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A B S T R A C T
The construction industry has often been described as stagnant and out-of-date due to 
the lack of innovation and innovative work methods to improve the industry (WEF, 
2016; Ostravik, 2015). The adoption of Building Information Modelling (BIM) within 
the construction industry has been relatively slow (Cao et al., 2017), particularly in the 
South African Construction and Built Environment (CBE) (Allen, Smallwood & Emuze, 
2012). The purpose of this study was to determine the critical factors influencing the 
adoption of BIM in the South African CBE, specifically from a quantity surveyor’s 
perspective, including the practical implications. The study used a qualitative research 
approach grounded in a theoretical framework. A survey questionnaire was applied to 
correlate the interpretation of the theory with the data collected (Naoum, 2007). The 
study was limited to professionals within the South African CBE. The study highlighted 
that the slow adoption of BIM within the South African CBE was mainly due to a lack of 
incentives and subsequent lack of investment towards the BIM adoption. The study 
concluded that the South African CBE operated mainly in silos without centralised 
coordination. The BIM adoption was only organic. Project teams were mostly project 
orientated, seeking immediate solutions, and adopted the most appropriate 
technologies for the team’s composition. The study implies that the South African CBE, 
particularly the Quantity Surveying profession, still depends heavily on other role-
players in producing information-rich 3D models.  Without a centralised effort, the 
South African Quantity Surveying professionals will continue to adopt BIM technology 
linearly to the demand-risk ratio as BIM maturity is realised in the South African CBE. 
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Introduction 

The construction industry is one of the biggest 
industries globally, with one of the most significant 
numbers of employees. The opposite is true about the 
industry when it comes to being innovative. The 

construction industry has often been described as 
stagnant and out of date due to the lack of innovative 
work methods to improve the industry. Although 
some new technologies have emerged in the indus-
try’s market, innovation and adoption of innovation 
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in the sector are still low (WEF, 2018; Abubakar et al., 
2014). This includes Building Information Modelling 
(BIM), Integrated Project Delivery (IPD), Integrated 
Design Processes (IDP) and Lean construction.

The adoption of Building Information Modelling 
(BIM) within the Construction Industry has been 
relatively slow (Cao et al., 2017), particularly in the 
South African Construction and Build Environment 
(CBE) (Allen, Smallwood & Emuze, 2012).

BIM can be defined as a set of interacting tools, 
processes, and technologies guided by norms and 
rules to support practitioners in the construction 
environment developing a building project (Eastman 
et al., 2011; Al Safarini et al., 2021). BIM can be 
extremely beneficial to construction companies will-
ing to devote the time and finances required to adopt 
BIM fully. It is meant to ease the collaboration process 
between the different stakeholders. BIM is the col-
laboration tool that makes it possible to bring all dif-
ferent construction disciplines together into one 
single authoritative project model. It is also beneficial 
to the Quantity Surveyor as a valuable measurement 
and quantification tool that makes the project more 
transparent and enhances project efficiency (ASAQS, 
2017). 

Even though BIM has the potential to benefit the 
South African CBE and, particularly, the Quantity 
Surveyor, numerous factors still affect the adoption of 
BIM in South Africa by QS firms. Therefore, its adop-
tion is still very slow (Allen, Smallwood & Emuze, 
2012). The purpose of this study was to determine the 
critical factors influencing the adoption of BIM in the 
South African CBE from a Quantity Surveyor’s per-
spective. This research endeavoured to highlight the 
aspects that can be addressed or focussed on by BIM 
users in the industry. The study’s objective was to 
determine the present level of awareness, industry 
readiness, the current rate of use and the perception 
of Quantity Surveyors regarding the adoption of BIM 
in the CBE.

The study aimed to establish the current and 
most pressing challenges causing the South African 
CBE’s seemingly slow adoption of BIM from a Quan-
tity Surveyor’s perspective. This was accomplished by 
measuring the health of the industry against the BIM 
maturity model (Sacks et al., 2018) and by comparing 
two data collection sets. One endeavoured to estab-
lish the common challenges towards BIM adoption, 
while the second investigated the relationship 
between company size and BIM adoption. 

The study mainly focused on the South African 
CBE from a Quantity Surveyor’s perspective. 

1.	Literature review 

1.1. Quantity Surveyor

The Quantity Surveyor (QS) is seen as the finan-
cial and development consultant that provides advice 
to either clients or contractors on contractual 
arrangements and cost advice. The QS is allowed to 
prepare contractual documentation for the project 
and also perform cost planning and cost management 
throughout the project to ensure that the develop-
ment stays within the budget. According to the 
Quantity Surveyors’ Act of 2000, anyone who wants 
to become a qualified QS in South Africa needs the 
necessary qualifications and experience and need to 
register with the South African Council of Quantity 
Surveyors (SACQSP) before being allowed to provide 
services to the public (Maritz & Siglé, 2016).

According to the Royal Institute for Charted 
Surveyors (RICS, 2007), some of the traditional QS 
functions include:
•	 Preparing the budget by determining the client’s 

requirements and using estimates.
•	 Preparing feasibility studies of the proposed 

project.
•	 Preparing the Bills of Quantities used to obtain 

the best possible tenders from numerous possible 
contractors.

•	 Preparing contractual documentation.
•	 Monitoring costs while providing reports to cli-

ents throughout the project.
•	 Determining the Final Account of the project.

Larsen (in Ostravik, 2015) concludes that tech-
nology adoption diffuses firms and individuals, 
mainly from project to project. His Innovation Dif-
fusional Network highlights two main parameters: 
broader institutional forces and peer pressure. These 
parameters further incorporate industry parameters, 
namely, negotiation space, contextual thresholds, 
group thinking, power available, selective exposure, 
actor thresholds, and the notion of needs. These 
parameters aptly explain how the BIM adoption is 
currently taking place. This complex, innovative dif-
fusion can further be divided into two levels: diffu-
sion among firms and diffusion among individuals 
within a firm.   

The functions that a QS provides to the client or 
contractor are extremely time-consuming and might 
contain errors due to incorrect quantity take-offs for 
projects with large numbers of drawings (Mayouf, 
Gerges & Cox, 2019). When variations or changes 
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occur in the traditional “manual” processes, it is 
time-consuming to correct and often leads to inac-
curate estimates (RICS, 2013). It is essential to note 
that the quality of the drawings will also have a major 
impact on the accuracy of the estimates (Sacks et al., 
2018; Exactal, 2018). Inaccurate drawings are among 
the biggest challenges faced by the QS. Subsequently, 
this highlights the importance of the QS to be a part 
of the design stage as early as possible, to collaborate 
with the designers and minimise errors. The under-
standing of the scope and the feedback to other con-
sultants are crucial for proper Integrated Project 
Management of a construction project (Du Plessis  
& Oosthuizen, 2018). 

To summarise, the design consultants continu-
ally produce more information, which the QS has to 
interpret to compile the procurement documents. 
This summary is depicted in Fig. 1. 

Fig. 1 clearly shows that information is continu-
ally lost as it is passed to the next role player. This 
emphasises the benefit of BIM, which is further dis-
cussed in the next section. 

1.2. 	Building Information Modelling (BIM)
Allen, Smallwood and Emuze (2012) claim that 

by offering a platform that makes it easier to handle, 
identify and avoid conflicts in project designs, BIM 
offers potential benefits to architects during the 
design phase of a construction project. They further 
claim that projects would benefit from this system as 
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Fig. 1. Traditional method of information flow from one process to the other  
Source: (Bernstein, 2015, video, cited du Plessis, 2019. p. 125). 
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the cost of rework due to design flaws and disputes 
will be drastically lower or non-existent. Uysal (in 
Kocakaya, Namli & Isikdag, 2019) claims that the 
on-site use of BIM in construction projects offers 
visual and appropriate information to contractors, 
which is obtained on-site at a reasonable time. Con-
sequently, there is a likelihood of reducing the num-
ber of requests for information (RFI), disputes, and 
conflicts frequently found on construction sites.

The construction industry has fallen victim 
numerous times to being labelled as inefficient with 
low productivity levels. Due to this recurring prob-
lem, an effort has been made to provide new tech-
niques and technologies to improve the productivity 
levels, enhance the quality of work and reduce the 
overall construction costs throughout the project. An 
innovative technology that is believed to be a step in 
the right direction for the construction industry is 
BIM (Panuwatwanich, 2013).  

The BIM maturity levels currently range from 
level 0 to 3 (four levels). BIM maturity levels are 
defined according to criteria with which BIM users 
are required to comply (to be BIM-compliant). At 
levels 0 and 1, there is a lack of BIM use, or other 
systems are being overused (Sacks et al., 2018). In 
April 2016, the UK Government mandated that any 
public sector’s construction project had to comply 
with BIM level 2. Level 2 requires structured data for 
a built asset that provides collaboration throughout 
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the supply chain. Level 3 will be targeted once the 
entire construction industry has managed to comply 
with level 2 (Malleson, 2018).

Integrating the cost element into BIM creates the 
fifth dimension (5D) (4D BIM refers to scheduling 
and 6D refers to facilities management). This is seen 
as a step in the right direction to improve cost man-
agement by many competitive firms (Smith, 2016). 
According to Smith (2016), BIM allows the Quantity 
Surveyor more time to provide cost advice and cost 
knowledge to the project team because the time to 
produce estimates, quantity take-offs, bills of quanti-
ties and other time-consuming data is greatly 
reduced. 5D BIM enables the QS to perform func-
tions, such as quantity take-offs, measuring directly 
from a 5D BIM model that is linked to estimating 
software that automatically updates when changes 
occur (Haque & Mishra, 2007). 

The United Kingdom (UK), Ireland and New 
Zealand are examples of governments taking a lead-
ing role in the BIM implementation. Since April 2016, 
the UK has implemented a mandate that requires all 
projects funded by the central government to be on 
the BIM maturity level 2. The National BIM Report 
(Waterhouse, 2019) states that BIM awareness and 
adoption levels had increased from 10 % in 2011 to 70 
% in 2019. In Ireland, the National BIM Report state 
that, from the 116 respondents in their research, 76 % 
have adopted BIM in their work environment. 
According to the BIM Acceleration Committee 
(Waterhouse, 2019), New Zealand has experienced  
a total growth rate of only 4 % in four years as it grew 
from 55 % in 2016 to 59 % in 2019. Although these 
countries are deemed as countries leading in the BIM 
adoption, there are still numerous barriers influenc-
ing the adoption of BIM in the UK and Ireland.

The South African CBE are years behind other 
countries with multiple and largely fragmented 
industries. Many QS companies are small, two to 
three-man practices, with diverse spectra of clients 
and types of projects. Clients also vary by financial 
strengths and the type of projects. This leads to differ-
ent technological requirements and project team 
compositions. 

The South Africa CBE should show improvement 
in the entire value chain of the Project Life Cycle 
(PLC) in an effort to create a market for those pro-
ducing usable data (Potgieter, 2017). The BIM Insti-
tute, in conjunction with the ASAQS, have taken the 
initiative to compile an Elemental Classification Sys-
tem to assist model developers in producing such 
information for the Quantity Surveyor, who, in turn, 

can convey it to the contractors. The objective is to 
standardise the way BIM information is classified 
within the model (ASAQS, 2018). This correlates 
with the suggestion of better collaboration between 
the supply chain and stakeholders (Odubiyi et al., 
2019). Waiting for the South African Government 
will not promote the BIM implementation (Potgieter, 
2017), and the BIM adoption will be driven by other 
stakeholders in an organic manner.

As a result of the COVID-19 pandemic, the 
South African CBE has experienced an additional 
economic decline over and above the one of 2016 
(South Africa, 2021). This, together with the factors 
mentioned above, led to the provisional conclusion 
that the South African CBE is currently adopting 
BIM in an organic manner to address each project’s 
demands in a way most suitable for compiling the 
project team with each organisation meeting the 
minimum requirements on an ad hoc basis. 

2. Research methods 

Two research data sets were used in an endeavour 
to answer the main research question. Two separate 
data sampling questionnaires were used to enable 
exploration and placement of the current state of the 
South African CBE in relation to the BIM maturity 
model.   

A qualitative method was used on this project, 
placing the interpretation of theory on the data col-
lected. A survey approach was used for data gathering 
purposes (Naoum, 2007), with a total of 61 profes-
sionals participating in the survey. 

The two surveys were divided into the following 
data collection themes: 

1.	 Factors influencing the adoption of BIM in 
the South African CBE. 

2.	 The connection between organisational size 
and the adoption of BIM in the South African CBE. 

For this study, a non-probability sampling design 
was used to determine the sample. This sampling 
process does not provide an equal chance for 
respondents to be selected within the population as it 
makes use of subjective methods to select which 
respondents or individuals will be forming part of the 
sample (Trobia, 2008). The sampling method of this 
study was convenience sampling. Convenience sam-
pling is a sampling technique of non-probability 
sampling where respondents are selected based on 
the convenience of their nearness and accessibility to 
the researcher (Leedy & Ormond, 2010).
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The study incorporated primary data collected 
through the process explained above, together with 
the secondary data (Naoum, 2007) collected by 
reviewing the literature to reach a conclusion. The 
research furthermore went through an ethical clear-
ance process at the University of the Free State. 

3.	Research results 

3.1. Factors influencing the adoption of 
BIM in the South African CBE

The first study used a qualitative questionnaire 
that was distributed among Quantity Surveying firms 
in South Africa. The objective was to establish  
a baseline for the barriers to adopting BIM by Quan-
tity Surveyors and the possible link between the 
organisation and/or project size. Table 1 illustrates 
the background of these firms on location, value, 
BIM implementation, and the size of their organisa-
tion.

A relationship may be observed between the 
monitory value of projects and the adoption of BIM. 
It does, however, indicate that none of the firms that 
responded had fully adopted BIM. Thus, without a 
centralised effort, BIM is being adopted systemati-
cally through the BIM maturity levels. A clearer data-

Tab.1. Background of respondent firms and BIM implementation 

Location of work Value of work BIM usage Organisational size

Local and international projects 41% Below R20mil 32% Full use 0% Micro: 0-10 13

International projects only 6% R20mil to R100mil 32% Partial use 47% Small: 11-50 9

Local projects only 53% Above R 100mil 35% Not at all 53% Medium: 51-250 9

Large: 250 and above 3

Tab. 2. Identification of barriers in the South African CBE adoption of BIM

 

Strongly 
disagree 

(1)

Somewhat 
disagree 

(2)

Somewhat 
agree (3) Agree (4) Strongly 

agree (5) Mean

Is there a lack of incentive to adopt in the 
South African CBE 0% 0% 15% 29% 56% 10.0

Is there a lack of client demand 0% 3% 15% 50% 32% 9.3

Is BIM worth it 2% 3% 18% 62% 15% 8.7

Will BIM improve the accuracy of estimates 0% 9% 21% 46% 24% 8.7

Will BIM improve communication between 
stakeholders 6% 3% 29% 44% 18% 8.3

Will BIM enhance the efficiency of the con-
struction process and reducing construction 
costs?

12% 6% 26% 47% 9% 7.6

Is BIM understandable 6% 12% 47% 32% 3% 7.1

Is the current 2D software good enough 9% 24% 35% 29% 3% 6.6

set would be required to evaluate the current state of 
BIM maturity in the South African CBE. Table 2 
illustrates the respondents’ perceptions of BIM barri-
ers in the South African CBE, ranked according to 
the barriers (the relevant factors shown in the appro-
priate headings). 

Table 2 indicates that most respondents are 
eagerly waiting for BIM collaboration and are explor-
ing the possible benefits of BIM adoption. Most 
respondents see the use of BIM-compatible software 
as a means to improve the accuracy and efficiency of 
measurement work; however, they are currently using 
what is required to get the job done. 

Because the first study provided limited answers 
on BIM adoption and maturity levels of the South 
African CBE and, in particular, from a QS perspec-
tive, the subsequent study attempted to address this 
shortfall. 

  
3.2. Connection between organisational 
size and the adoption of BIM in the 
South African CBE 

The study sought to find clarity from the greater 
South African CBE and wanted to establish a connec-
tion between the size of the organisation and the 
adoption of BIM. Again, a qualitative questionnaire 
was used to gather data from Project Managers, 
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Tab. 4. T-test between barriers and different organisation data sets

 
a) Micro against 

other
b) Small against 

other
c) Medium against 

other
d) Large against 

other

P-
Va

lu
es a) & b) 0.43 b) & a) 0.43 c) & a) 0.31 d) & a) 0.00001

a) & c) 0.31 b) & c) 0.17 c) & b) 0.17 d) & b) 0.00004

a) & d) 0.00001 c) & d) 0.00004 c) & d) 0.004 d) & c) 0.004

Legend   Non-significant   Strongly significant    

Architects, Quantity Surveyors, Engineers and Con-
tractors. 

Table 3 illustrates the findings of the data collec-
tion process, in which the respondents had to indicate 
their agreement, neutrality or disagreement with the 
statements. The means of the questionnaire were 
subsequently calculated, as shown in Table 3.  

A standard t-test was done against the standard 
deviation of the different organisation sizes and the 
barriers to establish the relevance of the data. The t-test 
revealed that a significant trend occurred between 
large organisations and other organisation sizes. How-
ever, a very low significance was observed between the 
micro- to medium-sized organisations (Table 4). 
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Fig. 1. Traditional method of information flow from one process to the other  
Source: (Bernstein, 2015, video, cited du Plessis, 2019. p. 125). 
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Tab.1. Background of respondent firms and BIM implementation  

LOCATION OF WORK VALUE OF WORK BIM USAGE ORGANISATIONAL SIZE 

Local and international projects 41% Below R20mil 32% Full use  0% Micro: 0-10 13 

International projects only 6% R20mil to R100mil 32% Partial use 47% Small: 11-50 9 

Local projects only 53% Above R 100mil 35% Not at all 53% Medium: 51-250 9 

      
Large: 250 and above 3 

 

Tab. 2. Identification of barriers in the South African CBE adoption of BIM 

  

STRONGLY 
DISAGREE 

(1) 

SOMEWHAT 
DISAGREE 

(2) 

SOMEWHAT 
AGREE (3) AGREE (4) STRONGLY 

AGREE (5) MEAN 

Is there a lack of incentive to adopt in the South 
African CBE 0% 0% 15% 29% 56% 10.0 

Is there a lack of client demand 0% 3% 15% 50% 32% 9.3 

Is BIM worth it 2% 3% 18% 62% 15% 8.7 

Will BIM improve the accuracy of estimates 0% 9% 21% 46% 24% 8.7 

Will BIM improve communication between 
stakeholders 

6% 3% 29% 44% 18% 8.3 

Will BIM enhance the efficiency of the 
construction process and reducing construction 
costs? 

12% 6% 26% 47% 9% 7.6 

Is BIM understandable 6% 12% 47% 32% 3% 7.1 

Is the current 2D software good enough  9% 24% 35% 29% 3% 6.6 
 

Tab. 3. BIM adoption barriers compared to organisational size (D=Disagree; N=Neutral; A=agree) 

BIM ADOPTION BARRIERS 

DISAGREE (1); NEUTRAL (2); AGREE (3) 

ORGANISATION SIZE 

MICRO:  
0-10 

SMALL:  
11-50 

MEDIUM: 
 51-250 

LARGE:  
250  

& ABOVE 

BA
RR

IE
RS

 

1 Cost of additional resources 2.4 2.9 2.6 1.7 

2 Increased level of risk and liability 2.6 2.4 1.7 1.4 

3 Current policies for procurement methods and procedures 2.6 2.8 1.9 2.0 

4 Lack of comprehensive frame or implementation plan 2.4 3.0 2.4 1.7 

5 Lack of skills and training 2.6 3.0 2.9 1.6 

6 Organizational structure and culture challenges (lack of 
organization support) 2.8 2.1 2.6 2.1 

7 Lack of demand by clients 2.6 2.6 2.6 2.0 

8 Lack of BIM awareness 2.6 2.6 2.6 2.0 

 

 
Tab. 4. T-test between barriers and different organisation data sets 

  A) MICRO AGAINST OTHER B) SMALL AGAINST OTHER C) MEDIUM AGAINST OTHER D) LARGE AGAINST OTHER 

P-
VA

LU
ES

 

a) & b) 0.43 b) & a) 0.43 c) & a) 0.31 d) & a) 0.00001 

a) & c) 0.31 b) & c) 0.17 c) & b) 0.17 d) & b) 0.00004 

a) & d) 0.00001 c) & d) 0.00004 c) & d) 0.004 d) & c) 0.004 

LEGEND   Non-significant   Strongly significant     
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The data is further grouped into three basic cat-
egories to enhance the placement theory discussion. 
The grouping allowed for a graphical representation 
of the percentage of the respondents that agreed with 
the statements, according to their organisational size:  

From the second data set, a clearer perspective is 
provided on the organisations’ size and uptake and/or 
positioning towards the BIM implementation. Fig. 2 
shows a clear tendency for the larger firms to adopt 
BIM differently and different perceptions towards the 
barriers than smaller firms. An average of 70 % of 
micro firms and 76 % of small firms indicated that 
cost and risk are barriers for their company. In com-
parison, 70 % of medium-sized firms indicated that 
cost is a challenge, and only 29 % noted that it carried 
significant risk. Micro to medium-sized firms said 
that client demand and BIM awareness (60 % to 71 % 
agreement) were barriers to overcome, while only 43 
% of large firms agreed with this statement.  

4. Discussion of the results 

The summarised criteria of barriers (risk and 
monetary; company organisational structure/policies 
and lack of demand) indicate that the larger firms 
experienced these barriers to BIM adoption differ-
ently than micro to medium-sized companies. Larger 
firms may be exposed to larger clients and/or more 
technical projects, putting them in a better position 
to invest in these technologies. These firms also con-
duct more international work, which may explain 
this perception. Smaller firms have different objec-
tives than larger firms with different business models. 

The conclusion from the above information is 
that the larger firms are more exposed to BIM because 
of a greater client/peer demand and, subsequently, 
the company’s policies and associated risk towards 
monetary expenses. However, the micro and small 
firm comparison of risk/financial barriers is interest-
ing. This might be explained by micro-enterprises 
considering BIM adoption more viable than small 
firms because of saving overhead costs. For these 
firms, the cost of appointing additional staff to grow 
the business might be offset by the cost/risk of 
empowering existing staff, acquiring BIM technology, 
and adopting these skills and services for clients.

Many large companies have different in-house 
services that promote greater collaboration between 
the project team members, leading to greater prob-
lem-solving abilities on projects. This, in turn, pro-
motes a fundamentally different outlook towards 
BIM adoption. 

Conclusions 

The information from the literature, namely, that 
the majority of QS firms are micro-organisations, 
confirms the first data set’s conclusion that QS firms 
are investigating BIM adoption; however, they are not 
compelled to do so because of demand. QS firms 
realise the potential of what BIM might provide in 
more efficient 5D BIM take-offs (measurements). 
However, facility managers and contractors depend 
on other consultants to provide the necessary infor-
mation.   

The literature indicated that BIM adoption fol-
lows the maturity levels. The South African CBE is no 
exception, showing similar trends to other countries. 
However, in South Africa, it is primarily driven by the 
private construction industry and not the Govern-
ment. The subsequent result is that BIM is adopted by 
means of supply and demand or organically. The 
South African CBE maturity can currently be rated as 
BIM level 1, with the QS not benefiting from current 
models produced. 

The research data also indicates that technology 
diffusion is currently taking place, with larger, more 
resourced companies taking the lead. However, the 
data shows that as 3D model production becomes 
more proficient throughout the differently sized 
organisations, the 4D to 6D producers will also 
become convergent.  

With associations and councils working on solu-
tions by producing quality standards through collab-
oration and learning from other countries, the South 
African CBE industry will gradually progress in BIM 
adoption. This, however, takes time, and without a 
more centralised drive by the Government, the adop-
tion of BIM will still take place organically. 

By addressing current challenges professionally, 
the industry is addressing future challenges by focus-
ing on improving efficiency. Further research is 
required into a possible improvement of collabora-
tion in the industry. Subsequently, the following sug-
gestions are made from the study: 
•	 The project team requires greater collaboration 

by focusing on the information needs of the 
dependent parties. The Elemental Classification 
System developed by the ASAQS in conjunction 
with the BIM Institute and the South African 
Institute of Architecture (SAIA) is a great start. 

•	 Implement BIM into the curriculum of educa-
tional facilities and provide in-house training to 
increase the knowledge and skills of current 
professionals.
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•	 Clients should be educated to gain more knowl-
edge with regards to how BIM can benefit them. 

•	 The Government should follow in the footsteps 
of BIM-leading countries by implementing BIM 
mandates and standards that require companies 
to meet certain BIM criteria for them to take part 
in government projects. 
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