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PREFACE 
 

The Association of Schools of Construction of Southern Africa (ASOCSA) Built Environment conference series 
in its 15th year of existence continues to be one of the major cutting-edge built environment conferences on 
the African continent. Since its inception in 2006, the blind peer reviewed conference proceedings have been 
referred to by both private and public sector policy and decision makers. The series produces a post-
conference edition of the Journal of Construction, which is on the list of journals approved by the South African 
Department of Higher Education and Training (DHET) for subsidy. The conference series continues to be 
endorsed by the International Council for Research and Innovation in Building and Construction (CIB), one of 
the largest global built environment research organizations and recognized by the Australian Institute of 
Building (AIB). The conference provides an interactive international forum and also networking opportunities 
among researchers, academics, administrators and practitioners, representing institutions of higher learning, 
government agencies, contracting organisations, consulting enterprises, financial institutions, and other 
construction-related organisations.  

The 14th Built Environment Conference had been severely impacted by the effects of the COVID-19 pandemic 
as had been the rest of the academic world across the globe with conferences either having to be cancelled 
or converted to virtual events. However, true to its vision and commitment to continue being a premier African 
built environment conference, ASOCSA and the organizers persevered under difficult and challenging 
circumstances to present the current version in the long-standing Built Environment series as a virtual 
conference to prevent the spread of COVID-19 infections to participants. Delivering a world-class virtual 
conference is novel for ASOCSA and not without its technical glitches and snags. Further, all protocols were 
observed by the small team of organizers who were together physically in one venue for the duration of the 
conference to ensure a hands-on quality conference without any compromise on standards. For the first time 
the post-conference proceedings will be SCOPUS-indexed in a separate high class publication.  

OBJECTIVES 

The 14th Built Environment Conference with its theme of Technology, Transformation and  Sustainable 
Construction had a range of interesting and cutting edge peer-reviewed research papers addressing topical 
issues that affect the built environment not only in South Africa but in the regions beyond. Notwithstanding the 
ever-increasing challenging global economic environment with shrinking sponsorship budgets, the conference 
continued in the tradition of previous conferences in the series and provided in a virtual  international forum 
with a clear industry development and sustainability focus. This focus provides the opportunity for researchers 
and practitioners from developed and developing nations to deliberate topical current issues that impact the 
Built Environment. 

The broad objectives of the conference are: 
 

• To provide a forum for multi-disciplinary interaction between academics and industry practitioners; 
• To disseminate innovative and cutting-edge practices that respond to the conference theme and 

outcomes, namely Technology, Transformation and  Sustainable Construction; 
• To provide a world class leading internationally recognized, accredited and SCOPUS-indexed conference 

for the built environment; and 
• To contribute to the existing built environment body of knowledge (BEBOK) and practice. 

 
The conference organizers brought together in a single virtual forum, a group of researchers and academics from 
the wide range of built environment disciplines that include engineers, architects, quantity surveyors, construction 
and project managers. Virtual ‘delegates’ and participants were drawn not only from South African institutions of 
higher education, government agencies, and other construction-related organizations but also from across the 
African continent, Europe, Australia, New Zealand and the United Kingdom. 
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CONFERENCE THEME AND OUTCOMES 

TECHNOLOGY, TRANSFORMATION AND SUSTAINABLE CONSTRUCTION  

This conference sought responses to questions related to current conversations and debates on technology, 
transformation and sustainable construction such as, 
 
 

• Innovative use of technology 
• Sustainable Construction and Environment 
• Construction industry transformation and development 
• Sustainable infrastructure design and delivery challenges 
• Procurement innovation and transformation 
• Smart cities and sustainable human settlements 
• Innovative waste management 
• Public sector procurement and contracting 
• Legislative and regulatory challenges 
• Labour challenges and issues 
• Transformative education, training, and skills development 
• Construction health and safety innovation 
• SME development 
• Women in construction 
• Government role in transformation and sustainability 

 
 
The virtual conference includes papers that address, inter alia, 
 
· Current trends and developments 
· Policies 
· Legislation and regulations 
· Practices 
· Case studies. 
 
These internationally peer reviewed and edited proceedings was aimed at contributing significantly to the body of 
knowledge relative to the science and practice of construction not only in South Africa but everywhere where the 
products of construction are produced even in these new challenging times of fear and uncertainty. 
 
Prof Theo C Haupt 
Conference Academic Chair (2020) 
Durban, South Africa 
September 21, 2020 
  



 
 

 4 

 
 
DISCLAIMER 
 
While every effort is made to ensure accuracy in this publication, the publishers and editors make no representation, 
express or implied, with regard to the accuracy of the information contained in these proceedings and cannot accept 
any legal responsibility or liability in whole or in part for any errors or omissions that may be made. The views 
expressed in this publication are not necessarily those of the publishers and editors, neither do they endorse or 
guarantee any claims made by the authors of the papers in these proceedings. The reader should therefore verify 
the applicability of the information or particular situations and check the references prior to any reliance thereupon. 
 
Published by Association of Schools of Construction of Southern Africa, 77 Herbert Penny Road, Penhill Estate, 
7100 , South Africa 
 
ISBN number: 978-1-990986-13-0 
 
 
ACKNOWLEDGEMENTS 
 
The organizing committee of the 14th Built Environment conference, held in Durban, South Africa as a virtual 
conference, is grateful to the Council of the Association of Schools of Construction of Southern Africa and 
membership universities and individuals for supporting this conference through their valued contributions. Special 
thanks are also extended to our conference partners for supporting the conference through their valued 
sponsorships namely: LIMCO and GTChaane.  Without the support received, this conference and the further 
development and growth of the Association of Schools of Construction of Southern Africa (ASOCSA) with respect 
to its mission in the region would not be possible. Additionally, this support demonstrates the commitment to the 
further development of the body of knowledge relative to the science and practice of construction. This commitment 
is deeply valued and acknowledged. Additionally, this support demonstrates the commitment to the further 
development of the body of knowledge relative to the science and practice of construction. This commitment is 
deeply valued and acknowledged. 
 
Further thanks are extended to Professor Theo Haupt (Mangosuthu University of Technology) and Mariam Akinlolu 
(PhD candidate at the University of KwaZulu-Natal) who worked tirelessly especially in the co-ordination of paper 
reviews. The organizing committee also wishes to acknowledge the selfless contributions of the Scientific and 
Technical Committee and panel of reviewers who ensured that each paper was rigorously refereed  for inclusion 
in the published SCOPUS-indexed post-conference proceedings of the highest standard that satisfies the criteria 
for subsidy by the South African Department of Higher Education and Training (DHET). The contributions of the 
ASOCSA President, Prof Kahilu Kajimo-Shakantu (University of the Free State) are appreciated. 
 
The excellent support of our webmaster, Edwin Peacock in setting up and supporting the conference website and 
technical support during the conference itself is appreciated. The sterling contributions of Ferial Lombardo in the 
co-ordination and organization of the conference are acknowledged. 
 
CONFERENCE COMMITTEES 
 
ORGANISING COMMITTEE 
 
Prof Theodore Haupt, Mangosuthu University, Conference Academic Chair 
Ms. Mariam Akinlolu, University of KwaZulu-Natal, Conference Academic Co-Chair 
Mrs. Ferial Lombardo, Conference Secretariat 
 
SCIENTIFIC AND TECHNICAL COMMITTEE 
 
Prof Raymond Levitt, Stanford University, USA 
Prof Sarvesh Chandra, Indian Institute of Technology, India 
Prof. Francois Jacobs, University of Wyoming, USA 
Prof. Kathy Michell, University of Cape Town, RSA 
Prof. K. Kajimo-Shakantu, University of the Free State, RSA 
Prof. David Edwards, Birmingham City University, UK 
Prof. A Gibb, Loughborough University, UK 
Prof. G Ofori, London South Bank University, UK 
Prof. Theodore Haupt, Mangosuthu University of Technology, RSA 
Prof. C Cloete, University of Pretoria, RSA 
Prof. David Root, University of Witwatersrand, RSA 
Prof. C Trois, University of Kwa-Zulu Natal, RSA 



 
 

 5 

Prof. PD Rwelamila, University of South Africa, RSA 
Prof. John Obas Ebohon, London South Bank University, UK 
Dr. S Zulu, Leeds University, UK 
Dr. N Chileshe, University of South Australia, Australia 
Dr. S Mohamed, Griffiths University, Australia 
Dr. O.O. Ugwu, University of Nigeria, Nigeria 
Dr. Geraldine Kikwasi, Ardhi University, Tanzania 
Dr. Ephraim Zulu, Copperbelt University, Zambia 
 
PANEL OF REVIEWERS 
 
Adeniran Ayo, Nelson Mandela University,RSA 
Akintayo Opawole, University of Free State, RSA 
Aghimein Douglas, University of Johannesburg, RSA 
Allen Chris, Nelson Mandela University of Technology,RSA 
Amoah Chris, University of the Free State, RSA 
Anugwo Iruka, Durban University of Technology, RSA 
Armoed Zakheeya, Durban University of Technology,RSA 
Ayodele Timothy, Obafemi Awolowo University, Nigeria 
Awuzie, Bankole , Central University of Technology, RSA 
Babalola Ayo, University of KwaZulu-Natal, RSA 
Bekker Kobus,Nelson Mandela University,RSA 
Botha Brink, Nelson Mandela Metropolitan University, RSA 
Burger Michelle, University of Pretoria, RSA 
Cerff Wesley,University of Pretoria,RSA 
Christtestimony Jesumoroti,Nelson Mandela University of Technology,RSA 
Crafford Gerrit, Nelson Mandela University, RSA 
Cruywagen Hoffie,University of Free State,RSA 
Cumberlege Roy, Nelson Mandela University,RSA 
Deacon Henry,University of Pretoria,RSA 
Draai Wayne, Nelson Mandela University, RSA 
Edwards David, Birmingham City University, UK 
Fester Ferdinand, Durban University of Technology, RSA 
Kabir Ibrahim,University of Fee State,RSA 
Muleya Franco, Copperbelt University, Zambia 
Okorafor Chikezirim, Mangosuthu University of Technology,RSA 
Olalusi Dimeji, University of KwaZulu-Natal, RSA 
Raliile Mohlomi, University of Free State,RSA 
Simpeh Fredrick, University of Free State, RSA 
Sinxadi Lindelwa,Central University of Technology,RSA 
Smallwood John,Nelson Mandela University,RSA 
Tunji-Olayeni Patience, University of the Free State, RSA 
Zulch Benita,University of Pretoria,RSA 
Zulu Ephraim, Copperbelt University, Zambia 
 
PEER REVIEW PROCESS 
 
In order to maintain and ensure the highest quality in the conference proceedings and comply with the requirements 
for subsidy of the South African Department of Higher Education and Training (DHET), a rigorous two-stage system 
of peer review by no less than two acknowledged experts in the field has been followed. In terms of this process, 
each abstract received was twice blind reviewed in terms of: 
 
� Relevance to overall conference theme and objectives; 
� Relevance to selected sub-theme; 
� Originality of material; 
� Academic rigour; 
� Contribution to knowledge; and 
� Research methodology. 
 
Authors whose abstracts were accepted after a blind peer review process was completed were provided with 
anonymous reviewers’ comments and requested to submit their full papers noting and addressing these comments. 
Evidence was required relative to the actions taken by authors regarding the comments received. These 
resubmitted papers were twice blind reviewed again in terms of: 
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� Relevance to overall conference theme and objectives; 
� Relevance to selected sub-theme; 
� Originality of material; 
� Academic rigour; 
� Contribution to knowledge; 
� Research methodology and robustness of analysis of findings; 
� Empirical research findings; and 
� Critical current literature review. 
 
Authors whose papers were accepted after the second review were provided with additional anonymous 
reviewers’ comments and requested to submit their revised full papers. These final papers were only included in 
both the conference presentation schedule and the conference proceedings after evidence was provided that all 
comments were appropriately responded to, having been multiple peer-reviewed for publication. At no stage was 
any member of the Scientific and Technical Committee or the editor of the proceedings involved in the review 
process relative to their own authored or co-authored papers. The role of the editors was to ensure that the final 
papers incorporated the reviewers’ comments and arrange the papers into the final sequence based on the 
conference presentation schedule as captured on the conference proceedings and Table of Contents. Of the 63 
abstracts originally received, only 39 papers were finally accepted for presentation at the conference and inclusion 
in the conference SCOPUS-indexed proceedings, representing an acceptance rate of 62%. To be eligible for 
inclusion these papers were required to receive one of three recommendations from at least two reviewers, namely; 
 

• Accepted for publication or 
• Provisional acceptance provided minor changes / corrections are made or 
• To re-submit for publication provided author/s reconsider/s the areas of concern 

 
 
Regards, 
 
Theo Haupt 
Conference Academic Chair 2020 
Mangosuthu University 
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registered Section 21 Company as defined in the Companies Act. Therefore, all donations made to ASOCSA 
will be fully deductible for income tax purposes and a section 18A certificate, for proof of deductibility will be 
issued to the donor upon receipt of the donation. The deductible donation is limited to 10% of the donors’ 
taxable income before providing for Section 18A and Section 18 deductions. 
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History 

ASOCSA is not the first attempt to form a body that addresses, inter alia, matters of construction education and 
training. In the days of the Building Industries Federation South Africa and the National Development Fund there 
were regular annual meetings of the Heads of Departments that offered construction-related programs. 
Recognizing the two-tiered higher education sector in South Africa, there were separate meetings for universities 
and the former technikons. In the more recent past, the Chartered Institute of Building - Africa initially convened 
annual educators’ forums that did not quite fulfill the same function as the previous forums. However, during 2005 
the very first meeting of University Heads of Departments drawn from all higher education institutions in South 
Africa met for the very first time since the re-landscaping of the sector in the same venue to discuss matters 
affecting construction, and particularly construction education in the country. This meeting was repeated in 2006 
where the need was expressed for the establishment of a formal forum / association of universities to engage in 
discussion / debate / collaboration / promotion of matters of mutual interest and so ASOCSA was born. 

Broad Aims 

 
ASOCSA aims to be the professional association for the development and advancement of construction education 
in Southern Africa, where the sharing of ideas and knowledge inspires, guides and promotes excellence in 
curriculums, teaching, research and service. To achieve this aim ASOCSA is partnering with the construction 
industry to find ways to effectively represent the interests of both construction academic and industry practitioners. 
ASOCSA will offer a variety of programs and services designed to help its members serve their customers more 
effectively and succeed in an increasingly challenging environment of construction information management and 
technology. To this end ASOCSA provides a forum for the debate and discussion of issues of mutual interest to all 
industry stakeholders. For example, one of the tasks of ASOCSA will be supporting the development of curriculums 
that address the needs of the construction sector in the Southern African region. ASOCSA convenes an annual 
conference that is one of only two construction-related conferences accredited by the Department of Higher 
Education and Training (DHET) where construction academics and practitioners can interact relative to practical 
experience and the findings of relevant research. This conference series is endorsed and underwritten by the 
International Council for Research and Innovation in Building and Construction (CIB) as well as several major 
industry stakeholders. 

The Journal of Construction which is accredited by the Department of Higher Education presently published 
electronically four times per year is the official journal of ASOCSA and in the past more than 5,000 complimentary 
copies were distributed to all industry stakeholders in the Southern African region. The production and distribution 
of practice notes and technical papers is a further endeavor to grow the partnership between academia and 
industry.  

With respect to the Southern African region, ASOCSA is committed to the following: 

Vision 
 
To drive innovative construction related higher education 
 
Mission Statement 
 
To promote, facilitate, develop and monitor the relevance and quality of construction related curricula, research 
and graduates in conjunction with higher education institutions, industry and government. 
 
Strategic objectives 
 
The objectives of the Association are: 

 
• to promote and facilitate the development of curricula for construction related programmes  
• to assist with the accreditation of construction related programmes 
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• to hold an annual conference that acts as a forum for multi-disciplinary interaction between academics and
practitioners

• to publish an accredited research-based journal and contribute to the built environment body of knowledge
(BEBOK)

• to disseminate information dealing with construction education and related matters
• to develop and maintain closer links with industry and government
• to represent the collective views of its members
• to liaise with other organisations and persons to promote the interests of its members
• to promote and support relevant postgraduate research
• to provide bursaries to postgraduate students in accordance with set criteria

ASOCSA continues to seek opportunities to promote both academic and industry employment opportunities. 
Finally, ASOCSA intends to play a significant role in the accreditation of construction-related academic 
programs. 

Heads Forum meetings 

ASOCSA believes that meetings of the Heads Forum comprising of Heads of School and Departments of 
Construction is a vital component of its functions and holds Heads meetings during each conference. 

International Affiliation 

ASOCSA has commenced discussions about closer collaboration with similar institutions such as the Associated 
Schools of Construction (ASC) in the United States, the Royal Institute of Chartered Surveyors (RICS), the 
Chartered Institute of Building (CIOB), Australian Institute of Building (AIB) and Council of the Heads of the Built 
Environment (CHOBE) in the United Kingdom. ASOCSA has entered into a Memorandum of Understanding with 
the International Council for Research and Innovation In Building and Construction (CIB). 

In summary, benefits of membership of ASOCSA which are self-evident include participation in meetings of the 
Heads Forum throughout the region, access to the Journal of Construction, reduced rates at all ASOCSA, MBA 
and CIB events, involvement at regional level with industry-academia forums, interaction and networking 
opportunities relative to, for example, collaborative research, curriculum development, external moderation of 
courses, and external examination. 

ASSOCIATION OF SCHOOLS OF CONSTRUCTION OF SOUTHERN AFRICA 

Office bearers 
President 
Immediate Past President 

Prof Kahilu Kajimo-Shakantu 
Dr Prinsloo Hendrik 

University of the Free State 
United States 

Steering Committe 

Prof. Kahilu Kajimo-Shakantu University of the Free State 
Ferdinand Fester  Durban University of Technology 
Wayne Draai Nelson Mandela University 

Journal of Construction Editorial Committee 
Prof Theo Haupt, Mangosuthu University of Technology 
Mariam Akinlolu, University of KwaZulu-Natal 

Editor:   
Associate Editor: 

Chair of Heads Forum 
Prof Kahilu Kajimo-Shakantu University of the Free State 

For more information on ASOCSA and its activities visit www.asocsa.org 
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Dear Author 

PEER REVIEW PROCESS CONFIRMATION: 14TH BUILT ENVIRONMENT CONFERENCE: DURBAN, SOUTH 
AFRICA 2020 

This serves to confirm that the following blind peer review process was strictly followed relative to this 
conference. 

In order to ensure the highest quality in the conference proceedings and comply with the requirements for subsidy 
of the South African Department of Higher Education and Training (DHET), a rigorous two-stage system of 
peer review by no less than two acknowledged experts in the field has been followed. In terms of this process, 
each abstract received was twice blind reviewed in terms of: 

• Relevance to overall conference theme and objectives;
• Relevance to selected sub-theme;
• Originality of material;
• Academic rigour;
• Contribution to knowledge; and
• Research methodology.

Authors whose abstracts were accepted after the blind review process was completed, were provided with 
anonymous reviewers’ comments and requested to submit their full papers addressing these comments. Evidence 
was required relative to the action taken by authors regarding the comments received. These resubmitted papers 
were twice blind reviewed again in terms of: 

• Relevance to overall conference theme and objectives;
• Relevance to selected sub-theme;
• Originality of material;
• Academic rigour;
• Contribution to knowledge;
• Research methodology and robustness of analysis of findings;
• Empirical research findings; and
• Critical current literature review.

Authors whose papers were accepted after this second review were provided with additional anonymous 
reviewers’ comments and requested to submit their revised full papers. These final papers were only included into 
both the conference presentation schedule and the conference proceedings after evidence was provided that all 
comments were appropriately responded to. At no stage was any member of the Scientific and Technical 
Committee or the editor of the proceedings involved in the review process relative to their own authored or co-
authored papers. The role of the editors was to ensure that the final papers incorporated the reviewers’ comments 
and arrange the papers into the final sequence based on the conference presentation schedule as captured on the 
conference proceedings and Table of Contents. Of the 63 abstracts originally received, only 39 papers were finally 
accepted for presentation at the conference and inclusion in the conference SCOPUS-indexed proceedings, 
representing an acceptance rate of 62%. To be eligible for inclusion these papers were required to receive one of 
three recommendations from at least two reviewers, namely 

• Accepted for publication or
• Provisional acceptance provided minor changes / corrections are made or
• Re-submit for publication provided author/s reconsider/s the areas of concern

The final accepted papers which had undergone a three-stage review process (abstract, full paper and final paper) 
will be included in the conference proceedings and published in the IOP Conference Series: Materials Science and 
Engineering. 

Sincerely, 

Prof Kahilu Kajimo-Shakantu (ASOCSA President) 

Ferial Lombardo (ASOCSA Conference Secretariat) 
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PRESIDENTIAL REPORT 2020 

It is my great pleasure and honour to welcome all the delegates to the 14th Built Environment conference 2020. 
It is common knowledge that the advent of the novel corona virus which causes COVID-19 has ravaged the 
entire world including the construction industry. This year’s annual conference suggests a continuation from 
last year’s conference themed, “Technology, Theory, Truth: Constructing a Sustainable Built 
Environment”. And the truth is that our world, our reality, our way of thinking and doing business has been 
turned upside down, on its head! In the face of current unprecedented challenges, the conference has not 
been left unaffected and it is for that reason that we are virtually gathered today for this 14th built environment 
conference, a first in the history of the ASOCSA built environment conference series. Being able to host this 
conference demonstrates ASOCSA’s unwavering commitment to continually provide a platform for 
engagement and knowledge sharing among various built environment professionals and academics. Let me 
also underscore that hosting the Journal of Construction by ASOCSA is a further testament of its contribution 
towards the promotion and active dissemination of construction focused research.   

Distinguished guests and delegates, before I go any further, let me take this opportunity, on behalf of ASOCSA 
and indeed on my own as President of the Association, to convey my sincere and heartfelt condolences to all 
the participants who may have lost loved ones during this period especially due to COVID-19 here in South 
Africa and beyond. It is not an easy time. 

This year’s conference theme of Technology, Transformation and Sustainable Construction is befitting 
because the conference is underpinned and sustained by technology and transformation. Before I delve further 
into the conference theme, allow me to look at how some sectors have adapted and are seizing and optimising 
opportunities created by the Covid-19 crisis.  For example, while other airlines grounded their planes and 
operations including our own South African Airways during the Covid-19 window period, Ethiopian airlines has 
shown to record a profit by moving cargo around the world including corona virus test kits. The ICT industry 
has grown due to increased reliance on its services as organisations and individuals turned to online meetings, 
online learning and online transactions using platforms such as; Zoom, Skype, WhatsApp, Microsoft teams, 
Blackboard, which are all consumers of internet data. During this pandemic, we have also seen some 
pharmaceutical and manufacturing industries grow through supply of hospital ventilators, face masks and 
medical kits to support tests and management of Covid-19. 

It is true that the construction business has been hit hard, with various negative impacts on cost, 
implementation time lines, profits and others. It is clear that while Covid-19 remains a challenge, opportunities 
can be identified and harnessed even by our own construction industry through the exploitation of 
technological, transformative and sustainable practices. As we can see, this built environment conference 
which runs over two days has been made possible through technology and transformation and therefore, the 
greater industry can equally do likewise while driving the agenda of sustainable construction. The technology 
and transformation taking place now in South Africa and beyond during this Covid-19 situation should be 
embraced for competitive advantage even after the pandemic disappears. 

Technologies such as remote monitoring of construction sites and selected construction site operations 
through high definition cameras and robust software should be encouraged as a way of minimising health and 
safety risks and mobility costs during the project duration and at the same time ensuring an all-time virtual 
presence on site for various purposes. Virtual contract progress meetings, site meetings, supervision of 
specialised work, and others are some of the benefits that the construction industry can draw from increased 
adoption of technology and transformation leading to sustainable construction beyond the COVID-19 era. 

I do trust that this year’s conference will build on the success of last year’s conference to further explore various 
options and routes of adopting appropriate technologies and attainable transformation at all levels leading to 
a more vibrant and sustainable construction sector.  A construction sector which is underpinned by a 
sustainable quality educational sector because just like the construction industry, learning and teaching in our 
Universities will never be the same again. There are many lessons to learn from the prevailing COVID-19 
situation. A situation which forces us to get out of our comfort zones, to pause, take stock, rethink, reimagine, 
reset and reinvent ourselves and how we can do things differently, smarter and better.  Stronger collaboration 
and meaningful partnerships must be encouraged among all stakeholders including industry, universities, and 
the public sector if the conference theme is to be fully actualised for the benefit of the construction industry as 
it races towards attaining sustainable construction. Stakeholders including clients, consultants, contractors 
and suppliers of materials and services can wholly embrace technology and transformation for sustainable, 
cost effective, less wasteful and cleaner construction processes. Indeed it’s no longer a case of business as 
usual! 
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True to this year’s conference theme, there are many insightful and thought provoking papers on various topics 
such as; technology, innovation and the workforce, health and safety, employability of graduates, on-line 
teaching, student learning factors, community resilience, infrastructure delivery, risk management, 
construction business,  economic, environment and social sustainability, green technology and work-life 
balance and gender-based career behaviours and progression. We are pleased that for the first time the post-
conference proceedings will be SCOPUS-indexed in a separate high class publication. Enjoy the conference 
as I wish everyone a technologically driven, transformation based and successful conference where important 
subjects are expected to be presented and deliberated with the goal of attaining the much desired and echoed 
sustainable construction. My sincere appreciation to you all - guest speakers, conference organisers, authors, 
reviewers, sponsors and all participants for individual and collective contributions to the success of this 
conference. 

Prof. Kahilu Kajimo-Shakantu 
ASOCSA President 
21 September, 2020 
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The impact of modern construction technology on 
the workforce in the construction industry 

H Agenbag and C Amoah 
Department of Quantity Surveying and Construction Management University of 
the Free State. Bloemfontein, 9300, South Africa 

 
Abstract: 

This study investigated the impact of the use of construction technology equipment on the workforce in 
the construction industry. This study made use of the quantitative approach. Questionnaires were sent 
out to construction industry professionals, such as project managers, quantity surveyors, engineers, 
and owners of construction companies. Data received was analysed using descriptive statistics.  The 
findings reveal that the use of construction equipment will have a tremendous impact on the workforce 
as one equipment would be able to execute work that could be done by a sizeable number of labourers. 
It was also found that the productivity of construction projects in South Africa can be increased by 
making use of construction technology equipment. However, it will be a herculean task to fully adopt 
construction technology equipment in project execution in South Africa as respondents believe the 
construction industry is heavily relied upon by the government to generate employment. There is also 
a perceived lack of expertise and lack of knowledge regarding the use of construction technology 
equipment among the workforce in the construction industry of South Africa. It is therefore suggested 
that construction companies invest in this different equipment, which will surely assist labourers and 
also speed up construction projects. The government must also look for areas of the economy to create 
jobs instead of relying heavily on the construction industry.  

Keywords: Construction technology, equipment, labourers, productivity, South Africa 
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Gender and Career Choice Behaviour:  Social 
Cognitive predictors of persistence in Construction 
Education  

1Mariam Akinlolu and 2Theo C. Haupt  
1Department of Construction Management and Quantity Surveying, Mangosuthu 
University of Technology. Durban, South Africa. 
2Faculty of Engineering, Mangosuthu University of Technology. Durban, South Africa 
 

Abstract 

This study applied the Social Cognitive Career Theory to determine the factors that influence student’s 
persistence in construction programs in the South African Context. The study further explores the 
possible differential validity of SCCT variables for men and women. A survey of 108 conveniently 
sampled South African undergraduate students, including 48 women and 60 men, enrolled in 
construction-related programs was conducted. The samples were drawn from student cohorts enrolled 
in the construction management, civil engineering, property development, land surveying, building and 
quantity surveying. The Fisher z test was performed to test for gender differences in the degree of 
relationship between persistence and the socio-cognitive variables(predictors) by testing for differences 
in correlation coefficients between groups. Stronger relationships between persistence and social 
supports was found for women compared to men. Self-efficacy, outcome expectations, learning 
experiences and social supports were the most salient predictors for both men and women in 
construction programs. 

Keywords: Career Choice, Construction, Construction Education, Gender, South Africa, SCCT, 
Persistence 
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Assessment of the mitigating measures for cost 
overruns in the South African construction industry  

M Morena  and C Amoah  
Department of Quantity Surveying and Construction Management University of the 
Free State. Bloemfontein, 9300, South Africa  

 
Abstract:  

This study investigated the causes of cost overruns and cost management methods to minimize cost 
overruns in the South African construction industry. The methodology used is a quantitative approach. 
Closed-ended and open-ended survey questions were used to gather data from 130 construction 
professionals, of which, 74 completed questionnaires were returned. The data received were analyzed 
by making use of both a computer programme called Statistical Package for Social Sciences (SPSS) 
and a content analysis method. The findings from the study revealed that the most common and 
significant causes of cost overruns were changes in the scope of work, decision making, planning, the 
inadequate experience of contractors, an increment of material prices, provision of weather conditions, 
unskilled labour, late design and lack of coordination. The findings also indicate the effects of cost 
overruns as disputes claims, extension of time, reduced profit to the contractor, and bad public relations. 
The study has identified cost management methods that can reduce cost overruns in the South African 
construction industry as effective planning, accurate estimate, tracking status of the project, use of 
scheduling tools, an inspection of works, communication, site meetings, proper methods of construction 
and evaluation of work completed. This study, therefore, suggests that all construction professionals 
must be equipped with factors of cost overruns in order to implement the correct measures to minimise 
cost overruns 

Keywords:  Cost overruns, Cost management, Construction projects, South Africa  
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The effectiveness of using virtual reality to meet 
clients’ needs  
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Abstract.   

Clients’ dissatisfaction in the construction industry has become a challenge and this paper aims at 
presenting findings on the effectiveness of virtual reality (VR) in the 4th Industrial Revolution (4IR) to 
ameliorate this challenge. A quantitative method was adopted for the data collection and the data was 
organized, analyzed and presented with descriptive statistics. The population sample was limited to the 
professionals in the built environment in Port Elizabeth and East London. The study identified that the 
use of VR in the construction industry can facilitate the capture of clients’ requirements hence meeting 
their needs and reducing cost overruns and time extension. The study further provides information 
towards the ameliorating the challenge and menace of time and cost overruns in the construction 
industry. The research paper identifies VR as a tool and innovative use of technology in the built 
industry.   

Keywords:  clients’ satisfaction, virtual reality, time overrun, cost overruns. 
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Unemployment of the built environment graduates  
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Abstract.  

The challenge of unemployment of built environment graduates is recurrent and this paper aims at 
presenting findings on the inherent factors therein and make recommendations towards ameliorating 
this challenge. A quantitative method was adopted for the data collection and the data was organized, 
analyzed and presented with descriptive statistics. The population sample was limited to the Nelson 
Mandela University Built Environment Graduates. The study discovered that there were difficulties in 
securing employment as a result of lack of practical experience, current curriculum and the dearth of 
skills. The study provides information towards the resolving this challenge arising from the factors 
identified as causative for unemployability and identifies the need for taught and practical skill and 
experience to be embedded in the curriculum to stimulate the level of employability. 

Keywords:  built environment, built environment graduate, employment, skills, education. 
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Abstract.  
 
The condition of water infrastructure in selected village communities along peri-urban and rural corridors 
of Oyo State can be said to be in a state of colossal infrastructural waste and communal neglect. Using 
a mixed approach, the study examines household water stress and adaptation. Evidence shows that 
peri-urban villages and rural areas in Oyo State buy water and that water facility maintenance is limited 
by the high cost of repairs and limited inter-community cooperation. It was also revealed that many 
households are vulnerable to water-borne diseases owing to a lack of a potable water source. It was 
revealed 50.4% of the households travel less than 30m to fetch potable water, 17.1% travel between 
31 to 60m, while the remaining 32.5% travel over 100m to fetch water. The study suggests that the 
strategic location of the capital city and LGAs’ headquarters must be considered as this often influences 
water infrastructure access and availability. The strategic location of infrastructure is considered 
relevant in the transformation of the selected communities towards sustainability environment and 
improved liveability. 
 
Keywords: Rural Household, Water, Stress, Survival, Adaptation. 
 
  



 
 

 18 

Design documentation quality influential variables in 
the construction sector 

Peter Agbaxode1,4, Sitsabo Dlamini2 and Ehsan Saghatforoush3 

1PhD Student, School of Construction Economics and Management, University of the 
Witwatersrand, Johannesburg, South Africa. Email: agbapieroo@gmail.com 
2Senior Lecturer, School of Construction Economics and Management, University of 
the Witwatersrand, Johannesburg, South Africa. Email: sitsabo.dlamini@wits.ac.za 
3Associate Professor, School of Construction Economics and Management, 
University of the Witwatersrand, Johannesburg, South Africa. Email: 
ehsan.saghatforoush@wits.ac.za 
4Corresponding author: agbapieroo@gmail.com 

 

Abstract  

There are numerous studies on design documentation variables without efforts to evaluate their level 
of importance. Therefore, the aim of this study is to evaluate the significance of these variables towards 
improving design documentation quality. A questionnaire survey to identify the significance of key 
quality variables was carried out. A total of 139 variables on design documentation quality were used. 
The mean score and Standard deviation of each factor were used to determine the level of significance. 
Based on responses from 112 construction industry players, the significance of each variable is 
determined. Design documentation is fit for purpose was considered highly important as an attribute 
while Inadequate and Insufficient documentation was ranked highest for quality influential factors. The 
findings will provide valuable data to stakeholders, researchers, and academics and will help enhance 
project performance because professionals will be aware of key factors that can influence design 
documentation quality. It will also aid in providing solution to sustainable infrastructure design and 
delivery challenges in the industry. The study offers a pragmatic data and empirical evidence to expand 
knowledge on design documentation quality. It is the first of its kind that explored the significance of 
design documentation quality variables based on the outcome of a meta-synthesis.  
 
Keywords: Design documentation, design document quality, quality influential variables, quality 
improvement, construction sector  
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Abstract.  

The study will appraise the need to improve current waste management practices in the area of 
construction waste reduction. An integrative review of purposively sampled literature on CW 
construction waste reduction practice is used to arrive at propositions for an improved practice to 
achieve more sustainable outcomes. The study will establish the need for a paradigm shift in waste 
management research in the area of construction waste reduction to target a higher degree of such 
philosophy at building design development stage, and not just quantity reduction. Results show that 
existing waste reduction practices are sub-optimally exploited, which appears as consistent waste 
generation. There is an opportunity for quality results when the industry aims at best the practice that 
will affect the process, quality, and performance during the building design process. This study will 
inform the construction professionals to aim at achieving more than just waste reduction at building 
design development.  

 

Keywords: construction, waste, waste management, waste reduction, and waste prevention 
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Abstract 

The purpose of this study was to look at the KwaZulu-Natal (KZN) Department of Education (DoE) 
infrastructure delivery programme in a bid to assess its potential impact on the economic growth of 
KZN. A mixed research approach was used to analyse existing data obtained through document review 
and semi-structured cross-sectional interview design with contractors to establish the link between their 
actions and elements of the GDP. The triangulated empirical findings suggest that KZN’s DOE 
infrastructure delivery programme has a low potential to impact economic growth. The practical 
implications include the low impact arising from no concerted efforts to align programmes to economic 
fundamentals and leakages arising from inefficiencies, red tape, low capacity utilisation of resources, 
the poor performance of agents, consultants, contractors and low staff productivity. Recommendations 
were further made on institutional reforms, policy enhancement and reduction of transactions costs in 
the value chain. The recommendations also serve as bases for future research implications necessary 
for sector transformation and sustainable construction in KZN.   

Keywords: Infrastructure,Economy,Gross Domestic Product,Strategic alignment,Growth 
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Abstract 
 
The paper investigates the barriers to the implementation of sustainable facilities management practice 
in higher institutions of learning. An integrative literature review was conducted to identify the barriers 
associated with the implementation of sustainable facilities management practice in higher institutions 
of learning.  Findings from the literature reviewed thus far indicate that the lack of knowledge, senior 
management commitment, time and financial constraints, and lack of capability are major barriers to 
adopting and implementing sustainable facilities management. However, there is acute scarcity of 
relevant information for the local context. There is a need to address the barriers of implementing 
sustainable facilities management principles in higher institutions of learning. Especially in the local 
context, there is a need for empirical studies for adequate comparison and specificity of results. The 
paper will be informative on the current barriers of implementing sustainable facilities management 
practice in higher institutions of learning and provide a strong basis for empirical research in this area. 
 

Keywords: Institutions, Facilities, Higher learning, Management, Sustainable  
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Abstract 

The purpose of the study is to investigate factors influencing career progression of female professional 
employees in the construction industry in order to identify challenges and suggest possible mitigations. 
This paper is a theoretical study. As such integrative literature review was used as the research design. 
A systematic literature search and purposive sampling approach were applied to select relevant 
literature. The focus of the study was narrowed down to challenges to career progression faced by 
female professionals in the South African construction industry. The significant limitation of the study is 
its theoretical nature at this stage. Findings show that involvement of women in the construction industry 
has increased. However, women apparently still face challenges in progressing to senior positions in 
their careers. Some noted common factors include training, mentoring support, and networking.  
Implications of the study include the need to study factors influencing female career progression with 
the support of empirical data. There is also a need to examine the factors that currently act as barriers 
and analyse their nature in order to develop possible mitigations, which are also nuanced with the 
experiences of the subject population. The study forms a basis for understanding influencing factors 
and challenges to career progression of female professionals. This study is at its early stage of a more 
extensive research project and will be used as the foundation for empirical studies.    

 

Keywords: Female Professionals, Construction Industry, Career Progression, Senior 
Positions, South Africa, Women. 
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Abstract  
 
The construction industry has not been able to maximize its full potentials in terms of harnessing the 
talents and abilities of its diverse workforce. Despite calls for a more pluralistic and inclusive workforce, 
the construction industry remains male-dominated, thereby limiting its growth potentials. The study 
examined the effects of workload on family expectations intending to support initiatives on gender 
equality and equity that will improve working conditions in the industry and eventually increase its 
performance and competitiveness. The study used questionnaires to achieve the research purpose.  
The survey was based on a purposive sampling of female construction professionals from different 
companies in Lagos Mainland, Nigeria. Descriptive statistics and linear regression were used for 
analysing the data. From the linear regression model, it was revealed that workload affects family 
responsibility at 73.20%. The significant family responsibilities affected by workload included:  making 
alternative arrangements for children's school transportation, spending time with spouse, spending time 
with children, taking care of household chores, and going shopping for the family. The study focused 
only on female construction professionals working in the Mainland area of Lagos, Nigeria.  More 
empirical evidence of the effects of workload on family responsibilities can be obtained by considering 
female professionals in other regions of Nigeria. These findings have serious implications on job 
fulfilment, organizational loyalty, employee retention, and organizational performance. The study 
recommends flexible working hours and other gender-friendly policies to attain the much desired 
inclusive, profitable, and sustainable construction industry.  

 
Keywords: organisational performance, sustainable development, work-life balance, work-life 
conflict, work stress 
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Abstract  
 
The technological shift over the last half-century has been termed the fourth industrial revolution (4thIR). 
Underpinning this digital innovation is the increasing need for data sharing and assemblage in the 
construction industry. The study seeks to explore the nexus between data sharing and assemblage in 
the industry and the 4thIR. This paper adopts a desk-based study approach and review of secondary 
literature on the role of data in the drive for automation in the construction industry, challenges to data 
assemblage, and benefits of data sharing to stakeholders. The study reveals that factors that serve as 
debacles to data sharing/assemblage include: unstructured nature of data, silo operation, confidentiality 
issues and motives of personal benefits. However, a major advantage of data sharing is the benefit of 
increased digital and technological compliance in the industry. The study is part of ongoing empirical 
research. Hence, the findings are an aggregation of perspectives/submissions from extant studies. This 
study presents the first attempts at exploring the preparedness of the construction industry for the 4thIR 
from the perspective of data and information needs of the industry.  

 
Keywords: 4thIR, challenges, construction stakeholders, data, data assemblage, data sharing, 
technological innovations  
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Abstract 
 
The research study was carried out on the investigation to the extent at which demotivation affect 
construction workers to perform higher levels of productivity. While worker motivation has been proven 
to improve productivity globally, motivation was rarely implemented in South African conditions. This 
study gauges the construction workers’ viewpoint on how motivational strategies can improve worker 
productivity. A pilot study was done in the preliminary phase to study in other to gain more insight into 
the study. A quantitative survey was used with structured survey for workers including electricians, earth 
workers, plumbers, bricklayers, and experts. Questionnaire was administered in Nelson Mandela Bay 
Metropole, South Africa at selected construction companies. Most prevalent in the findings of this study 
is the fact that the workers agreed that a lack of supervisory motivational techniques negatively impact 
their output. Research study hence finalize that managerial motivational strategies are required to 
enhanced construction workers’ productivity on a construction site. Hence, there was suggested that 
supervisors use motivational communication, extrinsic rewards, intrinsic rewards, and positive 
reinforcement for construction workers to increase their performance. 
 
Keywords: Construction workers, Construction Industry, Demotivation, Productivity, South 
Africa. 
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Abstract 

This paper presents a scientometric review of student housing studies; exploring the key authors and 
the collaborations among authors and countries, as well as the research trends with the aim of 
identifying gaps in this area of research where more studies is required.  The VOSviewer software 
(version 1.6.13) was used for a Scientometric review of 65 student housing publications from 2000 to 
2020. The analysis focused on bibliographic coupling of countries, co-authorship of authors, citation of 
documents, and co-occurrence of keywords, which were further presented as network visualization 
maps. Scopus database was selected as the only data source. Therefore, the representation of 
publications presented in this study are limited to only one data source. The findings revealed that there 
is a satisfactory level of international collaboration in this research area. United Kingdom had the 
strongest link whilst Saudi Arabia had the weakest link. Both the keywords and documents citation 
analysis revealed three main trend of student housing research, i.e. residential satisfaction, post 
occupancy evaluation, and studentification. Gaps identified where more research is required include 
sustainable student housing, student housing safety and prioritisation of student’s requirement. This 
study provides invaluable information on the research trends in student housing studies. Thus, helping 
to identify gaps where more research is required.  

Keywords: accommodation, facility, hostel, housing, network visualization maps, residence, 
scientometric, student  
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Abstract 

This paper builds on an earlier conference presentation at the West-East Institute, Harvard University 
in 2019. Following further critical dialogue on mass experimental online learning influenced by the 
COVID-19 pandemic, the now two authors sought to answer the question of how can educators make 
course evaluation exercises count? The objective was to assess the viability of reflective journaling as 
an alternative form of course evaluation. Consequently, the authors used a mixed-method approach to, 
firstly, analyze ordinal data collected from seventy-one (71) postgraduate engineering candidates (89% 
response rate) on their attitudes towards learning. Secondly, the authors analyzed the textual data on 
the candidates' self- and educator-led initiatives to enrich their learning experiences. The findings 
revealed a paradox—the candidates hope to have gained in-depth knowledge at the end of their 
courses (topmost-ranked: mean = 4.704 and SD = 0.700) but do not attend most classes with questions 
in mind that they want to be answered (bottom-ranked: mean = 3.451 and SD = 1.072). Analysis of the 
textual data showed face-to-face lecture/class attendance and the overall course design as the most 
common student-led and educator-led approach, respectively. Finally, the authors discuss the practical 
and theoretical implications considering the burgeoning online education. 

Keywords: Online learning, COVID-19, Course evaluation,Reflective journaling 
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Abstract 
 
Security lapses have been identified as a problem in most on-campus Student Housing Facilities (SHFs) 
in South Africa. Thus, this paper investigates the security measures provided in the SHFs of two South 
African universities with the aim of identifying areas where improvements are required. The study 
adopted both qualitative and quantitative survey approach. Qualitative data was collected from the 
university health, safety, and environment officers of both universities whilst the quantitative data was 
collected by means of questionnaire from the students. Descriptive (mean score) statistics was used to 
analyse the quantitative data whereas thematic analysis was used for the qualitative data. The study 
found that the security measures provided in the SHFs of University B were better than those provided 
in the SHFs of university A. Although university B had a better provision, some lapses were identified 
such as inadequate Closed-Circuit Television (CCTV) and absence of weapon detector. In addition to 
these two lapses identified in university B, university A had lapses in the provision of access control, 
security patrol, electronics coded locks on door, and security alarm in most of the residences. Thus, 
security lapses identified in both institutions were inadequate CCTV and absence of weapon detector. 
The study provides empirical information that can help the university health and safety officers and 
facility managers to improve the SHFs security measures.  
 
Keywords:  measures, security, student housing facility, universities 
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Abstract 
 
The purpose of this study is to develop effective quality management modalities that could be adopted 
by construction SMEs to achieve sustainable construction project success. A questionnaire was 
distributed to SMEs management team in the general building category registered under CIDB grade 1 
– 4.  To validate the questionnaire survey, interviews were conducted among purposively selected 
contractors who took part in the survey. The data was analysed using descriptive statistics and content 
analysis. The findings revealed the most significant effective quality management practices for SMEs 
to promote sustainable success as clear working drawings, time to time request for quality inspection, 
effective implementation of total quality management and benchmarking for quality management. It 
should be noted that the quantitative findings were consistent with the qualitative findings. This paper 
focuses on SME contractors with CIDB grading between 1 and 4 who are registered in the Eastern 
Cape province.The results obtained from this paper could be adopted as a quality management tool for 
construction SMEs to achieve sustainable construction project success. This paper is based on SMEs 
effective quality management strategies and provides more comprehensive effective quality 
management practices that could be adopted by construction SMEs.  
 
Keywords: SMEs, Quality management, Sustainability, Project delivery and Client.  
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Abstract  
 
The operationalization of sustainable construction [SC]practice poses a challenge in South Africa. 
Seemingly, there is an overt concentration on some SD dimensions during decision-making by project 
managers. Yet, successful operationalization requires the incorporation of all SD dimensions in an 
integrated manner with trade-offs made to accommodate project peculiarities. To date, a paucity of 
literature eliciting perspectives of project management professionals within Bloemfontein on the 
consideration of economic sustainability in SC practice has been observed. This study seeks to explore 
the perspectives and understanding of project managers on economic sustainability and to identify the 
factors influencing the prioritization of economic sustainability aspects to secure satisfactory trade-offs. 
A qualitative case study research design using semi-structured interviews was used to elicit data from 
a purposively selected sample of project managers working within Bloemfontein. The accruing data was 
analyzed using qualitative content analysis (QCA). Findings confirmed that although project managers 
have an appreciable level of understanding concerning economic sustainability in SC, they lacked an 
understanding of how to motivate for its prioritization when compared to environmental and social 
dimensions. It is expected that these studies’ findings will contribute to the growing literature on the 
incorporation of sustainability dimensions within the construction projects. 
 
Keywords: Bloemfontein, Construction industry, Economic Sustainability, Sustainable 
construction, Project Managers 
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Abstract 
 
The issues of adequate planning and implementation of construction Health and Safety (H&S) good 
practice during project tendering and execution stages has not attracted needed attention by the 
quantity surveyors (QS). Thus, this study geared towards assessing the roles of Quantity Surveyors 
(QS) in relations to planning and implementation of construction H&S good practice within the South-
West Geopolitical zone of Nigeria. The construction H&S items/activity ought to be considered as one 
of critical factors in measuring project performance. This study adopted a research mixed method, 
where a sample of hundred and fifty (150) questionnaires distributed among professional registered QS 
within the South-West Nigeria, and only seventy (70) were completed, returned, and valid and this 
resulted in a response rate of 47%. The study also purposively conducted interviews with the five-
selected Registered Member Nigerian Institute of Quantity Surveyors, of three (3) Registered Member 
(MNIQS) and two (2) Fellows (FNIQS). The interviews assisted the researcher to gain insights of 
respondents’ perceptions, and to validate the questionnaire results. The research findings is limited and 
not be generalized as it was based on seventy (70) respondents i.e. 47% response rate, out of 150 
questionnaire distributed within the South-West Geopolitical zone of Nigeria. Thus, the study findings 
may not be generalizable to reflect the perceptions, and practices among professional QS throughout 
the country. The study findings suggested that the Quantity Surveyors lacks the earnest commitment 
and leadership inputs to foster  financial provision for H&S items  in the construction project contract 
during planning stage (bills of quantities). The study findings further revealed that the QS play little or 
no significant role to advice, demand, select or appoint the contractors with H&S competencies during 
construction planning stage. Thus, if the QS would make earnest commitment and play active 
leadership role in integrating of H&S cost items in bill of quantities it will significantly promote 
construction H&S good practice during procurement of construction projects in Nigerian construction 
industry.   
 
Keywords: Construction, health and safety good practice, Nigeria, quantity surveying, site 
workers. 
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Abstract 
 
Construction continues to experience challenges in terms of a range of issues, namely an archaic 
process and activities, following procedures, data gathering and recording, monitoring, availability of 
skilled labour, and a declining interest in pursuing careers in the industry. Then, challenges are 
experienced in terms of performance relative to the project parameters of cost, environment, health and 
safety, productivity, quality, and time. Given the challenges and the advent of Industry 4.0, a study was 
conducted to determine the challenges experienced, performance relative to the project parameters, 
and the potential of Industry 4.0 to contribute to resolving the challenges. The study was quantitative in 
nature and entailed a self-administered questionnaire survey of medium to large general contractor 
members of the East Cape Master Builders Association (ECMBA) in the Port Elizabeth region. The 
findings include: respondents do understand Industry 4.0; a range of challenges, which negatively 
impact project and organisation performance, and the sustainability of organisations and the industry, 
are experienced in construction, and Industry 4.0 is perceived as having the potential to address the 
challenges experienced. Conclusions include that that there is: a need for improvement in performance 
in construction; potential to improve; a perceived need for the implementation of Industry 4.0, and a 
need for interventions to raise the level of awareness, and to integrate such technologies into built 
environment / construction education and training. Recommendations include: employer associations, 
professional associations, and statutory councils should raise the level of awareness relative to the 
potential implementation of Industry 4.0 in construction; case studies should be documented and the 
findings shared; tertiary built environment education programmes should integrate Industry 4.0 into all 
possible modules, and continuing professional development (CPD) should address Industry 4.0. 
 
Keywords: 4th Industrial Revolution, Construction, Performance. 
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Abstract 
 
The aim of the research was to evolve a range of interventions to address the misconception within the 
construction industry that Construction Managers (CMs) and Construction Project Managers (CPMs) 
are one and the same. The objectives of the study were to determine: the importance of CMs and CPMs 
within the construction industry; their contributions to the overall success of a construction project; 
nomenclatures used; what the practice of each profession entails, and the competencies, roles and 
responsibilities of a CM and CPM. The study entailed a quantitative survey using a self-administered 
questionnaire delivered per e-mail to a range of built environment stakeholders including Architects, 
Civil Engineers, CMs, CPMs, Health and Safety (H&S) practitioners, and Quantity Surveyors. in the 
Nelson Mandela Bay metropole, South Africa. Findings include: CM and CPM are both very important, 
but different professions; incorrect nomenclatures are used; they require a degree of common 
competencies and attributes, and a CPM requires experience as a CM. Conclusions include: the 
common competencies and attributes contribute to the erroneous use of ‘Project Manager’ for a person 
in the employ of a contractor, managing projects, and the use thereof is to highlight the ‘status’ of the 
aforementioned. Recommendations include: contractors should use the correct nomenclatures for their 
respective personnel; the industry should be enlightened regarding the appropriate nomenclatures, and 
tertiary built environment institutions should enlighten their students regarding the respective disciplines 
and nomenclatures. 
 
Keywords: Construction Management, Construction Project Management, Nomenclatures.  
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Abstract 

The performance of small and medium sized construction firms has attracted research attention in 
recent times because of the impact on sustainable economic growth. This study examined this category 
of firms as their performances in building project delivery are impacted by specific risk factors. The 
purpose is to provide empirical evidence that could enhance the choice of appropriate risk management 
approaches and improve the performance metrics of the projects executed by the firms. Primary data 
were obtained through a structured questionnaire targeted at 100 firms which is about 40% proportional 
sample of 245 registered small and medium contractors in Lagos state, Nigeria, as at 2016. A total of 
53 questionnaires completed by; 17 engineers, 12 quantity surveyors, 10 architect, eight 8 builders and 
2 project managers provided valid responses for the analysis. Quantitative data collected were analysed 
using mean ranking, factor analysis, and t-test. While the results show; mistakes, changes in scope of 
project, price fluctuation, importing and customs and security risk factors, as the most frequently 
occurring variables, they nonetheless indicate no significant difference in the ranking of the occurrence 
of the factors by the operators of both small and medium sized contracting firms. Although findings are 
limited to occurrence indices of the factors, risk impact models based on severity indices of the 
individual variables on project performance executed by this category of contractors can be developed 
based on the empirical findings. The study also highlights implications for risk assessment and choice 
of appropriate management techniques that could help in improving the performance metrics of the 
projects executed by small and medium sized category of contracting firms. 

Keywords: building, construction, risk factors, small and medium size firms.  
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Abstract 
 
The magnitude of variance between the projected and actual performance parameters could sometimes 
be very high, especially in projects which involve huge elements of risk.  To avert this unfortunate 
experience, there is need for the adoption of efficient risk management strategy. This paper therefore 
presents the report of an investigation conducted on strategies adopted for managing site related risk 
factors which impact on the educational institutions’ building projects performance. A structured 
questionnaire was used to collect primary and archival data from 52 building contracting organizations 
who were in involved in the tertiary education building projects in Ekiti State, Southwestern Nigeria. A 
total of 39 valid questionnaires received were used for the analysis. Data obtained were analyzed using 
iinferential and descriptive statistics. Expected monetary value, risk break-down model and human 
reliability assessment were identified to have higher efficiency for reducing project completion time 
overrun. Meanwhile, sensitivity analysis, risk break-down structure and brainstorming were found to 
provide better degree of effectiveness for curtailing cost overrun. Key lesson learnt from the study is 
that practitioners can gain profound insight into onsite related risk management strategies suitable for 
building projects. The relatively small sample adopted limits the generalization of the findings. 
Notwithstanding, the study highlights implications for design of formalized risk management strategies 
specific to site operations in building projects. 
 
Keywords: building projects, risk management, site related risk, tertiary education. 
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Abstract  

Quantity surveyors possess an inherent traditionalism when it comes to Building Information Modelling 
(BIM), preferring to follow current trends and methods rather than taking a proactive approach towards 
its implementation. This implicates that there is still a lack of understanding of the potential uses and 
benefits that BIM software will provide the profession. Within this context, the purpose of the research 
was to determine the reasons why professional quantity surveyors (PrQS) are not utilising BIM to 
improve their day-to-day tasks and functions.  To conduct the research, a qualitative study was carried 
out using semi-structured interviews with PrQSs from various QS firms situated in Port Elizabeth. This 
method of data collection allowed for a more in-depth understanding of why these professionals are not 
utilising BIM in Port Elizabeth.  The research investigated the reasons behind these PrQSs not utilising 
BIM to improve current methods of managing construction costs on projects. The results revealed that 
there are challenges that QSs face in the construction industry in terms of their working methods. The 
results also identified the potential of BIM to help mitigate these challenges with interviewees 
mentioning several benefits that the BIM software will provide for the QS. Despite BIM’s potential in the 
QS profession, the results showed that there are still several barriers holding professionals back, the 
most prominent being the lack of senior leadership support, knowledge of BIM, a lack of full team 
integration and the cost of implementing BIM.  The main limitation of the study was that the number of 
responses was limited due to the fact that very few quantity surveyors were experienced in, or, had 
knowledge about BIM. As degrees of regional sentiment, and industry development also had influence 
on participants’ answers, the findings may not be suitable or be generalised to other provinces in South 
Africa.  The findings will assist all stakeholders in the QS profession, as they will be more informed 
about potential benefits and challenges to BIM implementation, which will provide them with greater 
knowledge of how it works and precisely what it is capable of doing. 

Keywords:   Building information modelling (BIM), quantity surveying, challenges, lack of 
implementation. 
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Abstract 

The most recent public health emergency of global concern has presented itself as the  Covid-19 
pandemic, which began in late 2019 Wuhan, China and has rapidly spread around the world. This 
disease has received extensive global attention due to the rapid rate of transmission between 
indivduals, with the elderly easily affected. Countries, economies and sectors around the world faced 
immediate closure to mitigate the infection rate with scientists constantly searching for a means to 
eradicate the novel coronavirus disease (Covid-19). The education sector was one of the sectors highly 
affected by the on set of the pandemic due the vulnarebality of its setting. UNESCO reported that as of 
the 6th of April 2020, 1,576,021,818 billion students were affected across 188 countries at all levels of 
teaching and learning. As a result the immediate implementation of online teaching and learning 
modalities were required with a primary focus on maintaining a standard of teaching and learning that 
met the needs of both academic staff and students. However, due to the socio-economic challenges 
faced by South Africans, the education sector experienced numerous challenges in the implementation 
process of online teaching and learning modalities (HEIs). This paper seeks to review the challenges 
experienced by academic staff and students with the implementation of online teaching and learning 
modalities at higher education institutes across South Arica amidst a global pandemic. Future research 
suggestions includes a comprehensive research study on the extensive affects of the Covid-19 
pandemic on higher education instiutes. 

 
Keywords. Pandemic; Covid-19; Higher education; Online education;  Education modalities; 
Strategies 
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Abstract 
 
The term "liveable cities" appeared in the literature during the 1980s in connection with the growing 
environmental concerns and the increasing competition among global cities to attract foreign 
investments and boost their economies. Also, the term sustainability emerged in the late 1980s as a 
warning to space and city users on the need to manage and regulate environmental resource 
consumption and utilization. While the concept of liveability seeks to utilize environmental resources for 
better living for urban dwellers, sustainable urban development on the converse tends to warn of the 
dangers of overuse and consumption of environmental resources. These concepts, much as they are 
closely related have also been adjudged to have certain intricate tensions in terms of their views on 
issues relating to utilization and consumption of environmental resources. This research, therefore, 
seeks to explore the conceptual relationships and tensions between urban liveability and sustainable 
development. The review of the literature reveals that, much as both concepts are related, they are 
critically diverse in their promotion of the use of environmental resources. 
 
Keywords: Environmental Resources, City, Urban Liveability, Sustainable Urban Development, 
Urban Management, Urban Governance  
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Abstract 
The paper focuses on various cash flow management techniques selected and incorporated by 
contractors into their daily processes and the effects of poor cash flow management on their business. 
A quantitative research approach was used using a web-based questionnaire. The questionnaire was 
distributed to all contractors registered with the Master Builders Association within the Eastern Cape 
Province. Results revealed that majority of contractors successfully implement cash flow management 
techniques and are therefore able to meet their monthly obligations. Respondents further agreed that 
late payments are detrimental in terms of their cash flow causing project delays. Increased capital 
expenses and higher levels of competition in the construction industry market, force the construction 
companies to consent to an increased number of risks, effectively ensuring their vulnerability to negative 
impacts on their cash flow and inevitably exposure to unforeseen events that are innate in any 
construction project.The study was limited to the Eastern Cape region, therefore reducing the targeted 
population and number of responses.The study investigated the competency level of financial 
management by building contractors with reference to the implications caused by poor financial 
management on the contractual parties involved within a project.The aim of the study was to deduce 
the extent to which contractors in the Eastern Cape implemented effective cash flow management 
techniques to sustain their businesses. The study highlighted the link between factors negatively 
impacting cash flow and its subsequent cause of failing contractors within the construction industry. The 
paper responds to the conference theme given that the effective cash flow management by contractors 
within their own firms and pertaining to construction projects, promotes the sustainability of the Built 
Environment. 

Keywords: Cash flow management, Contractors, Cost Overruns, Late Payments, Project delays 
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Abstract  
 
The construction industry is negatively affected by cost and time overruns which further negatively 
impacts the contractual stakeholders. Construction delays and cost overruns are a global phenomenon 
since one of the major problems in the construction industry involves unexpected incurred costs and 
late delivery of projects. The success and failure of any project depends upon many factors and the 
Project Manager is considered to be the key contributor to the success of any project, as well as to 
guide the team members to achieve the client satisfaction. In addition, the roles, responsibilities, duties, 
and competencies of  Project Managers have a direct impact on successfully completing construction 
projects on time and within budgeted cost. The study aimed to find the key competency skills that the 
Project Manager must possess to mitigate time and cost overruns.A quantitative research approach 
was adopted to determine the key competency skills of a Project Manager with respect to cost and time 
delays. A web-based questionnaire was published in the Eastern Cape Masters Builders Association 
(MBA) bulletin aimed at contractors registered with the association. Only the data submitted by Project 
Managers was considered. 
The results revealed that the key competencies required to mitigate for cost overruns are comparable 
to those required to mitigate against time overruns. Results further revealed that the key competencies 
for preventing cost overruns were financial control, planning and control, application of project budget 
techniques, management of cashflow and strategic implementation. For mitigating time overruns, the 
results revealed that planning and scheduling, time management, application of construction methods, 
decision-making and risk management were effective key competencies. 
The study was limited to project managers working for building contractors registered with the Master 
Builders Association.The study investigated the need for project managers to better equip themselves 
with key competency skills to perfom optimally to reduce the occurrence of cost and time delays on 
construction projects.The aim of the study was to assist Construction Managers to choose the right 
candidate as a Project Manager. It would also assist inspiring Project Managers to acquire the key 
competency skills. The paper responds to the conference theme given that the reduction of cost and 
time overruns promotes the sustainability of the Built Environment. 
 
Keywords: Contractor, Construction industry, Cost overruns, Project manager,Time overruns 
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 Insight into the millennial mind-set: Impact of 4IR 
and Society 5.0 on the Real Estate, Construction and 
other industries  

  LL Cook  
  University of Pretoria, Department of Construction Economics  
  Laetitia.cook@up.ac.za  
Abstract. The exponential adaption rate of new 4IR technology brings about challenges generally 
experienced as complex and even threatening by real estate and construction industry practitioners. 
Now faced with Society 5.0 in which people’s lives are made more comfortable and sustainable by 
continuously creating new tech driven services and value adds, seasoned practitioners may feel 
overwhelmed as fringe disciplines encroach on their domain with tech savvy “smart” solutions. The 
millennial mind-set of practicality, optimism, and confidence could aid our industries in addressing the 
burning issues we presently face with an underperforming sector due to general economic downturn, 
further fuelled by COVID-19. 

 

Keywords: Millennials, millennial mindset, construction industry, Society 5.0, 4IR, 
nanotechnology, real estate, disruptive 
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Abstract.The purpose of this study was to develop a client-driven H&S rating model to be used by 
construction clients to improve their overall project H&S performance.The attitude of clients towards 
H&S is critical in the overall H&S improvement effort on construction projects. This hypothesis was 
tested and verified using Covariance-Based Structural Equation Modelling (CB-SEM). Using the 
framework of factors from previous studies, a survey method was adopted for collecting data for this 
study.Contrary to the findings of the previous studies, the final CB-SEM results suggested that the 
contractual H&S arrangement is the only construct which has a direct effect on project H&S 
performance. Mediation hypothesis testing was performed, and results were that attitude, 
communication and selection of contractors based on their historical health and safety performance 
have an indirect effect of project health and safety performance. The final model was validated by CHS 
experts and was found to acceptable.The study was limited to a selection of projects for a range of 
clients executed by a major construction contracting organization. Future studies should be conducted 
using a larger sample size to improve the application of the developed model in the construction 
industry. The survey instrument indicator variables may be refined to suit specific project 
environments.The study has contributed to knowledge by deepening the understanding of the critical 
H&S factors beyond those considered in previous studies. It highlighted the urgent need to change the 
traditional mind-set that H&S is the responsibility of the construction contractors alone.   

 

Keywords: Construction, clients, contractors, critical H&S factors, effectiveness, efficiency 
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Abstract  

The purpose of this study is to assess the factors affecting students’ learning in civil 

engineering measurement, with a view to enhancing students learning experiences and 

outcomes.  The methodology adopted for this research was quantitative with the use of 

questionnaires distributed to 30 civil engineering students in their 3rd year, studying at a 

Nigerian university. The measurement of items in the survey questionnaire was based on a 5 

point Likert scale. The data from the survey were analysed using descriptive statistics such as 

percentages and mean scores. The data from the survey were also presented in the form of pie 

chart and table.  Teaching style was found to be the most significant factor affecting students’ 

learning in civil engineering measurement. Other significant factors were factors that had to do 

with the nature of the course which included difficulty with understanding the measurement 

process, measurement calculations, standard method of measurement (SMM), taking off sheet 

and terminology and acronyms. The findings also provided additional evidence to support a 

conducive learning environment and the use of teaching aids in enhancing learners’ 

experiences. The study focused only on civil engineering students from one university in 

Nigeria. More empirical evidence of the factors affecting students' learning in civil engineering 

measurement can be obtained by considering other universities within and outside Nigeria.  

The findings place great responsibility on lecturers to improve their teaching styles. Moreover, 

the use of sufficient examples during teaching, and the use of 3D drawings such as Revit would 

greatly enhance the learning experiences of students in civil engineering measurement. 

 

Keywords: affective element, epistemology, learning experiences, Nigeria, ontology, Revit, 

teaching style 

 

1.  Introduction 

Civil engineering measurement is a fundamental skill that is required in the evaluation of the cost of 

proposed works and the calculation of final accounts for work executed. Moreover, civil engineering 

measurement is calculation based and it requires considerable skill in mensuration and a good 

understanding of civil engineering design and construction.  However, it has been found that students 

generally have learning difficulties with calculation courses. For example, Williams et al. [1] reported 

that secondary school students believe physics is boring because it is considered a difficult subject. 

Moreover, Barton, [2] and O'Connor, [3] noted that students have difficulty in understanding the 

specialized mathematical language. Since civil engineering measurement relies on the principles of 

mensuration in mathematics and it is perceived as a difficult subject, this study aimed at identifying 



 

 
 

 

and assessing the factors affecting students’ learning in civil engineering measurement, with a view to 

enhancing students learning experiences and outcomes.   

 

2. Literature Review 

 2.1 Learning Theories 

There are five major learning theories identified in literature namely:  behaviorism, 

cognitivism, constructivism, social learning, connectivism. 

Behaviorists believe that a learner is passive and that behavior is learned by observing the 

environment. They also believe that behavior can be positively or negatively reinforced by the use of 

rewards and punishments. Major contributors to behaviorism include Ivan Pavlov, Albert Bandura, 

and B.F. Skinner. The cognitive theory of learning focuses on the use of the mind in the learning 

process. It is based on the belief that learning emanates from the internal stimuli (the learner's mind) 

rather than the external environment as believed by behaviorism theorists. Proponents of the cognitive 

theory view the learner as an active participant in the learning process who comes into the learning 

situation with knowledge, skills and related experiences. Foremost proponents of the cognitive theory 

include Jean Piaget, Jerome Bruner, and David Ausubel. Constructivism is a learner-focused paradigm 

on learning where learners construct their knowledge, learn by doing, actively participate in learning 

and make use of critical-thinking skills. Lev Vygotsky, John Dewey, Jerome Bruner, and Jean Piaget 

contributed significantly to constructivism. The Social Learning theory was advanced by Albert 

Bandura. The theory is based on the belief that learning occurs by observing and modeling the 

behaviors, attitudes and emotional reactions of others. George Simens and Stephen Downes introduced 

the connectivism theory of learning in 2005. The theory centers on the effect of technology on 

communication and learning. Connectivism is based on the belief that learning can also take place in a 

non-human environment like an online community or a database. 

 

2.2 Factors affecting students’ learning 

Several factors have been identified in the literature as affecting students’ learning. Luben et al. [4] 

identified three factors that affect students' learning. These factors are the experience of the teacher, 

availability of textbooks and teaching facilities available in the school like teaching aids and 

technology. Luben et al. [4] further revealed that factors such as family issues, financial difficulties, 

and academic workload also affect students' learning. 

 

Linskie [5]  identified three necessities that facilitate students' learning. These include physical needs, 

emotional needs, and social needs. Linskie [5] described physical needs as the physical state of the 

student and classroom environment. Comeaux [6] specifically noted that students with learning 

facilities performed better than students who do not have learning facilities. Kirmani et al.  [7] found a 

positive relationship between students' performance and the availability of such facilities as a library 

and computer laboratory in the academic environment. Young [8] noted that students' performance has 

a positive correlation with the availability of learning facilities in the school environment.  

 

Cox [9] highlighted three teacher-centered factors that would promote an effective learning 

environment. These are (1) good human relationship (2) correct motivation and (3) having good 

communication. Trigwell et al. [10] indicated a positive relationship between teaching approach and 

students’ learning. 

Hassan et al. [11] identified six factors affecting students' learning: They are (1) students' attitude 

before and after attending class, (2) the strategies adopted by students for comprehending the lecture, 

(3 ) size and condition of the class, (4) importance of the lecture, (5) extra efforts made by students 

outside the class and  (6) convenience of the classroom and importance of listening to lecture. 



 

 
 

 

Ojelabi et al. [12] noted that students' learning can be greatly influenced by the lecturer's capacity, 

lecturing style, and learning facilities. 

 

Ostrowski [13] grouped the factors affecting students' learning into three categories namely: 

epistemological factors, ontological factors, and factors relating to the affective element. Bauer [14] 

describes epistemology as the fundamental assumption about the nature of knowledge and learning. 

Research results from university students indicate that epistemological factors affect students' learning.  

For example, Schommer et al. [15] carried out a survey to determine whether there is a relationship 

between students' epistemological beliefs and their interpretation of information and meta 

comprehension of written text. The findings from the research indicated that the more university 

students believe in simple knowledge the worse their comprehension, meta comprehension, and test 

performance. Moreover, Kardash and Howell [16] studied the relationship between students' 

epistemological beliefs, cognitive process, and strategies adopted for comprehension. The study found 

out that students with naïve beliefs about the speed of learning used fewer processing strategies, unlike 

their peers who believe that learning should take place quickly. 

 

Ostrowski [13]  highlighted the epistemological factors affecting students’ learning in construction 

measurement including understanding the SMM (Standard method of measurement), understanding 

rulings in the taking-off sheet, ability to interpret AutoCAD drawings and ordinary drawings, 

understanding the process of measurement, understanding calculations in measurement, knowing how 

to use vocabulary and acronyms in measurement. 

Ontology has been described as a branch of metaphysics concerned with the nature of being 

(existence). Foremost philosophers in the field of ontology include Aristotle, Christian Wolff, Edmund 

Husserl, and Martin Heidegger. These philosophers explain ontology as the essence of being. They ask 

the following questions to shed more light on the concept of ontology: what is being?, How it is?, How 

much it is? where it is? and its relation to other beings. Ostrowski [13] described ontological factors 

affecting students learning in construction measurement in terms of the ‘howness’ of being, how much 

it is  and its relation to other beings. Ostrowski [13] highlighted the following ontological factors 

affecting students learning in construction measurement: conduciveness of the construction 

measurement classroom, availability of drawings in construction measurement class, teaching 

approach of the construction measurement lecturer and the availability of study groups and student 

tutors. 

The affective element generally refers to students' attitudes and motivations towards learning [17].  

Ostrowski [13] noted three affective elements influencing students' learning in construction 

measurement. They are the enjoyment of construction measurement classes, anxiety during 

construction measurement classes and the ability to retain knowledge gained after each construction 

measurement class. 

 

3. Research Methodology  

The methodology adopted for this research was quantitative. The study utilized a descriptive research 

design.  The respondents comprised of all the 30 third year students of civil engineering studying at a 

Nigerian university. The civil engineering module is offered at the third year of the civil engineering 

programme. The questionnaire consisted of epistemological, ontological and affective items affecting 

students’ learning as identified by [13].  

The measurement of items in the questionnaire was based on a 5 point Likert scale with 1 representing 

“strongly disagree” and 5 representing “strongly agree”. A mean range was used to categorize the 

significance level of the factors affecting students’ learning in civil engineering measurement.   The 

mean categorization was as follows: 

5.00 ≥ x ≥ 4.50 = extremely significant       

4.49 ≥ x ≥ 3.50 = very significant 



 

 
 

 

3.49 ≥ x ≥ 3.00 = somewhat significant   

2.99 ≥ x ≥ 1.00 = not significant  

The data from the survey were analysed using descriptive statistics such as percentages and mean 

scores. The data from the survey were also presented in the form of pie chart and table.   

 

4. Results and Discussions 

4.1 Demographic Information of the Respondents 

The only demographic detail considered in this study was gender. Fig 1 indicates that 27% of the 

respondents were females, while 73% were males. This result is typical of most construction related 

programmes because construction is a male dominated profession [18, 19].  

 

   
Fig 1: Gender analysis of the respondents 

4.2 Factors affecting students’ learning  

The most important factor affecting students’ learning in civil engineering measurement is lecturer’s 

speed with a mean score of 4.60 (Table 1). This mean score lies within the range of 5.00 ≥ x ≥ 4.50, 

indicating that lecturer’s speed was an extremely significant factor affecting students’ learning in civil 

engineering measurement. This finding is similar to the study of Tunji-Olayeni et al. [20] which 

indicated that lecturers' speed was one of the factors affecting students learning in building 

measurement. There is a need for lecturers to slow down their pace of lecture delivery particularly in 

calculation based courses such as civil engineering measurement, to ensure that the majority of 

students offering the module comprehend each topic. Even though the fast pace of delivering the civil 

engineering module may be due to the lecturers teaching style or the need to complete the syllabus, 

there should be a balance between students comprehension and the need to finish the module syllabus 

within a specified semester.   

This will enhance students’ comprehension of the module and also increase the chances of completing 

the module. Moreover, the factor ‘lecturer’s speed’ is an ontological factor which relates to how the 

knowledge of civil engineering has been transferred to the students.  Ontology in measurement 

modules includes the manner in which the module has been delivered [13]. Ontology also describes 



 

 
 

 

the way knowledge has been communicated to facilitate knowledge comprehension and sharing [21]. 

The ontology of civil engineering measurement as indicated by the results of this study shows that the 

transfer of knowledge has been quite fast and was one of the factors affecting the learning of students 

in the module. 

Table 1:  Factors affecting students’ learning  

Factors  N Mean Rank  Remark  

Lecturer’s speed  30 4.60 1 extremely significant  

Measurement process 30 4.30 2 very significant 

Measurement calculation 30 3.87 3 very significant 

Understanding SMM 30 3.77 4 very significant 

Taking off sheet 30 3.70 5 very significant 

Terminologies and acronyms 30 3.53 6 very significant 

Retain knowledge  30 3.47 7 somewhat significant  

Anxiety in class 30 3.27 8 somewhat significant  

Enjoy the classes 30 3.10 9 somewhat significant  

Study group 30 3.07 10 somewhat significant  

Student tutors 30 3.03 11 somewhat significant  

Interpret AutoCAD drawings 30 2.50 12 not significant 

Interpret ordinary drawings 30 2.40 13 not significant 

Conducive classes  30 2.37 14 not significant 

Use of drawings during lectures 30 1.93 15 not significant 

 

The results of the survey (table 1) further showed that comprehension of the measurement process 

(4.30), measurement calculations (3.87), the SMM (3.77), the taking off sheet (3.70) and terminologies 

and acronyms (3.53) were the subsequent factors affecting students’ learning in civil engineering 

measurement. The mean values for these factors were > 3.50 and < 4.50, indicating that the factors 

were very significant in affecting students learning in civil engineering measurement.  

Moreover, these factors are epistemological in nature, stemming from the content of the civil 

engineering module. Epistemology deals with the nature and variety of knowledge [22]. It also 

describes the content of the knowledge offered [23]. The difficulties associated with comprehension of 

the measurement process, measurement calculations, taking off sheet, terminologies and acronyms 

may suggest that the civil engineering module is not easy to grasp particular at the first instance, and 

may require that lecturers go through the concepts in the module constantly to enhance students’ 

comprehension.  The results imply that the difficulty in comprehending the contents of the civil 

engineering module is combined with the fast pace of lecture delivery, thereby compounding the 

learning difficulties of students in the module. 

In addition, the findings (table 1) identified three factors of the affective element which affected 

students’ learning in civil engineering measurement. The factors were ‘retaining knowledge’ (3.47), 

‘anxiety in class’ (3.27) and ‘enjoy the class’ (3.10). The mean scores of these factors were > 3.50 and 



 

 
 

 

< 3.00, this shows that all the three factors of the affective element had a somewhat significant effect 

on students’ learning in civil engineering measurement.  

The two least factors affecting students’ learning in civil engineering measurement were conducive 

classes and the use of drawings during lectures, with mean values of 2.37 and 1.93 respectively.  

These mean values were > 1.00 and < 3.00, indicating that these factors were not significant.  This 

finding indicates that the use of drawings during classes and a conducive classroom did not negatively 

affect the students learning. This also suggests that the use of teaching aids such as drawings Omuh et 

al. [24] and conducive learning environment [12] enhances learners’ outcomes.  

To improve students learning experiences in the course, much attention has to be given to both the 

epistemology and ontology of the course. In this case the nature of civil engineering measurement and 

how it is taught. As suggested by Tunji-Olayeni [20] lecturers have to use sufficient illustrations to 

enhance students’ comprehension of the course. The use of 3D drawings such as Revit and other 

instructional videos can greatly improve students understanding of the course. Omuh et al. [24] also 

suggested the use of creative methods in the teaching of calculation based courses to improve 

students’ interest and performance. The adoption of the aforementioned suggestions can help reduce 

the difficulties associated with the epistemology or nature of civil engineering measurement.  

To address the ontological (lecturer's speed) issue identified in the study, it is suggested that lecturers 

find a balance between students’ comprehension and completing the module syllabus within a 

specified semester. Tunji-Olayeni et al. [19] noted that lecturers play a crucial role in enhancing the 

learning experience of students. The seemingly difficult or complex nature of the course requires that 

lecturers take time to explain basic arithmetic mensuration which is the foundation for civil 

engineering measurement, while also attempting to complete the module syllabus.   

 

5. Conclusion and Recommendations  

Factors affecting students’ learning in civil engineering measurement were assessed. Teaching style 

was found to be the most significant factor affecting students’ learning in civil engineering 

measurement. Other significant factors were factors that had to do with the nature of the course. 

The study recommends that lecturers of civil engineering measurement should adopt appropriate 

teaching styles such as a slower teaching pace. Other recommendations include the use of sufficient 

examples during teaching, and the use of 3D drawings such as Revit.   
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ABSTRACT. ‘Sustainability’ and ‘Project Management’ have long been growing apart until 

recently. The integration of these two fields has become one of the biggest challenges 

experienced. The consideration of sustainability comes with new a project target: social, 

economic, and environmental targets. This study investigated challenges faced by construction 

project managers in consideration of the Three Pillars of Sustainability when delivering projects, 

and solutions proposed to overcome those obstacles. The findings of this study were collected 

through structured and semi-structured questionnaires sent to project managers in South Africa. 

Challenges were identified, which included: no clear description of how and where should the 

Three Pillars of Sustainability be considered in a project; no clear sustainability framework; 

difficulty in considering the social aspect of sustainability. Solutions were offered which 

included: using sustainability as a measure of project success. This study aimed to contribute to 

the further improvements in the emerging knowledge area of ‘Sustainable Project Management’. 
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1. INTRODUCTION 
The construction industry has always been facing challenges such as global warming, inefficient energy and 

natural resource use. The construction sector is known for using extensive resources, and it is rated as one of the 

biggest carbon emitters and consumers of natural resources (Wang, 2015). Recently, sustainability consideration 

has climbed the ladder to become one of the most encountered challenges of our time (Daneshpour, 2015; Silvius 

and Schipper, 2014; Olaso and Ramon, 2016). This challenges then puts pressure on the practicing professionals 

in the construction sector to research and develop effective sustainability practices (Sadaba, 2015). This emerging 

pressure has influenced the development of this study to investigate the consideration of sustainability in project 

management. This consideration of sustainability comes with new targets: social, economic, and environmental. 

These new targets affect project selection, project execution and also has an impact on project management 

practices (Silvius et al 2012; Silvius and Schipper, 2014). The consideration of sustainability in project 

management practices is still an emerging research area (Daneshpour, 2015; Silvius and Schipper, 2014). There 

is still a vacuum in research when it comes to the consideration of sustainability in project management (Wanjiru 

Gachie, 2019).  

This study aimed at investigating the challenges project managers encounter in considering the Three Pillars 

of Sustainability when delivering a project. Unearthing these challenges contributes to the awareness of 

sustainability and the development of a solution that will help in mitigating these challenges. 

 

1. LITERATURE REVIEW 

 

1.1. The concept of sustainability 

Sustainability is a broad concept. According to Zuofa and Ochieng (2017) this concept has 30 to 60 

definitions, with limited agreement in terms of its theoretical or practical meaning. For example, Bervar 

& Bertoncelj (2016) define ‘sustainability’ as the organization of principles that aims at meeting today’s 

needs by sustaining the existing and limited resources for the better wellbeing of the coming generation. 

Yilmaza and Bakis (2015) suggest sustainability aims to improve the quality of the present and future 

life by changing the current consumption habits and encouraging continuous development. These are 

well-established general definitions of sustainability rooted in the Brundtland report (Tufinio et al., 

2013). However, as criticized by Hope and Moehler (2014), these definitions shy away in addressing 



 

the reconciliation of the sustainable principles with the primary aim of business, which is to create 

profit. In order to consider this fundamental aim of business, according to Hope & Moehler (2014), the 

Three Pillars of Sustainability, economic, social, and environmental need to come under consideration. 

The adopted definition for this study developed by Silvius and Schipper (2014) incorporates these Three 

Pillars: Sustainability is about the balance between Social Sustainability, Economic Sustainability and 

Environmental Sustainability. These interrelated Three Pillars, each is often looked at in isolation from 

the other (Silvius et al., 2017). However, to achieve Sustainability these Three Pillars need to balance 

and harmonize (Yilmaza and Bakis, 2015; Feil and Schreiber, 2017). Sabini (2017) states that there is 

a growing pressure from society for project managers to balance these Three Pillars of Sustainability. 

 

1.2. Sustainability in project management 

The concepts ‘sustainability’ and ‘project management’ have been growing apart until recently. 

According to Olaso and Ramon (2016) the consideration of sustainability in project management 

practice only happened in this decade. Sustainability being introduced in the construction and civil 

sector came with new project targets forcing the development of new techniques and tools (Sanchez 

and Lopez, 2010). This introduction has been due to concerns regarding the wise and efficient use of 

natural resources and the planet (Silvius and Schipper, 2015). The integration of these two concepts has 

become a significant driver in delivering projects (Tufinio et al.,2013). According to Ali (2015) this 

affects how projects are conceived, planned, executed and evaluated. This integration comes with new 

targets and new challenges in project management. Projects and project management exist in a strategic 

context that can be affected by the surrounding environment (Tharp, 2012). This forces a shift of scope 

of project management towards the consideration of the new targets – the Three Pillars of Sustainability 

(Ebbesen and Hope, 2013; Silvius and Schippe, 2014). 

Ebbesen and Hope (2013) refer to the well-known criterion used to measure project success by 

modern project management is known as the “Iron triangle”, which measures “time, cost, and 

quality”. This criterion is also adopted in the PMBOK Guide. However, this criterion is criticized 

by Ebbesen and Hope (2013) and Silvius and Schippe (2014) as a narrow criterion. Ebbesen and 

Hope (2013) argue that while this iron triangle may be important in measuring project success, it 

ignores other crucial success aspects of the project such as the social and the environmental aspects. 

Marcelino-Sadaba (2015) argues that sustainability is countered towards traditional project 

management which primarily focuses on economic profitability. 

 

1.3. Challenges of sustainability in project management  

The consideration of sustainability in project management is likely to increase in the coming years 

(Okland, 2015). This consideration comes with new targets which affect the modern established project 

management (Ebbesen and Hope, 2013; Silvius and Schippe, 2014). The new targets call for 

modification in modern project management practices to successfully consider sustainability when 

delivering construction projects (Robichaud and Anatatmula, 2011). However, this consideration of 

sustainability has been facing some challenges in the field of project management (Yu et al., 2018). 

Project managers are faced with challenges in adopting sustainability practice. The lack of historical 

data on sustainability consideration being one of the major challenges that contribute to the lack of 

awareness and understanding of sustainability (Ofori et al., 2015; Aigbavboa et al., 2017; Aghimen et 

al., 2019;). This lack of awareness by practitioners is the critical challenge for project managers. The 

lack of historical data, as suggested by Wanjiru Gachie (2019), hinders the ability for project managers 

to apply and address sustainability issues authentically. Resistance to change and lack of resources to 

support technological changes also affect the success of sustainability adoption. The construction 

industry is known to be slow when it comes to the adoption of sustainability practices (Aigbavboa et 

al., 2017). 

 

2. METHODOLOGY 

The nature of this study is explorative; it investigates the challenges project managers encounter in 

considering sustainability. In investigating those challenges, semi-structured questionnaires were 

designed and sent to individual practicing construction project managers. The targeted population for 

primary data collection was practicing project managers within the South African construction industry. 

Participants were found via social media and in University Post-Graduate Master of Science Project 



 

Management classes. In collecting primary data each practicing project manager was sent the 

questionnaires via email, and a total number of 24 responses were received. 

 

3. FINDINGS AND DISCUSSION 

 

3.1. Demographic data 

This section includes an overview of the demographic data received, namely (Figure 1) experience of 

project managers, (Figure 2) qualification, and (Figure 3) project management guideline. 

3.1.1. Project managers experience in construction. Figure 1 describe the experience of practicing 

project managers in the construction industry have. The largest section of project managers 

(36.4%) who participated in this study do not have more than 5 years of experience practicing 

in this profession. While 27.3% have between 6 and 10 years of experience and 31.8% have 

11–20 years of experience. Only 4.5% have over 20 years of experience practicing as project 

managers. 
 

 

Figure 1: Participants’ experience in construction project management 

3.1.2. Highest formal qualification. It is important to note that approximately 90.9% of participants 

in this study had a tertiary learning qualification, which includes 68.2% with Honours degree, 

18.2% with a Master’s degree, and 4.5% Bachelors degree. These qualifications suggest that 

the participants had a relevant educational background in understanding and ability to respond 

to this study. Some of the participants have done the Project Management Profession (P.M.P) 

certificates, which makes their responses relevant due to their high level of understanding of 

the PMBoK Guide. 
 

 

Figure 2: Highest education achieved 



 

3.1.3. Project Management Guideline. The results show that 95.5% of the participated project 

managers are most familiar with the PMBOK® Guide. Only 4.5% selected ‘other’, and for 

those who select ‘other’ a follow-up question was available to give their most familiar project 

management guideline. Only one response was given in which the ‘SACPCMP guideline’ was 

mentioned. Since this guide is substantially based on the PMBOK® Guide, this suggests that 

all respondents are familiar with this industry standard. The one respondent more familiar with 

the SACPCMP guide is automatically familiar with the PMBOK® Guide, thereby making 

100% participants of the study familiar with the PMBOK® Guide. 
 

 

Figure 3: Participants most familiar Guideline 

3.2. The familiarity of project managers with sustainability. 

3.2.1. Familiarity with the ‘sustainability’ concept. The assumption was that only those familiar with 

the above concept can attempt to practice sustainability when delivering a project. 50% of the 

project managers reported to be mostly familiar with the concept, 31.8% are moderately 

familiar and 18.2% are slightly familiar. Overall, it was assumed that all participants in this 

study are at least somewhat familiar with the concepts. 
 

 

Figure 4: Participants familiarity with the ‘sustainability’ concept 

3.2.2. ‘Sustainability’ in Project Management Guidelines. In this section the study explored if the 

Project Management Guidelines that the participants were most familiar with do recommend 



 

the adoption of sustainability practices when delivering a project. Most participated project 

managers (72.7%) replied that their mostly familiar Project Management Guideline does 

recommend the adoption of sustainable practices. One of the project managers who said ‘no’ 

offered a substantiated answer: The Project Management guide does not have a sustainability 

framework, it only gives guidelines for project managers to deliver projects successfully. 

Though some participants disagree in terms of the recommendation of sustainability practices. 

However, 100% of the participating project managers are familiar or in use of the PMBOK® 

Guide. 

 

3.3. The level of understanding of sustainability by project managers. 

3.3.1. Defining sustainability. To discover if project managers understood what is meant by 

‘sustainability’ from the perspective of the Three Pillars, a question was drafted which required 

project managers to define their understanding of ‘sustainability’. This question was asked to 

achieve one of this study’s objectives, which was to discover the awareness of project managers 

when it comes to sustainability. The Three Pillars of Sustainability was set as a benchmark 

because they are considered to be the major aspects of sustainability. Only 13.6% of the 

respondents’ definitions considered all Three Pillars of Sustainability. However, most of the 

participants (63.6%) did not consider any of the Three Pillars in their definitions. 22.7% of 

participants only considered the environmental aspects, and one participant considered the 

economic and environmental aspects in their definition. Three responses equate sustainability 

with “lasting long” (or durability), which is an aspect of sustainability but not the central theme. 

Given the unclear nature of sustainability consideration, these different definitions are to be 

expected. To further understand this gap in understanding sustainability, follow up questions 

were asked which prompted to describe the consideration of the Three Pillars when delivering 

a project. The data also showed that project managers are having a different and vague 

understanding when it comes to sustainability in practice. This vague understanding and 

interpretations of sustainability by project managers prove the sustainability concept is still a 

challenge and corresponds with the findings of Silvius and Schipper (2012). Participated project 

managers show different understanding of the concept, this lack of common language also 

shows the lack of useful and applicable method for assessing sustainability in project. 

3.3.2. Consideration of the Three Pillars of Sustainability when delivering a project. This study has 

focused on these three Pillars of Sustainability: Social, Economic and Environmental. The 

results depict that of the Three Pillars of Sustainability the Economic aspect is the most 

considered with 45.5%, this means that project managers when delivering a project consider 

the economic aspect as the important aspect compared to the other two aspects. The 

Environmental aspect is the second most considered aspect with 36.4% participants and the 

Social aspect being the lowest rated at 31.8%. From the 22 participants, only 40.9% consider 

all Three Pillars of Sustainability when delivering a project. The results show that the Social 

aspect of Sustainability is the least considered in delivering a project. 

 

Figure 5: Most considered aspect of sustainability



 

3.4. Challenges project managers encounter in considering Sustainability and offered solutions. 

3.4.1. Challenges and solutions when considering the Three Pillars of Sustainability. This section 

was designed to discover the challenges project managers face when adopting sustainability 

practices in delivering a project and proposed solutions. The following challenges were given 

by the participated project managers: lack of knowledge; lack of workshops; no clear scope of 

margin as to what sustainability practices are; and basic education and training does not touch 

on sustainable practices. These challenges emphasis the lack of established information about 

the consideration of sustainability in practice. This idea is the most dominating challenge given 

by practicing project managers.  

The following solutions are offered to match the given challenge. Sustainability should be 

recognized as the eleventh knowledge area. A framework for all three aspects of sustainability 

should be developed and incorporated in PM Body of Knowledge. stakeholder organization 

should provide project management courses on sustainability. Training or educational 

platforms must be formulated. Overall these solutions given suggest development and 

introduction of sustainability information to enhance the advancement of modern project 

management practices. 

 

4. CONCLUSION  

Sustainability in the Project Management profession is still an emerging concept that is still trying to 

find its ground. Consideration of sustainability principles in project management is a challenging 

experience in our time. Challenges exist that hinder the adoption of sustainability practices in project 

management when delivering a project. The challenges found show that project managers have different 

understandings of what sustainability means; there is no clear description of how and where should the 

Three Pillars of Sustainability be integrated into a project. With the increasing need to balance the Three 

Pillars of Sustainability, the findings show that the social aspect is less considered when delivering a 

project and there is a lack of established information about sustainability in the project management 

profession.  

Challenges were identified, which include; the lack of information, lack of basic education and 

training, limited skills transfer, and resistance to change. This challenges hinder the progression of 

sustainability adoption and makes it difficult for project managers to practice sustainability when 

delivering a project consistently. Mitigating measures were offered that will assist project managers 

in the adoption of sustainability practices. The solutions include introducing Sustainability as the 

eleventh knowledge area, considering sustainability in project success, community and end-user 

consideration.
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