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Data Science and Machine Learning for Quantity Surveying: A Brief 

Perspective 

Yu Qian Ang, yuqian@mit.edu  
Massachusetts Institute of Technology 

 

Abstract 

Data science and machine learning represent a new paradigm for quantity surveying – a 

profession conventionally slow in technology adoption. In the high volume, low margins 

construction sector plagued by labor shortages and rising costs, advancements in data-driven 

computational methods present potential to improve resource utilization and business 

scalability. This paper discusses the potential applications of data science and machine 

learning methodologies – including supervised and unsupervised learning – in cost 

management. Practical use cases are presented with examples and recommendations for 

implementation. To the author’s best knowledge, this is the first paper to discuss the 

integration of data science and machine learning methodologies in the quantity surveying 

profession.  

Keywords 

Machine learning, data science, quantity surveying, cost management 

1 Introduction 

The quantity surveying profession, including cost engineering/management domains, is a 

practice with deep-rooted history. From mud houses to megalithic structures to skyscrapers – 

ever since humans began constructing buildings, they have found it necessary to estimate the 

quantities of the required materials and the cost of the endeavor  (Ofori & Toor, 2009). The 

profession has undergone multiple transitions and paradigm shifts, with the present-day 

practice of cost management further evolving due to globalization, client focus, the 

proliferation of information and communication technologies, and the diffusion of knowledge 

from academia and research (Thayaparan et al., 2011). 

Labour productivity in the construction sector has been consistently lagging compared with 

industries such as manufacturing (Hovnanian, Kroll, & Sjodin, 2019). In the changing 

geopolitical and socio-economic landscapes, organizations in the various disciplines of the 

Architecture, Engineering, and Construction (AEC) industry are facing increasing pressure to 

offer value-added services and innovate to survive the intense competition – with quantity 

surveying being no exception. Modernizing a typically conservative profession slow to adopt 

advanced technologies is critical in ensuring survivability, especially with strong headwinds 

and shrinking fees/margins.  

The confluence of advanced technologies applicable to the built environment – such as artificial 

intelligence (AI), 3D printing, blockchain, and the Internet of Things (IoT) – has opened a 

myriad of possibilities for AEC professions. Among these, artificial intelligence is poised to 

mailto:yuqian@mit.edu
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create a significant impact due in part to its ability to analyze large amounts of data coupled 

with the proliferation of accessible computing resources and open-source libraries. Machine 

learning, commonly perceived as a sub-field of AI, is a field of inquiry that constructs models 

that leverage data for inferences and predictions (Mitchell, 1997), improving performance 

through algorithmic training and experiences. Machine learning provides computer programs, 

algorithms, and systems with the ability to learn and acquire ‘knowledge’ (instead of relying 

on hard-coded information) by extracting patterns from raw data. (Goodfellow, Bengio, & 

Courville, 2016).  

This paper discusses the potential applications of data science and machine learning 

methodologies – including supervised and unsupervised learning – in cost management. 

Practical use cases are presented with examples and recommendations for implementation.  

1.1 Value Proposition 

The modern building delivery process involves massive amounts of data, of which manual 

(human-based) analysis using typical rule-based methods or heuristics is extremely arduous 

and time-consuming. The quantity surveyor not only has to perform quantity take-offs and 

measurements, analyze rates, and produce bills of quantities but also has to manage progress 

payments and variations. Adopting data-driven solutions already implemented (and 

revolutionized) in other sectors will enhance productivity, improve resource allocation, reduce 

risks, and ultimately bring better capital project outcomes.  

Admittedly, adopting these tools and methods may be challenging for project-driven/project-

organized businesses such as quantity surveying – unlike manufacturing which tend to follow 

a repeatable (and somewhat more predictable) process. The culture of valuing individual 

experience and seniority over data and empirics is also inhibiting. However, with the plethora 

of open source tools, online tutorials, and support communities, the barriers to entry are 

significantly lower in the modern context. By leveraging data already collected, machine 

learning algorithms and analytics can help uncover insights to augment decision-making. 

This study contributes to research and practice in several ways. First, it demonstrates how 

modern machine learning algorithms and methods can be applied to cost management, bridging 

the gap between academia/research and practice. Practical use cases are also discussed, 

providing examples of how quantity surveyors can quickly integrate these methods for fast 

results. Finally, this study also lays out a roadmap/framework for how the cost management 

profession can begin to modernize and structure data acquisition and analysis pipelines to 

achieve greater productivity and efficiency with limited resources.  

2 Data Science and Machine Learning 

Machine learning is commonly perceived as a sub-field of AI, where computer programs learn 

from experiences and improve performance based on a predetermined set of metrics. On the 

other hand, data science is an interdisciplinary domain that utilizes algorithms, statistics, 

mathematical/scientific methods, and processes to extract insights from data (Leek, 2013). In 

modern-day academia and industry, they are almost synonymous with little distinction. In 

contrast to conventional rule-based programming or heuristics, data science, and machine 

learning methods seek to build and train models which can subsequently be utilized to make 

predictions on new (or unseen data). In some cases, the models can be reduced to statistical 

functions. In others, they are grey or black boxes with little opacity regarding how predictions 

are made – although the predictions can be highly accurate.  
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Machine learning methods can be categorized in various ways, with the most common 

categorization being supervised (regressors and classifiers) and unsupervised. Figure 1 

summarizes standard machine learning methods, their purpose, use cases, and relevance for 

cost management/quantity surveying. Supervised methods require training data for predictor 

(independent) and target (dependant) variables. Supervised learning methods can predict 

continuous or discrete outcome values using either regressors or classifiers. Common 

supervised learning methods/algorithms include linear regression, decision trees, tree-based 

ensemble models, and neural networks. Unsupervised learning models seek to learn patterns 

and structures in data without target labels and are commonly used in clustering and dimension 

reduction tasks.   

2.1 Supervised Learning 

There are various common supervised learning methods in machine learning. Linear regression 

– also known as least squares regression – is the most basic and commonly used predictive and 

inference analysis. The least-squares method in linear regression calculates the best-fitting 

model (line) in the observed data by minimizing the sum of squares of the deviations from each 

data point to the line. As the variations are squared and summed, there are no differences in 

impact between the positive and negative values in the metric.   

In the Bayesian perspective, as opposed to the Frequentist view, linear regression is formulated 

using probability distributions instead of point estimates. The response/target is assumed to be 

drawn from a probability distribution rather than a single value  (Koehrsen, 2018). The 

objective of Bayesian Linear Regression seeks to investigate the posterior distribution for the 

model parameters rather than the single ‘best’ values. In this context, the regression model 

parameters are also assumed to be drawn from a probability distribution.   

Decision trees are one of the most common and practical approaches that can be used to solve 

both regression and classification problems. Decision trees are flowchart-like tree models that 

split data into a series of decisions and possible results. In decision trees, the root node is the 

initial node that represents the entire sample sets and gets split into further nodes based on 

various criteria (decisions). Leaf notes represent potential outcomes.
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Figure 1. Common machine learning methods and their relevance to cost management/quantity surveying.
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Figure 2 shows a sample decision tree – extracted from an ensemble model – where buildings 

are categorized into clusters based on parameters such as wall material, roof material, number 

of rooms, basement type, etc. 

 

 

Figure 2. Sample decision tree for classifying buildings into clusters 

 

Ensembled models such as Random Forest combine many decision trees to produce better 

predictive and inference results and can be used for both regression and classification tasks. 

The fundamental principle behind the ensemble model is that a group of trees (also known as 

learners) are much stronger. Ensemble models leverage the bootstrap aggregation (bagging) 

concept to reduce variance in single decision trees. The Random Forest algorithm is the best 

example of an extension over bagging. Random Forests combines tree predictors such that 

each tree independently depends on the values of random vector samples, with the same 

distribution for all trees (in the forest)  (Breiman, 2001). The intent is to correct potential 

overfitting in the individual decision tree and to enhance generalizability and predictive 

abilities. 

Boosting is another tree-based ensemble method for creating a committee or collecting 

predictors. In boosting, weak learners build upon each other sequentially, with weak early 

learners fitting simple models to the data and understanding the errors. Subsequent learners 

compensate for the weaknesses of their predecessors. Commonly used boosting algorithms 

include XGBoost (Chen & Guestrin, 2016), which many Kaggle competition-winning teams 

have used. 

Finally, modeling loosely on the human brain, neural networks comprise many processing 

nodes that are densely interconnected in layers (Hardesty, 2017). Data in the most basic   



  

10 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

neural networks move forward in one direction (feed-forward). Nodes will be assigned a 

“weight,” which is “trained” through iterations of training data passing through the entire 

network. These “weights” are constantly adjusted until training converges. Modern neural 

nets have deep, complex architecture, performing myriad tasks from regression to 

classification to multi-modal image recognition and text generation, stock market prediction 

to healthcare, and more. Figure 3 shows a simple feed-forward neural network with eight 

neurons in the input layer, four in the hidden layer, and one in the output layer – common for 

simple regression or binary classification tasks. 

 

 

Figure 3. Simple feed-forward neural network 

 

2.1.1 Potential Use Cases in Cost Management 

The most obvious use case for machine learning in cost management is to develop models with 

good prediction and inference capabilities for cost-relevant tasks. With the cost-driven nature 

of AEC projects and the vast amount of rate and cost data in quantity surveying firms, it is 

surprising that not many firms have started to leverage these data for prediction and inference. 

The quantity surveying profession has (an overbearingly) strong culture of valuing experience 

and seniority over data and empirical methods. It could benefit from a shift to more data-driven 

methods and processes.  

For example, large firms with large repositories comprising data from projects over the years 

can compile data libraries and build multiple competing models to validate current estimates 

for new projects. These models will augment quantity surveyors running live projects, allowing 

them to validate cost estimates, assessments, and cost plans. The models can be ‘live’ – 

constantly updated and iteratively optimized to ensure currency. 

Using simple classification models, quantity surveyors can quickly segment and prioritize 

variation orders or change requests based on predetermined parameters to better understand the 

variables that impact these most significantly. Advanced neural network models offer a wider 
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range of possibilities. Figure 4 shows a series of buildings entirely generated by Generative 

Adversarial Networks (GANs), a neural network architecture that pits two neural networks 

against each other to generative new instances – in this case, new building designs based on a 

training dataset. Architectural firms with advanced computational capabilities have used 

similar methods to general floor plans and BIM families/components. There is no reason why 

quantity surveyors cannot benefit more, such as using these methods to generate automated, 

intelligent cost plans. 

 

 
Figure 4. Buildings generated using GANs 

 

2.2 Unsupervised Learning 

Unsupervised learning uses machine learning and data science algorithms to identify and 

discover hidden trends, patterns, and structures in datasets. Since there are no labeled data, 

unsupervised learning methods are ideal for exploratory data analyses. Common unsupervised 

learning methods include clustering and dimensionality reduction methods.  

Clustering is a data-mining and categorization technique that groups data based on similarities 

(or differences). Clustering algorithms can process raw data with varying dimensions into 

groups (or clusters), each with different structures or patterns.  

The K-Means algorithm  (Jin & Han, 2011) is one of the most popular clustering methods 

where data points are assigned into K groups, where K = number of clusters based on distance 

from each cluster’s centroid. Data points will be assigned to a particular cluster if it is closest 

to the cluster’s representative centroid. K-Means is commonly used in many AEC-related 

applications, such as clustering building energy use. Figure 5 shows two energy use clusters 

for buildings in a United States city, obtained using time series K-Means with the dynamic 

time-warping distance metric. 
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Figure 5. Two building energy use clusters 

 

Hierarchy clustering can be agglomerative or divisive, with the former being a ‘bottoms-up’ 

approach and the latter being ‘top-down.’ In hierarchical clustering, data points or clusters are 

iteratively merged or separated based on similarity, with Euclidean distance being the most 

common metric. Hierarchical clustering is often visualized as dendrograms, tree-like structures 

(Figure 6) that document the history of merging or splitting data points (or clusters) at each 

iteration. Other common clustering methods include DBSCAN and Gaussian Mixture Models, 

among others. 

 

 
Figure 6. Dendrogram example with five clusters 

 

Although more data is often beneficial for machine learning models, too much (or high 

dimensionality) can sometimes make it difficult to find critical variables or visualize the 

dataset. Dimensionality reduction techniques are often used when the number of predictors or 

features is too high. 

Principal component analysis (PCA) is one of the most common dimensionality reduction 

techniques. In PCA, A linear transformation is used to create new data representations, thus 

resulting in a set of ‘principal components’ representing the original predictor set. The first 

principal component maximizes the dataset's variance, while the second also seeks to maximize 

variance, albeit perpendicular to the first and uncorrelated.  

2.2.1 Potential Use Cases in Cost Management 

Clustering techniques have many potential applications in cost management. For example, 

one can extract information from building information models, perform clustering on clash 

detection results, and selectively resolve clashes with high time and cost implications. Figure 
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6 illustrates an example of a density plot resulting from a clustering exercise, where conflicts 

are filtered for high cost and time implications. In Figure 7, clashes between floor slabs and 

columns have relatively high time and cost implications.  

 

 

 
Figure 7. Dendrogram example with five clusters 

 

2.3 Text Analytics/Natural Language Processing 

Natural language processing (NLP) is a machine learning field that integrates linguistics, 

computer science, and AI to analyze and synthesize speech and text. Modern NLP models are 

highly advanced, able to generate, understand and respond to text or speech data, sometimes 

resembling actual humans. Some common NLP tasks include text generation, speech 

recognition, and sentiment analysis.  

Latent Dirichlet Allocation (LDA) is a generative probabilistic model used for topic modeling 

of discrete text data such as text corpus (Biel, Ng, & Jordan, 2003). LDA finds a fixed set of 

topics, each representing a set of words. The goal is to map all the training data (or documents) 

to the topics so that the topics modeled by the algorithm most capture each document's words. 

Like clustering for numerical data, LDA can cluster documents based on text data. 

Word2Vec is commonly used in modern language models to learn word embedding from text 

datasets for downstream tasks (Google, 2022). Word2vec primarily uses a neural network 

model to learn word associations from a text corpus and translates these embedding into 

vectors, with some indication of syntax and semantic similarity. 

Finally, modern transformer models utilize neural networks to learn context and meanings in 

sequential data, such as words in sentences (Merritt, 2022). These models are highly advanced 

and among the most powerful class of language models, driving a new paradigm of advances 

in language modeling. Transformer models are used in myriad applications, translating and 

generating text and speech in real-time or near real-time.  
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2.3.1 Potential Use Cases in Cost Management 

One of the most significant time sinks in any construction or building project is the time needed 

to draft, update and monitor construction contracts. Modern language models can help in many 

aspects, from fact-checking to validation to even automatic generation of standard texts. Figure 

8 shows an example using DeepAI’s application programming interface  (DeepAI, 2022). With 

only one sample sentence as input (‘the quantity surveyor made a mistake in his cost estimates), 

the language model can output an entire paragraph of relevant text.  

 

 
Figure 8. Automatic text generation using a language model. 

 

Modern language models have evolved from random text generation or automated chatbots 

with standardized response into highly advanced generative models, impacting even 

industries requiring a high degree of language contextualization, such as the legal profession. 

Quantity surveyors have only much to benefit from leveraging these models to reduce the 

time needed to draft, validate, and update contract and tender documents. 

 

3 Recommended Implementation Framework 

 

For quantity surveying firms to successfully implement machine learning for impact, the author 

recommends a four-step process: 

Step 1: Identify requirements and needs 

Depending on firm size, business model, and core competencies, quantity surveying firms must 

identify the essential requirements – including hardware, software, and personnel – and 

objectives for impact. A central and perennial challenge for project-based teams in the AEC 

domain is that knowledge within and across building projects is rarely codified or documented 

in full. Many decisions are not easily distilled or cannot be easily translated into simple, 

programmable rulesets. In this context, it is vital to identify feasible and achievable goals that 

enhance organizational productivity in a practical manner. 

Step 2: Create economies of scale 

Cost management teams are typically project-based, with team members managing and moving 

across multiple projects – and data passing across projects. While firm-wide processes span 

multiple units, individual teams often focus on their assigned projects and rarely commit 

wholeheartedly to organizational-wide implementations. This trend has been witnessed across 

periods and technologies, such as BIM. Rather than pushing machine learning and automating 
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the entire process at once, firms can create economies of scale incrementally by reviewing 

inputs, controls, procedures, and documentation in individual teams and start by ensuring these 

are consistent. For example, several units may struggle with documenting or searching for 

material rates or quantity take-offs. Since many use cases and applications across project teams 

may be similar, the firm can group these into ‘archetype applications and use cases’ and apply 

machine learning to automate or enhance the productivity of these processes. 

Step 3: Assess existing capabilities and development needs 

The archetype applications and use cases in step 2 can guide analysis and decisions on what 

the firm may need, but actual deployment models will be necessary to get started. Table 1 

summarizes the differences between customized and off-the-shelf approaches. Assessing these 

options will require consideration of a myriad of factors, such as how well the solution can be 

used across multiple project teams and use cases, resource availability, and stakeholder buy-

in, among others. 

Table 1: Summary of comparison between customized and off-the-shelf solutions 

 Customized Off-The-Shelf 

Description - Developed in-house or with 

vendors/contractors/consultants 

- Models built from scratch but can 

leverage standard open-source 

libraries 

- Solutions built for specific use 

cases 

- May have low- or no-code 

solutions that reduce the need for 

an in-house data scientist or 

machine learning engineers 

Advantages - Complete IP protection and 

ownership 

- Able to match company and 

project use cases 

- End solution tailored to business 

and project needs 

- Strengthens internal capabilities 

- Quick to deploy 

- Requires less internal staffing and 

capabilities 

- Good for cost reduction 

- Lower start-up investment and 

costs 

Disadvantages - Significant development time and 

time to market 

- Requires good leadership 

- Requires strong internal 

competencies and capabilities 

- Development may be expensive 

- It can be costly if complete 

business and project needs are not 

met (need overhaul) 

- No ownership of the solution 

- Solution not fully tailored to 

business and project needs 

- May reduce competitive advantage 

if other firms own their solutions 

 

Step 4: Pilot and scale 

The final step involves piloting the solutions in a small number of test-bed projects for feedback 

and deploying at scale. Machine learning models require data of a reasonable quality to produce 

good predictions and outcomes. Data and information across project teams are often 

inconsistent and raw, requiring processing to be usable. It is thus integral to pilot the models to 

identify areas to be improved before scaling.  

4 Conclusion 
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This manuscript discusses various common machine learning methods and algorithms and how 

they can be potentially applied to the quantity surveying practice. While machine learning is 

relatively mature in many industries, applications to cost management for AEC projects are 

still nascent, with plenty of room for growth.  
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Abstract 

This paper discusses a project realized in digitalization from the cost domain perspective, with 

emphasis on the methodology, process enhancements made possible by automation, and 

lessons learnt discovered throughout the transformation to create an integrated cost estimation 

application with better decision making and effective action suitable to the ever-changing 

VUCA (volatility, uncertainty, complexity and ambiguity) business landscape. The 

transformation has been an iterative process that began with digitalizing modules within the 

estimators’ work process and eventually evolving into an integrated multi-discipline digital 

application. Along the journey, application of Agile project management strategies enabled 

continuous enhancements to be identified and implemented through lessons learnt, formal 

design thinking reviews, new idea generation and informal engagements with other disciplines 

in their digital transformation journey. The process enhancements include new ways of 

working to seamlessly integrate technical and cost analytics engines, and across broader 

enterprise digital Field Development processes as well as new sources of insight to expand 

ideation using cross industry learnings, maximize use of extensive internal project data, and 

embedding Best in Class benchmarking. 

Keywords 

Digitalization, agile, cost estimation, human retooling, database.  

 

1 Introduction 

Digital Transformation in Cost Engineering is shifting the conventional estimation process to 

automated method. This initiative digitalizes the existing manual estimation work processes 

and enhances resources through human retooling, the ideation concept, technical-commercial 

definition, and knowledge capture processes.   

The objectives of the digitalization initiative are value-focused and delivered through a 

combination of manual application conversion, integration across applications, improved data 

utilization and business process improvements. Key value creations include: 

• Maximize pace of estimation delivery by automating quantity and cost, selection, and 

associated techno-commercial activities.  
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• Full range of techno-commercial definition with little or no human intervention. 

• Maximize technical and cost accuracy through seamless digital integration of the full 

suite of technical-commercial applications and improved utilization of corporate 

knowledge. 

• Improve overall cost development performance through use of external databases and 

project learnings.  

The initiative’s end state will enable a full range of cost estimation scenarios to be assessed at 

digital speed, based on comprehensive technical and cost definition, automated screening based 

on project drivers, and enhanced benchmarking to improve the selection process. As the nature 

of estimation work shifts away from manual deliverables generation now enabled through 

human retooling, a re-focus on value obsession, assurance and risk management is possible as 

part of continuous improvement of project realization outcomes. 

2 Literature Review 

Digital transformation is shifting the structure of work in nearly every industry and 

fundamentally changing the value proposition for customers. As part of the overall digital 

transformation, Cost Engineering has embarked on an ambitious program to digitalize and 

integrate the company’s cost estimation processes and templates into a single digital tool. 

This paper provides Case Studies in Cost Engineering digitalization, with a focus on the 

methodology used, process enhancements that were enabled through automation, and lessons 

learned during the transformation. 

3 Methodology 

The Cost Engineering digital transformation commenced following a holistic review, pain 

point identification and inefficiencies within the existing cost estimating process. These 

includes: 

• The cost estimation process is highly manual, resulting in high resourcing and excessive 

time to mature the estimation. This has a significant indirect impact in limiting the 

ideation and value obsession opportunities due to time and tool limitations. 

• Although COMPANY has access to an extensive internal and external data set, these 

are not collated to a single useable database to leverage proven ideas, benchmark results 

or tap into corporate memory to improve decision making quality and value. 

The transformation process commenced after identification of pain points and screening of the 

value enhancement potential through pain point elimination workshop. This included the 

development and syndication of a Solution Charter with clear identification of the vision, end 

state, delivery plan and resources. The intention is to integrate vertically within the broader 

standardized built-up-rates, with scenarios and data sourced from the overall business and to 

specialized design applications in providing comprehensive technical and cost analytics 

engines. This approach allows for digital input/output at the business level to be seamlessly 

transferred to a tool to generate a highly accurate definition. 
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Based on the discoveries from the workshops, further enhancement of the end state was 

identified and required a re-framing of the work plan. This re-framing was done using the 

Design Thinking process, which is beneficial to solve complex issues by understanding user’s 

needs and coming up with effective solutions to meet those needs. The process involved 

engaging with the Cost Engineering fraternity and the broader stakeholder teams to review and 

update needs, confirm the pain-points identified in the existing workflow and processes, 

identify the main features required, and prioritize the features over various product i.e., Built-

up-rates which able to be customized for infra works and small building calculation. Additional 

features will also be added in the future releases. As the result from the workshop, a workflow 

was established based on the existing manual workflow and to meet the end state requirements 

while incorporating all the features identified. A significant challenge was identified with the 

integration of a third party technical and cost application tool. However, it could not be digitally 

integrated as the developer doesn’t provide an open API for the application. 

Based on identified pain pointes, the major showstopper is to be a fully integrated digital 

techno-commercial application as data was scattered and would require manual human 

intervention. Hence, to address these obstacles, the cost estimation analytics brain was 

developed. The Analytics Brain was developed with major features to perform the 

quantification through a standard work breakdown structure (WBS). Prioritization of effort had 

to take place in sourcing of data and mapping the architecture and logics to enable this feature 

as early as the first release. The generic brain architecture is shown in Figure 1. 

 

 

Figure 1. Architecture brain enable quantification and cost estimation  

 

However, this may provide a significant value lever as technical definition and cost estimating 

accuracy value is realized much earlier in the development cycle.  

To enable seamless integration between the brains, the WBS which acts as the integrator, will 

connect, and synchronize the Cost brains. To boost further the functionality and accuracy of 

outcomes of this Built-up-rates tool, other disciplines’ digital applications e.g., civil structural, 

piping, electrical were integrated into this tool by mapping them into the overall architecture. 
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Both technical and cost benchmarking were also embedded as part of the tools workflow in 

ensuring quality and accuracy of the results generated. 

4 Findings and Discussion 

To develop the brain, agile project management techniques were used to develop a series of 

evolving Minimum Viable Products for this Build-Up Rates tool to the end state. As this was 

the first time Domain personnel had applied Agile, there remained a focus on developing tools 

to achieve end state objectives, rather than iterative MVP progress that tests and improve the 

eventual end state. Regular meetings via scrums and pod meetings were held to refine the MVP 

road map to allow iterative evolvement towards the end state, rather than apply the traditional 

Domain approach of mapping out a single path to end state. 

In ensuring the program developers understood the architecture and able to develop the brain, 

clear building blocks were established, supplemented with flowcharts and parametric curves to 

process the inputs, and produce the outputs.  

Key observable value creations were identified through the exercise which include increase 

cost estimation accuracy, improve project definition in earlier phase, streamlining workflow 

for different gate stages, accelerate estimation deliverables, single source of truth to minimize 

the Price of Non-Conformance (PONC) and enhanced information plus insights for CAPEX 

compression, economic optimization and decision making. Through a workshop, key features 

were identified, and they are: 

• Standardized, automated project data entry supported by validation and audit trail 

• Automated reports to support deliverables 

• Techno commercial analysis customized for each estimation stage 

• System data integration to create a single source of truth 

• Engineering simulations that significantly impact the decision making and cost analysis 

• Insights and collaboration from external sources 

The Build-Up Rates data sources is shown in Figure 2.  

An enhanced workflow was established through mapping of the existing workflow, 

incorporating the Design Thinking features to meet the end state objectives. A comprehensive 

building block as shown in Figure 3 was developed from initiation to decision making and 

reporting, including Project Management, Input Data, Cost Brain, Decision Making Space and 

Reporting & Archiving. The workflow is based on maximizing digital integration and 

automation, with limited manual intervention steps identified for project kick-off and 

resourcing, data validation, shortlisted concept assurance, and collaborative decision making.  
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Figure 2. Build-Up Rates data sources 

 

 

Figure 3. Building Block 

 

The cost estimation e.g., CAPEX is generated based on equipment listing, weights and 

corresponding unit prices mapped in the common WBS. The fundamental building block of 

the Cost Brain is the pre-defined unit cost based on procurement norms and updated at regular 

intervals through Management of Change (MOC) process.  

The insight is leveraged from various databases e.g., internal proprietary cost data, internal 

benchmarking, and industry best practices to ensure competitive results. Additional sub-

modules e.g., cost risk, Operational Expenditure (OPEX) and Abandonment Expenditure 

(ABEX) are incorporated in the Cost Brain to ensure cost completeness prior moving into the 

decision-making space.  
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The granular internal defined norms for cost and concepts will allow configurable rules-based 

engine hence eliminating the black box approach. The users are able to explore the cost drivers 

and subsequently identify the optimization levers. At the back end, the tool can be represented 

as per Figure 4. 

 

 

Figure 4. Tool Back-End Representation 

To address the pain point on the uncollated database, enhancement on the out-turn data was 

made to better manage the cost database hence improving the response time and data gathering 

process.  

Through utilization of the tool developed, the results from the out turn projects will 

subsequently create the project database. As database is a key for Quantity Surveyor to perform 

an estimation, it can be from various resources such as historical project cost, market survey 

and procurement.  

With all of the data collected, analysis can be done by collecting and assemble the scattered 

cost data, populate, and evaluate the unit rates competitiveness against various measures or 

references as shown in Figure 5. This is to ensure that each of the database produced are cloud 

competitive against the market prior cloud migration. Finally, it can also be utilized to develop 

benchmarking statistics/charts if relevant. 

The standardization of WBS helped in tabulating the rates and subsequently ensuring all scopes 

were covered. The rates were then stored within the Cloud database to ensure it is accessible 

by all Cost Estimator while providing the single source of truth throughout organization.   
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Figure 5. Structure vs. Unstructured Database 

 

Below case studies will further discuss the process in getting the build-up rates and the 

output.  

4.1 Case Study 1:  Building Build-Up Rate and Estimation (X) 

Built-up rates are the process of calculating the cost of each material involved in a construction. 

In making estimation, the template is important for beginners to make cost planning based on 

the scope that has been given. As estimators, basic things that we plan at beginning stage is the 

Work Breakdown structure (WBS). It has to ensure covered overall scope before perform 

estimation. In our quantity surveying practices, the estimation is made with Preliminary Design 

Abstracts (PDA) and then Built Up Rates is a mandatory calculation to obtain the project cost. 

Most organizations have their internal Built up rates template. 

The tool simplified the analysis thru simple platform e.g., Power BI for visualization, Excel 

and data source stored within company’s cloud system. The tool and system were designed 

accordingly to the oil and gas business requirement instead of generic tool in the market which 

is more suitable for building and infrastructure works complexity. These includes Preambles, 

Preliminaries, Earthworks, General Piling and Testing, Precast Concrete, Precast Spun Piles 

Drainage turfing and fencing. Moving forward, additional elements will be added to enrich 

further the database. The elements unit rates within the tool e.g., labor, machinery will then be 

connected to generate the estimation. The user interface of the tool is shown in Figure 6.  

The process starts with getting the take-off quantities from drawing either from BIM modelling 

or traditional method. Once user complete the project information such as of location, year of 

execution, the system will generate rates based on location factor, escalation index applied. 

The brain will be ready to generate the cost based on selection. Next, user needs to select on 

the category, type and option.  

This categorization is based on Civil Engineering Standard method measurement (CESMM) 

that has been established by Construction Industry Development Board (CIDB) Malaysia.  The 

categories such as site clearance, drainage, road work etc. This system shows the description 

of works, unit, and rates. Once all information done, User will click on Update and proceed to 

result to generate the bill of quantity (BQ).  
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Figure 6. Build-Up Tool Interface 

 

User will also be able to edit the rates or customize the item which is not covered under the 

standard template according to the drawing requirement. The bill of quantity will directly 

connect with e-bidding system for the tendering process which is control by Procurement 

Department. This feature will result in accelerating the deliverables required i.e., commercial 

model and early error or gap identification.      

Through this tool, significant value creation has been identified i.e., single collated database as 

the estimation works is produce and save in the cloud platform, single point of truth hence 

improving the delivery speed as well as improved the quality and cost reduction or avoidance 

from 3rd party consultant engagement.  

4.2 Case Study 2: Petrol Station Build-Up Rate and Estimation 

In the oil and gas industry, petrol stations are one of marketing retails that is designed direct to 

the customer. Currently PETRONAS has more than 1200 Petrol Station around Malaysia. As 

to attract the costumers’ experiences, from time to time, business will construct new stations 

or refurbish and upgrading existing facilities. The design will be updated approximately every 

5 years including islands which determine the scale of the petrol stations.   

Petrol station is a typical onshore project compared to other building or services construction. 

The Build-Up tool has been pre-loaded with the prototype model in order to implement the 

“Design 1 Built Many” and the application of 3D BIM for design. Based on the simulation, it 

improved the delivery speed due to the standard design hence maintaining the quality by the 

consistency of technical and cost accuracy.   



  

25 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

As for the substructure due to the soil condition treatment, design of piling and substructure 

will be varying between project to project Therefore, during the engineering stage, designer 

will only be spending time and cost for substructure instead. 

The estimation process will start with development of scope of work and WBS for all 

engineering disciplines. The breakdown includes site preparation, architectural, piling model, 

civil and structure model, mechanical & electrical and external works. The scope of work is 

shown in Figure 7.  

 

 

Figure 7. Petrol Station Scope of Work 

 

The WBS will then connect and synchronize with the unit rates cost database. Regular update 

will be done to ensure database competitiveness and reflecting the current market situations. 

With a good historical data, benchmarking can be performed by engineering disciplines in 

order to monitor cost assurances on each of facilities.  

Next, the user will select on create new project at the dashboard page. The scope and quantities 

will be extracted from drawing or direct from 5D BIM modelling. At this stage, minimum 

project information requirement such us number of pump island, type of retail shop and other 

technical input as given by Business.   

Other than the location, year of execution also required in order to generate rates based on 

location, escalation and inflation on execution year that determine money of the day. As the 

tool is intended for the feasibility study stage, stage, the size of construct area will be generated 

based on the typical design of piling and number of piles required.  

The summary cost report will then be produced once all the input has been submit followed by 

benchmark generation. This tool may also produce Bill of quantity (BQ) which is custom for 

the petrol station projects and in lump sum quantity unlike Case 1 which able to produce more 

details output. Nonetheless, this BQ will still be able to cover the whole element consist of 
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Preamble, Preliminary, Work items, daywork schedule and grand summary. The user interface 

for Petrol Station project is shown in Figure 8.  

 

 

Figure 8. Petrol Station User Interface 

  

The digitalization of this tools will benefit Business to get early feasibility study cost to run the 

project economics. Once it meets the business model, Business may proceed for next gate with 

the high possibility of cost accuracy.  Similar with case 1, the Cloud promotes easy sharing and 

collaboration between team to develop the cost estimation.  

This this also has been developed internally using Excel for template and database and 

synchronize with the source file for in Power BI visualization. This is useful for other team 

members and management view to monitor the performances.  

Significant value creation is also seen during the estimation of Petrol Station projects as the 

tool will enable the estimation to be done in-house especially for the “Design and Build” 

contracting strategy. This will improve the delivery speed as well as securing the confidential 

information of the company.  

5 Conclusion 

Less than a decade ago, the team never imagined cost estimating will be fully automated which 

will address the human capital issues. The pandemic has accelerated most companies push into 

the digital transformation. It is a change management exercise that requires lot of grit and effort 

to create a culture and subsequently execute it to remain ahead of the curve in the business.  

The initiative’s end state will enable a full range of cost estimation scenarios to be assessed at 

digital speed, based on comprehensive technical and cost definition, automated screening based 
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on project drivers, and enhanced benchmarking to improve the selection process. As the nature 

of estimation work shifts away from manual deliverables generation now enabled through 

human retooling, a re-focus on value obsession, assurance and risk management is possible as 

part of continuous improvement of project realization outcomes. 
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Abstract 

With the aim of transforming the Singapore’s built environment to be more advanced and 

integrated through adoption of new game-changing technologies, Singapore government 

launched the Construction Industry Transformation Map (ITM) in October 2017. One of the 

three key approaches of the ITM is Design for Manufacturing and Assembly (DfMA). The 

concept of DfMA has been introduced since 2015 to improve the construction productivity. It 

is a design approach that focuses on ease of manufacturing and efficiency assembly, in the 

minimum time and lower cost. 

One of the key products of DfMA is Prefabricated Prefinished Volumetric Construction 

(PPVC). With the Government’s strong and continued supports such as stipulating mandatory 

requirement for the adoption of PPVC for new government land developments, more than 35 

nos of PPVC projects have been generated since 2015. The government was also envisioned to 

create a double demand in 2020 & 2021, before the strong hits of the pandemic to the global 

construction industry. 

This paper aims to provide an overview of the PPVC development in Singapore since 2015, 

such as the government role in the successful implementation of the new technologies, the 

constraints that affecting the types and delivery of PPVC in Singapore, and the design and 

contractual framework for the project stakeholders to overcome the initial and ongoing 

challenges. The paper also aims to find out how Covid-19 affects the PPVC project progress 

through an informal interview and a factory visit with two Integrated Construction and 

Prefabrication Hub (ICPH) operators. 

DfMA and PPVC is the Government’s strong initiative to transform Singapore’s built 

environment. While the adoption of PPVC might still create design and construction challenges 

to the project team, with the experience gained and the lesson learnt from this paper, it will 

certainly help to smoothen the implementation process and improve the construction methods. 

Keywords:  

COVID-19, DfMA, ITM, Modular Construction, PPVC. 

1 Introduction 

With the aim of transforming Singapore’s built environment to be more advanced and 

integrated through adoption of new game-changing technologies, the Singapore Government 

launched the Construction Industry Transformation Map (ITM) in October 2017. The 

Construction ITM is one of the 23 ITMs identified under a $4.5 billion Industry Transformation 

Programme proposed by the Government’s Future Economy Council (FEC). One of the 3 key 

approaches of the Construction ITM is Design for Manufacturing and Assembly (DfMA).  
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The concept of DfMA has been introduced since 2015 through the launching of the 2nd 

Construction Productivity Roadmap which set aside a funding of S$450 million aimed to 

improve Singapore's construction productivity. It is a design approach that focuses on ease of 

manufacturing and efficient assembly, in the minimum time and lower cost. Some of the 

examples of DfMA concepts are Prefabricated Bathroom Units (PBUs), Mass Engineered 

Timber (MET) and Prefabricated Mechanical Electrical and Plumbing (MEP) System. In 

Singapore, Prefabricated Prefinished Volumetric Construction (PPVC) is one of the key 

products of DfMA due to the strong and continued Government’s initiatives in generating the 

project demands. 

2 What is PPCV and why PPCV? 

PPVC is a modular construction that adopts the concept of “factory assembly followed by on-

site installation”. It comprises integrated free-standing volumetric modules complete with 

internal finishes, fixtures and fittings that are manufactured in the factory, and then to be 

delivered to site for installation in a ‘lego-like’ manner. There are 3 types of PPVC systems 

available in the market, namely concrete, steel and hybrid of concrete and steel in which 

concrete PPVC modules are more commonly used in Singapore due to the climate and better 

maintenance. 

With majority of the on-site construction works shifted to off-site controlled factory 

environment, adoption of the PPVC is envisaged with the following benefits: 

• Improve productivity by up to 40% in terms of manpower and time savings, depending 

on the complexity of the projects; 

• Better construction environment due to lesser construction works and manpower on-

site, such as reduction of dust and noise pollution, lesser construction waste and better 

site safety; and 

• Improve quality control as off-site fabrication can generate higher quality end products. 

3 Government regulation for PPVC in Singapore 

Besides monetary support, new mandatory conditions and requirements were also enacted as 

part of the Government’s strong efforts in promoting the adoption of PPVC in the construction 

projects. For the private sector, stipulated as the mandated land sales conditions for new 

development sold under Government Land Sales (GLS) Programme from 1 November 2014, 

the Developer is required to adopt the PPVC for selected non-landed residential and hotel land 

parcels. An example of the imposition of the PPVC requirement in the GLS programme is 

enclosed herewith as Appendix A. 

Singapore’s Building Construction Authority (BCA) stipulates the minimum requirements for 

PPVC which both the Developer and the Main Contractor shall comply with. Extracted from 

the Code of Practice on Buildability 2017 (COP 2017), the minimum level of use of PPVC 

shall be 65% of the total super-structural floor area of the building or the component of the 

building that is to be used for residential or private dwelling purposes. The COP 2017 also 

clearly indicates the minimum level of finishing and fittings to be completed off-site for the 

volumetric modules (see Table 1). Should there be any deviation from these minimum levels 

is necessary, prior approval must be sought from BCA.  

https://www1.bca.gov.sg/buildsg/construction-itm/design-for-manufacturing-and-assembly-(dfma)/prefabricated-mechanical-electrical-plumbing-systems


  

30 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

 

Table 1 Minimum level of finishing and fittings to be completed off-site 

Source: BCA, 2017 

A comprehensive acceptance framework was also being established in ensuring that all PPVC 

systems designed by different Consultants and Contractors are reliable, robust and meet 

minimum standards.  The acceptance framework consists of two parts – acceptance by the 

Building Innovation Panel (BIP), followed by accreditation under and the PPVC Manufacturer 

Accreditation Scheme (PPVC MAS). 

 

Figure 1 Application Process of PPVC Manufacturer Accreditation Scheme 

Source: BCA, 2020 

The Government also encourages the adoption of PPVC through formulating a master plan of 

the development of Integrated Construction and Prefabrication Hubs (ICPH) with a 30-year 

lease term. ICPH is a multi-storey automated and high degree mechanized manufacturing 

facilities which produce prefabricated components including PPVC modules. From 2017 

onwards, the Contractor who develops ICPH can also apply for the Land Intensification 

Allowance (LIA) which aims to promote the intensification of industrial land use towards more 

land-efficient and higher value-added activities across various sectors in Singapore. 
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4 Current Outlook of PPVC in Singapore 

With the strong push by the Singapore’s Government for the DfMA and PPVC, the DfMA 

adoption rate (in term of Gross Floor Area (GFA)) has increased from 19.2% in 2017, the year 

of the launch of Construction ITM, to 44% in 2021. It has surpassed the ITM target of achieving 

40% in 2020 and Mr Desmond Lee, Minister of Ministry of National Development (2022) 

affirmed that the built environment sector is on track to meet its next target of 70% of GFA by 

2025.  

As of December 2019, BCA has also created 36 PPVC projects (34 residential sites and 2 

hotels) through the GLS programme and envisioned 39 more in the following 2 years. If to 

include the PPVC projects in the public sector, which is 35% of the new public housing projects 

according to the Housing and Development Board (HDB), it is believed that more than 40 

PPVC projects or close to 50 PPVC projects have been successfully generated as of end 2019. 

To date, 33 nos of Concrete PPVC Systems and 17 nos of Steel PPVC Systems have been 

accepted by the BIP and 5 nos of ICPHs are constructed and in full operation. The full list of 

the approved PPVC systems and the operators of ICPH is enclosed herewith as Appendix B. 

As most of the Government’s released statistics on DfMA and PPVC are only available up to 

end 2019, an informal interview and a factory visit were conducted with two ICPH operators, 

to understand further on how COVID-19 pandemic has affected the progress and development 

of PPVC in Singapore in 2020 and 2021. The impact of COVID-19 shall be discussed in length 

at the latter part of this paper. 

5 Design and Construction Constraints 

PPVC requires huge land space for the production and storage of the volumetric modules. In 

the land-scarce Singapore, this has become a luxurious request and hence resulted in a unique 

arrangement of the modular construction process. Typically, the volumetric module will be 

fully fabricated within the same manufacturing factory for it's structural, architectural and MEP 

components. For Singapore’s PPVC, the fabrication process is split into two parts: structural 

carcass factory in neighboring country (i.e. Johor, Malaysia) and architectural and MEP fit-out 

factory in Singapore. Even with the successful implementation of the 5 ICPHs up to date, 

according to CKR and SoilBuild, they are only able to produce 20% of the total precast 

components required for the construction works and the industry is still highly reliant on 

Malaysia's factories for the remaining 80%. 

The other two deciding factors on the module design are transportation and hoisting limits. 

Logistics for module transportation from factory to site determines the maximum size and 

volume of each module design. In compliance to Land Transport Authority (LTA)‘s traffic 

regulatory requirements, the ideal dimension of a single PPVC module shall be as follow: 

• Height: < 4.5 metres (inclusive of truck height)  

• Width: ≤ 3.4 metres  

• Laden Weight: < 80 tons 

If exceeds the above controlling parameters, LTA permit and Auxiliary Police Escort are 

required for the module transportation from point to point. 
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Figure 2 Illustration of off-site factories in Johor, Malaysia and Singapore and the construction site  

The current available types of hoisting cranes (i.e. tower crane, mobile crane and crawler crane) 

have a similar lifting capacity of 25 tons to 40 tons, which dictates the maximum weight of a 

single PPVC module to be. As such, while making the layout plan design fully complies with 

regulatory requirements, the Designer and Contractor shall also ensure the PPVC module size 

allows transportation from factory to site and within the hoisting limits. 

6 Cost Implications 

Being Singapore's first private PPVC building that was completed in 2016, the cost premium 

of adopting PPVC in Crown Plaza Changi Airport Hotel Extension was estimated to be 10 to 

15% more as compared to conventional reinforced concrete construction (Today, 2016). With 

the launch of Construction ITM in 2017 and more PPVC players have come into the market, 

the estimated cost premium has been further reduced to 8% as of February 2020 (BCA, 2020). 

The estimated cost premium of PPVC is mainly driven by the following cost factors: 

• Precast Mould 

The PPVC module requires custom made mould which are unlikely to be recycled and reused 

for other projects. The higher number of the different modules in one PPVC project, the more 

precast moulds are required and hence, more cost to be added to the overall contract sum. 

• Transportation 

Compared to the one time transportation of the conventional precast concrete component, the 

PPVC module requires two times transportation before reaching the construction site, i.e. from 

carcass factory to the fit-out factory and from fit-out factory to the construction site. Also, in 

the event that LTA permit and Auxiliary Police Escort is required as highlighted in the previous 

section, the application cost for the permit and escort shall constitute an additional cost to the 

overall contract sum. 
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Figure 3 Type of Hoisting Cranes 

Source: BCA, 2020 

• Hoisting Crane 

The PPVC module generally requires heavy-duty hoisting cranes for on-site installation. The 

initial cost and rental of such cranes is considerably higher than typical capacity cranes. 

• Off-Site Yard 

PPVC requires two off-site fabrication yards: carcass factory and fit-out factory. Additional 

costs are incurred for setting up, operating and maintaining PPVC manufacturing factories in 

Malaysia and Singapore. Additional cost in sending off-site and overseas supervisors is also 

required in ensuring the product quality and full compliance to the COP 2017. 

7 Contractual Framework 

7.1 Early Contractor Involvement (ECI) 

One of the key benefits of adopting PPVC is the significant construction time savings. For 

example, in The Clement Canopy, a 40-storeys high condominium which is still the world’s 

tallest concrete PPVC building (before the completion of the 56-storeys high Avenue South 

Residence targeted in 2022), took 7 days to construct a floor, compared to 14 to 21 days using 

conventional construction method. One of the learning points from this project was the early 

confirmation of designs and materials which led to a smooth production cycle that constituted 

time savings. 
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Particularly due to the complexity of the PPVC module and its own proprietary system, 

Developers are highly encouraged to engage the PPVC Manufacturers and Contractors early 

through the ECI approach. ECI is an approach where Contractors are engaged early during the 

design stage to facilitate integration of design and construction process, through early 

collaboration between the Developer, Consultants and Contractors. The PPVC manufacturers 

and Contractors can be engaged during the Concept Design stage and/or Schematic Design 

stage to provide their technical input in developing a more comprehensive design of structural, 

architectural and MEP. This helps in providing better and more effective technical solutions to 

the PPVC modules before the actual tender launch. In terms of procurement approach, Design 

& Build or Design Development & Build are also more preferred than the traditional Design 

Bid Build for construction projects involving PPVC. 

 

Figure 4 An Overview of ECI in Design Stage 

Source: Khoo, 2015 

7.2 Progress Payment and Advance Payment Guarantee 

Payment for material off-site is not a contractual provision in most standard forms of contract 

in Singapore. Hence, the immediate concern of most PPVC contractors is whether employers 

are willing to make payment for PPVC works that are mostly carried out at the off-site yards. 

To address the contractor’s major concern on the construction cashflow, conditional payment 

schemes for off-site PPVC works have been developed. 

Under the Public Sector Standard Conditions of Contract (PSSCOC), an Option Module of 

“Lump Sum Advance Payment for PPVC” has been introduced. An Advance Payment 

Guarantee is required to be submitted by the Contractor to the Employer (Developer) as a 

condition precedent to any Advance Payment to be made by the Employer. Within 28 days 

from the date of the receipt of the Advance Payment Guarantee and security deposit 

(performance bond) by the Employer, the Employer shall pay to the Contractor an advance 

payment of 20% of the PPVC costs, capped at 10% of the total construction sum unless 

otherwise stated in the Appendix of the PSSCOC. The Employer is entitled to recover the 

Advanced Payment by equal installments at the agreed intervals from the agreed recovery start 

date as specified in the Appendix, from the Contractor’s submitted payment claimed amount. 



  

35 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

Unlike the PSSCOC, the standard forms of contract used in the private sector, i.e. Singapore 

Institute of Architects Articles and Conditions of Building Contract and the REDAS Design 

and Build Conditions of Contract do not contain similar payment provisions as of today. Whilst 

a similar advance payment scheme has been adopted to some of the private PPVC projects, a 

milestone payment framework based on the agreed % has also been negotiated to facilitate the 

PPVC payment. The most common schedule for milestone payment is shown as follow: 

• Upon completion of the PPVC carcass: 30% 

• Upon completion of the off-site fit-out: 30% 

• Final installation on site: 40% 

 

Similarly, an Advance Payment Guarantee from the Contractor remains as a condition 

precedent prior to any milestone payment to be made by the Employer. 

7.3 Insurances 

Due to some off-site PPVC works to be carried out in oversea factories, the existing off-site 

storage and inland transit endorsement that have territorial limits in Contractor’s All Risks 

Policy (CAR) are no longer sufficient. Additional Property All Risk Policy is required to cover 

off-site fabrication in another country. A proper Marine Cargo Insurance is also required to 

cover shipments or transit of the PPVC modules from another country to Singapore. Both 

insurance policies are to be issued in the joint names of both the Contractor and Employer so 

long the PPVC modules are stored overseas. As such, it is preferable for the Contractor to 

directly procure the insurance from the Employer’s insurance broker in ensuring the 

Employer’s full overseas insurance coverage is being well taken care of. 
7.4 Nominated Sub-Contracts (NSCs) 

With the adoption of the PPVC, some of the NSCs’ products such as sanitary wares, wardrobes 

and switches shall be delivered to off-site fit-out yards instead of the construction site. Back-

to-back provisions relating to payment, advance payment guarantee and insurances shall be 

provided and stipulated clearly in the NSC’s contract to ensure the water-tightnesses of the 

overall contract provision between the Main Contract and NSCs. 

8 Impact Of COVID-19 on PPVC development 

The unexpected COVID-19 pandemic has affected economies and businesses around the world 

including the growing progress of the DfMA and PPVC development in Singapore. One 

example is the master plan of the development of ICPH. The Construction ITM has targeted to 

construct up to 10 ICPHs by 2020 but as of February 2022, only 5 ICPHs are completed and in 

full operation. 

To further understand the impact of COVID-19 on PPVC development, informal interviews 

and factory visits were conducted with 2 ICPH operators in 2022. A list of questions (see 

Appendix C) was sent to the ICPH operators prior to the visit and a fruitful discussion and 

factory tour that lasted for about 2 hours was conducted. 
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9 Government Reliefs under the COVID-19 (Temporary Measures) Act 

(COTMA) 

According to one ICPH operator, the border closure between Malaysia and Singapore resulting 

from the execution of Malaysia’s Movement Control Order (MCO) and Singapore’s Circuit 

Breaker (CB) has minimal impact on PPVC. Although the PPVC module transportation was 

put to halt at the beginning, such precast construction works had soon to be classified as critical 

and essential services and the delivery between both countries had resumed shortly after. What 

impacts the PPVC development the most is the shortage of construction workers, which is not 

unique to construction projects involving PPVC but the entire Singapore’s built environment 

sector. 

Against this backdrop, COTMA was enacted on 7 April 2020 aims to provide temporary reliefs 

to specific contracts that fall within the eligible period. These reliefs include universal 

Extension of Time (EOT) for construction contracts (Part 8A), co-share of certain costs 

between contracting parties (Part 8B) and reliefs for parties affected by the increase in foreign 

manpower costs (Part 10). 

10 Government Support Measure for PPVC 

Besides the reliefs provided under COTMA, upon the Contractors’ submission and on a case-

by-case basis, BCA has granted waivers to relax the minimum required level stipulated in the 

COP 2017 on the finishing and fittings to be completed off-site for the PPVC modules. One 

example is allowing full cabinetry works to be done on site instead of only restricted to door 

installation. 

The Government has also further supported one of the ICPH operator in providing a Temporary 

Occupational Land (TOL) at Punggol Pulau Timor as a temporary manufacturing and storage 

space for their precast components including PPVC modules. The bulky and heavy PPVC 

modules are unable to be stored on site and hence, Just in Time (JIT) delivery and installation 

are crucial for the smooth construction site progress. COVID-19 badly hit the site operation 

and many construction programme plannings were beyond the industry players’ control. 

Therefore, the TOL space at Punggol Pulau Timor serves as an in-time aid to one ICPH 

operator in resolving the PPVC modules’ storage issue. 

11 Innovation to Improve PPVC Design 

SoilBuild highlighted that the cost premium of adopting PPVC has reverted back to the initial 

level of 15% during the pandemic period. A surge in the cost of material, shipping/ 

transportation, labour, etc. due to various COVID restrictions and shortage of resources are the 

contributing factors. The pandemic situation has further triggered the PPVC manufacturers to 

be innovative on how to improve PPVC design and production to achieve more time and cost 

savings. A research and development department was then set up in ICPH operator’s 

organisation. It is an incubation centre of engineering design through harnessing digital 

technology and introducing automation and robotics in DfMA.  

According to their research, one potential improvement is the configuration of PPVC modules. 

Currently, the modules are configured by the Consultants according to the Architect’s design 

layout. The number of the module size is highly dependent on the layout configuration which 

determines the required number of precast mould for one project. The ICPH operator proposed 

suggestion is through the ECI in the design stage, the PPVC manufacturers can provide a list 

of market available PPVC mould designs for the Consultants’ consideration in configuring the 



  

37 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

unit layout plan. The project team can mix and match or adopt the similarity from the available 

PPVC systems in customizing their PPVC modules. This will increase the recycling and 

reusing rate of the precast mould which will help in reducing the cost premium. 

12 Conclusion 

With the strong support in terms of monetary fundings, regulations and even reliefs during the 

COVID-19 pandemic rendered from the Government to the adoption of DfMA and PPVC, the 

message is clear that Singapore’s construction industry is determined to transform to be an 

advanced and integrated sector. Significant demands for DfMA projects have been generated 

since the launch of the Construction ITM in 2017. More PPVC players have entered the market 

since then which has brought down the estimated cost premiums of adopting PPVC from the 

initial 15% to less than 8% before the pandemic. The key cost drivers have been identified and 

discussed in length in this paper. Comprehensive contractual frameworks for PPVC projects 

such as Early Contractor Involvement during the design stage and milestone payment scheme 

for off-site PPVC works have also been developed over the years to address the design and 

construction constraints highlighted in this paper.  

Whilst COVID-19 inevitably slows down the progress of PPVC development and increases the 

cost premiums, and the adoption of PPVC is still imposing design and construction challenges 

to the project team, the industry players see the opportunity in harnessing the digital technology 

and robotics in PPVC to further reduce the construction time and increase cost savings. It is 

also believed that by adopting more innovation and game-changing technologies in the built 

environment sector, it will attract and retain more local young talents in the industry. With the 

experiences gained and the lessons learnt from all the completed and on-going projects, it will 

certainly help to smoothen the implementation process for the built environment sector to reap 

the full benefits of DfMA and PPVC in the near future. 
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14 Appendices 

Appendix A – Example of the PPVC Requirement in the Selected GLSI 

Programme (Residential Development Land Parcel at Dairy Farm Walk) 

 

Source: URA, 2022 

Appendix B1 – List of PPVC Suppliers / Manufacturers 

S/N Concrete PPVC System 
Supplier / Manufacturer 

Steel PPVC System 

Supplier/ Manufacturer 

1 Excel Precast Pte Ltd Unitised Building Pty Ltd  

2 SPP System Pte Ltd Sembcorp EOSM Pte Ltd  

3 Integrated Precast Solutions Pte Ltd Moderna Homes Pte Ltd  

4 Vico Construction Pte Ltd AM Modular (Singapore) Pte Ltd  

5 Dragages Singapore Pte Ltd CIMC Modular Building Systems Holding 

Co. Ltd.  

6 Prefab Technology Private Limited Tiong Seng Contractors Pte Ltd and 
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Steeltech Industries Pte Ltd  

7 CS Corp Pte Ltd and ICPH International 

Pte Ltd 

Dragages Singapore Pte Ltd  

8 Mod Prefab Private Limited TTJ Design and Engineering Pte Ltd  

9 Qingjian International (South Pacific) 

Group Development Co Pte Ltd 

Quicksmart Technology (Singapore) Pte 

Ltd  

10 Sembcorp EOSM Pte Ltd Mod Prefab Private Limited  

11 China Construction Realty Co. Pte Ltd iMax Modular Pte Ltd  

12 HL Building Materials Pte Ltd TK Modular Pte Ltd  

13 G & W Precast Pte Ltd Lightrus Pte Ltd 

14 Sunway Concrete Products (S) Pte Ltd Tong Hai Yang Construction Private 

Limited 

15 Moderna Homes Pte Ltd Qingjian International (South Pacific) 

Group Development Co Pte Ltd 

16 Robin Village Development Pte. Ltd and 

Robin Village International Pte Ltd 

Australian Robotic Building Technologies 

Pte. Ltd. 

17 Nakano Singapore (Pte) Ltd CNQC Engineering & Construction Pte. 

Ltd 

18 Kimly Construction Private Limited  

19 United Tec Construction Pte Ltd  

20 TK Modular Pte Ltd  

21 K&H Innovative Systems Pte Ltd  

22 BHCC Construction Pte Ltd  

23 Sim Lian Construction Co (Pte) Ltd  

24 VC Modular System Pte Ltd  

25 CNQC Engineering & Construction Pte. 

Ltd 

 

26 Welltech Construction Pte Ltd  

27 CCL Precast Private Limited  

28 Hua Siah Construction Pte Ltd  

29 Ssangyong Engineering & Construction  

30 China Jingye Engineering Corporation Ltd 

(Singapore Branch) 

 

31 Gammon Pte. Limited  

32 Master Contract Services Pte Ltd  

33 Lian Beng Construction(1988) Pte Ltd  

Source: URA, 2022 
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Appendix B2 - Location and Operators of 5 ICPH 

S/N Location ICPH Operator 

1 Kaki Bukit Road 6 (KB 1) CKR Contract Services Pte Ltd 

2 Kaki Bukit Road 6 (KB 2) Straits Construction Singapore Pte Ltd 

3 Airport Road (Defu 1) Soil-Build (Pte) Ltd 

4 Airport Road (Defu 2) Teambuild Engineering & Construction (Pte) Ltd 

5 Pulau Punggol Barat (PPB 1) HL-Sunway JV Pte Ltd 

Source: BCA, 2020 

Appendix C - List of Questions for ICPH operators 

1. How many PPVC projects have your firm has currently? 

 

2. What is the PPVC market in the past two years (i.e. 2020 & 2021) in the built environment 

industry? 

 

3. Does ICPH help to improve the construction productivity of precast components? If yes, how 

does ICPH help? 

 

4. Is ICPH able to produce all the precast components that your firm needs for the construction 

project on hand? If not, what is the manufacturing rate of ICPH compared to the factory in 

Malaysia or other place/ country? 

 

5. How does COVID-19 impact the precast component manufacturing process (eg. material, 

labour, shipping)? 

a. What is your firm mitigation plan on the above COVID-19 impact? 

b. Besides COTMA, any other government support on the COVID-19 impact to the 

precast component manufacturers?
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Towards A Framework of Internet of Things (IoT) In Smart Buildings: 

A Bibliometric Approach  

Bruno Lot Tanko, b.tanko@reading.edu.my 
School of the Built Environment, University of Reading Malaysia, Johor Bahru 79100, Malaysia  

 

Abstract 

The study of smart buildings is becoming increasingly important in the field of architecture, 

engineering, and construction (AEC), especially in sustainability. Smart buildings are made 

possible by the Internet of Things (IoT). This study uses the Scopus database to perform a 

bibliometrics analysis of articles from 2010 to 2021 that discuss IoT applications in smart 

buildings. The objective is to define the stages of development, identify IoT application clusters 

in smart buildings, and create a framework for the IoT ecosystem for smart buildings. In total, 

1062 documents from 3163 different authors representing 1957 distinct institutions from 89 

different countries were examined. The most often found clusters included internet of things, 

automation, network architecture, smart buildings, and intelligent buildings. Based on the five 

clusters that were identified, the IoT ecosystem for smart buildings is divided into five major 

processes: data gathering, data transmission, data analytics, data visualisation, and automation. 

The results of this study will be used by policymakers to identify key topics in IoT-enabled 

smart buildings and to guide future research in the policymaking process. 

Keywords 

Bibliometrics, artificial intelligence, internet of things, smart buildings, network sensors. 

1 Introduction 

The AEC sector has not embraced digital transformation as enthusiastically as other sectors 

(Lokshina et al 2019). The potential of the AEC industry making the transition to the digital 

era is made possible by the Internet of Things (IoT), which has been extensively used in a few 

fields. Due to its widespread usage and advantages, which have resulted in its implementation 

in several disciplines, it has become a hot research topic. IoT is "a system of interconnected 

computing devices, mechanical and digital machines, objects, animals, or people that are 

provided with unique identifiers and the ability to transfer data over a network without 

requiring human-to-human or human-to-computer interaction," according to Elijah et al (2018). 

IoT might have a significant impact in several industries, including building construction, 

operation, and management by enabling high-quality services, delivering efficient features, and 

supporting in the pursuit of sustainable development goals (Jia et al 2019). 

The construction sector may now overcome its time and resource limits as well as its frequent 

defaults thanks to the usage of IoT (Tang et al 2019, Ghosh et al 2021). It may alter how people 

use and keep an eye on structures, ultimately enhancing the end-user experience (Ruiz-Zafra 

et al 2022). The building has developed from being used as a basic shelter throughout time into 

a smarter, more complicated structure that uses emerging technologies (Li et al 2021), making 

it an intelligent building. To maximise performance and energy management. Daissaoui et al 

(2020) defined an intelligent building system as one that combines intelligent building 
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management systems and big data analytics. The concept of "smart buildings" was developed 

through the incorporation of cutting-edge technology into structures and its services. 

This enables remote operation and administration of the entire life cycle of the building 

structures, increased occupant comfort and convenience, and management of cost and energy 

efficiency. Big data analytics, cloud and fog computing, sensor deployment, and IoT are 

examples of advanced technology. The Internet of Things (IoT) has emerged as the technology 

that will help a smart building's various components connect the most. The IoT assists in 

addressing the intricate network of connected, functioning entities in a smart building (Risteska 

Stojkoska and Trivodaliev 2017)  

In recent decades, numerous studies on smart cities and smart buildings have been conducted 

(Minoli et al 2017). The global smart building market is anticipated to grow from USD 66.3 

billion in 2020 to USD 108.9 billion by 2025 because of technological improvements in cloud 

computing, 5G, AI, and IoT (Li et al 2021). Smart building management systems make use of 

several sensors and actuators; windows, doors, and lighting are just a few of the components 

of a structure that are connected to sensors and actuators, which keep an eye on the condition 

of each component (Daissaoui et al 2020). 

Several actions can be taken in response to a change in the status of any of the connected 

components in a smart building. Jia et al (2019) submitted that, the rise of connected 

information is one of the goals of smart buildings which is being driven by the Architecture, 

Engineering, Construction, and Operation (AECO) business. But sustainability is a generally 

acknowledged requirement, leading to energy-efficient and hospitable smart buildings. To ease 

the adoption of IoT in smart buildings, there is a need for collaborations between various 

disciplines, such as civil or building engineering, communication, and information technology, 

electrical and electronics engineering, and computer science, in order to understand the 

challenges that can be solved or enhanced using IoT in smart buildings. The investigation of 

IoT applications in smart buildings may potentially reveal additional prospective domains and 

lines of inquiry for methodological and technological advancement. More research is therefore 

required on the application of IoT in the construction sector’s smart buildings. 

Even though IoT research is well established, few thorough traditional literature reviews and 

systematic literature reviews on IoT for smart buildings exist. The study's goal is to evaluate 

IoT and smart buildings during the past eleven years using bibliometric data. Therefore, we are 

driven to address the following three major research concerns in this study: 

I. Which stages of IoT development in smart buildings are currently underway, according 

to the publication year? 

II. Which IoT application clusters are there in smart buildings? 

III. What is the Internet of Things Framework for Smart Buildings? 

2 Methodology 

According to a study by Adegoriola et al (2021), a systematic review is a crucial tool for 

identifying critical knowledge gaps and research needs. To circumvent the drawbacks of the 

conventional review methodology, a hybrid qualitative and quantitative method using 

bibliometrics analysis is used to analyse the existing papers on IoT and Smart buildings. The 

research process for this work is shown in Figure 1. 
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Figure.1 Research procedure of the study 

 

To choose the best database for this study, the paper first evaluates the most important research 

databases, including Scopus and Web of Science (WOS). The Scopus database was found to 

be the biggest and most suitable databank during the initial inspection. The two most complete 

databases for searching the literature in numerous scientific fields are Scopus and the WOS 

(Tanko and Mbugua 2022). Many authors have asserted that the Scopus database is the most 
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comprehensive source of citations and abstracts for literature searches (Darko et al 2020, 

Shukra and Zhou 2021, Zakka et al 2021). 

Finding the suitable search terms to utilise within the Scopus database is the second screening 

step. “IoT-enabled Smart Buildings” (14 documents), “IoT-integrated Smart Buildings” (1 

document), “IoT in Smart Buildings” (7 documents), “IoT” in “Smart Buildings” (973 

documents), “IoT” and “Smart Buildings” (1040 documents), “Internet of Things” and “Smart 

Buildings” (1167 documents), “IoT and Smart Buildings” (2 documents), and “IoT-based 

Smart Buildings” (14 documents) were all examined as keywords. The search terms "Internet 

of Things" and "Smart Buildings" were chosen since they produced the most documents 

(1167), while also taking care of other related search terms. The major archival period for 

academic research outputs used in this study was 2010 to 2021. I looked at Scopus' current 

literature on IoT and Smart Buildings during this time. 

2.1 Bibliometric Search 

Bibliometrics is a logical area of academic writing that captures quantitative information on 

publications, particularly the frequency of citations (Shi and Yin 2021, Lot Tanko and Mbugua 

2022). According to (Mukherjee et al 2022, Tamala et al 2022), Performance analysis, science 

mapping, and network analysis are the three main components of bibliometric analysis. A 

descriptive method for assessing indicators linked to publications and citations is performance 

mapping. The item's co-occurrence weight and overall link strength, which are supplied by the 

item, are a method for presenting the influences and strengths of relationships among different 

article attributes in science mapping. Evaluation of network metrics, grouping, and 

visualisation are frequently employed in network analysis. (Mukherjee et al 2022) concluded 

that Bibliometric research presents unique opportunities to contribute to theory and practice 

since top journals and scholars from various disciplines have published numerous highly 

impactful articles utilizing bibliometric techniques to study different fields’ evolutionary 

nuances and capture emerging trends.  Figure 2 depicts Performance analysis and science 

mapping as the two categories in which bibliometric analysis methodologies can be applied. 

The TITLE-ABS-KEY was used to enter the bibliometric search of the "IoT" and "Smart 

Buildings" study areas into the Scopus database. At 10:00 am SGT on July 23, 2022, 1167 

documents were automatically extracted from the years 2010 to 2022. Following the initial 

bibliometric search of journals, 1077 documents (including articles in press) and 1062 

publications (excluding articles in press) between 2010 and 2021 were found. This 

demonstrates that, as shown in Figure 3, research in this area started to garner attention in 2010 

(with at least one document). 

2.2 Science Mapping and Scientometric Analysis 

Scientometric mapping is a type of big data analytics that compiles applications and resources 

offering more information on the dependability and utility of the data used in strategic planning. 

Consequently, scientometric analysis has been created for the science mapping approach 

(Zakka et al 2021). According to (Tanko and Mbugua 2022), scientometrics entails employing 

scientific mapping and co-citation networks to visualise important research fields (Chen 2017). 

Researchers find it more and more challenging to manage the literature and conduct objective 

literature reviews as the number of scientific publications rises.  
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Figure 2. The bibliometric analysis toolbox. (Source: Donthu et al 2021) 

 

 

Figure. 3 Literature sample and year of publication of IoT and smart buildings research 

 

The "VOSviewer", a text-mining programme with user-friendly capability for visualisation and 

bibliometrics that has been widely used in the field of construction project management, was 
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employed in this study (Adegoriola et al 2021). Unlike previous applications used to map 

bibliometrics, the software gives special focus to a graphic representation of bibliometric maps 

(van Eck and Waltman 2010). In other review-based research, it has been applied to the fields 

of construction engineering and project management (Darko et al 2020, Babalola et al 2021, 

Shukra and Zhou 2021, Makabate et al 2022). Therefore, it is worthwhile to think about using 

the “VOSviewer” to analyse and visualise influential papers in the fields of IoT and Smart 

Buildings. 

3 Findings and Discussion 

The section includes information on the stages of IoT development in smart buildings, the 

impact of different nations, the co-occurrence of keywords, and clusters of IoT applications. 

3.1 Phases of IoT Development in Smart Buildings 

Using keywords search on the Scopus database, a total of 1167 papers on "IoT" and "Smart 

Buildings" study topics were used. The distribution of publishing years is seen in Figure 3. 

According to the amount of the annual publication, the development of "IoT" and "Smart 

Buildings" is largely evaluated in two phases: initiation (commencement) and development 

phases. The annual publishing volume between the first era (2010–2012) was 1-3 articles, 

which is incredibly low. During the development phase (2013–2021), the annual publishing 

volume climbed from 13 in 2013 to 212 and 202 in 2020 and 2021, respectively. Since 2013, 

the annual publication volume has increased in a quasilinear way as scholarly interest in "IoT" 

and "Smart Buildings" has increased (Figure 3). 

As a result, the literature samples in Figure 3 represent nearly ten years of research in this area, 

with an increasing trend in publications. The pattern indicates that there was no "IoT" or "Smart 

Buildings" research before 2010. However, there has been an increase in publications since 

2013. The 1062 papers were further examined using the Scientometric methodology to offer 

insights into these publications, including their research keywords and collaborating nations. 

3.2 Impact of Countries   

The associations between the nations represented in the various publications are shown in 

Figure 4 along with a few clusters. A good sign of this is the co-authorship of publications, 

which refers to writers from different nations who wrote the same article. Each circle represents 

a nation, and the size of the circles is determined by the total number of publications in each 

nation. From first to tenth place, in that order, were the United States of America (USA), 

France, China, Italy, Germany, India, Spain, Australia, the United Kingdom, and Pakistan. The 

clusters of these nations and their neighbouring or surrounding nations show a strong 

association. Mexico and the US are allies, as are China and South Korea, France and Germany, 

the UK and Greece, Italy and Spain, Australia and India, and Malaysia and Indonesia. The 

countries in the centre of the cluster have the most nodes connected to them (for instance the 

USA). 

 



  

48 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

 

Figure 4. Relationships between countries 

Table 1 lists the nations with the strongest overall links as well as those where most studies 

were co-cited. With 116 total link strength, 199 total papers, and a total of 5631 citations, the 

United States has the greatest overall link strength, documents, and co-citations. 

S/N Countries Documents Citations Total Link Strength 

1 United States 199 5631 116 

2 France 68 1237 63 

3 China 70 1330 54 

4 Italy 81 1644 52 

5 Germany 45 452 49 

6 India 123 1520 45 

7 Spain 62 984 41 

8 Australia 45 446 37 

9 United Kingdom 55 718 37 

10 Pakistan 23 490 29 

11 Canada 35 506 26 

12 South Korea 39 1194 24 

13 Greece 29 704 23 
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14 Malaysia 25 223 19 

15 Austria 11 110 19 

16 Saudi Arabia 22 448 19 

17 United Arab Emirates 13 170 18 

18 Brazil 25 238 18 

19 Hong Kong 12 42 16 

20 Singapore 19 499 13 

Table 1. Countries with total link strength and where most of the research were co-cited 

France is in second place with 63 total link strength, 68 papers, and 1237 citations, followed 

by China in third with 54 total link strength, 70 documents, and 1330 citations. The huge 

number of documents indicates that IoT and smart building research still lacks a global 

perspective. 

3.3 Co-occurrence of Keywords   

As a crucial component of scientometric studies, keywords provide a framework for exposing 

investigations in a given topic and provide an overview of the current study field in that sector 

(Tanko and Mbugua 2022). Keywords communicate the research content's primary points and 

focal point. In the form of a coloured neural network, Figure 5 shows a few clusters where 

keywords appear at least 20 times. Each node is a keyword, and the link texture between them 

indicates the degree of relationship. The keywords analysis discovered five clusters by using a 

community finding technique.  

Internet of things, Network Architecture, Intelligent buildings, Smart Building, and 

Automation are the most important clusters. These groups offer a thorough overview of the 

several subjects that are pertinent to IoT and smart buildings.  

 

Figure 5. Co-occurrence network of keywords related to IoT and smart buildings 
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3.4 Clusters of IoT Applications in Smart Buildings 

Research on IoT and Smart Buildings has identified several primary keywords as shown in 

Table 2. 

In the cluster related to the Internet of Things, cluster 1 with the colour yellow in Figure 6, 

where only terms with a minimum of 20 co-occurrences have been highlighted, the main 

associated keywords are IoT applications, Internet of things, network security, smart city, 

blockchain, and information services network security. IoT devices require an internet 

connection and are embedded systems that communicate with sensors and actuators. These IoT 

gadgets are also known as IoT sensors (Elijah et al 2018). 

Building Automation Systems (BAS) are Internet of Things (IoT)-based solutions used in smart 

buildings. The building manager uses specialised software to operate the spaces, approve 

requests, and keep track of accesses (Ruiz-Zafra et al 2022a), which is significant from the 

perspective of building management processes (Dave et al 2018).  

Cluster Major Keyword Associated  Keywords Theme Phase of Overall Process 

1 Yellow Internet of things Internet of things, IoT applications, 

network security, smart city, 

blockchain, information services 

Internet of things 

& network 

security 

Data Collection 

2 Purple Network 

Architecture 

Big data, information management, 

cloud computing, computer 

architecture, data handling, 

decision making 

Network 

Architecture & 

Cloud Computing 

Data Transfer   

3 Red Intelligent 

buildings 

Intelligent buildings, smart 

environment, smart buildings, 

buildings, user interfaces  

Intelligent 

buildings & Smart 

Environment 

Data Analysis 

4 Green Smart Building Smart buildings, energy efficiency, 

energy utilization, energy 

management 

Smart Buildings 

& Energy 

Efficiency 

Data Visualization   

5 Blue Automation Embeded systems, cyber physical 

system, smart homes, access 

control, ambient intelligence, 

energy harvesting, smart power 

grids 

Automation & 

Embedded 

Systems  

Automation & Control 

 

Table 2. Major Keywords detected in IoT and Smart Buildings research 
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Figure 6. Custer 1 - Internet of things & network security 

The second cluster in Figure 7 is highlighted in purple and focuses on network architecture, 

which includes big data, information management, cloud computing, computer architecture, 

data handling, and decision making (all of which have at least 20 co-occurrences). The core 

components of an IoT-based system are sensors and actuators, sometimes referred to as the 

wireless sensor-actuator network (WSAN). 

 

Figure 7. Custer 2 - Network Architecture & Cloud Computing 
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Figure 8. Custer 3 - Intelligent buildings & Smart Environment 

The third cluster in Figure 8 is related to intelligent buildings, smart environments, smart 

buildings, buildings, and user interfaces. Only keywords with at least 20 co-occurrences have 

been underlined in this cluster. The integration of wireless sensor networks, timers, and motion 

sensors in office spaces or sustainable buildings offers a practical tool to identify and respond 

to occupants while giving them feedback data to drive behavioural adjustments (Hernández-

Ramos et al 2015). 

The fourth cluster (highlighted in green in Figure 9) was associated to Smart buildings, energy 

efficiency, energy utilisation, and energy management when keywords with at least 20 co-

occurrences were highlighted in that cluster. This shows how Internet of Things (IoT) 

technology have facilitated the development of applications to improve buildings and their 

surrounds, leading to "smart environments" or "smart spaces," such as smart homes (Ruiz-

Zafra et al 2022). According to Wikipedia, "intelligent buildings" are "buildings with integrated 

enterprise, control, and materials and construction, implemented both individually and as a 

system to be flexible" (Le et al 2019). In addition to boosting cities and infrastructure, smart 

buildings play a key role in enhancing resident comfort. It improves energy efficiency, manages 

safety concerns, and provides a better foundation for the comfort, services, and quality of life 

of residents and businesses (Daissaoui et al 2020). 



  

53 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

 

Figure 9. Custer 4 - Smart Buildings & Energy Efficiency 

According to the blue cluster 5 in Figure 10, embedded systems, cyber physical systems, smart 

houses, access control, ambient intelligence, energy harvesting, and smart power grids are all 

essential components to address the difficulties of IoT-enabled smart buildings. Smart devices 

are becoming more and more important in networks that rely on automation and Internet 

platforms. Most of these gadgets are cell phones with incorporated software that enables users 

to track and assess remote actions in real-time (Le et al 2019). 

 

Figure 10. Custer 5 - Automation & Embedded Systems 
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3.5 IoT Framework for Smart Buildings  

Buildings now use IoT to increase their efficiency, dependability, and safety. The five primary 

processes identified by the study's bibliometric analysis are briefly explored in the context of 

the IoT framework for smart buildings (Figure 11).  

 

Figure 11. IoT Framework for Smart Buildings 

Data collection, data transfer, data analysis, data visualisation, and automation and control are 

the procedures involved. 

Data are collected from sensor nodes that are built into smart buildings (Data collection) and 

then transferred from the sensor nodes to the network server (data transfer). The information 

from the smart building's data is analysed to provide relevant information and insights for smart 

decision-making (data analysis).  The data visualisation layer enables the mobile device to view 

the analysed data thereby enabling the interaction between the real world and the virtual world 

via a mobile data visualisation (data visualisation). Finally, the automation and control of 

several appliances in the building is made possible by programmable hardware devices that are 

connected to the internet (automation, and control). 

4 Conclusions  

Based on the annual publication volume, the study identified two phases for IoT and Smart 

Buildings research: initiation from 2010 to 2012 and developmental from 2013 to 2021. Since 

2013, IoT and Smart Buildings have received more scholarly attention, and the annual 

publication output has increased in a quasilinear way. The top countries for publishing this 

field of study include the United States, France, China, Italy, Germany, Spain, Australia, and 

the United Kingdom. The makeup of most of the clusters is significantly influenced by their 

geographic location. 

The keyword analysis produced a list of numerous words with a variety of meanings that were 

connected to themes like IoT, cloud computing, smart grid, internet, energy efficiency, energy 

utilisation, sensor networks, big data, embedded systems, building management systems, 

intelligent buildings, automation, and internet protocols. Five clusters were identified by the 

bibliometric research, which was used to discuss the IoT framework for smart buildings. Data 
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collection, data transfer, data analysis, data visualisation, automation, and control are all 

processes that make up the IoT Framework. Policymakers can use this study as a starting point 

to identify key themes in IoT-enabled smart buildings and for additional research in the 

policymaking process. 

Despite the importance of this study, it has certain drawbacks. The dataset used for the analysis 

was mostly taken from the Scopus database, and the mixed review approach and scientific 

mapping utilising the “Vosviewer” software are the focus of this review. The industry reports 

can be used in future works, and Long-term trends may be revealed through future studies. The 

state-of-the-art of "IoT" and "Smart Buildings" might be thoroughly analysed to see whether 

additional research is necessary to address these constraints. Even though these restrictions 

exist, I think they have no bearing on the overall direction of the current "IoT" and "Smart 

Buildings" research.  
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Abstract  

The traditional building process may no longer be appropriate, necessitating a shift to another 

option. Previous experts have emphasised that the transition to big technological growth entails 

dangers, problems, and possibilities for the building sector. The construction sector is now 

bound towards Building Information Modelling (BIM), where the phenomena of inflexible 

culture and strong resistance to transformation is well known. Furthermore, the challenge of 

transformation in the construction industry is more than just the fact that the fundamental 

principles of an organisation must be altered. This study intends to offer the secret formula for 

being a driving force in the implementation of BIM within the Quantity Surveying profession. 

The objective of this research are to further analyse the benefits, constraints, and anologies of 

driving BIM into the Quantity Surveying profession. There are 36 index papers that have been 

utilised as a pilot journal for the systematic review which fall within 10 years (2012 to 2021). 

The conclusions of this study are intended to highlight the major significant elements as recipes 

of driven forces on BIM into the Quantity surveying profession. 

Key words 

Building Information Modelling, Quantity Surveying profession, fundamental recipe 

1 Introduction  

According to Husien et al. (2021), the construction sector is both an important tributary of the 

world economy and a key resource for the local economy's entire product. This is backed 

further by Alaloul et al. (2021), who noted that the construction sector contributes significantly 

to a nation's GDP, which is why the development of the construction industry in each country 

is critical to the country's economic prosperity. Nonetheless, a number of difficulties, such as 

fragmented project delivery methods, prolonged delays, cost overruns, and disagreements 

among construction players, have had a detrimental influence on the construction sector 

(Eastman et al, 2008). As a result, construction firms have devised a number of strategies and 

methods, such as introducing design and build procurement methods, project web sites, 3D 

CAD tools, and many more, to mitigate the concerns that have been identified. Although all of 

these approaches tend to increase the speed with which information is sent, they are still unable 

to totally eradicate the issues associated with paper-based communication methods, as 
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described by Abdullah et al (2016). For example, the building sector is still dealing with 

challenges such as the inability to identify parametric capacity, disputes, and constructability, 

among others. 

In other words, the conventional construction process may no longer be acceptable, 

necessitating a shift to another option. However, Ahlam et al. (2021) emphasised that the shift 

toward big technological progress includes dangers, problems, and possibilities for the building 

business. The dangers and challenges may not cause the building sector to collapse, but they 

will most likely cause society to react more slowly (Rajnai et al., 2017). This means that before 

transitioning to a new practise, construction practitioners must comprehend all of the potential 

risks and challenges and be prepared to accept both risks and challenges. According to scholars, 

one of the most helpful sophisticated technologies employed in the building sector is Building 

Information Modelling (BIM). Several developed and developing countries have embraced 

BIM to varying extents (Othman et al., 2021). Some European nations, such as the United 

Kingdom and the United States, have mandated BIM deployment for building projects in their 

respective countries. Asian countries, such as Singapore, have attained at least 50% BIM 

implementation, whereas Oceania countries, such as Australia, have attained 42% BIM 

adoption. The majority of prior academics' findings highlighted a lack of information on BIM 

implementation in the Quantity Surveying (QS) profession as a primary hindrance to not 

embracing BIM. QS has the lowest BIM adoption rate among professions, at only 3%, owing 

to a lack of understanding of both software and hardware BIM solutions (Ali et al., 2013). Even 

though most governments in various nations have required BIM adoption for all government 

projects, it is still not making the playoffs, particularly in industries controlled by the private 

sector rather than the public sector (Quek, 2012). As a result, this paper may go on to address 

benefits, constraints factors, and anologies of BIM. These may lead to the development of a 

pre-conceptual framework for better understanding and manuevring BIM in the QS profession. 

2 BIM to Quantity Surveying Profession 

The speed of development in the construction sector is increasing, while the quality of 

construction is improving as a result of rapid development and science and technology 

inventions (Zhang et al, 2021). There are several innovative technologies available today that 

may be used in building projects. Building Information Modelling is one of the useful 

technologies (BIM). According to Haron et al. (2017), BIM is one of the methods used by 

construction organisations to efficiently monitor and manage projects. According to Alaloul et 

al. (2018), the BIM consists of five primary characteristics: visualisation, coordination, 

simulation, optimization, and plotting capacity. Since BIM enable the construction projects to 

be designed and managed digitally through the virtual three-dimension building model, hence, 

Ahlam et al. (2021) stated that BIM is a type of revolutionary technology. According to Haron 

et al. (2017), in order to efficiently apply BIM in construction projects, reliable solutions are 

necessary to transmit information across the various software tools while also enabling efficient 

coordination and monitoring procedures amongst construction stakeholders. As a result, in this 

paper, further discussion on the benefits of BIM, the Constraints Factors to BIM 

implementation, and the analogies of BIM in order to improve BIM implementation in the 

construction industry. 

2.1 The Benefits of Building Information Modelling 

Table 1 and Figure 1 shows the benefits of BIM implementation in the construction industry. 

In total, 20 scholars have been referred to. After reviewing all of the papers, the benefits of 

BIM may be divided into eight categories: time, cost, quality, design, communication and 
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collaboration, safety, minimising disputes, and sustainability. Table 1 shows the frequency of 

each. The most often reported benefit among the eight key benefits is time benefit, which has 

been acknowledged by all 20 scholars.  

Adoption of BIM in construction projects, according to Koptsopoulou (2020), Samimpay et al. 

(2020), Saka et al. (2020), and Saber et al. (2020), could minimise the time required to complete 

the project. The design process may be accelerated by utilising BIM since it ensures that all 

project stakeholders understand and accept the design as soon as feasible (Chan et al., 2019). 

For example, if the contractor is able to supply the relevant information about the site as 

required in BIM, the design team might proceed with the design activity faster and deliver 

feedback to the contractor in a shorter period of time than in the traditional method (Memon et 

al., 2014). 

Besides that, the second highest frequency is quality benefits which has 19 frequencies. 

According to Shibani et al. (2021), Penahi et al. (2020), Koptsopoulou (2020), Samimpay et 

al. (2020), and Saka et al. (2020), using BIM might minimise the entire cost of a building 

project. At the same time, BIM can help to avoid cost overruns (Haron et al., 2017). This is due 

to BIM's ability to deliver an excellent integration of design and cost (Abd Hamid et al., 2018). 

In other words, the client's budget will not be surpassed. Furthermore, respondents from the 

Saber et al. (2020) and Alufohai (2012) studies believe that BIM may successfully lower 

project costs and contribute to cost savings. 

While the design benefit has the third highest frequencies of 18. According to Haron et al., 

BIM will transform the design and construction process for construction projects (2017). 

According to Al-Ashmori et al. (2020) and Eastman et al. (2011), the implementation of BIM 

technology will cover all aspects of the project's design, construction, and operation. The 

findings of studies such as Hire et al, (2021), Doan et al (2020), Saka et al (2020), Abd Hamid 

(2018), and Alufohai (2018) show that BIM may enhance design conceptualization and 

visualisation (2012). This advancement can increase construction stakeholders' knowledge of 

the design since the 3D model connected with all critical information can be viewed before the 

real construction begins (Saka et al., 2020). Aside from that, BIM is quite beneficial for 

developing conceptual design, detailed drawings, and material selection. This is owing to the 

fact that BIM can handle the problem of specification drafting and client decision making, 

particularly in material and finish choosing. 

The fourth highest frequency is communication and collaboration benefit which has 17 

frequencies. BIM can improve multi-party communication and collaboration, as specified by 

Shibani et al (2021), Belay et al (2021), Othman et al (2021), Hire et al (2021), Ern et al (2020), 

Penahi et al (2020), Samimpay et al (2020), Saka et al (2020), Saber et al (2020), Al-Ashmori 

et al (2020), Gamil (2019). Communication between construction stakeholders such as 

architects, engineers, designers, and contractors is simple (Doan et al, 2020; Memon et al, 2014; 

Succar, 2009). The rationale for this is that BIM facilitates the interchange and interoperability 

of information across parties (Koptsopoulou, 2020; Al-Ashmori et al, 2020; Ilhan et al, 2013). 

After that, followed by the fifth highest frequency which is 17 for cost benefit. According to 

Shibani et al. (2021), Penahi et al. (2020), Koptsopoulou (2020), Samimpay et al. (2020), and 

Saka et al. (2020), using BIM might minimise the entire cost of a building project. At the same 

time, BIM can help to avoid cost overruns (Haron et al., 2017). This is due to BIM's ability to 

deliver an excellent integration of design and cost (Abd Hamid et al., 2018). In other words, 

the client's budget will not be surpassed. Furthermore, respondents from the Saber et al. (2020) 
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and Alufohai (2012) studies believe that BIM may successfully lower project costs and 

contribute to cost savings. 

After cost benefit is sustainability benefit which has 10 frequencies. BIM also contributes to 

the long-term viability of projects (Shibani et al, 2021; Hadi, 2020). For those construction 

players concerned about sustainability, BIM technology might be utilised to do environmental 

or energy analyses (Saka et al, 2020). BIM adoption is thought to increase project sustainability 

(Doan et al., 2020). 

The second lowest frequency is 9 for safety benefit. According to Hire et al. (2021), Shibani et 

al. (2021), Saka et al. (2020), and Al-Ashmori et al. (2021), BIM aids safety management by 

facilitating site planning analysis (2020). Furthermore, BIM permits the inclusion of safety 

precautions and factors that may be simulated to improve building site safety (Chan et al., 

2019). As a result, this contributes to the safety of the personnel on-site. 

The lowest frequency is 8 for minimizing disputes benefit. BIM can minimise disputes among 

construction stakeholders (Gamil et al., 2019). Because BIM reveals all of the reasons of 

disagreements and enhances transparency and communication among construction players, the 

occurrence of disputes may be reduced (Azhar, 2011). Other benefits of BIM implementation 

include less claims, disputes, and litigation risks, according to the findings of Belay et al. (2021) 

and Lahiani et al. (2020). Furthermore, according to Samimpay et al., BIM might minimise 

losses and claims (2020). 
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1. Othman et al (2021)         

2. Belay et al (2021)         

3. Hire et al (2021)         

4. Shibani et al (2021)         

5. Al-Ashmori et al (2020)         

6. Saber et al (2020)         

7. Saka et al (2020)         

8. Hadi (2020)         

9. Doan et al (2020)         

10. Samimpay et al (2020)         

11. Koptsopoulou (2020)         

12. Penahi et al (2020)         

13. Ern et al (2020)         

14. Chan et al (2019)         

15. Gamil et al (2019)         

16. Ismail et al (2019)         

17. Abd Hamid (2018)         

18. Haron et al (2017)         

19. Memon et al (2014)         

20. Alufohai (2012)         

Total Times Referred 20 17 20 18 19 9 8 10 
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Table 1: Key benefits of Building Information Modelling 

 

Figure 1: Benefit of BIM most times referred by previous scholars 

2.2 The Constraints Factors to Implementing Building Information Modelling (BIM) 

Table 2 and highlighted in Figure 2, summarises the literature review on the constraints factors 

to BIM implementation in the construction sector. There are a total of 21 articles that have been 

referred to. Based on the literature analysis, the challenges to BIM adoption are classified into 

six categories: financial, technology, people, management, legal, and government. Table 2 

shows that people are the most often reported impediment, with 15 scholars mentioning it. The 

second highest frequency are financial barriers and management barriers which both have the 

same frequency of 13 out of 21. The third highest frequency is management consists of 12 

times referred. The study from Saka et al. (2020) mentioned that the construction firms would 

be reluctant to work on BIM projects due to the cost and lack of trained staff in their firms. 

The next highest frequency is 9 which is legal. A standard code of practices and guidelines are 

necessary to standardize new output and allow efficient communication among the project 

stakeholders (Haron et al., 2017). Therefore, the BIM practice is likely to face problem when 

there is lack of standard and guidelines. Folow by the fourth highest frequency is 8 which is 

technology. This is caused by some of the construction firms are still using the old version 

software and equipment which is not updated with current technology requirements (Abd 

Hamid et al., 2018). The lowest frequency is 4 which is the government. The lack of support 

and motivation from government its one of the issues and the study from Haron et al (2017) 

stated that the construction players had expectation of government support such as financial 

subsidy to implement BIM. Hence, the lack of support is one of the constraints factors into the 

BIM implementation. 
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13. Franco et al (2015)       

14. Navendren et al (2014)       

15. Masood et al (2014)       

16. Gardezi et al (2014)       

17. Smith (2014b)       

18. Lindblad (2013)       

19. Davies et al (2013)       

20. Newton et al (2012)       

21. Hosseini et al (2011)       

Total Times Referred 13 8 15 12 9 4 

Table 2: Constraints factors to implementing 

Figure 2: Constraints factors of BIM most times referred by previous scholars 

2.3 The Analogies of Building Information Modelling 

BIM anologies obtained from researchers range from 2017 to 2021. Table 3 summarises the 

anologies of BIM. After reviewing all anologies from various scholars, it can be concluded that 

BIM is more than just a tool or software; it is a process of transforming the construction process 

to an integrated digital manner process by developing a three-dimensional model that provides 

all necessary information and enables all construction players to achieve better cooperation and 

communication throughout the project's life cycle, ensuring project success. 

No BIM understanding Authors 

1. Building Information Modelling (BIM) is a process that transforms 

construction process from fragmental traditional practices to an integrated 

digital manner process. 

Othman et al. (2021) 

2. BIM is defined as “a model of building information that provides full and 

necessary information to support all life-cycle processes and that can be 

directly interpreted by computer applications 

Manzoor et al. 

(2021) 

3. Building Information Modelling (BIM) is a method of information sharing 

between different parties using information technology or a technique with 

the elements of technology, organization and management 

Tee et al. (2021) 

4. Compared to the traditional 2D drafting tools, BIM is an integrated process 

that enables architects, engineers, contractors and owners to perceive, from 

the predesign phase, what their building will look like and more importantly, 

how it will perform. 

Lahiani et al. (2020) 

5. Building Information Modelling (BIM) is one of the most creative processes 

that help continuous improvement in the construction industry to achieve 

better cooperation between different sections and ensuring successful project 

delivery 

Samimpay et al. 

(2020) 
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No BIM understanding Authors 

6. BIM is a latest approach towards transforming stakeholder’s thinking about 

how technology can enhance the level of construction and safety control 

Zaini et al. (2020) 

7. BIM is a tool of data communication and spatial analysis for integrating data 

acquisition, exchange, and visualization during the construction project life 

cycle 

Zoghi et al. (2020) 

8. Building In formation Modelling is not just a designing tool but a system to 

manage the project during its life cycle. 

Chan et al. (2019) 

9. BIM is a technology transforming how buildings are designed and 

constructed. At the same time, it can facilitate multi-disciplinary coordination 

whilst integrating 3D design, analysis, cost estimating and construction 

scheduling 

Teng et al. (2018) 

10. BIM is a software model that can be used in project planning, design, 

monitoring and control among construction project group stakeholders in 

order to ensure project success. 

Haron et al. (2017) 

Table 3: Analogies of Building Information Modelling 

Figure 3: Pre-conceptual model the recipes in maneuvering BIM to QS profession 

3 Pre-Conceptual Model 

Recipes in maneuevering Building Information Modelling (BIM) to Quantity Suerveying 

profession can be further explaining via pre-conceptual model in Figure 3 below. A better 

understanding on the benefits of BIM and the emerging in the 2 factors which are the 

constraints factors as well as an understanding to the analogies of BIM may further leading to 

a succes of BIM implementation especially to QS profession. 

4 Methodology 

There are 36 index papers that have been utilised as a pilot journal for the systematic review 

which fall within 10 years (2012 to 2021). Table 4 and Figure 4 below showing the frequency 

on the table used to reflect on the 3 main sub-heading discuss earlier in 2.1, 2.2 and 2.3. From 

Figure 4, the most frequent year  
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1. Benefits 1 0 1 0 0 1 1 3 9 4 

2. 
Constraints 

factors 
2 2 4 2 2 3 2 1 1 2 

3. Analogies 0 0 0 0 0 1 1 1 4 3 

Table 4: Frequency of journal referred according to the year of publication 

 

Figure 4: Frequency of journal used parallel with the year of publication 

5 Conclusions 

Building Information Modelling (BIIM) is a process of transforming the construction process 

to an integrated digital manner by developing a three-dimensional model that provides all 

necessary information and enables all construction players to achieve better cooperation and 

communication throughout the project's life cycle, ensuring project success. 

BIM advantages for the construction sector may be classified into eight categories: time, cost, 

quality, design, communication and cooperation, safety, reducing disputes, and sustainability. 

On the other hand, the barriers to BIM implementation in the construction industry can be 

divided into six categories: financial barriers, technology barriers, people barriers, management 

barriers, legal barriers, and government barriers, while strategies to improve BIM 

implementation in the construction industry can be divided into seven categories based on 

roles: government, professional bodies or individuals, higher learning institutions, social 

media, construction organisations, and construction firms. 

Because BIM will provide several advantages to the construction sector, the hurdles to BIM 

implementation must be removed as soon as feasible by using effective techniques to improve 

BIM implementation. All construction practitioners must collaborate to enhance BIM 

implementation so that the construction industry may reap the full benefits of BIM technology. 

As previously mentioned in detail, it is critical to understand the benefits of BIM, the 

constraints factors, and the parallels underlying BIM deployment in order to lead a successful 

implementation of the BIM itself. As the Quantity Surveyor profession expands in terms of 

services, changing away from conventional or traditional methods and toward construction 4.0, 

it is critical that the core information be equipped to the Quantity Surveyor himself.  

To conclude that, the recipes in maneuvering Building Information Modelling (BIM) to 
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Quantity Surveying profession its to have a clear understanding on fundamental knowledge of 

Building Information Modelling (BIM) itself.  
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Abstract 

With the outbreak and spread of COVID-19 pandemic, the built environment (BE) industry is 

facing severe restrictions such as safe management measures at the workplace.  As a result,  

there is increasing adoption of digitalisation in the BE sector to counteract against the 

inconvenience, or more rightly, disruption caused by the pandemic.  Globally, digitalisation is 

recognised as one of the key enablers in BE sector to improve productivity, transparency, and 

connectivity throughout the value chain of the project. It enables collaborative work and 

increases efficiency through the intelligent use of data and analytics. It is espoused 

that digitalisation is not simply the implementation of digital tools, and it should be viewed 

from a holistic perspective. As digitalisation is more widely accepted in the BE industry, it 

is pertinent to establish an overall framework to guide the digitalisation transformation of the 

BE industry. Based on an in-depth review of relevant research on the digital transformation, 

this study examines and reflects on the strategic framework of digital transformation, and 

systematically expounds it with the HDTF. The proposed HDTF consists of three layers: 

business and application layer (BL), data layer (DL) and technology layer (TL). BL integrates 

relevant cost elements such as 5D BIM quantification tools and digital cost management 

solutions; DL combines cost-related data into a common data environment to link stakeholders 

and different construction phases; TL includes BIM graphics technology, artificial intelligence, 

data security and other emerging technologies. Together, these three layers form the HDTF, 

which vision is to make data structured, online, and intelligent. The HDTF was subsequently 

validated through several real projects. The results show that projects which adopted HDTF 

have improved data transmission and collaboration. In addition, the proposed HDTF is a 

foundation for understanding the impact of digital transformation at the enterprise, project, and 

individual levels. 

Keywords 

built environment, cost management, digital transformation, framework, integrated digital 

delivery (IDD), quantity survey. 
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1 Introduction 

Digitisation, also known as digital enablement, is the process of converting from analog to 

digital form (Gartner Glossary : Digitization, 2022), while digital transformation is defined as 

the utilising disruptive technology to boost productivity, value creation, and social welfare 

(Ebert and Duarte, 2018). Digital transformation leverages opportunities presented by 

technology from IT to advanced analytics, sensors, robotics, 3D printing and many other. 

Meffert and Swaminathan (2017) claim that the three stages that make up the foundation of 

digital transformation are as follows: 1. strengthening the foundation; 2. development of digital 

opportunities; and 3. building new ecosystems. Additionally, a number of crucial questions for 

each of the three stages are further explained.  

In the first stage “strengthening the Foundation”, there are three key questions, Can the current 

practice be digitised?  Are we taking the advantage of technologies and IT?   Are we promoting 

innovative thinking? For the second stage “development of digital opportunities”, there are two 

key questions: Can we develop new services or products quickly and radically to get ahead? 

Are we fully leveraging efficiency potentials of digitalisation? Whereas the last stage consists 

of two key questions: Are there new competitors that are disrupting current business model 

with latest technology? Are new profit pools emerging? (Meffert and Swaminathan, 2017) 

1.1 Digitalisation in built environment (BE) sector 

Many sectors around the world have embraced digital transformation and are constantly 

integrating innovation into their businesses. However, compared with other industries, the built 

environment (BE) sector faces unique challenges and has yet to fully reap the benefits of 

digitalisation. According to a 2017 report by the McKinsey Global Institute, the construction 

industry is one of the largest sectors of the world economy with the annual expenditure on 

construction-related goods and services reaching 10 trillion USD (Barbosa et al., 2017a). 

However, the construction industry is one of the most challenging and complex industries in 

many countries (Mahalingam et al., 2010) and is known for the fragmentation of the 

specialisations as the construction process involved multiple stakeholders (Dainty, 2006). The 

construction industry has intractable productivity problems and is lagging behind other 

industries in the adoption of digital technologies (Barbosa et al., 2017b), but on the other hand, 

the McKinsey report indicates that the construction industry has huge potential for 

digitalisation, productivity and growth.  

It would be an understatement to say that the BE sector has been disrupted by the COVID-19 

pandemic. The BE sector has been hit hard by movement restrictions, supply chain disruptions 

and project delays caused by the coronavirus pandemic, but there is a silver lining that the 

disruption has become a catalyst and trigger of the long-awaited change. There is an realisation 

by industry and companies alike that trends such as digital transformation, supply chain re-

engineering, increasing use of off-site construction and an increased focus on sustainability 

will become more evident, and companies that adapt to these trends early will recover more 

quickly.  

In Singapore, the building environment (BE) sector is the key pillar industry and it contributed 

approximately 14.6 billion SGD to the country’s GDP in 2021 (Hirschmann, 2022). However, 

due to its relatively complex construction environment and long construction time, the BE 

industry is notorious for a lack of integration of project processes or entities, and this has a 

negative impact on project performance. (Baiden et al., 2006). Henceforth, there is a need to 

shift gears and focus more on digital technologies to drive productivity in the construction 

industry. In this context, the Building and Construction Authority (BCA) has released 
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Construction Industry Transformation Map (ITM), which envisages an advanced and 

integrated sector by leveraging on the emerging digital technologies. The Construction ITM 

has the following three key trusts: Green buildings, Design for Manufacturing and Assembly 

(DfMA) and Integrated Digital Delivery (IDD), aiming to hasten the built environment industry 

towards manufacturing, digital processes and a value-oriented outcome approach (BCA, 2020). 

IDD, which is made possible by Building Information Modeling (BIM) and Virtual Design and 

Construction (VDC), uses cutting-edge info-communications technology (ICT) and smart 

technologies to fully integrate processes and stakeholders along the value chain (BCA, 2020). 

This covers design, fabrication and assembly on-site, together with the operation and 

maintenance of buildings.  

2 Literature Review 

The literature review process is vital to establish a comprehensive understanding of digital 

transformation strategy for cost management in the built environment industry. The scientific 

literature in the field has undergone massive development in recent years. Several studies have 

been conducted on digitalisation in cost management. For instance,  Aibinu and Venkatesh 

(2014) investigated the progress of BIM of QS in Australia through surveys and interview and 

found that overall BIM adoption in quantity surveying (QS) professionals was low, and 

summarised 11 barriers to BIM adoption in Australia.  Vigneault et al. (2020) created an 

innovative 5D BIM framework for construction cost management using a systematic review 

approach and in-depth interviews with experts, and the framework outlines the options that 

best satisfy the needs for cost management techniques throughout various project phases. On 

the other hand, a number of studies have summarised the use of IDD. For example, Hwang et 

al. (2020) identified 32 digital and cloud technologies in IDD’s four phases and reported that 

38.71 per cent of organisations utilised IDD technology in all four IDD phases.  In addition, 

Liu et al. (2021) used scientometric analysis and IDD thematic discussion to summarize 10 

digital use cases of BIM-sustainability in four phases of IDD.  

However,   previous studies have been about IDD and developing 5D BIM solutions for 

construction cost management. There seems to be a dearth of studies on holistic framework to 

support all QS activities. Hence, this study aims to establish a holistic framework based on a 

survey of 12 companies to address this knowledge gap.  

3 Proposed HDTF framework  

The BE industry is heavily fragmented with its stakeholders working in the data silos. 

According to Snyder et al. (2018), 96 per cent of project data produced goes unused and 30 per 

cent of engineering and construction companies are using point solutions that do not integrate 

with one another. In addition, McKinsey pointed out that BE industry is moving towards 

platform era from a fragmented, point-solution-driven and project-based industry (Bartlett et 

al., 2020). Integrated platforms can provide improved operational process visibility and 

integration with other technologies to gather data across an ecosystem. Therefore, the propsoed 

HDTF has considered an integrated cost management platform as the overall architecture to 

enable all project data to be connected, structured, and aggregated to form big data. In addtion, 

it allows visualisation, application and sharing of data between all stakeholders in real-time. It 

is equally important that the HDTF for cost management is collaborative and accessible to all 

stakeholders in all project lifecycle phases. Through the value chain that connect all the 

stakeholders in a unified platform, it creates an open and shared digital ecosystem, whereby 

every stakeholder can find its own positioning in the ecosystem to collaborate and share data. 
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The proposed HDTF consists of three layers: business operations and data applications layer 

(BL), data layer (DL) and technology layer (TL). BL integrates relevant cost elements such as 

5D BIM quantification tools and digital cost management solutions; DL combines cost-related 

data into a common data environment (CDE) to link stakeholders and different construction 

phases; TL includes BIM graphics technology, cloud computing, big data, AI, data security 

and other emerging technologies. Together, these three layers form the HDTF, whose vision is 

to make data structured, online, and intelligent. The proposed HDTF was developed based on 

literature review and existing guildlines. The HDTF has the following three crucial layers, as 

shown in Figure 1: 

• Business Operations and Data Application Layer (BL) 

• Data Layer (DL) 

• Technology Layer (TL) 

 

 
Figure 1. Proposed holistic digital transformation framework 

3.1 Business operations and data applications layer (BL) 

In BL, all processes in whole project lifecycle will be managed seamlessly and collectively.  

Table 1 shows the quantity surveying scope of services stated by the national bodies of quantity 

surveying as such bodies are representing the most relevant standards to the national context 

(International Organization for Standardization, 2020). Total of eleven national bodies of 

quantity surveying relevant to the practice in Asia-Pacific region stated these eleven core 

services are typically being conducted by the quantity surveyors. The services include the 

followings: 

• SS1-Establish cost appraisal and benchmarking;  

• SS2-Develop cost plan;  

• SS3-Produce tender estimate;  

• SS4-Develop bills of quantities or cost schedules;  
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• SS5-Develop and maintain cost data;  

• SS6-Produce tender document;  

• SS7-Conduct tender evaluation and report;  

• SS8-Develop and maintain cash flow forecast;  

• SS9-Valuate interim payment;  

• SS10-Advise and valuate variations; and  

• SS11-Prepare final account. 

Therefore, BL in the proposed framework consists of these core services recommended by 

national bodies of quantity surveying.  

National Bodies of 

Quantity Surveying 

Quantity Surveying Scope of Services 

Pre-Contract Post Contract Stage 

SS1 SS2 SS3 SS4 SS5 SS6 SS7 SS8 SS9 SS10 SS11 

Royal Institution of 
Chartered Surveyors (RICS) 

√ √ √ √ √ √ √ √ √ √ √ 

Australian Institute of 

Quantity Surveyors (AIQS) 
√ √ √ √ √ √ √ √ √ √ √ 

Royal Institute of Surveyors 
Malaysia (RISM) 

√ √ √ √ √ √ √ √ √ √ √ 

China Cost Engineering 

Association (CCEA) 
NA NA NA NA NA NA NA NA NA NA NA 

The Hong Kong Institute of 

Surveyors (HKIS) 
√ √ √ √ √ √ √ √ √ √ √ 

Institution of Surveyors, 

Engineers and Architects, 
Brunei (PUJA) 

NA NA NA NA NA NA NA NA NA NA NA 

Japanese Association 
Quantity Surveyors (JAQS) 

√ √ √ √ √ √ √ √ √ √ √ 

The New Zealand Institute of 

Quantity Surveyors (NZIQS) 
√ √ √ √ √ √ √ √ √ √ √ 

Ikatan Quantity Surveyor 

Indonesia (IQSI) 
NA NA NA NA NA NA NA NA NA NA NA 

Institute of Quantity 
Surveyors Sri Lanka (IQSSL) 

NA NA NA NA NA NA NA NA NA NA NA 

Canadian Institute of 

Quantity Surveyors (CIQS) 
√ √ √ √ √ √ √ √ √ √ √ 

Philippine Institute of 
Certified Quantity Surveyors 

(PICQS) 

√ √ √ √ √ √ √ √ √ √ √ 

Singapore Institute of 

Surveyors and Valuers 

(SISV) 

√ √ √ √ √ √ √ √ √ √ √ 

Fiji Institute of Quantity 

Surveyors (FIQS) 
NA NA NA NA NA NA NA NA NA NA NA 
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National Bodies of 

Quantity Surveying 

Quantity Surveying Scope of Services 

Pre-Contract Post Contract Stage 

SS1 SS2 SS3 SS4 SS5 SS6 SS7 SS8 SS9 SS10 SS11 

Korea Institution of Quantity 
Surveyors (KIQS) 

NA NA NA NA NA NA NA NA NA NA NA 

Africa Association of 

Quantity Surveyors (AAQS) 
√ √ √ √ √ √ √ √ √ √ √ 

The Association of South 
African Quantity Surveyors 

(ASAQS) 

√ √ √ √ √ √ √ √ √ √ √ 

Table 1. The quantity surveying scope of services stated by the national bodies of quantity surveying 

Note: National bodies with no information of quantity surveying scope of services were stated not 

available (NA). 

3.2 Data layer (DL) 

Since cost data is the main element in the proposed framework to drive the digital 

transformation in cost management, there are three key characteristics to be fulfilled in this 

framework (Glodon, 2021) as per the followings: 

• Structured – Data must be collected in accordance with master data and standard data 

system  

• Online – Data must be integrated, multi-dimensional and collaborative in real-time  

• Intelligent – Data can be translated into intelligence using algorithms, advanced data 

analytics and deep learning to drive consequential decision-making,   

The content and classification of cost data are divided into the followings: 

• Project Data – Budgetary cost data, contractual cost data, construction cost data and final 

account data 

• Management Data – Work templates, operational standards, etc.  

3.3 Technology layer (TL) 

To understand why integration of technologies play a vital role in supporting the technology 

layer in the framework, we analysed the case studies published in the Glodon Digital Cost 

Management 2021 White Paper (Glodon, 2021) and Table 2 summarises the key technologies 

adopted in their digital transformation strategies.  

Item Company Role Big Data Cloud 
BIM 

Graphics 
AI 

1 Company A Developer √ √  √ 

2 Company B Developer  √  √ 

3 Company C Developer  √  √ 

4 Company D Consultant √ √ √  
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5 Company E Consultant √ √  √ 

6 Company F Consultant √ √   

7 Company G Consultant √ √ √ √ 

8 Company H Consultant √ √   

9 Company J Consultant √ √ √  

10 Company K Consultant  √ √  

11 Company L Consultant  √ √  

12 Company M Contractor √ √  √ 

Table 2 – Key technologies adopted by companies in digital transformation strategy 

Based from Table 2, it can be seen that all the technologies related to big data, cloud computing, 

BIM graphic technology, and AI were used in the organisations of the construction industries. 

3.3.1 Big Data Processing  

The case studies also further validated that the use of big data processing and analytic tools to 

the interconnected data generated from a multitude of sources is crucial to translate into 

business intelligence and drive better decision-making.  

For instance, Company D has established a data analytic platform to archive, process and 

analyse data collected automatically from over 3000 projects completed using the cloud 

platform, including unit rates (6 million items), and material prices (2 million items). The data 

analysis has provided insightful cost benchmark, indicative price information to guide 

employees in advising the clients on how to keep the project budget on track throughout the 

whole project lifecycle. Not only it has significantly improved the productivity, but it has also 

created values in the quality of their services to the clients.  

In another case studies, Company M also verified in one of their residential building 

developments in Hebei, China that there are proven advantages harnessed from their own big 

data. The development consists of 9 blocks of 32-storey apartment with contract value RMB 

520million. By using data analytic to replace the labour-intensive way of extracting data and 

compiling cost analysis for individual block, the work efficiency is improved by 60 per cent. 

Moreover, the data analysis can be flexibly calibrated and viewed in different dimension, 

greatly increased the accuracy of result. And the data for different project stages can be easily 

accessible and analysed in real-time, saving 80 per cent of time compared to cross-checking 

amongst multiple spreadsheets.   

Another example is Company A, a China developer based in Shandong, has established their 

own big data from more than 60 completed residential developments and chose one of their 

new mixed development projects as pilot project to utilise the data. Using centralised cost data 

libraries established and automated AI-assisted data analytic built-in cloud solution, the work 

efficiency for compilation of project budget has been improved by 70 per cent compared to 

conventional method of hard key prices of each item in Excel files. Moreover, the information 

submitted for budget control use are more precise. 
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3.3.2 Cloud Computing 

The case studies involving 12 Chinese organisations ranging from governance body, 

developers, consulting firms and contractors have shown that integration of data can be 

achieved effectively using cloud computing technology.  

In a case study on a tobacco factory project by Company K cost management was one of the 

crucial tasks in this project due to involvement of multiple layers of subcontractors; design was 

not optimal and susceptible to changes; traditional cost management using Excel are labour-

intensive, time-consuming and inconvenient for data lookup as data are not interconnected, 

therefore making the evaluation of project budget against the actual cost become cumbersome 

and inefficient.  

They adopted a cloud platform in this project to manage lifecycle costing and the result was 

very promising as this project had recorded lesser change orders, the lowest expenses, 

completion ahead of schedule by three months, and cost savings of approximately RMB 350 

million, compared to another two ongoing projects undertaken during the same period.  

Leveraging the cloud computing technology of BIM 5D platform, all stakeholders can 

collaborate and share a single source of information based on a unified data warehouse in real-

time. Every participant is cognizant of the project’s overall status holistically, including design 

changes, approval, issues arising, etc, by accessing a web-based project dashboard. 

Data is structured and standardised as systematic data storage and quick data lookup anytime 

anywhere is facilitated easily on cloud platforms.  

Cloud platform also enables easy data transfer and sharing amongst collaborators of project in 

an integrated cloud platform on-site and off-site, hence improving collaboration between all 

stakeholders in early stage, optimising design to reduce changes during the construction, and 

increasing the productivity on-site. 

3.3.3 Artificial Intelligence (AI)  

A McKinsey study (2018) also mentioned that there is a growth of use cases of artificial 

intelligence (AI) and advanced analytics in global construction technology industry ecosystem 

(Bartlett et al., 2020). 

From our findings from the case studies, 50 per cent of the companies has included artificial 

intelligence (AI) in their data analytic platform to maximize the advantages of big data.  

Company G, an engineering consulting firm specializing in EPC main contracting and 

consulting services based in Beijing, China has leveraged the AI learning in providing accurate 

insights on cost effectiveness and predictive analytics based on their own big data of cost 

indices to their clients. With the assistance of AI and big data, they have successfully 

transformed their consulting business, sped up the efficiency of business operations by 60 per 

cent and greatly improved the customer experience (Glodon, 2021). 

4 Conclusion  

In the overall architecture of this proposed HDTF for Cost Management, first of all, the use of 

cloud computing capabilities can empower and transform the conventional business operations 
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into the online application. Secondly, the technology layer collects and integrates all the 

elements and data from all the project lifecycle phases through BIM graphics technology to 

translate the information into visualisation.  Leveraging big data and AI, the information can 

be cleaned, processed and analysed to form a structured data layer. These interconnected data 

layers will be flowing and feeding the business operation layer, creating a cycle of data 

collection and applications within the ecosystem. Combining big data with advanced analytics 

and predictive applications, it transforms data into business intelligence and insights. Last but 

not least, the integrated BIM cost management platform serves as the last piece of puzzle to 

complete the framework by integrating BL, DL and TL under a unified platform for better 

collaboration and sharing of data amongst all stakeholders. 

This paper also aligns with the BCA’s BIM roadmap in promoting BIM adoption to the 

construction industry stakeholders in the whole building life cycle, Construction Industry 

Transformation Map (ITM) to leverage on the emerging digital technologies and Singapore’s 

Smart Nation agenda in the need to embrace the digital revolution to become a world-class and 

tech-driven nation. At the global level, this paper supports the 2030 agenda for sustainable 

development in building resilient infrastructure, promoting inclusive and sustainable 

industrialisation and fostering innovation. 
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Abstract  

The world is seeing a shift in roles as we move into the decarbonization age, that heralds the 

dawn of smart and sustainable cities and the use of technologies and data. But many aspects 

and roles of the Construction Industry are remains incognito and stagnant and not evolved, 

giving rise to the challenge of bridging the ever-widening gap. As a practitioner with one foot 

in the core construction business and the other in the new disruptive technologies and roles, 

this paper seeks to examine what are the new roles are that are needed in the Construction 

Industry, giving a road map of what must be addressed now in Universities and Institutes so 

that the Construction Industry can remain relevant and on par with the technology and the 

demands of the world such as climate change, smart technologies, sustainability and resilience. 

This paper also provides an insight to what the author sees, working with the technologist 

which is then translated to roles that will be needed in the construction industry in the short 

term. 

Keywords 

smart cities, sustainable, resilient,  BIM, education 

1 Introduction  

Cities are evolving and the requirements fast becoming different from city to city. Variations 

could be due to economic, political and social factors. But one common issue is that because 

of the rapid growth in requirements of these smart, sustainable and resilient cities (SSRCs), 

there is a need for new thought leadership and skills to design and build these cities. The 

Institute of Higher Learnings (IHLs) and Government bodies are hard at work forming new 

courses to ensure that students and young working adults who have enrolled for Continual 

Education Programs, are equipped with new knowledge and skills that have now become 

imperative for this young, vibrant and emerging space.  

But what really goes on in designing and building a smart, sustainable and resilient city? Well, 

I can say that there needs to be new skills emerging that have one leg in Construction and 

Building and the other leg in sustainability and resiliency. The two legs would have to be 

supported by a good knowledge on smart technologies and the high-level system architecture 

and delivery of it. This analogy is simple. If one only has Building and construction 

background, he or she would miss out in understanding what smart technologies can support 

and even how sustainable designs can play a more important part. Likewise, if a Technology 

person sells his inspiring technology, it will only be based on what the product can offer, and 

not being able to accommodate and platform it to what the designers want or what the 

sustainable engineer needs. It is just a technology company and nothing more.  

mailto:eugene.seah@surbanajurong.com
mailto:isaiah5410@surbanajurong.com
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Design and maintenance of Smart, Sustainable and Resilient Cities needs a new breed of 

Designers, planners, sustainable consultants with resiliency understanding and have the 

knowledge and experience on the technology and digital front which includes but not limited 

to solution architecture and delivery. When an individual possesses these 3 basic knowledge 

and background, that executive will be a solid contributor to these new and emerging cities. He 

or she will be able: 

a) to effectively contribute to the city’s design e.g. using Biomimicry and design for 

deconstruction to have an energy efficient building that contributes zero waste to Pulau  

Semakau (waste dump),  

b) to have a good understanding the building can be designed for Green Mark or any rating 

tools required (e.g. LEED, True Waste, Infrastructure Sustainability and the like) and 

how can passive and active design and technology can be balanced harmoniously.  

c) to have a good understanding on the use of resiliency tools as nature based designs and 

resilient engineering such as floods simulation using compound data, taking into 

consideration key parameters such as rain, high tide, winds, draining and platform 

levels, to name a few. This can be backed up by complex simulations in digital twins.   

d) to adopt design technologies such as Building Information Modelling (BIM) to capture 

recycling index of buildings and embodied carbon, forecasting operational carbon 

through forecasting and designing and building efficiently through Integrated Digital 

Delivery (IDD), and lastly,  

e) to have a good understanding on smart digital technologies in the market to underpin 

the design of the building and city. This smart digital technologies would include but 

not limited to cloud platforms, system architecture, smart cities project delivery, use of 

IoT sensors and to be able to bring all these together to support points a) to d), able to 

visualize it into a digital twin which can be visualized in an Integrated Command and 

Operation Center. 

These requirements have formed the genesis to a new discipline, and I call it the Smart, 

Sustainable, Resilience City Executives or SSRC Executives for short. Let’s discuss more.  

2 Bringing Together the Team for SSRCs 

So what are the team members and the skills needed to design, build, put in the technologies 

and run such SSRCs in the world? There are some of the very high-level suggestions  

1) Planning and Design  

During the planning and design stage, designers and planners will have to consider, 

social, cultural, environment and economic needs of these cities. They must plan for 

the different types of infrastructures that will be coming in the next decade, such as 

electric vehicles and autonomous vehicles. New concepts such as Zero Waste, Zero 

Carbon design, Super low or Net zero energy buildings, building as material banks , 

design for deconstruction ,have to be duly considered and added into the main stream 

design using code of practices for cities , biophilic designs and bio mimicry.  



  

81 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

Building Designers have to be aware of different needs by clients who want 

international certifications such as Wells International, Spire by UL and Ture Waste by 

US GBC. Each client has different needs and requirements and will have some link to 

Smart Cities and Technologies. For instance, Wells International, as part of the 

requirement, requires Developers to monitor the indoor environment and air quality and 

have them published in an application given to the tenants and users.  

This is where Smart Cities Executives comes in to design applications and place sensors 

in buildings to capture these data, sends the data to environment and sustainable design 

consultants to interpreted and embellish the design of the space to improve the quality 

of results. From this example, you can appreciate that the different roles and disciplines 

are multifarious and there is a need for a SSRC Executive to coordinate this aspect.  

2) Cost and Contract management 

When we deal with technology companies that handles systems, it is common to see 

break downs such as “item” or “lump sum”. I call this a black hole where the client will 

not know how the cost is being spread and broken down to the various heads of cost 

and cost centers. In the Building World, we have Cost Engineers and Quantity 

Surveyors to look into this and the SSRC Executive will need to have the skill and 

knowledge to breakdown cost properly so that Clients will be able to understand where 

the cost comes to, as well as understand the Contractual issues that may arise.  

IT contracts and Construction contracts are somewhat similar. There are variations on 

both types of contracts for instance and there are liquidated damages. Just like 

construction contracts, there is a need to put down the assumptions when it comes to 

building the cost for systems and sensors.  

Once additional knowledge needed would be the ability to carry out cost benefit 

analysis, life cycle costing and to apply financial instruments to show payback and 

return of investment for smart cities implementation. As previously mentioned, there is 

a need for the SSRC executives to know what capital cost is, what constitutes to the 

different considerations for operations cost such as hosting cost in the cloud, 

maintenance cost and telecommunication cost.  

There is also additional skill needed to create a technology value stack. This is because 

when the capital and operation cost are only spread over one service or platform, the 

dollar value would be much higher juxtapose if we can spread the cost over several 

services or platforms.  

3) Sustainability and Resilience 

When SSRC Executives are knowledgeable in Sustainability and Resiliency, they will 

be able to work not only in enterprise systems, but also participate in Indoor 

Environment Quality requirements and even support rating tools. As discussed before, 

technology is needed to monitor Waste products in True Waste and indoor environment 

quality for Wells International for instance.  

Carbon is also the in-thing now and there is a needed to ensure that when we design 

and maintain building and cities, we are able to use technologies to monitor embodied 
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carbon, operational carbon, recycling of material use (Recycling index of buildings) 

and even how materials can be reused under Building as Material Banks. 

Floods can be monitored through flood sensors that feeds data directly into models that 

can be used for future forecast which can be illustrated and visualized in a digital twin 

of a city.  

Once the SSRC Executives have an eye on sustainability and resilience, they are in a 

very powerful space to shape the future with data.   

4) Data Science and Engineers  

There would be a greater need to have data engineers and scientist for smart cities 

development. With all the data points gathered, the work of the data engineers and 

scientist are important to get the data through to the sustainability and residency 

engineers to interpret so that they can redesign spaces for better sustainability and 

environmental results.  

That would mean that Data Engineers and Scientist would have to work closely with 

facilities management, security, sustainability and environmental specialist. It would 

be interesting to see how future curriculum at the institutions of higher learning and 

institute of technical education embellish their syllabus to incorporate such specialism.  

5) Technology, Technology Architecture.  

It is a must that SSRC Executives have a strong background in Technology Architecture 

and Delivery. They must be able to design how systems come together and are 

delivered. But because of the need to integrate more with Buildings Designers and 

Cities planners, there needs to be a new design thinking of combining experience and 

knowledge of the various fields and disciplines. The question would be what would 

have a heavier need in background knowledge? Should a Construction Industry 

Practitioner be the base and then venture into technology or the other way round?  

I feel that the for the ideation and design thinking stage and the stage of presenting 

ideas, the SSRC Executives with the base discipline in the construction industry and an 

additional background of sustainability, resiliency, digital and technology, would be 

best suited to frame the approach and ideas to be put across. Then the system 

architecture, solutions and delivery can then follow up. The importance is to ensure that 

the discussion, knowledge transfer and ideation during the concept stage to integration 

with the physical world, must happen to with this new breed of individuals. 

I often say in jest with the Smart Cities team that this new role is like a “Professional 

Story Teller” or Professional Story Crafter”, a person able to present and illustrate 

effectively the solutions for Smart, Sustainability and Residency Cities, in a format that 

is understandable to the traditional designers and planners and able facilitate workshops 

to gather problem statements and requirements.  

6) Digital Twins and Integrated Command and Operations Center (ICOC)  

In Smart, Sustainable and Resiliency Cities, there would certainly be use of digital twins 

and ICOCs. That would bring about new roles and skill sets to create the visualization 

of digital twins, the creation of the widgets, adaptors and connectors to link platforms 
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to the digital twin so that real time data can be visualized in the digital twin that is 

visualized in the ICOC.  

In addition, there would be new skills sets needed to have individuals working in the 

ICOC that would enable them to take in such data, integrate them across a “single pane 

of glass”, and act on information given.  

When combined with the skills from the Data engineers and scientist, some automated 

recommendations and processes can follow through, making the ICOC more effective. 

There would also be new skills needed to design and build such ICOCs, following 

standards such as ISO 11064: Ergonomic Designs for Contract Centers.  

7) Project Management and Delivery 

Lastly, there would be a need for project delivery specialist who can program 

management and project manage such projects. They again will be one foot in the 

construction world and the other in technology, able to integrate into the requirements 

of construction authorities submission, client-consultant meetings and construction 

technical meetings, together with technology implementation and delivery.  

3 Conclusion 

I have put up these 7 skillsets that I feel would be needed for future Smart, Sustainable and 

Resilient Cities. These “executives” would need to have a mixed knowledge, background and 

experience in these various requirements but have a base in at least a Building, Engineering or 

Technology. These SSRC Executives would need to work together with the current traditional 

building professionals and builders so that the eventual product would see an integration of all 

these disciplines.   

If not, such cities would see silos of design and design thinking that are not integrated which 

may lead to dysfunctional cities one way or the other. Institutes of Higher Learning would have 

to also embellish their current syllabus and perhaps have specialized electives to produce 

graduates that are able to effectively contribute to designing and building the future smart, 

sustainability and resilient city of the future.  

The point I am also trying to make is that the role of the Quantity Surveyor will evolve. Not 

only is the core Quantity Surveying Practice and Procures are important to the core, the 

profession has to involve into a broad prospective of specialism and then able to bring this 

together, thinking not in silos by lateral thinkers adding value to the client. This would include 

but not limited to the areas of sustainability, resilience, specialized contract and construction 

Law, smart cities design and planning, digital and technology, digital project management, data 

science and programming.  

The world is changing faster than we think. The profession needs lateral thinking quickly or 

else it will be overtaken by others. With the evolving brain and brawn, lets bring in the SSRC 

Executives into the Quantity Surveying training and practice.  
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Abstract 

As schools return to face-to-face learning, different ventilation strategies are being 

implemented to reduce the risk of infection from Covid-19. To test the effectiveness of these 

strategies and to investigate the impact of building design in the context of sustainability and 

livability, the integration of Life Cycle Analysis (LCA) and Thermal Comfort Assessment can 

be applied. As such, this study aims to assess the indoor air and thermal quality as well as the 

environmental impact of different school building designs during the pandemic. Building 

Information Modeling (BIM) was used to efficiently apply Life Cycle and Cost Analysis 

(LCCA) and thermal comfort simulation to a 4-story building located in Manila, Philippines. 

The environmental impact, construction cost, thermal comfort, and local mean age of air 

(LMA) of the school building were computed and compared using different wall materials 

namely concrete hollow blocks (CHB), drywall, foamed concrete, and foamed geopolymer 

with varying ventilation strategies, namely air conditioning, natural ventilation, and the 

combination of both. The result of LCCA shows that despite its high-cost value, the 

construction of foamed geopolymer walls can reduce fossil fuel consumption and carbon 

dioxide emission up to 50% and 36%, respectively. Results from the thermal comfort 

assessment show that the impact of wall type on comfort varies with the adopted ventilation 

strategy wherein a smaller difference is observed in naturally ventilated cases. Moreover, the 

combination of both strategies consistently yielded better indoor air quality than natural 

ventilation alone. Apart from these findings, the paper presents a framework whereby 

sustainable, safe, and thermally comfortable environments can be designed through BIM, LCA, 

and thermal comfort assessment. Overall, the study showed that using foamed geopolymer 

concrete with air conditioning improves the sustainability and comfort of the school building 

while the addition of natural ventilation makes it significantly safer during the pandemic. 

Keywords 

building information modelling (BIM), life cycle analysis (LCA), life cycle cost analysis 

(LCCA), sustainability, thermal comfort 

1 Introduction  

Since the onset of the SARS-Cov-2 or COVID-19 pandemic, different guidelines on the proper 

ventilation of enclosed spaces have been created to control the rate of infection. One area where 

ventilation strategies are strictly enforced is the educational system as the return to in-person 

learning poses a risk of spreading the virus among vulnerable children. The Department of 
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Education (DepEd) has emphasized the importance of natural ventilation by requiring all 

classrooms to use openings at all times (DepEd 2021). A notable concern of this, however, is 

the reduction of thermal comfort, specifically in classrooms that use air conditioning. Poor 

thermal comfort negatively impacts student performance and poses a risk to their health 

(Zomorodian et al., 2016). Therefore, proper balance between the implementation of COVID-

19 protocols and thermally comfortable design in schools must be investigated. One way of 

achieving this is through BIM.   

BIM is one of the emerging technologies in the construction industry. It is widely used for 

achieving more efficient project management and improved quality monitoring. The increasing 

number of studies related to the application of BIM in construction processes considering three 

different aspects naming economic, social, and environmental only indicates its potential in the 

field of sustainability (Safari & AzariJafari, 2021). With the interoperability of BIM functions, 

designers can easily conduct analysis and investigation of the sustainability of the building. In 

addition, engineers and other stakeholders can evaluate and then utilize eco-friendly materials 

and energy-efficient systems for the improvement of overall building performance (Haruna et 

al., 2021).  

The production and actual usage of building materials and energy supply are linked to 

environmental impacts (Yang et al., 2022). One of the tools that can be used to systematically 

evaluate the entire life cycle of a building and to identify and calculate its impacts on the three 

aspects of sustainability is the Life Cycle Assessment (LCA) (Ongpeng et al., 2020). LCA is a 

widely recognized method for a systematic evaluation of building sustainability (Soust-

Verdaguer et al., 2022). It is used to calculate the environmental impact of all materials, 

methodologies, and services throughout the building life cycle (Ata-Ali et al., 2021), however, 

the quantification of materials and schedule is still a challenge.  

The integration of Building Information Modelling with Life Cycle Analysis (BIM-LCA) can 

be used for modeling energy usage, thermal flow, safety measures (Motawa & Carter, 2013), 

and more efficient quantity/schedule take-off for sustainability assessment of a building. With 

the model development using BIM, construction players can optimize environmental 

management, social responsibility, and economic solution to achieve sustainability in the 

industry. 

2 Literature Review 

2.1 Thermal Comfort Assessment  

The term thermal comfort is typically used to describe a person’s satisfaction towards a thermal 

environment (ASHRAE 2010). Thermal comfort can be used as a criterion for designing 

structures since it is often associated with the energy efficiency of a building (Yang et al 2014) 

and the wellbeing of occupants (Manchanda and Steemers 2012). A challenge of thermal 

comfort assessment, however, is quantifying comfort given that it is a qualitative measure that 

varies from person to person. As such, different thermal comfort prediction models have been 

developed. In this study, Fanger’s PMV-PPD model was utilized as it is one of the most widely 

adopted thermal comfort models. 

Predicted mean vote (PMV) and predicted percentage of dissatisfied (PPD) are unitless values 

that measure thermal comfort. PMV is based on a seven-point thermal sensation scale that 

ranges from –3 to +3 where negative values indicate a cold environment while positive values 

indicate a warm environment. As such, one way of quantifying thermal comfort is by having a 
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sample population rate their level of comfort with this scale. Fanger simplified this process by 

estimating the average vote of the sample population. This estimate is known as the PMV, the 

equation of which was derived based on the heat loss of a human body (Gao et al 2017). 

Moreover, the parameters that affect PMV include personal factors like clothing and metabolic 

rate as well as environmental factors like temperature, air velocity, and humidity (Morejón et 

al. 2020). On the other hand, PPD measures thermal comfort based on occupant acceptability. 

Specifically, it estimates the percentage of occupants who are dissatisfied; hence, a lower PPD 

is typically preferred. To calculate PPD, the following equation is used. 

PPD = 100 − 95e−0.03353 PMV 4 − 0.2179 PMV 2
 

From this equation, it can be seen that PPD ranges from 5% to 100% based on the measured 

PMV. This characteristic of the PPD index wherein it cannot reach 0% accounts for the 

difference in preference between individuals which makes it practically impossible to satisfy 

all occupants (Markov 2002).  

2.2 Life Cycle Analysis (LCA) 

Life Cycle Assessment (LCA) was first utilized in the 1960s to tackle issues in the consumption 

of natural resources and energy usage (Vigovskaya et al., 2017). The first general 

methodological framework for LCA was published in 1997 by International Organization for 

Standardization (ISO), which is the ISO 14040. The LCA was defined as an evaluation of input 

and output materials or processes, and potential environmental impacts within the life cycle of 

a product or a system. According to ISO 14040, the LCA framework is consisting of 4 phases 

as shown in Figure 6: 1) the goal and scope definition where the purpose, intention, and 

applications of the study are indicated by functional units, impact categories, and system 

boundaries, 2) the life cycle inventory (LCI) where the input and output materials and processes 

involved is determined, and the data collection was described, 3) in life cycle impact 

assessment (LCIA) phase, all environmental impacts are identified and its significance is 

evaluated, and lastly, 4) interpretation where the findings that are connected to other three 

phases are evaluated to come up with the conclusions and recommendations of the study. 

The application of LCA in the construction industry became evident from the beginning of the 

21st century up to recent studies (Vigovskaya et al., 2017). Bribián et al. (2011) used LCA to 

compare most used building materials such as bricks, tiles, insulation materials, cement, 

concrete, and wood product, with eco-friendly materials. The cradle-to-grave life cycle of every 

1 kg of material was considered which includes material manufacture, transportation, 

construction and demolition, and final disposal. The authors used the Ecoinvent database for 

the data collection and focused on three different impact categories namely primary energy 

demand, global warming potential, and water demand. Interpretation of LCI and LCIA leads 

to the conclusion that the utilization of eco-friendly methodologies, innovations, and 

techniques in manufacturing construction products could significantly reduce the impact of the 

industry.  

3 Methodology 

3.1 Thermal Comfort Assessment 

A simulation-based approach to thermal comfort assessment was utilized in calculating the 

average PMV and PPD of the classroom. Simscale, a cloud-based thermal simulation software, 

was used in conjunction with Revit 2020 to integrate BIM and thermal comfort assessment. 
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Figure 1 shows the model of a standard classroom in De La Salle University Manila which was 

used in this study. An interior classroom on the second floor of the three-storey building was 

selected; hence, there are two (2) exterior faces to which the different wall types are applied. 

Heat transfer through the other four (4) faces is negligible since adjacent rooms are assumed to 

have the same temperature. Apart from PMV and PPD, the local mean age of air (LMA) was 

also calculated through Simscale to test the effectiveness of the ventilation strategies in 

circulating the indoor air. 

 
Figure 1. Classroom model 

Thermal comfort assessment was conducted on twelve (12) design cases. As seen in Table 1, 

the study considered concrete hollow blocks (CHB) and foamed geopolymer (FG) for wall 

types, 36 and 20 students for the number of occupants, and air-conditioned (AC), naturally 

ventilated (NV) and the combination of AC and NV for ventilation strategies. The selected 

number of occupants represents the maximum design capacity of the classroom and the 

capacity considering the mandatory one (1) meter distance between seats during the pandemic. 

On the other hand, the ventilation strategies compare the traditional AC setup to the mandatory 

setup with NV. To accurately simulate the impact of wall types on thermal comfort, the thermal 

properties, namely thermal conductivity, convective heat transfer coefficient, and emissivity, 

of the CHB and FG walls were obtained from literature and are summarized in Table 2.  

Case Wall Type Occupants Ventilation Strategy 

1 CHB 36 AC 

2 CHB 36 NV 

3 CHB 36 AC w/ NV 

4 CHB 20 AC 

5 CHB 20 NV 

6 CHB 20 AC w/ NV 

7 FG 36 AC 

8 FG 36 NV 

9 FG 36 AC w/ NV 

10 FG 20 AC 

11 FG 20 NV 

12 FG 20 AC w/ NV 

Table 1. Thermal Comfort Simulation Runs 
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Element Property Unit Value Reference 

CHB w/ Plaster 

Both Sides 

Effective Thermal 

Conductivity 
𝑊/𝑚𝐾 0.6198 Asadi et al., 2018 

Basrawi et al., 2013 

Convective Heat 

Transfer Coefficient 
𝑊/𝑚2𝐾 10.2086 Guo et al., 2011 

Dylewski & Adamczyk, 2003 

FG w/ Plaster 

Both Sides 

Effective Thermal 

Conductivity 
𝑊/𝑚𝐾 0.5420 Jing Liu et al., 2014 

Convective Heat 

Transfer Coefficient 
𝑊/𝑚2𝐾 7.5188 Cao et al., 2018 

Cement Plaster Emissivity - 0.92 Spodek & Rosina, 2014 

Table 2. Summary of Material Thermal Properties 

3.2 Life Cycle Analysis 

3.2.1 Goal and Scope Definition 

The carbon dioxide emission and fossil fuel consumption were assessed for the concrete hollow 

blocks (CHB) wall and were compared to that of drywall, foamed concrete, and foamed 

geopolymer wall. The study sets the cradle-to-gate assessment for the system boundaries, 

explaining the impact from the extraction of the raw materials to the factory gate which 

excludes the use and disposal. Different materials such as cement, fly ash, sand, alkali 

activators, and gypsums were considered in producing the four walls as shown in Figure 2.  

 

Figure 2. The cradle-to-gate life cycle of the four walls 
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Materials Quantity Unit 
Transport 

Distance (km) 

Density 

(kg/𝑚3) 

Compressive 

Strength (MPa) 

CHB Wall 1.00 𝑚2  1441.66 3.45 

4” CHB 13.00 Pcs 15.70    

Cement 80.00 Kg 8.40   

Sand 0.06 𝑚3 9.70   

Water 61.00 Kg -   

Steel Bars 2.00 Pcs 3.20   

Drywall 1.00 𝑚2  862.00 3.15 

Gypsum Board 2.00 Pcs 5.00   

Metal Track 1.00 Pcs 5.00   

Metal Studs 8.00 Pcs 5.00   

Screw 14.00 Pcs 5.00   

Rockwool Insulation 1.00 Pcs 5.00   

Foamed Concrete 1.00 𝑚2  1037.00 6.50 

Cement 57.80 Kg 8.40   

Fly Ash 57.80 Kg 4.80   

Water 52.00 Kg -   

Foaming Agent 23.10 Kg 14.20   

Steel Bars 7.90 Kg 3.20   

Foamed Geopolymer 1.00 𝑚2  1256.46 7.65 

Fly Ash 63.49 Kg 4.80   

Sodium Silicate 14.82 Kg 9.20   

Sodium Hydroxide 7.41 Kg 9.20   

Foaming Agent 600.00 L 9.20   

Steel Bars 7.90 Kg 3.20   

Table 3. Summary of Materials, Transport Distance, and Properties 

Specific data and processes within these phases are collected from the literature whereas the 

design mixture and properties of foamed concrete came from the study of (Arunkumar et al., 

2018), while foamed geopolymer came from the study of (Triwiyono et al., 2021). On the other 

hand, the standard estimates method was used to quantify the materials needed for the 

construction of CHB and drywall. The functional unit being considered is one (1) square meter 

of the wall, with a similar density, compressive strength, and heat transfer coefficient value 

which defines the specific function and use of the walls. The considered processes for the life 

cycle of the four (4) different wall types include input data such as extraction of raw materials, 

energy consumption, and transportation. Table 3 shows the properties and materials used to 

construct the four partition walls. 
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3.2.2 Life Cycle Inventory 

Considering cradle-to-gate, the emission factors from the production, energy consumption, and 

transportation of the materials and processes for the construction of one (1) square meter CHB, 

gypsum drywall, foamed concrete, and foamed geopolymer wall were gathered from the 

SimaPro database. In addition, the distances for the transportation of materials to their 

corresponding location are also considered as shown in Table 3. This data was used for the 

computation of emissions from every material transport wherein the distance (in km) is 

multiplied by the weight of material (in kg) and the GHG emission factor. 

SimaPro Software, aligned with ISO Standards was utilized for the comparison of the 

environmental impact assessment of all wall types. ReCiPe method will be used to identify the 

categories where the most significant impact values will be observed. 

3.3 Building Information Modelling 

In this study, BIM Autodesk Revit 2020 Software was used to model and quantify the total 

area of the interior partition wall of a four-story school building. The extracted data from the 

software were used for the determination and comparison of environmental impact and thermal 

comfort using concrete hollow blocks (CHB), gypsum drywall, foamed concrete, and foamed 

geopolymer wall. 

4 Findings and Discussion 

4.1 Thermal Comfort Assessment 

Excluding the cases with AC and reduced occupancy, cases with FG consistently yielded lower 

or almost equal PPD to their CHB counterparts. For cases with NV, PPD varied by ± 0.01% 

which shows that thermal comfort is practically the same between FG and CHB classrooms. 

The impact of using different wall types is most significant when only AC is used, but the 

number of occupants dictates which wall type provides better comfort. When all 36 seats in the 

classroom are occupied, the PPD of the FG case was lower by 0.14% which means that FG 

performed better. When occupancy is limited to 20 students however, the PPD of the CHB case 

was lower by 0.30%. This observation can be attributed to the PMV which is negative, meaning 

that the room is colder than neutral. Since FG is a better insulator than CHB, the use of FG 

resulted in a PMV that is further from neutral. Overall, the impact of wall type on thermal 

comfort is almost negligible when NV is present. The impact of occupancy is more significant 

than wall type with PPD decreasing by up to 9.45% from the reduction of 16 students in the 

NV case. In contrast to wall type, the impact of occupancy is more significant when NV is 

present.  

According to Fanger’s model, the percentage of dissatisfied increases as PMV deviates from 

neutral; hence, a neutral PMV is typically desired. Different acceptable ranges for PMV are 

therefore adopted to test the adequacy of thermal comfort, one of which is from -0.5 to +0.5 as 

stated in ASHRAE 55. Based on the results in Table 4, only cases with AC and full occupancy 

comply with the acceptable range. Hence, implementing the guidelines of the DepEd results in 

a significant reduction in thermal comfort and failure to comply with the standards of ASHRAE 

55. However, studies have shown that due to certain factors, Fanger’s model can fail to reflect 

the actual thermal comfort of the occupants. One such factor is climate as occupants in warm 

climates prefer colder than neutral (De Dear and Brager, 1997). Hence, the use of FG for the 

case with 20 students and AC can be justified even if the PPD is lower than its CHB counterpart 
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since a colder than neutral environment is typically preferred in tropical climates like the 

Philippines. In fact, Anand et al. (2016) found that occupants in tropical climates find a PMV 

between -1 to +1 to be comfortable. Nonetheless, cases with NV still fall outside this range, 

the closest and most comfortable scenario being case 12 or FG at reduced occupancy with AC 

and NV.  

Case PMV PPD (%) LMA (s) 

1 0.448 10.93 412.40 

2 1.433 47.68 21.07 

3 1.189 36.08 19.57 

4 -0.563 12.92 429.80 

5 1.239 38.24 18.00 

6 1.106 32.10 17.27 

7 0.440 10.79 411.70 

8 1.434 47.69 21.07 

9 1.189 36.07 19.55 

10 -0.576 13.22 429.90 

11 1.239 38.24 18.00 

12 1.106 32.09 17.26 

Table 4. Summary of Results from Thermal Comfort Assessment 

Figure 3 shows the impact of the three (3) ventilation strategies on the measured PPD at 

different portions of the standard CHB classroom with full occupancy. PPD was most uniform 

in the fully AC setup (Case 1) with areas closer to the air conditioning unit (ACU) being more 

comfortable. However, there are two (2) localized areas with high PPD directly in front of the 

ACU. This is due to the air from the ACU being concentrated at these points, making them too 

cold. In contrast, the fully NV setup (Case 2) has a significantly higher PPD throughout the 

room with students on the second row from the front of the classroom being the least 

comfortable. It can be observed that PPD is high between the columns of students since air 

cannot properly circulate through these areas. The same observation is seen in the AC and NV 

setup (Case 3); however, PPD has significantly decreased with the addition of cold air from the 

ACU. The high PPD areas in front of the ACU that were observed in Case 1 are also no longer 

present. This can be attributed to the openings which caused the cold air from the ACU to 

circulate across the room. 

Figure 4 shows the measured LMA at different portions of the CHB classrooms with full 

occupancy. As seen in Table 4, NV has a notable impact in reducing LMA which signifies 

improved ventilation and reduced risk of infection. Moreover, the combination of AC and NV 

consistently yielded a lower LMA than NV alone which makes it the best ventilation strategy 

in terms of safety. In contrast, the impact of wall material is almost negligible. For the fully 

AC setup, LMA is significantly high at the front of the classroom. This indicates a stagnation 

zone where there is poor circulation of air and therefore a high risk of infection. In the fully 

NV setup, the stagnation zone is reduced due to the staggered arrangement of the doors and 

windows which caused the air to move sideways. Nonetheless, an area with high LMA is still 

observed in the front corner of the classroom. This stagnation zone disappears in the AC with 

NV setup. In both NV setups, students in the first and second rows are at highest risk of 
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contracting the virus while in the fully AC setup, the highest risk are those in the column closest 

to the door. Overall, indoor air quality in terms of LMA is dependent on the ventilation strategy 

with the AC and NV performing the best among the three. 

 

Figure 3. PPD for case 1 (top left), case 2 (top right), and case 3 (bottom left) 

 

Figure 4. LMA for case 1 (top), case 2 (center), and case 3 (bottom) 
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4.2 Life Cycle Impact Assessment 

Using the ReCiPe model’s midpoint impact assessment in SimaPro Software, the resulting 

values of each wall type were normalized in order to analyze the degree of contribution of each 

impact category, namely global warming, ozone depletion, ionizing radiation, human health, 

and terrestrial ecosystems ozone formation, fine particulate matter formation, terrestrial 

acidification, freshwater, and marine eutrophication, terrestrial, freshwater and marine 

ecotoxicity, human carcinogenic and non-carcinogenic toxicity, land use, mineral, and fossil 

resource scarcity, and water consumption. Based on the result, all wall types exhibit notable 

impact values in terrestrial ecotoxicity and the least values in the stratospheric ozone depletion 

category. Most of the impact categories show that the environmental impact of drywall is 

greater than the three other wall types. Significant values had been observed in the six 

environmental impact categories: fossil resource scarcity, land use, human non-carcinogenic 

toxicity, human carcinogenic toxicity, terrestrial ecotoxicity, and global warming. Drywall 

exhibits a more significant impact on fossil resource scarcity, human non-carcinogenic toxicity, 

human carcinogenic toxicity, and terrestrial ecotoxicity categories, while foamed concrete wall 

to land use and global warming. 

In the global warming category, the amount of greenhouse gas generated by the four different 

types of walls considering three emission sources namely fossil fuel, bio-based resources, and 

land use change was investigated. Results show that foamed concrete emits around 171.76 kg 

𝐶𝑂2 eq of carbon dioxide which is almost 14%, 23%, and 19% greater than the 𝐶𝑂2 emission 

emanated by CHB, drywall, and foamed geopolymer, respectively. The emissions coming from 

the raw and secondary materials used for each wall were also examined. Findings show that 

the production of cement is responsible for around 46% of the total 𝐶𝑂2 emission of CHB wall, 

33% came from Rockwool insulation for gypsum drywall, 40% came from cement with fly ash 

production for foamed concrete wall, and 39% from the foaming agent for foamed geopolymer 

wall. On the other hand, the amount of fossil fuel consumed in the production and construction 

of CHB wall, which is around 33.73 kg oil eq, is 12% and 38% greater than the other two types 

of walls that uses aluminosilicate-rich materials: foamed concrete and foamed geopolymer 

wall. This is because, according to (Fadayini et al., 2021), the production of raw materials used 

in the cement industry is highly dependent and based on fossil fuels. However, with the 

considered transportation distance from the material source or supplier to the manufacturing 

plant and project site, drywall consumed an estimated amount of 35.01 kg of oil eq, which is 

the highest value among all wall types.    

 

 Figure 5. Impact on global warming and fossil resource scarcity categories 
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5 Conclusions  

The mandatory implementation of natural ventilation in classrooms has a strong implication on 

thermal comfort. In tropical countries like the Philippines, a fully air-conditioned classroom 

still provides better comfort over a naturally ventilated classroom. The use of alternative wall 

materials with higher thermal resistance can improve thermal comfort but the impact of this is 

less significant when natural ventilation is used. Nonetheless, the results have shown that using 

foamed geopolymer with air conditioning yielded the most comfortable classroom. Wall 

material, however, has practically no impact on the local mean age of air. The adopted 

ventilation strategy primarily governed the local mean age of air with the air-conditioned and 

naturally ventilated setup providing the best indoor air quality. Apart from having the lowest 

mean age of air, this ventilation strategy reduced the presence of stagnation zones.   

Results from the life cycle impact assessment have been also carried out to investigate the 

environmental impact of all wall types. Considering the cradle-to-gate life cycle, the 

environmental impact values of CHB, drywall, foamed concrete, and foamed geopolymer were 

distributed to all 18 impact categories and significant values have been observed in the six 

categories namely fossil resource scarcity, land use, human non-carcinogenic toxicity, human 

carcinogenic toxicity, terrestrial ecotoxicity, and global warming. In this study, the global 

warming category was assessed via quantification of 𝐶𝑂2 and oil equivalent generated and 

consumed by the walls. Overall, the foamed concrete wall gave the greatest contribution to 

global warming having computed impact values of 171.76 kg 𝐶𝑂2 eq emission and 29.60 kg 

oil eq consumption, next is the CHB wall with 148.18 kg 𝐶𝑂2 eq and 33.73 kg oil eq, while the 

foamed geopolymer wall exhibited the least contribution at 139. 88 kg 𝐶𝑂2 eq emission and 

20.91 kg oil eq consumption. The resulting values obtained in this study indicate that the 

materials and processes used within the life cycle of a product or methodology are one main 

factor that causes negative impacts on the environment. 
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Abstract 

Sustainable buildings are designed not only to reduce environmental impacts but also to 

promote health and wellbeing. A range of studies illustrated that user behaviours can 

significantly affect the performance of sustainable buildings in meeting the goals. Significant 

performance gaps are found if users fail to conform with the ways sustainable buildings are 

designed to. It is therefore critical to examine if the prevalent sustainable building solutions 

meet the evolving needs and expectations of people. This paper explored the relationships 

between users and environment in sustainable buildings and determine its user-environment 

interactions. A survey method was used to collect data from users of selected sustainable 

buildings. The results show that respondents generally agree sustainable building solutions can 

enable meaningful user-environment interactions and improve user satisfactions. User-

environment interactions can be greatly promoted if users are provided an authority to adapt to 

changes in response to different building conditions and external factors. The findings however 

showed that there is a gap in existing sustainable building systems to capture the implications 

of users’ behaviours on the building usage pattern in adaptation to its environment. The paper 

demonstrated the importance of examining user-environment interactions in sustainable 

buildings to advance the goals of sustainable development. With an improved understanding 

of user-environment interactions, a more people-centric approach can therefore be built into 

the development of sustainable buildings and unlock the next-level values of sustainable built 

environment.  

Keywords 

Sustainable buildings, people-centric, user-environment interactions.  

1 Introduction 

The construction sector has been recognized as a main contributor to climate change and 

greenhouse gases emissions. According to United Nations (2019), approximately 28% of 

energy-related CO2 emissions are released from buildings. Following increased concerns over 

environmental issues and climate change, various sustainability initiatives has been launched 

regionally and globally. Net zero buildings and sustainable buildings are advocated as the 

building standards for new and existing building stocks to counteract the environmental 

impacts, thus driving sustainability transition into the construction industry. The benefits of 

sustainable buildings go beyond the environmental considerations. In addition to a reduction 

in energy consumption and carbon footprints, sustainable buildings also provide a better quality 

of living and promote health and wellbeing of people.  

mailto:c.goh@hw.ac.uk
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By incorporating sustainable design solutions that enhance the link of physical conditions of 

built environments with nature, sustainable buildings increase indoor environmental quality 

and   improve occupants’ health and well-being. Previous studies (Lee and Guerin, 2010; Liang 

et al., 2014) have demonstrated the values of sustainable buildings in ensuring a more pleasant 

indoor environment, assuring health and wellbeing of occupants, and increasing productivity 

and work efficiency. In a broader sense, sustainable buildings emphasise a holistic system 

approach of creating value chains along the life cycle by meeting the environmental challenges, 

assuring economic viability and developing the social capital.  

Nevertheless, the quality and performance of sustainable buildings are not necessarily 

consistent. Increasing post-occupancy studies revealed lower performance in sustainable 

buildings than predicted. Newsham et al. (2009) revealed that around 28 - 35% of LEED 

buildings used more energy per floor area than their individually matched buildings in the 2003 

Commercial Building Energy Consumption Survey database. On one hand, Goh also (2014) 

found some certified green buildings failed to deliver the desired sustainability goals during 

post occupancy stage, where wind turbine failed to harvest and generate wind energy as 

planned. On the other hand, Conniff (2017) also reported that refurbished green apartment 

buildings in Germany missed the predicted energy savings by 5 - 28%, while fifty leading-edge 

modern buildings in United Kingdom were reported to use up to 3.5 times more energy than 

the design had allowed for and produce approximate 3.8 times the predicted carbon emission. 

The performance of sustainable buildings is strongly related to the management and operation 

strategies which require dynamic control and monitoring (Kern et al., 2016). An understanding 

of the roles of users in meeting the targets of sustainable buildings is called upon. Numerous 

research works have demonstrated that users’ behaviours often play an important role in 

determining the effectiveness of building solutions (Kern et al., 2016; Macintosh and Steemers, 

2005; Pisello, Piselli, and Cotana, 2015; Rebelo and Soares, 2022). A post-occupancy 

evaluation conducted by Macintosh and Steemers (2005) found that the building thermal 

efficiency solutions which optimises the balance of mechanical and natural ventilation have 

resulted in more energy use, due to the negligence of designers in considering the implications 

of users’ behaviours and perceptions and the users’ misunderstanding of building strategies. 

The effect of human attitudes on the efficacy of building system is also by acknowledged by 

Pisello et al. (2015) in which human behaviours overtake physical retrofits in the thermal 

energy efficacy. Rebelo and Soares (2022) also stressed that building characteristics are proven 

to be insufficient as determinants but user behaviours and socio-economic factors. 

Considerable performance gaps could be observed when users fail to conform with the ways 

sustainable buildings are designed to. 

The significance of human factors as a function of the achievement of sustainable buildings is 

evidently illustrated. It is imperative to have a better understanding of user expectations, 

attitudes, perceptions, and behaviours by interrelating human factors with the physical 

performance of buildings (Rebelo and Soares 2022). However, human factors are not widely 

integrated into sustainable solutions of built environments. It is vital to move out of the 

“environmental thinking box” to assess the building sustainability. There is a clear need to  

understand user-environmental interactions to examine the capability of sustainable building 

solutions in meeting the evolving needs and expectations of people. To bridge the gaps, this 

paper explores the interrelationships between users and environment in sustainable buildings 

and examines user-environment interactions in affecting the building sustainability goals. 
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2 Relationships Between Users and the Environment in Sustainable 

Buildings 

Sustainable building solutions are designed based on the concept of active user participation 

for optimised building performance. The traditional consideration of regarding users as passive 

occupants fails to empower building users appropriate environmental control to support human 

activities and reduce energy consumptions in sustainable buildings. Users are expected to 

appreciate the values and functions of sustainable buildings, hence providing high 

commitments to achieve the goas of sustainable buildings.  

To capture the relationships between users and the environment, understanding the users’ 

perception and cognition is of importance. Gifford (2002) stated that building users often have 

their own environmental perceptions in which the data they received is reinterpreted based on 

how their knowledge is stored, transformed, organised, forgotten and recalled. Individuals and 

organisations have different concerns and expectations towards sustainable built environments 

and these specific concerns might affect their attitudes and behaviours during the building 

occupancy.  

Identifying users’ perceptions, cognition and expectations helps to improve the design and 

operation of sustainable building solutions. It takes into the account users’ behaviours on the 

performance of sustainable buildings over the life cycle. The relationships between users and 

built environments change over time and there are diversified needs and expectations of users 

towards sustainable buildings. It is crucial to examine users’ expectations, understanding and 

knowledge. According to Leaman and Bordass (2007), users would be more tolerant when 

sustainable buildings design (e.g. windows and thermostats) do not meet their expectations, 

since users fully appreciate the actual way of the systems or design work and their functionality. 

This is a manifestation of the importance of users’ understanding and knowledge in 

contributing to optimized performance of sustainable buildings. Appropriate interventions 

incorporated in sustainable buildings can enhance user-environment interactions within the 

environments to align their initiatives to meeting the sustainability goals. 

2.1 User-environment Interactions in Sustainable Buildings 

Sustainable buildings integrate passive design strategies such as natural ventilation, natural sun 

light and thermal mass in the building systems to enhance the building occupants’ comfort, 

while minimising environmental impacts. Any variations of the surrounding environment can 

directly influence the indoor environmental quality in sustainable buildings. An interactive 

building system is introduced to allow users to respond to changing conditions in the 

surroundings for meeting the required comfort and demands. Simple interventions can be done 

by giving access to users to manual controls of building systems, opening or closing of 

switches, adjustable curtains and windows, etc. Furthermore, users can also be empowered to 

be accounted for reducing water and energy consumption in sustainable buildings, with an 

integration of adjustable control in water and energy systems.   

Sustainable solutions allow users to directly interact with the environment by using the control 

systems to adjust external environmental conditions based on their perceived needs. According 

to Cole et al. (2008), there is a conceptual shift to create a comfortable building environment 

by taking into consideration psychological, societal and users’ behavioural perceptions. This 

shift allows designers of sustainable building to integrate more solutions allow direct user 

engagements and interactions. Brager and Dear (2000) described that natural ventilation of 

buildings should be more adaptive to suit different environmental conditions for users because 
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naturally ventilated buildings have accounted to be more diverse in indoor temperatures 

compared to conventional air-conditioned buildings. Their findings suggest that advanced heat-

balance models of thermal comfort should be proposed to allow a greater extent of user-

environment interactions so that users can modify their behaviour and gradually adapt their 

expectation to match the environment.  

One of the goals of sustainable buildings is to increase users’ ability of resilience and adaptation 

to the climate change. Rather than emphasising on uniformity of building performance, a 

dynamic demand-control based building system is often necessitated in sustainable buildings. 

This shifts the way buildings used to perform by emhasising on dynamic interactions between 

users and environments. Varying behavioural aspects are considered in sustainable building 

design to allow users creating contextualized environmental conditions that suit to their needs. 

Engaging and empowering users the control of space is important for their habitual occupation, 

physical safety and psychological wellbeing. User behaviours are shaped by designers as users 

are required to make some changes to adapt themselves to environments. If the building system 

drives a change in users’ habitual actions or methods, users would feel intruded due to a loss 

of personal space or freedom. According to Motalebi (2006), the socialisation process makes 

individuals learn certain behaviours on the way they use specific spaces and react to stimuli of 

the environment. Hence, individuals usually behave based on their definition of the events, 

stimuli and spaces in accordance with the cultural value of their environment. 

Improved sustainability performance can be achieved with proper architecture, interior design 

and space planning strategies by understanding environmental psychology of users. In order to 

identify sustainable building users’ needs during the design phase. Behavioural social sciences 

in environmental design help to align sustainable building projects with current societal 

tendencies but also to predict future aspects of the sustainable design for future development. 

The users’ behavioural aspects have to be taken into account along with the environmental 

consideration. According to Motalebi (2003), this information must be emphasised and 

transformed from the social scientific terminologies to the languages of design. Sustainable 

buildings should be designed in a way of creating an environment that can communicate with 

its users and reflect the users’ needs. The bilateral relationship between users and the 

sustainable built environment is of importance as the physical environment often brings 

numerous effects to building users’ who are constantly contacting it and influencing their 

behaviours. 

The incorporation of Information and Communication Technology (ICT) in sustainable 

buildings helps to promote the relationship between users and the environment. ICT can act as 

a transformation tool of encourage societal aspects in sustainable buildings. ICT provide ease 

to users to control the physical environment by using remote control, monitoring devices and 

teleservices. This increases the conscious of building users to adopt more environmentally 

friendly behaviours and attitudes that cater for a wide range of user needs in operating 

sustainable buildings.   

Interactive building solutions offer an opportunity for the users to control their environmental 

footprint and change their behaviours in responding to the environmental targets of sustainable 

buildings. An interaction display of up-to-date building achievements on energy consumption 

and carbon footprint would make the environmental efforts visible to users. Energy information 

and feedback in sustainable building solutions present an opportunity to building users to make 

necessary adjustments to the environment by changing their behaviours and attitudes in using 

the buildings. Building information systems, instructional signage and experiential building 
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systems including smart real-time web-based feedback, kiosks, metres, etc allow building users 

to easily understand and take control of sustainable buildings performance. In Petersen et al. 

(2007)’s study, Oberlin College in Ohio has introduced an automated data monitoring system 

in their hall of residence to allow the building users to check on their energy and water usage. 

This real-time feedback has resulted in a reduction of electricity consumption by 55% as 

compared to the implementation of conventional metre readers. This has shown that interactive 

building solutions can involve users in a more active interaction with the environment by 

making necessary adjustments to the physical conditions for the environmental performance 

goals. 

3 Methodology 

This section presents the methodology of a survey study that includes 1) the survey design and 

2) the process of data collection and results interprtations. Because the study aims to investigate 

the user perceptions and their interatons in sustainable buildings, the study invited users of two 

selected sustainable buildings to participate in the survey. Both buildings are certifed green 

buildings by Green Buildng Index, Malaysia.  

3.1 Questionnaire design 

A survey was developed to collect data from users of selected sustainable buildings.  There 

were two sections in the survey. Section 1 was structured to gather the demographic 

information of respondents including their background and experience in respective sustainable 

buildings. Section 2 solicited data to determine the extent to which users-environment 

interactions are captured in sustainable buildings. A five-point Likert scale was used to 

investigate the level of agreement of users to the described scenario or statements, where the 

lowest scale indicated strong disagreement and the highest scale show strong agreement.  

3.2 Data collection 

Because of practicality, free of access and universal accessibility, a web-based questionnaire, 

Google Form was chosen. Data collection took about 4 weeks in the period from February to 

March 2022. The survey was distributed to 100 respondents using emails and 41 responses 

were received. This gives to the response rate of 41% which is considered satisfactory for a 

sample more than 45 respondents. According to ASHRAE (2013), the response rate must be 

higher than 35% for samples of more than 45 respondents.  

4 Findings and Discussion 

Frequency distribution analysis was used to identify the user-environment interactions in 

sustainable buildings and to determine a rank order based on the mean values of the scores. 

The typical duration of occupying sustainable buildings was investigated. The durations could 

have an impact, directly and indirectly, on the user perceptions, attitudes and behaviours in 

sustainable buildings.   



  

102 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

 

Figure 1. Typical duration of users spending time in sustainable buildings in terms of day per working 

week and hours per day. 

More than half of the respondents (58.5%) spent more than 3 days in a week while around 

41.50% respondents spent less than 3 days. The results indicated that there is change of user’ 

usage pattern in sustainable buildings following the COVID-19 pandemic outbreak. Data was 

collected in during the recovery period of COVID-19 and some organisations may not resume 

to 100% physical work condition as it was before the pandemic. Majority respondents. (78%) 

spent less than 12 hours in sustainable buildings in a day.  

Figure 2 presents the extent of agreement of user-environment interactions provided in 

sustainable buildings. From the results, majority respondents (88%) agree or strongly agree 

that sustainable building solutions enable meaningful user-environment interactions and 

improve user satisfactions. As illustrated in Table 1, it obtained a mean value of 4.07 with the 

standard deviation of 0.755. User-environment interactions can generally be promoted in 

sustainable buildings since users are given opportunities to adapt to changes in response to 

different building conditions and external factors.  

Sustainable buildings can allow users interact with the physical environment by giving them 

the control over lighting, ventilation and thermal comfort systems. Control over lighting 

systems was rated highly with an average score of 4.15, followed by ventilation systems (3.88) 

and thermal comfort systems (3.85). Over 80% users agreed that the presence of appropriate 

lighting control in sustainable buildings enable them to align the physical environment to their 

lighting needs. As compared to the lighting control, ventilation and thermal comfort systems 

do not gain wide agreements among users in which 73% and 68% agreed to have adequate 

control to interact with the building ventilation and thermal comfort systems. The findings can 

be linked to the adoption of centralized air conditioning systems in sustainable buildings for 

energy efficiency purposes. The centralized air conditioning system has removed some controls 

from end-user interfaces, thus resulting in lower user engagement. Embarking on the adaptive 

comfort theory, the thermal comfort level varies from one person to another. The changeable 

parameters with no fixed comfort levels could set more challenges in identifying preferred level 

of thermal comfort.     

There is a lower level of agreement that sustainable buildings provide clear instructions to users 

to operate and manage the buildings, with a mean value of 3.76. Around 61% respondents 

agreed that sustainable buildings promote user experience without triggering forced adaptive 

responses. A blend of automatic and manual systems in sustainable buildings scored a mean 

value of 3.76 with a standard deviation of 0.94. It was agreed by 61% respondents in triggering 

user-environment interactions. The findings suggested that there could be a gap in existing 
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sustainable building systems to capture the implications of users’ behaviours on the building 

usage pattern in adaptation to its environment. Only 56% respondents agreed sustainable 

buildings capture and display usage data to promote environmental behaviour. Up-to-date 

building performance may not be captured and communicated effectively to users as it was 

rated the lowest with a mean score of 3.63.  

 

Figure 2. User-environment interactions perceived by users in sustainable buildings 

  
Mean Standard 

Deviation 

Enable meaningful user-environment interactions 4.07 0.755 

Control over ventilation systems according to needs 3.88 0.927 

Control over thermal comfort according to needs 3.85 1.108 

Control over lightings according to needs 4.15 0.727 

Clear instructions on building operation and management  3.76 0.969 

Dynamic systems with automatic building systems and an 

appropriate level of demand control  

3.76 0.943 

Encouraging users to interact with the environment without 

forced adaptative mechanisms 

3.83 0.972 

Capture and display usage data to change environmental 

behaviour  

3.63 1.09 

Table 1. Mean values and standard deviations of user-environmental interactions in sustainable 

buildings 

Differences in human factors need to be acknowledged in sustainable buildings needs to be 

acknowledged in the very early stage of building life cycle. Capturing the users’ interactions 

and perceptions with the physical environments can be made via people centric approaches. A 

people-centric approach is a holistic method that emphasise the understanding of human factors 

and their interactions with building systems to maximise human wellbeing and overall system 

performance in sustainable buildings. Taking people-centric approach, it optimises the ability 
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of sustainable built environment to harmonise with surrounding environments through sensory 

design for improved user-environment interactions. In response to a dynamically changing 

environment, users tend to maintain the surrounding environments in a homeostatic condition 

to provide a good level of comfort, wellbeing and health.   

5 Conclusions  

The paper demonstrated the importance of examining user-environment interactions in 

sustainable buildings to advance the goals of sustainable development. With an improved 

understanding of user-environment interactions, a more people-centric approach can therefore 

be built into the development of sustainable buildings and unlock the next-level values of 

sustainable built environment. 
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Abstract 

Reducing the embodied carbon (EC) in the construction industry is vital to national and global 

requirements for carbon reduction. The New Zealand (NZ) construction industry has so far 

focused on reducing energy consumption. However, the construction industry also needs to 

focus more on what strategies can be implemented to reduce EC. Initiatives so far include EC 

rating systems and tools focusing on environmental product declarations (EPDs) and life cycle 

analysis (LCA). The literature illustrates that commercial building materials comprising 

reinforcing steel, clay bricks, ready-mixed concrete, rubble, cement mortar and aluminium 

were found to contribute 94% of the total EC in the building. Industry professionals from the 

NZ construction industry and EC consultants were approached to ascertain the extent that EC 

is considered during design development and the associated key drivers and barriers to reducing 

EC. Findings in NZ construction indicate that EC is calculated on a handful of NZ construction 

projects with design solutions seldom selected based on their EC. Cost and time required are 

current key barriers to calculating and reducing EC and the lack of a standardised fit-for-

purpose tool for calculating EC. Early involvement of contractors during the design stage using 

a standardised approach may help to provide a more accurate EC calculation, and the greater 

adoption and capacity to supply low EC alternatives may help to reduce their costs and avoid 

delays in their supply.  

Keywords 

embodied carbon, carbon emission, carbon reduction framework, sustainable construction, 

1 Introduction 

Are the buildings responsible for global warming? Carbon dioxide (CO2), the leading 

greenhouse gas (GHG), contributes to about 80% of the global warming effect. (Lashof and 

Ahuja, 1990) The complete carbon footprint of a building is a key contributor to GHG 

emissions. A true zero-carbon building would account for and offset both its operational carbon 

(OC) as well as its embodied carbon (EC), the carbon used to construct the building. (NZGBC, 

n.d. 2021) Most EC emissions are upstream or ‘upfront’ of building occupancy and are 

primarily related to materials manufacturing. This includes the extraction of raw resources, 

manufacturing of building products, and transportation of those products. (MBIE, 2020) GHG 

emissions due to material manufacturing, use and disposal are more significant than perhaps 

many people realise. EC calculations are estimates, not absolutes which makes it hard to have 

a reliable source to obtain accurate and reliable data (O’Connor, 2020). Priority has generally 
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been given to reducing energy consumption by most scholars but not the EC in the process, 

and a lack of literature specifically focused on EC. Global approaches like the Paris agreement 

are in place to limit warming to 1.5°C and subsequently be reduced to zero before the end of 

the century. (UNFCC, 2015) 

This research aims to study the local construction industry approach to reducing EC in New 

Zealand (NZ) commercial construction. In 2020, the construction industry in NZ accounted for 

20% of the nation’s carbon emissions. The main contributor is the EC emissions related to 

material production and energy use in buildings. (Wu et al. 2022) Targeted findings will help 

inform support strategies for EC reduction in NZ construction, such as developing a fit-for-the-

purpose carbon calculator for consistent use across the industry. Findings can also inform the 

NZ government about the extent EC is being reduced in the construction and infrastructure 

sectors. This study is limited to NZ commercial construction projects, and the residential and 

infrastructure projects are excluded. The research provides valuable insight into industry 

perceptions on the extent that EC is being calculated and reduced in commercial construction 

projects. It is proposed that further research could include a survey questionnaire to widen the 

sample base with questions based on these interview findings. 

2 Literature Review 

Since greenhouse gases (GHG) are the main contributor to global carbon emission, to meet 

global GHG reduction goals, infrastructure and buildings must decarbonise before 2050 (IPCC 

2018). The built environment sector is responsible for generating approximately 40% of global 

energy-related GHG emissions, and 11% is generated by the manufacturing of materials (IEA 

2019). Given that buildings contribute around 40% of GHG emissions worldwide, it is critical 

that architecture, engineering, and construction (AEC) professionals understand their role in 

reducing the sector’s carbon footprint (McKinsey & Company, 2020). NZ identifies this 

percentage as 20% of its total carbon emission through the energy and material used in 

buildings. (MBIE 2020) This makes calculating the EC of building systems crucial in reducing 

the carbon footprint of buildings. 

The NZ Ministry of Innovation and Employment (MBIE) defines operational carbon that is 

attributed to operational energy consumption during the building’s lifetime and EC which is 

attributed to building materials, which includes impacts from material extraction, 

manufacturing, and transportation, as well as building construction, maintenance, replacement 

of building components, demolition/deconstruction and disposal. The EC percentage is 

significantly higher than operational carbon in a building's life cycle. (MBIE 2020) This 

proportionately is shown in figure 1 below. 

The production and construction stage consists of five major elements in the European 

Standards EN 15804 and EN 15978 to calculate EC in buildings. The majority of EC used in a 

project lifecycle is shown under modules A1- 5 in table 1 below. 
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Figure 1. Operational and EC emissions over the life cycle of a building (LETI, 2020) 
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Table 1. Scope of the LCA of buildings (Source: EN 15978 (CEN 2011)) 

Among the materials used in the construction process, concrete is the most widely used 

building material, with more than 20 billion tons produced every year, that is 2,268 kilograms 

every year produced for every person on the planet (Falzon, 2020). This is second only to 

materials produced and handled by humans, and number one is water (Falzon, 2020). Concrete 

is more than other regularly used materials that contribute to EC, such as glass, wood, steel, or 

any other metal. Concrete is a built-up of cement water and aggregate. For every tonne of 

cement produced, one ton of CO2 is admitted into the air atmosphere (Falzon, 2020). A 

significant percentage of the said productions will also end up as waste concrete and other 

concrete wastes during and after construction in a project life cycle (Senarathna 2021). 
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2.1 Industry initiatives 

As buildings contribute around 40% of GHG emissions worldwide, it is critical that 

architecture, engineering, and construction (AEC) professionals understand their role in 

reducing the sector’s carbon footprint (McKinsey & Company, 2020). If today’s building 

construction initiatives become more sustainable; this will require considerable improvements 

to incorporate the use of assessment tools. Sustainability assessments are no longer used solely 

for marketing purposes. Instead, project scopes are increasingly guided by sustainability 

objectives (Varnäs et al., 2009; Walker & Brammer, 2009). Construction professionals may 

calculate EC used across all five modules during the design stage planning of projects. Again 

this highlights the importance of effective EC calculation. This is supported by Schlueter and 

Thesseling (2009), who found that sustainability decisions are mostly done in preparing the 

project at the early design stages. 

Clear targets for building performance and environmental impacts should be set from the initial 

design for more sustainable buildings (ALwaer and Clements-Croome, 2010). This is to avoid 

extensive modifications required at later stages to meet the specific performance criteria 

(Schlueter & Thesseling, 2009). Further early resolutions with the contractor’s involvement 

allow parties to decide the design strategies in advance. Two-stage early contractor 

involvement (2S-ECI) involves engaging contractors to work with the client’s design team, an 

emerging concept also to improve the project efficiency (Finnie, et al. 2019). This early 

involvement can include considering the alternative use of materials by involving the head 

contractor and their supply chain in value management and whole lifecycle costing of building 

material alternatives (Finnie, et al. 2019). This makes gauging the perceptions of project 

managers, design consultants, and contractors valuable in determining the extent of EC 

calculation and reduction and its efficacy in reducing EC. 

2.2 Rating systems and tools 

Studies have found that environmental or sustainability rating systems tools assist decision-

making in setting goals, benchmarking, and comparing design alternatives. Environmental 

impacts of construction products may be communicated through environmental product 

declarations (EPDs) (Waldman et al., 2020). These are used primarily for comparing products. 

All products must meet the preconditions of equivalent functionality and contribution to overall 

building impacts for those comparisons to be fair and reasonable. Pomponi and Moncaster 

(2018) provide the following production process of materials (cradle to manufacturing) (see 

Table 1) 

The assessment of EC in buildings has grown as a research field due to the prospect of climate 

change and global warming. However, EC research must become more established and 

understood for the science behind it to reach maturity. The assessment information is limited 

due to either being incomplete or hard to verify and replicate through comparing across 

multiple projects (Pomponi and Moncaster, 2018). 

Environmental/ sustainability rating systems such as LEED and BREEAM help designers with 

sustainable building design by providing indicators and benchmarks, and such voluntary rating 

systems assist in comparing design options (Berardi, 2011). There are now specialist 

consultants who specialise in calculating EC. Indeed, Ariyaratne and Moncaster (2014) discuss 

how existing environmental assessment methods require specialist knowledge in the early 

stages of design development to be successful. Several assessment tools exist (Poveda and 

Lipsett, 2011), including a variety of LCA software tools and multiple datasets of the 
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environmental impacts of building materials. Tools such as ATHENA, BEES 4.0, ENVEST 2, 

SimaPro, etc., provide a relatively easy-to-use approach to determining the life cycle impacts 

of buildings (Dixit et al., 2012). However, scant research exists in determining the extent that 

such tools are being used or about industry satisfaction with them. 

MBIE (2021) evaluates a formulated approach to reducing EC from a building by having inputs 

at different building life stages as follows; 

kg CO2-e   =   m2   x   kg material/m2   x   kg CO2-e/kg material 

 

 

kg CO2-e      - Whole-of-life embodied carbon 

m2     - Size of new building 

kg material/m2      - Use of construction materials & products 

kg CO2-e/kg material  - Carbon emissions from the construction materials & products 

 

NZ’s approach via MBIE framework objectives focuses on the three factors resulting in EC. It 

aims to improve comparing the EC of building materials is key to an effective EC reduction 

strategy, build efficiency, material efficiency and carbon intensity in a broader view. The use 

of low-carbon building materials was suggested, and the increased use of alternative materials 

with lower EC was found to be a key carbon emissions mitigation strategy. (Giesekam et al. 

2015) Reusing and recycling materials have been found important in reducing energy and 

resources over an extended period. (Senarathna, 2021; Kumanayake, 2018). This is further 

supported by numerous studies that show that the use of recycled and reused materials can 

significantly reduce the EC of a building (Çelik and Altan, 2017; Gorgolewski, 2008; Gao et 

al., 2001). Therefore, there is a need to study the extent to which EC is considered and 

calculated in NZ construction projects. EC savings can be utilised during both the design and 

construction stages, which contrasts with operational emissions savings delivered during 

building use. 

Timber can be used instead of concrete and steel to lower EC. This is a sustainable approach 

in a context like NZ, where timber is mainly available along with the existing forestry 

strategies. Studies show that sustainably sourced timber in the United Kingdom would typically 

reduce EC by 20%. Furthermore, approximately 2.5% EC reduction can be achieved when 

aggregates are locally resourced. (WARP, 2015) Table 2 below presents global studies and 

compares the operational carbon emissions against the floor area of commercial buildings. 

 

No. Reference 
Type of 

building 
Location 

Life 

span/year 

Gross floor 

area/m2 

GHG/Carbon 

emissions 

/(kg.m-2 CO2 per 

year) 

1 (Biswas, 2014) University 
Western 

Australia 
50 4,020 70.80* 

2 
(Scheuer et al., 

2003) 
University Michigan, USA 75 7,300 246.58* 

3 
(Kofoworola and 

Gheewala, 2008) 
Office 

Bangkok, 

Thailand 
50 60,000 20.00* 

4 (Wu et al., 2012) University 
Liaoning,  

China 
50 36,500 318.64 

5 
(Kua and Wong, 

2012) 
Commercial Singapore 30 52,094 108.30* 
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6 
(Kumanayake, 

Luo, 2018) 
University 

Ratmalana, Sri 

Lanka 
50 5,967 31.81 

Note: *GHG values are given (kg.m–2 CO2eq per year) 

 

Table 2: Global studies on life cycle carbon emissions 
 

A case study on a three-story commercial office building by (Kumanayake et al., 2018) found 

that the EC of the material phase was much higher at 629.6kgCO2/m
2 of the gross floor area of 

the commercial building. Reinforcing steel was found to have a disproportionately high EC 

content relative to its insignificant material mass of 0.19%. This contributed to an EC of 6.31% 

and indeed has the highest EC among all materials considered in the study which is 

9.16kgCO2/kg). Again concrete and steel were found to contribute the most EC. Among 

materials considered, six materials, namely reinforcing steel, clay bricks, ready-mixed 

concrete, rubble, cement mortar and aluminium, were found to be responsible for 94% of the 

total EC in the three-story commercial office building. 

 

3 Methodology 

An exploratory qualitative research method through interviews with industry practitioners was 

the methodology adopted to conduct the research. The literature review focused on the 

progressive EC frameworks initiated in other countries to help provide a basis for the questions. 

Semi-structured interviews provided the flexibility to explore questions in depth using a 

qualitative approach (De Vaus, 2001). The purposive interview sample comprised of one client, 

three head contractors who work within sustainability-oriented projects and two EC consultants 

who are in the capacity of consulting on pre-and post-contract stages to achieve EC reduction. 

The client was based in Dunedin, two contractors and one EC consultant were based in 

Auckland, one EC consultant was based in Wellington, and one contractor was in Christchurch. 

The two EC consultants had experience ranging from 7-20 years, and three head contractors 

possess 15-30 years in the construction industry. All interviewees held senior positions within 

their respective organisations and had nationwide awareness of what was happening within 

their firms. The questions abstract the interviewee’s knowledge of EC reduction, current and 

future strategies that their firms have adopted to reduce EC during project development, 

including the assessment tools used to calculate EC, and the associated drivers and barriers to 

EC reduction in NZ at present. Discussions with interviewees were based on completed or 

ongoing projects incorporating or incorporating EC reduction. Findings provide insight into 

the extent to which EC is calculated and reduced in NZ commercial construction and indicate 

the level of industry maturity in this regard. 

4 Findings and Discussion 

4.1 Awareness of EC calculation and reduction 

The incorporation of EC in NZ construction projects appears to be a new and emerging 

territory, with infrastructure projects being slightly ahead due to their larger budgets. Steel and 

concrete appear to be major contributors to EC, requiring greater attention. This compares with 

research done overseas (Falzon, 2020) explained that “Concrete is the most used building 

material with more than 20 billion tons produced every year, that is 2,268-kilo grams every 

year produced for every person on the planet”. Also, the case study included in the literature 

above (Kumanayake et al., 2018) explains that concrete is one of six materials that make up 

94% of the total EC in the three-story commercial office building. The Royal Institute of 
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Chartered Surveyors (RICS), recommend focusing on the high-impact materials ‘carbon 

hotspots’ which include concrete and steel.   

All interviewees exhibited a sound knowledge about EC reduction based on experiences on 

their projects and the leading materials that contribute to EC. Interviewees agreed that the 

fundamental approach to EC reduction in the NZ construction industry is demonstrating the 

assessment to the clients with the aid of calculations. The EC consultants widely adopt 

ISO14067 – 2018 to evaluate and quantify EC. All interviewees agreed that the three primary 

materials that contribute the highest EC in construction are concrete, steel, and aluminium. 

This supports findings from overseas literature by Falzon (2020) and Senarathna (2021) that 

these three materials are the highest EC contributors. All interviewees said that they understood 

the three main materials used in NZ construction that contribute to EC being concrete, steel, 

and aluminium. Client interest in the EC used on their buildings appears to be growing, and 

this supports findings from overseas that project scopes are increasingly guided by 

sustainability objectives (Varnäs et al., 2009; Walker & Brammer, 2009). Interviewees seemed 

aware of their role in calculating EC. This supports the argument by (McKinsey & Company, 

2020) that construction professionals should understand their role in reducing the sector’s 

carbon footprint. However, there appears to be inconsistency within NZ construction around 

the tools and strategies used to measure and calculate EC. This is perhaps unsurprising given 

the range of EC calculators available. 

All head contracts and one EC consultant have been involved in construction projects that 

incorporated EC calculation. One EC consultant had helped a NZ construction company 

develop a sustainability team to work on a large-scale new build. They had also completed all 

third-party reviews on all LCAs completed. Additionally, one head contractor spoke about their 

company completing the first four-star GreenStar-rated supermarket in NZ. They had also 

completed five low-carbon timber buildings across NZ. The reduction of EC on five ongoing 

projects was all driven by clients. Clients will do what they want, and head contractors can 

only suggest using materials with low carbon to reduce EC. Clients on the five projects were 

certain about including materials that are lower in carbon and wanted to be an example of what 

to use and do regarding EC.   

Another head contractor mentioned they have two projects in which they are incorporating EC 

impact. One is likely to move away from using low carbon products due to Covid-19; the client 

is extremely worried about the effect of cost escalation and material delays on their programme. 

The head contractor explained how a few clients have been moving away from utilising 

sustainability in buildings due to uncertain times regarding Covid-19 and the global pandemic. 

Some clients need a project built as soon as possible; with undesirable delays and additional 

costs, they do not see the objective of incorporating EC into new projects. Unfortunately, cost 

escalation and material delays appear to be key barriers to adopting strategies to lower EC 

impact, and Covid-19 appears to be a significant contributor to such barriers.   

4.2 Challenges 

Interviewees expressed a sound awareness of EC reduction. However, there appears to be a 

range of approaches to EC pricing methodologies and tools used to calculate EC. Client 

appetite for reducing EC can also present a barrier in convincing them to invest more time and 

cost toward what is currently perceived as more risky design alternatives. The cost and time 

required to calculate low EC comparisons and the potential additional cost of adopting EC 

alternatives appear to be the main challenges, along with supply chain capacity to meet the 
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demand for low EC systems and materials. To this end, the contractors interviewed felt that 

consultants could be difficult to convince to adopt low EC alternatives.  

Providing sufficient time to calculate and compare EC across materials appears crucial in 

reducing carbon emissions. Finnie et al. (2021) emphasises early contractor involvement (ECI) 

in the client’s design team in terms of project and contractual efficiency. One of the contractors 

interviewed felt they were ahead of the curve when it comes to EC calculation. The contractor 

with experience in civil and commercial construction said that civil construction projects have 

a relatively higher budget than commercial construction, which helps drive the conversation 

on EC. They had also been asked by two major clients to be introduced during the early design 

phase of projects to use their relationship with their supply chain to help reduce EC as much as 

possible from an early stage. Such involvement also allows lead-in time to start manufacturing 

and securing a price early to give the client a realistic budget required for a project. Previous 

studies (Finnie, AMEER Ali and Park, 2019; ALwaer & Clements-Croome, 2010; Schlueter 

and Thesseling, 2009) also support the importance of getting involved in the early stages of 

design. 

Another key issue appears to be the inconsistent use of EC calculation tools. To calculate EC, 

both head contractors used carbon calculator tools. All three head contractors and their 

companies were using carbon calculators and the information available for EPDs. However, it 

was felt that such tools' reliability could vary between project scenarios. One EC consultant 

mentioned that there are limitations to using the local calculator as it can only be utilised in 

specific scenarios. This highlights how assessment information can be limited due to 

incomplete or challenging to verify and replicate data to compare across multiple projects 

(Pomponi and Moncaster, 2018). This aligns with findings by Gonzalez and Navarro (2006) 

that a careful selection of materials is required to reduce EC. One EC consultant mentioned 

that there are limitations to using the local calculator as it can only be utilised in certain 

scenarios. This highlights how assessment information can be limited due to incomplete or 

hard to verify and replicate data to compare across multiple projects (Pomponi and Moncaster, 

2018). However, this might be compared to the industry drafting their construction contracts 

due to a lack of standard form contracts for consistent application.  

The use of cross-laminated timber (CLT) and laminated veneer lumber (LVL) is growing 

material selection in NZ. Those provide low EC and more sustainable alternative to steel and 

concrete. Both materials were used on a five-storied tertiary accommodation building structure 

and floors in the Otago region. The client’s sustainability objectives drove this transformation. 

The head contractor was employed through 2S-ECI. However, by the time they were appointed, 

detailed design was nearly complete, minimising their involvement in design development. The 

client acknowledged that the head contractor should probably have been engaged early in the 

project to add value true through 2S-ECI. The client reported that EC was not calculated during 

value management exercises at the design stage and that it was difficult to obtain clear cost 

comparisons between using the CLT and LVL. Then during construction, the project incurred 

delays due NZ only having one sole supplier of CLT and LVL. Since the project was 

completed, the client confirmed that there are now two suppliers. There was frustration about 

not being able to import from overseas suppliers due to barriers in obtaining building consent 

for projects using CLT and LVL. The client said that the tertiary building probably incurred a 

cost premium for incorporating sustainable design solutions, which included both the use of 

the CLT and LVL, but it was difficult to confirm the premium. The client expects that cost 

comparisons will become more accurate as the market builds capacity and head contractors are 

more proactive regarding low EC calculations. 
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The head contractor’s estimate on another project calculated the cost variance of adopting a 

timber structure instead of steel to be between a 5-10% increase in the overall contract sum. 

The consultant said that they tend to add additional costs to account for the risks of the building 

with low EC alternatives, emphasising the use of more timber to reduce EC. The consultant 

estimated that projects could cost between 20-25% higher when using EC-reduced materials. 

Interviewees said that the pricing difference between the contractor and consultant is purely 

due to risk and uncertainty. This is supported by the contractors perceiving a lack of a standard 

fit-for-purpose tool to calculate EC despite a range of available tools. It was held that as more 

projects focus on reducing EC, this will help to increase the accuracy of these estimates to 

understand the actual cost differences in NZ. Wider adoption may also reduce the cost per unit 

of low EC alternatives. For example, it was held that concrete suppliers were good at providing 

environmental product declarations (EPDs). However, when the demand for low EC fell off, 

low EC concrete came at a high expense.   

4.3 Opportunities to improve EC reduction 

One common approach used to reduce EC expressed by interviewees is the use of more cross-

laminated veneer (CLT) and laminated veneer lumber (LVL) in place of steel in buildings or a 

combination of both. One consultant had conducted a draft study and observed that four years 

of their company’s carbon footprint could eliminate just by changing one of their proposed six 

storied office buildings from concrete and steel to timber.  

Improving EC reduction may require educating clients about the benefits and requirements, 

and this may be guided in NZ by the Whole-of-Life Embodied Carbon Emissions Reduction 

Framework released in August 2020. (MBIE, 2020) While reducing their own EC impact, one 

consultant was also trying to influence their clients for a broader sustainability impact. This 

means convincing clients to invest more time in early planning to calculate EC and for 

achieving Green Star accreditation, which provides a scoring system for sustainability 

measures and provides a Net Zero Carbon Roadmap for Aotearoa (NZGBC, n.d. 2021), and to 

ensure sufficient time for off-site manufacturing of structural systems.  

Three head contractors were incorporating EC reductions in current projects, and their 

companies were also pricing and measuring EC for new builds and renovations. One head 

contractor said they were “starting to use less steel in buildings and more LVL instead or as 

well.” As a business, they set to achieve their in-house goals around carbon through reducing 

diesel vehicles, plants, air miles and power. They further provided that “changing one six-story 

office building from concrete and steel to timber is the equivalent to four years of our 

company’s carbon footprint.” This aligns with findings by Gonzalez and Navarro (2006) that 

a careful selection of materials is required to reduce EC. While reducing their own EC impact, 

they were also trying to influence their clients for a wider sustainability impact.   

Another head contractor said that their company had done some internal research to determine 

the extent of EC in the buildings they construct. Like many others, they realised that they use 

a lot of concrete, steel, and aluminium, which are high contributors to EC. Their head office 

was focusing on their corporate goals to "build less or build smarter, less being less EC 

materials, and better ideas or build smarter and use lower EC materials.” This supports prior 

studies that EC can be reduced by using fewer materials (Kumanayake, 2018) and using 

materials with lower EC (Giesekam et al., 2015), such as replacing steel and concrete with 

timber.   
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Their workshops were led by an engineering consultant who asserted that they are leading this 

space in NZ; “workshops were extremely helpful to measure EC on projects and also to have 

a step in the right direction to gain knowledge with EC in the construction industry.” Based on 

the interviews conducted, it appears that going forward, costs of low EC design alternatives 

might be reduced by introducing more CLT and LVL suppliers either through their introduction 

in NZ or through providing a pathway to importing systems from overseas. Calculating cost 

comparisons might also be made more accurate by incorporating a common EC calculation 

tool in value management exercises during the design stage with the early engagement of the 

head contractor and their supply chain. This is supported by the frustration expressed by 

contractors about the lack of any fit-for-purpose EC calculation tool, the need to involve 

contractors early, and the difference in perceived cost differentials of incorporating low EC 

design alternatives between consultants and contractors. The cost of low EC alternatives such 

as low EC concrete may also be reduced through its greater use. This supports interview 

findings that client education represents an opportunity to achieve lower EC in commercial 

construction projects. The NZ government is taking the lead in more sustainable building 

designs. According to the NZ Green Building Council (NZGBC, 2021), from 1 April 2022, 

new non-residential government buildings with a capital value over $25 million have to meet 

a minimum Green Star rating of five. Further, the same standard will apply to government 

buildings with a capital value of over $9 million from 1 April 2023. 

According to Andrew Eagles, chief executive of the NZ Green Building Council: 

“This is a great announcement for New Zealanders, the building industry, and efforts 

to slash climate change pollution…Buildings make up around one-fifth of New 

Zealand’s carbon emissions, and the government and public sector are the largest 

owner and occupiers of buildings in the country – making this a hugely significant shift 

that could be a tipping point transforming the entire industry.” 

While commendable, this policy initiative requires the infrastructure to design and construct 

Green Star accredited sustainable buildings. At present, the government policy to Green Star 

accredits all government buildings over NZD 9 million may be adding more significant supply 

chain pressures to what already appears to be an already under-supplied market of timber 

alternatives for commercial buildings in NZ. Again, growing the supply of CLT and LVL 

appears to present an opportunity in terms of lowering the cost of low EC alternatives and 

improving the capacity to supply.  Further cost-effective opportunities to reduce EC of building 

construction can include evaluating leaner designs, designing out waste, reusing materials and 

selecting materials with low EC over the project life cycle. Quantifying these savings can be 

done when evaluating design alternatives; this can be form part of a carbon-efficient plan 

(WARP, 2014).  

5 Conclusions  

This study has provided insight into the extent of EC calculation and reduction in NZ 

commercial construction projects. There appears to be sound awareness of EC calculation and 

reduction from the sample of industry practitioners interviewed and which materials contribute 

most to EC.  

 

Challenges include a lack of appetite from clients to adopt more sustainable design solutions, 

which may add an estimated 5 – 24% to the project’s total build cost. However, as more 
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sustainable designs are adopted, the cost of low EC alternatives, such as low EC concrete, may 

reduce. Similarly, building capacity to produce more CLT and LVL within NZ or allowing its 

importation from overseas may help to reduce costs compared to steel and concrete, making its 

pricing more accurate, and helping to avoid delays in the supply chain. Other barriers include 

a perceived lack of any standard fit-for-purpose tool for calculating EC, despite a range of EC 

calculating tools available. A standard fit-for-purpose tool may help to provide more consistent 

and accurate calculation of low EC design solutions.  

Further opportunity exists to start conversations about EC and educate clients about the 

associated environmental harm of EC and climate change early in the design stage. Sufficient 

time is required for this. Involving contractors early, such as through 2S-ECI, may help 

improve the accuracy when calculating the costs of adopting low EC design alternatives by 

involving the head contractor’s supply chain in cost calculations and providing the client with 

a more accurate construction programme and budget. The importance of timing and price 

accuracy is crucial to EC calculation and reduction of EC. It also enables early ordering of 

materials, something particularly relevant as the industry experiences supply chain delays due 

to Covid-19 disruption, and vital for NZ being more remote to the global market and relying 

on overseas importing of some materials. Finally, the consistent use of EC data with 

environmental product declarations (EPDs) and LCAs may help to determine the best materials 

for the specific building in terms of EC reduction. Opportunities exist to develop a fit-for-

purpose EC calculation tool and educate clients and consultants about EC reduction. Further, 

the time and resources required to calculate EC during the design stage can be reduced by the 

benefits of ECI. It will provide more readily available low EC systems and materials to help 

reduce costs and mitigate project delays resulting from supply chain bottlenecks. 

Further research could include widening the interview sample or conducting a survey 

questionnaire to establish better the extent that EC is calculated and reduced across the NZ 

construction sector and to help determine the industries' needs toward lowering Ec in 

construction. These findings may help inform decision-makers of public and private-funded 

construction projects through direct application and education via design and construction 

diplomas and degrees. 
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Abstract  

Cities have been actively exploring the possibilities of deploying a plethora of smart city 

solutions to drive greater urban resilience. As cities start to reopen their economies and people 

return to work, we wish to have green and smart buildings like a giant N95 facemasks, 

protecting occupants from harmful toxins the moment you step inside. What contribute to smart 

cities other than deploying of technologies would be the implementation of circular economy 

and creating a smart building that improve occupants lives with the use of technology like a 

smart city and gives wellness to the occupants. Becoming a smart city is not a goal but a means 

to an end. The entire point is to respond more effectively and dynamically to the needs and 

desires of residents. Today 55% of the world’s population lives in urban areas, but by 2050 

almost 70% of the world will. Technology is simply a tool to optimize the infrastructure, 

resources and spaces they share. Findings on how smart buildings can lead to smart cities and 

how it improves health and productivity of the occupants would be shared. The traditional roles 

of Quantity Surveyors have evolved tremendously to accommodate green and smart buildings 

in conjunction with new roles. These changing roles in relation to making buildings smart, 

green and liveable include sustainability strategy development, consulting in green building 

rating system, etc. Quantity Surveyors are required to progressively hone their skills and 

knowledge of new and emerging building materials that allow him to advise on the cost of 

developments and inform the design team on the parameters of efficiencies, design factors and 

life cycle costing assessment (value engineering and cost worth models). 

Key words  

circular built environment, green, life cycle costing, smart cities, wellness. 

1 Introduction 

In retrospect, “smart cities” has long been a fashionable policy research area with multiple 

cities collaborating with the private sectors to apply the use of technology across public 

infrastructures. In most developed countries, the government has recognized the importance to 

speed up the whole-of-nation level digitalization across industries. Smart facility management, 

internet of things (IoT), surveillance, security and circular built environment are becoming the 

hallmarks of smart cities as they create technologically advanced, safe and liveable urban 

environments despite times of pandemic. 

Smart buildings are essential parts of a scalable smart city, providing key building blocks for 

the centralized management and operation of services like electricity, gas and water in order to 

mailto:wongym21@yahoo.com
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help reduce consumption and cost. Ultimately, individual smart buildings are a critical part of 

a smart city’s collective and collaborative ecosystem. The idea of smart buildings is not new; 

there is hard-wired intelligence in essentially every structure with wireless connectivity or 

central climate control. Expanding that idea citywide of making a single structure safer and 

more energy efficient, has potentially world-shaping consequences. 

2 What Makes a City “Smart”?  

Generally, a smart city revolves around data and more specifically, integrating that data 

together in order to generate insights. The growing number of Internet of Things (IoT) 

applications and devices, for instance, as well as sensors, security cameras, digital kiosks, have 

ushered in a new age of big data-based everything. Gathering the data alone is not enough. It’s 

through the intelligent use of analytics and application, which provides value and allows cities 

and centralized command and control platform to help monitor, manage and control systems 

across its disparate communities.  

Smart cities add digital intelligence to existing urban systems, making it possible to do more 

with less. Connected applications put real-time, transparent information into the hands of users 

to help them make better choices. These tools can save lives, time, reduce waste, and even help 

boost social connectedness. When cities function more efficiently, they also become more 

productive places to do business. As cities get smarter, they are becoming more liveable, more 

responsive, and today we are seeing only a preview of what technology could eventually do in 

the urban environment.  

A similar concept, smart-eco city, proposes that the city should be ecologically healthy, using 

advanced technologies and having economically productive and environmentally efficient 

industries, have a responsible and harmonious systematic culture, a physically aesthetic and 

functionally living landscape. 

2.1 What Entails Smart Cities? 

Other than the IoT, we should investigate what contribute to smart cities other than deploying 

of technologies. The authors look into smart buildings which further compliment to the goal of 

smart cities as a whole. A smart building should also improve occupants lives with the use of 

technology like a smart city but gives wellness to the occupants.  

Buildings have been traditionally seen as physical structures with on-premises solutions 

focusing on the building operations. However, due to technology advancements and the 

emergence of IoT, buildings have transformed into interfaces between the users of the building 

and the wider community around the building. From an operational point of view, buildings 

are moving towards becoming self-adaptive or autonomous, with prescriptive maintenance 

mechanisms enabled by machine learning.  

 

With all buildings required to be net-zero carbon by 2050 to meet the goals of the Paris 

Agreement, the demand for smart buildings is only increasing. Government policies, teamed 

with financial incentives for companies to invest in smart buildings, are crucial to help 

transition toward accessing major energy savings whilst improving energy services. Smart 

buildings contribute to smart cities as most of the time people spend their time indoor hence 

buildings should not be disregarded.  
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Moving forward, as cities start to reopen their economies and people return to work, installing 

green building technologies in shopping centres, offices, factories and other shared spaces can 

help to limit the spread of the virus within them and stand them in good stead against future 

disease outbreaks. Thus, there will be a stronger preference for buildings with wellness and 

environmental features. We can imagine green and smart buildings as giant N95 facemasks, 

protecting occupants from harmful toxins the moment you step inside. 

Not every city needs to be engineered from the ground up to be smart. Instead, older buildings 

and cities can be retrofitted in smaller but important ways. Smart buildings often allow their 

owners and operators to extract better data out of the structures and make continuous tweaks 

to their energy consumption. In the longer term, new buildings can further shrink their carbon 

footprint and aid in disease prevention by maximising natural ventilation or making use of 

innovative ventilation systems that are already deployed in cities. 

2.2 What is the Role of a Quantity Surveyor in Smart Cities Development? 

The role of a Quantity Surveyor (QS) is evolving to keep abreast with the sustainable needs 

and new technologies including smart cities and smart buildings. Developer now engages with 

the QS at the very early stage of a development and way before any construction has taken 

place to utilise their expertise in the feasibility, design and planning stage to achieve the best 

value. 

At the conception stage of the construction project, a QS will produce a schedule of all the 

materials to be used during the project. It is at this point that the QS can ensure sustainable 

materials are used in the smart buildings. Sustainability has long been associated with 

additional cost, but the QS will look at the long-term value although some of the materials may 

be more costly in the short term. The QS can look at other ways to promote sustainability in 

smart buildings e.g. look at how to reduce build times, minimise wastage and to use pre-

assembly wherever possible.  

The QS should be well educated with sound knowledge on the environmentally friendly 

technologies and innovations in smart cities and buildings and keep up to date of the new and 

emerging building materials and technologies that allow him/her to advise on the cost of 

developments and inform the design team on the parameters of efficiencies, design factors and 

concepts. The QS often support in avoiding over-specification, minimise energy use through 

recommending new technologies, reduce waste by avoiding the intensive use of materials etc. 

The authors recommend that QS can rise to the challenges by: 

1. Understand what is required for smart buildings and green buildings; 

2. Understanding various green building rating tools in the world and criteria such as 

EDGE Certification, LEED, BREEAM and Green Mark; 

3. Understanding the sustainable designs and integration of smart buildings (including 

knowledge of sustainable materials, latest green products and technologies); 

4. Smart buildings and green buildings costing; 

5. Life-cycle costing and assessment (including value engineering and cost worth 

models). 
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As the world evolves into smart cities, it is inevitable that QS has to change the way they work 

traditionally. An effective QS wears many hats in the new era and are required to treat the 

discovery, specification, quantification, and implementation of smart infrastructure from cradle 

to grave in a project cycle. QS who double up as technologists or facilities managers can 

contribute to data conversations; empathise with clients better and provide pragmatic solutions.  

3 Conclusion 

Becoming a smart city is not a goal but a means to an end. Today, buildings account for 40% 

of global carbon dioxide emissions, an even bigger carbon footprint than transportation. Cities 

consume an extraordinary amount of energy; lighting alone accounts for an average of 30% to 

40% of municipal electricity budgets. A smart city could help curtail those numbers, increasing 

energy efficiency while significantly reducing its carbon footprint.  

The future of cities is smart. Intelligent buildings that would have been unimaginable a few 

decades ago are now a reality and will be crucial to the development and success of sustainable 

smart cities. From home and office to transport and utilities, smart cities will begin to take 

shape, as advances in IoT and AI bring together smart buildings, smart power grids, and electric 

vehicle (EV) charging to form a new smart society ecosystem that is increasingly 

interconnected and efficient.  

For centuries, many buildings were designed and constructed in a similar way. They were the 

product of industrial processes, functionally inert and unresponsive to the changing 

environment. Ultimately, to increase the value associated with and generated by big buildings, 

architects and designers must embrace a building and planning proposition that goes beyond 

steel or concrete. Our structures must become living objects more attuned to the environment 

and the needs of those within. This will help lead to smarter cities that are more responsive to 

individual and collective needs.  

The role of a QS is evolving to keep abreast with the sustainable needs and new technologies 

including smart cities and buildings. Sustainability has long been associated with additional 

cost, but the QS will look at the long-term value and look at other ways to promote 

sustainability in smart buildings e.g. look at how to reduce build times, minimise wastage and 

to use pre-assembly wherever possible. The QS should be well educated with sound knowledge 

on the environmentally friendly technologies and innovations in smart cities and buildings and 

keep up to date of the new and emerging building materials and technologies that allow him/her 

to advise on the cost of developments and inform the design team on the parameters of 

efficiencies, design factors and concepts.  
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Abstract 

The work-from-home (WFH) arrangement brought on by the pandemic has worsened the fear 

about employees’ productivity. This paper investigates the relationship between the workplace 

environment and the employees’ productivity/self efficacy and job performance from the 

mental wellbeing perspective. A group of employees are surveyed to identify their preference 

over WFH arrangement. A psychological analysis will be performed to determine their 

productivity/self efficacy.  Furthermore, the employees who are identified with better 

productivity/self efficacy will be interviewed to understand factors which make the working 

environment more conducive in order to increase their productivity, factors such as greenery 

in office, green building features will be discussed. 

Keywords 

employees’ productivity/self efficacy, work-from-home, workplace environment, greenery in 

office 

1 Introduction 

The Covid-19 pandemic has fundamentally shifted the way in which people work. The work-

from-home (WFH) arrangement brought on by the pandemic has worsened the fear about 

employees’ productivity.  

Before Covid-19, employers were hesitant about incorporating telecommuting policy, with 

concern on the negative impact on employees’ productivity/self efficacy. After more than 2 

years of WFH and hybrid working, some studies finds out the WFH boom will lift productivity 

in the United States economy by 5 per cent, mostly because of savings in commuting time. 

(https://www.straitstimes.com/business/economy/yes-working-from-home-makes-you-more-

productive-us-study-finds). 

With study showing that the expectation of employees have changed 

(https://www.pwc.com/asiapacific-hopes-and-fears-2022) – 93% of Singapore employees 

prefer to continue to work remotely / hybrid) remote and hybrid working is here to stay. 

https://www.straitstimes.com/business/economy/yes-working-from-home-makes-you-more-productive-us-study-finds
https://www.straitstimes.com/business/economy/yes-working-from-home-makes-you-more-productive-us-study-finds
https://www.pwc.com/asiapacific-hopes-and-fears-2022


  

126 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

However Tesla chief exective Elon Musk demanded all Tesla and SpaceX works give up the 

comforts of WFH and return to office. Cuntless business leaders get frustrated at trying to coax 

their workers back to the office. What is the mistery of the work environment and worker’s 

productivity? This paper investigates the relationship between the workplace environment and 

the employees’ productivity/self efficacy and job performance from the mental wellbeing 

perspective. 

2 Literature Review 

The literature review was carried out to investigates the relationship between the workplace 

environment and the employees’ productivity/self efficacy and job performance. A new study 

from New York, USA says the WFH boom will lift productivity in the United States economy 

by 5 per cent, mostly because of savings in commuting time. 

(https://www.straitstimes.com/business/economy/yes-working-from-home-makes-you-more-

productive-us-study-finds). However, some other study finds the WFH is bad for productivity. 

According to the study, employers may get more work done at home, but they would have 

better ideas at the office (https://www.washingtonpost.com/outlook/2021/09/24/working-

home-productivity-pandemic-remote/)  

The debate on the relationship between the workplace environment and the employees’ 

productivity/self efficacy are controversial.  This paper investigates the relationship between 

the workplace environment and the employees’ productivity/self efficacy and job performance 

from the mental wellbeing perspective.This paper adopted the General Self-Efficacy Scale 

(GSE) developed by Schwarzer and Jerusalem (1995) to measure the employees’ 

productivity/self efficacy and job performance from the mental wellbeing perspective. GSE is 

correlated to emotion, optimism, work satisfaction. The scale is a self-report measure of self-

efficacy. For the GSE, there are 10 items and each item has the scale from 1 to 4. The total 

score ran GSE between 10 and 40, with a higher score indicating more self-efficacy. The GSE 

score is calculated by adding all scores of the 10 items together. The 10 items under GSE has 

been appended under Appendix.  

Prihadi 2021concluded the implication of WFH policy during the pandemic will not negatively 

affect the workers‟ efficacy, as long as they believe that their presence holds significant 

meaning for the society, and that they feel that they are included in their social circle. WFH 

might physically alienated individuals and isolate them from each other; nevertheless, 

interrelationships among them, supported by social media activities, can always keep them 

believe that they matter, and therefore they will not lose their belief that they can do their work 

well.   

Lange and Kayser 2022 suggested within an office environment, an employer can create an 

atmosphere that promotes performance and supports employee health by regulating office 

space, reducing distractions and noise, physically supporting colleagues or providing optimal 

technical equipment. The same is true for employees. The level, as well as the amount, of 

support decreases dramatically when working from home. 

3 Methodology 

This paper’s research aim is to investigates the relationship between the workplace 

environment and the employees’ productivity/self efficacy and job performance from the 

mental wellbeing perspective. A group of employees are surveyed to identify their preference 

over WFH arrangement. A psychological analysis will be performed to determine their 

https://www.straitstimes.com/business/economy/yes-working-from-home-makes-you-more-productive-us-study-finds
https://www.straitstimes.com/business/economy/yes-working-from-home-makes-you-more-productive-us-study-finds
https://www.washingtonpost.com/outlook/2021/09/24/working-home-productivity-pandemic-remote/
https://www.washingtonpost.com/outlook/2021/09/24/working-home-productivity-pandemic-remote/
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productivity/self efficacy.  Furthermore, the employees who are identified with better 

productivity/self efficacy will be interviewed to understand factors which make the working 

environment more conducive in order to increase their productivity, factors such as greenery 

in office, green building features will be discussed. 

The case study-mixed method (CS-MM) research design (Guetterman and Fetters, 2018) was 

chosen. The case study design might involve collecting both qualitative and quantitative data 

to create a more complete understanding of case/phenomena. Based on the research aim, we 

used a single-case study in a particular organization which offers co-sharing office services to 

invite their members to join the research. A survey has been conducted to understand their 

preference over WFH arrangement.  The GSE scale will be used to measure their 

productivity/self efficacy and job performance from the mental wellbeing perspective. A 

analysis will be conducted to identify if those prefer WFH will have higher GSE score and last 

but not the least the employees who are identified with better productivity/self efficacy will be 

interviewed to understand factors which make the working environment more conducive in 

order to increase their productivity, factors such as greenery in office, green building features 

will be discussed. 

4 Findings and Discussion 

A group of 16 members of a co-sharing office service provider have responded the survey and 

joined the research.  

An analysis has suggested those chosen WFH over work from office have an average GSE 

score of 39.5 while those chosen work from office have an average GSE score of 33.8. This is 

about 16.83% higher. The finding here suggests those respondents who preferred WFH have a 

significant higher GSE score compared with those preferred work from office. Further research 

might need to be conducted to understand if WFH arrangement will have negative or positive 

impacts on the employees’ self-efficacy.  

The average GSE score for this study is 35.5. There are 9 out of the 15 respondents had a GSE 

score higher than that. This group of respondents are invited to discuss the factors which make 

the working environment more conducive to increase the self-efficacy/ productivity. 67% of 

them think greenery in office can help them to increase their self-efficacy/productivity. This 

group of respondents think air quality, lighting quality, acoustics, good air-conditioning system 

are important factors for work environment. In details, they think the air-con temperature do 

not need to be set to low and they think low temperature is not conducive and will jeopardise 

the self-efficacy and productivity.   

For the group had GSE score lower than the average score, 100% of them think greenery in 

office can help them to increase their self-efficacy/ productivity. However, all of them do not 

think specific factors related to working environment are important for them to improve their 

efficacy. Rather they rank some other factors like co-workers’ attitude, company atmosphere 

and comfort as the important factors to their efficacy. 

5 Conclusions  

Data from the research revealed that those chosen WFH over work from office have 16.63% 

higher average GSE score than those chosen work from office.  The group of respondents who 

have higher than average GSE score think air quality, lighting quality, acoustics, good air-

conditioning system are important factors for work environment. In details, they think the air-
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con temperature do not need to be set to low and they think low temperature is not conducive 

and will jeopardise the self-efficacy and productivity.  For the group had GSE score lower than 

the average score, all of them do not think specific factors related to working environment are 

important for them to improve their efficacy. Rather they rank some other factors like co-

workers’ attitude, company atmosphere and comfort as the important factors to affect their 

efficacy. 

The major limitation of our study is that since this is a case study, and the sample size of the 

questionnaire survey was low, the results cannot be generalised. Therefore, without conducting 

further research in different contexts with a higher number of participants it can only be 

hypothesised WFH arrangement might not have negative impacts on office worker’s self-

efficacy/productivity. And office workers with higher self-efficacy/productivity think the 

working environment have impacts on their self-efficacy/productivity. Nevertheless, further 

studies in various contexts and a higher number of participants would be needed to confirm 

this claim. 
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Abstract 

The construction industry plays a crucial role in supporting Singapore’s economy and its 

growth. However, from the onset of 2020, this industry was crippled by the impact of COVID-

19. From labour crunch to supply chain disruptions, the industry struggled to keep up with the 

rapid changes caused by COVID-19 which resulted in lengthy delays on projects and new 

developments were put on hold or scrapped. Information gathered through the published 

articles, show that COVID-19 has disrupted major supply chains, transportation (logistic), 

labour supply and other related issues around the globe. This has led to the shortage of imported 

construction materials and foreign labour in the local manufacturing and construction, resulting 

in delays on new developments. The aim of this paper is to explore the impacts of construction 

materials shortage in Singapore’s construction industry caused by the COVID-19 pandemic. A 

COVID-19 Temporary Measure Act 2020 (COTMA) was introduced by Building Construction 

Authority (BCA) to the construction industry in June 2020 which reliefs the contract parties 

through the extension of project timeline, co-sharing of qualifying cost and foreign manpower 

cost. With the aid of COTMA and the improvement of the COVID-19 situation around the 

world, the supply chain of construction material is gradually recovering. However, contractual 

parties in a construction project will still need to find ways to manage the project’s budget as 

material cost continue to fluctuate. Planning with Building Information Modeling (BIM) and 

Design for Manufacturing and Assembly (DfMA) can be adopted to mitigate material costs 

increase. The road to recovery for the industry remains a long and difficult one, industry players 

will be required to place effort and emphasis on addressing the new obstacles and challenges 

that come in order to remain resilient. 

Keywords 

cost, cotma, disruption, escalation, materials. 
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1 Introduction 

Since 2019, the global pandemic, COVID-19, has greatly disrupted the world economy, 

affecting many industries including the construction industry. Many construction projects are 

facing disruptions to their project timeline caused by supply chain disruption, increasing costs 

and uncertainty in the global economy.  

Today, as the world slowly recovers from the effects of the pandemic, the construction industry 

is still plagued with challenges caused by the rising construction cost. The project costs may 

be directly affected by (but not limited to) the increased building material costs and also the 

delays caused by the current logistical situation, which, in effect, affects the project timeline 

and the requirement of implementing Extension of Time and Liquidated Damages.  

This paper will be focused on the construction industry in Singapore; studying the recent TPI 

trends and construction material price fluctuations for concrete and steel.  

Additionally, this paper will focus on studying on how to better manage or optimise 

construction materials to minimize the overall project costs by the following ideas: 

1. Planning with Building Information Modeling (BIM) 

2. Design for Manufacturing and Assembly (DfMA) 

2 Literature Review 

2.1 Impact of COVID-19 on the Construction industry 

COVID-19 has affected many industries in the world to which the construction industry was 

not exempted as the construction industry can be greatly influenced by the economic cycles. 

One of the reasons why the construction industry was affected is due to the increase in prices 

of building materials (GEP, 2020).  

With the focus of the impact of COVID-19 on Singapore’s Construction Industry, it can be 

observed from Singapore’s Gross Domestic Product decreasing from 3.7 (2019) to 2.7 (2020) 

(New Zealand Foreign Affairs & Trades, 2021) and the construction industry’s contribution to 

the Singaporean GDP has greatly reduced from S$18.09B to S$11.5B which was an 

approximate 57.3% (Figure 1). 

According to Zhu (2022), it was reported that the high costs of building materials will continue 

for the rest of 2022 and as the Linesight director quoted, it is possible that the construction 

costs will only stabilize in 2023. A method of quantifying the effects of COVID-19 towards 

the construction industry would be through the study of Tender Price Index (TPI).  
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Figure 1 Chart of Gross domestic product (GDP) of the construction industry of Singapore from 2012 

to 2021(in billion Singapore dollars) (Hirschmann, 2022) 

2.2 Tender Price Index (TPI)  

TPI evaluate the changes in tender prices with consideration to most of the components (Goh, 

2005). This typically includes the cost for producing the output of construction activities (Goh, 

2005). TPI also helps clients and tenderers evaluate how the building tender prices are 

changing. Additionally, it is important to note that TPI can help the industry to determine the 

level of individual tenders, time adjustments, pricing, cost planning, predicting cost trends and 

general comparisons (Kissi, 2016). According to Table 1, there are indications of several 

factors which will affect the tender price index: 

 

Table 1 Factors Influencing Tender Prices of Construction Works (Kissi, 2016) 
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It can be observed that TPI is affected by many factors apart from material costs. Macegroup 

(2021) recognizes that the recent TPIs had significant changes due to the increase in material 

prices and labour costs. Furthermore, the Ukraine-Russia War also negatively influences the 

tender price index in the construction sectors as energy prices soar leading to an increase in the 

cost of material fabrication (Joanna, 2022).  

A method to which specific material price fluctuations can be observed would be through their 

producer price index, which will be investigated in the next section.  

2.3 Construction Materials: Concrete & Steel 

This study will further focus on two major construction material [concrete & steel (Lucia, 2022; 

Kumar, 2022; Krishna, 2022)] prices and their fluctuations between the year 2019 to 2021 but 

excluding the year 2022 which has been further affected by war in Ukraine.  

Below is a general introduction to PPI and observation to building materials and supplies PPI 

from Oct 2019 – Dec 2021 before focusing on the fluctuation in prices for steel and through 

the Producer Price Index for concrete.   

2.4 Producer Price Index (PPI) 

The PPI can be used to measure the rate of changes in product costs sold by producer over a 

period (Wallstreeetmojo Editorial Team, 2022). 

 

Figure 2 Producer Price Index (Wallstreeetmojo Editorial Team, 2022) 

Refer to the Chart (Figure 3) below for information regarding the fluctuation of PPI for 

Building Materials and Supplies.  
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Figure 3 Chart of Producer Price Index by Industry: Building Material and Supplies (Oct 2019 – Dec 

2021) (Fred Economic Data, 2022) 

In October 2019 (pre-pandemic impact), the PPI for Building Materials and Supplies was only 

152.400. In December 2021, it was shown that the PPI has increased to 199.890. In 2 years, 

the PPI has increased by approximately 31.16%. 

2.4.1 Building Materials: Steel  

According to the chart (Figure 4) below, the price for Steel Rebar in October 2019 was 

USD$440.57 and USD$697.81 in December 2021. Based on this information, it can be 

observed that there was an increase of approximately 58.39% in price. 

 

Figure 4 Graph of Steel Rebar Average Price (2018 – 2022) (Investing.com, 2022) 

2.4.2 Building Materials: Concrete 

According to the chart (Figure 5) below, in October 2019 (pre-pandemic impact), the PPI for 

Building Materials and Supplies was only 136.300. In December 2021, it was shown that the 

PPI has increased to 161.966. In 2 years, the PPI has increased by approximately 18.83%. 
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Figure 5 Chart of PPI by Industry: Concrete Contractors, Nonresidential Building Work (Oct 2019 – 

Dec 2021) (Fred Economic Data, 2022) 

2.5 Methods to Better Optimize and Management Project Costs: 

2.5.1 Planning with Building Information Modeling (BIM) 

BIM is a collaborative process that allows all parties of a construction team to be able to plan, 

design and construct a building or structure based on one platform (Lorek, 2022; The 

Architecture Designs, 2021). Information stored within BIM is actionable which can be useful 

in improving accuracy, expressing design intent and most importantly (with the context of cost 

management), reduce change orders and field coordination problems (Lorek, 2022).  

BIM can be used to track progress accurately and monitor the financial performance of the 

project (Moura, no date; Ireland, 2020). Estimated costs are more accurate and allow better 

planning in management of orders and supply chains (Moura, no date; The Architecture 

Designs, 2021). Refer to the below tables (Table 2-4) for the savings that BIM can provide in 

project duration and concurrently project costs.  

 

Table 2 The difference in project life cycle time in conventional and BIM methods (Moh et.al, 2020) 
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Table 3 Costs of conventional methods workers (Moh et.al, 2020) 

 

Table 4 Costs of BIM methods workers (Moh et.al, 2020) 

2.5.2 Design for Manufacturing and Assembly (DfMA) 

DfMA is a construction methodology that is aimed to increase construction productivity by 

taking a holistic approach to a project focusing on prefabricating components (BuildTech Asia, 

2021).  

This method is adopted with the objective to lower costs (BuildTech Asia, 2021; Tan 2021), 

making assembly easier (BuildTech Asia, 2021), reducing labour requirement (BuildTech 

Asia, 2021), improved workmanship (BCA, no date; Leong, 2020) and reducing construction 

periods (BCA, no date; Tan 2021; Leong, 2020).  

The Singaporean government has recently encouraged the adoption of this methodology in 

2020, with the focus of achieving 70% adoption rate in the Built Environment by 2025 

(Buildtech Asia, 2021; Sweet 2020). The Singapore government has invested S$120M into 

Singapore’s Public Sector Construction Productivity Fund (PSCPF) to promote DfMA 

techniques (Sweet, 2020; Leong, 2020). Thereafter, it was confirmed in 2021 that the 
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Singaporean Built Environment has been steadily adopting this methodology, keeping on track 

to achieve the goal of 70% in 2025 (Buildtech Asia, 2021).  

Among the technologies that are in line with DfMA are the following:  

a) Advanced Precast Concrete System (Buildtech Asia, 2021); 

b) Mass Engineered Timber (Buildtech Asia, 2021); 

c) Prefabricated Prefinished Volumetric Construction (Buildtech Asia, 2021); 

d) Prefabricated Bathroom Units (BCA, no date);  

e) Prefabricated Mechanical Electrical and Plumbing (MEP) System (BCA, no date); and  

f) Structural Steel (BCA, no date).  

Currently, no information has been published that directly discuss the savings DfMA is able to 

provide in the Singaporean Construction Industry.  

3 Findings 

3.1 Singapore TPI 

 

Figure 6 Construction Tender Price Index Compilation 

The table above is an extract of TPI Compilation by SISV exclusive of unpredictive costs such 

as the following from each individual firm/group. The considerations taken to compile this data 

are as follows:   
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Considerations: 

BCA : Excludes piling, substructure works, external works and mechanical 

and electrical services. For building works which include public 

residential, private non-landed residential and commercial office. 

 

HDB : Includes building works, piling, external works and mechanical and 

electrical services. It is compiled based on the tender prices received for 

HDB’s construction works. The index reflects the price movements in 

construction materials, equipment, manpower and elements of 

competition, risk and profit allowance by contractors. The index 

excludes project specific design features and provisions in order to 

achieve a like-to-like comparison across different quarters and reflects 

movement of tender prices due to external factors. 

 

AECOM 

Residential 

Private Non-

Landed 

: Excludes any price for piling and mechanical and electrical services. 

This TPI commences from Year 2007 and reflects the movement of 

Main Contract prices in tenders on selected AECOM's residential 

projects for the respective period. 

 

RLB : Excludes piling and mechanical and electrical services. It is compiled 

based on tender returns on projects handled by the company. 

 

Arcadis : Excludes piling, substructure works and external works. It is based on 

private sector projects handled by the company. 

 

Based on the chart and table above, it can be observed that there was an increase of average 

TPI of 19% from 2019 to 2021 and 7% from 2021 to 1Q 2022. However, it is important to note 

that the increase from 2021 to 2022 may not be indicative of the effects solely caused by the 

pandemic as the Ukraine War has also affected construction material costs.  

However, as discussed before, TPI cannot reflect completely the increase in construction 

material costs as it considers other items indicated in Table 1. Therefore, key materials such as 

concrete and steel need to be further investigated in the next section. 

3.2 CONCRETE & STEEL PRICE FLUCTUATIONS 

Based on a S$100M project, the costs below are indicative of the average fluctuation of average 

concrete and steel prices from Oct-Dec 2019 to Dec 2021.  

 

Table 5 Average Fluctuation of concrete and steel prices 

Oct-Dec 2019 = 100% 

 Years / Months Jan - Mar Apr - Jun Jul - Sept Oct - Dec Jan - Mar Apr - Jun Jul - Sept Oct - Dec

2019

Price 

Fluctuation (%)

0.00 0.00

2020

Price 

Fluctuation (%)

-0.22 -0.30 -0.30 -0.41 -0.71 -0.50 -0.53 4.71

2021

Price 

Fluctuation (%)

0.00 2.65 9.86 10.00 27.63 45.72 53.74 54.23

Concrete Steel
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In both building materials, it can be observed that there was a slight decrease in material prices 

during the peak of the pandemic in 2020 - when most of the world has entered a lockdown. 

However, it can be seen in 2021, there was a sharp increase in prices over a short period.  

It was indicative that there has been a price increase of approximately 10% for concrete and 

54.23% for steel in the past 2 years from pre-pandemic prices.  

Based on information found, the price increase for concrete (18.83%) is higher than RLB’s 

findings (10%). However, steel rebar information was found to be 58.39% which is close to 

RLB’s findings of 54.23%.  

3.3 CASE STUDY  

Applying the above findings to a case study of a standard construction project, with the 

assumption that the project value is S$100 million. 

 

Table 6 Cost distribution of a construction project 

Based on the findings, there were price increases on the following components from the 2019 

to 2021. The table below outlines the price increases of the various elements and its impact on 

the case study. 

Based on the case study above the percentage increase of 17.6% is consistent with the TPI 

increase of an average 19% from 2019 to 2021 as shown in the findings in section 3.1. The 

difference of 1.4% could be attributed to other factors such as the ordinary inflation of other 

building materials not studied in the example above. 

Level 1 Level 2 Level 3 Level 4 Amount (S$)

10,000,000.00$         

12,600,000.00$         

Concrete (9%) 1,323,000.00$           

Reinforcement (36%) 5,292,000.00$           

Formwork (15%) 2,205,000.00$           

Structural Steel (40%) 5,880,000.00$           

14,700,000.00$         

14,400,000.00$         

10,080,000.00$         

23,520,000.00$         

100,000,000.00$       

Material (70%)

Labour (30%)

Material (70%)

 Mechanical & 

Electrical (48%) 

TOTAL

Copper (30%)

Other materials (70%)

Structural (50%)
 Builders Work 

(42%) 

Labour (30%)

Preliminaries (10%)

Architectural (50%)
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Table 7 Element price increase 

4 Conclusion 

In conclusion, it is rather unlikely that the material prices have reached their peak, nor will they 

stabilise or drop for at least another two to three years. Not forgetting that the World is facing 

more uncertainty today than ever before. We are not only dealing with the ongoing pandemic 

but there are more complex issues i.e. Ukraine War and Taiwan-China conflict which will 

continue to shake the globe. It can be demonstrated from Figure 6: Construction Tender Price 

Index Compilation that there is a rise of 7% even for a short period from 2021 to 1Q 2022. 

Notwithstanding that there is a continual increase on the construction material prices, it will be 

very injudicious to cease all construction activities until the prices have been stabilised as it 

will be detrimental for the GDP for all countries and the global economies will be disrupted 

further. 

In view of the above it is sensible to explore some potential ways to help in cost savings and 

expedite construction progress. BIM can be a possible measure to help in cost saving of around 

2% – 5% yet construction progress can be accelerated. DfMA can be another method to help 

expediting the construction activities so that the project can start to generate income as soon as 

the construction is completed. Referring to the case study in section 3.3, the use of BIM can 

shorten the project duration by approximately 20% which translates to approximately 

S$2,000,000.00 savings in preliminaries cost. The use of DfMA can also shorten the project 

duration by about 10% which can result in savings of approximately S$1,000,000.00. 

Despite the fact that the world is struggling with inflation and material fluctuation, the demand 

for properties, ie residential and office, is still growing strong as people are looking for such 

spaces to accommodate the needs of working from home (WFH) while businesses are exploring 

reducing office spaces in the CBD area to make ways for more foreign investors but to create 

hubs elsewhere to better connect with employees. PPVC can be another possible method, which 

is proven to be a success in countries or regions such as Singapore and Hong Kong Special 

Administrative Region where they can rely on places nearby, ie Malaysia and Mainland China 

to fabricate materials offsite and to ship to the end points. With that the labour cost can be 

reduced and help to achieve cost savings of 3% - 5% for the overall construction costs. 

 

 

 Description  Price increase (%)  Additional cost (S$) 
 Percentage increase over 

total project value (%) 

 Labour 30% 3,780,000.00$                         3.8%

 Concrete 10%  $                            132,300.00 0.1%

 Reinforcement 54%  $                         2,857,680.00 2.9%

 Labour 30% 4,320,000.00$                         4.3%

 Copper 65%  $                         6,552,000.00 6.6%

 $                       17,641,980.00 17.6%

 Builders Work 

 Mechanical & Electrical 

 TOTAL 
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Abstract 

With the onset of globalization, countries’ borders have blurred, and it has been found that 

companies investing in property started to look at suitable markets abroad. One of the problems 

in this regard is the comparison of building cost in different countries, for example a UK 

company wanting to invest in South Africa. The purpose of the paper will therefore be to 

investigate the different factors that play a role in the comparison of construction cost of 

different buildings, such as building methods, fluctuating exchange rates, regional factors, etc. 

Data collection methods was to source the construction cost of high-rise buildings in different 

countries from international publications by reputable companies such as Turner and Townsend 

and Rider Levett Bucknall (RLB) who regularly publishes the cost of different building types 

across the world. Also, a 19-storey building is priced quarterly by three South African quantity 

surveying firms in different areas of the country. The average cost of this building was 

compared to that of similar buildings in Australia using average exchange rates (ZAR vs. 

AUD), as well as applying Purchasing Power Parity (PPP) factors. The main findings are that 

it is very difficult to make a direct comparison of the construction cost between different 

countries because such comparisons result in vast cost differences. If, however PPP factors are 

introduced, it results in a more realistic comparison.        The paper’s contribution to practice 

is that the introduction of PPP conversion factors to the quantity surveying fraternity in South 

Africa can lead to more accurate estimates of building costs for overseas clients. It is therefore 

recommended that the value of using PPP factors be conveyed to practicing quantity surveyors 

as well as to quantity surveying students. 

Keywords  

building cost, exchange rates, purchasing power parity, quantity surveying 

1 Introduction 

Globalisation, according to The Council of Europe (2022), describes a variety of economic, 

cultural, social, and political changes that have shaped the world over the past 50-odd years. It 

is the ever-closing economic integration of all countries of the world resulting from the increase 

in volume as well as variety of international trade in goods and services, the cheaper cost of 

transport, the growing of international capital, the growth in the global labour force and the 

acceleration in the use of technology.  

As a result of globalisation, companies investing in the property market have also started to 

look at suitable markets abroad. 

2 Discussion of the problem 
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Considering globalisation as discussed above, the question is whether the South African 

property industry will also be able to attract overseas investors. According to Gordon (no date) 

there is little that is “global” about the world of international real estate. Gordon (no date) 

motivates this statement by indicating that when it come to the number of countries involved 

in cross-border real estate, it comes mostly from eight to ten countries, and is directed towards 

20 to 25 countries. 

Even if South Africa is not one of these main players, it remains, despite structural changes, a 

destination conducive to investment. The US Department of State (2021) mention in this regard 

that South Africa is a comparatively low-risk location in Africa, which is the fastest growing 

consumer market in the world. The US Department of State (2021) also states that Google (US) 

invested approximately USD 140 million and Pepsico over USD 1 billion in South Africa in 

2020. Another US company, Ford, announced a USD 1 billion investment, including the 

expansion of its Gauteng manufacturing plant in January 2021. Although not all of the above 

investments will be in property, it is safe to assume that a large part of the money will be used 

for acquiring and building various types of property. 

Furthermore, foreigners can purchase property (mostly residential) in South Africa with some 

limits, with most of these investments taking place either in the Western Cape and Gauteng 

provinces. Various real estate brokers and companies assisting with the transfer of money from 

overseas countries to South Africa, has websites advertising their services.  

Statements are made on these websites such as “With the strength of the Rand (South African 

currency; ZAR) waning against global currencies, buyers from abroad will certainly make a 

sound investment” (The Agency Group, 2021). Another quote states that “The exchange rate 

is highly favourable for foreign investors” (Domisa Treasury, 2021).        

One of the crucial aspects when looking at property investment, is the cost of buildings. Briefly, 

especially when looking at the local currency (ZAR) against other currencies such as the USD, 

GBP, AUD etc. it seems that it will be “cheap” to construct properties. At the time of drafting 

this paper, the ZAR traded at R17.21 against the USD, R11.83 against the AUD and R20.57 

against the GBP (exchangerates.org.uk, 2022), confirming the notion of South Africa as being 

“cheap”. 

This paper will look at the varied factors that play a role in the comparison of construction cost 

in South Africa compared to those of other countries.  

3 Delimitations 

The paper will only look at the difference in building cost between countries and no other 

factors that may have an influence on investment decisions by other countries will be looked 

at. Such issues may be the stability of the local government, corruption, procurement strategies, 

statutes, municipal regulations, etc. 

Another delimitation is that the case study will only be one type of building compared with a 

similar building in Australia. 
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4 Literature review 

The literature review will cover aspects that may have an influence on the calculation of 

building cost.  

4.1 Exchange rates 

When comparing costs of buildings between different countries, it must be expressed in the 

same currency before any comparison can be made. The easiest way to, for example, convert 

building cost expressed in ZAR to AUD, would be to use the annual average exchange rate 

between the two countries. The literature, however, indicate that exchange rates are unsuitable 

for converting the cost or value of construction in different countries to a common base. 

Vermande and van Mulligan (1999) suggest that “exchange rates do not indicate the 

comparative value of currencies in the production of goods and services”. 

One of the reasons for this is that exchange rates often fluctuate in the short term. Best (2010) 

quotes Koskela et al. (2002) who indicate that exchange rates are only relevant to tradeable 

goods and services, whereas construction projects are very seldom tradeable in the usual sense, 

as such projects remain fixed in the location where they are constructed.  

Figure 1 shows the fluctuation of the USD against the ZAR over the period July 2021 to July 

2022 to illustrate the volatility of the exchange rate.    

 

Figure 1. USD/ZAR 365-day history: July 2021 to July 2022 (Exchangerates.org.uk) 

4.2 Difference in the measurement of floor areas of buildings 

When the cost of buildings is determined, the industry must rely upon a project’s rate per square 

meter/foot as the necessary figure to compare value. According to Trabucco and Miranda 
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(2019) these calculations rely upon the fact that the primary figure in any analysis is based on 

a precise, unbiased, and unambiguous measurement. This, unfortunately, is not possible 

because most countries have their own unique method for measuring property areas. 

Smith (2015) states that the lack of global standards inhibits the development and identity of 

the project cost management profession and sites as an example that there is no common way 

of expressing cost per square meter, both in terms of the cost definition and the floor area. 

Trabucco and Miranda (2019) mention that when measuring floor area, the practices and 

regulations of the local governing bodies are being relied upon. They give an example of the 

problem that this can present when a North American building has an Asian developer and a 

European architect – a scenario which is becoming increasingly common. 

Trabucco and Miranda (2019) quote Jones Lang LaSalle’s study where it was calculated that 

the deviations in floor area measurements can vary up to 24%, depending on the location. 

Furthermore, when comparing cost per m2 between two properties, such differences can have 

major impacts on the comparative analysis of properties. Such a difference in numbers may be 

attributed to local market regulations and not the actual value of space. 

4.3 Regional factors 

The cost of similar buildings in the same country can differ due to a range of factors, such as 

the following (Parameswaran et al. 2019): 

• Site conditions: this can be due to poor ground bearing limit needing either piling and/or 

deep excavations and imported filling 

• Availability of building material: if a building project is situated in a rural area and far 

away from suppliers of material, the higher transportation cost associated with longer 

distances can push up the cost  

• Weather: normally building cost in coastal areas are costlier than in inland areas due to 

the need to construct, among others, cavity walls,   

• Labour: availability and quality of labour, unemployment rate, labour unions, labour 

turnover and motivation of workers may change in different regions. 

4.4 Building methods 

Building methods differ from country to country for several reasons. According to Sawhney et 

al. (2004) there can be significant regional differences between construction materials and 

methods as well as between the acceptable level of finishes and tolerances of the product. An 

example is given by Sawhney et al. (2004) of residential construction in North America where 

lumber (or timber) is the prime structural component, but less frequently used in other parts of 

the world. 

This is not only true for the structure of buildings, because it is only one part of the comparison. 

The cost of heating, ventilation and air conditioning equipment is just as important; not only 

the comparative cost of the equipment, but also whether such equipment is needed. Air 

conditioning units would, for instance, always be installed in buildings in countries with a 

warm climate but would be irrelevant in cold regions. 
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4.5 Information sources 

When looking to compare local construction cost with those of other countries, the easiest way 

is to look for cost data from published sources. Cost consultants who regularly publish such 

information are Turner and Townsend, Rider Levett Bucknall (RLB), AECOM, Rawlinsons, 

EC Harris (now part of the Arcadis Group) and the like.  

Best (2012) states that typically such costs are published as a promotional exercise rather than 

a rigorous comparison, usually with disclaimers. A typical disclaimer, as quoted by Best 

(2012), will read as follows: “Costs given are average prises for typical buildings; they provide 

no more than a rough guide to the probable cost”.  

This issue will be discussed in more detail later in the paper when actual cost comparisons are 

done. 

5 Literature review: Purchasing Power Parities 

The International Comparison Program (ICP) according to the World Bank (2015) is a 

worldwide statistical initiative led by the World Bank under the auspices of the United Nations 

Statistical Commission. Meikle (2011) states that the ICP is responsible for the production of 

Purchasing Power Parities (PPP) for both national GDP and for sub-components of GDP. PPPs 

are alternatives to market exchange rates and are intended to reflect differences in price levels 

across countries more accurately (Meikle, 2011). 

Best (2010) indicates that the idea behind PPPs can be traced as far back as the 16th century 

and is based on the simple proposition that “The price of a good or service, once prices are 

converted to a common currency, should cost the same in different countries”. This, according 

to Pakko and Pollard (1996) quoted by Best (2010), is the so-called “Law of One Price”. 

Eurostat (2012) indicates that PPPs are there to serve both as currency converters as well as 

spatial price deflectors. They convert different currencies to a common currency and, in this 

process, equalise the currency’s purchasing power by eliminating the differences in price levels 

between the countries.  

In their simplest form according to Eurostat (2012), PPPs are nothing more than price relatives 

that show the ratio of the prices in currencies, of the same goods or services, in different 

countries. Eurostat (2012) gives the following example to illustrate this: if the prices of a litre 

of Coca Cola is 2.30 euros in France, and 2.00 dollars in the USA, then the PPP for Coca Cola 

between France and the USA is the ratio 2.30 euros to 2.00 dollars, or 1.15 euros to the dollar. 

This means that for each dollar spent on Coca Cola in the USA, 1.15 euros would have to be 

spent in France to obtain the same volume of Coca Cola, 

PPPs are widely used to convert national account data, such as GDP, into a common currency, 

while also eliminating the effect of price level differences between countries (World Bank, 

2015). Construction is a significant component of the overall GDP level PPPs produced by the 

World Bank as part of the ICP (Best, 2012). Best (2012) further states that if PPPs are used to 

convert construction cost to a common base, then cost is really measured in what can be called 

“construction dollars” where one such dollar buys a similar amount of construction in each 

country.    
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6 Methodology 

As stated before, the aim of the paper is to compare the construction cost of a multi-storey 

residential building between South Africa and Australia. Firstly, published information was 

consulted to obtain the average rates per m2 of such buildings in the two countries. A total of 

four publications could be found that published rates per m2 for residential buildings in 

Australia. These sources did not all published exactly the same information; one source 

published rates for 7 cities across Australia, one source published rates for three cities and one 

source published rates for three regions. All these rates were in Australian Dollar per square 

meter. The last source published average rates for two Australian cities, but in US Dollars per 

m2. For this paper, the average rate per m2 for all the above buildings was calculated. 

For South Africa, only two sources could be found that published reliable information. One 

was a local, annual publication (in South African Rand per m2), while the other was a global 

publication where rates for South African buildings were given in US Dollars.    

The average rates per m2 in the local currencies were converted to a rate per m2 in USD in order 

to compare the rates after using applicable exchange rates and PPP conversion indicators (the 

PPP conversion indicators published by the OECD are measured in terms of the national 

currencies per USD). In all instances, figures were used relevant to the 4th quarter of 2021. 

7 Findings and discussion 

Table 1 shows AUD converted to USD by using an exchange rate of 1.38, while for South 

Africa an exchange rate of 14.86 was used (Exchangerates.org.uk, 2022) From this table it 

seems, when comparing the results, that the South African cost is much cheaper than that of 

Australia. 

 Australian 

cost /m2 

(in AUD) 

Australian 

cost /m2 

(in USD) 

South 

African 

cost /m2 

(in ZAR) 

South 

African 

cost /m2 

(in USD) 

Difference 

(RSA cost vs 

Australian 

cost) 

Residential 

building 

3,663 2,654 14,043 945 +181% 

Table 1. Converting currency using exchange rates 

In Table 2, AUD was converted to USD by using a PPP factor of 1.44, while a PPP factor of 

7.17 was used for South Africa (source of PPP factors: Eurostat OECD, 2022). The results are 

much more realistic than those in Table 1, with South Africa now showing to have a building 

cost rate per m2 that is 23% less than that of Australia. 

 Australian 

cost /m2 

(in AUD) 

Australian 

cost /m2 

(in USD) 

South 

African 

cost /m2 

(in ZAR) 

South 

African 

cost /m2 

(in USD) 

Difference 

(RSA cost vs 

Australian 

cost) 

Residential 

building 

3,663 2,544 14,043 1,959 + 23% 

Table 2. Converting currency using PPPs 

In order to verify the rates for South Africa, especially because only two sources could be 

found, a standard building has been costed in both South Africa and Australia. The quantities 
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for this building were calculated by a well-known quantity surveying firm in Australia and 

these quantities were priced by quantity surveyors in the offices of the firm in various cities 

across Australia. The same items were priced in South Africa by the local subsidiary of the 

Australian firm in Johannesburg, Cape Town and Durban. The building was a 19-storey 

residential building in Melbourne, with 235 units totalling a gross floor area of 32 241m2. 

As indicated before, the building items were measured in Australia, and due to differences in 

building methods as previous discussed, not all items could be priced in South Africa. The 

major differences stem from the use in the Australian example of steel internal columns with 

cladding, precast concrete support beams, hollow core plank flooring and steel sheeting as 

permanent flooring. These items were substituted for South African purposes with 35 to 50MPa 

in-situ reinforced concrete columns, beams and floor slabs, due to precast concrete seldom 

being used as structural elements in South Africa. 

 Cape Town Durban Johannesburg Average 

Residential 

building 

377,949,585 393,031,770 395,271,781 388,751,045 

Table 3. Cost of residential building priced in South Africa in ZAR 

If the average cost of the priced building is converted to a rate per m2, it amounts to ZAR 

12,058/m2 which is lower than the published rates in Tables 1 and 2. In comparison, the priced 

rate for the Australian building is also lower, but by a smaller margin.  

 Australian 

cost /m2 

(in AUD) 

Australia

n cost 

/m2 (in 

USD) 

South 

African 

cost /m2 

(in ZAR) 

South 

African 

cost /m2 

(in USD) 

Difference 

(Australian 

cost vs RSA 

cost) 

Residential 

building 

3,351 2,328 12, 058 1,681 + 38% 

Table 4. Converting currency of priced building using PPPs 

Discussion: It is not surprising that South African building costs are cheaper than that of 

Australia. One of the key aspects for this is the state of the South African economy which, 

according to Statistics South Africa (2022) has never returned to its initial levels of economic 

growth before the 2007/2008 global monetary crisis that has led to job losses of about one 

million. This led to a cut-throat tender climate in the construction industry where contractors 

submit unrealistic tender bids in order merely to survive. This scenario has continued after the 

Covid-19 pandemic where a large number of projects are still kept on hold. Other contributing 

factors to South Africa being cheaper than Australia are the low cost of labour, energy and 

transport compared to that of most other countries. 

What is surprising is the difference between the published South African construction rates and 

that of the calculated example. These rates were priced independently by three offices in 

different areas of the country, based on recently received tenders, and the totals submitted by 

the three offices were close, ranging from -3% to +2% of the average; mostly due to regional 

differences between the three cities. It can therefore be assumed that the average rate is 

accurate.  

It is difficult to speculate why the published rates are higher, but it may be attributed to a risk 

factor that was built into the rates due to not having an abundance of information available. 
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8 Conclusions  

 The aim of the paper was to investigate the role of PPPs when comparing building cost of 

different countries.  

It has been established that although there are various organisations that publish average costs 

of different building types in different countries, there are a number of factors that play a role 

in the estimating of such costs. Care should therefore be taken when sourcing rates, and it is 

advisable to rather use priced rates of actual buildings. 

 When comparing actual costs of high-rise residential buildings in different countries; in this 

instance Australia and South Africa, it became clear that using exchange rates tend to give 

skewed results. If, however, PPPs are used to determine and compare the countries’ building 

rates, a much clearer picture can be obtained.  

Although a small sample was used for the calculations, it can be expected that the cost of 

residential high-rise buildings (and probably most other buildings as well) is substantially 

cheaper in South Africa compared with Australia, and therefore, when looking at building costs 

alone, South Africa seems to be an attractive market for overseas investors. 

It is suggested that this topic can further be investigated by using a larger sample of different 

buildings (e.g. office buildings, shopping centres, etc.), and that the practice where a typical 

building is priced by quantity surveying firms in different locations of the various countries, 

also be expanded.        
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Abstract 

Value management (VM) represents a methodical approach to optimising project objectives 

relative to costs. Methods range from desktop studies to facilitated workshops. Qualitative data 

was obtained through interviews with a client’s consultant project manager, two head 

contractors, and one specialist subcontractor to determine how VM practices are being 

implemented and perceived challenges and opportunities to maximising VM going forward. 

The procurement strategy and VM methodology should be considered together in terms of 

project size and complexity. Two-stage early contractor involvement (2S-ECI) with VM 

workshops that consider value more holistically by incorporating e.g., buildability and risk 

management, and client sustainability goals, may best suit complex building alterations. 

Whereas design and build (D&B) or traditional procurement may suit straightforward new 

builds with desktop studies or shorter workshops that tend to focus more on cost reduction 

based on detailed design. This is important for clients, head contractors, or lead consultants 

who typically drive VM practices. Getting VM strategies wrong risks disengagement when 

sub-consultants (architects and engineers) feel that their design is challenged and unclear length 

and number of VM workshops creep their costs, or subcontractors feel frustrated when 

providing alternatives that are not adopted. The cost and time required for VM workshops can 

also outweigh the benefits achieved. VM has become more crucial as costs escalate and the 

supply of labour and materials becomes less certain throughout Covid-19 disruption. 

Optimising VM strategies across the sector should help improve productivity, by better 

aligning costs with projects end users’ needs. This insight into industry perceptions is expected 

to inform project managers both of public and private projects and construction procession 

educators.  

Keywords  

Construction procurement, early contractor involvement, value management. 

1 Introduction 

The construction industry operates many of its projects on tight timeframes, and even leaner 

margins. With current material scarcity and continual price escalations in the Covid-19 

environment, there is a clear need for project stakeholders to focus on how they can deliver 

projects that are on-time, within budget, and most importantly, to the client’s satisfaction. The 
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principles of value management (VM) provide strategies and tools that can be employed to 

balance the cost to benefits ratio on a project.    

The project procurement pathway and VM methodology should be considered together in terms 

of project size and complexity and market conditions. VM practices can be used to better align 

project objectives to client needs at optimal cost. However, a range of VM methodologies exist, 

from desktop studies to extensive and repeated facilitated VM workshops that involve supply 

chain. Involving supply chain requires a form of early contractor involvement (ECI) 

procurement such as two-stage ECI (2S-ECI) or design and build (D&B). Whereas VM 

practices are more associated with cost-cutting exercises once traditional lump sum tenders 

close for complete detailed design.  

This is important for clients, head contractors, or lead consultants who typically drive VM 

practices. Getting the strategy wrong risks disengagement downstream when sub-consultants 

(architects and engineers) feel that their design is challenged with cost unclear regarding the 

length and number of VM workshops or subcontractors feel frustrated when providing 

alternatives that are not adopted. Moreover, the cost and time required for VM workshops can 

sometimes outweigh the benefits achieved. Where a simple desktop study may suffice or no 

VM for straightforward new builds but miss potential to add value on large complex projects. 

Optimising VM strategies across the sector should help to improve productivity, by better 

aligning costs with projects end users’ needs. This insight into industry perceptions is expected 

to inform project managers both of public and private projects and construction procession 

educators.  

The construction industry is one of the largest contributors to the New Zealand economy, with 

approximately 6.2% of real GDP being attributed to the sector (MBIE, 2020). Therefore, the 

opportunity to achieve gains through improving productivity is great. However. success relies 

upon the delivery of projects that effectively return sustainable profit margins to contractors 

and consultants, as well as tangible value-for-money to the client. One such philosophy that 

aims to achieve the best balance between cost and benefit is VM.  

This study explores how VM practices are being implemented on New Zealand commercial 

construction projects, and to further elucidate the perceived barriers to using VM, the 

challenges faced, and benefits that VM offers. This was done through qualitative data analysis 

of interviews with key project stakeholders, comprising a client’s consultant project manager, 

two head contractors, and one specialist subcontractor. This fills gaps identified in the existing 

literature, include the interrelation between the parties, the involvement of subcontractor or 

specialist subcontractors, and the willingness of parties to participate in VM.  

A review of previous literature is provided. Then the research methodology is presented. Data 

is then analysed and discussed. Finally, conclusions and opportunity are provided.  

 

2 Literature Review 

2.1 What is value management? 

Value Management (VM) can trace its origins back to the years following the second World 

War. In the face of material scarcity and shortages, Lawrence D Miles an engineer at the 
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General Electrical Company, pioneered a system that looked to reduce the cost of the products 

manufacturing whilst not reducing the overall quality or functionality. His system, which was 

coined “value analysis” (VA), was based upon the theory that value can be expressed as the 

ratio between the cost of and the worth of the function. (Barton, 2018).  This philosophy has 

evolved over time and has also been called "value engineering” (VE). The principles of VA, 

VE, and more recently VM, have been applied to multiple industries since their inception, 

including manufacturing, engineering, technology (Zimmerman and Hart, 1982) and more 

importantly (for the purposes of this research), construction.    

VM in construction is the practice and methodology of identifying, rationalizing, and refining 

project costs. Each cost is weighed against the wants and needs of the key stakeholders, whether 

that is the client or the end-user. The aim is to achieve optimal value for money of the product 

being delivered. However, value is a subjective principle, and includes both monetary and non-

monetary factors. In construction, value can be defined as the ratio of the perceived benefits 

weighted against actual expenses required to achieve them. VM can, therefore, be defined as 

the philosophy and practice of ensuring that this ratio is balanced so that end-users are provided 

with the best possible product, that best meets their needs and wants (RICS, 2017; Shen and 

Yu, 2012). Within the regulatory framework of New Zealand, VM is defined as “a structured 

and analytical process which seeks to achieve value for money by providing all the necessary 

functions at the lowest cost consistent with levels of quality and performance” (Standards New 

Zealand, 1994). Therefore, VM should not be viewed purely as a “conflict-oriented design 

review, cost reduction, or standardization exercise”, but rather as a means to achieve maximum 

value which is described as “a required level of quality at the least cost, the highest level of 

quality for a given cost, or from an optimum compromise between the two” (Kelly & Male, 

1993).   

VM is sometimes regarded as being synonymous with cost reduction, however, this is not the 

case. Although value management normally does result in the reduction of the cost, the aim is 

not to reduce cost but to improve value. Therefore, the process essentially involves the 

elimination of unnecessary costs imbedded in designs without reducing the level of functional 

quality. Improved value can be achieved in three ways: providing for all required functions, 

but at a lower cost; providing enhanced functions at the same cost; or providing improved 

function at a lower cost (Cartlidge, 2018). There can be several elements in any project that 

contribute to poor value and that need to be addressed (Yu & Shen, 2016). For example: poor 

communications, outdated standards or specifications, lack of needed experts, unnecessarily 

restrictive design criteria, scope of changes for missing items, lack of needed information 

(Norton and McElliott, 1995). 

2.2 Importance of value management 

Construction, like other industries, must make use of limited resources to deliver a suitable 

product that is fit for purpose. These limited resources include but are not limited to the client’s 

budget, time, labour, and raw materials. Most often, cost and time overruns are attributed to 

project failure. In a recent survey of international construction projects, it was determined that 

approximately 86% of construction projects ran over budget, and that almost 90% of projects 

incurred cost overruns (Flyvbjerg, et al., 2018). The key factors linked to cost overruns have 

been broadly grouped in to two categories: contractor’s site management, and financial 

management. (Rahmin, et al., 2013). A recent survey of New Zealand construction projects 

further determined the most influential factors that affect cost overruns. These are; market and 

industry conditions (i.e., competition, resource availability, boom and bust cycles), the 

regulatory regime in New Zealand (Building Act, Building Code, local by-laws), the key 
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stakeholders’ perspectives (i.e.: the influence of client, consultants, contractors and their 

respective input and roles), project characteristics (site accessibility, project complexity, supply 

chain, method of procurement, use and availability of technology), and  macroeconomic 

dynamics (global economic trends, employment, labour costs, inflation) (Zhao, et al., 2019). 

So, from this list of factors, it is apparent that there are many VM considerations that that can 

be analysed in terms of project VM. Because there are so many ways that VM can be applied, 

there are multiple methodologies that can be employed.   

2.3 Common VM approaches 

There are several different ways the VM process can be implemented. The level of risk 

involved in the project is a consideration (Constructing Excellence, 2015). For high risk, high 

value projects a full VM procedure is almost always justified. For high risk, low value and low 

risk, high value projects, desktop VM studies will often suit, provided there is input from all 

stakeholders. For low risk, low value projects a VM exercise is not usually necessary. 

The 40-hour workshop is the most comprehensive VM process and takes five working days to 

complete. It is time consuming and expensive but can provide excellent results. A shorter 

version of 1-2 days is often preferred as an alternative as it involves less time and resources up 

front. The VM workshop brings together the major stakeholders who have the expertise to 

identify and solve the problem. One of the keys to successful VM workshops is the selection 

of a multidisciplinary team with different backgrounds and attitudes. Apart from ensuring that 

all the necessary technical expertise is present, this is likely to introduce differing views and 

solutions to the problems being studied. This team works under the direction of a facilitator 

whose role it is to review the project and ensure that all the team members understand the 

client’s requirements and develops a cost-effective solution (Cartlidge, 2018). 

The workshops follow a systematic job plan (Yu & Shen, 2016) consisting of seven phases. 

The first phase, orientation, establishes the client’s needs and wants to determine the objective 

and the desirable characteristics of the project. It establishes what ‘value’ means to the client. 

These are the key drivers of the project and will determine where value management can best 

be achieved across the project. This is followed by phase two whereas much information is 

gathered as possible to identify the function of the whole project or parts of the project. Then 

the creative phase of the value management process begins – speculation. The team and value 

management consultants generate ideas for the project. This is followed by analysis and 

evaluation (phase four). Evaluation techniques are used to determine the ‘best’ ideas that have 

been developed. The selected ideas are then considered in detail, including technical and 

economic feasibility and viability (phase 5). The refined ideas that come out of this phase are 

carried forward to the final proposal including working drawings, calculations, and costs (phase 

6). Finally, the presentation of these findings is made to the Client (phase 7). 

A range of tools exist for use in the workshop setting. These include, brainstorming, Delphi, 

questionnaires, SWOT (strength, weakness, opportunity, threat) analysis, interviews, and 

FAST (functional analysis system technique). Delphi (and other questionnaire methods), 

involve multiple rounds of survey and questionnaire collection to generate a consensus on what 

stakeholders find the most important key drivers. Desktop and group methods such as SWOT 

and FAST attempt to identify the internal and external factors that may have an influence on a 

project, and generally, participants will try to plan or make contingencies for the perceived 

weakness and threats that exist (Leigh, 2009).  The current literature shows that these 

techniques are used commonly for construction (Helms, M.M and Nixon, J, 2010) and that they 



  

157 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

can be used collectively to deliver successful projects (Parraga et al., 2014) (Tavana et al., 

2012).   

Objectives to consider can include sustainability, whole-life-cycle costing (WLCC), risk 

management, and lean construction. Sustainability is concerned with the preservation of finite 

resources, and therefore shares principles with VM. In earlier studies, sustainability was listed 

as one of the factors identified during VM workshops (Zainul, Abidin and Pasquire, 2005). 

Since then, sustainability has been a focus in New Zealand particularly with the establishment 

of the New Zealand Green Building Council (NZGBC), whose vision (relating to value 

management in particular) is to produce building that are sustainable and healthier for New 

Zealanders (NZGBC, 2021). A recent international study showed that VM principles were 

applied across several projects to help reduce or eliminate unnecessary activities or materials 

that negatively affect sustainability, as well as promote sustainability principles (Aghimien et 

al., 2018).  

A similar approach that covers many of the key aspects of VM and sustainability is Whole 

Life-Cycle Costing (WLCC). This aims to account for all the costs from the initial design phase 

through to eventual demolition or ‘cradle to the grave’). WLCC requires significant amounts 

of design phase planning, and therefore benefits from VM methods. By aiming to reduce costs 

across the project lifecycle and minimising operating costs, WLCC takes a similar approach to 

considering sustainability. A recent analysis critically analysed the practices employed by both 

approaches and found many cross-over points and similarities (Lateef et al., 2013).    

Lean aims to reduce the waste generated by inefficient supply-chains, methods, or poor design 

by eliminating non-value adding activities. A paper from the early 2000’s based on Australian 

construction projects identified some of the key contributors to waste being poor quality 

documentation, weather, unclear drawings, poor designs, design changes, and unclear 

specifications (Alwi et al., 2002). These variables are often covered in VM workshops, and can 

be identified, reduced, and potentially eliminated. More recent technology in construction such 

as Building Information Modelling (BIM), has helped to identify reductions in labour, material 

usage, and wastage on-site by identifying potential buildability clashes (Bryde et al., 2013).   

2.4 Challenges to value management 

Challenges faced adopting VM fall into one of three categories, human factors (client/ 

contractor relationships, effective communication methods, and the differing levels of 

understanding of VM principles), project evolution (changes as a project takes place), and costs 

(both financial and time) (Curlan et al., 2016). As construction projects progress the 

opportunity to add value through VM diminishes. Maximum benefits can be achieved earlier 

in the project (Norton & McElligot, 1995). Therefore, parties must be willing to participate in 

VM practices during design development stage to see the most benefit, and not when issues 

become apparent. The form of procurement strategy, such as such as two-stage early contractor 

involvement (2S-ECI) and design and build (D&B) can therefore support VM through 

involving contractors during design development. Finnie, AMEER Ali, and Park (2019) found 

through interviewing 23 construction professional across New Zealand, that the optimal time 

to involve contractors through 2S-ECI is typically after concept design and some detailed 

design development.  

Previous studies have identified further factors that can inhibit VM practices. A recent survey 

of contractors found the most common challenges faced when attempting VM implementation 

include: team obstructions (unwillingness of parties to participate and difficulty getting started, 
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misconception of implementation costs), study obstructions (lack of value engineering culture 

in companies, lack of professionalism, lack of guidance or framework), implementation 

difficulties (unwillingness to apply findings or principles, cost oriented procurement 

approaches, lack of management support), and conceptual problems (that VM is too 

theoretical) (Kissi et al., 2016). Receptiveness to VM adoption may depend on stakeholders’ 

experiences. For example, first time buy-in can be difficult (Jaapar et al., 2012). For 

international projects, the difficulties in using VM stem from a lack of local understanding, 

context, and appreciation for different value systems, thus hindering the effectiveness of VM 

workshops (Curlan et al., 2016). The scope of VM application can therefore vary. For example, 

Daddow and Skitmore (2004) found that VM use in Australian construction tended to focus 

more on risk management than wholistic value.  

2.5 Trends in New Zealand 

The use of VM appears to have grown in New Zealand. An article published in Build Magazine 

outlined how VM was being implemented on several large-scale projects, including the major 

redevelopment of the Ohakea Air Base (Waterhouse, 2007). The cost of building in New 

Zealand has been increasing steadily over past couple of decades. This includes both building 

costs and professional services (Statistics New Zealand, 2021). Events like the leaky homes’ 

crises of the early 2000s, had detrimental impacts on the construction industry and ultimately 

led to price increases, either through increased regulation, or material prices (BRANZ, 2018). 

With the economic effects of COVID-19 resulting in labour and material shortages, high-cost 

inflation, and material delays (Radio NZ, 2022). VM practice are particularly needed to avoid 

delays in the supply chain and help ensure optimal value for the costs paid. 

3 Methodology 

Data was collected through semi-structured interviews face-to-face, online, or telephone, and 

analysed using a qualitative analysis approach. Qualitative analysis focusses more on the 

meaning of the data collected, rather than the frequency or quantity of the data. The advantages 

of this style of research include the ability to capture the participants feelings and opinions of 

the research topic, it allows for greater interpretation of context-specific topics, and it also 

allows the researcher to capture not only verbal cues, but non-verbal cues which may offer 

further insight into the respondents’ attitudes and feelings. However, drawbacks of this 

approach include the variability in quality of responses, over-generalization of responses to fit 

one narrative, and the amount of time required to collect a statistically significant data sample 

(Rahman, 2017). For this research project, the focus is to capture the opinions, attitudes, and 

feelings of respondents towards value management, and to capture the subjective advantages 

and disadvantages of value management rather than to represent statistical significance of the 

data. Therefore, qualitative methods are more effective in this space than quantitative methods. 

The 10 semi-structured interview questions aimed to first establish the participant’s 

understanding of the topic matter, their experience in using value management, and the types 

of approaches being used throughout the process. Questions were then designed to elucidate 

the attitudes of the respondents towards VM as whole, for example, their interpretation of the 

relationships between parties, how invested parties were in the VM processes, and finally the 

perceived challenges and benefits of VM. Each of the questions were open-ended, and therefore 

facilitated free-flowing conversation. An effort was made when formulating these questions as 

to avoid double-barrelled questions or vague questions.    

Q1. What is your understanding of value management principles and their application?   
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Q2. To what extent are value management principles being used during the preconstruction 

stage?   

Q3. How do you decide which projects are key candidates for value management?  

Q4. Is value management driven by the contractor, the consultants, or the client?  

Q5. What value management strategies and principles are being used?   

Q6. How receptive are all parties to being involved in, and implementing value 

management strategies?  

Q7. What are the key challenges or barriers to the successful implementation of value 

management strategies?  

Q8. What operational benefit has been obtained by implementing value management on 

construction projects?  

Q9. What commercial benefit has been obtained by implementing value management on 

construction projects?  

Q10. How likely are you to employ value management on future construction projects?  

This type of approach has been shown to be advantageous if extended discussions develop that may 

extend beyond the questions asked and highlight other areas of interrogation that were not initially 

clear at the outset of the research project (Harvey-Jordan & Long, 2001), allowing for follow up 

probe questions. Further to this point, the guidelines for semi-structured interviews set out by 

Harvey-Jordan & Long (2001), provide that effective interviewing requires adequate preparation 

time before hand, especially when limited responses are given to questions or when deciding the 

most effective probe question techniques. An effective interviewer should be able to draw upon 

their knowledge of the subject to provide prompts and cues to elicit deeper responses from the 

respondent. Therefore, prior to the commencement of interviews, a review of the data collected to 

date (literature review, other interview responses) was carried out to ensure that sufficient talking 

points were remembered ahead of the interview. The disadvantages of the semi-structured 

interview are also well documented, particularly around the time commitment required to first 

conduct the interview, and secondly to transpose and interpret the responses given. In addition to 

this, the non-quantitative approach to data collection can make drawing meaningful conclusions 

difficult, especially if only a handful of interviews are conducted (Wholey et al., 2010).   

Due to the restrictions and difficulties around in-person interviews due to Covid-19 disruption, 

most of these interviews were conducted either over the phone, or via Microsoft Teams. On the 

surface, this may seem disadvantageous, as telephone and internet-based interviews diminish the 

impact of visual cues that can be interpreted during in-person interviews, however literature does 

suggest that this format encourages greater agenda driven conversation (Novick, 2008). This 

method may make respondents feel more comfortable disclosing confidential or commercially 

sensitive information with some degree of anonymity (Cachia and Millward, 2011).  

Data was collected through a combination of obtaining a recording of the conversation (with the 

consent of the respondent), as well as noting key points raised during the conversation. It was 

important that notes were taken during the interviews to capture context and record ideas that arose 

during the conversation. This dual pronged interview technique allowed for free-flowing 

conversation, whilst capturing all the pertinent data, and synthesizing original ideas that arose from 

the interview conversation.   
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3.1 Profile of interview sample 

Four semi-structured interviews were conducted with two head contractors, a consultant project 

management firms, and an interiors fitout specialist subcontractor, all located in Otago New 

Zealand. All had considerable experience in VM. A description of the respondents, and an 

indication of their respective business sizes are shown in table 1 below.   

Respondent ID Role of Respondent Location of Respondent Company Size * 

Respondent 1 Head contractor #1 Dunedin Large 

Respondent 2 

Specialist subcontractor: 

interior fitout company – 

plasterboard, insulation, 

steel stud, aluminium 

partitions, suspended 

ceilings etc. 

Dunedin Medium 

Respondent 3 
Clients’ consultant project 

manager (PM) 
Dunedin Large 

Respondent 4 Head contractor #2 Dunedin Large 

Table 1: Interview sample 

*Company size is based on MBIE classification for company size and number of FTE employees 

(MBIE, 2019).   

3.2 Ethics approval 

This project involved the use of human participants for the purposes of semi-structured formal 

interviews. Therefore, in line with the Otago Polytechnic guidelines, full OPREC ethics 

approval was granted for the conducting of these interviews. The ethics application, including 

the information sheet, consent form, and interview questions were reviewed and approved by 

OPREC on the 22nd of August 2021, prior to any interviews being conducted. In the interests 

of anonymity, and to avoid disclosing information that could be deemed commercially 

sensitive, the names and companies of the respondents is concealed. Each respondent will be 

referred to as per Table 1.   

4 Findings and Discussion 

The interviews yielded consistent and informative data that tended to agree with previous 

studies. The responses of each interviewee to the questions are thematically analysed and 

discussed in relation to the existing body of knowledge. 

Q1. Understanding of VM principles:  

The interviews generally demonstrated a good understanding of VM principles. Each 

interviewee described VM as a refinement of the project design to best deliver on the clients 

brief in the most cost-effective way. This aligns with the definition by Standards New Zealand 

(1994). Both head contractors said that the VM process had to be timed correctly, i.e., not too 
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early in the design phase (concept), and not too late (detailed design) to be most effective. This 

agrees with Norton & McElliot (1995) about the importance of timing and aligns with Finnie, 

AMEER Ali, and Park (2019) that the optimal time to engage contractors through 2S-ECI is 

generally after concept design and part detailed design development. The specialist 

subcontractor described VM as the introduction of alternative methodologies or materials as a 

means of achieving the clients brief in a more cost-effective manner.  

Both contractors provided that in a competitive market, effective VM could make the 

difference between securing a job or not. This demonstrates a variant of VM where contractors 

use VM as a cost engineering exercise during tender preparation. This is also exemplified by 

the specialist subcontractor who said that they were able to leverage their expertise in their 

specialist trade during VM process to provide recommendations to the head contractor when 

tendering for work.  

The selected procurement pathway also impacts the application of VM, for example, both head 

contractors discussed how the collaborative approach of 2S-ECI procurement was conducive 

to effective VM. This was echoed by the PM, who said that VM has become more common, 

including under D&B procurement.  

Q2. Extent of VM during pre-construction:  

All interviewees agreed that VM was being used extensively during the pre-construction phase. 

The recent market conditions imposed by COVID-19 (material shortages and delays, project 

shutdowns, cost escalations) were cited by all interviewees as one of the major drivers of 

undertaking VM for almost all projects in the current market. The PM highlighted the 

importance of developing a business case for all projects, and that VM was inherent in that 

process.  

Q3. Rationale for applying VM to a project  

Head contractor 1 provided that the rationale for VM generally centred around the client’s 

budget and those clients commonly request VM to bring the project back within budget. Head 

contractor 2 added that VM is also used on projects where there was deemed a higher 

commercial risk to the company so that efficiencies could be harnessed either through cost 

savings to the contractor and the client and efficiencies in the construction programme. This 

supports findings by Daddow and Skitmore (2004) who found VM commonly focused on risk 

management. The PM added that the design process and VM should be carried out together, 

through constant cost checking exercises at each stage of the design process. Again, the 

procurement pathway adopted was identified as one of the key determiners of VM application. 

The subcontractor felt that the limitation in the scope of their package allowed them to employ 

their expertise and offer multiple solutions to the client (via the head contractor), and that they 

commonly did this as a matter of course with their preferred head contractors to achieve mutual 

benefits.   

 

Q4. Which parties drive VM?   

The lead of VM practices depends on the procurement pathway adopted. VM practices may be 

led by the client’s project manager during design development under 2S-ECI, the head 
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contractor during D&B procurement, or contractors during their preparation of tender bids 

under traditional procurement through cost engineering to gain competitive advantage.  

Head contractor 1 believed that the type of procurement was key in determining who front-

footed the process. They provided that all parties were more invested and generally more 

collaborative under 2S-ECI. This is supported by Finnie, AMEER Ali, and Park (2019) who 

found that 2S-ECI both relied on and could build trust across the interdisciplinary project team. 

They also said that they had more influence in VM processes under D&B where they employed 

their consultant team. In head contractor 2’s experience the client usually requested and drove 

VM through the involvement of their project management consultant. The PM supported this 

and felt that all parties had a vested interest in VM being applied efficiently and without 

workshops dragging out unnecessarily, particularly design consultants who expended their 

costs during workshops and design rework. The subcontractor, who routinely incorporated VM 

elements into their trade package found that they were able to drive VM in tenders, and 

subsequently provide the contractor with a competitive advantage.  

Q5. VM strategies being used:   

For the contractors, the most used strategy in VM was the use of workshops. These workshops 

allowed the client, consultants, and contractor to meet and definitively determine the project 

objectives. Contractor 1 was a strong proponent of carrying out focussed discipline specific 

workshops, i.e., structural, architectural, and mechanical workshops, to ensure that only the 

relevant parties were present at each meeting. This allowed all parties to remain engaged and 

focussed on the design discussions that directly related to their scope of work. Both contractors 

felt that workshops are the best method of determining the client’s “shopping list” of must-

haves, and key deliverables. From the perspective of the PM, their approach focussed more on 

cost value costing exercises and value engineering. Depending on the stage of their client’s 

design, they were able to offer value management in different ways. For example, in the early 

design stage or concept stage, the focus was on the bulk and location and comparing metre-

squared rates. As the design evolved, and more costs became set, the focus could then shift to 

value engineering the fitout of the project, or the external envelope. This process would involve 

collaboration with the client, confirming their needs as the design evolves, and would 

eventually involve the head contractor. From the subcontractor’s point of view, their 

involvement in workshops or design analysis was limited, they generally offered alternative 

solutions to the contractor, who would then take them on to the client. The subcontractor noted 

that any direct interface with the client in the VM process was limited or non-existent.   

Q6. Receptiveness and attitudes of parties towards VM:   

Interviewees agreed that the most receptive parties in VM were the client, the contractor, and 

the lead-consultant because they obtained the most benefit. According to head contractor 1 

there was a risk of design consultants, such as architects, structural engineers becoming 

disengaged due to the additional time spent reworking their design. This was echoed by the 

PM who said that designers were often uncomfortable with the number of re-designs required, 

with a lack of clarity around who pays their additional costs. This was supported by the 

subcontractor who said that they often offered VM alternative solutions, but that architects 

were often reluctant to change specifications. They speculated that this could be due to the 

architect being unwilling to expend further time and cost and that architects could be tied into 

relationships with manufacturers by specifying their products or systems. This exemplifies the 

challenge identified by Curlan et al (2016) regarding project changes and the cost and time 

required/  
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Q7. Key barriers and challenges to VM:   

Timing required for VM appears a key challenge to using VM. All interviewees expressed the 

importance of balancing the time and resource spent on VM practices with the potential gains 

achieved. From both head contractors’ perspective, the key barrier to VM being successful on 

a project was the sheer amount of upfront time and cost that was necessary to get a project over 

the line. This could take anywhere from 6-12 months from early design to developed design 

for construction. The potential for adversarial relationships between the contractor and 

consultants risked drawing out the process. Head contractor 1 said that the short validity periods 

in trade quotes in the current market often expired before the VM process could be completed, 

therefore requiring re-pricing. Subsequent increases in material and labour costs risked of 

outweighing the benefits through VM.   

According to the PM, a key challenge is the competing commercial interests of each party. For 

example, the contractor wants to pass as much risk on to the client as possible and vice versa. 

The contractor seeks to maximise costs, whilst keeping it palatable with the client, to offset 

their commercial risk. Vague scope can lead to unnecessary time spent on re-design and re-

costing. They highlighted the importance of managing the client’s expectations in the process. 

Both head contractors, and the PM noted that without effective risk management strategies in 

place, that the benefits of VM could easily be negated. All interviewees expressed the 

importance of balancing the time and resource spent on VM practices with the potential gains 

achieved.  

PMs may demonstrate added value to the client through facilitating VM. Contractors can use 

VM for competitive commercial advantage using value engineering during their tender 

submissions, or trough demonstrating their VM capability in 2S-ECI. However, it is often less 

clear who pays the designers for time spent re-working their design.  

Design consultants may feel threatened and become disengaged through what may seem 

endless rounds re-working their own design. Specialist contractors may also become 

disengaged when providing cost alternatives that are not adopted by the design team. Often 

designs are based on specifications provided by the architect’s preferred specialist 

subcontractors. The specialist subcontractor interviewed speculated that this may why the 

design alternatives are often not adopted by the design team, despite being cost advantageous.  

Interviewees agreed that the procurement pathway should support the VM methodology. Either 

through 2S-ECI, D&B or traditional. And that VM is more relevant in the current market 

conditions of labour and material scarcities. However, it remains unclear what VM method 

should be used or whether VM is necessary at all, per project. Nor the tools to use, such as 

SWAT or Lean. Or how to use them.  

Q8. VM Benefits:   

Both head contractors felt that the greatest benefit was the ability to sequence their works more 

efficiently, and this had a positive impact on the construction programme. The collaborative 

nature of the process allowed the contractor to fully understand the client’s situation and their 

motivations, and therefore plan activities to minimize their time spent on-site. This supports 

findings support Finnie, AMEER Ali, and Park (2019) that 2S-ECI can improve project 

planning regardless of the pre-construction services offered by contractors, and Finnie and 

Smith (2021) that 2S-ECI supports better planning and carrying out exploratory work to reduce 

issues during construction. Furthermore, the collaboration with specialist subcontractors and 
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the use of BIM also reduced the number of service clashes, and reduced buildability issues. 

The use of off-site manufacturing (pre-cast concrete, pre-manufactured components) also 

improved efficiencies. Contractor 1 said that they had noticed that the overall quality of the 

work completed on projects that employed VM was better with reduced rework. This supports 

findings by Mosey (2011) that 2S-ECI can iron out issues and reduce issues onsite.  

The PM felt the greatest benefit comes from the innovations that VM practices promote, 

particularly related to WLCC for government projects. This supports the critical comparison 

between VM and WLCC by Lateef et al., (2013). From the subcontractor’s perspective, the 

greatest operational benefit was labour efficiencies, less time spent on site, and subsequently 

lower preliminary and general (P&G) costs, plus improved business reputation. 

Q9. Commercial benefits of VM:   

The main goal of contractors is to increase their profit margins whilst maintaining a strong 

relationship client relationship through effective project delivery. Both contractors said that 

VM on previous projects had led to savings on labour through alternative materials identified 

in workshops or alternatives proffered by subcontractors. They also discussed the advantages 

of negotiating with clients through 2S-ECI and agreeing favourable commercial terms. This 

generally meant an open-book pricing approach. This therefore helped to secure the work 

without the need for tendering on the open market. Rahman & Alhassan (2012) described 

negotiating work through an ECI open-book approach as a beneficial to contractors and that 

VM was key in enabling this. In addition to this, the success of the contractors in the VM space 

was particularly valuable in securing future negotiated work. From the viewpoint of the PM, 

the commercial certainty achieved through using VM was the most important benefit identified. 

Being able to convert projects from concepts into full-blown construction was made easier 

through the collaborative VM process. They also felt that the increase uptake of VM strategies 

by construction companies in New Zealand would give the market more confidence to employ 

VM on future projects.   

Q10. Likelihood of using VM on future projects:   

All interviewees said that they would be using VM principles on future projects. The PM 

pointed to the evolution and availability of BIM and how it will help make will make VM a 

more iterative process, streamlining cost checking exercises. This is described by Bryde et al 

(2013). Given market conditions imposed by COVID-19, all interviewees agreed that expertise 

in the VM can help mitigate the effect of what are regular and significant cost increases. 

Overall, interviewees were optimistic about the use of VM moving forward, particularly around 

companies growing their VM capabilities and improving business reputations and secure future 

work, particularly through 2S-ECI. This advantage is documented by (Turner & Riding, 2015). 

Finnie, AMEER Ali, and Park (2019) also described contractors working to improve their pre-

construction services to help secure future work through 2S-ECI.  

 

 

5 Conclusions  
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This study has provided insight into industry perceptions on the efficient use of VM used on New 

Zealand commercial construction projects. Findings are limited by the number of interviews 

conducted. Expanding the number of interviewees would help bolster these findings.  

The need to balance time invested in VM with the likely benefits, and balancing competing interests 

is key to VM success. The client’s PM should decide the VM methodology and the procurement 

strategy together because they support each other. Where appropriate, 2S-ECI or D&B should 

involve contractors before detailed design specifications are decided. This may improve buy-in 

from both architects and specialist subcontractors. A model for establishing the best VM 

methodology per project and the tools used, could improve productivity by optimising value whilst 

mitigating unnecessary design rework.  

The VM methodology should be specified in each consultants’ contracted scope of work. That way 

each consultant can estimate the cost of attending workshops and making design changes, giving 

transparency to consultant fees. Their contracts should also make clear who pays if workshops run 

over. That means the estimated number of workshops and technology used, such as BIM, needs to 

be decided before employing design consultants. 

Similarly, Finnie, AMEER Ali, and Park (2020) argued that the scope of contractors’ pre-

construction services should be specified in a pre-construction service agreement (PCSA) (Finnie, 

AMEER Ali, and Park, 2021). As part of their study, they developed a standard form PCSA for use 

in New Zealand construction. It is currently freely available to members of the Society of 

Construction Law New Zealand (SCLNZ). 

Further research could involve wider interviews and developing a VM model and testing it using 

the Delphi technique to survey interviewees to reach consensus across the interview sample. This 

would triangulate the findings through a blended qualitative and quantitative research 

methodology. This study is part of a larger project and further research is planned by the lead author 

in this space for future publication.  

These findings can inform such construction professions as project management, quantity 

surveying, architecture, and engineering. Both by direct industry application and through tertiary 

degrees and diploma programmes in architecture, engineering, and construction. The findings also 

add to the growing academic body of knowledge in procurement, VM, and 2S-ECI. Findings are 

particularly relevant given the growing use of VM in industry.  
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Abstract 

The recent COVID-19 pandemic has changed many companies’ office work arrangements to 

hybrid work arrangements. As society shifts towards hybrid work models, hybrid working is 

becoming the new norm. The main objective of the study is to investigate Quantity Surveyors’ 

(QS) attitudes towards hybrid working. Data was obtained through snowball sampling using 

Google Forms to contacts working in the industry. The attitudes used in the study consists of 

the top three reasons for liking or disliking hybrid working, conduciveness, and productivity 

of the working environment. Data cleaning was conducted on the 43 responses collected which 

resulted in 31 valid responses. Based on the 31 responses, 71% of QS surveyed prefers to work 

in a hybrid working environment. The results of the study show that the top three reasons for 

liking hybrid working are: 1) Reduced Transportation Hours, 2) Flexibility, and 3) Reduced 

Expenses. Conversely, the top three reasons against hybrid working are: 1) Longer Working 

Hours, 2) Socialising Issues, and 3) Work Environment Issues. In addition, when compared to 

males, it was found that female QS perceived their homes to be more productive and conducive 

than their offices. However, when comparing within the same gender, there was no significant 

difference observed in perceived conduciveness and productivity between the home and office 

work environment. The results provide deep insights on employees' work preference, to better 

attract and retain talent in the industry.  

Keywords 

hybrid working, quantity surveyors, work environment preferences, working from home, 

working from office.  

1 Introduction  

Due to the Coronavirus (COVID-19) pandemic and the government restrictions on Safe 

Management Measures (SMM) at workplaces, the number of people working from home in 

Singapore has increased significantly. Since Singapore exited Circuit Breaker (CB) on 1 June 

2020, Phase 2 Heightened Alert and other SMMs were established to prevent the spread of 

COVID-19 at workplaces (Ministry of Manpower 2021). From 14 May 2021, Work from 

Home (WFH) became the default arrangement for employees in Singapore (Ministry of 

Manpower 2021). Today, even though COVID-19 restrictions were eased, WFH still exist in 

Singapore (Lim 2022). To provide greater flexibility and enhance the well-being of employees, 

it was reported that more companies prefer hybrid work arrangements over remote working 

completely (Lim 2022). The Singapore National Employers Federation's (SNEF) also 
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suggested companies to implement flexible work arrangements to cater for the diverse needs 

of employees (Lim 2022). Within the construction industry, the construction cost and contract 

consultants, also known as Quantity Surveyors (QS), perform an important role to assist clients 

in obtaining value for money in construction projects (Singapore Institute of Surveyors and 

Valuers 2022). As QS employees may also be assigned with various flexible work 

arrangements, the aim of this study is to explore QS attitudes towards Hybrid Working (HW) 

arrangements. The findings of the study will better allow employers to understand QS 

employee’s needs and requirements such as their preferred working environment, which 

includes working from home (WFH) or office and HW, as well as to understand the kind of 

work environment that can result in increased work efficiency and effectiveness of Singapore 

QS. 

1.1 Research Definition 

The term “Hybrid Work Model” is defined as the combination of working remotely and 

physical working in the office (Lenka 2021, Grzegorczyk et al 2021). However, some research 

papers had classified “Hybrid Working” under the same definition as WFH. In this paper, the 

definitions are integrated and HW refers to employees who work partly in the physical office 

environment and partly remote (at home or from another workspace).  

According to The Psychology of Attitudes, “attitudes” is defined as the extent of disfavour or 

favour expressed through evaluations from a psychological tendency (Eagly and Chaiken 

2007). The definition used in this study will be consistent with past studies, which is then used 

to document individual QS’ opinions and views towards HW.  

1.2 Research Problem  

Due to COVID-19 and various governmental regulations, HW has become more common in 

Singapore companies. However, there are few studies conducted on HW and there were no 

studies, to the best of the authors’ knowledge, conducted on HW for QS in Singapore. To 

address the identified research gap, this paper aims to bridge the knowledge gap of HW for 

Singapore QS. The overall aim of the paper is to explore the impact of the new normal with 

HW on QS working in Singapore.  

1.3 Research Methods & Objectives 

The data in this study were obtained by an electronic survey using Google Forms and sampled 

through contacts. The objective of the study is to investigate QS attitudes towards HW. 

2 Literature Review 

The transition towards HW became more prevalent in Singapore companies after COVID-19. 

In this section, it explains the new work arrangement normal, HW, occurring in the society 

today, as well as the advantages and disadvantages of HW, and possible future arrangements 

that can be implemented through reviewing past literatures.  

2.1 Hybrid Working 

In the recent years, organisations around the world began to normalise work environments 

towards adopting hybrid work model, an arrangement which provides employees flexibility 

with working remotely or working physically in the office (Lenka 2021). In the Australian 



  

172 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

construction industry, hybrid teams, also known as partially virtual teams, were being 

increasingly utilised as people were dispersed geographically across various time zones 

(Hosseini et al 2017). Although the trend shifts towards HW, it was reported that hybrid work 

model is dependent on the nature of the job (Beck and Hensher 2021, Vyas 2022). For instance, 

finance and corporate management services may be conducted from home while in-person 

involvement professions such as front line and agriculture services are unable to work remotely 

(Dingel and Neiman 2020). This resulted in remote working being highly dependent on the 

tasks required of the employee (Vyas 2022). As such, the hybrid work model is introduced as 

a combination of telework and office work with considerations on risks involved, effectiveness 

and resources available (Raghavan et al 2021). Post COVID-19, HW will become the new 

norm (Raghavan et al 2021, Vyas 2022). Some companies that are supportive of adopting this 

new norm includes Amazon, Google, Microsoft, and Siemens AG (Vyas 2022). While caveats 

of WFH such as lack of social interaction and collaboration remains, a hybrid work 

environment which combines WFH and working from office can help to address the barriers 

(Beck and Hensher 2021). 

2.2 Advantages and Disadvantages of Hybrid Working  

As HW consists of WFH, which is defined as working from home on one or more days a week 

(Afrianty et al 2022), the relevant content from the literature review comprising of advantages 

and disadvantages of WFH will be discussed in this paper. The advantages of WFH includes 

1) time flexibility, 2) reduction in commute time, 3) work-life balance, 4) ability to retain and 

attract employees, and 5) enhanced commitment of employees and improvement of workflows 

(Afrianty et al 2022).  

The disadvantages of WFH include work-life balance issues, availability of workspaces for 

WFH, differing non-paid labour while engaging in WFH and technological issues (Beck and 

Hensher 2021). A study conducted in Singapore on WFH revealed that the biggest challenge 

was the inability to leave work after working hours, insufficient social interaction with work 

associates and difficulty of obtaining trust in a working relationship (Mathews et al 2022). A 

study conducted in Australia had also reported that 17.5% of their employees during COVID-

19 had increased their working hours when WFH (Biddle et al 2020). Some other challenges 

of WFH in India includes managing teams, lag in service delivery, requiring resources and 

training in IT, requiring softwares to enable WFH and that some employees’ homes were 

uncomfortable, unsuitable, and disruptive (Afrianty et al 2022). However, in Europe, the main 

benefits of WFH consists of work-life balance, improved work efficiency and greater work 

control while the drawbacks include work uncertainties, home office constraints and 

inadequate tools (Ipsen et al 2021). This differs from past studies where benefits of WFH 

includes better work-life balance. This may be because the transition of home into a work 

environment has brought work loads into homes and free times to work, inhibiting work-life 

balance of individuals (Vyas 2022). Given the advantages and disadvantages of WFH, these 

may be reasons to why individuals like or dislike HW.  

2.3 Gender, Conduciveness & Productivity of Hybrid Working 

Past research had found that WFH is conducive for families to attain greater balance between 

work and life (Dockery and Bawa 2018). However, it was reported that scientists which 

requires hands-on work are unsuited for WFH (Liu 2020). Comparing conduciveness of WFH 

amongst gender, a research conducted in Singapore found no difference in work conduciveness 

between male and female caregivers (Danker et al 2022). However, it was reported that male 

non-caregivers found WFH to be significantly less conducive than female non-caregivers who 
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WFH (Danker et al 2022). In another study conducted in South Africa, it was found that males 

find WFH more conducive as woman may be the main caregiver and that she may be required 

to care for the family, thereby positioning WFH as less favourable (Sucheran and Olanrewaju 

2021).  

Research on HW had also highlighted that due to flexible work arrangements, certain 

employees may think that they are more productive as they can better manage their time and 

location while others may have trouble WFH due to disruptions from their family or children 

at home (Vyas 2022). According to research conducted on 16,000 employees at Ctrip, a  

NASDAQ-listed financial services company from Shanghai, it was reported that a 13% 

increase in performance was observed when employees WFH (Bloom et al 2015). The firm 

had also attained increased productivity within 20% to 30% and economise $2,000 per year for 

each WFH employee (Bloom et al 2015). This finding aligns with past studies that reported 

how WFH can increase productivity (Prasetyaningtyas et al 2021, Vyas 2022). Although 

studies had reported that remote working increase efficiency and lowers burnout risk, there 

were also papers that highlight reduced productivity in females and those with lower pays 

within the United Kingdom (Kitagawa et al 2021). It was reported that the declined mental 

well-being was strongly associated with decreased productivity (Kitagawa et al 2021). 

Furthermore, Wang et al (2021) had found that in remote working, reduced productivity was 

observed when participants procrastinate, cyberloaf and were less disciplined. When 

comparing against gender, it was found that females were likely to have lower work 

productivity when WFH (Feng and Savani 2020). In contrast to past literature reviews, Afonso 

et al (2021) and Nayak and Pandit (2021) had reported that male teleworkers had lower 

productivity. However, a study conducted in Singapore found that gender is not a significant 

factor (Danker et al 2022), which contrasts with the aforementioned research.  

Empirical research reported that although work-life balance does not positively impact 

employee productivity, WFH has positive impacts on job satisfaction, which impacts employee 

productivity positively (Prasetyaningtyas et al 2021). Past research had also highlighted that 

there was a positive and strong correlation between work conduciveness and productivity 

(Danker et al 2022). The research reported lower productivity and conduciveness levels for 

male non-caregiver while a survey conducted by Deloitte reported that females can better 

habituate and were more content when WFH (Danker et al 2022). However, these may be 

subjective (Deole et al 2021). In Japan, WFH productivity was reported to be lower than the 

working from office (Morikawa 2022). As the research conducted were on general professions 

where there was little research conducted on HW for the QS profession in Singapore, to fill the 

research gap, this study will use conduciveness and productivity levels of Singapore QS to 

examine their attitudes towards HW. 

3 Methodology 

The sampling method used in this study was based on non-probability sampling, where there 

is no random selection in the sample selected and the selection was based on the researcher’s 

subjective judgment (Berndt 2020). In this study, the method adopted involves snowball 

sampling by reaching out to contacts working in the industry through Google Forms. Past 

studies of snowball sampling had revealed that participants in the sample grow with time and 

this method is used when researchers had difficulty reaching to desired population (Sedgwick 

2013). The primary data collection tool utilised for this research is survey questionnaires 

(Draugalis et al 2008). This study was approved by the Department Ethics Review Committee 

before data was obtained.  
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The attitudes measured in the study includes the top 3 reasons in descending order for liking 

and/or disliking HW, conduciveness of home and/or office work environments, as well as their 

productivity levels when working from home and/or office. The t-test was used for significance 

testing. The Jeffreys Awesome Statistics Package (JASP) was used in this study to generate 

the various tests results (Kelter 2020) as it was used in previous studies for involving t-tests, 

ANOVAs, contingency table analysis and linear regression models (Love et al 2019). Several 

past studies have also used JASP in their research (Han et al 2018, Kelter 2020, Kovari 2018, 

Love et al 2019). In addition, the open source nature of JASP allows for comprehensive 

statistical analysis without having to incur software costs in the study. In this study, QS from 

government agencies and private QS companies were engaged in the survey. The age of these 

participants ranges from 24 to 65 years old. The survey consisted of demographic questions 

and questions relating to their attitudes towards HW. This includes obtaining the top 3 reasons 

of liking and top 3 reasons of disliking HW, as well as obtaining their conduciveness and 

productivity levels when engaging in HW through a 5-Point Likert scale. Table 1 shows the 

list of questions for HW within the survey. 

Question Number Question 

Q5g. How conducive is your HOME working environment? 

Q5h. How conducive is your OFFICE working environment? 

Q5i. In your opinion, what is your productivity when working from HOME? 

Q5j. In your opinion, what is your productivity when working in the OFFICE? 

Table 1. List of questions in survey for QS to indicate Level of Agreement using a 5-Point Likert 

Scale from “Very unconducive” (1) to “Very conducive” (5) and “Very unproductive” (1) to “Very 

productive” (5) respectively 

A 5-Point Likert scale ranging from 1 (Very unproductive) to 5 (Very productive) and 1 (Very 

unconducive) to 5 (Very conducive) were used in this study to measure self-perceived 

productivity and conduciveness in home and office environments respectively. This scale 

method was obtained from past survey questionnaires determining teleworking characteristics 

(Nakrošienė et al 2019, Tejero et al 2021). This method was similarly employed in a study 

conducted on Singapore teleworkers to measure their productivity levels on a 5-Point Likert 

scale (Danker et al 2022). As such, both productivity and conduciveness scales employed this 

5-Point Likert scale even though the conduciveness of working environments was classified 

under productivity level in other papers (Danker et al 2022).  Qualitative data on 1) areas of 

improvement for HW and 2) whether would HW help to attract and retain talents in the QS 

sector were also collected. Although many had indicated HW is useful in retaining and 

attracting QS, due to the page limits, the qualitative data findings will not be discussed in this 

paper.  

4 Findings and Discussion 

This section discusses the findings of the study based on the survey collected from Full Time 

QS working in Singapore.  

4.1 Overview 

A total of 43 survey results were collected from QS in Singapore. After data cleaning, a total 

of 31 out of 43 participants’ survey response were used for analysis on HW factors. Only these 

31 participants (72.1%) response were valid as they have engaged in HW in the past 6 months. 

Based on the survey results collected, 22 out of these 31 QS respondents (71%) selected 

“Hybrid Working” as their preferred working environment. This result illustrates that most QS 



  

175 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

prefer HW as compared to the other work models. As past studies had found significant 

differences between the different genders and their productivity and conduciveness level, our 

study also explores if there is a significance between QS Gender and their attitudes in the 

context of Singapore. Hence, the following hypotheses were developed for the various attitudes 

towards HW (refer to Table 2). 

Hypothesis Description 

H1 QS attitudes on Conduciveness is significantly affected by Gender. 

H2 QS attitudes on Productivity is significantly affected by Gender. 

Table 2. Summary of Hypotheses 

4.2 Gender and QS Attitudes 

Past studies had conducted independent sample t-tests to evaluate perceived effectiveness of 

WFH with gender for workers WFH in Singapore and it was found that there was no significant 

difference obtained between male and female workers (Danker et al 2022). However, in our 

study, we found that females perceive their homes to be more conducive and productive than 

males. Frequency tables (refer to Tables 3 to 6) were used to list the top 5 reasons for liking 

and disliking HW for the respective gender in the following sub-sections.  

4.2.1 Gender and Top 3 Reasons for Liking/Disliking Hybrid Work 

The main top 3 reasons for Liking HW for both genders were firstly, reduced transportation 

hours, secondly, flexibility, and thirdly, reduced expenses. Table 3 illustrates the frequency 

table for females who Like HW. The top 3 reasons were reduced transportation hours, 

flexibility, and reduced expenses. Table 4 shows the frequency table for males who Like HW. 

The top 3 reasons were firstly, reduced transportation hours, flexibility, and better time 

management. From the frequency tables, we observed that for both female and male, QS having 

reduced transportation hours and flexibility in HW were the critical first and second reasons 

for their favour towards HW. The third reason for liking HW varies amongst gender where 

females tend to like HW due to reduced expenses on matters such as reduced transportation 

costs. In contrast, males find that they had better time management when engaging in HW. 

Comparing to the total top 3 reasons of liking HW and that as the sample skewed towards 

females, the reasons obtained for liking HW are skewed towards reduced transportation hours, 

flexibility, and reduced expenses. 

Factors Frequency 

Reduced Transportation Hours 14 

Flexibility 7 

Reduced Expenses 7 

More Rest Hours 4 

More Time for Family 3 

Table 3. Frequency of Females Liking HW 

Factors Frequency 

Reduced Transportation Hours 5 

Flexibility 5 

Better Time Management  3 

Lower Exposure to COVID-19 2 

Socialising 2 

Table 4. Frequency of Males Liking HW 
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The main top 3 reasons for Disliking HW for both genders are firstly, longer working hours, 

secondly, socialising issues and thirdly, work environment issues. Table 5 illustrates the 

frequency table for females who Dislike HW. The top 3 reasons were socialising issues, 

communication issues and longer working hours as well as transportation issues. Table 6 shows 

the frequency table for males who Dislike Hybrid Working. The top 3 reasons were longer 

working hours, work environment issues, socialising/IT issues. In general, the responses for 

top 3 reasons for disliking HW were lesser as compared to liking HW. From the frequency 

tables, we found that for both female and male respectively, longer working hours and 

socialising issues were their main reasons towards disliking HW. However, the number of 

males who found socialising important were less as compared to females. This might be due to 

more responses collected from females. While females find communication, work-life balance 

and transportation issues factors that caused them to dislike HW, the reason for males are the 

work environment and IT issues. This might be because female QS prefers more interaction 

and reduced transportation to better cater work-life balancing while engaging in HW. As 

compared to the total top 3 reasons for disliking HW, longer working hours and socialising 

issues were the main factors for both genders. However, as the sample is more skewed towards 

female participants, factors such as communication issues occurred more frequently in females 

than males. Moreover, due to the skewed sample, work environment issue was ranked second 

for males but fifth for females.  

Factor Frequency 

Socialising issues 6 

Communication issues 4 

Longer working hours 4 

Transportation issues 4 

Work environment issues/ Inconvenient/ Work-life balance issues 3 

Table 5. Frequency of Females Disliking HW 

 

Factor Frequency 

Longer working hours 6 

Work environment issues 3 

Socialising issues 2 

IT issues  2 

Communication issues/ Work-life balance issues/ Less flexibility/ Long screen 

hours/ Less productive/ Too many meetings in a day/ Psychological problems/ 

Difficulty in managing staffs 

1 

Table 6. Frequency of Males Disliking HW 

This is consistent with Danker et al (2022) where the majority of surveyed respondents in 

Singapore appreciated the reduced cost and time saved on transportation. This was similar to 

the reasons found from our study on liking HW. The advantages of WFH such as time 

flexibility and reduced transportation hours from past study also supports the reasons why QS 

in Singapore likes HW (Afrianty et al 2022). While the general top 3 reasons for Liking HW 

consists of reduced transportation hours, flexibility and reduced expenses, respondents may 

like HW because of its advantages.  

Findings from Mathews et al (2022) revealed that the top 3 challenges for WFH in Singapore 

includes “Not being able to unplug from work after working hours”, “Lack of social interaction 

with colleagues” and “Developing mutual trust between employer and employee”. While the 

general top 3 reasons for Disliking HW in our research includes longer working hours, 

socialising issues and work environment issues, the findings by Mathews et al (2022) supports 



  

177 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

our findings on disliking WFH. As people find it challenging to unplug from work after work 

hours while WFH, participants may dislike HW due to the increase of their working hours. The 

analysis of our findings can be supported by a study conducted in Australia where 17.5% of 

the employees had their working hours increased when engaging in WFH during COVID-19 

(Biddle et al 2020). A survey collected in South Africa had also supported our findings where 

52% of their respondent strongly agreed with long working hours being a disadvantage of 

remote working (Sucheran and Olanrewaju 2021). Participants in our survey had also 

mentioned socialising issues which includes not being able to socialise with people in the 

workplace and not getting much interactions with colleagues. This was also aligned with the 

study conducted in Singapore on another challenge of WFH - lack of interaction with their 

work associates (Mathews et al 2022). From the data collected on reasons of liking and 

disliking HW and with most of the QS preferring to work in a hybrid environment, the Hybrid 

Work Model should be adopted as it reaps on the benefits of WFH and working from the office, 

as well as reducing the negative impacts of WFH. 

4.2.2 Gender and Conduciveness of working environment 

In this study, a one tailed t-test was used to test the hypothesis of gender against the 

conduciveness of home and/or office working environments. The test results of females and 

males on the conduciveness of work environment are shown in Table 7. The results shows that 

conduciveness of home is not significantly different from office at a 5% level of significance 

for females at p = 0.135. Similar results were obtained between males and the conduciveness 

of working environment where conduciveness of home is not significantly different from office 

at a 5% level of significance for males at p = 0.827. 

Gender Hypothesis p-value 

Female  
Conduciveness of home is significantly different 

from office at 5% level of significance  

0.135 

Male  0.827 

Table 7. Female and Male Conduciveness 

4.2.3 Gender and Productivity 

It was observed in Table 8 that for females, the productivity when working from home was not 

significantly different from office at a 5% level of significance at p = 0.158. Similar results 

were obtained for male productivity where working from home was not significantly different 

from office at a 5% level of significance at p = 0.792. 

Gender Hypothesis p-value 

Female  Productivity of home is significantly different 

from office at 5% level of significance  

 0.158 

Male  0.792 

Table 8. Female and Male Productivity 

4.2.4 Average Perceived Conduciveness and Productivity 

The findings from this study mainly depicts that gender will not significantly affect the attitudes 

of QS. The survey results in Table 9 also show that on average, for both genders, QS had a 

perceived working conduciveness of 3.87 when working from home as compared to working 

from office (office productivity of 3.81). Additionally, when comparing the average perceived 
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productivity, working from home is 3.94 while working from office is 3.84. When comparing 

against the different gender, it was found that females had an average perceived conduciveness 

of 4.05 while males had an average perceived conduciveness of 3.55 when WFH. The average 

perceived conduciveness of females and males working in the office is 3.75 and 3.91 

respectively. While the average perceived productivity of females and males WFH is 4.10 and 

3.64 respectively and working from office is 3.80 and 3.91 respectively. These are shown in 

Table 10.  

 

Average 

Conduciveness 

(Home) 

Average 

Conduciveness 

(Office) 

Average 

Productivity 

(Home) 

Average 

Productivity 

(Office) 

Average  3.87 3.81 3.94 3.84 

Table 9. Average Perceived Conduciveness and Productivity for Both Genders using a 5-Point Likert 

Scale from “Very unconducive” (1) to “Very conducive” (5) and “Very unproductive” (1) to “Very 

productive” (5) respectively 

Gender 

Average 

Conduciveness 

(Home) 

Average 

Conduciveness 

(Office) 

Average 

Productivity 

(Home) 

Average 

Productivity 

(Office) 

Female 4.05 3.75 4.10 3.80 

Male 3.55 3.91 3.64 3.91 

p-value 0.06 0.71 0.04 0.58 

 
Table 10. Average Perceived Conduciveness and Productivity for Respective Genders using a 5-Point 

Likert Scale from “Very unconducive” (1) to “Very conducive” (5) and “Very unproductive” (1) to 

“Very productive” (5) respectively 

The results from Tables 9 and 10 indicate that on average, as compared to males, female QS 

perceived their homes to be more conducive and productive than their offices. The study found 

that female productivity for working from home is statistically different from males at p-value, 

0.04. When comparing within the same gender, there were no statistically significant difference 

found between home and office work environment for perceived productivity and 

conduciveness (refer to Table 7 and 8).  

Dockery and Bawa (2018) had found that WFH is conducive for families. However, scientists 

WFH reported unconducive working environments as the work was practice-oriented (Liu 

2020). When comparing conduciveness of remote working with gender, Danker et al (2022) 

mentioned no difference in work conduciveness was found between the female and male 

caregivers. Results in Danker et al (2022) support our findings where statistically insignificant 

data was observed for conduciveness amongst genders (refer to Table 7). However, in contrary 

to our findings, Sucheran and Olanrewaju (2021) found males WFH conducive, and this may 

be because males are not the main caregiver.  

Although Prasetyaningtyas et al (2021) and Vyas (2022) reported that WFH can increase 

productivity, the statistically insignificant results (refer to Table 8) when comparing within the 

same gender on productivity from our study agrees with Danker et al (2022) where the effects 

of remote working on productivity, satisfaction and health were insignificant for gender. 

However, the results on perceived productivity for females is found to be statistically higher 

when WFH as compared to working in office (refer to Table 10). As compared to males, the 

productivity averages of working from home is higher for females. This is consistent with 

findings from Afonso et al (2021), which reported lower productivity for male teleworkers 

when compared to females. This ran contrary to Nayak and Pandit (2021) where they reported 
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male telecommuters can better achieve desired productivity than females and that female 

telecommuter who are single have the least productivity. Afonso et al (2021) had explained 

that disadvantages of teleworking may be reasons leading to the low productivity of male 

teleworkers.  

In general, a HW arrangement which combines both WFH and working at office may apply to 

Singapore QS since none selected the option “Unproductive” in the survey when working from 

either of the two environments. Moreover, on average, female QS perceived their homes to be 

more productive and conducive than their offices while males find working at office to be more 

productive and conducive than WFH. Although the productivity of females WFH is statistically 

higher than males (refer Table 10), this may be subjective. While past research reported higher 

productivity for teleworkers WFH (Afrianty et al 2022), another study reported higher 

productivity when working from the office (Morikawa 2022). For instance, Morikawa (2022) 

reported that in Japan, WFH productivity is lower than when working from office. Therefore, 

those with higher productivity WFH should engage in WFH more while others with higher 

productivity working from office should work more in the office. This was also supported by 

Beck and Hensher (2021) where it was reported that HW is dependent on the job’s nature. Vyas 

(2022) also agrees that WFH is highly dependent on the employee’s task. As such, a HW 

arrangement that allows employees to choose the dates to work in office and WFH may be 

useful in improving their productivity levels. Furthermore, findings from Wang et al (2021) 

had revealed that procrastination, cyberloafing and being less disciplined reduce productivity 

of surveyed participants in remote working. However, our findings based on the data collected 

from QS in Singapore showed that remote working does not significantly affect their 

productivity when comparing within the same gender (refer to Table 8). In fact, the average 

productivity of females working from home in our study is higher than the productivity of 

working from office (refer to Table 10). As the results may be due to individual factors, the 

working environment may not be a factor which influence their productivity and that most QS 

can be productive in both environments. 

4.3 Sector Analysis  

Table 11 illustrates additional t-tests on additional variables to examine the significance 

between gender and environment. It was found that only Gender and Home Conduciveness as 

well as Productivity in the Private Sector had significant results while government sector results 

were not applicable due to the small sample size collected. In the private sector, conduciveness 

does not statistically vary between home and office at a 5% significance level. It was found 

that using a one-tail t-test, females have significantly higher conduciveness score than males 

when WFH at a 5% significance level (p-value = 0.048). Conversely, when comparing the 

conduciveness of office environment, it was found that female conduciveness is not 

significantly higher than males (p-value = 0.649). 

In the private sector, productivity also does not significantly vary between home and office (p-

value = 0.860). Similar to the results on conduciveness, the productivity of females in the 

private sector has significantly higher productivity scores than males for the home when using 

a one-tail test (p-value = 0.032). Subsequently, it was found that females do not have 

significantly higher productivity scores than males in the office environment (p-value = 0.558).  
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Factor Environment Hypothesis p-value 

Conduciveness 

Home 

Perceived conduciveness of home for females is 

significantly higher than males at a 5% level of 

significance.  

0.048 

Office  

Perceived conduciveness of office for females is 

significantly higher than males at a 5% level of 

significance. 

0.649 

 

Productivity 

Home  

Perceived productivity of home for females is 

significantly higher than males at 5% level of 

significance 

0.032 

Office 

Perceived productivity of office for females is 

significantly higher than males at 5% level of 

significance 

0.558 

Table 11. Conduciveness and Productivity of Females and Males in Home or Office Environments 

within the Private Sector 

In Tables 7 and 8, it was observed that there were no significant results obtained in the same 

gender when comparing home against office conduciveness and productivity levels. When 

comparing against different genders (refer to Table 11), significant results were found in 

females for both conduciveness and productivity when they WFH. Our findings in Table 11 

illustrate that females perceiving their homes to be more conducive and productive than males 

disagree with a study conducted in South Africa revealing males find WFH more conducive 

than female (Sucheran and Olanrewaju 2021). In contrast to Sucheran and Olanrewaju (2021), 

our study agrees with Danker et al (2022) where significant results were obtained between 

conduciveness of home environment and gender. It reported that male non-caregivers find 

WFH significantly less conducive than females while the non-caregivers have significantly 

higher conduciveness when engaged in WFH as compared to caregivers (Danker et al 2022). 

As no research was conducted on caregiving duties in this study, the results of higher 

conduciveness level of females being at home in this study (refer to Table 10) may be because 

female QS are not the primary caregiver, and no caregiving duties were required at home.  

The results in this study also show that on average, males had lower productivity level when 

working from home (refer to Table 10). Our findings were contrary to Feng and Savani (2020) 

where they found that females WFH are likely to have lower productivity. The results obtained 

in this study may be because male QS may not require caregiving duties as past studies of male 

non-caregivers were reported to have similar lower productivity and conduciveness 

environment (Danker et al 2022). Reasons such as Internet connectivity and noise levels may 

also be factors that influence one’s conduciveness when WFH (Sucheran and Olanrewaju 

2021). Further research may be conducted in this field to explore the significance of caregiver 

duties of QS and the effects on the work environment they are in.  

5 Conclusion  

In conclusion, QS surveyed in Singapore prefer HW due to its WFH benefits such as reduced 

transportation hours, flexibility, and reduced expenses. However, the drawbacks of HW such 

as longer working hours, socialising issues and communication issues should not be ignored. 

When comparing within the same gender, there was no significant difference observed in 

perceived conduciveness and productivity between the home and office work environment. 

While most of the findings in this paper were mostly statistically insignificant, it was observed 



  

181 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore 

that women perceived the home environment to be more conducive and productive than men 

at a 5% level of significance. Results from the study are consistent with some studies for gender 

and productivity. There were limitations faced in this study, which includes the low sample 

size obtained from the government sector. Another limitation lies in the small sample size 

obtained which is not representative of all QS professionals in Singapore. Furthermore, a 

relatively small amount of data was obtained from government sector QS and that have resulted 

in the inability to generate useful data for the study, but could be an option for future work as 

the sample size increases. Time was also one of the limitations towards obtaining more 

information for the study.  

In general, the results provide deep insights on employees' work preference, and this can better 

allow employers to understand QS employees, thereby attracting or retaining them in the 

industry. In all, the future work arrangements could utilise these results to better retain talents 

in the built environment industry. Moving ahead, companies may consider adopting Hybrid 

Work Model as it is a preferred work arrangement for majority of the QS (71%), and it reaps 

the benefits of WFH and working at office.   
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Abstract 

Under the Digital Age, the industry has to shift from traditional practices to a new practice 

centered on digital technologies, whereas this phenomenon is known as digitalization.  

Quantity surveyors are the key party involved in the construction sector, and their existing 
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practices may alter under digitalization.  This study identifies the characteristics of 

digitalization and the relevant construction project performance.  An international interview 

survey was conducted in Brunei, China, Hong Kong, Indonesia, Japan, Singapore and South 

Africa.  A total of 26 variables were investigated through the survey, including 16 digital 

variables and 10 performance variables.  The digital variables were further sub-divided into 

four dimensions: Work Preparation, Information Updating, Information Presentation, and 

Information Exchange.  At the same time, the performance variables were categorized into two 

groups: Process Performance, and Final Performance.  The results can be used to understand 

the current practices of digitalization in the industry across the countries in the Pacific Asia.  

As a result, a more advanced practice of quantity surveying can be suggested.  An ongoing 

large-scale survey of current practice is stongly recommended.  

Keywords 

characteristics, digitalization, performance, quantity surveyor, software.  

1 Introduction 

The construction industry is known as one of the most information-intensive industries (Toole, 

2003).  Across the life cycle of a construction project, from inception to demolition, all 

participants involved are information-reliant (Baldwin et al, 1999).  A plethora of documents 

and technical data are involved in every construction stage, which emphasizes the importance 

of information communication among project team members to achieve effective collaboration 

and deliver a satisfactory project outcome.  The industry is still heavily reliant on the traditional 

means of communications (Mohamed and Stewart, 2003), resulting in low productivity and 

poor project management (Wu et al, 2017).  With application of modern information 

technologies, digitalization is considered as a potential solution to facilitate the exchange and 

management of information (Rivard et al, 2004).  

2 Literature Review 

2.1 Practices of Quantity Surveyors 

Quantity surveyors are the cost managers of construction projects with competent 

understanding towards all aspects of construction across the life cycle of a building, as well as 

strong capabilities to deal with cost, quality and value matters with varying client needs (RICS, 

2018).  In the construction projects they play a vital role in preparing feasibility studies, 

development economics analyses, cost planning and control, estimation, valuation, 

procurement, contract documentation and administration, project and financial management, 

life cycle costing, and dispute settlements (Dada and Jagboro, 2012).   

While the construction industry is embracing digitalization, the roles of quantity surveyors have 

to be diversified covering various management techniques such as cost and financial 

management, risk management, project management, and construction management in order 

to keep pace with rapid changing technologies in the industry (Chandramohan et al, 2022).  As 

new challenges and opportunities are emerging, quantity surveyors must be equipped with new 

skills and competencies to confront them (Dada and Jagboro, 2012).  

2.2 Digitalization 

Digitalization refers to the intensive changes within the economy and society brought about by 

the creeping uptake and amalgamation of digital technologies, including information and 
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communication technologies (ICT) and digital innovations (Casini, 2021).  The concept of 

digitalization is different to digitization.  Rather than converting different languages of 

communication into binary and computational language (Hamelink, 1997), digitalization 

should be rebuilding the existing operations from a new perspective with the use of digital 

technologies (Päivi et al, 2017).   

With the development of ICT, digital technologies started to emerge and entered the market of 

consumer electronics during the 1980s (Hamelink, 1997).  With an eagerness to explore the 

possibilities of digital technologies and seek a more powerful system to handle information, 

the term ‘digitalization’ was first introduced in the North American Review in 1971 (Schallmo 

and William, 2018).  In the 21st century, construction firms started seeing the opportunities of 

digital technologies when the concept of digitalization appeared in Construction 4.0.  With 

growing popularity and a reduction in operating costs (Peansupap and Walker, 2005; Rivard et 

al, 2004), the industry is now moving towards digitalization with increasing digital applications 

driving the “physical-to-digital-to-physical” transformation (Craveiro et al, 2019).  

3 Methodology 

In this exploratory study, an international interview survey was administrated to a selection of 

quantity surveyors and participants of digitalization in seven different PAQS member 

countries, namely, Brunei, China, Hong Kong, Indonesia, Japan, Singapore, and South Africa 

from April 2022 to August 2022.  Among a total of 48 interview responses, 6 (12.5%), 5 

(10.4%), 7 (14.6%), 11 (22.9%), 7 (14.6%) 4 (8.3%), and 8 (16.7%) were from Brunei (BR), 

China (CN), Hong Kong (HK), Indonesia (ID), Japan (JP), Singapore (SG), and South Africa 

(SA), respectively.  The interview focused on the software used in the development stages of a 

project.  Respondents were asked about the input and output of the software, and invited to 

rank its performance based on a 7-point Likert-type scale (from 1: extremely poor to 7: 

extremely good).  

4 Findings and Discussion 

4.1 Software Application 

Results showed that certain software could attain a high level of continuity, as they were in use 

across various development stages.  For instance, Singapore applied Revit and South Africa 

used QSPlus from Design to Tendering stages.  Indonesia relied on Glodon products for 

Design, Estimation, Tendering, and Construction tasks.  South Africa utilized DimensionX 

from Design to Construction stage, while both Indonesia and Singapore used iTWO costX.  

From Estimation to Construction stages, Buildsoft, Vico Office and Cubit Estimating were 

applied in Brunei, Hong Kong and Singapore respectively.  Across Estimation to Maintenance 

stages, Japan relied on their in-house systems while South Africa applied WinQS.  BuildSpace 

was adopted in Brunei from Tendering to Maintenance stages.  Last but not least, Microsoft 

Excel is the most popular software in all development stages for all countries.  Nevertheless, 

China preferred not keeping the same software in use.  It was also notable that only Hong Kong 

respondents mentioned cloud computing software during Construction stage, which should be 

one of the dominant innovations in digitalization.   

4.2 Digitalization Characteristics 

A total of 26 variables were identified and categorized into six major aspects.  They are sub-

divided into four categories (see Table 1).  They follow the workflow of quantity surveyors 
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starting with checking the availability of software, processing information and generating new 

results, presenting the results, and finally passing the files on to other project participants.  

Manifestation Key Excerpts 

Digitalization Characteristics 

D1. Work Preparation 

Popularity HK-7 : Secondly, there are many BIM software in the current market, but no one 

actually know which software would be used in the future. 

JP-1 : We use AutoCAD because it is widely used in the world. 

Simplicity SA-1 : It has kept relatively simple, relatively affordable and intuitive. It's not too 

difficult to learn. 

Adaptability SG-1 : Software does not follow closely QS Practices and Procedures. 

Extensibility JP-4 : In-house development of proprietary tools for analysis, such as plug-ins, etc. 

D2. Information Updating 

Tailorability HK-3 : The flexibility is higher than other software, because you can tailor made 

(say, summary, list or table) by yourself.   

Editability ID-1 : It can be easily modified as designs developed. 

SG-4 : Dependency on the software, marked up filed can only be edited in the same 

software.  

Extractability CN-3 : This software mainly calculates the results by input related images and 

dates.  

Convertibility SA-8 : You measure in 2D, use the 3D system or for just the 3D modeling more for 

checking that you know your quants and that type of thing. 

Traceability JP-2 : Difficult to manage revision history. 

D3. Information Presentation 

Classification JP-2 : Easy to use item classification and tabulation functions because the software 

is specialized for creating itemized statements.  

Comparability BR-1 : Assist to find discrepancies 

HK-1 : Hence, when we are using TAS to do tender analysis, we can use the 

software to do the comparison. 

Reliability ID-1 : It is too easy for staff to rely on the software, and not consider what 

information is being output.  

D4. Information Exchange 

Shareability JP-2 : Data linkage with fabricators is possible, but follow-up on operational 

aspects (rules, etc.) is difficult. 

Real-time 

operability 

CN-2 : It can also output various types of operating data in real time on the 

construction sites. 

Compatibility SG-2 : At this stage, the software can not show any connection to the procurement 

method. 

SA-4 : However, now it's (DimX) very much more compatible with QS plus. 

Interoperability HK-6 : It has little interoperability with other software. 

ID-1 : It doesn’t always integrate well with design software used by architects and 

engineers.  

Table 1. Some Excerpts for the Digital Variables 

Note: BR -Brunei; CN -China; HK -Hong Kong; ID -Indonesia; JP -Japan; SG -Singapore; SA 

-South Africa 

4.2.1 Work Preparation 

Before the work commences, quantity surveyors have to clarify whether the software has 

significant prevalence in the market, whether the software is simple to use, whether the 

software has achieved localization matching with the needs of local quantity surveyors, and 
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whether extensions is catered for by the software.  Therefore, four characteristic factors have 

been explored in this study, namely, popularity, simplicity, adaptability, and extensibility. 

Most respondents mentioned that there was no software having huge popularity and being 

commonly adopted in the industry (HK, JP, ID, and SA groups).  Companies were concerned 

about whether the software would be weeded out in the future due to low popularity (HK 

group).  On the other hand, most respondents were satisfied with the simplicity of the software 

(CN, HK, ID, JP and SG groups).  At the same time, some respondents claimed that the 

software did not relate to local quantity surveying practices and that the adaptability was low 

(HK and SG groups), while other respondents from the ID and SA groups thought that the 

functionality was already enough for their quantity surveying practice thus attaining fairly high 

adaptability.  To achieve higher adaptability, additional investment would be required for the 

companies to make the software localized and best fit for company use (HK group).  

In terms of extensibility, the findings indicated that some software was able to provide space 

for Application Programming Interface (API) with commensurate flexibility, while some were 

not (HK group).  Companies would use basic interfaces for simple projects (HK group), 

develop in-house proprietary tools including different plug-ins (ID group), buy plug-ins for 

complex projects (HK group), to obtain high extensibility and mobility during the operation.   

4.2.2 Information Updating 

To facilitate quantity surveying practice, software should be able to tailor-make templates (e.g., 

BQ forms), manage the state of information being editable (e.g., lock BQ items), extract 

quantities from drawings/models, generate new output based on existing information, and trace 

the history record or state of a work item along the project lifecycle.  

Results indicated that software currently did not perform well in tailorability with the least 

number of excerpts mentioned by the fewest countries.  Without templates or customization 

capabilities in the software, users have to deal with settings every time and the work efficiency 

will be low.  Meanwhile, respondents from most of the countries mentioned that the software 

in their work could reach editability (HK, ID, JP, SG, and SA groups) and traceability (BR, 

CN HK, JP, and SA groups).  However, a respondent from the SG group pointed out that poor 

editability existed as mark-up could only be done in the same software.  A respondent from the 

JP group also claimed that the management of revision history was difficult.  Comparatively, 

respondents focused less on extractability and convertibility.  Most respondents did not regard 

them as concrete functionalities but treated them as fundamental.   

4.2.3 Information Presentation 

After processing the information, quantity surveyors need to present the information in a clear 

and understandable format.  The software is, thus, required to classify a large pool of data into 

groups (e.g., sorting, segmentation), compare between several pieces of information, and check 

the reliability of the software operation.  

Most respondents pointed out that software in their companies could attain classification (BR, 

CN, HK, ID, and JP groups).  However, a respondent in CN group revealed that the software 

needed to be improved for its function of item classification.  Meanwhile, respondents 

mentioned less on comparability.  Since providing comparison is not a major practice for 

quantity surveying and requires subjective opinions, involvement of software is rather less. 

Another characteristic is reliability.  The results revealed that software with poor reliability 
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would run slow when handling too much information (HK and SG groups).  Moreover, a 

respondent from the ID group preferred not to rely too much on software in order to maintain 

the status quo of their current quantity surveying practice.  

4.2.4 Information Exchange 

Once their work is completed, quantity surveyors have to send the files to other team members 

for the next stage procedures.  To enhance team communication and collaboration, the software 

has to employ functionality to share information within the software, update information in 

real-time, be compatible with different systems, hardware and versions, and interoperate with 

different software.  

In terms of shareability, results revealed that digitalization practice including cloud-based 

computing (BR and HK groups) were able to tackle problems associated with conventional 

practice such as limited support file size (HK group), while a respondent from SG group 

remained concerned about slower operation of software to handle too many drawings.  

In general, respondents were satisfied with the functionality of software to update information 

in real time (real-time operability), as pointed out by respondents from most of the countries 

(CN, HK, ID, and SG groups).  Likewise, compatibility is also considered as a digitalization 

parameter.  Respondents from different groups (CN, HK, JP, SG, and SA groups) appreciated 

the connection of software amongst different systems and technologies, while some other 

respondents expressed the problems of information linkages between software versions (JP 

group) and connection issue to the existing approaches (SG group).  

Respondents generally suggested that the software can digest common file formats in the 

market achieving a high degree of interoperability.  However, respondents in the HK group 

mentioned that one of the software packages could only digest the files from another specific 

software; and one of the ID group respondents was not satisfied with the poor performance of 

software to integrate with other design software.  

4.3 Project Performance 

Project performance indicators can be sub-divided into two categories: process performance 

and final performance.  Process performance refers to the effectiveness and efficiency of 

processes in construction projects, while final performance refers to that of the final outcome 

of construction projects.  Some excerpts against each variable are listed in Table 2. 

Manifestation Key Excerpts 

Project Performance 

P1. Process Performance 

Project management CN-1 : Characteristic wise, it remains high guidance value for on-site 

construction and strong controllability of project construction funds and 

progress with complex modeling process. 

Process 

simplification 

SA-5 : The software makes life simpler in the standard stuff.  It makes life 

simpler where you don't need to set up a full format. 

Comprehensiveness  HK-5 : It can achieve the same result, but the approach is less comprehensive. 

SG-2 : The software can provide better performance by having a 

comparatively holistic perspective to present the design.  

Effective 

communication 

ID-1 : Another benefit is that in the event of staff changes it is easy to 

handover.  
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P2. Final Performance 

Time SA-8 : Dimension X and programs like it, they drastically improve the speed 

in which you can measure and do takeoffs. 

Number of errors CN-4 : On the characteristic wise, this software remains some real good parts 

such as quickly and accurately evaluating whole scale of the project. 

Clear presentation BR-1 : Visual Representation 

Productivity ID-11 : Once the data collected, it can make higher productivity for revisions.  

Client satisfaction SA-6 : What does the client want? They want an accurate estimate, they don't 

care about what's happening on the site and they would want the final 

account that they see coming. 

Trust HK-3 : When I would like to claim payment after receiving the file, I, as a 

contractor, don’t fully trust him.  Because I don’t know his 

measurement, we are not based on the same model.  

Table 2. Some Excerpts for the Performance Variables 

Note: BR -Brunei; CN -China; HK -Hong Kong; ID -Indonesia; JP -Japan; SG -Singapore; SA -South 

Africa 

4.3.1 Process Performance 

Respondents were basically satisfied (CN and HK groups), as software could provide strong 

guidance value and facilitate project management in on-site construction.  Likewise, 

digitalization should be able to simplify the current practice achieving process simplification. 

Some repetitive work could be reduced such as copying of bills or preparing the page format 

for tender addenda (HK group) i.e., using it as a template for next time (SA group).   

Some respondents mentioned that software could present a holistic approach for quantity 

surveyors achieving high comprehensiveness (HK and SG groups), while a respondent from 

the JP group was not satisfied with the incomprehensive software functionality to cover the 

scope of work.  Through digital transfer, it was less likely to miss any information, thus 

achieving more effective communication (HK group).  Results showed that software helped 

create linkages among project team members and the handover of tasks was easier, leading to 

an effective communication amongst the team members (ID and SG groups).  

4.3.2 Final Performance 

Respondents from all groups agreed that they had attained time saving through software in 

terms of tender addenda, data entry, and quantity take-off.  However, as some software were 

not able to perform certain functionalities (HK group), it could be a waste of time having to 

make manual adjustments.  Meanwhile, software can enhance accuracy of measurement by 

eliminating human arithmetical errors (all groups).  Nevertheless, results attested that a 

significant number of errors existed in models without standardization for modelers’ 

approaches (HK and JP groups).  At the same time, an unsatisfactory result was that firms did 

not trust the software functionality to generate an accurate result, which required additional 

checking or hardcopy submission (HK and SG groups).  

Besides, the output of software can be performed with a clear presentation in various ways of 

expression.  By clearly presenting a 3D model in a visualized way (BR, CN, HK and SG 

groups), clashes could be easily detected.  Due to the transparency in the calculation process, 

it was easier for bulk checking or adjustment as well (HK group). In sum, most respondents 

mentioned that a higher productivity was reached by the use of software (BR, HK, ID, JP, SG, 
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and SA groups).  Hence, digital transformation can lead to higher output with lower input to 

enhance productivity, and obtain client satisfaction (BR, HK, and SA groups).  

5 Disposition Model 

A proposed digitalization process model was then developed based on the findings from the 

interview survey.  The model indicates 16 digitalization characteristics in four categories 

affecting 10 performance indicators in two main groups as shown in Figure 1.  It will form the 

basis for a more detailed questionnaire survey of quantity surveyor digitalization practices.  

 

Figure 1.  Disposition Model for the Digitalization Process 

6 Conclusions  

In this study, data were gathered from a relatively small sample of quantity surveyors which 

may not reflect the full picture of current digitalization practice in quantity surveying.  Since 

part of the data was collected by completed interview forms, there is the possibility of 

subjective biases during the note-taking process.  Future studies are suggested to adopt 

contextual data analysis by collecting scripts and conducting cross-checking by data analysis 

software to obtain more objective results.  

Based on an interview study of software applications for quantity surveying practice during 

different development stages, this study identified various digitalization characteristics into 

four major dimensions: work preparation, information updating, information presentation, 

information exchange; and two types of performance (i.e., process performance and final 

performance).  In order to understand the impact of the digitalization characteristics on the 

surveying practices, further studies on a quantitative study across the countries are strongly 

recommended.  
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Abstract 

The Australian Institute of Quantity Surveyors (AIQS) has been publishing building price 

information for 60 years, holding to a tradition that members find it of value. However, little 

research has been conducted to assess whether the data is fit for purpose and provides value to 

the end users. The objective of this research was to develop a deeper understanding of user 

expectations of building price data produced by AIQS.  

The research data was collected from semi-structured interviews with data users. The data was 

then analysed via a content analysis technique using NVivo software. The study revealed that 

the AIQS price data has been used for a variety of purposes, including: cost planning, assessing 

tender competitiveness, and benchmarking.  

The research offers new insight into the interplay between published data providers and its 

users. The outcome from this study is a better understanding of what is valued by users, and 

how quantity surveying (QS) professionals could improve the price data to aid better business 

decision-making.  

The paper offers practical help to those involved in, developing or improving, construction 

price information. It is also a step toward innovative ways of providing better information, 

which can be used to enhance the QS services to the benefit of their clients. 
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1 Introduction 

The Australian Institute of Quantity Surveyors (AIQS) is a respected and influential advisory 

body on the impact of price in the built environment sector. AIQS currently has an opportunity 

to be more vocal in assisting public understanding of the outlook for building prices.  

Deakin University was commissioned to undertake a review of price information currently 

published by AIQS. The aim of the research project was to examine the usefulness and value 

of building price data published by AIQS. This included a review of price data produced in the 

past, and speculate about what opportunities could be pursued in the future. 

2 Background 

In 1971, AIQS was formed by a merger of two quantity surveyor professional institutions. Prior 

to merging, both the Institute of Quantity Surveyors of Australia (IQSA) and the Australian 

Institute of Quantity Surveyors Incorporated (AIQS Inc.) realised the importance of producing 

regular publications to promote the interests of the profession. (AIQS, 2008)  

The Building Cost Index (BCI) and Current Construction Cost that currently appear in the 

AIQS journal have their origins in the earlier journals produced by both former QS 

associations. Both institutes produced journals, and an agreement was reached to merge the 

journals into one publication, which included a comprehensive costing section. (AIQS, 2008) 

p. 271 

2.1 History of Current Construction Costs 

Prior to the merger in 1971, IQSA publication entitled “The Quantity Surveyor” was the first 

to produce information on construction price. In September 1955, Mr. M. Aeria wrote an article 

on building price, which became a regular feature that published a schedule of Current 

Construction Costs. The price information published proved to be of great interest to 

subscribers. In March 1958, circulation rose significantly and subscribers included quantity 

surveyors, architects, engineers, contractors, government departments, technical schools, and 

allied institutes. “The Quantity Surveyor” continued to be published until the merger of the 

institutes in February 1971. (AIQS, 2008) p. 271 

2.2 History of the Building Cost Index 

Prior to the 1971 merger, AIQS published a magazine entitled “The Building Economist”. The 

first article on price indices appeared in the June 1962 edition, followed by updates in 

November 1966, May 1968, and May 1969. (AIQS, 2008) p. 275. After the merger AIQS 

created a new journal, also called “The Building Economist”. This was managed by members 

of the earlier formed Interim Council, (AIQS, 2008) p. 197  

The current AIQS Building Cost Index (BCI) includes indices for five Australian cities, and an 

average weighted index (AWA) and covers the period from 1971 to the present. The index 

table also includes a forecast for one-year ahead, based on data included in the BRIX survey 

(see next paragraph). Forecasts are reviewed quarterly and revised, if necessary . (AIQS, 2008) 

p. 275. The information is based on observations and input from a variety of sources, including 

the BRIX Survey and “expert” opinions of local AIQS chapter representatives. AIQS states 
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that the index is produced as a matter of interest to readers and subscribers, and is not intended 

to be relied upon for costing any building project. 

2.3 Building Research Index (BRIX) 

The Building Research Index (BRIX) started in Melbourne in 1967 as a private information-

sharing exercise between quantity surveying firms. The objective of the survey was to promote 

discussion on issues that affected the movement of building prices. At that time, there were 

very few published indicators of general building price movement. (AIQS, 2008) p. 277. 

In the early 1990s, the AIQS Victoria Chapter’s private survey became undervalued by quantity 

surveying firms and nearly collapsed. It was at that time that Anthony Mills (the author) became 

the co-ordinator of the survey; he began research into the effectiveness of the survey results 

compared to price deflators produced by the Australian Bureau of Statistics (ABS). The 

research showed that sentiment indicators were reasonably accurate, and the results were easily 

understood by users. This information has been used to provide the quarterly update of prices 

published in the AIQS publication. 

3 Literature Review 

The review of price construction price information price provided an opportunity to examine a 

number of issues related to building price publication and use. In particular, this includes the 

importance of building price data, sources of cost data, and forecasting of cost data. 

3.1 Importance of Building Price Data 

Building price data is essential information used in the construction industry by both owners 

and contractors, and has several elements of importance. Firstly, building price information 

supports contractors and their supply chains by generating price information used to guide 

construction budgets for the client (Robson et al., 2016). Secondly, it is used by various 

stakeholders (e.g., builders, contractors, and owners) during preliminary costing practices to 

understand the trends of building pricing, which then supports pricing and cost control in 

rational decision-making. Thirdly, building pricing is an important aspect in controlling supply 

and demand with industry. Forthly, a building price index can be used to mitigate unnecessary 

economic losses from speculation by developers and builders.  

In Australia, commercial building price is one of the most direct and scientific reflections of 

construction industry conditions. As such, building price fluctuates with the impact of the 

domestic economy, the degree of competition in the market, and other factors. Approximately 

one-third of contractors believe that variability in construction price, is one of the most 

important risks that impact their profits (Ervin, 2007). Moreover, construction price 

movements has adverse impacts on both public and private owners (Shahandashti and Ashuri, 

2013). 

There are several factors that affect Australian building price indices. One of the biggest 

categories of factors is macroeconomic, such as (Jiang et al., 2013); (i) The growth in national 

income and size of population which leads to an increase in demand for construction, as well 

as an increase in construction shortages, (ii) unemployment rates and interest rates, and (iii) 

variation of construction activity. 
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Construction world-wide is criticized for its high price and low predictability (Best and Meikle, 

2015). Further, this issue is exacerbated by the frequent fluctuation of building prices, which 

is often difficult to forecast (Wang et al., 2013). Therefore, the development of a robust 

scientific forecasting model of building price is needed. The construction of an accurate and 

reliable building price index is critically important for practitioners to understand the 

movement in the construction market, as well as in the broader economy, in order to limit 

exposure to risk (Liang et al., 2018). 

The inability to predict building price in a timely manner, can undermine the value of capital 

investments. Indeed, owners and contractors make key strategic decisions about individual 

projects and capital investment programs based on forecasted prices. Therefore, the ability to 

have timely and accurately forecast of building price is fundamental for an efficient  

construction industry. (Flyvbjerg et al., 2002, Grau et al., 2014, Oberlender and Trost, 2001, 

Isidore and Back, 2002, Mulva and Dai, 2012, Back and Grau, 2013, Kim and Reinschmidt, 

2011). 

Construction price forecasts have significant impact on investment decisions in construction 

projects (Wang et al., 2013). The accurate prediction of building prices facilitates more 

accurate bids and help prevent under or over-estimation (Ashuri and Lu, 2010). Even a small 

improvement in the accuracy of forecasting building prices can have a large impact on a 

multimillion dollar projects (Shahandashti and Ashuri, 2013). Moreover, predicting 

construction price as accurately as possible is essential, considering the low profit margin in 

construction budgets. 

3.2 Other Sources of Building Price Data 

AIQS has been publishing cost information for many decades, however in that time many other 

firms have also commenced producing similar information both in Australian and overseas. As 

a result, the market has expanded with many organisations producing building price 

information as an advisory service or for promotion of the firm. This appears to be an 

international trend.  A desktop study of price data publications was conducted to understand 

the market, product format, and product cost. These included: 

• Rider Levett Bucknall (Global) 

• Davis Langdon (Global) 

• WT Partnership (Global)  

• Turner & Townsend (Global) 

• Rawlinsons (Australia) 

• Slattery (Australia) 

• Australia Construction Industry Forum (Australia) 

• Australian Bureau of Statistics (ABS) (Australia) 

• Gleeds (India) 
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• National Construction Cost Centre & BCISM (Malaysia) 

• Building and Construction Authority (Singapore) 

• Craftsman Book Co (USA) 

• Saylor Communications (USA) 

• Marshall & Swift (USA) 

• Richardson (USA) 

• RS Means Company (USA) 

• Building Cost Information Services (UK) 

The desktop studies included a brief history of each publication, their objectives, types of 

information published, publication frequency, and other relevant information. More 

information about key publications in Australia is detailed below. 

The ABS produces a range of price information related to the construction industry. The ABS 

is the official government authority charged with data collection and is the most reliable 

measure of economic activity in Australia. The ABS collects information that relates to 

Producer Prices comprising labour and material prices, and price deflators for adjusting 

construction activity data across a range of building types. 

The Australian Construction Industry Forum (ACIF) produces a range of forecasts of building 

activity for a various building types. The information relates to the value of work done (activity) 

and is not price data. However, the activity forecasts have strong links to price, the data is 

produced for each capital city in Australia, making it a useful guide to the prediction of price 

demand (ACIF, 2021) . 

A number of large quantity qurveying (QS) firms produce information on building prices. 

However, the most commonly used price data publication is the Rawlinsons Australian 

Construction Handbook. It contains information on unit prices, elemental building price, and 

price indices, for an extensive range of building types across all Australian capital cities. The 

data is produced annually, and subscribers to the Handbook receive quarterly updates 

throughout the year. The index is based on re-pricing a standard Bill of Quantities (BoQ) 

containing about 150 items and is fully re-priced once or twice each year; quarterly updates are 

achieved by applying a subjectively derived inflation factor to all items.  

3.3 Price Forecasting 

Forecasting encompasses a set of practices and techniques with the aim of generating reliable 

predictions of cost (Jarnagan 2009; Lukas 2008; PMI 2011). Even though a forecasting 

technique cannot guarantee accurate predictions (Chen and Zhang 2012; Kim et al. 2003; 

Vargas 2003), differences in accuracy among distinct forecasting techniques have been 

identified in past research (Back and Grau, 2013). 

Predictions are a fundamental measure in the capital investment industry, setting expectations 

of project outcomes, which drive key decision-making (Grau and Back, 2015). Industry 
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practitioners rely on up-to-date price indices, which when combined with price index 

forecasting becomes the foundation for making decisions on behalf of both the project and the 

allocation of resources within the organization. However, longer prediction periods mean a 

greater corresponding prediction error. This due to the difficulties in accounting for future price 

changes, due to the ever-changing economic circumstances. 

Understanding the future movement of building prices is crucial not only for construction 

companies but also for investors, to establish appropriate pricing strategies and target returns 

over time. 

3.4 AIQS Challenges with Construction Cost Data  

Accurate prediction of building prices is essential for the construction industry. Price variation 

can affect the decision of construction contractors, property investors, and related financial 

institutions (Jiang et al., 2013). A more reliable forecasting model of building prices would 
therefore help construction developers and contractors to ensure adherence to their 
budget and financial commitments. It is widely agreed that up-to-date building price 

information produced by AIQS provides a good marketing tool for the profession as a whole. 

Past experience with AIQS cost data, and the BRIX survey, has shown the collection of raw 

data is the single biggest challenge in maintaining the databases. While AIQS member’s firms 

have considerable goodwill towards AIQS, they do not derive any financial benefit from 

participation in data collection. Indeed, some firms may consider their data to be proprietary 

information, and possibly unwilling to share it. In addition, the onerous collection of data, 

requiring a 12-week turnaround for publication, creates a substantial demand on QS time and 

resources. In the end, any data collected needs to be carefully cross-validated before 

publication. The updating of the information mostly falls on a small number of volunteers, who 

are often overwhelmed by the task, making it a difficult task to remain current.  

The way forward is not clear, the current publication of cost data in now what is known as the 

Built Environment Economist quarterly publication, has been a feature of AIQS for over 60 

years; the decision to continue or discontinue publication needs to be made carefully. It may 

be possible to reduce the scale and scope of the data published. It also may be conceivable to 

come to an arrangement with existing providers of cost data, such as Rawlinson’s, or it may be 

worthwhile to develop a new process which allows raw data to be collected more efficiently. 

The research team and reference group carefully considered the ongoing publication of existing 

cost data in its current format and scope understanding that, if change was deemed necessary, 

then the design of a new collection process would need to be decided upon, including the type 

and style of outputs.  

The next section of this paper describes how the research data was collected to examine the 

value of the cost data to users, and to explore those types of information that are most useful in 

making business decisions. 

4 Methodology 

This research used an exploratory approach, with data derived from semi-structured interviews 

of end users. Semi-structured interviews are a verbal interchange where one person, the 

interviewer, attempts to elicit information from another person by asking questions. Although 

the interviewer prepares a list of predetermined questions, semi-structured interviews unfold 

in a conversational manner offering participants the chance to explore issues they feel are 
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important.  (Longhurst, 2010). This approach semi-structured was considered most appropriate 

considering that there were a limited number of viewpoints in this context. To explore the 

issues, a set questions were developed based on the overall objectives of the research project 

To select the participants, an experienced building construction expert was contacted and asked 

to nominate other experienced professionals who may be willing participate in the interviews 

A broad panel of users were identified, who had (1) knowledge or expertise in using 

construction cost data, and (2) extensive experience in the construction industry. After 

contacting several suitable individuals, four persons were identified that each had diverse 

viewpoints on the AIQS cost data.  

All the expert professionals had between 15–50 years of work experience and were recruited 

on a voluntary basis in compliance with the research ethics policies of Deakin University. 

Interviewees were all qualified QS’s and AIQS members; each candidate was selected based 

on their different perspectives (See Table 1). They each had an understanding of the usefulness 

of information, and also were aware of similar price data that was published by other sources. 

Interviewee Code Perspective 

A Professional QS is a director of an international consulting firm. 

B Building estimator/Cost planner who worked for a major construction 

company 

J Former state public servant who ran the government's cost planning 

department 

N Building consultant, arbitrator, adjudicator, and expert witness, who 

consulted to clients involved in building disputes. 

Table 1 – Interviewee Characteristics 

The semi-structured interviews each lasted between 40 and 60 minutes, and each interview was 

recorded and transcribed. The transcripts were then loaded in NVivo software, which was used 

to assign a code or theme. The software then collected all quotes based on the assigned code 

and produced a table of comments. The table of comments was used at the basis for discussion 

below. 

5 Findings and Discussion 

The semi-structured interviews highlighted several themes that emerged from the discussions. 

These themes was extracted from the interview transcripts, In general, they were divided into 

thr following categories; i) What do users see as the value of the information? ii) Is the 

information considered trustworthy and reliable? iii) How do you use the Unit Price, Square 

Metre Rate, and Building Cost Index?, and iv) what should be changed or added to improve 

the data? 

5.1 What is the perceived value of the cost information? 

The first theme that interviewees addressed was related to their perception of how well used 

the information was by industry stakeholders. 
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Interviewee A stated that the information was useful to construction clients attempting to 

understand the best time to commence a building. In these circumstances clients ask themselves 

“Where do think we’re really going? Is the market inflation going to stop in next few months, 

should I hold off on my development, or is this something that will continue for the next three 

to five years, and so should I just go for it now?” 

Interviewee A also lamented that, although the AIQS cost data was available to many in 

industry, only members of AIQS received it for free as part of their annual membership fee. He 

went on to say that very few people outside of AIQS actually ever used the data. This was 

based on his view that while the cost of a non-member subscription to the magazine was not 

expensive, some of the data was available from other sources that was free of charge. Therefore, 

there were many potential users of the data that just did not bother purchasing a subscription 

to the AIQS magazine. 

Interviewee B suggested the data was very detailed and, if users were to seek out this type of 

information, they would tend to go to other sources. He went on to suggest that the alternative 

to AIQS cost data is the Rawlinson’s handbook, which is “more comprehensive and not much 

more expensive to purchase”. In addition, Interviewee B said the Rawlinson’s data was 

available electronically, which had the advantage of being easy to add to their internal computer 

databases. As a result, it was very easy for some users to simple purchased Rawlinsons, instead 

of the AIQS cost data. 

On the other hand, Interviewee N was sole practitioner who was primarily engaged in legal 

work. From his perspective, he suggested that both the AIQS cost data and Rawlinson’s were 

not expensive (around AU $400 each). As an AIQS member, he was able to obtain the AIQS 

data as part of his membership, but he also purchased the Rawlinson’s book each year. He did 

not believe the cost of purchasing the data would put anyone off buying all the available 

published data, and that once obtained it was of great value to any practitioner. From his 

perspective as an arbitrator and expert witness, he stated “the courts accepted both publications 

as legitimate sources of industry-relevant cost data, they do not question the (authenticity) of 

the data.” 

5.2 Is the data considered to be reliable? 

The second round of questions asked each respondent to consider whether the AIQS cost data 

was a reliable indicator of market prices.  As previously mentioned, Interviewee N stated the 

data was considered valid in legal cases. His experience suggested the stakeholders did not 

question the reliability of the data itself but were likely to know the context in which the 

information was applied. For instance, he suggested the cost data was related to new work only 

and did not apply to the refurbishment of existing buildings. He also went on to say the cost 

data was based on an average of all buildings, and thus was not necessarily related to a specific 

project that had unique conditions which made it an individual case. 

Interviewee M, a building estimator, believed the data was reliable, but suggested it would not 

be a substitute for cost data that they derived in-house from their own projects. The information 

in the magazine was believed to be credible but sanitized in such a way that users did not know 

project(s) that it was based on. He suggested that, because the data sources were not explicitly 

identified, the prices tended to be generous (conservative) and applicable to a range of projects. 

He stated that, if the AIQS cost data was used in a tender submission, the firm would be unlikely 

to win the project if the tender selection was based on the lowest bid. He concluded that prices 

published by AIQS and Rawlinson’s were on the high end of the spectrum of all prices in the 
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market. As a result, the AIQS information was at best, a guide to the cost of construction, and 

not an accurate indicator of the cost of any particular project. 

Nevertheless, Respondent B said that his firm did believe thatAIQS is highly professional and 

has a good reputation for producing cost data. He suggested that his contracting firm did use 

AIQS and Rawlinson’s data when there was a gap in their internal database. Under these 

circumstances, the published information was considered useful. 

5.3 How useful is the Building Cost Index, Unit Price, and Square Metre Price,? 

The third round of questions asked each respondent to comment on the AIQS Building Cost 

Index (BCI), Unit Price, and Square Metre Price. All the respondents stated the BCI was the 

most important piece of information published in the BCI section of the publication.  

5.3.1 Building Cost Index 

Interviewee A said the information was subjective in that no individual project was repriced, 

and instead the index was based on a consensus of sentiments expressed by the contributors. 

In addition, the cost index was forecasted for one year in advance, and therefore informed by 

the bullish and bearish perspectives of the contributors. Interviewee A was at one time 

responsible for determining the BCI, and indicated the final index was a subjective assessment 

of a range of data that was informed by market expectations from private forecasters. The BCI 

was, thus, the result of both art and science, and was assumed to apply to the average of all 

building costs at a single point in time. 

5.3.2 Should the BCI be updated using a standard pricing model? 

The next theme was prompted from the ones above. Interviewees were asked whether the BCI 

should be based on a less subjective approach, using a standard cost model of a real building. 

Interviewee J worked for both Federal and State governments who used a similar standard price 

model approaches. He indicated this standardised methodology was more robust than the 

current approach and had the advantage of showing how prices varied between individual 

building types, and across geographical locations. 

Interviewee A worked for an international cost consultancy that routinely repriced a range of 

building price models. The models were generated from actual buildings that were clearly 

understood. This process was described as “bottoms-up pricing”, because the index was 

developed using several unit prices that were weighted differently for each building type. He 

went on to say that “at the moment we’re pricing a basket, it’s of a typical medium-rise office 

building within the metropolitan area. We clearly know and understand the context of what is 

being priced” 

However, he also indicated that once the cost models had been repriced, the Directors of the 

firm looked closely at the price index with a view to refining the index to reflect their subjective 

impression of the market environment. 

5.3.3 Unit Price 

The most detailed information published by AIQS is the unit price information. This 

information relates to typical BoQ rates for detailed components of the building. For example, 

the price of constructing a masonry wall, or supplying and fitting an internal door. This 

information is the most time-consuming data to update due to the huge volume of data 
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published. All respondents agreed that it would be a difficult task to ensure that all data is 

correct and accurate at the time of publication 

Interviewee A worked for a large consultancy firm and admitted he “had never actually looked 

at those rates”. He went on to say he did not know if they were correct or not because he did 

not know how the rates were derived. He said that it was difficult to “get a feel” of their 

accuracy. Interviewee A further commented that their internal company databases contained 

similar information; as a result, no one in his office felt the need to rely exclusively on the 

AIQS unit price data. 

Interviewee B had, in the past, been involved in the updating of the unit price information for 

one of the AIQS state chapters. He lamented that, due to the large volume of data, it was 

difficult to find volunteers to review the prices on a regular basis. This presented a potential 

risk to both quantity of data and quality of publication, which could be mitigated only through 

more formal arrangements for staffing resources. 

However, Interviewee B did say, when uncommon work came up that was outside what was 

collected in their internal database, he did refer to the unit rates as a guide. He referred 

specifically to mechanical and electrical services, which were assigned to specialist 

subcontractors and were normally not part of builders’ work. This made it difficult to know the 

true price of this work in the marketplace. 

Interviewee N had a different perspective on the value of the unit price information. He 

occasionally needed information about detailed prices of parts of the building. In these 

circumstances, he would consider the information provided by AIQS and Rawlinsons and 

provide expert advice on what he believed to be most relevant cost to the case under 

consideration by the court. This information would then be considered and possibly 

incorporated into the judgement. 

Finally, Interviewee J, who had been employed as a public servant, noted that many State 

governments around Australia no longer require BoQ to be provided with their tender 

proposals. As a result, in most jurisdictions, detailed tender price information is not available. 

He believed it was a challenge to ensure that the information published was an accurate 

representation of the current market price. Finally, he went on to state that “AIQS magzine rates 

were useful when they first published 60 years ago, but as soon as Rawlinsons started 

publishing (Unit Prices), they lost their gloss.” 

5.3.4 How useful is the price per Square Metre Area data?  

The Square Metre Area data published refers to the full price of the buildings by type. The 

prices were expressed as price for each square metre of Gross Floor Area (GFA). This 

information was prepared using an international cost planning standard  (ICMS, 2017) and 

could be directly compared with similar buildings in other cities and countries.  

Interviewee N, who was a sole practitioner, also privately undertook construction development 

work. This was neatly described as follows: “While it’s not accurate (information), you 

sometimes go for the square metre rate as a ballpark figure to get an agreement to proceed 

with a project” He commented that the prices were at a high level, instead of granular, and 

were therefore very useful to big-picture clients. In those circumstances, he said the Square 

Metre Rates formed the basis of their construction budgets, and the AIQS data could be very 

useful.  
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Interviewee A, who had access to his firm's internal databases, commented that “we very rarely 

use it because …we’ve got our own data that we use internally, but we do find it handy for the 

outliers, so it might be the price of bullet proof glass, or the price of an unusual building that 

we don’t normally come across.” 

5.4 What other market information is be useful?  

5.4.1 How often should data be updated and published?  

The AIQS price information is currently published quarterly, and interviewees were asked to 

consider whether this was appropriate. The alternate source of information from Rawlinsons is 

published annually, with a single rate adjustment updated quarterly. All interviewees said 

AIQS did not need to publish any more frequently than quarterly and were ambivalent about 

six monthly or annual updates.  

Interviewee A said, “people always want to know about markets information, even if the 

markets is flat. People want to know if is it still going to stay flat, or is it going to tick down, or 

tick up? I think that regular updates of what the market is seeing in the recent quarter (is 

useful). Also, a forecast going forward would be of interest. It’s always an interesting topic for 

everybody in the industry, and even to some of those who aren’t in our industry” 

The interviewees were also asked to reflect on the data published by AIQS and consider the 

best forecast horizon for construction prices. AIQS currently publishes a yearly forecast of its 

Building Cost Index. ACIF does not publish information on building prices, but does create 

forecasts of construction activity for five years. Interviewee N summed it up by saying that 

“although the ACIF forecast is for five years, I think that is quite long. For me, one to two is 

the most useful.” 

5.4.2 Other Providers of Cost Information 

In the 60 years since AIQS first started publishing price data, many other firms have begun 

publishing similar information. All interviewees indicated that they purchase the Rawlinsons 

handbook, which contains similar information to that published by AIQS 

Interviewee B, who managed a team of building estimators, said “I get a digital subscription 

to Rawlinsons. The annual cost us about $400 for the digital subscription. I get six licences a 

year, and that’s pretty cheap in the scheme of things. But you know what’s the best part about 

it? They’ve done very good job. Included in the digital subscription, is a snipping tool, and 

while can’t print from it, you can add data to our internal database. I take my hat off to them 

and say well done!” 

Interviewee N was asked if he saw Rawlinsons as a competitor to AIQS data. He answered 

“No, it's supplementary. The way I see it, they’re both complementary.” 

5.4.3 Other Information 

The next set of questions related to other information that was not currently produced but would 

be useful. Interviewee B, who was a building estimator, believed the work of specialist 

subcontractors was difficult to understand. He stated that “Building services, vertical 

transportation, and the like, were difficult to price. If we could engage someone to help us to 
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understand the services cost, that would be a massive improvement (to the published data). As 

you know it’s a large portion of a project now, and it’s a bit of a dark art. It’s difficult to get 

price information from those (specialist subcontractor) guys.” 

6 Conclusions  

The interviewees suggested the AIQS cost data was useful to some stakeholders but not widely 

used outside of AIQS membership. While it was free to members, the low cost of other 

alternative price data was not prohibitive, and any sophisticated user could readily purchase 

any alternative price data that was available, in particular Rawlinsons. There was a sense that 

members of the general public, or non-sophisticated users, may find the detailed price data 

difficult to understand, but (even if it were useful) they would more likely purchase the 

Rawlinsons data because it was more comprehensive and relatively inexpensive.  

Respondents did believe AIQS are highly professional and have a good reputation for 

producing accurate price data. Industrial stakeholders did use AIQS and Rawlinsons data when 

there was a gap in their internal database; under these circumstances, AIQS information was 

considered useful. 

The unit price information was not widely used, with one respondent suggesting he had never 

seen it used. On the other hand, respondents reported the Square Metre Rates were valuable 

and mostly used as benchmarking information against their own internal databases. The 

Building Cost Index was of interest to many quantity surveying professionals, and to the 

industry more generally. One respondent stated that even if the index did not move, it was 

useful to know the market was flat. As a result, it was clear the Building Cost Index was the 

most widely utilized piece of information. AIQS currently forecasts the index for one year in 

advance. Respondents indicated that, because of the time taken to design and plan most 

buildings, two or more year forecasts would be more useful.   

Interviewees believed the work of specialist nature was often difficult to appreciate. They 

mentioned that it was difficult to price building services such as vertical transportation and 

mechanical and fire services. They suggested that industry specialists could be engaged to help 

describe the nature cost of price movements.  

6.1 Future Research  

The above information summarised above represents the main themes that impact the 

usefulness of the building price information published by AIQS. In the future, these themes 

will be used to develop a questionnaire to collect responses from a wider range of users of the 

data. It is hoped the survey will assist AIQS understand how to improve the value of the cost 

data publication. Future survey themes will include: 

• Is the information considered trustworthy and reliable? 

• What is the use of Unit Price, Square Metre Rate, and Building Cost Index? 

• What should be changed or added to improve the value of the data? 
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AIQS has been producing building cost information for 60 years, and in that time it has never 

been comprehensively reviewed for fitness of purpose. AIQS has now decided the time is right 

to re-examine the value of the information, with a view to change the way it is developed and 

published, or even to cancel the publication. It is also possible the data could be repurposed to 

provide new opportunities to promote the role of the quantity surveying professional to a 

broader market. 
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Abstract 

The COVID-19 pandemic has brought new obstacles to the construction sector that have never 

been seen before. The construction management culture and landscape have been changed by 

the coronavirus disease (COVID-19). While the pandemic has altered the roles and duties of 

the professionals in the construction sector, new roles and duties are emerging and expanding 

the skill shortages. Through an open-ended survey questionnaire, the emerging roles and duties 

of quantity surveying organisations were investigated. The data revealed that post pandemic, 

the competencies of quantity surveyors in construction management, claim management, cost 

management, material management, time management, and contract administration will see a 

significant increase in the construction sector. Commercial, site and client management 

functions would be added to the profile of roles and duties of the consultant quantity surveyors 

moving forward. The quantity surveyors also had to expand their knowledge of digitalisation. 

This study adds to the body of knowledge on sustainability and reimagining the roles and duties 

of quantity surveying organisations in the aftermath of the pandemic toward better service 

delivery. Inductively, the main findings of this study have wide applications to quantity 

surveying practise in and outside of Nigeria and to other professionals in the construction sector 

globally. Quantity surveyors have traditionally performed many of the roles and duties. 

However, the pandemic has broadened and deepened the demand for the roles and duties 

significantly.  

Keywords 

Uncertainty, trust management, competency, skill shortage, client 

1 Introduction 

COVID-19 poses great public health and economic risks to all nations, irrespective of their 

economic profiles. The pandemic reduced the gross domestic product by up to 10% in some 

economies. For instance, in 2020, 8.8% of global working hours were lost relative to the fourth 
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quarter of 2019, equivalent to 255 million full-time jobs (ILO, 2021). This amounts to US $3.7 

trillion, or 4.4% of global gross domestic product (ILO, 2021). Government debt was 

equivalent to around 80% of GDP in many economies. The pandemic has had varying degrees 

of impact on various economic sectors. Hospitality, entertainment, construction, and education 

are among the industries that have suffered the most. The impact of COVID-19 on the 

construction sector is huge, complex and sophisticated. During the height of the pandemic, 

which lasted about two years, all construction projects except those considered extremely 

necessary for national security stopped operations, and construction site operatives were asked 

to stay at home, most without pay, support, or compensation. Foreign construction workers 

were left in limbo and asked to vacate their hostels that were provided by the contractors. The 

construction sector is already facing a lot of problems, including labour shortages, worsening 

health and safety practises, poor productivity, shortage of materials, poor access to sites, 

shortage of machineries and tools (Olanrewaju, et al., 2021). These challenges require a 

paradigm shift in the construction and construction management processes and procedures. The 

pandemic disrupts the conventional duties, functions, obligations, and responsibilities of the 

stakeholders in the construction sector and the working culture. Multiple research projects are 

beginning to investigate the performance, productivity, and profitability of construction during 

the pandemic and measures to reduce its impact on the global construction sectors (Olanrewaju, 

et al., 2021; and Ling, et al., 2021). However, because the pandemic has had a differential 

impact on construction and construction management and various practices, there is a need to 

examine how the pandemic has disrupted the duties, obligations, and responsibilities of the 

various stakeholders in an effort to provide information on the new norm in the sector. Hansen 

et al. (2021) examined the responses of quantity surveyors to the pandemic. The quantity 

surveyors responded by examining the contract documents, addressing disputes using 

alternative dispute resolutions, using digital tools, and requiring contractors to substantiate 

claims on how the pandemic has affected their productivity. However, this research reimagines 

the nature of services that quantity surveyors would provide post-pandemic based on the 

lessons learned during the pandemic. This information is very useful to the sector. For the 

quantity surveyors, it would provide an opportunity for more knowledge acquisition to provide 

the needed value-added services, especially during uncertainty in the future. This is against the 

background of the skill shortage in the construction sector during the pandemic. The skill 

shortage of quantity surveyors is the most critical in the construction sector, especially during 

the pandemic (RICS, 2022).  

2 Background to the study and conceptual framework 

A new coronavirus disease (COVID-19) is a contagious disease spread by a newly found 

coronavirus. The coronavirus is thought to have originated in a market in Wuhan, China, in 

December 2019. It is a respiratory virus, and the main symptoms are dry cough, fever, and 

chills. The virus is predominantly transferred through droplets produced by coughs, sneezes, 

or exhales from an infected person. Victims can also be infected by inhaling the virus if 

someone is too close to the COVID-19 carrier. So far, 500,186,525 COVID-19 cases have been 

confirmed, with 6,190,349 deaths, and a total of 11,294,502,059 vaccine doses have been 

delivered (WHO, 2022). It might take up to 5 years for economies to make significant 

improvements. 

2.1 Impact of covid-19 on the construction sector 

Construction companies have reopened and are operating alongside a virus that has remained 

a threat to everyone. Most countries open the construction sectors to provide the needed support 
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for economic recovery. The post-lockdown presents a great challenge to the global construction 

sector as it moves to recover from the effects of the COVID-19 pandemic. The construction 

sector is one of the unique sectors that cannot be entirely shutdown during the pandemic 

because it provides essential services to the economy. This is made more complex because 

there is less opportunity to work from home and the sector remains largely labour-intensive. 

Various measures, such as contact tracing, isolation, and social distance, were developed to 

flatten the COVID curve, but the pandemic's impact on construction remained unprecedented. 

The construction sector is highly impacted by the pandemic. The pandemic has delayed 

projects by a significant margin due to a shortage of personal protective equipment, materials, 

equipment, and craft workers. Based on a survey conducted by the Associated General 

Contractors of America, 68% of the survey respondents reported that clients have asked them 

to halt or cancel projects (AGC, 2020). In Malaysia, compliance costs of health and safety 

regulations to prevent the spread of the disease increased the costs of projects by more than 

20%, reduced site productivity by up to 50%, and the pandemic caused a 40% skill shortage 

(Olanrewaju et al., 2021). The pandemic reduced construction output by 28.6%, and about 90% 

of the projects suffered cost overruns. Projects may be delayed by up to 270% in Singapore 

(Ling et al., 2022). In Nigeria, disputes and claims have increased by some 80% due to the 

COVID-19 pandemic (Olanrewaju, et al., 2022). More than 80% of construction projects in 

Indonesia were suspended, delayed, terminated, or cost overrun (Hansen et al., 2021). Based 

on data from 70 medium-sized construction projects in the UK, the COVID-19 significantly 

caused projects to be delayed and led to a 15% productivity loss (Construction Manager, 2020). 

The construction sector is one of the massive job losses in hard-hit sectors (ILO, 2021).  

While investments in public projects will increase, it may take some time for the residential 

sector to improve. However, due to labour and material shortages, contract termination by the 

government, and supply chain disruption, both the public and private sectors' operations would 

be impacted. In an effort to minimise losses and increase profit, many construction companies 

have already suspended or counselled contracts and projects. The impact of COVI-19 could 

mean that construction companies will have to seek alternate means of financing to complete 

ongoing projects. Construction companies, the contractors in particular, will face low demand 

for construction projects, for both private and public projects, especially as the government’s 

deficit and debt increase. Some construction businesses may be able to continue operating due 

to their experience and backlog of projects from before the COVID-19 issue. However, in the 

long run, they will be impacted by low demand and a lack of resources. Generally speaking, 

construction companies with high debt levels run the risk of failing; subcontractors run the risk 

of ceasing operations for lack of funding; and construction management practices—particularly 

contract management, contract administration, and procurement management—run the risk of 

failing. Many of the contact provisions currently in place are insufficient to deal with COVID-

19-related issues. While many construction companies may invoke a force majeure clause to 

avoid loss or legal action, it might not be a strong enough defence. As a result, numerous 

renegotiations are needed between construction companies, clients, sponsors, legal counsel, 

and regulatory organisations. In addition, the pandemic will have an impact on international 

projects and contracts due to the fact that many nations have passed laws and regulations to 

control COVID-19's spread and effects. The majority of the clauses in the new laws and 

regulations differ from those that are in effect when contracts are signed.  

In addition, the introduction and implementation of new codes and regulations during the 

pandemic increased contractors’ expenses and reduced their profit margins. For instance, 

contractors spent a lot of unbudgeted costs on purchasing personal protective equipment 

(masks, gloves, sanitizers, test kits) for their staff and site operatives. Contractors are also 
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required to pay health inspectors for site visits. Most companies arrange for special food 

vendors for their staff and site operatives.  A lack of skilled labour raises project costs and 

productivity. Contractors' and suppliers’ arrears were not honoured. Companies that hire plants 

and equipment cannot move their machinery from sites, even with accumulated debt owned by 

the contractors. During the pandemic, clients overpay for projects due to poor productivity, and 

main contractors and subcontractors suffer from increasingly low profit margins. Contractors 

spend more on salaries and benefits to attract skilled workers to work for them. The project 

consultant also made alternative arrangements that were tedious and expensive to visit sites. 

Many have moved their offices to their homes. 

2.2 Quantity surveyors: an overview 

Quantity surveying is practised worldwide. According to the Royal Institute of Chartered 

Surveyors, "Quantity surveyors are the cost managers of construction." They are involved in 

the feasibility, design, construction, and operational phases of construction projects. Quantity 

surveyors are also actively involved in the procurement of expansion, renovation, maintenance, 

and demolition of constructed facilities. They are familiar with all aspects of construction 

throughout the life of a structure or facility (RICS, 2015) and advise on a project's strategic 

planning. The quantity surveyor’s advice on strategic planning of projects. For instance, they 

advise clients on whether to construct or not to construct, and when and how to consider the 

client value system. Quantity surveyors play an important part in the effective completion of 

projects, regardless of the procurement procedures used. The quantity surveyors' potential and 

importance have increased as a result of modern procurement strategies. Today, quantity 

surveyors are expanding their services to include petrochemicals, manufacturing, automobiles, 

mining, telecommunications, shipping, transportation, and agriculture. The culture of elasticity 

and adaptability of the quantity surveyors, as well as changing client requirements, is driving 

the diversity in service delivery of the quantity surveyors. Like other experts in the built 

environment, the COVID-19 influences and disrupts the services of quantity surveyors. For 

instance, before the pandemic, consultant quantity surveyors would spend about 60% of their 

time in the office and the remaining 40% on the sites. The revised would be the case for the 

contractor’s quantity surveyors. The manufacturers’, clients', and suppliers’ quantity surveyors 

also spent a significant part of their time on the sites. In particular, during the pandemic, the 

time spent by quantity surveyors is significantly reduced, which has affected site visits and 

physical meetings. On-site visits and meetings are significant aspects in construction and 

project management because it is regarded that data derived from face-to-face interactions is 

more reliable, accurate, and unbiased. Many clients may not appreciate their quantity surveyors 

relying on the clerk of work to prepare a valuation for payment to the contractors. The structure 

of the services that quantity surveyors provide has been impacted, at least in the last two years. 

While there is a surge in demand for some of the services, new duties, functions, and 

responsibilities are rising in some cases, to the extent that an acute skills shortage has been 

created. The skill shortage of quantity surveyors is not new, but it escalated as a result of the 

pandemic. According to the latest report, most RICS members reported that the skills of 

quantity surveyors may hold the construction sector back from returning to its pre-pandemic 

productivity level (RICS, 2022). The survey revealed that the skill shortage is due to the 

complex nature of the roles and duties that quantity surveyors provide. While there are fewer 

quantity surveyors in the market, some of the available ones are not familiar with the expected 

changing roles and duties demanded from them. Therefore, this research is needed to fill this 

gap.  

3 Research Design and data analytics 
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Although COVID-19 has been discussed in the construction management literature, there is 

little research on how COVID-19 affects quantity surveying practise in the construction sector. 

Therefore, this study is not guided by any well-established ideas in the literature but rather by 

practise and experience. This paper reports a study that investigated the changing roles and 

duties of quantity surveyors in the Nigerian construction sector. The Nigerian construction 

sector is large with a contribution of about 4%, or ₦ 2,448,716.21 million in 2020 and 

2,524,386.15 million in 2021, to the GDP at constant price (NBS, 2022). The data also revealed 

that construction contributed 9.99% to nominal GDP in the fourth quarter of 2021, higher than 

the 8.40% it contributed a year earlier and higher than the 9.26% it contributed in the third 

quarter of 2021 (NBS, 2022). There are many professionals in the Nigerian construction sector. 

Quantity surveyors are vital members of those professions, for without them, many projects 

would be delayed, abandoned, unnecessarily expensive, with poor standards, and many clients 

and contractors would meet in court to settle their disputes. 

The data for this study were gathered using a qualitative method. Ethnographic, naturalistic, 

anthropological, or participant-observer research are examples of qualitative research 

techniques. The qualitative research technique looks at variables in their natural environment 

and collects thorough information using open-ended inquiries. Researchers can gather detailed 

information about a phenomenon and explain it using non-numerical data that is analysed using 

narrative or descriptive approaches. In qualitative research, a variety of data collection methods 

are utilised, including case studies, ethnography, grounded theory, interviews, open-ended 

questionnaires, focus groups, content analysis, audio recordings, and picture analysis. 

However, in this study, closed-ended and open-ended questionnaires were used. The closed 

ended survey technique was used mainly for the demographic data. The aim of this research is 

based on an open-ended survey. The method is used for this research due to a lack of extant 

research and to collect "natural data" with strong validity. An open-ended questionnaire allows 

participants to react in their own terms rather than presenting them with a fixed selection of 

possible answers. The validity of open-ended research findings is high. The Bag of Words 

(BoW) was used for initial data analysis. In other words, a bag of words is used for feature 

extraction, or extracting features from textual data. The method is used to solve problems in 

language modelling and document classification. The model was developed using Orange 

software. The technique is concerned with the count and frequency of occurrence of words in 

a document regardless of their location in the document. It is useful for feature extraction or 

feature encoding in documents. BoW is one of the versatile textual mining techniques of natural 

language in which variable-length texts are converted to fixed-length vectors. However, BoW 

does not recognise the semantics of the words in a document. Therefore, further qualitative 

data analysis was conducted. Although there is no set procedure for conducting qualitative 

research, there are several well-known strategies and stages that can be followed to provide 

reliable and valid results (Olanrewaju et al., 2022). In this study, the following steps were taken: 

a) Familiarization,  

b) Identifying a thematic framework,  

c) Textual coding,  

d) Review codes, 

e) Revise or combine themes, 

f) Mapping (i.e., figures) and interpretation 
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The snowballing technique was used to administer the survey questionnaire. Snowballing is a 

data collection approach in which a survey is administered to respondents who are available, 

accessible, and willing to participate in the research. The approach is appropriate when 

sufficient information on population size and sample frame is not available. For example, 

quantity surveyors that received the forms were requested to forward the forms to their 

colleagues or friends that were competent to respond to the survey. However, while the findings 

may lack external validity, they can be representative when there are a significant number of 

respondents. As a result, the underlying concept is that if enough data are gathered and 

objectivity is maintained, the results are generalisable to the population and beyond. The co-

author administered the surveys to the respondents via the Nigerian Institute of Quantity 

Surveyors' media platform. The survey was launched on 4/12/2021 and opened until 

15/01/2022. Respondents were asked to describe the roles and duties they would be expected 

to perform post-pandemic based on the lessons learned during the pandemic based on recent 

evidence. 

3.1 Data Analysis Method 

Data analysis was carried out in this study using descriptive and synchronisation techniques. 

Descriptive analysis involves presenting data in a straightforward format that may be easily 

interpreted. Data is summarised using graphical explanations, tabular descriptions, and 

statistical comments. A literature review is used to support the qualitative data acquired 

throughout the synchronisation process. 

4 Analysing and interpretation of the results of the survey   

The online survey form was administered to more than 300 quantity surveyors. Because 

snowballing was used, the exact number of survey forms administered is not known. However, 

by the cut-off date, 84 responses were received after several reminders. 

4.1 Analysing the respondents’ profile and practices 

More than 95% of the respondents have worked in the construction sector for more than 5 

years, and 70% have between 10 years and 20 years of work experience (Table 1). Half of the 

respondents have more than 20 years of work experience. Almost 80% of the quantity 

surveyors are involved in the upstream and downstream segments of the construction sector 

(Table 2). The respondents are affiliated with the leading quantity surveying organisations in 

and outside of Nigeria. Most of the respondents held strategic or senior management positions 

in the organisations they worked for or at (Figure 1). Figure 2 contains the communication 

platforms used by the quantity surveyors, and the social networking applications that quantity 

surveyors used more frequently to support their services during the pandemic are numerous 

(Table 3). 

Year Less than 5 years 5-10 years 11-15 years 16- 20 years 
More than 20 

years 

Frequency (%) 4.9 12.2 15.9 17.1 50.0 

 
Table 1. Your work experience (year) in the construction sector 
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Organization  
Consultant quantity 

surveyors 
Contractors 

Material 

suppliers 
Other  

Frequency (%) 54.8 22.6 19.0 3.6 

 Table 2. Type of organization 

 

 
Figure 1. Respondent’s position 

Application  WhatsApp Facebook Google+ Linkedin Instagram Email Twitter Other  

Frequency 

(%) 
45.88 11.18 10.00 7.10 5.29 5.29 4.71 10.59 

Table 3 Social networking applications use by the respondents during the pandemic 

 
Figure 2 Communication platforms used during the pandemic 

4.2 The emerging roles and duties of the quantity surveyors post pandemic 

A BoW model was developed for the data obtained. Stop words were used as part of the textual 

clearing process. In the pre-processing, tokenization, normalisation, and filtering were used. 

Binary was selected to estimate frequency and IDF for document frequency. The bag of words 

generates 463 tokens and 299 types. The Euclidean distance was for regularization. Figure 3 

displays the BoW model for the emerging roles of quantity surveyors post pandemic. The 

model revealed that the pandemic has led to a lot of disputes, claims, cost overruns, disruptions 

to projects' budgets and schedules, resource shortages and fluctuation, and monitoring projects. 

It is also obvious that active clients' involvement and understanding are strategic even though 

the need for risk evaluation is also necessary. Because of these problems, especially 

immediately post-pandemic, there is a need for significant dispute resolution measures. Claim 
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management, [re] forecasting of baselines are required and contract clauses would be examined 

to address some of the problems facing projects during the pandemic. The rate of application 

of technologies (i.e., digitisation) would increase. However, because BoW considers only the 

count and frequency of words in the document regarding the semantic and order, moving 

forward, further qualitative analysis was conducted (see Appendix I) and on the basis of which 

thematic analysis was presented in figure 3. 

 

Figure 3. Bag of words model of emerging roles of quantity surveyors post pandemic  

Figure 4 depicts the 15 thematic roles and responsibilities of quantity surveyors following the 

pandemic. Quantity surveyors must embrace value-added tools, skills, and knowledge in order 

to remain competitive. To deliver value-added services, quantity surveyors must be involved 

in both the downstream and upstream sides of the supply chain and the construction market at 

both the strategic and operational levels. Appendix I contains word-for-word descriptions of 

the summary of roles and emerging roles of quantity surveyors following the pandemic. A 

Pareto analysis indicates that four of the roles and duties explain 80% of the total services. The 

main emerging role of the quantity surveyor is claim management. The global construction 

sector is facing a shortage of skills, low productivity, shortage of materials, delays and shortage 

of machineries, which has led to disputes (Olanrewaju, et al., 2021). These challenges would 

cause disputes and conflicts and would lead to claims. Hence, it is not surprising that claim 

management, settling of disputes, and conflict resolution would be critical services that 

quantity surveyors need to provide, especially after the pandemic. In fact, the data revealed that 

disputes and claims have increased by some 80% due to the COVID-19 pandemic. The cost of 

disputes in the construction sector is very significant for stakeholders. Based on research 

involving many countries, Acardis (2021) found that the pandemic has exacerbated 

construction disputes and that more than 75% of projects encountered disputes and claims that 

are specific to COVID-19. Furthermore, the global construction claims amounted to 46.3% of 

the planned project costs (HKA, 2021). Therefore, it is not surprising that quantity surveyors’ 

roles and duties in claim management are required. Disputes are unresolved disagreements or 

resolved claims that may result in litigation in the courts. A disagreement often arises about 

what the contractors consider their entitlement in the form of money or time, but which the 

clients perceive otherwise and see as an unnecessary expense. 
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The pandemic affected project costs. The data revealed that the COVID pandemic has 

increased project costs by more than 40%. This figure is similar in other countries (Ling et al., 

2021). Even though, traditionally, cost management is a function of quantity surveying. 

However, the pandemic increases the cost of projects due to poor productivity, shortage of key 

resources, delays, and other reasons. Hence, the completion cost of projects becomes very 

critical in order to minimise cost overrun. It is not a matter of avoiding cost overruns but of 

reducing the impact of collaborative strategy and resource management.  

 
Figure 3. Thematic analysis of emerging roles and duties of the quantity surveyors  
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The data also revealed that construction management functions are increasingly becoming 

prominent for the quantity survey to perform. Construction management aims to improve the 

quality of relationships among parties and to accept the objectives of the projects 

(Radosavljevic and Bennett, 2012). The responsibilities of construction managers are to both 

the clients and the construction team. To the client, construction management is a service that 

provides a client with total management of the client value system (e.g., schedule, quality, cost, 

safety, etc). The quantity surveyors are expected to perform outside of the cost management 

functions and advise on procurement strategies. In this arrangement, the client enters into a 

contract with the trade contractors and the quantity surveyors as the client’s representative and 

coordinates the services of the other members of the design and construction teams. Although 

the traditional procurement strategy remains dominant, construction management and 

management contracting strategies are increasingly replacing it.  

COVID-19 is accompanied by a lot of problems. Every construction project has a contract 

document that specifies the pricing, terms, conditions, timetable, and scope of the work to be 

completed, as well as any other job-specific information. A construction contract contains more 

than one document. To avoid a breach of contract, it is important that all agreements and 

conditions in documents are adhered to by both the contractors and clients. However, the 

pandemic disrupts construction activities and procedures to the extent that the scope of work, 

drawings, conditions, agreements, and specifications of many projects are changed. The new 

conditions and regulations require a lot of responsibilities on the part of the quantity surveyors 

to rewrite the terms to comply with the new conditions and regulations. Besides, this role 

empowers the quantity surveyors as the contract administrators or managers. Conventionally, 

architects are the contract administrators of building contracts and engineers for engineering 

contracts. Lately, however, quantity surveyors, project managers, and construction managers 

are performing these roles. The contract manager is a client representative and is paid for by 

the client. The contract manager or contract administrator performs two functions, namely 

agency functions and decision-making functions. In discharging these functions, quantity 

surveyors need to be independent, impartial, honest and fair to the contractors and suppliers. 

In these positions, the quantity surveyors will give advice on variation, assess claims, certify 

payment to the contractors and suppliers for loss of expenses, and award extensions of time, 

among other roles.   

Material costs constitute a significant part of the construction costs, which may be up to 60% 

in most cases. However, during the pandemic, construction materials are also in short supply 

and expensive (Ling et al., 2021). Materials were wasted during the pandemic, and 

manufacturers could not operate. The supply chain is disrupted by labour and material 

shortages and the termination of contracts by the government. The material shortages led to an 

increase in project costs. However, because of the shortage and cost of materials, many 

contractors were forced to import materials, which were often expensive as compared to the 

local materials. The delivery period would also affect the cost of the projects. All of these 

require the expertise of the quantity surveyors to ensure that cost overrun is cut to a minimum 

and the project schedule is brought into focus. Therefore, it may not come as a surprise to find 

that for the project to be completed within budget, the quantity surveyor’s involvement in 

material delivery is increasing. 

While some sites were allowed to operate during the pandemic, many others were shut down. 

Most governments only allow about 50% of sites to operate, and only 50% of the workers are 

allowed to enter sites. The lack of accessibility to sites also impact quantity surveyors’ 

activities and services. Hence, technologies are deployed to many sites to monitor the project 
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productivity and progress of work and to conduct meetings. Many deployed tools like drones, 

on-site cameras, and 3D modelling for monitoring project performance and online meetings 

were conducted using platforms like Zoom, Microsoft Team, and Google Meet. Quantity 

surveyors are now relying on digital tools to provide value-added services. Only specific 

services that require onsite visits would demand physical site visits. This would save a lot of 

the quantity surveyors’ time and expenses. Quantity surveyors have been very traditional in 

their service delivery, which has hampered their productivity. In fact, in many countries, e-

tendering is still not popular. To maximise the potential of technology, the quantity surveyor 

must learn how to use it. 

During the pandemic, a lot of renegotiations of the contracts were conducted, which resulted 

in re-evaluating the client value systems. This may impact the size of the projects and the cost 

of the projects. Client management entails strengthening the relationship between the client 

and contractors, in particular, and the project team, in general. The relationship requires 

compelling strengthening during uncertainties to enhance the confidence of the client to honour 

payment and understand the essence of the contractor’s claims. Client management is about 

trust, confidence, communication, transparency, and assurance. The absence of which affects 

the progress of the project. It goes beyond completing projects on time and within budget, to 

achieving expected quality standards, and achieving a systemic client value system 

(Olanrewaju, 2013). Client management involves making sure that changes in the projects due 

to the impact of the pandemic are verified and approved by the clients. It also includes advising 

clients on payment schedules, interest on borrowed money, and other criteria within the client 

value system. The value systems of the entire client organisation were re-examined to reduce 

without compromising other criteria of the organization's value systems. Like never before, 

these roles are critical to avoiding disputes and conflict, project abandonment, or unused 

completed projects. The entire impact of the pandemic, especially on the cost of the project, 

would affect the client organisations. During the pandemic, a lot of clients interfered with the 

construction activities more than usual. While some clients want to take possession of the 

projects, some clients cannot take possession of their completed projects due to movement 

restrictions and other health and safety regulations that the government enacted. A lot of 

variation orders were issued because of the pandemic awareness by the clients. The design and 

configuration of the buildings can reduce or increase the spread of similar viruses in the future. 

However, all of the cost implications, which the client needs to be educated carefully on the 

consequences of their decision, especially during the uncertainty, need to be properly 

documented.   

Commercial management appears to be a new role for quantity surveyors, which is expected, 

though. The corporate client expects the quantity surveyors to provide services on the business 

opportunities and profile of the profit margin on the projects. The demand for many 

construction projects, especially offices, commercial buildings (i.e., malls, etc.) and luxury 

residential units, is seriously impacted by the pandemic. With the changing profile of the 

working culture, many organisations now require staff to work from home. Many office 

buildings have been vacant for some time, and high cases of property overhang have been 

reported globally. As a result, clients are demanding that the quantity surveyors provide 

guidance on the lease agreement and rental prices on completed and ongoing projects to 

maximise profit margin. However, it is surprising that the quantity surveyors did not include 

building maintenance management, refurbishment, and renovation. A lot of vacant buildings 

have decayed due to lack of use and maintenance during the pandemic. The low demand for 

office buildings would be accompanied by significant refurbishment of the buildings. Many of 

the offices and commercial buildings have been refurbished into residential buildings.   
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The pandemic demands the quantity surveyors to have close contact with the site productivity 

and resource planning to reduce the extent of cost overrun to prevent certifying less or more 

than what the contractors or suppliers are entitled due to multiple and excess variation or failure 

to grant the necessary extension of time that the contractors deserve. It may be argued that there 

is a need for quantity surveyors to spend more time on site to provide fair and reliable reports. 

Although where the contractor has a site quantity surveyor, the consultant quantity surveyors 

may interact and exchange information, their interest is in the contractors. It is only natural that 

they would protect the interests of the contractors and not those of the clients. However, 

adequate information management and the use of digital tools may help. Most of the projects, 

especially small and medium-sized projects, do not leverage the use of the technologies well 

to a large extent. It is not surprising that information management comes out to be important 

because many claims arise whose settlement depends greatly on proper documentation. The 

parties relied heavily on up-to-date and accurate records to file or reject claims. Accordingly, 

to justify a claim, for example, numerous records of site meetings, progress reports, invoices, 

receipts, and conversations are required.   

Financial management functions will remain as part of the core services that the quantity 

surveyors provide. However, it would include new aspects. For instance, to include an accurate 

estimate of cash flow from the contractors and suppliers and cost control toward ensuring 

successful completion of the project within budget. Many contract conditions were violated or 

broken during the pandemic in order to comply with the safety management policy enacted by 

governments or organisations. In many cases, parties failed to arrive at an amicable resolution 

or agreement, which thereby led to litigation. The quantity surveyors, being the experts in 

construction contract and procurement functions, are required to provide initial "legal" advice 

to parties prior to proper case filling if the case is not settled "onsite" (e.g., using the ADR 

technique). Despite recognising that litigation is not the best method to address claims, it still 

remains a major method of resolving claims. However, the pandemic escalates the nature and 

extent of the expert witness services that quantity surveyors conventionally provide. This will 

continue to be required for some time, especially as construction contracts are becoming more 

complex.   

5 Research implications and limitations  

This research has contributed to the little but growing body of knowledge on the impact of 

COVID-19 on construction management practice. The findings would constitute part of the 

foundation research on the competency of quantity surveyors. However, a major limitation of 

this research is probably the sample size. However, because an open-ended survey is used for 

the data collection, it is obvious that the respondent size is sufficient, more so because the 

positions and work experience of the respondents are strategic and high. It would be interesting 

if future research could investigate the emerging roles and duties. Future research should 

examine roles and duties quantitatively. Information is fundamental to the successful 

completion of projects. Before the pandemic, a lot of information was available in the offices, 

sites, and from colleagues. Making sure that all parties have access to valid information is 

paramount. The quantity surveyors had to adapt to alternative means of collecting valid data to 

make informed and unbiased decisions because it may be difficult to justify relying on the work 

of contractors whose interests they are protecting or working for. Nor will a contractor rely on 

information from the subcontractor’s representatives to pay the subcontractors without 

appropriate verification. In practical terms, it is necessary for quantity surveyors to 

continuously upskill their competencies in order to be able to perform the emerging services in 

order to provide value added services. Academic institutions offering quantity surveying 
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programmes should revise their programme structures and syllabi to reflect the increasing 

demand for the services of quantity surveyors.     

6 Conclusion  

The expanding and emerging roles and duties of quantity surveyors are happening at a time 

when there is a greater shortage of quantity surveyors. This research investigated the emerging 

roles of quantity surveyors’ post-pandemic based on the lessons learned during the pandemic. 

The consultant quantity surveyors now rely on the clerk of works and suppliers for information 

on what is happening on the construction sites, especially for the preparation of the interim 

valuation for the periodic payment. This synergy requires high-level collaboration and trust 

management. This can be complemented by the use of technology. While face-to-face 

interaction would be dominant, there is greater flexibility in the working culture in the 

construction sector. This may lead to problems without a high level of trust between the client 

and quantity surveyors. Many will still be working remotely, and technologies will be in high 

demand. This research has contributed to the sustainability of quantity surveyors as a result of 

their culture of adaptability and elasticity. The understanding of the roles and duties of quantity 

surveyors would reduce skill shortages. To reduce project costs and shorten project duration, 

quantity surveyors need to sharpen their competencies in cost, claim, and contract management. 

Quantity surveyors should be involved in the procurement and delivery of materials and 

components. This function should not be left entirely to contractors. The consultant quantity 

surveyors will be familiar with the material suppliers. Configuration management should be 

leveraged for information management. Client organisations should be [re] educated while the 

project is in progress. The impact of cost and shortage of materials should be discussed with 

the client organisation continuously, and the consequences of delayed payment and variation 

should be brought to the attention of the client organisation continuously. 
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8 Appendix 

Appendix 1: Summary of roles of emerging roles of the quantity surveyors post pandemic 

Please identity the roles of quantity surveyors that may see greatest increase 

because of the pandemic  
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Interpretation of contractual and legal 

matters 

Dispute resolution, time scheduling, 

computing costs of project 

acceleration and prolongation claims 
 ✔    ✔    ✔   ✔ ✔  

Project monitoring  Arbitration  ✔ ✔              

Claims on fluctuations Review of existing contract. ✔          ✔     

By educating the party involved the 

need to understand the terms of the 

contract  

   ✔         ✔ ✔ ✔   

Project management Application of technology  ✔   ✔ ✔          ✔ 

Resource Planning and Scheduling, cost 

planning and control, target 

completion strategy from award 

Procurement planning and 

management  
✔  ✔   ✔   ✔  ✔     

Managing scarce resources of the 

projects in a way that the client's 

aspirations of achieving its project 

objectives are still met.  

Cost planning, cost control and cost 

checks 
✔     ✔   ✔ ✔  ✔   ✔ 

Fluctuations will arise which will call for 

the role of Quantity Surveyor. 

Dispute resolution which can only be 

resolved by the Quantity Surveyor 

The role of Quantity Surveyor in 

terms of compliance with bill of 

Quantities specifications 
 ✔    ✔   ✔  ✔     

1. Dispute resolution 

2. Preparation of Contractual Claims 

3. Contract administration and Project 

management etc. 

1. Dispute resolution 

2. Preparation of Contractual Claims 

3. Contract administration and 

Project management etc. 

✔ ✔         ✔    ✔ 
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Timely assessment of cost implications 

of change requests resulting from 

impact of the pandemic  

Cost monitoring and control  ✔     ✔ ✔  ✔       

Arbitration, assessment of claims,  

Visit to construction sites, resolution 

of disputes, assessment of 

abandoned jobs 
               

marketing post contract admin           ✔     

 Valuation 

 Resolving Claims  

Cost control 

Cost advise  ✔ ✔    ✔     ✔     

Construction/Project Management; 

Dispute Management/Resolution 
Construction Risk Management ✔ ✔         ✔    ✔ 

 
Appendix 1: Summary of roles of emerging roles of the quantity surveyors post pandemic (Cont’d) 

Please identity the roles of quantity surveyors that may see greatest increase 

because of the pandemic 
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1. Value Engineering 

2. Dispute resolution  
  ✔ ✔ ✔   ✔          

Assessing claims. Pricing to cater for 

the new normal. 
Market survey  ✔    ✔   ✔       

More Technical know -how and 

trainings 
Price Economist, technology      ✔ ✔ ✔         

The use of BIM and other software  

We have a shift in the way we carry 

out our duties working at home 

valuation is currently depending on 

the Clark of work  

    ✔ ✔     ✔     

Assessment of fluctuations and 

ensuring qualities and specifications 

are not compromised. 

Site visits for joint valuations  ✔     ✔ ✔    ✔   ✔  
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Aspect of project management 
Advice on best procurement method 

and choice of contractor 
✔        ✔       

The roles of a quantity surveyor are as 

follows: 

project scheduling, supply chain, 

tendering, cost controlling, and claim 

management. 

1. Cost controlling 

2. Claim management 
✔ ✔    ✔   ✔ ✔    ✔  

Feasibility studies, project cost 

management,  
  ✔  ✔   ✔         ✔ 

1. The QS understands the 

construction processes, and knows the 

universe of documents that frame the 

obligations of both parties; 

2. The QS is uniquely positioned to 

understand the deliverables of the 

contract 

3. The QS is a bridge between the 

engineering and legal functions, to the 

benefit of the project 

Early engagement of the QS 

throughout the lifecycle of a project 

from planning to closeout, and not 

just when there’s a dispute will safe 

both time and money. This way, 

costly disputes could be avoided.  

* The QS will ensure that the contract 

drawn up is realistic. He’ll be on top 

of what the project actually requires. 

He’ll know where the potential 

problems are going to be, well in 

advance 

✔ ✔ ✔ ✔      ✔ ✔ ✔ ✔   

Be abreast of materials price 

fluctuations and labour within 

applicable localities. And hence do 

justice on differing conditions and 

therefore solving problems on either 

sides of the divide.  

Sharp rating techniques    ✔  ✔ ✔   ✔  ✔ ✔   ✔ 

Post contract administration. 

Evaluation of claims. 

Project management.  

  ✔ ✔  ✔       ✔     
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Appendix 1. Summary of roles of emerging roles of the quantity surveyors post pandemic (Cont’d) 

Please identity the roles of quantity surveyors that may see greatest increase 

because of the pandemic  
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Variations, fluctuations, contractual 

claims, adjustments of provisional 

quantities etc.. 

BIM, Drones, GIS etc ✔ ✔  ✔ ✔  ✔  ✔  ✔     

Costing variation claims 

Increase preliminary costing 
Nil ✔ ✔     ✔    ✔     

Preparation of Claims 

Alternative Dispute Resolution 

services 

Contract Auditing etc.  

Same as above  ✔         ✔     

Dispute resolution, feasibility study, 

viability study,  

Dispute resolution, feasibility study, 

viability study,  
✔  ✔ ✔ ✔       ✔    

Settlement of claims    ✔              

Mediation, Claim management and 

Project Management 
Claim management and Arbitration ✔ ✔              

Project Cost feasibility study, Project 

budget, Cost Planning and Preparation 

of Claims 

Arbitration ✔ ✔    ✔         ✔ 

To ensure the contractor is pay on 

time by timing valuing the work done 
 

 

✔ ✔     ✔     ✔    

*Forecasting 

*Planning 

*Motivation 

*Budgeting 

 

*Forecasting 

*Planning 

*Motivation 

*Budgeting 

✔ ✔ ✔   ✔   ✔       

To calculate claims & expenses 
Additional services such as material 

schedule  ✔       ✔       
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Traditional QS roles and technology-

based QS roles 
Technology based QS roles  ✔  ✔ ✔ ✔     ✔     

Contract administration processes  

Dispute resolutions duties  
   ✔         ✔     

The quantity surveyor is to play that 

important role of construction cost 

expert puting into account the 

situation of the pandemic. 

Same as above but, with more of 

digitalization. 
✔ ✔  ✔ ✔ ✔     ✔     

 

Negotiation of labour 

Purchase of materials 

Use of materials 

Pre and post contract roles ✔     ✔   ✔  ✔     

Arbitration    ✔              

 

Appendix 1. Summary of roles of emerging roles of the quantity surveyors post pandemic (Cont’d) 

Please identity the roles of quantity surveyors that may see greatest increase because 

of the pandemic 
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They will seve as mediators,Cost 

controllers and advice clients on the 

best possible ways to handle there 

projects within budget. 

Enough awareness by means of 

conferences or providing a common social 

platforms,to enlighten especially the 

younger Quantity Surveyors on the modern 

ways to handle projects which could be  

cost effective,less the frequency of 

disputes and even with higher delivery 

standards generally. 

 ✔  ✔ ✔ ✔      ✔   ✔ 

Ability to work within the clients 

budget.  
       ✔      ✔    

Adjusting the rates    ✔    ✔   ✔   ✔    

Claims administration, contract admin, 

cost advise 
Pricing of works  ✔    ✔     ✔     
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Dealing with Claims  

Management of contract with 

uncertainty 

Cost modelling in uncertainty-prone future 

projects  ✔  ✔ ✔ ✔     ✔     

There should be an integrated project 

delivery system that will limit the 

physical activity especially during the 

procurement phase. 

BIM should be adopted and eventually 

implemented in construction projects    ✔ ✔   ✔ ✔      ✔ 

Consideration is made on contract and a 

certain  amount of money  paid  to 

contractor to cushion the hardship. 

Transmission through working materials ✔ ✔    ✔   ✔  ✔   ✔  

Arbitration and mediation Arbitration and mediation  ✔         ✔     

Create an understanding that the 

pendamic is transient and not 

permanent. It go with time. There had 

been such economic downturns before. 

More on cost plan and cost control all 

through the conception and completion 

of projects.  

  ✔     ✔     ✔ ✔    

Budget be more thorough and reflective 

on the current demands. Cash flow 

should take cognisance of individual 

activity demand on the project, instead 

of merely distributing cash flow across 

the project.  

There should be more advocacy on 

quantity surveying services to the public 

generally. There should be retraining and 

retraining for best practices. Localities 

differences be accommodated. Ethical 

rules be strictly adhered to. NIQS and 

QSRBN should have more synergy and 

avoid areas of conflicts.  

     ✔ ✔     ✔  ✔  

Cost Management  

Arbitrator  

Risk Analyst  

Project estimates/forcast 

Software technology application  

Resource scheduling  

Project monitoring  

 ✔  ✔ ✔ ✔ ✔  ✔      ✔ 
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Lump Sum Contracts in Uncertain Times: How do we Make our 

Construction Contracts Future Proof? 
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 C&W Services (S) Pte Ltd, Singapore/Philippines 

 

Abstract 

The globalisation of the world economy means countries are becoming more reliant on each 

other for the supplies of goods and services, and in turn, making the entire supply chain 

vulnerable to disruptions. The need to maintain open boarders was apparent when countries 

started closing off their boarders after the declaration of World Health Organisation in March 

2020 of the novel corona virus pandemic. The restrictions in the movement of both people and 

goods has disrupted the global supply chain which resulted in high inflation, increased 

demands, and decreased supply. Just as we are recovering from the devastating effects of the 

pandemic, the Russian invasion of Ukraine resulted in a barrage of sanctions from different 

countries which again has devastating impacts on the global supply chain. The pandemic and 

the political instability had delibitating effects on the construction industry with the contractors 

incurring loses at best and their contracts being frustrated at worse. The lump sum contract, 

arguably the most common form of construction contract, is examined in this paper. It is the 

belief of this paper that until the attitude towards risk shifts, the lump sum contract may not 

survive this ever changing times. The purported inflexibility of the lump sum contract, when 

put in today’s context, put the parties at risk – the contractors terminating the construction 

contract and the employer with an incomplete project and unmet requirements. This paper 

believes that for this form of contract to be viable in the future, it needs to change in a way that 

it spreads the risk to both parties in the construction contract.    

Keywords 

Construction contract, lump sum contract, procurement. 

1 Introduction 

Pandemic, wars, hostilities – words we only read in our construction contracts but did not 

expect to experience in the course of its performance. In a span of several months from the 

time the WHO declared the corona virus pandemic in March 2020, the world we know was 

turned upside down and transformed in a way that is unrecognizable.  

Soon enough, borders were closed, movements were restricted, and for a moment the world 

stood still as we watch the events unfold right before our eyes. In an effort to contain the spread, 

we saw our projects freeze in time, machineries on idle, workers gone and the cacophony of 

noise so typical in construction sites is no more. Stillness. Quiet.  

Fast forward to 2022, when we are just recovering from the devastating effects of the pandemic, 

another world event occurred. And all of a sudden, we are in the brink of another catastrophic 

event which could lead to another world war, fortunately it did not but its effects are felt outside 
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– far and beyond the war zone. The embargos and sanctions issued against Russia has further 

exacerbated the already strained global supply chain. Such is the state of the world in a nutshell.  

Globalisation of the world economy means countries are becoming more reliant on each other 

for the supplies of goods and services, and in turn making the entire supply chain vulnerable to 

disruptions. The need to maintain open borders and preserve peace among nations became 

increasingly apparent because when these are threatened, the supply chain becomes volatile 

and this results to uncertainty.  

Change is not new to the industry. For the past several years, the construction industry is 

experiencing a revolution. The climate crisis has served as a catalyst for change, with the 

construction industry accounting for 40% of the global carbon emissions, it goes without saying 

that the construction industry must change. And it has and is continuously doing so.  

The past couple of years proved that change is necessary especially in these uncertain times. 

With the fragility of the institutions that surrounds the construction market and its susceptibility 

to succumb to these factors through increase in costs, the lump sum contract has proven to be 

inflexible to accommodate these changes. In places where inflation is at its highest, contractors 

are left to take in the additional costs with no recourse in the contract. Both parties, the 

employer, and the contractor, in seeking to protect their financial interests are left on a standstill 

and in a fixed lump sum contract where no remedy for fluctuations is provided, the contractor 

is left to bear all these costs to their detriment. In this case, the risk of the contractor becoming 

insolvent is high and the employer may end up an incomplete project. Add to that risks of 

disputes arising from these parties is increasing. Hence, we are left with the question, is the 

fixed price lump sum contract the future of contracting? 

2 Literature Review 

Construction costs, over the past years, has been on an upward trajectory. As the world enter 

the post pandemic reality and live with the sanctions imposed due to the Russo Ukrainian war, 

a semblance of normalcy typically seen in the days prior to these events are becoming more 

obvious. The construction indices, however, do not show any sign of going back to their pre 

pandemic levels. The forecasts are nothing but grim. In an article published by the business 

times, Linesight, a multinational cost consultancy firm expects that the prices of steel will 

remain high and the expectation of downward trajectory only to be seen in 2023 (Zhu, 2022). 

This projection is similar to the position taken by another consultancy firm, Arcadis. The 

Arcadis report posits that the inflationary environment caused by the geopolitical tensions has 

created an uncertain and volatile market. The report also acknowledges the increased risk 

brought about by the pandemic and the war, and as a result the industry is facing difficulty in 

predicting construction costs (Beard, 2022).  

2.1 Inflation & Construction Indices  

At the height of the pandemic, the volume of construction projects significantly decreased 

which created a competitive market that resulted in lower bids.  As we enter a post pandemic 

world, a resurgence of construction projects which were stalled and put on hold in the past two 

years is seen. This resurgence does not only affect the risk appetite of the tenderers, it also 

greatly affects the supply chain. The pressure put on by the increased demand in both materials 

and labour puts the construction market at risk of shortages which may result in again, increased 

costs.  



  

230 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore  

A study conducted in the United States showed that inflation in construction is on an 

unprecedented rise. Zarenski, in his study, found that the inflation for non-residential building 

rose from an average of 4.4% in 2019 to 9% in 2021 (Zerensky, 2022). Similarly, for residential 

buildings the average 5.3% inflation in 2020 sharply increased to 14% in 2021. This rate is the 

highest since 1978. This trend is not exclusive to the United States alone.  

In the Philippines, a publication issued by the Philippine Statistics Authority shows that the 

Construction Materials Price Index is also on the rise in the National Capital Region. In March 

2021 the price index for the construction materials is at 1.2, for the same period in March 2022 

it increased to 4.8 (Mapa, 2022).  

Another measure of the movement in construction prices is through the Tender Price Index 

(TPI). In Singapore, the published TPI serves as benchmarks in terms of movements of 

construction related trades such as manpower, materials, equipment, risk, and profit allowance 

by contractors among others (SISV, 2022). The circular on construction TPI issued by the 

Singapore Institute of Surveyors and Valuers also showed an upward trend. In the circular, the 

Building and Construction Authority shows an increased TPI in the first quarter of 2022 at 

126.5 as compared to 117.1 in 2021.  

The inflation and rise in construction indexes are felt around the globe and puts pressure on 

long term contracts entered into before the pandemic and whose contract period extends beyond 

this. In a fixed price lump sum contract, and where no price adjustment provisions in the 

contract to account for increased costs, the contractor is left to bear all these additional costs.  

2.2 Effects of Rising Costs   

Construction projects, with substantial amount of procurement values and contract sums, takes 

years to complete. This puts the parties at risk, especially the contractor, to price escalations or 

fluctuations in the course of the performance. Cost certainty for the employer and accuracy for 

the contractor play an important role in achieving their financial objectives. In these 

circumstances where inflation is rising, the easiest way to transfer this risk is with the contractor 

accepting them through a lump sum fixed price contract. Without a fluctuation clause the 

contract sum is certain, save for variation orders. This in turn creates the possibility of having 

more costly price proposals since the contractor has to account for risks that are unforeseeable, 

including inflation. The employer may end up with a contract with higher cost certainty but not 

necessarily with the best value. And thus brings the question back, are lump sum contracts still 

the future of contracting? 

3 Methodology 

In answering the research question posted by this paper, the author conducted a qualitative 

research approach which included review of existing literature that discusses the problem area. 

The literature that was reviewed includes previous scholarly research outcomes showing the 

trends of the construction prices, case laws, textbooks, journals, and commentaries published 

online.  

 

 

 



  

231 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore  

4 Findings and Discussion 

4.1 The Price Risk and Cost Certainty 

Understanding how a price proposal is determined would lend us an understanding on how the 

risks are allocated between the parties. Construction projects are typically long-term endeavors 

which may take years from planning until completion. In the early stages of planning, the 

employer has very limited information on the risks that would have an impact on the project. 

This is where the challenges emerge. The absence of clear guidelines in establishment of the 

contract is at best problematic, add to this the ambiguity in the terms of the contract, this might 

be potentially the cause of a dispute (Klee, 2015). 

Klee argues that in a controlled economy, prices were formed artificially and that the perceived 

fixed nature of the price i.e., it being immune to changes induced by the market, has allowed 

governments to use fixed prices as indicators to regulate the consumption of the general public 

(Klee, 2015). This notion when put in the context of construction contracts, which are usually 

long-term endeavors, appears to be incompatible and the only way for the tenderer to allocate 

this risk is through increasing their margin which may result in higher tender proposals. One 

way to counter this is through risk sharing, if the parties agree to share the risks of costs 

fluctuations, the probability of getting more competitive tender proposals is increased.  

Another facet of why employers tend to prefer fixed price contract is because of cost certainty. 

More often than not, employers’ resort to financing to fund their construction project. This 

process may include negotiating the terms of their loan from financial institutions that would 

lend them the required funds for the project. And as a result of this, the lenders or financial 

institutions monitor not just the employer’s behavior but that of the contractor as well. How 

the parties comply with the terms of their construction contract such as management of 

variations and calculation of the contract price will be looked at by the lenders (Klee, 2015). 

Hence, the greater the cost certainty is, the more advantageous it is for the employer.   

4.2 The Price Proposals 

Risks typically associated with construction contracts are allocated to the employer and 

contractor, and to third parties such as insurers. If the contractor, in the event of an unforeseen 

risk occurring, and fails to mitigate the effects arising out of that occurrence, may have a 

negative impact on the contract, and in extreme cases may lead to the premature termination of 

the contract. Thus, understanding how price proposals are calculated would lend insights how 

to navigate and adopt in these uncertain times. While there is a plethora of methods in 

calculating the price of a construction project, the most common way of doing this is by 

determining the unit cost of a specific scope of work and then adding a percentage of margin 

(Klee, 2015). This margin may include unforeseen site conditions, inflation, overheads, profits, 

among others. 

One of the biggest risk a contractor may take in submitting a price proposal is the unforeseen 

site conditions. In cases where adverse site conditions are encountered, in a lump sum contract, 

these all falls within the contractor’s risk. In a construction contract where a contractor 

guarantees that it can build something, and then encounters issues in the course of building it, 

then the costs incurred because of the issues shall be borne by the contractor. This is the best 

illustration of a lump sum contract – the contractor bears all the risk in the cost of performance 

(Kelley, 2013). While this scenario appears to be cruel, it is the position of the court. 

Taschereau JJ , in the case of The King v. Pradis & Farley, held that the expenses incurred for 
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unforeseen difficulties are considered included in the amount of tender and that the contractor 

has the legal obligation to perform the contract for the price the parties has agreed upon. 

Unforeseen site conditions and price fluctuations when taken solely by the contractor may lead 

to an increase in the price of tenders.   

4.3 Nature of Lump Sum contracts 

Lum sum contract otherwise known as fixed price contract or stipulated sum is a type of 

construction contract where the contractor price the works based on well-defined specifications 

and scope of work. Because a lump sum contract is priced based on specific documents which 

lays out the details of the project and on drawings which shows the extent of the works to be 

carried to bring the project to completion, it is deemed to be inclusive of all the works identified 

in the contract documents, save for of course, variations.  

Lump sum contract is so popular that standard conditions of contracts are drafted specifically 

for this type of contract. For example, Construction Industry Authority of the Philippines in 

Clause 12(1) of its Uniform General Conditions of Contract provides that the bid submitted by 

the Contract shall include all things necessary to bring the works to completion including the 

costs for remedying defects and shall cover all the Contractor’s obligation under the contract. 

FIDIC Red Book 2017, while not expressly defines the scope of the contract price, the effect 

of Clause 14, by implication is that unless otherwise provided in the contract, the contract price 

shall not be adjusted.   

Lump sum contracts gained popularity because of the following: 

(a) The price risk is assumed by the contractor and therefore relieves the employer of this 

risk. Absent any instructions to vary and any allowance for adjustments due to material 

fluctuation, the awarded contract sum will not change. And this is very attractive for 

employers who have limited budgets because the cost certainty is relatively high. Lump 

sum contract is also beneficial to a contractor because the opportunity to increase profit 

margins is always present. For projects which are cost driven, price certainty is top 

priority – and lump sum contract provides this. Save for changes i.e., design and 

unforeseeable events, the contract price will remain to be unchanged until completion 

of the project. 

(b) Payment is made on regular intervals. Lump sum contracts are paid in predetermined 

instalments i.e., monthly, or weekly. This allows the employer to properly plan the 

schedule of payments which may lead to financing of the project easier. In so far as the 

contractor is concerned this is advantageous because cashflow is reliable and easily 

predicted. For example, FIDIC Red Book 2017 provides in subclause 14.4(a) allows 

the contractor to submit a Schedule of Payments specifying the instalments to which 

the contract price will be paid. 

(c) Procurement process is less complicated. In procuring a lump sum fixed price contract, 

the employer issues a full set of tender documents to the tenderers which contains all 

necessary information that would allow the tenderers submit a price based on the full 

set of documents. This will result in a fairly accurate tender analysis allowing the 

evaluation of the tenders to be less complicated and straight forward. 

While it is clear why lump sum contract’s popularity is justified with its advantages, it is not 

perfect. Lump sum contracts can be viewed negatively because of the following: 
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(a) Price Risk. In a lump sum contract, the Contractor bears most of the price risk, this 

might in turn affect the price proposals i.e., increased tender prices. A contractor that is 

profit driven may increase its tender prices to account for unforeseeable risks that will 

become their burden if those events occur.  

(b) Time. Lump sum contracts are based on a well-defined set of documents that lays out 

the scope and the specifications of the works in case of a single stage traditional 

procurement, and employer’s requirements in case of a design and build procurement. 

Preparation of these documents takes time and may result in a longer tender process, 

and for a time sensitive project, this might not be the ideal scenario. And even after the 

selection of the successful tenderer, the drawings must still be finalized before any 

construction works can commence.  

(c) Documentation. As with any project, the best way to avoid disputes is through proper 

documentation be it on tracking of changes, instructions that has been issued, or 

submission of notice. A poorly documented contract may lead to disputes arising out 

of changes to the scope, inconsistent requirements, and interpretation of contract terms. 

This is no different in a lump sum contract, with the volume of the documents involved, 

inconsistencies and gaps between several sets of documents are bound to occur. And a 

dispute may arise as to the true characterization of a work i.e., a contract work or a 

variation work.  

Despite these drawbacks, lump sum contracts have been one if not the most popular mode of 

contracting. This popularity was threatened when uncertainty in the market hit the construction 

industry and contractors where left scrambling for solutions to mitigate their loses. And most 

lump sum contracts do not allow for adjustment of contract price other than those stated in the 

contract. The perceived inflexibility and rigidity of lump sum contracts when contrasted with 

the ever-changing landscape and volatility of the construction market, makes it risky for both 

parties to the construction contract.  In other words, if the costs of the materials and labor 

increase during the performance of the contract, the contractor is not entitled for additional 

costs arising out of this increase. 

4.4 Rise and Fall Clauses 

In a lump sum contract the contractor bears all the risk on costs in the performance of the 

contract including the unforeseen fluctuations in price for labor and materials (Kelly, 2013). 

Rise and fall clauses remedies this by allowing the parties to adjust their contract sum using a 

mechanism in the construction contract. A clause that allows the contract sum to change 

together with the fluctuations of the market is usually included where it is unreasonable for the 

contractor to assume the increase in costs due to inflation (Barker, 2009).  

Rise and fall clauses existed during the Second World War but gained popularity in the 1970s 

and 1980s during the height of inflation (Cope, 2021). Since then, the market has stabilized, 

and these were overlooked for many years. Interest in rise and fall clauses has picked up as 

stakeholders struggle to find solutions to cushion the rapid increase in price of construction 

materials (Vincent, 2022).  

Construction projects are often long-term endeavors with contract periods spanning over a 

couple or several years. And taking into consideration inflation and other factors that may affect 

the pricing of the works including increase in labor cost, the contractor may submit a price 

proposal that is potentially higher to cover these uncertainties. Risk sharing, through the 
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addition of rise and fall clauses could potentially result in competitive price proposals.  Rise 

and fall clauses are not new in the construction industry, in fact the International Federation of 

Consulting Engineers (FIDIC) Standard Form of Contract includes such a clause.  

A typical rise and fall clause include a formula which forms the basis of the adjustment. The 

formula is typically made up of four elements: the contract price that is the subject of 

adjustment, the applicable price indices, a risk buffer, and reference dates (Vincent, 2022).  

Support and preference for rise and fall clauses or fluctuation clauses dissipated when the 

market stabilized and when its enforcement was put into question. These clauses appear to be 

attractive but are not without controversy. A poorly drafted rise and fall clause may lead to 

legal challenges as to its interpretation, and worse, may be rendered unenforceable. In an 

Australian case, the reference dates included in the clause are incorrect and its interpretation 

leads to an unreasonable inflation of the contract sum. That lead the court to go back to what 

were the parties’ intended and ultimately decided on which interpretation is correct (Lewis 

Construction v. SEA of Queensland, 1973).  

Fluctuation clauses or rise and fall clauses must be clearly drafted to avoid any ambiguities as 

to their interpretation. If enforcement of a rise and fall clause was put into question before an 

adjudicator, and in the process the adjudicator commits an arithmetical error in arriving at the 

amount, the court will refuse to vacate the adjudicators finding and the same would be binding 

to the parties (Amey v County of Herford, 2016). These cases illustrate that indeed, there is a 

real benefit in a correctly drafted fluctuation clause.  

Cost certainty is often one of the employer’s objectives when entering into a construction 

contract and fluctuation clauses seems to be incompatible with this objective. In a time where 

inflation is at its highest, it can be argued that by introducing a fluctuation clause in the 

construction contract may pose some benefit to the employer. By removing the pressure 

brought about by inflation and other price increases to the contractor, the possibility of the 

employer of receiving more competitive tenders is increased (Vincent, 2022).  

4.5 Cost-plus Contracts 

A contract where the employer agrees to pay the contractor the costs it incurred in performing 

the contract and an additional percentage to represent the overheads, profits, and other fees is 

also known as a cost-plus contract (Uff, 2017). This form of contract is another alternative to 

the traditional lump sum contract. Unlike in a fixed lump sum contract where the price risk is 

borne entirely by the contractor, the cost-plus allocates the risk to the employer which includes 

the cost of the work including any fluctuations in costs of materials and labor (Kelly, 2013). In 

this form of contract, variation would play little to no role because any changes would be 

included in the costs that the contractor would reimburse. While this form may not be suitable 

in certain projects, it may prove to be advantageous for a contract whose scope of work is 

difficult to ascertain. Aversion to this form is primarily coming from employers who wants 

cost certainty and perceives this form as tantamount to signing a blank cheque in favor to the 

contractor (ICE, 2011).  

Cost plus contracts, as compared to the traditional fixed lump sum contracts, involves shorter 

procurement process and works could commence after the terms of the contract has been agreed 

such as the costs that are reimbursable and the costs that are not, and the additional ‘plus’ cost 

applied to each and every reimbursement. While there are different iterations of the cost-plus 
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set up, the main is that costs are difficult to predict – and this might be one of the biggest 

drawbacks of this form of contract. 

5 Conclusions  

Fixing the price of a construction contract undoubtedly has its advantages, for instance if the 

employer is an agent of the government where project financing and loans are involved in 

funding. In this scenario, the price definitely becomes a political issue (Klee, 2015) especially 

when the only requirement is how competitive the price is. In reality however, price is almost 

never certain because of changes to either the scope of works, specifications, or both. And it 

seems that the only question would be the willingness of the employer to tolerate such changes 

to the contract sum. Moving away from a fixed lump sum contract would benefit both the 

employer and the contractor.  

In a fixed lump sum contract, procured through single stage traditional procurement where the 

tender documents are finalised from drawings to specifications to bills of quantities and 

schedules of works, a mere addition of a fluctuation clause would mean a great deal. Risk 

sharing in terms of cost for both parties may result in the employer receiving more competitive 

proposals because the risk of price fluctuations is now shared by the parties.  

By making the contract price protean rather than fixed, increases the likelihood of the 

completion of the project. In an inflationary market, such as the one we have today, by not 

allowing the contractor to claim for price fluctuation because of the lack of legal basis, the 

changes of the contractor losing money and eventually going bankrupt is high. This was seen 

in the unfortunate closure of Greatearth Construction Pte Ltd in Singapore. And this leaves the 

employer with an unsatisfied contract, long liquidation process, and recission of the contract.  

Finally, the current state that the market is in, where uncertainty is rife and volatility is 

commonplace, risk sharing would be the key as the market navigates its way through the future. 

While both parties’ aim is to complete the project, they have different motivations: with the 

employer keeping the costs within the approved budget and the contractor maintaining its profit 

margin. It can therefore be argued that a fairer risk allocation in construction contract may 

result in a more accurate price proposals and thus mitigating the possibility of inflated pricing 

due to uncertainty (Aw & Siong, 2021). While lump sum contracts would still be the dominant 

form of contract, shifting away from a fixed price contract might prove to be beneficial with 

both of the parties focusing not too much on the costs but on the project as a whole. 

6 References 

The King v. Pradis & Farley Inc. SCR 10 (Supreme Court of Canada, 1942). 

https://decisions.scc-csc.ca/scc-csc/scc-csc/en/item/8426/index.do     

Lewis Construction (Engineering) Pty. Ltd. v The Southern Electric Authority of Queensland 

(Supreme Court of Queensland, 1973) 

Amey Wye Valley Ltd v The County of Herefordshire District Council EWHC 2368 (TCC, 

2016)  

Baker E. et al. (2009) FIDIC Contracts: Law and Practice. London: Informa Law from 

Routledge 

https://decisions.scc-csc.ca/scc-csc/scc-csc/en/item/8426/index.do


  

236 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore  

Klee L. (2015) International Construction Contract Law. First Edition. London: John Wiley & 

Sons Ltd 

Hughes W. et.al. (2015) Construction Law & Management. Fifth Edition. New York: 

Routledge 

Ramsey V. et.al. (2011) ICE  manual of construction law. First Edition. Great Britain:  Latimer 

Trend & Company 

Uff J. (2017)  Construction Law. Twelfth Edition. London: Sweet & Maxwell 

Denny’s N. & Clay R. (2015) Hudson’s Building and Engineering Contracts. Thirteenth 

Edition. United Kingdom: Sweet & Maxwell 

Kelly G. (2013) Construction Law: An Introduction for Engineers, Architects, and Contractors. 

First Edition. New Jersey: Wiley & Sons 

Bryan et.al. (2011) Do’s and Don’ts: Common mistakes in... lump sum contracts  [Online]. 

Available at : https://www.bclplaw.com/en-US/insights/do-s-and-don-ts-common-

mistakes-in-lump-sum-contracts.html  (Accessed: 21 June 2022) 

Clancey J. (2021) Lump Sum Contracts: Advantages, Disadvantages & When to Use [Online]. 

Available at: https://www.netsuite.com/portal/resource/articles/accounting/lump-sum-

contracts.shtml (Accessed: 21 June 2022) 

Bailey J. & Turrini M. (2016)  Lump Sum Contracts: Not always certain? [Online] Available 

at:   https://www.lexology.com/library/detail.aspx?g=449b3d98-ae2c-4d56-b292-

3d1d42ceae07 (Accessed: 14 June 2022) 

Scalisi T. (2022) Lump Sum Contracts: The Pros & Cons for Construction  [Online] Available 

at : https://www.levelset.com/blog/lump-sum-contract/ (Accessed: 14 June 2022) 

Finity J. (2022) Construction Contracts:  Understanding the 5 Main Contract Types [Online] 

Available at:   https://www.levelset.com/blog/lump-sum-contract/ (Accessed: 9 June 2022) 

Oakland Business Review (2015) Three Common Construction Contracts [Online] Available 

at:  https://www.wendel.com/publication/three-common-construction-contracts/ 

(Accessed: 14 June 2022) 

Beard A. (2022) The Year of Inflation: International Construction Costs 2022 [Online] 

Available at: https://www.arcadis.com (Accessed: 28 June 2022) 

Simonson K. (2022) 2022 Construction Inflation Alert [Online] Available at: 

https://www.agc.org (Accessed: 28 June 2022) 

Zarenski E. (2022) Construction Inflation Analysis for National Data [Online] Available at: 

https://edzarenski.com (Accessed: 30 June 2022) 

Mapa D. (2022) Construction Materials Retail Price Index (CMPRI) in the National Capital 

Region (NCR) [Online] Available at: https://www.psa.gov.ph (Accessed: 28 June 2022)  



  

237 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore  

Zhu M. (2022) ‘High material prices to remain a drag on Singapore construction this year: 

report’ [Online], Available at: https://www.businesstimes.com.sg/ (Accessed on: 1 July 

2022) 

Aw K. & Siong SC (2021) ‘ Covid’s  lessons for the construction industry [Online] Available 

at: https://www.businesstimes.com.sg (Accessed on 1 July 2022) 

Vincent Y. (2022) ‘Rise and Fall Clauses in Construction Contracts’ [Online] Available at : 

https://vincentyoung.com.au (Accessed on 19 July 2022) 

Cope M. (2021) ‘What is a rise and fall clause and why might you use one?’ [Online] Available 

at: https://masterelectricians.com.au (Accessed on 19 July 2022) 

ICE Manual of Construction Law (2011) London: ICE Publishing



  

238 
 

Proceedings of the PAQS Congress 2022, 12th – 13th September 2022, Singapore Institute of Surveyors and Valuers, Singapore  

A comparison between traditional quantity take-off practices vs BIM-

based quantity take-off (BIM-QTO) 

Taki Eddine Seghier,  taki@ucsiuniversity.edu.my 
Faculty of Engineering, Technology and Built Environment, UCSI University, Malaysia 

Jason Wong, jason.wong@global.glodon.com 
Glodon International Pte Ltd 

Lu Change Peh, lukepehlc@suss.edu.sg 
School of Science and Technology, Singapore University of Social Science, Singapore 

Ziwen Liu (corresponding author), zwliu001@suss.edu.sg 
School of Science and Technology, Singapore University of Social Science, Singapore 

 

Abstract 

Over the past 150 years, quantity surveying (QS) professionals have played an integral role in 

the built environment sector. Quantity surveying is a scientific procedure where QS experts 

measure, control, manage, and add value to the cost aspect of a building project. In traditional 

measurement practice, the accuracy of QS measurement is highly dependent on the 

sophisticated measurement rules understood by QS professionals. However, it is well 

knowledge that the conventional measurement method has significant shortcomings: 1. 

Manually tracking changes in 2D drawings is time-consuming and frequently results in more 

mistakes; 2. The involvement of numerous project stakeholders poses a risk of 

miscommunication; 3. Project decision-making about the budget and timeline may be impacted 

by the lack of project visualisation.  With the emergence of BIM, the BE industry is 

transcending into a new era. BIM offers geometry and non-geometry data to facilitate the QS 

professionals to measure quantities and directly retrieve quantities and measurement data from 

BIM to estimate costs. Hence, this study aims to design and deploy a BIM-based quantity take-

off framework to facilitate automating the cost estimation process. The framework includes 

several key activities: intelligently converting BIM models into cost models, capturing and 

acquiring quantities from cost models and dynamically generating cost reports and project data 

analysis. This proposed framework has been validated in several projects in Southeast Asia. 

According to the feedback that the framework enables to centralize all project information into 

a unified common data environment (CDE) which allows project stakeholders to work 

collaboratively and effectively. The benefits of adopting the framework include improved 

accuracy of cost estimates, reduced manpower, enhanced communication and collaboration, 

and better insight into the project. Therefore, the BIM-QTO framework is presented as an 

essential guideline for QS professionals to enhance their business strategy by harnessing/ 

leveraging the BIM model and CDE.  

Keywords 

BIM, BIM-QTO framework, project cost estimating, quantity surveying (QS). 
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1 Introduction 

With the emergence and proliferation of BIM, the built environment industry is transcending 

to a new era. In the domain or field of quantity surveying (QS), BIM offers geometry and non-

geometry data to facilitate QS professionals to measure quantities and directly retrieve 

quantities and measurement data from BIM to estimate costs. This study aims to design and 

deploy a BIM-based quantity take-off (BIM-QTO) framework to facilitate the automation of 

the cost estimation process. The proposed BIM-QTO framework includes several key 

activities: 1) intelligently converting BIM models into cost models, 2) capturing and acquiring 

quantities from cost models and 3) dynamically generating cost reports and project data 

analysis. This proposed framework has been validated in several building projects in Southeast 

Asia. According to the users’ feedback, the proposed BIM-QTO framework enables the 

centralization of all project information into a unified common data environment (CDE) which 

allows project stakeholders to work collaboratively and effectively. The benefits of adopting 

the BIM-QTO framework include improved accuracy of cost estimates, reduced manpower and 

costs, enhanced communication and collaboration, and better insight into the project. 

Therefore, the BIM-QTO framework is presented as an essential guideline for QS professionals 

to enhance their business strategy by harnessing/ leveraging the BIM model and CDE.  

According to SISV, some of the principal roles of a quantity surveyor include providing 

financial and contractual advice, bill of quantities, life cycle costing, project cost control and 

forecasting, feasibility and land procurement. The goal of a QS is to minimise the cost and risk 

of a construction project and enhance value for money, while still achieving the required legal 

standards and quality, including ensuring statutory building regulations are met, and the QS is 

considered to have played an integral role in the built environment (BE) sector for more than a 

century, and the technical process of QS, during which QS professionals measure, control, 

manage and add value to the cost’s aspect of a building project has over the years, become 

well-established and sophisticated. However, it is widely recognised and conceded that there 

are some drawbacks to the traditional measurement process: 1. It requires manual tracking of 

changes in 2D drawing and it is a time-consuming process that often leads to more inaccuracies; 

2. Risk of miscommunication exists due to various involvement of project stakeholders; 3. In 

addition, the lack of visualization of the project may affect the decision-making process of the 

project budget and schedule.  

2 Literature Review 

Building Information Modelling (BIM) is considered among the most adopted solutions in the 

architecture, engineering, construction and operation (AECO) industry (Azhar et al., 2011; 

Eastman, 2011). BIM is a methodology of collaborative work that enables stakeholders to 

model and manage project information effectively through the project lifecycle (Koseoglu et 

al., 2018). BIM workflows and tools have been proven more efficient and productive in 

building design and construction, including cost estimation (BIM 5D), which is particularly 

interesting to quantity surveyors. BIM process and workflow platforms can extract the 

geometrical and non-geometrical properties from the BIM model, which are essential for cost 

estimation, procurement and production planning in the AEC projects (Aram et al., 2014). 

Nevertheless, many construction companies still use 2D drawings and manual excel-based 

spreadsheets to input data and prepare tenders regarding project trades which often results in 

difficult-to-manage time-consuming tasks and error-prone outputs (Rajabi et al., 2015; Seghier 

et al., 2019). 
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BIM-related research for MTQ and cost estimation has increased drastically in recent decades. 

Researchers have investigated and developed different workflows and methods to support 

decision-making and automate the cost estimation process in different stages of the building 

lifecycle. For example, Babatunde et al. (2020) conducted a quantitative study to investigate 

how BIM-based detailed cost estimating software is used by quantity surveyor consultants in 

Nigeria. The findings revealed that about 50 per cent of quantity surveying consulting firms 

are aware of BIM’s potential for cost estimation, but they still have not adopted it yet. Similarly, 

Nguyen et al. (2022) conducted a questionnaire survey and a case study to investigate the 

current challenges facing BIM-based QTO for cost estimation methods. The results revealed 

four significant challenges for BIM-based QTO: 1) low reliability and accuracy in data input. 

2) different types of information are required for the BIM model at different cost estimation 

stages, 3) limited interoperability between the cost estimation and BIM authoring software, and 

4) changes and updates in the information of the BIM model as projects progress. 

Choi et al. (2015) developed a QTO workflow and a prototype system based on the Open BIM 

approach to enhance the efficiency and accuracy of cost estimation during the early design 

stage. The findings showed that the proposed QTO system helped to improve schematic 

estimation consistency by reducing risk factors and shortening the time required. Rajabi et al. 

(2015) developed a workflow to use BIM for QTO in case no detailed Building model is 

available. They created logic based on defined norms and standards, replicating the 

commodities' required quantities. Fazeli et al. (2021) proposed a semi-automated BIM-based 

cost estimation system that facilitates the estimation of the project cost in multiple design 

scenarios. The results showed an acceptable level of accuracy in cost estimation of the 

architectural discipline. Alzraiee (2020) developed a system for cost estimation for building 

projects where Structured Query Language (SQL) was used as an interoperable information 

management system that effectively connects cost data with BIM elements. The comparison 

study of the output of the developed system versus the manual cost estimation revealed that 

both outputs are practically the same. Still, the efforts to prepare a BIM-based cost estimate 

were significantly shorter than the traditional method. Aram et al. (2014) established a 

framework for a knowledge-based system to implement model-based QTO and cost estimation 

(CE). The system represented BIM model information in a format compatible with QTO and 

CE tasks. The authors claimed that the system enables estimating the properties of product 

features absent from BIM models, particularly in the precast concrete industry. 

It can be concluded from the literature that BIM-based approaches have become more popular 

among cost engineers and quantity surveyors due to their potential to automate the process of 

MTQ accurately (Hartmann et al., 2012; Liu et al., 2014). However, a holistic, integrated 

framework for BIM-based cost estimation is still lacking. Therefore, this study seeks to develop 

a BIM-based framework for cost estimation able to intelligently convert BIM models into cost 

models, capturing and acquiring quantities from cost models and dynamically generating cost 

reports and project data analysis. 

3 Research Gaps 

Quantity Surveying (QS) is the process of controlling and managing construction project costs. 

QS measurement is based on sophisticated measurement rules that are only understood by 

experienced practitioners. It is well known that the traditional QTO process is a tedious and 

time-consuming process. The present manual calculation method is time-consuming and there 

are human errors in the whole calculation process. The traditional QTO process consists of five 

key steps, as illustrated in Figure 1. Each step of a traditional QTO has its own limitations: 1. 
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Read Drawing: Black and white lines layout, making reading of plan drawings, it is difficult to 

comprehend; 2. Using scale ruler to measure length: rough estimate due to potential inaccuracy 

of scale factors; 3. Tabulated dimension in excel: differential excel format based on individual 

QS preference and practices. It is also inconsistency in dimension tabulation between different 

QS.  

 

Figure 1. Traditional measurement method for QS.  

While, compared with the traditional QTO method, adopting 2D based measure software 

improves the productivity for QS practitioners. The workflow of 2D based measure software 

is shown in Figure 2, which includes four steps. 1. Reading drawing: most of 2D based 

measurement software are based on original drawing source formats, such as CAD, PDF, JPEG 

and etc; 2. Measure length/area quantity: Estimated quantification area through ditto points, 

transpose rough estimates to excel table for tabulation of quantities defined, and it not consider 

QS standard of measurement rules for quantities generated; 3. Create formula and deductions: 

differential settings and format based on individual preference, may not be easily 

comprehendible by other QS; 4.Generate report from excel: quantity summary report may 

differ from individual QS submission.  

 

Figure 2. 2D based measurement software for QS.  

The traditional approach of QTO involves several tools and papers being used by QS 

practitioners to carry out their duties. For example, having scale rules to get the measurement 

on the printed layout drawings. With the measurement carefully taken and measured, QS has 

to transfer this information into Excel spreadsheets for further process of final quantities. This 

process will be repeated for every element to be measured to complete the QTO. Often, the 

measured quantities have to be checked repeatedly to assure their correctness. Thus, the human-

error occurrence rate is rather high. 

4 Proposed BIM-based quantity take-off (BIM-QTO)  

With the advancement of 5D BIM development in the construction industry, digitalization is 

starting to sip in countless companies in their daily working processes. Especially during the 

pandemic COVID-19, many have taken a leap into using digital tools to improve their 

productivity at work. It has been demonstrated that integrating 5D BIM into QTO work yields 

positive results, particularly in the quantity surveying industry. 
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Figure 3. Proposed BIM-based quantity take-off framework. 

The proposed BIM-based quantity take-off (BIM-QTO) comprises three main steps, as shown 

in Figure 3. Whereas, the quantity can be easily obtained with the BIM-QTO. Elements can 

now be picked or identified in a short time frame. From one of the ME company QSs, it is 

shown that having a BIM 5D helps improve their productivity by more than 50%. A job that 

was requiring 2 manpower finished in 10 days, is now completed by only 1 manpower in 5 

days. In another company working on an Infrastructure project, a 33% of productivity increase 

is acquired by adopting the BIM 5D into the tender. 

The process has mitigated the need for physical apparatus or tools to acquire certain quantities 

manually. BIM eases the process of QTO, real-time parametric data allows automated 

readjustment of quantities anytime. With the build-in formula for most of the standard 

parameters (e.g., concrete volume and formwork area), these quantities can be obtained 

automatically once the elements are picked or identified in the software. Generally, the entire 

QTO process could have a time saving of 30% to 60% depending on the scope of work. 

In addition, BIM-QTO has the capability to integrate the local standard required by the 

Singapore authority. For instance, the Singapore Method of Measurement (SMM2) and many 

other standards are widely used by QS in QTO in the construction sector. Having this standard 

integrated into the software, quantities acquired from the software will be having more 

assurance in terms of quantity accuracy. Compare the conventional method, whereby QS has 

to input some important element parameters manually into respective Excel cells first, then, 

QS must formulate the formula that is required by the standard which includes all these 

parameters to acquire the final quantity. As a result, this process is highly cumbersome and 

error-prone. 

For example, according to SMM2 rules, the formwork of a wall has to be split in its calculation 

when the formwork of the wall is higher than 3.5m in height. BIM-QTO is able to calculate 

this automatically whenever the model has been built. Whereas, if this is to be done manually, 
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QS has to consider all of the formulas by themselves, as Excel would not do this automatically 

unless sophisticated formula has been developed for different calculations in Excel before.  

Other than having correct calculation, validation of the information also placed high 

importance on QTO as well. QS has to confirm the information used in the calculation is correct 

by working through the sea of information multiple times. This method of manual checking is 

a time-consuming process with a chance of miss-out error proofing. Thus, QS often spend an 

ample amount of time to assure their calculation. This issue is then resolved by using BIM-

QTO. With actual 3D modeling as part of the QTO working processes, BIM-QTO is able to 

perform the model validation automatically and prompt the user if there is any invalid modeling. 

For example, if there is any overly measure of the columns across the floor, QS will be notified 

by the system and adjust accordingly to resolve the issue. This enhances the result reliability 

produced by a QS.  

The capability of auto-detect errors further brings out another benefit of using BIM-QTO – 

enhancing the handling of information and coordination between parties. In the course of the 

entire project, discrepancies and design issues are often the subjects of many discussions. 

Traditionally, QS has to make use of physical drawing to discuss with other parties. This 

process requires excellent visualization and a good amount of working experience to 

understand the root issue of a certain subject. Sometimes, sketches have to be made in the 

process of discussion to support the ideas. 3D elements can be visualized directly. Detailed 

breakdown calculations including the deduction in relation can be reviewed. This ease the 

entire discussion to resolve a specific issue especially when certain clashes have been met 

between construction elements. If this technology is utilized in the design process, it will 

minimize the amount of variation faced during the project as discrepancies are eliminated. One 

QS commented that utilizing the BIM-QTO improves the quality of the discussion and drives 

the decision-making effectively from the management. 

In a project with approximately GFA more than 10,000 m2, the QTO work could be handled 

by multiple QS to achieve a quicker result. When this is happening, the appointed QSs will 

divide the scope among themselves, and their individual QTO will then combine all together 

in the end (usually in excel in the conventional method). In the ideal situation, this final 

combined quantity shall include the consideration of the scope of work of different QS. 

Unfortunately, various issues such as over-measure elements or overlapping elements could be 

easily missed by QS in many scenarios. With BIM-QTO, it allows multiple QTO (e.g. 3D QTO 

model) to combine together as 1 project thus generating a more accurate QTO result. When 

models combine together as one, auto-deduction and validation will take place to eliminate 

errors automatically by the software. 

The native BIM model has been starting to emerge during the project tender stage. The file is 

being distributed, QS can use it for their own QTO purposes. In order to utilize the native BIM 

file, QS will need to have the knowledge of operating the native software to acquire quantity. 

Unfortunately, the quantity acquired from native BIM needs to be processed to suit QS 

requirements. For example, to consider deduction according to SMM standards. Models 

developed by the modeller are mainly for aesthetic purposes which, would have several misses 

in detail. As a result, further development on top of the native BIM is necessary.  

Having BIM-QTO, technology can be developed to accept the native model directly. Once, the 

model is imported, the native BIM model will be processed and converted into the BIM cost 

model which is usable by QS for QTO purposes. This again further speeds up the QTO process 

by eliminating the further development process as previously mentioned.  
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5 Conclusion 

An established company started its digitalization action in 2012, since then, its QTO process 

has been converted from 2D CAD drawings into 3D BIM model’s take-off. The transition has 

proven to boast a 0.2% error margin in comparison to traditional methods that obtain a 5% 

error margin in half the time frame. 

The following five companies as shown in Table 1 have validated the proposed BIM-quantity 

take-off framework. Based on their feedback, all the companies reported that BIM-QTO 

brought some improvements and increased productivity. 

Company  Benefits  QTO 

Productivity 

Improvement  

Contractor A   Visual Enhancement helps in reducing the risk of missing 

out on elements during QTO  

25%  

Contractor B Collaborative among the BIM software helps to enhance 

the efficiency of the project.  

Approx. 30%  

Consultant A   Accurate QTO and real-time cost data management  

Empowering all stakeholders to collaborate seamlessly 

and efficiency  

Better Insights into the project for decision making  

30%  

Contractor C  Ability to abstract quantities automatically with just a few 

clicks from a range of 2D drawings. Having the built-in 

local measurement rules in the software and auto-

deductions helps us achieve accurate estimation results 

and allow us to complete large-scale projects with less 

time consumed.  

Enables real-time collaboration between various project 

stakeholders.   

Providing accurate QTO Results  

35%  

Contractor D   Reduces the amount of time spent for QTO up to 70% 

compared to manual calculation method  

Reducing the risk of miscalculation  

Seamless Communication  

70%  

Table 1. Summary table 
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Abstract 

Digitalisation has changed project delivery in the Built Environment (BE) sector. Quantity 

Surveyors (QSs) usually manage project delivery particularly cost management in the various 

stage of project development. The concept of Metaverse has created a virtual world which 

coexists with our real world. When digital assets, Non-Fungible Tokens and blockchain 

technology have become the hype, QSs who traditionally known as person in charge for finance 

related matters in the BE sector could evolve themselves to manage the cost estimation, 

construction stage interim payment and other cost management tasks via digital twins of 

physical buildings by tapping on blockchain technologies and smart contract. This paper 

discusses how QSs could make use digital models (BIM models) of the building to manage 

project cost estimate before construction stage and subsequently, manage the construction 

interim payment through blockchain technologies or smart contract.  

Keywords 

Blockchain, Cost Managemnt, Digitalisation, Quantity Surveyors.  

 

1 Introduction 

Building and Construction Authority Singapore has identified Integrated Digital Delivery 

(IDD) as one of the key thrusts in the Construction Industry Transformation Map (ITM). 

https://www1.bca.gov.sg/buildsg/digitalisation/integrated-digital-delivery-idd.  IDD is the use 

of digital technologies to integrate work processes and connect stakeholders working on the 

same project throughout the construction and building life-cycle. This includes design, 

fabrication and assembly on-site, as well as the operations and maintenance of buildings. IDD 

builds on the use of Building Information Modelling (BIM) and Virtual Design and 

Construction (VDC), which have been implemented in many projects over the past few years. 

When digital technologies go viral in the BE sector, digitalisation has changed the project 

delivery in the Built Environment (BE) sector. Quantity Surveyors (QSs) usually manage 

project delivery particularly cost management in the various stage of project development. This 

paper discusses how QSs could make use digital models (BIM models) of the building to 

manage project cost estimate before construction stage and subsequently, manage the 

construction interim payment through blockchain technologies or smart contract.  

 

https://www1.bca.gov.sg/buildsg/digitalisation/integrated-digital-delivery-idd
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The concept of Metaverse has created a virtual world which coexists with our real world. When 

digital assets, Non-Fungible Tokens and blockchain technology have become the hype, when 

digital asset operators facilitate use of blockchain, crypto as a means of payment for tangible 

goods and services, QSs who traditionally known as person in charge for finance related 

matters in the BE sector could evolve themselves to manage the cost estimation, construction 

stage interim payment and other cost management tasks digitally by tapping on blockchain 

technologies and smart contract. 

2 Literature Review 

The literature review was carried out on journal papers, conference papers, and other sources 

including web pages among others to explore blockchain, smart contract and their application 

in construction project cost management.  

Perera, S. et al 2020 discussed the impact of blockchain as a potential disruptive technology in 

the construction industry. The exploration revealed that due to the exponential uses of 

blockchain, investments involved, and a number of start-up businesses contributing to Industry 

4.0, blockchain indeed have a credible potential in the construction industry. 

Kim, K. et al 2020 examined blockchain applications in construction industry.  Project 

Cost/Change Management’, ‘Contract Bidding and Formation’, and ‘Procurement Evaluation’ 

are emerged as top three candidates for blockchain application with high applicability and 

impact. Regarding the knowledge area, ‘Procurement Management’ and ‘Cost Management’ 

are identified as the main blockchain application areas with high applicability and impact.  

Dakhli, Z. et al 2019 conducted a case study to reveal a potential cost savings from blockchain 

deployment. Ye, X. et al 2020 proposed a framework for the automated payment via Building 

Information Modeling (BIM), Linked Data, Smart Contract and Blockchain technologies. 

The literature suggested the potential of application of blockchain and smart contract in the 

construction industry for project cost and payment management.  

3 Methodology 

The research methodology of this study comprised of three steps. Following a literature review, 

search rules were used to filter the research papers related to blockchain, smart contract and 

their application in the construction industry for project cost and payment management.  

Afterwards, a screening process was carried out to explore how digital asset operators facilitate 

use of blockchain, crypto as a means of payment for tangible goods and services in the 

metaverse. Afterwards a thorough use case analysis to identify the potential applications of 

blockchain and smart contract in the project cost and payment management in the construction 

industry.   

4 Findings and Discussion 

The literature suggested the potential of application of blockchain and smart contract in the 

construction industry for project cost and payment management. However there are no studies 

to explore in metaverse, how digital asset operators facilitate use of blockchain, crypto as a 

means of payment for tangible goods and services and how QSs could learn themselves from 

these practices to manage the cost estimation, construction stage interim payment and other 

cost management tasks digitally by tapping on blockchain technologies and smart contract. 

https://link.springer.com/article/10.1007/s12205-020-0188-x#auth-Kyeongbaek-Kim
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Proponents of the metaverse say these virtual worlds will soon become ubiquitous, with real 

business use in commerce, marketing, entertainment and media, training, manufacturing and 

healthcare (https://www.straitstimes.com/opinion/metaverse-harmful-hype-or-fantastic-

future).  

In Singapore, Monetary Authority of Singapore (MAS) regulates digital assets-related services 

and service providers. Unlike other countries, e.g. Thailand, Indonesia banned digital asset 

operators from facilitating use of crypto as a means of payment for goods and services 

(https://www.reuters.com/world/asia-pacific/thailand-ban-use-digital-assets-payments-april-

sec-2022-03-23/, https://www.cnbc.com/2022/01/25/indonesian-regulator-bans-financial-

firms-from-facilitating-crypto-sales.html)  

The innovative FinTech environment in Singapore is conducive for BE firms to explore the 

opportunities to tap on blockchain technologies or smart contract to manage the project cost 

and payment for construction projects. Ye, X. et al 2020 highlighted that payment issues are 

necessary in the construction industry, often manifested by high levels of arrears and long-term 

payment delays. An automated payment could be a solution to speed-up the payment process 

after successful completions.  

Dakhli, Z. et al 2019 investigated and concluded that blockchain is being suggested as a way 

to reduce transaction costs by eliminating the need for intermediaries to build trust as a 

prerequisite for successfully executed agreements.  

Perera, S. et al 2020 suggested late payments and cash flow related issues are a few of the key 

issues identified in most construction projects. The construction industry has a chained payment 

settlement culture, and default settlement durations, which are much higher than the other 

industries. Over and above the long settlement period, there is a substantial amount of payment 

delays in the construction industry. These result in additional costs to cover delays in payment, 

causing the contract price to be inflated to cover the cost of finance. Smart contract enabled 

blockchain applications with automated payments can effectively be used to resolve these 

issues. On the other hand, due to trust issues, clients have concerns in buying materials directly 

from the suppliers resulting in involvement of a third party such as a bank or a financial 

institution which leads to additional costs related to transaction costs, taxes among others. 

Implementation of a smart contract enabled blockchain payment application can provide more 

trust in the transaction as automation allows greater enforceability of the contract. The client 

can directly buy products from the supplier, making an initial payment at the ordering stage 

and once the products are delivered to site, the full payment can be released to the supplier in 

an automated process, which is initiated and controlled through a smart contract. 

5 Conclusions  

Literature has suggested blockchain technologies and smart contract has great potential to be 

applied in construction industry. Building Information Modeling (BIM) and digitalisation have 

enabled the construction industry to integrate “cost” into a BIM model, budget and cash flow 

planning and cost controlling and with all these digitalised the adoption of blockchains and 

smart contract into the construction project cost and payment management are highly possible 

to be implemented in the construction industry. Futhermore, Singapore is a vibrant and 

innovative financial centre in the region and provided a highly conducive FinTech environment 

to the construction industry to explore blockchain and smart contract and their applications in 

the construction industry. 

https://www.straitstimes.com/opinion/metaverse-harmful-hype-or-fantastic-future
https://www.straitstimes.com/opinion/metaverse-harmful-hype-or-fantastic-future
https://www.reuters.com/world/asia-pacific/thailand-ban-use-digital-assets-payments-april-sec-2022-03-23/
https://www.reuters.com/world/asia-pacific/thailand-ban-use-digital-assets-payments-april-sec-2022-03-23/
https://www.cnbc.com/2022/01/25/indonesian-regulator-bans-financial-firms-from-facilitating-crypto-sales.html
https://www.cnbc.com/2022/01/25/indonesian-regulator-bans-financial-firms-from-facilitating-crypto-sales.html
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