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Abstract: The coronavirus pandemic that unexpectedly took over the world in early 2020 
has resulted in the rapid digitalisation of education in the built environment. The closure 
of higher education institutes due to the global shutdown instituted by authorities 
significantly impacted the academic realm. As a result, traditional face-to-face teaching 
and learning in engineering education programs had to transform to a completely online 
learning pedagogy.  However, a seamless shift to an online pedagogy in a developing 
country such as South Africa was difficult as it exposed several challenges. These 
challenges have since become the ‘new normal’ in higher education institutes of 
developing countries including engineering programs. A comprehensive traditional 
literature review focusing on online learning due to the pandemic was conducted. This 
study provides an overview of the various pedagogical approaches adopted from research 
databases. The keywords ‘Online learning’, ‘E-Learning’, ‘Construction education’ and 
‘Online pedagogy’ were used to search the databases. Findings from the study revealed 
that various pedagogies were implemented online to assist students to adapt to the online 
mode of instruction. However, it was further identified that students in developing 
countries faced technical challenges accessing digital work, challenges accessing online 
learning platforms, internet connectivity, adequacy of technology and challenges adapting 
to a student centred approach.   
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1. INTRODUCTION 

1.1 Background         
There are compelling conditions that can negatively impact the education sector and potentially 
disrupt the right of students to quality education such as disasters, student protests and pandemics 
like COVID -19 (Toquero, 2020).  The World Health Organisation (WHO) declared COVID-19 a 
global pandemic on March 11th 2020 and in South Africa on March 18th 2020, the president 
instituted a nationwide lockdown in order to curb the spread of the virus. This resulted in a 
shutdown of all sectors including the closure of higher education institutes (HEI’s). In order to still 
accommodate the academic program without prejudicing the students who now no longer could 
be on campus, HEI’s had to consider alternatives and develop plans to ensure minimum 
interruption to the academic program as far as possible. To achieve this objective necessitated 
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transforming traditional face-to-face teaching and learning on the university campus to the virtual 
off campus and remote environment (Dube, 2020; Mhlanga, 2020; Peimani, 2021). In a developing 
country such as South Africa where the nation faces serious socio-economic inequalities, online 
learning presents several challenges. These challenges include the lack of suitable infrastructure 
and in some HEI’s both instructors and students lack the necessary skills and equipment to fully 
utilize a virtual platform (Dube, 2020; Mpungose, 2020, World Bank Group, 2018, Du Plessis and 
Mestry, 2019).   
 

2. ONLINE LEARNING AS A METHOD OF ACADEMIC INSTRUCTION 
 

The sudden closure of educational institutions and suspension of academic programs around the 
globe as a result of the COVID-19 pandemic catalysed the conversion of traditional face-to-face 
instruction to alternative online platforms at an exponentially rapid rate (Mhlanga & Moloi, 2020). 
As a result, academic institutions that focused solely on traditional face-to-face instruction modes 
of instruction in a physical classroom space encountered various challenges in the virtual migration 
(Baticulon et al., 2021; Rotas & Cahapay, 2020; Sundarasen et al., 2020). Students in South Africa 
faced many challenges due to the switch to online learning platforms such as both planned and 
unplanned electrical power cuts by ESKOM, poor network connectivity, insufficient data and lack 
of personal electronic devices (Du Plessis & Mestry, 2019; Dube, 2020; Mpungose, 2020; Shafiei 
Sarvestani et al., 2019). 
 

2.1 Technology required during online learning 
Online learning platforms are primarily dependent on the use of technology and the internet. The 
need for technical devices such as laptops and data provision for instructors and students was a 
challenge for HEI’s in South Africa (Dube, 2020). Students from low-income households were 
suddenly faced with the added financial burden of having purchase data packages which in South 
Africa are not as inexpensive as is the case elsewhere in the world. Additionally, students that 
owned or used an outdated device identified that most features were unavailable as the device was 
not compatible with the online platforms such as MOODLE and MSTEAMS. In addition, 
instructors and students that resided in locations with poor network connectivity such as in the 
rural areas of the country may not be able to access the online platforms (Abel Jr, 2020). The 
unstable internet connectivity is one of the greatest challenges that negatively affects the online 
learning experience especially in developing countries where telecommunications have not been 
adequately developed (Aboagye et al., 2021) or where coverage is limited. Furthermore, students 
may reside in locations that have limited or no network terminals or devices that cannot navigate 
to the internet (Baticulon et al., 2021).  
 

2.2  Socio-economic inequalities 
As a result of the socio-economic inequalities in South Africa students rely on access to computers 
in computer laboratories and free Wi-Fi at HEI’s (Guarner, 2020). Consequently, due to the closure 
of HEI’s as a result of the pandemic, the transition process to the virtual world of these students 
occurred at a much slower pace severely prejudicing their academic performance. Undoubtedly, 
students that came from a low socio-economic background faced challenges since they were 
unable to attend HEI’s due to the closure of institutes and suspension of academic programs (Gates, 
2020; Mouton, 2013). In addition, most students in South Africa only have access to a basic 
smartphone. The online platform presents tool and features that is more suited for use on a laptop/ 
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desktop therefore, as students did not receive devices from HEI’s most were unable to access all 
features of the platform via their smartphone device (Pete and Soko 2020). 
 

2.3  Digital literacy for online learning 
Despite the general growth of information technology and the increased exposure to technology, 
instructors and students struggled to use unfamiliar technology (Minichiello, 2022). Digital 
literacy is the competence, skills and knowledge required when using Information and 
Communication Technology (ICT) and electronic devices to perform tasks in a virtual 
environment (Morze et al., 2021). Due to the rapid digital transformation of academic instructional 
delivery as a result of the pandemic, HEI libraries were forced to follow the digital trend in order 
to provide instructors and students with resources during online teaching and learning. However, 
instructors and students with a lack of digital literacy faced difficulties in the optimal utilization 
of digital library resources having been used to accessing physical printed resources.  
 

3. THE ADOPTION OF ONLINE LEARNING IN THE BUILT ENVIRONMENT 
  

The traditional face-to-face engineering education mode of instruction has been largely syllabus-
driven, content- and instructor-centred and design-orientated focusing on the development of 
critical thinking and problem-solving skills (Bourne et al., 2005). There are various pedagogies 
such as flipped classrooms, project- and problem-based learning, inquiry-based and active 
constructivist learning that enhanced higher built environment education. Recently, access to 
online built environment study has become attainable but not necessarily achieved in all sub-fields 
of built environment careers.  The use of online learning in the built environment has been limited 
to basic functions such as a tool for students to access course notes uploaded by the instructor 
(Mushtaha, 2022; Adhikari, 2021; Arif, 2022 and Saw, 2020).  
 
The rapid transition to completely full time online teaching and learning in a short transitional time 
as a result of the pandemic necessitated a need to discover alternative and unfamiliar teaching and 
learning strategies within the entire educational spectrum (Abdulkareem, 2022). Consequently, 
HEI’s with a traditional face-to-face teaching and learning background and focus faced severe 
challenges with the conversion to a completely virtual environment (Besser, 2020; Svatos, 2022; 
García-Alberti, 2021). Table 1 highlights key findings of studies in the built environment sector 
and the use of virtual tools and platforms adopted. 
 

Table 1: Systematic literature review of related studies 
 

# Authors/ 
Year 

Title of Study Study Findings 

1 Mohammed, 
Zoghby and 
Elmesalawy, 
2020 

Remote Controlled 
Laboratory Experiments 
for Engineering 
Education in the Post-
COVID-19 Era: Concept 
and Example 

Remote-controlled experimentations were 
implemented thereby providing students with 
the practical work required in a way that is 
achieved in traditional face-to-face physical 
laboratories. 

2 Asgari, 2021 An observational study of 
engineering online 

The implementation of ZOOM breakout 
rooms were utilised to encourage group 
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education during the 
COVID-19 pandemic. 

discussions, problem-solving, critical 
thinking activities and reflective analysis 
among students. Additionally, “home lab kit” 
methods was introduced by recording hands-
on experiments and availing this to students. 

3 Kapilan, 
Vidhya, and 
Gao, 2021 

Virtual Laboratory: A 
Boon to the Mechanical 
Engineering Education 
During Covid-19 
Pandemic. 

A method was implemented whereby 
Students attended theoretical training on 
virtual fluid mechanics (FM) laboratory. 
Students further conduct virtual experiments 
in a hypothetical environment on a digital 
device based on the demonstration given by 
the instructors. Instructors additionally 
recorded real experiments giving students the 
ability to reflect and discuss their findings. 

4 Malhotra, 
2020 

Paradigm Shift in 
Engineering Education 
During COVID 19: From 
Chalkboards to Talk 
Boards. 

The study identified the implementation of 
interactive webinars provided a positive 
feedback from students therefore providing an 
opportunity to reflect and discuss topics. 
Students agreed that learning outcomes was 
successfully achieved through the online 
teaching method.  

5 Rassudo and 
Korunets, 
2020 

COVID-19 Pandemic 
Challenges for 
Engineering Education 

A Digital Twin concept was implemented for 
laboratory installation to simulate the work of 
the properly working equipment. Some 
changes were implemented into the 
experimental setup and the students were to 
diagnose it and discuss and reflect the results 
online. Therefore, enabling students to 
operate real hardware not available at home. 

6 ElSayary, 
2021 

Using a Reflective 
Practice Model to Teach 
STEM Education in a 
Blended Learning 
Environment 

The implementation of the STEM curriculum 
during online learning allowed student 
engagement in an experiential learning 
environment (Inquiry based learning and 
project based learning) this provided several 
check points to reflect on their learning and 
obtain constructive feedback. This indicated a 
positive outcome as it created a differentiated 
learning environment where individual goals 
and needs are met. 

 
4. METHOD 

4.1 Research approach 
This study identified Science direct and Scopus as a source of data due to their widespread 
coverage of global research publications (Hosseini, 2018). The databases were considered as a 
primary scientific research database (Olawumi, 2018). A comprehensive selection process was 
adopted to sieve pertinent publications on the database and centred only on relevant publications 

https://doi.org/10.17868/strath.00082029 Paper: 0393 4

https://doi.org/10.17868/strath.00082029


8th International Symposium for Engineering Education, The University of Strathclyde, September 1-2nd 2022, UK 

  

in English. A retrieval of publications was undertaken on the 13th of July 2022, with 546 
publications identified. In addition, a keyword search was undertaken to filter out unrelated 
publications, with keywords such as “COVID-19”, “Engineering education”, “Built Environment 
education”, “Online Learning”, “Online pedagogies”, “Construction Instructors”, “E-Learning”. 
Various combinations of the keywords were used in order to validate the range of the search 
results. The results of a search on different platforms reviewed 5,100 publications that were further 
filtered to 126 and 11 relevant publications were eventually referred to for the literature review.  
 

5. CONCLUSION 
 

The paper provided a systematic traditional literature review on the transition of face-to-face 
teaching and learning to an online instructional mode within the built environment and engineering 
sector. Existing literature on the adoption of online engineering education in particular in South 
Africa as a result of the pandemic is limited, and there is no thorough (qualitative and quantitative) 
analysis on the online adoption procedures and strategies. This study adds to the developing body 
of knowledge on the adoption and implementation of online engineering education as opposed to 
traditional instruction in a physical classroom space on campus. Literature has identified the use 
of reflective practice as a positive outcome to the few programmes that have adopted it therefore, 
it is suggested that the use of reflective practice ought to be emphasised and integrated into online 
engineering education. Reflective practice in particular to engineering education assists in the 
analysis and understanding of real life concepts and theories enabling graduates to identify and 
recognise events thereby create new distinctions and advancement in the world of work. The 
unanswered question is whether reflective practice is indeed possible in a complete virtual and 
digital instructional environment where there is no largescale interaction between students and 
instructors. The pandemic had a significant influence on and the pace of the digitalisation of 
teaching and learning practices within HEI’s with both negative and positive outcomes. However 
in a developing country such as South Africa, where smartphones are used as a primary source to 
access online learning it is suggested that HEI’s ensure the tools and features used on online 
platforms are more readily available, accessible and compatible for use on a smartphone. The 
measures and practices implemented might be here to stay, including the use of digital devices, 
recorded instructor videos, innovative course content, podcasts, questionnaires and quizzes and 
virtual laboratories therefore, HEI’s should ensure infrastructure is compatible with online learning 
requirements as well as provide instructors with adequate support and training to allow instructors 
optimal use and familiarity of the online platforms. The novel pandemic has additionally allowed 
developing countries an opportunity to rectify the socio-economic inequalities within HEI’s 
perhaps by providing students with laptops or set up home desktop stations for students to enable 
students to have access to online learning and ensure a seamless transition and adoption under the 
‘new normal’.  
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