 9-(Shahi et
al., 2012); 10-(Turkan et al., 2012); 11-(Kropp et al., 2013);12-(Shahi et al., 2013); 13-(Hamledari and
McCabe, 2016); 14-(Ham et al., 2016) 15-(Kropp et al., 2016); 16-(McCabe et al., 2017); 17-(Kropp et al.,
2018);18-(Pucko et al., 2018); 19-(Ibrahim et al., 2019); 20-(Deng et al., 2020)
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These literature findings were then presented to the subject matter experts.
3.2 Findings from the expert opinion interviews
3.2.1 Indoor objects related challenges

Corroborating the literature findings, the interview respondents offered more insights. All the
respondents agreed on including the clutter caused by human involvement under indoor objects
related challenges. RS pointed out that compared to exterior sites, when a renovation of an
occupied building is carried out, in addition to construction personnel, clutter may occur due
to building occupants accidentally entering the renovation site. Drywalls are one of the main
elements in an interior site. As opined by the respondents, the ML algorithms, which rely on
feature extraction fail to detect the state differences in the installed, plastered and painted
drywalls because the colour and surface differences of such indoor elements are not distinctive.
On the other hand, moving of drywall sheets temporally while they are being installed causes
clutter in the enclosed sites disrupting the data collection. All the respondents recommended to
consider the size, shape, texture and colour as inherent properties of indoor materials related
challenges. Providing an example, R1 stated how the detection algorithms mistakenly classify
objects intrinsically slender in shape (i.e steel and timber studs) and the thin plates that may
appear slender from certain viewing angles (i.e step ladders) as framing. Moreover, since the
steel studs are usually grey in colour, its achromatic nature also makes the detection
problematic.

3.2.2 Lighting-related challenges

The consensus of the respondents was that the artificial lights installed in the indoor sites cause
noise on the cameras and laser scanners during data collection. This is especially applicable if
the artificial lights create low lighting environments compared to the exterior of the site which
uses natural lighting. The image capture resolution and point clouds accuracy tend to be higher
in outdoor sites in natural lights. The respondents highlighted image pre-processing for
enhancing the contrast of the images. They also recommended filtering out mixed pixels in
point clouds before detecting the objects. According to R1 and R3, algorithms relying on
extracting features such as edges, corners and texture to detect the objects are affected by the
fluctuations in illumination created by indoor lights.

3.2.3 Data capturing devices related challenges

All the respondents endorsed the fact that unlike their effective use in outdoor sites, position
data capturing devices like RFID and GPS fail due to blockage of satellite signals and radio
waves transmission when the work moves indoors. However, R4 pointed out that the detection
of the indoor objects by these devices in terms of location and presence can still be determined
to a certain extent, without providing a clear picture on the physical progress changes. As
pointed out by the respondents, the static nature of site surveillance cameras can constrain
capturing the desired ROI both in the indoor and outdoor sites. It is more challenging indoors
because the relocation of cameras and the use of drones can cause disturbance to site workers
and create clutter in enclosed environments. The respondents agreed that despite the high cost
of laser scanners, they provide accurate means of data capturing. However, they confirmed the
literature findings on reflective materials and transparent materials creating incomplete point
clouds. According to R4, when capturing a point cloud of an ROI, since the indoor sites are
cluttered than outdoor sites, indoor materials blocking the field of view can create inaccurate
point clouds for registration.
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3.3 Discussion on the findings

As encapsulated from both the literature and interviews, the technical challenges for automated
ICPM can be demonstrated in Figure 1. As discerned from the findings, the use of data
capturing devices in the interior construction sites make up the major share of technical
challenges for automated ICPM. Although every data capturing device category has their own
benefits and limitations, digital cameras seem to be more convenient to handle and collect data
with lesser cost and expertise compared to others.

+ Occlusions in as-built scenes due to temporary equipment and material

+ Cluttered indoor scenes caused by human involvement

« Inherent characteristics of indoor objects constraining feature extraction

+ Changes and movements of interior walls affect the state transformation recognition

A fan

« Artificial lights create low lighting environments

Vighting (A compared to outdoor sites which use natural
Indoor o N\ /< lighting

objects conditions = « Changing lighting conditions related to back-
related related lights, shadows necessitate pre-processing of

= — data
+ Non-uniform illumination patterns constrain

« Satellite signals and radio waves transmission feature extraction

constraints for position data capturing

« Static nature of fixed cameras hinders
particular ROl capturing

* Relocation of data capturing devices is
exhausting and causes disruptions

* Uncertainties in unsupervised data capturing
devices

+ Non-reflecting laser creating incomplete point
clouds off indoor objects

« Difficulty in registration of inaccurate point
clouds occluded by indoor objects

Figure 1. Technical challenges for automated indoor construction progress monitoring
Source: The Authors

All these challenges ultimately lead to difficulties in robust object detection using traditional
ML algorithms, which is a core component of existing automated ICPM approaches built upon
CV technology. Employing CV-based approaches entails using cameras for data capturing and
ML algorithms for image processing and information extraction (Ekanayake et al., 2021).
Figures 2, Figure 3 and Figure 4 illustrate how object detection is constrained by challenges
related to indoor objects, lighting and data capturing devices respectively.

a b

Figure 2. Detection of plastered drywalls by extracting edges is occluded by a step ladder;
a) Original image b) Edge detected image
Source: The Authors
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Figure 3. Detection of ceiling sheets is occluded by artificial lights
a) Original image b) Edge detected image
Source: The Authors

Figure 4. Site surveillance camera failing to capture the ROI causing inaccurate edge
extraction; a) Original image b) Edge detected image

Source: The Authors

As illustrated in Figure 2 and Figure 3, it can be determined that compared to exterior sites, the
inherant characterics of indoor objects and artificial lighting in the indoor sites constrain object
detection through feature extraction by traditional handcrafted ML algorithms. Although
digital cameras are an effective means of capturing data, strategic installation in the indoor sites
is imperative for capturing the ROI. Since these challenges constrain robust object detection,
indoor construction activity recognition which is required to analyse the as-built data of [CPM
is heavily affected.

4 Conclusion and recommendations

It can be concluded from the findings that the inaccuracies of object detection triggered by the
technical challenges is a reason for lack of studies on automated ICPM. The main limitation to
the current study was finding the subject matter experts because automation application in
ICPM is relatively new. Some recommendations can be presented to improve automation level
in ICPM building upon the current technological advancements in the construction automation
context. Instead of using handcrafted ML algorithms for feature extraction, the use of deep
learning based neural networks for object detection is robust, because they automatically learn
features by training data themselves. Since majority of the challenges are related to data
capturing devices, integrating one technology with another using data fusion is recommended.
Integration of several technologies alleviates limitations rather than them being employed
individually. GPS can be integrated with laser scanning to track the position of indoor objects
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while capturing volumetric data on the physical progress changes. It is anticipated that the
advances in CV will contribute to strengthening the research on automated ICPM, overcoming
the technical challenges and automating the construction progress monitoring process as a
whole. This will have a profound implication on reducing cost and schedule discrepancies of
refurbishment and renovation projects in which most of the work is performed indoor.
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Abstract

The complex nature of contemporary construction work is associated with numerous stressors
that not only affect the well-being of the workforce but also their productivity. Employers’
expectations and work demands may exceed the capacity of fresh graduates who aim to
progress their career upon graduation. When this reality is coupled with the lack of support
and adverse conditions in the workplace, young individuals feel under pressure and unable to
cope. Work-related stress has long been discussed in academic literature and resilience as an
essential capacity is introduced as a solution. The future construction industry demands
resilient graduates being equipped with the requisite skills to adapt themselves to the ever-
increasing complexities. Researchers have attempted to conceptualize this concept in their
field of interest. However, further research is still needed to outline its key determinants and
introduce relevant strategies to promote them in the construction sector. In this study, factors
affecting or being affected by resilience are discussed in this context based on the literature.
Besides, suitable instruments for measuring resilience are introduced and academic
interventions for building resilience are discussed based on the literature. Thus, the resilience
toolkit in this study (1) explains the framework of antecedents, predictors, and consequences
of resilience, (2) introduces resilience measures, and (3) argues academic interventions for
improving the resilience of construction management graduates. This toolkit provides
universities with insights on how to measure and plan for promoting the resilience of
graduates during a construction management program. The findings add to the literature on
the topic and open up a new outlook to the study of resilience in the construction
management discipline.

Keywords

Resilience, construction education, construction management graduates.

1 Introduction

Junior practitioners should know how to cope with job difficulties in their early professional
career. If difficulties exceed practitioners’ capacity, they may face stress and anxiety which
affects their productivity. Resilience as a solution to this situation is a well-established
concept in literature (Holdsworth et al., 2018). Resilience is defined as a combination of
strengths interacting dynamically to allow an individual to perform above the norm despite
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existing barriers. There is a common thread in previous research leading to a broad statement
introducing resilience as thriving in the face of adversity (Connor and Davidson, 2003).

The existence of this capacity in construction management graduates facilitates their
adaptation process to overcome adverse conditions in an uncertain construction work
environment (YS Chan et al., 2014). Resilience improves the quality of work and helps
graduates address major challenges in interacting with teammates, managers, representatives
of third parties, and employers (Turner et al., 2018). The main outcome of resilience is
characterized by a pattern of stable personality and functional behaviour despite risks and
adversity. The importance of adaptability to the workplace’s ever-changing landscape in the
construction industry has motivated researchers to examine different factors affecting this
capability. Resilient practitioners can effectively communicate with their teammates to reach
consensus and collaboratively make decisions on best practice solutions (Anjum, 2020).
Fresh graduates that aim to progress their career successfully upon graduation should possess
abilities such as problem-solving, conflict resolution and effective communications.
Inadequate levels of social resilience may diminish their capability. Many other risk factors
may hinder the success of fresh graduates in the workplace that can be properly addressed in
the framework of resilience. Protective factors have been introduced in the literature to
reduce these risk factors by promoting resilience (van Breda, 2018). This study provides a
better understanding of protective and risk factors. Resilience skill is also essential for
students to be prepared for successful completion of their studies and coping with challenges.
Some studies found a declining retention rate in construction management programs. For
example, Sperre (2010) calculated retention rate for a group of students and reported a
declining rate with 82% in the first year, 66% in the second year, 56% in the third year, and
16% in the graduation year. Improving the resilience of students can help them to increase
their awareness on how to manage adversities in their studies as well as their future
professional career. Improved resilience capacity of students may be beneficial in increasing
the retention rate during the construction management program.

2 Literature Review

Former research has examined the effect of resilience and coping mechanisms on the
performance of construction professionals. For example, YS Chan ef al. (2014) investigated
the relationships between cultural values and coping behaviours of construction professionals
in Hong Kong. It was found that interpersonal integration and disciplined work ethos
alleviated emotional discharge and triggers coping skills. They found that work experience
affects stress-coping attributes. However, graduates do not possess considerable work
experience and need to practice authentic work scenarios to be prepared for future careers
(Farquhar et al., 2018).

According to Dray et al. (2017), protective factors include internal drivers that focus on
someone’s personality and external drivers linked to the wider surrounding environment.
Personal resources emphasized the physical, intellectual, and psychological attributes of
individuals. These can be considered as innate characteristics, or learned attributes during
one’s life; while, external or social factors are related to the external environment. These
comprise the community, family, school, university, workplace, etc. Social resilience reflects
the capability of professionals to interact with family, friends, colleagues and other parts of
the community (Turner ef al., 2018). The associated qualities include support seeking, peer
support, social relationships, etc. Internal and external mechanisms interact and influence
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each other to form resilience attributes. They determine practitioners' responses to an adverse
work situation and adjust them to the environment (Holdsworth et al., 2018).

Two kinds of approaches have been introduced by scholars to promote requisite aspects of
resilience; first by taking control of risk factors (Herrero et al., 2018) and second by
enhancing the protective factors (Harms et al., 2017). The main objective of controlling the
risk factors is to prevent psychological disorders and side effects. Thus, the risk reduction
approach emphasizes avoiding negative drivers or taking control of their impact. While the
protective approach focuses on personal and social skills as enablers that a resilient
professional utilizes to adjust to a new environment and take advantage of available resources
for achieving successful outcomes in challenging situations. It has been shown that capacities
that influence the resilience of students or graduands can be enhanced through educational
experiences and engaging in social activities. Positive outcomes can be achieved by
providing relevant protective conditions in a supportive learning environment (Zolkoski et
al., 2016). Thus, universities play a key role in promoting the abilities of graduates to
effectively apply these two approaches. The mission of tertiary education is to develop the
professional capabilities of students to prepare them for their future career.

3 Research Methodology

This study explains the literature review part of a research project on “developing a resilience
toolkit for construction management graduates”. Literature reviews assess the current state of
research on a topic by bringing together relevant ideas, theoretical discussions, and findings
from separate studies (Tarhini et al., 2015, Dikert et al., 2016). The existing knowledge helps
to achieve a better understanding of a phenomenon and its corresponding concepts. The main
databases which were used for retrieving the studies include Scopus, Web of Science,
EBSCOhost, ProQuest, and Google Scholar. Additional backward and forward reference
searching method was applied to retrieve additional relevant articles (Okoli and Schabram,
2010). The results of the literature review on these three areas were discussed and the
theoretical foundation for building a resilience toolkit was suggested. Three rounds of review
were conducted to (1) identify antecedents, predictors, and consequences of resilience, (2)
resilience measures for measuring resilience, and (3) academic interventions for promoting
resilience. In the first round, all factors which may positively or negatively affect the
resilience of students were elicited from the literature. They act as protective and risk factors
towards shaping resilience. In the second round, the potential resilience measures which can
be used for measuring resilience were identified and assessed in terms of their suitability to
be applied in a construction management context. As a result of this process, the most
suitable measures of resilience were introduced to be used. Finally, the academic
interventions for improving resilience were extracted from the literature and suggested to be
used by universities and academic institutes running construction management programs.

4 Findings and Discussion

The resilience toolkit in this study focuses on construction management graduates and
comprises three elements (1) antecedents and consequences of resilience (Figure 1), (2)
suitable measures of resilience for the target cohort of students, and (3) academic
interventions to boost the level of resilience.
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4.1. Antecedents of resilience

Antecedents of resilience refer to the events and pre-existing conditions which may shape the
resilience of individuals. Such conditions can leave positive or negative impacts on people’s
attitudes and behaviour. Conditions that impact resilience may have biological,
psychological, economic, and social causes (Windle, 2011). The antecedents of burnout for
fresh graduates at the workplace would be time pressure, job uncertainties, interpersonal
conflicts, job insecurity, and workload (Turner ef al., 2018). Such antecedents can easily lead
to personal dilemmas if an individual lacks experience in confronting issues and has
insufficient understanding of conflicts of interest situations (Mills et al., 2018). Adverse
situations, changes, and resources (personal and social) are among the antecedents which may
affect the resilience capacities of people. Long-term stressors and strains accumulate over
time and decrease the ability of individuals in dealing with different adversities and
challenges in the workplace. Such conditions can exist as a result of a traumatic event of
special circumstances associated with the environment (Caldeira and Timmins, 2016).
Overall, a key to exploring aspects of resilience in construction management graduates is to
capture prior events and circumstances contributing to their resilience capacities.

4.2. Predictors of resilience

There are both protective factors and risk factors that can predict the resilience skill of
construction management graduates. Protective factors are described as operating to protect
people who are at risk of burnout and stress while risk factors threaten them and limit their
coping abilities (Tusaie and Dyer, 2004, Windle, 2011). Protective factors can be categorized
into personal and social groups; personal attributes range from self-efficacy to empathy and
target the inherent abilities that help individuals to make proper decisions and behave
appropriately in response to stressors (Ershadi et al., 2020). Different researchers have
pointed to several personal skills that are important in tackling stressors and adversities.
Among important personal factors, we can refer to optimism (MacLeod et al., 2016, Ayala
and Manzano, 2018, van Breda, 2018), sense of purpose (Knight, 2007, Rojas, 2015,
MacLeod et al., 2016, Mansfield et al., 2016), Motivation (Martin, 2002, Windle, 2011,
Rojas, 2015, Mansfield et al., 2016), and Mindfulness (McGillivray and Pidgeon, 2015,
Mansfield et al., 2016). Besides, social factors reflect the attributes that link individuals to the
surrounding environment and the important relevant factors comprise family support (Tusaie
et al., 2007, Rojas, 2015, Cheraghi et al., 2017, Chen et al., 2018), peer support (Earvolino-
Ramirez, 2007, Tusaie et al., 2007, Mansfield et al., 2016, Chen et al., 2018), teacher support
(Alonso-Tapia et al., 2013, van Breda, 2018), and social support (Liebenberg et al., 2012,
Pidgeon et al., 2014, Rojas, 2015, Caldeira and Timmins, 2016, MacLeod et al., 2016).

On the other hand, important risk factors that increase the likelihood of negative resilience
outcomes are lack of support, family dysfunction, family conflicts (Rojas, 2015), racial
discrimination, (Zolkoski et al., 2016), depression, and isolation (MacLeod et al., 2016).
More specifically, examples of risk factors in the construction management graduates include
lack of skills in negotiation, insufficient awareness of dispute resolution, inability to deal with
highly charged people, lack of understanding of professional responsibilities, and insufficient
knowledge of construction contracts (Mills ef al., 2018).

4.3. Consequences of resilience

Consequences refer to end-points occurring due to building the resilience skill, which
includes physical/psychological integration, development of personal control, psychological
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adjustment, personal growth, normal behaviour, academic engagement, effective coping,
sense of overcoming adverse situations (Gillespie et al., 2007). From a construction
management perspective, the consequences of promoting resilience in the academic
environment include leadership to drive WHS outcomes, capability to defuse tension between
parties, capability to protect actions by the codes of conduct and professional ethics, the
ability to maintain clear contractual communications, understanding of the responsibilities
and expectations of stakeholders (Mills et al., 2018).

Antecedents > Predictors > Consequences >

Protective Factors
(Motivation,
Recognition, Mentors,
Work-life balance)

v

Positive outcomes
(Confidence,
Expertise)

T >

Negative outcomes
(Stress, Anxiety)

Antecedents (Adversity,
Change, Resources,

Environment, Economic
background, personality)

Consequences
(Understanding, Personal
Control, Personal
Growth, Competence)

Risk Factors (Low
self-esteem, family
disharmony, poor
academic / Job
performance)

\ 4

Figure 1. The framework for building resilience in construction management graduates
(University of Newcastle, 2018)

4.4. Implications of the resilience framework for the construction practitioners

The framework which is presented in Figure 1 summarizes key factors and elements
discussed in the literature. Further adjustments can be made using empirical evidence to adapt
this framework for construction practitioners. Regarding the specification of the construction
work environment, practitioners should be equipped with a high level of resourcefulness,
self-control, tolerance (van Breda, 2018), and cognitive restructuring (Villasana et al., 2017).
The protective and risk factors also influence practitioners’ level of resilience and, thus, need to be
managed effectively. Key considerations to be taken into account for expanding the scope of this
framework to practitioners include work-life balance (Kotera et al., 2020) and peer support (van
Breda, 2018). Another important concern that recently has affected the construction industry
is the COVID pandemic and associated risks. COVID pandemic has imposed extra work
stress on construction practitioners and students due to restrictions, exposure to the virus, and
possible unemployment caused by lockdowns. Resilience capacities can help to improve the
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awareness of individuals and enable them to think about best solutions to control its impacts
on accomplishing job activities. The introduced framework can be further validated and
developed in future research to be adjusted for the construction practitioners. Measures of
resilience and interventions are among major elements to be considered in future
development of this framework. The following sections provide an overview of these
elements and relevant findings from previous studies that should be incorporated in the
development of such frameworks.

4.5. Measures of resilience

Several instruments have been introduced in the literature to measure the resilience skills of
individuals. Each instrument focuses on specific aspects of resilience due to the point of
research focus. Some researchers target school children, a group of them focuses on
practitioners, and some researchers adopt a universal perspective and develop measures for
adults. However, this study considers instruments that focus on university students to identify
which of them are more applicable to the construction management discipline. For example,
Limonero et al. (2014) developed Brief-Resilient Coping Scale (BRCS) for university
students and focused on measuring personal attributes related to 1) creativity, 2) action
control, 3) growth, and 4) replacing losses. McCabe and Hyatt (2017) introduced the concept
of individual resilience (IR) to measure the resilience of construction workers based on a
study in the Canadian construction industry. They considered six items related to 1) staying
focused, 2) dealing with adversities, 3) calmness, 4) problem solving, 5) coping with stress,
6) think clearly. However, the limitation is insufficient attention to social side of resilience.

Another group of studies emphasized social and personal aspects of measuring resilience.
Prince-Embury et al. (2017) targeted 290 undergraduates and took into account support,
tolerance, trust, comfort, optimism, adaptability, self-efficacy, recovery, sensitivity, and
impairment as important components to measure resilience. Harms et al. (2017) measured
resilience protective factors in a group of Australian students by using the Protective Factors
for Resilience Scale (PFRS) which is based on social resources, peers, social resources,
family, and personal resources. In another study, Chisholm-Burns ef al. (2018) developed
Academic Pharmacy Resilience Scale (APRS-16) for 457 American pharmacy students using
a 16-item questionnaire. Gras et al. (2019) adopted a revised version of the Connor-Davidson
Resilience Scale (CD-RISC) and established it for Spanish undergraduate students using 22
questions based on criteria related to both personal and social aspects of resilience.

After examining all the established instruments at the university level, it was found that three
are more suitable to be applied for construction management students due to considering a
comprehensive set of resilience factors and covering both personal and social aspects.
Resilience at University (RAU) is the most suitable measure which has been specifically
developed for measuring resilience in construction management students. This instrument has
been established in a sample of Australian undergraduate students (Turner et al., 2017).
Youth Ecological-Resilience Scale (YERS) is another suitable instrument that encompasses
relevant criteria both in the social and personal aspects of resilience. It was developed for
South African young adults and includes 117 items to undertake a thorough examination of
the resilience level (Van Breda, 2017). The third suitable measure which has been established
in a sample of 435 United Kingdom students is the Academic Resilience Scale (ARS30) that
focuses on reflecting and adaptive help-seeking, perseverance, and negative affect and
emotional response (Cassidy, 2015). Thus, RAU, YERS, and ARS30 are more suitable to be
used for measuring resilience in construction management graduates.
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4.6. Resilience interventions

Regarding the importance of resilience, several resilience-building programs such as Bounce
Back, Mind Matters, and Seasons for Growth and Literature for Life have been introduced
(Ershadi et al., 2021). To design interventions, researchers seek more effective strategies that
address important aspects of resilience. Intervention strategies that are commonly used by
universities for promoting resilience in the construction management program can be
categorized into two personal-oriented and group-oriented groups. The personal-oriented
interventions target personal aspects of resilience through a variety of strategies.

As one of the basic interventions, academic institutions educate theoretical concepts of
resilience to enhance the awareness of students (Herrero et al., 2018). It is important to
incorporate the code of conduct, workplace regulations, and ethics to improve their
understanding (Mills et al., 2018). Universities can play a prominent role by providing
students with resilience self-assessment tools to help them plan for improvement (MacLeod
et al., 2016). Mentors can support this process by giving guidance to students and sharing life
experiences (Farquhar et al., 2018). Teachers should incorporate case studies to enhance the
understanding of students on real-world scenarios in practice (Cheraghi et al., 2017).

Group-oriented interventions focus on the interaction between students and their peers to
encourage an interactive work environment in which students can share their experiences and
support each other. For example, group discussions with peers help students to develop their
social resilience capacities (Farquhar ef al., 2018). Promoting this aspect of intervention also
requires close collaboration of academics and practitioners in the education of construction
management students. Guest lectures by industry experts can improve the awareness of
students to understand job challenges (Turner et al., 2018). Industry experts can also act as
role models for students (Beddoe et al., 2013). Group site visits pose a source of information
that students may not obtain as a result of theoretical education. This intervention provides an
opportunity for students to discuss their concerns with practitioners and make a better sense
of the construction work (Eiris Pereira and Gheisari, 2019). More importantly, internships in
construction projects enable students to build their professional network and get early
industry experience (Anjum, 2020).

5 Conclusion

Currently, there is little content contained within the construction management discipline that
refer to graduate resilience skills. The present research shed light on resilience attributes, its
measures, and the interventions to boost the resilience of the students who aim to commence
their professional careers upon graduation from university. This study improved the
understanding of the antecedents, predictors, and consequences of resilience from the
perspective of the construction management discipline. Identifying these factors contributes
to designing more effective curricula for construction management programs by
incorporating all elements and practices that are necessary for boosting coping skills of
students. It can be concluded that resilience skills enable students to promote protective
factors and minimize the impact of risk factors. In the light of resilience, core competencies
such as problem-solving, coping capacities, professional identity, resourcefulness, and
adaptable leadership can be nurtured in construction management students. Such skills not
only are essential for completion of the university studies, but also help them in their
professional career in the physically and mentally demanding work environment of
construction projects.
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These three parts form elements of a resilience toolkit that improves the understanding of
aspects of resilience and their development by leveraging academic interventions.
Considering the complexity and multi-disciplinary nature of the construction industry,
construction management students need to gain insight into risks and uncertainties in the
workplace and also should develop technical knowledge of the relevant engineering
principles. Universities are expected to equip such students with the essential skills to cope
with job challenges and adversities. Notwithstanding the theoretical concepts which were
discussed in this research, more studies still are required to design resilience-building
curricula in the CM discipline.

Further research needs to be carried out to introduce effective interventions targeting both
personal-oriented and group-oriented aspects of resilience. The application and effectiveness
of advanced educational tools in promoting the coping skills of CM graduates needs more
elaborations. The authors recommend that the following topics be considered for examining
the aspects of resilience skills in the construction management discipline: (1) examining how
resilience skills enable students to cope with COVID-related adversities, (2) exploring
academic strategies that would help construction management students to improve their
coping skills and be equipped with the essential skills for effective control of work stress in
their future professional career, (3) introducing potential interventions to be used for
promoting psychological resilience of students, and (4) developing a comprehensive cause-
and-effect model of resilience skills.
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Abstract

This paper builds from a literature review on environmental psychology and neuroscience and
discusses initial observations through reflective practice methods on the impact of pandemics
on workplaces, in the UK and Australia. Working from home is now legitimate and new
challenges and opportunities emerge. In the face of smart office innovation, automation and
artificial intelligence, the human skill of managing emotions is more important than ever.
Emotional intelligence remains the key skill that companies demand. It is the skill that is most
likely to get you your job and the one skill that is most likely to cause you to lose your job. The
pandemic has made it clear just how important human qualities are in modern-day
organisations. Whilst mobile technologies have got us up and running from home, we know all
too well that there’s something missing. As the days turn to weeks and months, a feeling of
‘emotional drift’ sets in — and with it a loss of motivation and staff engagement organisations
are in need to emotionally protect their number one asset, their people and with that their ethos.
The paper comprises of three sections: (1) instrumentality: the unsustainable home worker, (2)
aesthetic: well-being and (3) symbolic: culture and identity.

Keywords: Interior Architecture, Emotional Intelligence, Motivation, Organisational Culture

1 Introduction

There’s something missing in our home offices - and it’s more than just the stapler. We’ve
lost our ‘emotional intelligence’. The technology was supposed to get us connected - but
somehow, we’ve never felt more disconnected. This pandemic is crippling our emotional
competence.

We’ve all become too aware that digital communication is left wanting when it comes to
handling our own emotions and those of others. This paper aims to explain how even the
emotionally compromised home environment does not have to set us completely adrift. And
it’s not technology that can fill the void (Finch and Aranda-Mena, 2019).

Of course, the whitewashing has already begun. The normalcy bias has kicked in. Forecasters
of property markets are busy predicting future trends based on historic data or rather the non-
existing historical data as the last pandemic of this magnitude was the Spanish flu a century
ago (1919) and the world was a very different place then. Downside blip carried into 2021
with a similar upsurge since the start of the lockdown - live streamed through a comfortably
remote virtual conference and initially discussed by Boucher (2020). Is this a forecast or just
wishful thinking? History struggles to make sense of this pandemic. It’s time to abandon the
comfort zone and look at the structural changes that the pandemic has brought about. Now we
are asking ‘existential’ questions about the future of the office?
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This paper examines ‘emotionally intelligent home workspace’ pointing out how the recent
Covid 19 pandemic defies traditional forecasting. The audience has changed. No longer is the
message being conveyed to professionals such as architects, interior designers, facility
managers or property professionals. Instead, the message is for all of us that have become
domestic workplace designers.

The pre-pandemic message from Finch and Aranda-Mena (2019) is as relevant today as ever.
In the face of automation and artificial intelligence, the human skill of managing emotions is
more important than ever. Emotional intelligence remains the key skill that companies
demand. It is the skill that is most likely to get you your job and the one skill that is most
likely to cause you to lose your job (Yahoo, 2019). The pandemic has made it clear just how
important human qualities are in modern-day organisations (Aranda-Mena, 2020). Whilst
mobile technologies have got us up and running from home, a feeling of ‘emotional drift’ sets
in - and with the challenge to motivate ourselves, to consciously or subconsciously self-
actualise in our hierarchy of needs (Maslow, 1943).

In the following sections we discuss how the workplace environment might do more to
organisations other than providing square meters for daily staff occupation. Workspaces are
more than square meters of property space, they do become work environments that enable us
to thrive at work and in life but if not well understood or managed, they can debilitate us,
whether an office, a home office or a coworking space. Four selected scenarios are here
described tapping into Schon’s (1992) method as reflective practice; how professionals think
in action and qualitative-interpretativism as the approach:

e The unsustainable home worker: The home office is much more than just a tool, a
place beyond the pragmatics of actioning work tasks and activities. How a focus on
output and task creates an unsustainable working model has never been properly
addressed but it is known that the work-life goes beyond work activities and the
premise here is that home is not a substitute for the workplace in the wider sense.
Questions organisations should be asking is on how to address the ‘emotional
intelligence’ when staff work from home and domestic environments for an extended
period of time?

e Being in the present: Another key emerging question relates to how the home
workspace can enhance our capacity to be aware of, control, and express our own
emotions and that includes the blurred line of home and workplace environments.
Examining our sensory and aesthetic surroundings is not just about decoration. The
aesthetics of our physical surroundings puts us in touch with ourselves i.e. our office
creeping into our homes and our post-covid offices looking more like our home
lounge?

e Connecting with the past: How the home workspace can enhance our capacity to
handle interpersonal relationships judiciously and empathetically. Organisational
belonging, relationships and meaning can be expressed as symbols. When our only
contact with our organisation is in our domestic ‘goldfish bowl’. The use of symbols
such as the wall with our trophies and awards, the wall with photos of colleagues
celebrating completed projects or success histories that create a coherent narrative is
invaluable in forming the organisational ethos, culture and identity. The pandemic
presented a golden opportunity for organisations and Facilities Managers to get rid of
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such objects and spaces, at the risk of never recovering the actual organisational
culture.

e The unsustainable home worker: This pandemic may have prompted professionals
to hurriedly create home workspaces. There is an abundance of ‘“Top 10 Tips’ about
finding the right space, lighting, greenery, hardware and ergonomics. By the way, you
might even look into ‘adding some little things’ or personal touches (Rattner, 2019).
But far from being ‘little things’, these seemingly insignificant changes will dictate
whether you will thrive in your home working environment. In the next section, we
consider how our ‘emotional intelligence’ can be undermined by remote working. It
also suggests that creating the right office can get us in touch with our own authentic
selves.

2 Enfeebling your emotional intelligence

The casualty of remote working is emotional intelligence - that precious skill that appears top
of employers’ recruitment profiles. It’s also the skill that will determine whether you keep
your job or not (a better predictor than IQ). Technology may get your IQ connected - but not
your emotional intelligence. A recent report by a prominent research institute (Ralph et al.,
2020) suggested that:

“Emotional Intelligence (EI) — the essential skillset for the age of Al, EI will be a must-have
skill in the future, with demand likely to rise six-fold within the next five years.”

So, what exactly is emotional intelligence? It’s an idea that was first formulated by the
academics Salovey and Mayer from Yale university back in 1990 and was popularised by the
journalist Goleman. It describes:

“The ability to engage in sophisticated information processing about one’s own and others’
emotions and the ability to use this information as a guide to thinking and behaviour”
(Weick, 1979).

Latterly, the term has been hijacked by ‘positive thinkers’ (i.e. the positivist school of
thought) who advocate a state of happiness by simply choosing to be happy. But emotional
intelligence is entirely different, as Mayer pointed out:

“Emotional intelligence, however, is not agreeableness. It is not optimism. It is not
happiness. It is not calmness. It is not motivation. Such qualities, although important, have
little to do with intelligence, little to do with emotions, and nearly nothing to do with actual
emotional intelligence.” (Mayer, 2009)

What effect does homeworking have on our emotional intelligence? Similarly, what effect
does enforced home-schooling have on the emotional intelligence of a generation preparing
for a workplace that craves these skills?

Working from home can affect our emotional intelligence. In this paper, we highlight the
limitations of technology and the ‘instrumental’ home office. The frustrations of working
from home invariably arise from simply thinking of our workspace as a tool.

“[tool] something that serves as a means to an end, an instrument by which something is
effected or accomplished.” Merriam-Webster Dictionary (accessed 2020).

This technological view of our workspace undermines our efforts to understand our own
emotions and those of others. Whilst our thoughts become preoccupied with productivity and
efficiency, we leave little space for understanding our emotions and those of others and
eventually with a high monetary/dollar cost to the business (Stokols, 1990; Brand, 1995).
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Figure 1. The aesthetic home-office: as split vision metaphor (Source: Aranda-Mena)

2.1 Is homeworking the way ahead?

Perhaps homeworking is the way ahead? The coronavirus outbreak has caused some business
commentators to suggest that homeworking will become the work style of choice:

“Remote work is here to stay. The coronavirus crisis is making companies and employees
increasingly more comfortable about working from home or out of the office.” (Lazarow
2020).

But despite the prospect of reduced real estate costs and access to a wider flexible
employment pool, many organisations have resisted homeworking as the default. It’s
surprising that it’s the giant tech companies that have avoided homeworking. Back in 2013,
the CEO of Yahoo banned employees from working remotely. A memo from the human
resources chief indicated that “fo become the absolute best place to work, communication
and collaboration will be important, so we need to be working side-by-side. That is why it is
critical that we are all present in our offices.” The memo went on to argue “Some of the best
decisions and insights come from hallway and cafeteria discussions, meeting new people, and
impromptu team meetings... speed and quality are often sacrificed when we work from
home.” (Yahoo, 2019).

Yahoo’s knee-jerk attempt to get people back to the office backfired. More than one-third of
their staff left within a year. But many other tech companies such as Google and Apple
continue to rely on an office-based culture. As recently as 2017 IBM sought to move 2,000
employees back to the office - despite the fact that 40% of their 40,000 employees did not
have an office at the time. In a statement, it was said that “in many fields, such as software
development and digital marketing, the nature of work is changing, which requires new ways
of working” (IBM, 2017).

Emotional intelligence is a vital resource, yet homeworking technology often fails to capture
this elusive quality. Companies have been haemorrhaging trust, loyalty and commitment.
Despite the outward language of agility, process and efficiency- it’s the inward language of
emotional intelligence that is driving the corporate office.

3 Remote working - it’s what we do

It seems that ‘necessity is the mother of invention.” Living in a country that is almost the
same landmass as the US, with a population that is less than 10% its size - has made
Australians all-too-familiar with the challenge of remote working and remote education.
While E.M. Forster (2011) was speculating about videoconferencing in 1909, the state of
Victoria in Australia was busy developing its first distance learning correspondence program.
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The unique challenge of an extensive landmass and a dispersed population made remote
working and distance education part of their culture’s DNA. By 1931, 1.5% of all Australian
children were taught using a correspondence course.

‘technology has been intertwined through Australia’s history of distance education,
impacting on today’s developments in education and all educational sectors’ (Stacey, 2005).

|

Figure 2 Australian early pioneers of distance education (Source: School of the Air, Broken Hill).

By 1951, teachers routinely conducted classes with students in rural Australia using two-way
wireless equipment. Correspondence was reliant on the postal system and the teachers
themselves depended on a correspondence qualification. Instead of Internet electronic
packets, many distance educated students had grown up with physical packets at the doorstep.
One of the reasons why audio communication proved so successful is the capacity of voice to
communicate emotion as well as fact (illustrated in Figure 2). A recent study at Yale
University (2017) found that it’s easier for people to comprehend emotions from a voice
alone than when watching a video. “Listeners tend to be more accurate at gauging speakers’
emotions during a voice-only interaction.” We often think of video communication as being
rich in portraying body language and facial expressions. But it appears that it is precisely
because we can be more deceptive about how we appear on screen; we have learnt to mislead
our viewers. Doing the same with our voice is much more difficult because controlling vocals
is much harder. So perhaps less is more in the instrumental homeworking office? Whilst
emotional intelligence is often disregarded in the ‘instrumental’ office, it doesn’t have to be
that way. In the next heading, we look at the ‘aesthetic’ and ‘symbolic’ world of workplace
environments.

4 Being in the present: the aesthetic home office

So, what are the features of the modern-day ‘growlery’? The book ‘Creating emotionally
intelligent workspace’ (Finch and Aranda-Mena, 2019) identifies three key facets of office
space following a study by Rafaeli and Vilnai-Yavetz (2004): Instrumental + Aesthetic +
Symbolic. The aesthetic qualities of any space are often seen as inessential — peripheral- nice
to have but not important. But current scientific thinking shows that our environment has a
significant influence on our emotional awareness, wellbeing and productivity.

Mood: Aesthetics and emotion influence our here and now. They impact our sensory system,
without the intervention of cognitive processing. We feel things with our ‘heart and not our
mind’. One type of affect that is particularly important in our home office is mood. Unlike
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emotion, mood is more generalised and is not tied to any trigger or event. Mood is that
feeling that can last for minutes, hours or even days. Our environment can amplify or change
our state of mind. As we walk around an art exhibition, we experience different emotions as
we interact with exhibits. But when it comes to restaurants, we refer instead to the ambience
or mood. The same could be said about home offices where mood is the most important
effect, having lasting effects on our state of mind.

Mood and emotion are best understood from the point of view of evolutionary psychology.
We like to think we can upgrade our printer, our computer or even our lighting system in the
office. But when it comes to our own human ‘make up’ changes are not so easily made. In
fact, we are hardwired in a way that reflects our human ancestry. Evolutionary psychologists
argue that our modern-day behaviours, emotion and thinking reflect our ancestral
environment where our forefathers survived. For a large part of human evolution, humans
survived in the savannah grassland. As a result, humans acquired shorthand psychological
adaptations to solve recurrent problems. These adaptations included the ability to infer others'
emotions, discern kin from non-kin, and identify healthy mates. When designing our own
home office, evolutionary psychology provides a key insight as to why some working
environments are more attractive, more stimulating and less threatening than others.

The bespoke office: What are the design issues we should be thinking about in our home
office? We have one thing working in our favour if we are freed from the constraints of the
work office. We can arrange things so that they fit with our own temperament and mood. No
more compromises with shared space. Everything from lighting, seating position, temperature
and decoration are all under your own control. No interference from the workplace police.
Below are listed 5 key areas that you might consider (all of which are now the subject of
scientific research).

Naturalness: Often referred to as biophilia or ‘love of life or living systems’. The social
psychologist Eric Fromm used it to describe a psychological orientation towards all that is
alive and vital. Research in biophilia suggests that a level of visual complexity derived from
naturalness can significantly improve our ability to concentrate and maintain attention
Fitzgerald and Danner (2012).

Restoration: Art Restoration Theory (ART) (Kaplan et al. 1993) suggests that mental fatigue
and concentration can be improved by time spent in or simply looking at nature. ART is
intimately linked with biophilia. The ability to see clouds passing by, hear trees rustling in the
garden or any other ‘soft fascination’ provides a restorative influence in the home office.
Colour: Choice of colour room colour is something that occupies the mind of most home
office designers. It seems that different colours have different effects (Bucksteg, 2016).
Light: Traditionally, lighting designers have focused on the amount of light falling on the
horizontal or vertical plane in order to accomplish tasks (task illuminance). Today, designers
are showing a greater interest in the relationships between light-based emotions and
behaviours, and the psychophysical responses to lit environments (Tomassoni 2016). Recent
attempts to design dynamic lighting at work (van Bommel 2006) may provide some hope for
those seeking to reproduce the natural activation and relaxation of natural light in the home
office.

Artwork: Many organisations use artwork in the reception area and in meeting rooms. But
rarely do they use it in the main office area. This is surprising because of its ability to reduce
stress and increase morale. In a holistic UK study (Thomas, 2011) involving 350 workplaces,
it was found that 70% of the workplaces had no artwork installed and 95% of people could
not see a piece of artwork from their workstation. In the same study the colour of the walls,
air temperature, air movement were changed as was the introduction of artwork. Artwork was
found to be the most significant predictor of alertness and satisfaction. Having the ability to
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look at something other than their work was seen as important to overcoming their afternoon
slump.

5 Connecting with the past: the symbolic home office

Perhaps we separate being and doing according to rooms in the house. Outside of the office,
we are congenial, open and empathetic. In the office itself, we just want to be left alone. That
is the maxim of the instrumental office. But a home office should provide space for being too.
After all, isn’t thinking and reflection just as important? We might call this daydreaming - but
this is a little unfair. With the evolution of Al and automation, it’s our unique human ability
to cogitate that remains unchallenged. I hear you say “I do most of my reflection when I'm
walking the dog” - but the home office can also provide a suitable environment.

Before the 20th-century, the home office was also a place where we could confront and
understand our own emotional state. In Dickens’ book ‘Bleak House’, Mr Jarndyce always
retreated to the growlery whenever he felt the ‘East wind’. It’s defined as: “A place of refuge
or retreat when one is out of sorts or in ill humour” (Collins Dictionary accessed 2020).

Even the U.K.’s national newspaper The Times advocated the use of a growlery - during the
Covid-19 lockdown period (Davies 2020). And of course, we don’t just need the home office
when we are ‘out of sorts’. We also need the growlery to nurture positive emotions, perhaps
we would call this self-actualisation or self-development if referring to Maslow’s
motivational theory represented in figure 3 (Maslow, 1943).
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Figure 2. Adapted from Maslow’s hierarchy of needs (1943) (Source: Aranda-Mena)
What is a symbol?

As well as providing the functional requirements, our home office also has the potential to

speak to us; to speak to those seeing us through the aperture of a webcam; and speak to those
that inhabit the blurred boundaries of our home. In normal circumstances, we can use

gestures, non-verbal intonations and expressions to ‘speak’ to others. But we can also use our
office environment to do exactly this through symbolic communication. The office itself and
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the objects and spaces within can possess symbolic meaning. In Edmund Spenser’s poem of
1590, a symbol is described as:

“something which stands for something else" from Edmund Spenser (1590)

That something else can be an object, idea or relationship. When we think of the office as an
idea or relationship -rather than just an object or space - we start to understand the full
potential of symbolic communication. We also unravel the conflicts that inevitably arise in a
shared home environment. For many homeworkers, the home office is not dedicated, but
instead is a multipurpose, transient space with fuzzy boundaries. Symbolism rather than
Cartesian geometry is required to convey territory and space.

When we open up our home office to others through the use of web cams, a microphone or
even an open door, people become more than observers. They become Interpreters of the
physical environment rather than just participants in an exchange. The perceived office
conveys many intended and unintended meanings. For example, when a home worker
displays a well-stocked bookshelf as a background in a web conference, they might intend to
convey the idea of being erudite, cultured or scholarly. For the remote observer, they may
feel that the bookish display suggests insecurity, pretension or even deceit.

Sensemaking

Closely related to the idea of symbolism is the term sense-making. Its definition reminds us
that any symbol relies on two things 1) memory and 2) some form of emotional attachment.
"the ongoing retrospective development of plausible images that rationalize what people are
doing"”. As we design our home office, as it evolves, as we create a history within it - these
images together form a coherent set of images that enable us to make sense of our work and
our organisation. The idea of sensemaking was originally conceived by Weick (1979) in the
1970s who sought a change in traditional organisational theory away from decision-making
to ‘how meaning drives organising’. Despite its widespread adoption in management
publications, scant research has been applied to the role of the physical environment in
sensemaking. This stems from the common belief that sensemaking is a purely cognitive
process. Contrary to this ‘purely cognitive’ approach, other authors have argued that
‘materiality’ and the physical environment are pivotal in creating a coherent narrative about
ourselves, our work and our organisation. In other words, sensemaking should not
marginalise environment-behaviour as a sense making mechanism. The office itself can
change that way that we see things.

Bakke, Bean and Tamara refer to the “emergent trend in organisation studies that recognises
and emphasises the materiality and corporeality of organisations and societies, which can be
understood as thinking, working, and collaborating bodies within buildings, among
technologies and art, together with a myriad of other artefacts, which all are interwoven in an
equally complex material society.” (Bakke, et al. 2006).

It’s been observed that “senses ‘make sense’. That is, they co-constitute and shape feelings,
thinking, meaning and action as well as the culture of organisations.” Kiipers (2013). Much
the same could be said of artefacts as symbols in the workplace. It seems that our office tells
a story - one that is deeply embedded and influential in our daily routines and our wider
understanding.

Symbols in the home office

The impromptu nature of the home office during the Covid 19 pandemic illustrates how the
office needs to be understood in symbolic terms:

“This is working from home, unexpectedly, during an unprecedented crisis. The normal
benefits of working from home do not apply. Rather than working in a remote office or well-
appointed home office, some people are working in impromptu in bedrooms, at kitchen tables
and on sofas while partners, children, siblings, parents, roommates, and pets distract them.
Others are spending all day alone in a studio or one-bedroom apartment.” (Ralph, 2020).
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But how does my home office communicate meaning to myself and others? Symbols play a
key part in creating and evolving a workspace at home. Sometimes the meanings are intended
or unintended. Knowing the secrets of symbology can really make a difference. Issues to
consider include:

How do we use space to define territory? How do we use space to enable transition?

How do we become attached to space and express ourselves? In the remaining parts, we
explore practical issues surrounding 1) territory; 2) transitions and 3) place attachment.
Territoriality

Many people do not have the luxury of a discrete home office. Some form of distance is
necessary to establish a separation between home and work. In a shared environment, work-
family conflicts are inevitable. In order to be successful with teleworking, a remote worker
needs to establish clear boundaries. Some observers (Golden, 2006) have recommended using
barriers to establish a distance between family and work affairs. This process of appropriation
(land grabbing!) is described by some as an orderly process:

“During the appropriation process, an individual adds his or her own ideas and symbols to a
space. During the control process, worker behaviour with respect to the use of the space is
laid out and defined by the teleworker. The other members of the household understand this
and follow certain rules to respect the space.” (Solis, 2016).

This process invariably involves conflict. If people fail to respect the elements that enable the
representation of space (symbols), the remote worker will always experience difficulties.
Establishing boundaries between work and family life is requisite for successful
homeworking (Hill et al. 2003).

Liminal space

Goffman (1959) suggested that people manage their individual identity according to whether
they are in a ‘public’ or ‘private’ space. In just the same way that actors perform ‘front stage’
or ‘backstage’ people in the home office do likewise. They manage how they present
themselves according to the audience in front of them, whether it be their clients, work
colleagues, children or spouses. In front-stage regions (front of house) people adhere to
certain scripts - they are required to regulate their emotions during interactions with
customers, co-workers and superiors. In a videoconferencing context, this emotional control
may be difficult to adhere to - with viewers often seen as interlopers on a domestic scene. The
term ‘emotional labour’ was used to describe this ‘public face’ by Hochschild (2012). In
contrast, backstage regions (e.g. the kitchen) provide private arenas allowing individuals to
step out of character.

Liminal spaces represent the in-between spaces that often have a strong symbolic meaning.
“Our experiences and how we feel in these spaces are deeply connected to our memories,
thoughts and imaginations” (Shortt 2015, p. 636). The term ‘liminal space’ comes from the
Latin word meaning ‘threshold’ and refers to a period of time/space that is ‘in-between’: it is
neither front of house or back office. It’s often seen as an environment that is free from
structural obligations and where ‘anything may happen’ (Turner, 2018, p. 13). In this
transitory space, people can share secrets and speak frankly. Transition spaces are invaluable
to home workers - even if they are only symbolised by a threshold, a piece of art or some
mistletoe! In the Covid pandemic, the ceremony of going to the bathroom and washing hands
provides a useful ‘mental’ transition from one role to another.

Place attachment

Unlike the traditional office, the home office enables us to incorporate something of
ourselves. We like to feel that we have had some input, expressing our place in our own
organisation (albeit remotely). Just how strong is that sense of attachment arising from our
personal investment of emotion? A renowned study demonstrated the symbolic importance of
‘self-made’ products. The study entitled ‘The IKEA Effect: When Labor Leads to Love’
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(Norton et al. 2012) involved four exercises in which consumers assembled IKEA boxes,
folded origami, and built sets of Lego. The researchers wanted to examine whether an
increase in valuation of self-made products occurred - something they referred to as the IKEA
effect. The suggestion is that when people imbue products with their own labour, their effort
increases their valuation - giving as an example the ‘Build-a-bear’™ phenomena illustrated in
Figure 4:

Figure 4. Illustrating the IKEA Effect (Source: Aranda-Mena)

Conclusion

The problems today are less to do with connection speed, latency or hooking up. The
difficulties revolve around turn-taking, picking up on side discussions, eye contact and
detecting the ‘humphs’. And the casualty in all this is ‘emotional intelligence’. We don’t
know when people are bored, frustrated, energised or indifferent. Actually, picking up on
these emotions can be challenging in the virtual world - yet they are profoundly important to
understanding the success or failure of a linkup. Working from home brings many benefits
like saving commuting time but also many challenges, with not having the social work
environment around us. This situation is also expected to bring staff disengagement and with
it a loss of organisational knowledge, intellectual legacy and perhaps even more alarming, a
diluted community of practice. Protecting office culture, a sense of purpose and a sense of
belonging should be amongst organisations’ top priorities beyond pandemics. As for your
IKEA kit, don’t despair as you put together your flatpack work unit. In the blood, sweat and
tears (of which there will be many) you can say that you have put something of yourself into
your home office. The office has become much more than a tool - it’s become a symbol of
yourself as in the post-pandemic world of 2021 over 90 percent of Australian office workers
want to maintain a mix of remote and in-person working (PwC 2021) illustrated in Figure 5.
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Figure 5. Connected but not connected; 1Q versus EQ (Source: Aranda-Mena)
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Abstract

Persuasive technology is defined as technology that is designed to change users' mindsets or
behaviours through persuasion. Previous studies have looked at the applications of persuasive
technology in different domains. However, the use of Virtual Reality (VR) in persuasion is an
emerging and novel area. In this project, VR is used as a tool with the aim of persuading
potential clients to purchase low- or medium-density housing in New Zealand. We conducted
a preliminary study during which we presented users with different models — 2D and 3D photos
and a VR model. We aimed to investigate whether presenting a VR model of a target house
would increase users' interest in potentially purchasing the house and whether it could also be
used to educate users. We also wanted to know if allowing them to furnish the virtual house
could enhance their user experience. The participants demonstrated high levels of interaction
with the VR application, found it persuasive and educational, and believed it could be more
effective in the decision-making process compared with existing 2D and 3D models. We
present our design and implementation decisions, the findings of the study, and outline f