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The New Zealand residential construction sector faces significant quality-related challenges that hinder its
productivity despite its significant impact on the national economy. This study uses a mixed-methods approach
to evaluate the effectiveness of quality management as a strategy in improving New Zealand residential con-

POh_cy . . struction productivity. Data were collected from 106 of 305 questionnaires distributed by construction industry
Residential construction . . . . . . . . .. e s
Quality bodies. Key findings emphasise three improvement strategies: (1) implementing a productivity certification and

training scheme, (2) addressing the industry’s prioritisation of time and cost over quality, and (3) enhancing
quality management practices. The study confirms the ISO9000 quality management standards and Lean con-
struction methods are widely supported as strategies for improving productivity. The study highlights the need
for greater awareness of quality managements’ strategic value and the importance of government support and
enhanced organisational leadership. Recommendations include the gradual implementation of ISO9000 quality
management standards and the establishment of an industry-wide productivity training program. This study
uniquely investigates New Zealand residential construction productivity, providing novel insights and recom-
mendations for policymakers, industry professionals, organisations, and construction practitioners to align with

New Zealand

global demand and improve productivity through enhanced quality.

1. Introduction

The global construction sector, which constitutes approximately 13
% of the worldwide Gross Domestic Product (GDP), operates within
diverse contexts and is characterised by adversarial relationships and
complex value chains. The World Economic Forum observes that global
construction productivity lags behind other industries, growing only 1 %
annually compared to 2.8 % in manufacturing [1,2]. Common industry
challenges encompass an ageing workforce [3,4], poor quality a lack of
skilled workers [5,6,7,8,9], slow technological adoption and ineffective
procurement and contracting methods, which impede productivity
improvement [3,12,13,14] and compromise sector performance, all
despite technological advancements, continued research, and legislative
policy [15]. Furthermore, this global issue is exacerbated by the eco-
nomic burden of poor quality [5,6,16,17,18,19,20,21,22,23], high-
lighting the necessity for effective quality management strategies to
ensure industry standards and operational efficiency [6,24,25].

It follows that quality management systems, including Total Quality
Management with its focus on continuous improvement, Lean
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Construction, which aims to minimise waste, the Plan Do Check Act
cycle’s iterative problem-solving approach, and ISO9000 standards for
quality management, have been increasingly adopted globally due to
their demonstrated efficacy in enhancing productivity and quality. In
developed nations, quality management addresses construction in-
efficiencies [7,26]; however, its effectiveness is influenced by local
factors such as regulatory frameworks, workforce competencies, market
dynamics, and political cycles [27,28].

While quality management principles are universally applicable,
their integration necessitates contextual adaptation, particularly in
sectors with high variability, such as residential construction [29],
implying that their effectiveness varies regionally, thus necessitating
localised research [10,30,31].

New Zealand’s residential building sector presents a unique case as
localised research in this international context, exemplifying wide-
spread Global issues and specific local factors. The industry is critical to
addressing the nation’s pressing housing crisis, with estimates suggest-
ing a yearly shortage of over 20,000 homes [32]. This shortage is
compounded by systemic inefficiencies in construction processes,
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including high material costs [3,4,12,13], skilled labour shortages,
[11,16] an ageing workforce [3,14], continual delays, and poor quality,
[5,6,8,9] contribute to widening the gap between housing supply and
demand, placing immense pressure on the sector to improve its
productivity.

New Zealand faces unique challenges compared to larger economies.
An Organisation for Economic Co-operation and Development (OECD)
report [33] highlights this predicament, noting that New Zealanders
have been working longer hours for more than five decades yet pro-
ducing less per hour. Productivity growth has declined since the 1970 s,
creating one of the OECD’s least efficient economies [33].

Adding further context, despite a national quality standard [34],
New Zealand’s substandard residential construction quality incurs an
annual cost of NZD 2.5 billion, consequently increasing consumer
expenditure, reducing housing affordability, and lowering living stan-
dards [35,36]. This suggests that quality management in this industry is
perceived as a reactive compliance tool rather than a proactive
competitive advantage [37].

Regulatory, market, cultural factors and traditional resistance to
formal practices hinder the adoption of quality management systems,
favouring pragmatic, experience-based methods over more formal ap-
proaches [38,39,40]. Insufficient workforce education and training on
quality management’s benefits exacerbate resistance, indicating a need
for compelling rationales to motivate stakeholders to adopt structured
tools [38,39]. This suggests a preference for practical, on-site problem-
solving over formalised quality control, explaining the nation’s sub-
stantial economic burden from poor quality. The industry’s adherence to
traditional methods that may not meet contemporary standards is an
enduring problem that necessitates tailored solutions for local industry
limitations.

Consequently, due to the industry’s economic and social importance
[9,36,37,41,42,43,44,45], research highlights the urgent need to
improve quality and productivity in the local context. While numerous
studies have explored productivity in construction globally, there re-
mains a knowledge gap regarding how quality management strategies
specifically influence productivity within the New Zealand residential
context. Previous research has focused primarily on broad frameworks,
models, productivity factors, management strategies, alternative in-
dustries, and other less holistic views, leaving a critical need for evi-
dence tailored to the unique characteristics of the New Zealand
residential construction sector. A commonality in previous research is
that quality is often considered a secondary factor in productivity
improvement, not a primary approach [46].

This study aims to fill the identified gap in the literature by exam-
ining the effectiveness of quality management strategies in the local
sector. It offers novel, evidence-based insights into enhancing produc-
tivity within New Zealand’s residential construction sector and provides
actionable insights for industry practices and policymaking to improve
overall industry performance.

2. Literature review

The modern concept of quality management, introduced by She-
whart, Deming, Juran, Crosby, Feigenbaum, and Ishikawa in the early
nineteenth century, offers distinct quality management models [47].
Quality is generally defined as achieving product excellence [48],
meeting or exceeding customer expectations, providing value for money
[49] and being “fit for purpose” [50]. These pioneers share the themes of
continuous improvement, customer satisfaction, and employee
involvement in achieving sustainable quality standards, advocating for a
proactive, systematic approach to quality management. Deffenbaugh
[50] simplified the explanation for the construction industry by
emphasising measurable continuous improvement and customer
satisfaction.

Recognised in manufacturing in the 1960 s and widely adopted in the
twentieth century [20], quality management enhances organisational
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competitiveness [47]. Despite the benefits observed in other industries
that use models such as Total Quality Management, Lean production, Six
Sigma, and ISO9000, the construction industry lags in adoption,
potentially due to perceived high costs and a prolonged industry culture
that tolerates defects [51,52]. Nevertheless, quality management stra-
tegies are crucial for project and organisational success in construction
firms [21].

When applied strategically, these practices prevent defects, reduce
quality costs, maximise resources, and enhance customer satisfaction,
implying that the benefits of quality management systems outweigh the
perceived implementation costs [25,53,54]. Consequently, quality
management has developed into a strategic business function [51,53]
and a sustainable organisational strategic approach associated with
improved productivity [30].

However, research highlights that global quality costs constitute
2-21 % of contract values, indicating persistent issues with ineffective
quality management and a reactive rather than proactive approach to
managing quality [20,25,55,56].

This underscores the need for improved industry knowledge to un-
derstand the effectiveness of quality management strategies in the global
construction sector, both in terms of strategic importance and practical
application. Despite varied outcomes, numerous quality management
strategies are employed globally to improve quality, including Total
Quality Management, ISO9001, Lean Construction and the Plan Do
Check Act model. Research shows these models can be used individually
or in combination, allowing for integration with organisational needs
[20] 57].

2.1. Quality management frameworks and models

2.1.1. Total quality management

Total Quality Management emerged in the mid-1980 s as an inte-
grated global management philosophy that promoted its competitive
advantage [56]. As a systematic quality management approach, Total
Quality Management has evolved slowly in the construction industry,
regardless of the socioeconomic context [31,53]. Gupta and Khitoliya
[30] suggest Total Quality Management effectively addresses economic
trends and organisational needs while confirming its positive impact on
competitiveness, customer service, productivity, and organisational
culture. Many studies highlight the widespread international examina-
tion of the models’ effectiveness in improving profits, safety, quality,
customer relations, productivity, and reducing rework and delays,
although stressing the need for a cultural shift towards a “learning
organisation” model to realise the benefits fully [51,53,58,59,60,61,62].
Turner et al. [63] define Total Quality Management as an ongoing,
organisation-wide effort to ensure high-quality customer service and
satisfaction. Helmold [12] notes that Total Quality Management aims to
enhance processes across all departments to produce superior products
and services, which could improve productivity in the New Zealand
residential construction sector. A 2021 study on Malaysian industri-
alised building system (IBS) projects, cited by Alawag et al. [64,65],
identified leadership as crucial for effective Total Quality Management
implementation. Their research proposed a theoretical framework based
on critical factors to help stakeholders apply Total Quality Management
in IBS projects, indirectly boosting residential construction productivity.

Conversely, a study on the Cooperative of State Employees (CSE) in
Lebanon found that while Total Quality Management significantly
improved financial performance, it had little impact on managerial
performance [66]. This challenges the assumption that Total Quality
Management universally enhances all aspects of organisational perfor-
mance, which is further supported by [67,68] others who suggest that
Total Quality Management may negatively impact organisational per-
formance due to misaligning requirements.

However, barriers to implementing Total Quality Management in
residential construction include managerial, organisational, and
personnel-related issues [31,55,67]. Larger firms in developed countries
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may find Total Quality Management more viable because of their ca-
pacity to bear training and compliance costs and access to a more skilled
workforce. The existing literature suggests that Total Quality Manage-
ment can improve construction quality and efficiency; however, further
studies are needed to confirm its direct effects on residential construc-
tion productivity. Understanding these barriers is crucial for successful
TQM implementation [69].

2.1.2. 1SO9000

International Standards for quality management ISO9000, estab-
lished globally in 1987, have been widely adopted because of their
flexibility [70].

Motivations for ISO9000 certification include enhancing the com-
pany image, meeting customer requirements, and improving construc-
tion quality and efficiency [71]. The benefits of ISO9000, including
improved quality management, productivity, competitive advantage,
and its strategic governmental role, are well-documented
[72,73,74,75,76]. Shaikh and Sohu demonstrate that ISO9000 benefits
construction firms by increasing employee satisfaction and project
acquisition rates, reducing material waste, and enhancing quality and
productivity, thereby improving its global market reach. ISO9000 cer-
tification signals quality, often becoming a prerequisite for clients and
tendering processes, aiding market expansion [77,78].

However, Kakouris and Sfakianaki [77] suggested minimal organ-
isational benefits in terms of financial gain from using the ISO9000
framework. Conversely, others disagree and highlight that most studies
found a benefit between ISO9000 implementation and various di-
mensions of organisational performance [79,80,81,82].

Unlike other quality management systems, ISO9000 offers a general
framework that enables organisations to develop industry-specific
quality assurance systems [71]. Implementation challenges include
management attitudes, organisational maturity, regulatory absence, and
poor-quality culture [83]. In contrast, technical barriers, such as con-
cerns over audit quality and the lack of mandatory government regu-
lations, hinder effective ISO9000 adoption [72,73,83].

The necessity for construction-specific modifications to the ISO9000
framework to facilitate its application in the residential sector is
acknowledged [44]. Adopting quality management models, such as
Total Quality Management or Lean Construction, could lessen these is-
sues by promoting collaboration, streamlining processes, increasing
transparency, and emphasising process control [84,85]. Despite its po-
tential to enhance customer service, quality, competitiveness, and
innovation, challenges such as regulatory decoupling highlight the gap
between quality management systems intent and actual site quality
[78,84]. Ultimately, the effectiveness of ISO9000 as a quality manage-
ment system in the residential construction sector depends on cultural
adaptation and alignment with sector-specific standards [53,86].

2.1.3. Demings, plan-do-check-act

Deming’s Plan Do Check Act model is a widely recognised four-step
management method to continuously improve processes and products
across sectors. The iterative Plan Do Check Act cycle is particularly vital
for refining processes in construction, with its dynamic control of
scheduling, quality, and cost underscoring its effectiveness in residential
construction [87]. Meiling et al. [88] showed that applying the Plan Do
Check Act cycle in residential construction enhanced quality and per-
formance through planning, execution, monitoring, and continuous
improvement, enabling companies to promptly identify improvement
areas, address issues, and elevate project quality, emphasising the
importance of systematic quality management [55].

Nguyen et al. [89] substantiated the efficacy of the Plan Do Check
Act approach in residential construction projects, elucidating its ad-
vantages, such as minimising defects, enhancing management effi-
ciency, facilitating the learning process for new employees, and
improving overall quality and productivity. Taufik [86] observed that
the Plan Do Check Act methodology and its variants augmented
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productivity and quality across diverse industries, including residential
construction in the Sri Lankan sector. This evidence suggests that the
Plan Do Check Act cycle is a relevant and effective tool for continuous
improvement and enhanced productivity in the residential construction
sector.

Nguyen et al. [89] agree with Meiling et al. [88] and confirmed the
Plan Do Check Act’s effectiveness in industrialised and less industri-
alised housebuilding processes, demonstrating the Plan Do Check Act’s
applicability and success in both. However, Lundkvist et al. [55] iden-
tified the shortcomings of quality management practices in residential
construction and proposed a proactive Plan Do Check Act-based
framework to enhance defect management, quality, and efficiency.
This framework aims to improve project outcomes by addressing
ambiguous data and a lack of standardisation. The results suggest that
the Plan Do Check Act’s systematic problem-solving and quality
improvement approach can benefit the New Zealand residential con-
struction sector. Nevertheless, research efforts highlight the challenges
of this model in acquiring sufficient data and the need for specific data
analysis expertise, which may hinder practical implementation in resi-
dential construction.

Like other quality management models, implementation barriers
include institutional and organisational rigidities, varied construction
activities, quality control issues, complex industry dynamics, and a need
for more understanding and commitment to quality frameworks. Tech-
nical and systemic challenges such as industry support and stakeholder
buy-in also present obstacles. Addressing these factors is essential for
applying the Plan Do Check Act’s continuous improvement processes in
the sector. However, unlike manufacturing, identifying and addressing
root causes in construction is often seen as costly and resource-intensive.
This may deter implementation in smaller organisations [56,90] in the
New Zealand residential sector. This may imply that the Plan Do Check
Act model may face some challenges in adapting to construction con-
texts relevant to the nature of project-based construction versus the
process-based nature of manufacturing. However, recent studies indi-
cate that the Plan Do Check Act cycle and ISO 9000 standards are closely
interrelated and can be effectively combined to enhance organisational
performance [11,55]. It is worth noting that the Singaporean govern-
ment addresses this issue in smaller organisations through incentivisa-
tion and industry training [20,57].

2.1.4. Lean construction

Lean construction is derived from manufacturing and targets process
inefficiency. Franz [90], Oakland and Marosszeky [56] and Sacks et al.
[91] affirmed that adopting Lean construction reduces waste and en-
hances safety, quality, and efficiency. Techniques such as the pull
approach, work standardisation, visualisation tools, and integrated
project delivery (JiT) can further improve waste reduction, client
satisfaction, communication, and task management [90,92].

Although the last planner system has been widely adopted, the re-
sults vary owing to industry instability [92]. Integrating Lean principles
with building information modelling (BIM) enhances construction per-
formance, efficiency, quality, collaboration, costs, and client satisfaction
[93,94] implying the Lean methodology significantly enhances resi-
dential construction efficiency.

Confirmed by Lekan et al. [93] who suggest combining the Internet
of Things (IoT) with Lean methods and Industry 4.0 for a measurable
quality management system in housing projects. Adamu and Adulhamid
[95] observed a 17.24 % productivity increase and a 6-week earlier
completion of Nigerian housing projects using lean techniques.
Cairampoma-Caro et al. [96] found that lean tools improved efficiency
in Latin American social housing by 50 %, reducing construction time by
20 % for annual projects of 150-200 houses. These studies confirm the
efficacy of Lean construction in enhancing residential project efficiency,
particularly in social housing, indicating its potential for broader
application in diverse settings, including the New Zealand sector.
However, Lean construction doesn’t explicitly target improved quality.
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The challenges in adopting lean construction include quality control
issues, cultural and organisational issues, technical and resource-related
difficulties, lack of knowledge, technical expertise, long-term philoso-
phy, cultural resistance, financial constraints, high transactional costs
from misaligned parties’ interests, and inadequate management support
[97,98,99,100,101]. Conversely, there is a trend towards integrating
Lean methodologies with ISO9000 standards to attain enhanced benefits
[102]. Implementing ISO9000 guidelines facilitates organisations in
establishing Lean manufacturing processes and advancing towards sus-
tainability [103].

Hence, a comprehensive approach to addressing these barriers
through education, training, cultural change, and organisational
commitment to lean principles is essential for effective implementation.

2.1.5. Emerging trends in quality management

Global quality management trends in construction involve inte-
grating digital technologies, sustainability practices, and advanced data
analytics. For instance, Bittharia and Tiwari [13] emphasised using
technology to evaluate QMS to enhance resource utilisation and prevent
defects early, thus avoiding structural failures. Adopting advanced BIM
improves quality management and offers a high ROI through model-
driven quality assurance (QA) and quality control (QC) approaches
[97]. Enhanced Internet of Things (IoT) applications and intelligent
sensors enable real-time monitoring and better decision-making during
construction planning and execution [41]. Sustainability trends priori-
tise green building certifications and energy-efficient practices linked to
quality management [104] alongside Lean construction principles
focused on waste reduction and process efficiency[105]. Data analytics
and Al are also used to predict risks, optimise resources, and improve QC
during construction [76,106].

Robotics in construction offers innovative solutions to productivity
enhancement. However, Igbal et al. [107] assert that the construction
sector trails other industries in leveraging robotic applications. Casini
[108] highlights advancements in prefabrication and modular con-
struction as critical drivers of robotics integration in construction. Ro-
botics in Construction (RiC) now encompasses additive manufacturing,
deep learning, and building information modelling (BIM).

Zhai et al. [109] suggest recent innovations in construction robotics
can potentially revolutionise the industry. The field is shifting from
innovation to broader implementation, with single-task robots, on-site
and off-site robots, and automated construction sites becoming essen-
tial for efficiency and sustainability. Additionally, research shows [110]
that these technologies can improve productivity, reduce labour and
safety risks, and enhance construction quality in residential projects
[109]. Ivanov-Kostetskyi [110] agrees with [108,109] that Al-enabled
construction robotics, such as IronBOT, TyBOT, and Newmetrix Vin-
nie, are rapidly advancing. Prieto et al. [111] suggest that multi-agent
robotic systems with human-robot collaboration can effectively
address construction challenges. Hence, the ageing construction de-
mographic presents unintended opportunities for improvement in the
New Zealand sector.

Xiao et al. [112] confirm the direction of future research involves
deeper levels of BIM and robotics integration, near-site robotic fabri-
cation, flexible environment adaptation via deep reinforcement
learning, and advanced robot-to-robot collaboration. These advance-
ments and cloud-based robotics [113] are expected to address produc-
tivity and quality issues in the construction industry, especially in
rapidly urbanising countries and ageing workforces [114].

2.1.6. Quality management strategies — New Zealand residential
construction

Economic conditions in the mid-1970 s meant quality management
was primarily unknown to New Zealand businesses, and the rapid eco-
nomic policy restructuring by the New Zealand government in 1984
coincided with some corporate quality management acknowledgement.
[115]. Quality management was once a national focus for New Zealand,
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in line with the USA, Japan, and Australia in the 1980 s; however, the
shift to a free-market economy in 1984 reduced government involve-
ment, limiting quality management’s progress to a struggling industry
[116,117]. Nevertheless, quality management is still relevant to the
modern New Zealand residential construction sector, and several stra-
tegies could be beneficial. For example, Plan Do Check Act, Total Quality
Management, ISO9000, and Lean Construction face similar imple-
mentation challenges in the New Zealand residential sector. Govern-
mentally, the “free market” economic model hinders necessary
government intervention and policy changes conflict with the New
Zealand government’s aim for a sustainable and high-performing con-
struction sector. Governmental intervention is required to enhance
benefits and drive industry-wide quality and productivity improvements
for a sustainable approach [37,117]. Thus, aligned with government
objectives, there is a need for increased awareness and understanding of
the role of quality management strategies and their applications at the
industry level [116].

The New Zealand residential construction industry, mainly consist-
ing of change-resistant micro-companies, adopts a reactive stance to-
wards quality management [36,52]. Despite the limited commitment,
standardising quality management practices and implementing frame-
works are essential for optimisation [118]. Industry fragmentation im-
pedes the stakeholder buy-in necessary for cultural change [42]. Quality
management’s standardisation is perceived as complex and costly and
requires ongoing training. However, regulatory decoupling highlights
inconsistent commitment [76] to quality practices. Specific statistical
models (Plan Do Check Act) are symbiotic with the ISO9001 framework;
however, they require specialised skilled resources, with the demand for
trained data analysts posing significant challenges [55]. The industry
profile requires more organisational maturity, complicating its imple-
mentation [42]. Organisational culture necessitates alignment with
quality management principles and strategic change [119]. Models such
as Total Quality Management, ISO9000, and Plan Do Check Act require
collaboration and a shift in management approach [62,92]. Poor
employee culture, regulatory decoupling, and inconsistent quality
management practices add to project-level complexity [76]. Therefore,
an increased awareness of quality management’s strategic purpose is
needed.

Regardless, ISO9000 is considered the most adaptable and compre-
hensive quality management strategy in the construction industry and
can be integrated with internal organisational processes, such as Plan Do
Check Act, Total Quality Management, and lean construction. Addi-
tionally, the ISO9000 framework can guide industry objectives at the
government level. Thus, New Zealand policymakers and industry
leaders might consider broadly implementing ISO9000 quality man-
agement standards through a gradual and structured approach, such as
in other countries [20,44]. Quality management strategies improve
quality and productivity by ensuring that projects meet standards and
reduce errors and rework; however, economic implications and stake-
holder preferences complicate the critical relationship between quality
management and productivity. Effective quality management requires a
multifaceted approach that, when implemented correctly, can signifi-
cantly improve the New Zealand residential construction sector perfor-
mance [120,121,122].

However, systematically addressing known barriers enhances quality
management effectiveness, fosters industry integration, and promotes
sustainable improvements.

2.1.7. A geographic comparison of productivity improvement strategies
Research shows that global construction sectors share common
challenges, indicating that productivity improvement hinges on
addressing core industry aspects [4,46]. Key issues include an ageing
workforce [4], poor quality [5,6,8,9], shortage of skilled labour [11,16]
slow technological adoption [3,10,11], ineffective procurement models
and adversarial contracting methods, prevalent in Australia, New Zea-
land, and the UK [3,4,12,13]. Hence, Globally, many countries have
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adopted various strategies to boost the construction industry’s produc-
tivity, yielding mixed results. The following presents a comparative
analysis of productivity improvement strategies that can offer New
Zealand valuable insights.

2.1.8. United Kingdom productivity strategies

The British government formulated an industrial strategy to enhance
productivity within the construction sector, aligning with five key areas:
workforce, infrastructure, innovation, business environment, and
regional development. This approach addresses strategies focused on
artificial intelligence, data-centric economies, future transportation,
sustainable development, and demographic ageing [4,11]. The UK
administration has proposed legislative amendments prioritising in-
vestments in research and development, technology, innovation,
workforce education, and sustainability. A crucial policy initiative ex-
amines productivity and expansion in small and medium-sized enter-
prises to address the need for improvement and provide valuable
government assistance [4,11]. This approach is considered beneficial in
the New Zealand sector.

2.1.9. Australian productivity strategies

Introduced in 2015, the National Innovation and Competitiveness
Agenda [3] is a component of the Productivity Roadmap governed by
the Productivity Commission. It aims to enhance the construction
industry’s productivity through innovation, collaboration, skill devel-
opment, and industry research. The 2021 Productivity Commission
report [123] highlights promising outcomes from digital technologies
(e.g. BIM) and Lean construction in improving project timelines and cost
reduction [123]. Nevertheless, further productivity enhancement is
required. The Australian Constructors Association [3] has proposed a
National Construction Strategy to improve productivity by 2033
significantly. This 10-step plan, overseen by national policy, involves
shared responsibility among government levels, industry stakeholders,
and trade unions. It encompasses specific strategies for procurement
methodologies, adversarial contracting, technology, and standardised
documentation. Similar to policies in the British sector, the strategy
addresses the challenges of an ageing construction workforce.

2.2.0. Productivity strategy comparison —New Zealand

The construction industry shares similarities globally, and interna-
tional methods could boost New Zealand’s construction productivity.
Addressing an ageing workforce, technology, Al, small to medium en-
terprise support, and better procurement methods could benefit New
Zealand. Unlike Australia and the UK, New Zealand has stopped initia-
tives like productivity roadmaps and sector accords, necessitating more
government support. This leaves productivity improvements solely to
the struggling industry. The authors agree with [3,4] that government
commitment to construction productivity for long-term societal benefits
is a common challenge. However, the construction sector is crucial to
New Zealand’s economy and living standards and should be a national
priority. Singapore exemplifies significant productivity gains through
legislative support and industry collaboration, emphasising quality and
productivity nationally.

Continual productivity improvement in construction is vital due to
its economic impact [46], requiring sector-specific issue resolution.
Notably, quality management is absent in the strategies of compared
countries despite the costs of poor quality. This implies that govern-
ments undervalue quality management for productivity enhancement.
However, Singapore’s integrated approach has been more effective than
other nations’ fragmented efforts [45,46].

The authors argue that construction productivity should be a na-
tional priority, with government intervention as a positive catalyst for
change.
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Aligning with some [124,12,126] who advocate for a systematic
approach to ensure rigorous qualitative research findings, this study
employs a Mixed Methods (MM) approach grounded in a pragmatic
worldview [124]. A survey link was disseminated via five industry
organisation membership websites [125,127] to recruit participants.
These organisations typically list members’ occupations on a “mem-
bership scorecard,” showing the five prevalent roles: Project Manager,
Company/Managing Director, Quantity Surveyor, Construction Man-
ager, and Site Manager. Thus, organisations were chosen based on their
members’ alignment with the target population.

Primary data were collected through an online questionnaire to
examine quality management’s effectiveness in improving residential
construction productivity. This method was selected for its speed, effi-
ciency, and versatility, particularly in data management and reducing
transfer errors [128]. A priori power analysis using G*Power 3.1.9.7
determined a sample size of 305 participants for adequate statistical
power. Of the 121 responses received, 15 were invalid, resulting in 106
valid responses. Empirical data suggest a sample rate of 25 % is adequate
for robust analysis [127,129].

Probability sampling requires detailed knowledge of the sample
population. This study achieves this by mirroring (Table 1) the broader
industry population [127], confirming that a cross-functional sample
group captures more diverse and in-depth responses [130]. Therefore,
probability sampling was used to select participants (Table 1) from
various roles in the New Zealand residential construction industry
[130].

Collins et al. [130] propose that validity can be assessed by utilising
criterion, content, face, and construct validity. Face and content validity
were employed in this study and are crucial during questionnaire
development and pretesting, which entails frequently evaluating the
presentation and relevance of questionnaire items through expert
judgment [131]. Vaske et al.’s seminal work, published in 2017, [131]
emphasised that reliability assesses the consistency of instrument mea-
surements. Cronbach’s alpha was utilised to determine reliability. A
Cronbach’s alpha coefficient of 0.720 confirmed the suitable internal
consistency of the Likert-scale questions (Table 2). A pilot study (n = 7)
involving construction professionals from comparable professions
within the New Zealand residential sector was conducted to assess the
research instrument’s validity and reliability [130,132]. Following
empirical recommendations; a random sample of approximately 5-10 %
of the final sample (n106) size was selected [130,132]. Consequently, a
pilot study (n = 7) involving construction professionals within the New
Zealand residential sector was conducted to identify and resolve po-
tential issues and further assess the validity and reliability [130,132].
The respondents provided feedback on the wording and usability of the
questionnaire, resulting in minor adjustments.

The Qualtrics-developed online questionnaire includes two Likert
scales containing 14 statements on construction productivity and quality
management, along with three open-ended questions employing mean
value analysis and weighted average methods. The Likert scale assesses
attitudes or opinions on a five-point scale [133]. Statistical Package for
the Social Sciences (SPSS) was used to evaluate data normality using the
Kolmogorov-Smirnov test, which indicated a non-parametric distribu-
tion. Group differences were examined using the Kruskal-Wallis test, and
thematic analysis was conducted on open-ended questions using
Microsoft Excel v16.85 [134].

However, online surveys encounter challenges in tracking response

Table 1

Sample size representativeness.
Industry Profession PM CM SM GM SUB
N 21 20 22 18 25

Total N 106
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Table 2
Cronbach’s Alpha Analysis.

Reliability Statistics

Cronbach’s Alpha® Cronbach’s Alpha based on standardized items N of Items

0.720 0.765 14

@ Listwise deletion based on all variables in the procedure.

rates, non-responders, and over-representation [135], affecting data
interpretation and research applicability.

Groves & Peytcheva [136] emphasise that non-respondents in online
surveys often differ in engagement, accessibility, or interest. Non-
respondents typically include individuals with lower motivation, time,
or trust in the research process. Their meta-analysis [136] found that
response rates are unreliable survey quality predictors. Studies
[129,136,137] concur that although increasing nonresponse rates are a
concern, higher rates do not necessarily result in more significant
nonresponse bias, and high-quality surveys can still yield reliable data
despite lower response rates. Researchers should consider survey design
and implementation factors to minimise potential bias. Other studies
[138,139,140] indicate that even with low return rates, bias can be
avoided if respondents’ characteristics are representative of non-
respondents.

This study tackled key methodological issues through appropriate
sampling, data analysis, and research design. Following empirical
research, [141,142]representativeness was prioritised over response
rates to reduce non-response bias. The sampling methods accurately
reflected roles in the New Zealand residential construction industry, as
shown in Table 1. The final sample was closely distributed, with 106
participants.

Thematic analysis was used for open-ended questionnaire responses.
Inductive thematic analysis identifies patterns and themes in qualitative
research. Fuchs [143] emphasised its systematic approach of deriving
themes from data through iterative reading, note-taking, and coding.
This method’s versatility across qualitative designs enhances its effec-
tiveness [143]. Proudfoot [144] indicated that combining inductive
thematic analysis with quantitative methods in mixed-method research
can bridge methodological gaps and generate new theories through
abductive reasoning [144]. The method’s adaptability and theoretical
independence are widely applicable [145].

This research follows Braun and Clarke’s [146] six-stage framework
for thematic analysis, which can be inductive or deductive, producing
semantic or latent themes. Coding was undertaken using Microsoft Excel
v16.85. The inductive process starts with data familiarisation and
crucial text coding [125,147]. Themes were initially identified before
applying an interpretive lens to reveal deeper latent factors [127]. This
method allows the narrative to unfold organically, which is suitable for
exploratory research [126]. The study presents thematic findings in
Tables 5, 6, and 7. An ethics application was submitted and approved
(Autec 24/77) for this study. This research evaluated the effectiveness of
quality management strategies in enhancing New Zealand residential
construction productivity.

4. Results
4.1. Demographic survey results

The nationwide questionnaire targeted New Zealand’s residential
construction sector. Table 3 highlights the demographic data of 106
participants, including their age groups, professions, industry experi-
ence, and education levels.

The sample group characteristics (Table 3) suggest that feedback is
reliable and valuable in drawing valid conclusions regarding the New
Zealand residential construction sector (Table 3).
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Table 3

Independent —Samples Kruskal —Wallis Test Summary.
Total N 106
Test Statistic 10.884"
Degree of Freedom 4
Asymptotic Sig (2-sided test) 0.014

@ .The test statistic is adjusted for ties.

4.2. Quality management concerns

Participants (N106) were asked seven questions on a 5-point Likert
Scale regarding the effectiveness of quality management in the New
Zealand residential construction sector. Fig. 1 confirms three sub-
themes: QMS and managing quality in organisations, QMS and Organ-
isational culture, and QMS and project parameters. The weighted
average of the seven statements is 3.57.

4.2.1. Sub-theme 1: QMS and managing quality in organisations

A mean score of 4.00 indicates that participants predominantly view
quality management as reactive in New Zealand’s residential construc-
tion sector, with 81 % agreeing or strongly agreeing. While 58 %
believed that ISO9000 could boost productivity, the mean score of 3.53
reflects a slightly lower perception. The results highlight the need for
greater organisational clarity on the benefits, use, purpose, and under-
standing of Quality Management Systems (QMS) in New Zealand resi-
dential construction (Fig. 1).

4.2.2. Sub-theme 2: QMS and organisational culture

Most respondents (61 %) believed that an organisational QMS could
enhance New Zealand residential construction productivity, while 30 %
expressed disagreement, resulting in a low mean score of 3.52 (Fig. 1).
However, only 25 % of the participants concurred that their organisa-
tional QMS fulfilled quality objectives, with 75 % either disagreeing (27
%) or remaining neutral (48 %), yielding a low mean score of 2.97.

4.2.3. Sub-theme 3: QMS and project parameters

A mean score of 4.37 indicates participants believe the New Zealand
residential construction industry prioritises time and cost over quality,
with 96 % of respondents agreeing (53 %) or strongly agreeing (43 %).
However, a mean score of 3.41 suggests a low perception that quality
management enhances time and cost outcomes. The results confirm that
46 % agree that quality management enhances time and cost outcomes,
and 54 % disagree or remain neutral. Moreover, a mean score of 3.21
reflects a low perception of cost as a barrier to implementing a quality
management system. The results showed that 51.9 % of participants
agreed, and around 44 % disagreed (33 %) or were neutral (10.4 %)
Fig. 1).

4.3. Construction productivity and QMS

Participants (N106) were asked questions on a 5-point Likert Scale
regarding strategies for enhancing construction productivity in the New
Zealand residential construction sector. Fig. 2 identifies five subthemes:
Organisational QMS and Productivity, Productivity Training, Produc-
tivity as Legislation and Measurement, Productivity and Workflow
Collaboration, and Productivity and Organisational Culture.

The weighted average of the seven statements is 3.52.

4.3.1. Sub-theme 4: Organisational QMS and productivity

A mean score of 3.30 confirms participants’ low perception (Fig. 2)
of improving NZ residential construction productivity by including QM
in a.

Project design and procurement phases. Moreover, results highlight
that approximately one-third (42 %) of the participants agreed (37 %) or
strongly agreed (5 %). Conversely, 43 % were neutral in their responses,
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QMS Concerns

Weighted Average Mean = 3.57

Subtheme 1: QMS and Managing Quality in Organisations
ISO9000s' standards improve CP 6.7% 34.9% 58.4% 1%Mean = 3.53

Managing Quality is a reactive process 13%5% 51% 31% Mean = 4.00

Sub-theme 2: QMS and Organisational Culture

Your QMS achieves its quality objectives 27% 48% 25% Mean = 2.97
QMS improves construction productivity 9% 30% 60% 1% Mean = 3.52
Sub-theme 3: QMS and Project Parameters
A QMS improves Project time and cost 9% 45% 42% 4% Mean = 3.41
Time and cost is prioritised over quality. 3%1% 53% 43% Mean = 4.37
Is cost a barrier to effective QM 33% 10.4% 51.9% 4.51%Mean = 3.21

m Strongly disagree Disagree Neutral Agree Strongly Agree

Fig. 1. QMS Sub-themes and Mean Value Indicators.

Construction Productivity (CP) and QMS

Weighted Average = Mean = 3.52

Sub-theme 4: Organisational QMS and Productivity...

Quallty focus on design and procurement enhances CP 1% 14% 43% 37% 5% Mean = 3.30
Sub-theme 5: Productivity as Legislation and Measurement...
Measuring CP at the project level could improve it 8% 16% 76% 1% Mean = 3.70
Legislating CP could improve it  12% 19% 64% 5% Mean = 3.61

Sub-theme 6: Productivity Training...
CP Training and certification could enhance CP 5% 5% 88% 3% Mean = 3.89

Sub-theme 7: Productivity and Workflow Collaboration...
Integrating project workflows could improve CP 25% 43% 31% 2% Mean =3.78

Sub-theme 8: Productivity and Organisational Culture...

CP improves if it is an organisational strategic policy 5% 18% 72% 6% Mean =3.10
Organisational culture could improve CP 19% 36% 41% 5% Mean = 3.31
B Strongly Disagree (1) Disagree (2) Neutral (3) Agree (4) Strongly Agree (5)

Fig. 2. Construction productivity and QMS sub-themes with Mean Value indicators.



M. Kirby et al.
and only 15 % disagreed or strongly disagreed with this statement.

4.3.2. Sub-theme 5: Productivity as legislation and measurement
According to Fig. 2, a mean score of 3.70 indicates a high perception
among participants that New Zealand residential construction produc-
tivity can be improved if measured at the project level. The results show
that 76 % of the participants agree (75 %) or strongly agree (1 %).
Conversely, 24 % disagreed (16 %) or strongly disagreed (8 %). Addi-
tionally, a mean score of. 3.61 indicates that participants’ high per-
ceptions of productivity, such as health and safety, could improve if
legislated. Moreover, 69 % agreed (64 %) or strongly agreed (5 %),
whereas 31 % either disagreed (12 %) or remained neutral (19 %).

4.3.3. Sub-theme 6: Productivity training

According to the findings presented in Fig. 2, a mean score of 3.89
demonstrates participants’ high perception and support for an industry-
wide scheme to train and certify construction professionals on
improving productivity. Approximately 90 % of participants agreed (87
%) or strongly agreed (3 %) with this statement. On the other hand, only
10 % of the respondents disagreed (5 %) or were neutral (5 %) regarding
this statement.

4.3.4. Sub-theme 7: Productivity and workflow collaboration

The mean score of 3.78 signifies participants’ high perception
regarding the importance of incorporating project stakeholder work-
flows to enhance New Zealand residential construction productivity.
Approximately one-third of respondents agreed (31 %) or strongly
agreed (2 %) with this statement. Conversely, approximately two-thirds
(67 %) of respondents demonstrated neutrality (42 %) or disagreement
(25 %). This finding suggests a disconnect at the project level regarding
the benefits of integrated workflows (Fig. 2).

4.3.5. Sub-theme 8: Productivity and organisational culture

Participants’ perceptions of improving construction productivity as a
strategic organisational policy are low, as indicated by a mean score of
3.10. Nevertheless, 78 % of the respondents agreed (72 %) or strongly
agreed (6 %) with this statement, only 5 % disagreed, and 19 %
remained neutral. Similarly, a mean score of 3.31 reflects a low
perception among respondents that organisational culture could
enhance New Zealand residential construction productivity. Only 41 %
of the participants agreed, 5 % strongly agreed with this statement, 35 %
remained neutral, and 19 % disagreed (Fig. 2).

4.4. The Kruskal Wallis test

Upon analysing the participants’ responses, it was essential to
determine whether there were different perspectives among the five
groups of research participants. Consequently, a Kruskal-Wallis test was
conducted (Table 2) based on the following hypotheses:

HO (null hypothesis): The independent samples have the same cen-
tral tendency.

H1(alternate hypothesis): At least one independent sample will not
exhibit the same central tendency.

A Kruskal-Wallis test examined differences in mean ranks among
professional groups on a Likert-scale statements/strategies. The results
(Table 2) indicated significant differences between the two groups of
construction professionals, H (4) = 12.511a, (P = 0.14); hence, the null
hypothesis was rejected (P = 0.05). Post hoc comparisons with Bonfer-
roni correction revealed a significant difference between General Man-
agers (88.25) and subcontractors (42.10) (P = 0.04). No significant
differences were found among the Project Managers (57.47), Construc-
tion Managers (61.42), and Site Managers (51.48). These results provide
crucial insights into enhancing productivity in NZ residential
construction.
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4.5. Thematic analysis of open-ended questions responses

In addition to structured questions at the outset of the survey, par-
ticipants were allowed to propose suggestions for improvement through
open-ended enquiries. The inductive Thematic analysis revealed 26
themes with various subthemes, generating unexpected insights from
the three open-ended questions. The analysis had six recurring themes:
LCM, Adequate Supervision, Skilled Workers, Culture, Collaboration,
and Procurement Methods, as discussed below.

4.5.1. Questionl-analysis of project level productivity improvement
strategies NZ residential sector

The analysis of Question One reveals 12 themes (Table 3), with 92
participants responding to project-level strategies for enhancing con-
struction productivity. The top five themes were LCM (1), productivity
training and education (2), quality management (3), stakeholder
collaboration, adequate supervision and collaboration (4), and incen-
tivisation schemes and skilled workers (5). LCM, a delivery process using
lean methods to maximise stakeholder value and minimise waste, is
considered the most effective project-level strategy, accounting for 22 %
of the responses and includes ten subthemes (Table 3). Additionally, 49
respondents believed Lean Construction could be used individually or in
combination to boost productivity. Productivity training and education
were identified by 15 % of the participants, with 29 advocating specific
training and 14 recommending stakeholder education. This study
highlights the need for greater strategic emphasis on quality manage-
ment, although agreement on its role in improving productivity is
limited. The participants confirmed that a collaborative project envi-
ronment could enhance productivity, with 28 respondents supporting
improved stakeholder supervision. Other themes included incentivisa-
tion schemes and skilled workers (8 %), technology adoption (6 %),
procurement methods, culture and communication (3 %), and compre-
hensive design (2 %).

4.5.2. Question 2- analysis of quality management strategies to improve NZ
residential construction

Eight themes emerged from analysing the second open-ended ques-
tion, with 82 participants discussing quality management strategies to
improve residential construction productivity (Table 4). The five most
common themes are Lean Construction (29 %), focusing on maximising
customer value and minimising waste, with sub-themes like quality
management checklists, inspections, audits, stakeholder collaboration,
and continuous improvement; Plan Do Check Act (26 %) for continuous
process improvement; ISO9000 standards (19 %) for quality and pro-
ductivity enhancement; CONQA Quality Assurance System (QAS) (7 %)
for organisational quality assurance; and inspection test plan (ITP)
checklists (6 %) for productivity improvement. Other themes, including
Project Management Software, Kaizen, and Total Quality Management,
received less attention (13 % combined), likely due to participants’
limited understanding of their benefits.

4.5.3. Question 3 —analysis of organisation strategies used to improve NZ
residential productivity

The analysis of question three reveals 13 themes (Table 5), with 87
participants responding. The five most prevalent strategies for
improving construction productivity were Lean Construction (1),
collaboration (2), quality management (3), communication (4), and
adequate supervision (5). Lean Construction was utilised by 22 % (48) of
participants. Inspections and audits are the least-utilised lean strategies.
Enhancing collaboration, primarily through contractor workflow coor-
dination meetings, was reported by 14 % (38) of the participants as an
effective strategy. One-third (35) employed QA tools, such as quality
management checklists and audits. Notably, 10 % (26) reported that
their organisations lack productivity improvement strategies. Less
frequently mentioned strategies include adequate trade supervision (7
%) (19) and employing skilled workers (6 %, (17), fostering an
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Table 4
Sample group demographics in this study.
Age Frequency  Professions Frequency  Industry Experience Frequency Highest level of Frequency
Groups (Percent) (Percent) (Residential) (Percent) Education (Percent)
(Years)
20-29 25 General Manager 18 2-5 years 30 Certificate 39
(23.5 %) (16.9 %) (28.3 %) (36.8 %)
30-39 21 Construction 20 6-9 years 33 Degree 25
(19.6 %) Manager (18.8 %.) (31.1 %) (23.6 %)
40-49 30 Project 21 10 + years 43 Diploma 38
(28 %) Manager (19.8 %) (40.6 %) (35.8 %)
50-59 12 Site Manager 22 Postgraduate 2
12 %) (21 %) (1.9 %)
60 (+) 18 Subcontractor 25 Other 2
(16.9 %) (23.5 %) (1.9 %)
Total (N) 106 (N) 106 (N) 106 Total (N) 106
(100 %) (100 %) (100 %) (100 %)

organisational culture (4 %, (12), training, project management soft-
ware, incentive schemes (3 %, (9), procurement methods (2 %, (6), and
adequate design, the least effective strategy (1 %).

4.5.4. Key findings summary

This study assessed the impact of quality management strategies on
New Zealand’s residential construction productivity. Results revealed a
consensus among participants on the effectiveness of Lean construction
and ISO9000 in enhancing quality and productivity. However, only 20
% of respondents considered ISO9000 standards the best strategy
despite recognising their productivity potential. Enhancing local effec-
tiveness requires a better understanding of quality management prin-
ciples, governmental support, and modern industry leadership. This is
further confirmed by the Kruskal-Wallis test in this study, suggesting
differences between general managers’ and subcontractors’ views
regarding productivity improvement strategies. Bridging these gaps
through education, targeted application, and regulatory support can
boost quality management’s impact on productivity.

5. Discussion and recommendations

The Mixed Methods approach addresses this research aim. Fourteen
strategies to enhance New Zealand residential construction productivity
were grouped into two Likert scales: Quality management systems and
construction productivity, with corresponding subthemes. Mean value
indicators and percentages reflect respondent choices, confirming the
participants’ agreement levels. The thematic analysis (Tables 5-7) ex-
amines three open-ended questions on productivity improvement stra-
tegies and quality management systems. The qualitative results support
the quantitative findings, enhancing the study’s validity and reliability.
This methodological approach instils confidence in the accuracy and
relevance of the research. The distribution of themes and strategies
underscores that improving productivity is a collaborative effort
involving multiple stakeholders [42] and is not confined to any partic-
ular construction stage.

Strategies to enhance construction productivity are presented at the
legislative, industrial, organisational, and project levels.

This study agrees with international research that productivity is a
vital performance indicator in the construction industry and requires
effective measurement [148,149]. The authors argue that traditional
productivity measurement methods are crucial but often time-
consuming, labour-intensive, and error-prone [149]. Aligning with the
findings of this study, it may confirm a lack of productivity measurement
in the local context.

According to recent research, influential organisational culture
significantly impacts productivity in the residential construction sector
[12,13,150]. The importance is highlighted in the Vietnamese con-
struction sector, where research [151] affirms that organisational cul-
ture is crucial for employee productivity in the construction industry.

However, participants contradict international studies [12,13,150] and
disagree that organisational culture can improve construction produc-
tivity, highlighting the disconnect between quality management prin-
ciples and their more comprehensive benefits.

Respondents have diverse views on the benefits of integrating
stakeholder workflow. At the same time, global studies highlight the
critical role of workflow collaboration in boosting construction pro-
ductivity [95,96]. The Nigerian housing sector and Latin American so-
cial housing detail the effects of collaborative workflow, improving
project performance and productivity, with a 17.24 % productivity in-
crease and a reduction of up to 50 % in construction timeframes, high-
lighting the clear benefits to the New Zealand residential sector [95,96].

Research [152] highlights the importance of quality management in
residential construction’s design and procurement phases. While par-
ticipants disagree about its impact on improving productivity, interna-
tional studies [152,153] confirm that effective quality management in
these stages is crucial for project success, affecting both time and cost.
This underscores the gap between local quality management practices
and their broader implications, indicating industry-wide training and
education needs.

Results confirmed industry support for a programme certifying and
training construction professionals to boost productivity, aligning with
research linking high-quality vocational training to socioeconomic
mobility and regional development [11]. Multiple studies
[154,155,156] noted significant improvements in performance from
targeted training initiatives, demonstrating their efficacy in enhancing
residential productivity. However, programmes are less effective in
addressing skilled shortages among an ageing workforce [154], a cur-
rent local sector issue. This highlights the benefit of specific and targeted
training initiatives for the regional sector.

Training initiatives could be implemented through a comprehensive
productivity strategy involving legislative collaboration. For instance,
this study finds that legislation could enhance New Zealand’s residential
construction productivity and concurs with empirical research sug-
gesting that optimising regulatory measures supports improved pro-
ductivity [157,158,159]. However, some researchers [157,158] observe
that while specific regulations aim to improve project quality and pro-
ductivity, they can also present challenges such as time constraints,
bureaucratic processes, and increased human resource requirements.

Empirical studies discuss the positive association between strategic
leadership and achieving desired cultural attributes within construction
organisations. However, participants disagree that productivity can be
enhanced through a strategic organisational policy. Conversely,
research from Singapore supports productivity as a strategic manage-
ment policy in construction organisations [160]. Studies indicate that
leadership is reflected through organisational culture and can signifi-
cantly impact productivity in the residential construction sector [12,13]
confirming the benefits to the New Zealand industry.

However, New Zealand residential construction professionals
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Table 5
Respondent Strategies for Improving New Zealand Residential Construction
Productivity.

Q1. Project level strategies to improve construction productivity

ID# Theme Responses Percentages

1 Incentivisation 24 Participants confirmed that 8 %
monetary incentivisation schemes
(contractor bonuses and higher
levels of renumeration) could be
used as a strategy for trades and
employees to help improve project
level productivity.

7 Participants confirmed that a

Buildable design (coordinated and

complete) combined with

improved use of BIM modelling
could be used to improving project
level productivity.

9 Participants confirmed that

effective communication between

all stakeholders could be used as a

strategy for improving project

level productivity.

30 Participants confirmed that a

sharing information in a more

collaborative project environment
at might help improve project level
productivity.

9 Participants confirmed that

organisational culture in particular

employee motivational schemes
could be used as a strategy to
improve project level productivity.

9 Participants highlighted that

procurement methods such as

Early Contractor Involvement

(ECI) might be used strategically to

help improve project level

productivity.

29 Participants confirmed that

specific training to improve

productivity could be used as a

strategy to improve project level

productivity. 14 Participants
confirmed that providing
education to stakeholders on
methods for improving
productivity could provide
strategic benefit used to improve
project level productivity.

30 Participants confirmed that

quality management could be used

as a strategy for improving
productivity at project level

28 Participants confirmed that

improving supervision of trade

workers could be used as a strategy
to improve productivity at the
project level

49 Participants confirmed that

Lean Construction Methods

(process improvement, minimising

defects, improved leadership,

continuous improvement, hold
points, Last planner and third party
inspections and audits, improved

scheduling) could work as a

strategy for improving project

level productivity.

e 6 Participants confirmed that
alternate construction methods
like offsite construction and
prefabricated components could
be used strategically to improve
productivity at the project level.

11 Participants confirmed that

using more technology as a

schemes

2 Adequate Design 2%

3 Communication 3%

4 Collaboration 10 %

5 Culture 3%

6 Procurement 3%

Methods

7 Productivity 15 %
Training and

Education

8 Quality management 12 %

9 Adequate
Supervision

10 %

10 Lean Construction 22 %

Methods

11 Technology 4%

10
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Table 5 (continued)

Q1. Project level strategies to improve construction productivity

ID#  Theme Responses Percentages

strategy (project management
software. automation and robotics)
can create a safer and more
efficient construction environment
for all stakeholders contributing
towards improved productivity.
23 Participants confirmed that
strategies around the use of skilled
workers as human capital could be
used for improving productivity at
the project level.

12 Skilled workers 8%

N(92) participants answered.

prioritise timely and budgeted project completion over quality, reflect-
ing an industry culture that may undermine confidence in quality
management’s efficacy [44]. This research aligns with recent interna-
tional literature [20,57,161,162] highlighting the residential sector’s
struggle to balance productivity and quality linked to this prevalent
culture. The Brazilian construction sector [162] suggests that incorpo-
rating quality as a core element in productivity efforts is essential for
sustainable progress in residential construction. However, other studies
[161,163] argue that enhancing productivity does not necessarily
compromise quality.

The Kruskal Wallis test (Table 2) further supports the absence of a
quality culture by highlighting the differences in perspectives between
General Managers and Subcontractors. The observed variations in the
central tendencies imply a lack of effective leadership by General
Managers in New Zealand residential construction companies. This is
crucial for successfully implementing a quality management system and
cultivating a “quality culture.” The divergent views on quality man-
agement reveal a disconnect between management’s idealised concep-
tion of quality management and productivity (“work as imagined™) and
the practical realities experienced by subcontractors (“work as done”) in
this research.

The findings indicate that quality management in New Zealand’s
residential construction sector is predominantly reactive, aligning with
international research highlighting this approach [36,52]. Similar ex-
periences are observed in the Spanish [164] and Malaysian construction
sectors. Despite the increased use of quality management control sys-
tems, significant deficiencies persist, resulting in end-user claims and
complaints, suggesting that quality control remains reactive. Regulatory
decoupling is a common issue, reflecting inconsistent commitment to
quality management [76] where problems are identified post-
construction rather than prevented during the building process, thus
reducing productivity.

This study confirms over half of the participants believed that quality
management systems, such as ISO9000, could enhance productivity.
This aligns with research [10,25,165] from the Philippines, India, and
Sri Lankan construction sectors, which assert that quality management
systems lower costs, boost productivity, and enhance market share,
improving project outcomes, customer satisfaction, and efficiency.
However, conflicting views highlight that participants disagree that a
quality management system improves time and cost efficiency, possibly
due to a lack of understanding of the purpose and intent of quality
management systems. In contrast, research shows the global use of
quality management strategies like Total Quality Management,
ISO9000, Lean Construction, and Plan Do Check Act can enhance con-
struction time, cost, and quality [20,57].

Many respondents view QMS implementation as costly, likely
because of the prevalence of micro companies in the New Zealand in-
dustry [42], which may also contribute to the high annual cost of poor
quality [45,166]. However, participants don’t view cost as a barrier to
implementing quality management systems. This aligns with interna-
tional studies that agree that although quality management systems
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Table 6
Quality Management Strategies for Improving New Zealand Residential
Construction Productivity.

Table 7
Strategies Organizations Use for Improving New Zealand Residential Construc-
tion Productivity.
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Q2. Quality management strategies for improving construction productivity

Q3. Strategies organizations use to improve construction productivity

ID# Theme Responses Percentages ID# Theme Responses Percentages
1 Lean Construction 14 Participants confirmed that using 29 % 1 Adequate 19 Participants confirmed that 7 %
Methods Lean Construction Methods as an Supervision adequate supervision of trade
organizational strategy to manage workers is a strategy used to
quality might improve construction improve project level productivity.
productivity. 2 Collaboration 38 Participants confirmed that 14 %
e According to 10 participants, workflow coordination meetings is a
implementing continuous strategy used to help improve
improvement throughout project level productivity.
organizational processes as a 3 Communication 32 Participants confirmed that 12 %
measure of quality assurance effective communication (meetings
could be used strategically to and checklists) is used a strategy
enhance construction used among stakeholders to improve
productivity. project level productivity.
e 22 Participants confirmed that 4 Quality According to 35 participants quality 13 %
using checklists to manage quality Management assurance tool such as quality
assurance (QAS) as an management checklists and quality
organizational strategy could management Audits can be used as a
improve construction strategy for improving productivity
productivity. at the project level.

2 Plan Do Check Act 41 Participants confirmed that using 26 % 5 Skilled workers 17 Participants confirmed that 6 %
Plan Do Check Act as an strategies in human capital like
organizational strategy to manage using skilled and experienced
quality assurance might enhance workers are strategically effective in
construction productivity. improving productivity at the

3 CONQA 11 Participants confirmed that using 7 % project level.
an industry known Quality 6 Training According to 9 participants, staff 3%
Assurance System (QAS) such as and contractor Training can be used
CONQA as an organizational as a strategy to improving
strategy might improve construction productivity at the project level.
productivity. 7 Culture 12 participants confirm that 4%

4 Total Quality According to 4 participants, using 3% organizational culture can have a

Management management philosophies like Total positive effect on productivity and
Quality Management as an can be used as a strategy to improve
organizational strategy might productivity at the project level.
enhance construction productivity. 8 Adequate Design 2 participants highlight the use of 1%

5 Kaizen According to 8 participants, using 5% Design factors like Building
management philosophies like Information Modelling (BIM) helps
Kaizen as an organizational strategy improve constructability producing
might improve construction a more buildable design and can
productivity. have a positive effect on

6 Inspection Test According to 9 participants, 6 % productivity at the project level.

Plan (ITP) implementing ITP checklists as an 9 Incentivisation According to 3 participants, 3%
Checklists. organizational strategy towards schemes incentivising staff and contractors
quality assurance might improve can be a successful strategy for
construction productivity. improving productivity at the

7 1SO9000 28 Participants confirmed that using 19 % project level.
1SO9000 standards for Quality 10 Lean Construction According to 48 participants used 22 %
management (QMS) as an Methods lean construction tools to
organizational strategy might strategically improve productivity at
improve construction productivity. the project level. Of this 48

8 Technology —PM 8 Participants confirmed that using 5% responses;

Software quality assurance checklists within e 10 participants focus on
Project management software minimising defects and reworks.
(Procore and Aconex) as an e 18 participants highlight
organizational strategy could continuous improvement.
enhance construction productivity. e 13 participants identified using
. hold points
N(82) participants answered. e 7 participants used inspections
and Audits
implementation incurs high initial costs, long-term benefits like reduced ¢ 12 participants highlight
rework, increased efficiency, client satisfaction, and profitability often le:f;:’e;‘:ﬁz:z dpgirlacrz:g;g to
surpass these costs [42,45]. This emphasises the importance of raising used tj improve productivity at
awareness about quality management’s strategic value and implies that the project level
significant governance and change are required. 11 No strategies 26 participants confirm they don’t 10%
Thematic analysis identified 12 practical strategies for enhancing use;ny strategies to improve their
residential construction productivity in New Zealand (Table 11), with 12 Proi productivity. L . o
roject According to 7 participants using 3%
Lean Construction, productivity training and education, collaboration, Management production checklists within project
supervision, and quality management as the top strategies. Some of Software management software helps

these strategies align with quantitative findings, such as the need for an
industry-wide scheme to certify and train construction professionals
[11] and the importance of quality management [75,76]. Unexpectedly,

11

improve productivity at the project
level

(continued on next page)
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Table 7 (continued)

Q3. Strategies organizations use to improve construction productivity

ID#  Theme Responses Percentages
13 Procurement 6 participants confirm Procurement 2%
Methods methods (preferred suppliers, ECI

and adequate pay for contractors,)
can be used strategically to improve
project level productivity.

N(87) participants answered.

participants viewed incentivisation schemes, culture, communication,
procurement methods, technology, and skilled workers as less critical.

Thirteen productivity improvement strategies were identified, with
the five most prominent being Lean Construction, quality management,
improved collaboration, and communication. Empirical research sup-
ports that a collaborative culture enhances performance [167]. Partici-
pants agreed that workflow coordination meetings at the project level
are vital for improving performance. Notably, 10 % reported their or-
ganisations lacked productivity improvement strategies, indicating
room for enhancement. Project management software, procurement
methods, incentivisation schemes, adequate design, training, culture,
supervision, and skilled workers were deemed less significant.

Five primary quality management strategies were identified: Lean
Construction Plan Do Check Act, ISO9000, CONQA, and Inspection Test
Plans. Plan Do Check Act or Lean Construction can be used with
ISO9000, relevant at organisational and government levels, as an
effective combined quality management solution. However, ISO9000 is
the only comprehensive quality management system among the sug-
gested strategies, aligning with quantitative findings and previous
research highlighting its effectiveness [79,80,81,82]. Other strategies
focus narrowly on QC and QA, indicating a need for a better under-
standing of the use of quality management systems at the industry level.

A critical analysis revealed commonalities across construction sector
levels. Quality management, a global industry standard (ISO90000)
since 1987, consistently links quality and productivity [53,168,169] and
is part of a comprehensive model for sustainably improving New Zea-
land construction productivity [42]. Governments in Australia, Hong
Kong, and Singapore have used quality management to guide industry
quality objectives since the 1980 s [160,170,171,172]. At the organ-
isational level, quality management as a strategic policy ensures
consistent quality and product delivery and enhances construction
performance [170,173,174], directly driving improved productivity at
the project level [26].

Quality management must transition from a reactive tool to a stra-
tegic function to improve New Zealand’s residential construction per-
formance [21]. Tailored training enhances supervision and training but
remains limited. Adopting the ISO9000 standard fosters a “quality cul-
ture” [83] integrating communication, collaboration, supervision, and
training strategies across the supply chain and government, ensuring a
comprehensive approach to boost productivity. The documented bene-
fits of quality management at legislative, [160,170,171,172] organisa-
tional [173,174] and project levels [28,175] are rarely considered
collectively for enhancing productivity. About 10 % of respondents
indicated their organisations lacked productivity improvement strate-
gies, and less than half agreed their quality management systems met
quality objectives, highlighting the need for change. A broader strategy
can significantly enhance organisational and industry performance,
benefiting society [3]. New Zealand policymakers and industry leaders
should consider broad-scale ISO9000 implementation as practised in
other nations [176]. The study proposes a five-step approach (authors
own works):

1. Industry research: Evaluate current quality management practices.
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2. Stakeholder Engagement: Raise awareness and form a task force of
industry experts, government representatives, and academic
researchers.

3. Implementation Framework: Develop training, pilot programmes,
gradual rollout, and certification support.

4. Monitoring and Evaluation: Establish metrics for quality and pro-
ductivity, with continuous evaluation and adjustment.

5. Change Management: Address SME challenges with grants, sub-
sidies, transparent communication, staff involvement, and success
stories.

Sector-specific resources, such as digital handbooks, can mitigate
barriers to ISO9000 implementation by translating standards into
actionable steps for construction firms [29]. Long-term success requires
leadership commitment and government support [72,73,74,75,76], and
collaborative networks in other countries have facilitated the exchange
of best practices [72]. Regular follow-ups, government assistance, and
an industry-wide quality management network are advantageous.

This study highlights the need for an affordable, accessible, and
certifiable industry-wide training program to improve productivity. The
Singaporean Building Construction Authority (BCA) Academy [177]
could be an adaptable model. The BCA promotes construction quality
and productivity through incentives and legislation that foster innova-
tion [178]. BCA Academy provides ongoing education and training,
including fundamental courses [178,179,180,181] like “Basic Concept
in Construction Productivity Enhancement (BCCPE)” for small and
medium enterprises and advanced programs such as the Advanced
Certificate in Construction Productivity (ACCP) and Specialist Diplomas
in Construction Productivity. These courses cover productivity
improvement, quality enhancement, management skills, value engi-
neering, technological advancements, and new construction technolo-
gies. The “Certified Construction Productivity Professional (BCA CCPP)
Scheme” recognised experts leading productivity initiatives [182]. and
“The Good Industry Practices” course disseminates best practices via
digital books [183].

The BCA’s incentivisation strategies and legislative support with
accessible training options merit consideration for the local sector.

These training options highlight the importance of quality manage-
ment and its link to productivity. They showcase government-led pro-
grams suitable for New Zealand’s construction industry within a broader
productivity enhancement framework. Combined with the ISO9000
standards, these programs can be adapted locally. They offer structures
to enhance industry knowledge on quality and productivity, potentially
raising New Zealand’s productivity standards and industry culture.

Research confirms [45] that improving the quality of residential
construction in New Zealand boosts productivity and performance,
leading to new growth and consumption opportunities. This study shows
that enhanced quality results in an annual economic increase of $112
million in residential construction output, a 1 % yearly rise in capital
investment, and a 1.3 % wage increase. Additionally, the downstream
effects suggest a NZD 2.5 billion increase in New Zealand GDP as pro-
duction costs decrease, providing households an extra NZD 1.4 million
for goods and services, thereby raising living standards and societal
well-being [45].

Increased construction productivity in New Zealand has a societal
impact beyond economic benefits. Reducing project timelines is crucial
for addressing housing shortages, increasing housing availability, and
enabling more families to access affordable homes sooner, potentially
decreasing homelessness. Green building practices that enhance pro-
ductivity promote sustainable methods, such as using eco-friendly ma-
terials, renewable energy, and energy-efficient designs, thus improving
housing standards. The construction sector could address housing defi-
cits by incorporating lean, environmentally sustainable practices.

Moreover, efficient resource and waste management are essential for
environmental sustainability. These advancements support ecological
goals and enhance residents’ quality of life, fostering a healthier, more
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stable, and equitable society. As New Zealand faces housing and sus-
tainability challenges, improving construction productivity is vital for
achieving these societal objectives.

Love et al. [184] noted that rework constitutes 10-30 % of total
construction costs. Thus, implementing quality management practices
can reduce defects, lower end-user costs, and boost productivity. For
example, a housing firm constructing ten homes annually at NZD 1
million could save NZD 100,000 per home by reducing rework costs
from 20 % to 10 %. Achieving 10 % greater efficiency lowers end-user
costs, enhances housing affordability, and improves living standards.
Additionally, improved efficiency allows the firm to produce one extra
home yearly with the same resources, increasing productivity. Enhanced
quality management leads to more efficient production at lower costs,
demonstrating the strategy’s societal benefits.

These points advocate for a multifaceted approach to improving
construction productivity, addressing the industry’s evolving demands.
The findings highlight the need for increased awareness of the strategic
value of QMS and substantial governance and change. The discussion
identifies practical strategies to enhance New Zealand residential con-
struction productivity. Emphasising quality management as the primary
strategy is vital for future improvements in New Zealand’s construction
sector. Although strategies can be applied individually or collectively, a
multidimensional approach is most comprehensive.

6. Implication to theory and practice

Research indicates that, despite various strategies and governmental
initiatives, New Zealand’s construction productivity has stagnated for
over thirty years [33]. This study’s findings are significant for New
Zealand’s residential sector. The six primary strategic themes identified
were quality management, training and education, collaboration, Lean
construction, and adequate supervision. These themes provide insights
from legislative, organisational, and project levels for improving resi-
dential construction productivity. A key implication is the association
between quality management and enhanced productivity, emphasising
the strategic importance of quality management investments and po-
tential industry-wide improvements by policymakers.

The findings also highlight the crucial role of worker training in
improving productivity. Accessible and specific training initiatives that
enhance productivity skills and knowledge can significantly improve
worker productivity and project outcomes. These strategies are essential
for improving New Zealand residential construction productivity,
benefiting all stakeholders.

This research investigates New Zealand’s residential construction
industry, providing insights that could inform global theories. Contex-
tual studies are vital for adapting universal theories to specific sectors,
highlighting the importance of this research. Grounded in the Theory of
Constraints (TOC), it enhances theoretical development and integrates
quality management and productivity, bridging both with detailed
empirical knowledge. The TOC posits that a few fundamental limitations
hinder an organisation’s progress [185,186,187]. The construction in-
dustry integrates quality management with TOC to improve quality and
productivity by systematically addressing these limitations [185]. TOC
aligns with quality management’s focus on identifying and eliminating
bottlenecks: workflow delays compromising quality and productivity.

However, TOC requires further integration with frameworks like
Total Quality Management, Six Sigma, and ISO9001 to address the
complexities of New Zealand’s construction industry [185,187]. Such
integration could fully realise TOC’s potential, advancing academic
research and practical innovations. The relationship between TOC and
quality management systems (Total Quality Management, Six Sigma,
ISO9000) is evident when addressing bottlenecks [185,186] high-
lighting that quality assurance protocols identify limitations to facilitate
corrective actions that improve the system rather than address isolated
issues [185].

This study highlights

the importance of targeted quality
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enhancements to boost productivity, proposing that quality manage-
ment should be a primary strategy within a comprehensive productivity
plan. Combining quality management frameworks (ISO9000, Lean
construction, and Total Quality Management) with TOC ensures
continuous improvement, aligning quality management practices with
productivity objectives. Managing constraints effectively prevents de-
fects, reduces rework, improves processes, and fosters continuous
improvement, leading to efficient construction practices and better
project outcomes. Integrating quality management with TOC offers a
robust theoretical framework for addressing challenges in the modern
local construction industry [185].

This study challenges the notion that alternative productivity
improvement methods are preferable to quality management. It presents
a multidimensional analysis within a robust theoretical framework,
showing how quality management strategies can drive productivity
improvement and enrich existing theories with empirical insights.

Through empirical evidence, this research contributes to the existing
body of knowledge on quality management and productivity in New
Zealand’s residential construction sector.

7. Conclusion

There is yet a universal solution to improving productivity in the
construction industry. This study employs a novel methodology to
explore the perspectives of the New Zealand residential construction
industry on productivity enhancement. It offers unique findings and
strategies for policymakers and professionals and guides future research.

The Theory of Constraints underpins this research, providing a
theoretical lens that enhances its academic rigour and relevance. The
findings bridge the gap between quality management and productivity
theory, demonstrating the effectiveness of quality management in
improving productivity in New Zealand’s residential sector. Thus, they
advance academic understanding.

This study categorises productivity enhancement strategies into six
main themes: training, productivity assessment, quality management,
industry culture, communication, and stakeholder collaboration. These
themes can be applied individually or collectively at legislative, in-
dustry, organisational, and project levels to improve industry perfor-
mance. Secondary themes like adequate design, technology,
procurement methods, incentive schemes, and human capital are
important but less critical.

Findings suggest that New Zealand’s residential sector’s persistent
underperformance indicates deep-rooted issues that require substantial
time to address. Enhancing productivity requires a multidimensional
approach, including improved quality management, regulatory changes,
better industry cultures, and training. Given the sector’s socioeconomic
significance and the link between quality and productivity, the authors
advocate for regulatory changes that prioritise these aspects nationally.

Key findings highlight the need for an industry training scheme to
boost construction productivity, aligning with Singaporean research,
where government-led training focuses on quality management and
productivity improvement. This approach could benefit New Zealand’s
broader construction sector, including commercial and industrial sec-
tors. The results stress the importance of enhancing workforce skills,
improving quality management, addressing an ageing workforce, pri-
oritising labour-reducing innovations, and advocating supportive gov-
ernment policies. Immediate impacts are possible through lean
construction, supported by this study as a strategy to optimise processes,
reduce waste, and shorten schedules, leading to better performance and
sustainable practices.

However, Lean construction methods do not explicitly aim to
improve quality.

The study advocates integrating Lean construction with ISO9000
standards to boost productivity. Findings highlight the importance of
quality management as a global benchmark for raising industry stan-
dards. Participants agree on the efficacy of ISO9000 standards in
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enhancing New Zealand residential construction productivity. ISO9000
implementation can foster a quality-oriented culture, improving
communication, collaboration, and training, thereby increasing pro-
ductivity. The framework’s flexibility allows for integrating other
organisational policies to improve business performance, presenting a
comprehensive strategy for productivity enhancement and sustainable
performance gains. The study suggests that focused quality management
drives productivity, recommending a strategic reorientation within the
sector.

However, current quality management efficacy in New Zealand’s
residential sector requires improvement through better understanding,
government support, and enhanced leadership. The study notes differing
views on productivity improvement strategies between general man-
agers and subcontractors. Addressing these differences through educa-
tion, targeted application, regulatory support, and training can
strengthen quality management’s impact on construction productivity.

Quality management emerges as a holistic and universal strategy for
enhancing productivity in New Zealand’s residential construction sector
at organisational, industry, and policy levels. Coordinated efforts are
needed to improve the quality and productivity of residential buildings
in New Zealand. Implementing these findings requires significant shifts
in stakeholders’ mindsets, attitudes, and behaviours.

Future research could investigate the application of these approaches
in other construction areas and the impact of digital technologies, such
as further integrating BIM with lean construction techniques, within
New Zealand’s building industry.

8. Limitations/implications

This study highlights quality management’s role in improving resi-
dential construction productivity in New Zealand but faces limitations.
These include reliance on self-reported data from a small sample (N =
106) of construction professionals, possibly causing non-response bias
and limiting generalisability. While demonstrating quality manage-
ment’s effectiveness, broader samples, human behaviour, and organ-
isational psychology should be considered for a comprehensive
understanding. Future data analysis methods should balance strategy
complexities that affect productivity. Future research should use larger
samples and longitudinal studies to validate these findings practically.
Although valuable, caution is needed when generalising results to the
broader construction industry.

The researchers acknowledge potential limitations in the study’s
methodology, particularly the objectivity of findings due to self-reported
data. The involvement of industry professionals may introduce bias,
compromising research validity. These professionals might present their
practices overly favourably, overstating positive results or downplaying
negatives. Additionally, cognitive biases like optimism bias could affect
participants’ evaluations of their experiences or the industry’s overall
state. Triangulating self-reported data with objective measures, obser-
vational studies, or administrative data could enhance future study
validity. The authors also note that a small sample size can reduce the
reliability and generalisability of findings. Fewer participants increase
the likelihood that the sample does not represent the heterogeneous
nature of the construction industry’s diversity, raising the margin of
error and resulting in unstable estimates. Consequently, findings from a
limited sample may not apply to a larger, more representative popula-
tion in future studies. Despite these limitations, this study lays a foun-
dation for future research.

CRediT authorship contribution statement

Mark Kirby: Writing — review & editing, Writing — original draft,
Visualization, Validation, Resources, Project administration, Method-
ology, Investigation, Formal analysis, Data curation, Conceptualization.
Funmilayo Ebun Rotimi: Supervision. Nicola Naismith: Supervision.

14

Ain Shams Engineering Journal 16 (2025) 103274
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] K. Schwab, “How Countries are Performing on the Road to Recovery,” World
Economic Forum, 2020. [Online]. Available: https://www3.weforum.org/docs/
WEF_TheGlobalCompetitivenessReport2020.pdf.

McKinsey and Company, “Delivering on construction productivity is no longer
optional,” Calgary, Operations Practise, 2024. [Online]. Available: https://www.
mckinsey.com/~/media/mckinsey/business%20functions/operations/our%
20insights/delivering%200on%20construction%20productivity%20is%20no%
20longer%20optional/delivering-on-construction-productivity-is-no-longer-
optional.pdf?shouldIndex=false.

Australian Constructors Association, “Nailing construction productivity- A
Blueprint for Reform,” Australia, Construction Productivity Reform, 2023.
Accessed: Nov. 13, 2024. [Online]. Available: https://www.constructors.com.au/
nailing-construction-productivity-a-nation-building-priority/.

M. Farmer, “The Farmer Review of the UK Construction Labour Model-
Modernise or Die Time to decide the industry’s future,” United Kingdom,
Government Report, 2016. [Online]. Available: https://www.cast-consultancy.
com/wp-content/uploads/2021/03/Farmer-Review-1-1.pdf.

Kazaz A, Talat Birgonul M, Ulubeyli S. Cost-based analysis of quality in
developing countries: a case study of building projects. Build Environ 2005;40
(10):1356-65. https://doi.org/10.1016/j.buildenv.2004.11.010.

A. Montague, “‘Defects cost more than profits’: CIOB launches urgent course on
quality,” Global Construction Review. Accessed: Jun. 27, 2024. [Online].
Available: https://www.globalconstructionreview.com/defects-cost-more-
profits-ciob-launches-urgent-cou/.

Mckinsey Global Institute, “The next normal in construction How disruption is
reshaping the world’s largest ecosystem,” 2020. [Online]. Available: https://
www.mckinsey.com/~/media/McKinsey/Industries/Capital%20Projects%20and
%?20Infrastructure/Our%20Insights/The%20next%20normal%20in%
20construction/The-next-normal-in-construction.pdf.

NZIER, “Building a healthy future The potential scale of investment in Crown-
owned health infrastructure over the next 30 years,” 2023.

Tran V, Tookey J. Labour productivity in the New Zealand construction industry:
a thorough investigation. Australas J Constr Econ Build 2011;11(1):41-60. https://
doi.org/10.3316/informit.889725358727409.

Zhao X, Liu B, Lu W. How to foster project citizenship behavior in construction
industry: organizational culture matters. IEEE Trans Eng Manag Jan. 2024;71.
https://doi.org/10.1109/tem.2023.3243309.

Mustajab D, Irawan A. The effectiveness of vocational training programs on
employment outcomes. Adv Community Serv Res 2023;1:Aug. https://doi.org/
10.60079/acsr.v1i2.344.

M. Helmold, “Total Quality Management (TQM),” in Virtual and Innovative Quality
Management Across the Value Chain: Industry Insights, Case Studies and Best
Practices, M. Helmold, Ed., Cham: Springer International Publishing, 2023, pp.
27-41. doi: 10.1007/978-3-031-30089-9_4.

M. Bittharia and A. Tiwari, “Quality management Practises in Building and
Construciton through Questionnaire Survey,” Interenational J. Res. Appl. Sci. Eng.
Technol., vol. 9, no. vii, 2021. Doi: 10.222214/ijraset.2021.36281.

GOV.UK, “Construction Sector Deal,” GOV.UK. Accessed: Nov. 15, 2024.
[Online]. Available: https://www.gov.uk/government/publications/
construction-sector-deal/construction-sector-deal.

Mckinsey Global Institute, “REINVENTING CONSTRUCTION: A ROUTE TO
HIGHER PRODUCTIVITY,” 2017.

Kakitahi JM, Alinaitwe HM, Landin A, Rodrigues MJ. A comparison of
construction related rework in Uganda and Mozambique”. J Constr Proj Manag
Innov 2014;4(1):770-81.

Gyles, “Royal Commission Into Productivity in the Building Industry“-Overview
of the Royal Commission’s Findings and Recommendations,” ACLN, no. 25, 1992.
J. Egan, “Rethinking construction accelerating change-a consultation paper by
the strategic forum for construction,” Strateg. FORUM Secr. BAY 261 YELLOW 151
Buck. PALACE ROAD Lond. ZZ UK SW1W 9SS, 1998.

M. Bealing and L. L. D. Morel, “The economic cost of quality defects,” NZIER,
Porirua, New Zealand: Branz, External Study Report ER49, 2020. [Online].
Available: https://ndhadeliver.natlib.govt.nz/delivery/DeliveryManagerServlet?
dps_pid=IE58296937 https://www.branz.co.nz/pubs/research-reports/er49/
availble at.

Pheng LS, Teo JA. Implementing total quality management in construction firms.
J Manag Eng 2004;20(1):8-15. https://doi.org/10.1061/(ASCE)0742-597X(2004)
20:1(8).

Small EP, Bakry I, Ayyash L. Evaluating the effect of TQM on MEP construction
productivity and project delivery in Dubai. Int J Constr Manag 2021;21(10):
1061-75. https://doi.org/10.1080/15623599.2019.1602584.

M. Latham, “Constructing the team: the final report of the joint government/
industry review of procurement and contractual arrangements in the UK
construction industry,” Her Majestys Station. Off. HMSO Lond., 1994.

[2]

[3

[4]

[5

[6]

[7

[8

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]


https://doi.org/10.1016/j.buildenv.2004.11.010
https://doi.org/10.3316/informit.889725358727409
https://doi.org/10.3316/informit.889725358727409
https://doi.org/10.1109/tem.2023.3243309
https://doi.org/10.60079/acsr.v1i2.344
https://doi.org/10.60079/acsr.v1i2.344
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0080
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0080
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0080
https://doi.org/10.1061/(ASCE)0742-597X(2004)20:1(8)
https://doi.org/10.1061/(ASCE)0742-597X(2004)20:1(8)
https://doi.org/10.1080/15623599.2019.1602584

M. Kirby et al.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]
[46]
[47]
[48]

[49]
[50]

[51]

[52]

Garg S, Misra S. Understanding the components and magnitude of the cost of
quality in building construction. Eng Constr Archit Manag Jan. 2021;29(1):26-48.
https://doi.org/10.1108/ECAM-08-2020-0642.

Rotimi FE, Tookey J, Rotimi JO. Evaluating defect reporting in new residential
buildings in New Zealand. Buildings 2015;5(1):39-55.

F. A. Ghansah and D. J. Edwards, “Digital Technologies for Quality Assurance in
the Construction Industry: Current Trend and Future Research Directions towards
Industry 4.0,” Buildings, vol. 14, no. 3, Art. no. 3, 2024. doi: 10.3390/
buildings14030844.

Ministry of Business, Innovation & Employment, “Building and Construction
Sector Trends: Annual Report 2023,” Ministry of Business, Innovation and
Employment (MBIE), New Zealand, Building and construction Trends, 2024.
[Online]. Available: www.mbie.govt.nz.

Green B. “Productivity in construction: Creating a framework for the industry to
thrive,”. Bracknell Chart. Inst Build 2016.

A. (1) Hasan, A. (1) Elmualim, R. (1) Rameezdeen, and B. (2) Baroudi, “Factors
affecting construction productivity: a 30 year systematic review,” Eng. Constr.
Archit. Manag., vol. 25, no. 7, pp. 916-937, 2018. doi: 10.1108/ECAM-02-2017-
0035.

Ramadan R, Negara KP, Wijatmiko I. “Mapping of Various Quality Management
System Model to ISO 9001:2015,” KnE. Soc Sci 2024:348-62. https://doi.org/
10.18502/kss.v9i10.15741.

D. S. K. Gupta*, D. R. K. Khitoliya, “Impact of Total Quality Management (TQM)
on the Performance of Building Construction Industry,” Int. J. Innov. Technol.
Explor. Eng., vol. 9, 2020. doi: 10.35940/ijitee.e3204.039520.

Mills A, Love PE, Williams P. Defect costs in residential construction. J Constr Eng
Manag 2009;135(1):12-6.

T. Huang, A. Katz, and T. Dunn, “Housing availability and affordability. A case
study on the Canterbury region,” NZIER Public Good Programme, vol. NZIER
Insight add number-2024., p. 7, 2024, [Online]. Available: Available at https://
www.nzier.org.nz/publications/housing-availability-andaffordability-nzier-
insight-111.

New Zealand Productivity Commission, “Productivity by the numbers,” New
Zealand Productivity Commission, New Zealand, Research and Commnetary
Paper, 2023. [Online]. Available: Available at www.productivity.govt.nz.
Standards New Zealand, “Standards New Zealand NZS:9001 quality mangement
system,” NZS:9001 Quality Mangement System. Accessed: Nov. 21, 2024.
[Online]. Available: https://www.standards.govt.nz/shop/asnzs-iso-90012016.
Juran JM. Juran on planning for quality. Free Press Collier Macmillan; 1988.

N. Davis, “Construction sector productivity,” Martin Jenkins & Associates,
Wellington, New Zealand, Scoping report for the Department of Building and
Housing, 2007.

Deming WE. Out of the crisis: quality, productivity and competitive position.
Cambridge: Cambridge University Press; 1986.

Vishe T. Implementation of quality management system for a small scale building
construction project sites. Int J Res Appl Sci Eng Technol 2023;11:Nov. https://doi.
org/10.22214/ijraset.2023.56583.

N. Elsokhn and A. S. Ezeldin, “An Examination of Quality Management System
Implementation in Egyptian Contracting Companies,” in Proceedings of the
Canadian Society of Civil Engineering Annual Conference 2021., Springer, Singapore,
2022. Doi: 10.1007/978-981-19-1029-6_19.

Wong TKM, Man SS, Chan AHS. Critical factors for the use or non-use of personal
protective equipment amongst construction workers. Saf Sci 2020;126:104663.
https://doi.org/10.1016/j.ssci.2020.104663.

T. Chowdhury, J. Adafin, and S. Wilkinson, “Review of digital technologies to
improve productivity of New Zealand construction industry,” J. Inf. Technol.
Constr., vol. 24, no. 2019VMAR, pp. 569-587, 2019. doi: 10.36680/j.
itcon.2019.032.

Seadon and Tookey. Drivers for construction productivity. Eng Constr Archit
Manag 2019;26(6):945-61. https://doi.org/10.1108/ECAM-05-2016-0127.

N. Ghodrati, T. Wing Yiu, S. Wilkinson, and M. Shahbazpour, “Role of
Management Strategies in Improving Labor Productivity in General Construction
Projects in New Zealand: Managerial Perspective.,” J. Manag. Eng., vol. 34, no. 6,
pp. 1-11, 2018, [Online]. Available: https://ezproxy.aut.ac.nz/login?
url=https://search.ebscohost.com/login.aspx?direct=true&site=eds-
live&db=edb&AN=143157411.

Kirby M, Rotimi F, Naismith N. An investigation into quality management
systems and factors affecting construction productivity: The New Zealand
residential construction industry. ASA 2022;2022:135.

BRANZ, “BRANZ Research Now: Quality #2 The economic cost of defects in new
residential buildings in New Zealand,” 2021.

M. Kirby, F. E. Rotimi, and N. Naismith, “Factors for improving productivity in
the New Zealand residential construction sector,” J. Eng. Des. Technol., vol. ahead-
of-print, no. ahead-of-print, Jan. 2024. doi: 10.1108/JEDT-03-2024-0192.

P. Crosby, Quality is Free. The Art of Making Quality Certain. McGraw Hill, 1979.
A. Feigenbaum, Total Quality Control; Engineering and Management. McGraw-Hill
Companies, 1961.

Juran J. Jurans Qulaity Control Handbook. 3rd ed. NY: McGraw hill; 1974.
Deffenbaugh R. Total Quality Management at Construction Jobsites. J Manag Eng
1993;9(4):382-9. https://doi.org/10.1061/(ASCE)9742-597X(1993)9:4(382.
Josephson P-E, Larsson B, Li H. Illustrative benchmarking rework and rework
costs in Swedish construction industry. J Manag Eng 2002;18(2):76-83. https://
doi.org/10.1061/(ASCE)0742-597X(2002)18:2(76).

Bakar AHBA, Ali KB, Onyeizu E. Total quality management practices in large
construction companies: a case of Oman. World Appl Sci J 2011;15(2):285-96.

15

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

Ain Shams Engineering Journal 16 (2025) 103274

D. Arditi and K. Mochtar, “Productivity improvement in the Indonesian
construction industry.,” Constr. Manag. Econ., vol. 14, no. 1, p. 13, 1996, [Online].
Available: https://ezproxy.aut.ac.nz/login?url=https://search.ebscohost.com/
login.aspx?direct=true&site=eds-live&db=bth& AN=6424052.

Georgiou J. Verification of a building defect classification system for housing.
Struct Surv 2010.

Lundkvist R, Meiling JH, Sandburg M. A proactive plan-do-check-act approach to
defect mangement based on a Sweedish construction project. Constr Manag Econ
2014;32(11):1051-65. https://doi.org/10.1080/01446193.2014.966733.
Oakland JS, Marosszeky M. Total construction management: Lean quality in
construction project delivery. Routledge; 2017.

Pheng LS, Abeyegoonasekera B. Integrating buildability in ISO 9000 quality
management systems: case study of a condominium project. Build Environ 2001;
36(3):299-312.

Sheoran V, Thakur DJ. A study on evaluation of quality management systems in
construction projects. Int J Membr Sci Technol 2023;10(4):2037-48.

El Jazzar M, Schranz C, Urban H, Nassereddine H. Integrating Construction 4.0
Technologies: A Four-Layer Implementation Plan. Front Built Environ 2021;7:Nov.
https://doi.org/10.3389/fbuil.2021.671408.

Asfandiyar and S. Cheema, “Relationship among Safety, Quality and Productivity
in Construction Projects | EndNote Click,” J. Dev. Soc. Sci., vol. 4, no. 1, pp.
183-193, 2023. Doi: 10.47205/jdss.2023(4-1)17.

Kaur M, Singh K, Singh D. Identification of barriers to synergistic implementation
of TQM-SCM. Int J Qual Reliab Manag Jan. 2020;38(1):363-88. https://doi.org/
10.1108/1JQRM-05-2019-0141.

S. Murali, V. Ponmalar, “Implementation and implication of total quality
management on client- contractor relationship in residential projects,” IOP Conf.
Ser. Earth Environ. Sci., vol. 80, 2017. doi: 10.1088/1755-1315/80/1/012050.
M. A. Turner, R. J. Oakalnd, j Oakland, Total Quality Management and Operational
Excellence: Text with Cases, 5th ed. London, England: Routledge, 2020.

Alawag AM, et al. Critical success factors influencing total quality management in
industrialised building system: a case of Malaysian construction industry. Ain
Shams Eng J 2023;14:Mar. https://doi.org/10.1016/j.asej.2022.101877.

A. M. Alawag, W. S. Alaloul, M. S. Liew, A. O. Baarimah, M. A. Musarat, and A.-B.
A. Al-Mekhlafi, “The Role of the Total-Quality-Management (TQM) Drivers in
Overcoming the Challenges of Implementing TQM in Industrialized-Building-
System (IBS) Projects in Malaysia: Experts’ Perspectives,” Sustainability, vol. 15,
no. 8, Art. no. 8, Jan. 2023. doi: 10.3390/s5u15086607.

Ayash AM, El-mousawi PH, Youris DJ. Impact of implementing Total Quality
Management (TQM) system on improving performance at the Cooperative of
State Employees (CSE) in Lebanon. Res Econimomic Manag 2020;5(3):114.
Curkovic S, Vickery S, Droge C. Quality-related action programs: their impact on
quality performance and firm performance. Decis Sci 2000;31(4):885-902.
https://doi.org/10.1111/j.1540-5915.2000.tb00947 .x.

Sharma B, Gadenne D. An inter-industry comparison of quality management
practices and performance. Manag Serv Qual Int J Jan. 2002;12(6):394-404.
https://doi.org/10.1108/09604520210451876.

L.-S. Tey, T.-L. Ooi, “Exploring the Barriers and the Level of TQM Implementation
in Malaysian Construction Industry,” Res. J. Appl. Sci. Eng. Technol., vol. 7, no. 16,
pp. 3419-3424, Apr. 2014, Accessed: Jul. 30, 2024. [Online]. Available: https://
www.airitilibrary.com/Article/Detail /20407467-201404-201507070018-
201507070018-3419-3424.

B. Manders, “RePub, Erasmus University Repository: Implementation and Impact
of ISO 9001,” Erasmus University Rotterdam, 2015. Accessed: Jul. 30, 2024.
[Online]. Available: https://repub.eur.nl/pub/77412/?source=post_page.

k Wali and B. Hamadameen, “An Investigation the Current Situation of
implementing ISO 9001 Quality Management System in Construction Sector in
Erbil City-Iraq,” Sulaimani J. Eng. Sci., vol. 6, no. 4, 2019. doi: Doi: 10.17656/
sjes.10114.

F. Shaikh and S. Sohu, “Implementation, Advantages and Management of ISO
9001 in the Construction Industry,” Civ. Eng. J., vol. 6, no. 6, 2020. doi:
10.28991/cej-2020-03091535.

Prada R. “Relationship Between ISO 9001 Quality Management System and
Productivity Improvement: The Case of the Colombian Auto Parts Sector,” in
Cases on Quality Initiatives for Organizational Longevity. IGI Global 2018:31.

C. S. Patel and J. R. Pitroda, “QUALITY MANAGEMENT SYSTEM IN
CONSTRUCTION: A REVIEW,” Reliab. Theory Appl., vol. 16, no. SI 1 (60), Art. no.
SI 1 (60), 2021, Accessed: Jul. 28, 2024. [Online]. Available: https://
cyberleninka.ru/article/n/quality-management-system-in-construction-a-review.
Khatatbeh AA. Quantifying the impact of ISO 9001 standard on the project and
engineering management and success factors; A case of construction industry. Eng
Constr Archit Manag 2022;30(6):2564-81. https://doi.org/10.1108/ECAM-07-
2021-0656.

Brooks T, Gunning JG, Spillane JP, Cole J. Regulatory decoupling and the
effectiveness of the ISO 9001 quality management system in the construction
sector in the UK - a case study analysis. Constr Manag Econ 2021;39(12):
988-1005. https://doi.org/10.1080/01446193.2021.1983186.

Kakouris AP, Sfakianaki E. Impacts of ISO 9000 on Greek SMEs business
performance. Int J Qual Reliab Manag Jan. 2018;35(10):2248-71. https://doi.org/
10.1108/1JQRM-10-2017-0204.

P. Shende, A. Kadao, and A. Palery, “Implementation of ISO 9001 in the
Manufacturing Industry, a Literature Review,” in Advances in Manufacturing
Engineering, Springer Singapore, 2022. Doi: 10.1007/978-981-19-4208-2_27.
Aba EK, Badar MA, Hayden MA. Impact of ISO 9001 certification on firms
financial operating performance. Int J Qual Reliab Manag Jan. 2015;33(1):78-89.
https://doi.org/10.1108/IJQRM-02-2014-0021.


https://doi.org/10.1108/ECAM-08-2020-0642
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0120
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0120
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0135
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0135
https://doi.org/10.18502/kss.v9i10.15741
https://doi.org/10.18502/kss.v9i10.15741
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0155
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0155
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0175
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0185
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0185
https://doi.org/10.22214/ijraset.2023.56583
https://doi.org/10.22214/ijraset.2023.56583
https://doi.org/10.1016/j.ssci.2020.104663
https://doi.org/10.1108/ECAM-05-2016-0127
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0220
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0220
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0220
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0245
https://doi.org/10.1061/(ASCE)9742-597X(1993)9:4(382
https://doi.org/10.1061/(ASCE)0742-597X(2002)18:2(76)
https://doi.org/10.1061/(ASCE)0742-597X(2002)18:2(76)
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0260
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0260
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0270
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0270
https://doi.org/10.1080/01446193.2014.966733
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0280
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0280
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0285
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0285
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0285
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0290
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0290
https://doi.org/10.3389/fbuil.2021.671408
https://doi.org/10.1108/IJQRM-05-2019-0141
https://doi.org/10.1108/IJQRM-05-2019-0141
https://doi.org/10.1016/j.asej.2022.101877
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0330
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0330
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0330
https://doi.org/10.1111/j.1540-5915.2000.tb00947.x
https://doi.org/10.1108/09604520210451876
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0365
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0365
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0365
https://doi.org/10.1108/ECAM-07-2021-0656
https://doi.org/10.1108/ECAM-07-2021-0656
https://doi.org/10.1080/01446193.2021.1983186
https://doi.org/10.1108/IJQRM-10-2017-0204
https://doi.org/10.1108/IJQRM-10-2017-0204
https://doi.org/10.1108/IJQRM-02-2014-0021

M. Kirby et al.

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]
[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

Siougle E, Dimelis S. Linking ISO 9000 certification to firm performance and
financial crisis: a matched sample longitudinal analysis. Int J Qual Reliab Manag
Jan. 2020;38(3):751-79. https://doi.org/10.1108/IJQRM-11-2018-0312.
Sfreddo LS, Vieira GBB, Vidor G, Santos CHS. ISO 9001 based quality
management systems and organisational performance: a systematic literature
review. Total Qual Manag Bus Excell 2021;32(3-4):389-409. https://doi.org/
10.1080/14783363.2018.1549939.

Prajogo D, Nair A, Castka P. The effects of external auditors and certification
bodies on the operational and market-oriented outcomes of ISO 9001
implementation. IEEE Trans Eng Manag Aug. 2022;69(4):1447-58. https://doi.
org/10.1109/TEM.2020.2982657.

Ofori G, Gang G. ISO 9000 certification of Singapore construction enterprises: its
costs and benefits and its role in the development of the industry. Eng Constr
Archit Manag 2001;8(2):145-57. https://doi.org/10.1108/eb021177.

Willar D, Trigunarsyah B, Coffey V. Organisational culture and quality
management system implementation in Indonesian construction companies. Eng
Constr Archit Manag 2016;23(2):114-33. https://doi.org/10.1108/ECAM-02-
2015-0026.

0. Vorobyova, M. Horokhova, L. Iliichuk, N. Tverezovska, O. Drachuk, and L.
Artemchuk, “ISO Standards as a Quality Assurance Mechanism in Higher
Education,” Rev. Romaneasca Pentru Educ. Multidimens., vol. 14, no. 2, Art. no. 2,
2022. doi: 10.18662/rrem/14.2/567.

D. A. Taufik, “PDCA Cycle Method implementation in Industries: A Systematic
Literature Review,” Indones. J. Ind. Eng. Manag., vol. 1, no. 3, pp. 157-166, 2020,
Accessed: Jul. 09, 2024. [Online]. Available: https://doi=10.22441
%2Fijiem.v1i3.10244&token=WzM10TA4MjEsJEwLjlyNDQxL2lqgaW
VtLnYxaTMuMTAyNDQiXQ.Kpil PYDdmGqBAY37nz8ASC3W9pk.

Rosni MDM, Ani MNC, Azid IA, Kamaruddin S. Solving production bottleneck
through developed define-measure-delegate-implement-control in solving
production bottleneck. Int J Six Sigma Compet Advant Jan. 2022;14(2):209-26.
https://doi.org/10.1504/1JSSCA.2022.124972.

Meiling JH, Sandberg M, Johnsson H. A study of a plan-do-check-act method used
in less industrialized activities: two cases from industrialized housebuilding.
Constr Manag Econ Feb. 2014;32(1-2):109-25. https://doi.org/10.1080/
01446193.2013.812227.

Nguyen V, Chau CKB, Tran T. PDCA from theory to effective applications: a case
study of design for reducing human error in assembly process. Adv Oper Res 2023;
2023(1):8007474. https://doi.org/10.1155/2023/8007474.

Franz B. Total construction management: lean quality in construction project
delivery. Eng Constr Archit Manag 2018;25(2):295-6.

Sacks R, Sappanen O, Priven V, Savosnick J. Construction flow index: a metric of
production flow quality in construction. Constr Manag Econ 2017;35(1-2):45-63.
M. Priyadarshana, W. Bandaranayake, and A. Kulathunga, “Readiness of Sri
Lankan Construction Industry Towards Implementing Last Planner System in
Lean Construction,” in 12th International Conference on Structural Engineering and
Construction Management. Lecture Notes in Civil Engineering, Singapore: Springer
Singapore, 2023, pp. 978-981. Doi: 10.1007/978-981-19-2886-4_36.

Lekan A, Clinton A, Stella E, Moses E, Bioden O. Construction 4.0 Application:
Industry 4.0, Internet of Things and Lean Construction Tools’ Application in
Quality Management System of Residential Building Projects. Buildings 2022;12
(1557):26. https://doi.org/10.3390/buildings12101557.

M. A. Hamza Khan, E. Asadian, and R. M. Leicht, “Identifying Elements for Lean
Construction Implementation in Trade Contractor Organizations | Proceedings |
Vol , No,” in Construction Research Congress 2024, 2024. Doi: 10.1061/
9780784485286.05.

Adamu S, Adulhamid R. “Lean construction techniques for transforming nigeria
project delivery process - a case study report,” Indian. J Sci Technol 2016;9(48):
Dec. https://doi.org/10.17485/ijst/2016/v9i48/109625.

K. Cairampoma-Caro, J. Vargas-Florez, and C. Romero-Izaga, “Towards a Lean
Construction toolbox to improve social projects management,” Braz. J. Oper. Prod.
Manag., vol. 19, no. 2, Art. no. 2, Apr. 2022. doi: 10.14488/BJOPM.2022.004.
Lee D, Lim T, Arditi D. An expert system for auditing quality management systems
in construction. Comput Civ Infrastruct Eng 2011;26(8):612-31.

Asadi S, Kowshik K, Asadi SP, Asadi SS, Alla S. Strategical construction equipment
management using henry garret method. Mater Today Proc 2021;43:921-7.
https://doi.org/10.1016/j.matpr.2020.07.219.

W. Al Balkhy, R. Sweis, and Z. Lafhaj, “Barriers to Adopting Lean Construction in
the Construction Industry—The Case of Jordan,” Buildings, vol. 11, no. 6, Art. no.
6, Jun. 2021. doi: 10.3390/buildings11060222.

Likita A, Babaein Jelodar M, Vishnupriya V, Rotimi J. Lean and BIM integration
benefits construction management practices in New Zealand. Constr Innov 2021;
24(1):106-33. https://doi.org/10.1108/CI-06-2022-0136.

G. A. Howell, “What is Lean construction -1999,” in IGLC7, University of
California: Lean Construction Institute, 1999.

Vanichchinchai A. Investigating the impacts of ISO 9001 certification on lean
manufacturing and supply chain relationship: an empirical analysis. Int J Lean Six
Sigma Jun. 2021;13(1):232-52. https://doi.org/10.1108/1JLSS-10-2020-0164.

S. Zenchanka and S. Malchenka, “Three ‘Gs’ for Campus Sustainability
Development,” in Handbook of Theory and Practice of Sustainable Development in
Higher Education: Volume 4, W. Leal Filho, U. M. Azeiteiro, F. Alves, and P.
Molthan-Hill, Eds., Cham: Springer International Publishing, 2017, pp. 291-302.
doi: 10.1007/978-3-319-47877-7_20.

Kibert C. Sustainable Construction: Green Building Design and Delivery. 4th ed.
Wiley; 2016.

16

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]
[127]

[128]

[129]

[130]

[131]
[132]

[133]

Ain Shams Engineering Journal 16 (2025) 103274

Mostafa S, Chileshe N, Abdelhamid T. Lean and agile integration within offsite
construction using discrete event simulation: A systematic literature review.
Constr Innov 2016;16(4):483-525. https://doi.org/10.1108/CI-09-2014-0043.
Ahmed SM, Aoieong RT, Tang SL, Zheng DXM. A comparison of quality
management systems in the construction industries of Hong Kong and the USA. Int
J Qual Reliab Manag Jan. 2005;22(2):149-61. https://doi.org/10.1108/
02656710510577215.

Igbal J, Khan ZH, Khalid A. Prospects of robotics in food industry. Food Sci
Technol May 2017;37:159-65. https://doi.org/10.1590/1678-457X.14616.

M. Casini, Construction 4.0: Advanced Technology, Tools and Materials for the
Digital Transformation of the Construction Industry. Woodhead Publishing, 2021.
Zhai P, Wang J, Zhang L. Extracting worker unsafe behaviors from construction
images using image captioning with deep learning—based attention mechanism. J
Constr Eng Manag Feb. 2023;149(2):04022164. https://doi.org/10.1061/
JCEMD4.COENG-12096.

Ivanov-Kostetskyi S, Gumennyk I, Voronkova I. Innovative trends in architecture
— creating full-scape buildings with the 3D print technology. IOP Conf Ser Mater
Sci Eng 2021;1203(2):022099. https://doi.org/10.1088/1757-899X/1203/2/
022099.

Prieto SA, Giakoumidis N, de Soto BG. Multi-agent robotic systems and
exploration algorithms: applications for data collection in construction sites. J
Field Robot 2024;41(4):1187-203. https://doi.org/10.1002/r0b.22316.

Xiao B, Chen C, Yin X. Recent advancements of robotics in construction. Autom
Constr 2022;144:104591. https://doi.org/10.1016/j.autcon.2022.104591.
Mohammed AB. Applying BIM to achieve sustainability throughout a building life
cycle towards a sustainable BIM model. Int J Constr Manag 2022;22(2):148-65.
https://doi.org/10.1080/15623599.2019.1615755.

A. F. Kineber, A. E. Oke, M. M. Hamed, E. F. Rached, A. Elmansoury, and A.
Alyanbaawi, “A Partial Least Squares Structural Equation Modeling of Robotics
Implementation for Sustainable Building Projects: A Case in Nigeria,”
Sustainability, vol. 15, no. 1, Art. no. 1, 2023. doi: 10.3390/su15010604.
Houston DJ, McKean JK. Qualitymanagement in New Zealand: A critical review.
Total Qual Manag 2002;13(6):749-58. https://doi.org/10.1080/
0954412022000010118.

Moshood S, Rotimi J, Shahzad W. Enhancing sustainability considerations in
construction industry projects. Environ Dev Sustain 2024. https://doi.org/
10.1007/510668-024-04946-2.

Ball L, Mankiw G, Nordhaus V. Aggregate Demand and long -run Unemployment.
Brook Pap Econ Act 1999;9(2):189-251. https://doi.org/10.2307/2534680.

1. Maradzano, R. Dondofema, and S. Matope, “Application of lean principles in the
South African construction industry,” South Afr. J. Ind. Eng., vol. 30, no. 3, 2019.
doi: https://hdl.handle.net/10520/EJC-1bde6e1915.

Lakhey S, Tuladhar AM. Comparative Assessment of Quality Management System
in Selected Housing Construction Projects in Lalitpur District. J UTEC Eng Manag
2023. https://doi.org/10.36344/utecem.2023.v01i01.003.

Usmen M, Vilnitis M. Evaluation of Safety, Quality and Productivity in
Construction. IOP Publishing; 2015.

Choi Y, Kim JY, Yoo T. A study on the effect of learning organisation readiness on
employees’ quality commitment: the moderating effect of leader-member
exchange. Total Qual Manag Bus Excell Mar. 2016;27(3-4):325-38. https://doi.
org/10.1080/14783363.2014.981072.

Sogaxa A, Simpeh E, Fapohunda J. “Effective quality management strategies for
enhancing the success rate of indigenous construction SMEs in construction
project delivery,” in IOP Conf. Series: Earth and Environmental Science, IOP
Publishing 2021:654. https://doi.org/10.1088/1755-1315/654/1/012018.

P. Commission, “Australia’s long term productivity experience - PC Productivity
Insights 2020,” Nov. 2020, Accessed: Apr. 16, 2022. [Online]. Available: https://
policycommons.net/artifacts/1560822/australias-long-term-productivity-
experience/2250617/.

C. Cherryholmes, “Notes on Pragmatism and Scientific Realism,” Educ. Res., vol.
21, no. 6, pp. 13-17, Aug. 1992, [Online]. Available: https://ezproxy.aut.ac.nz/
login?url=https://search.ebscohost.com/login.aspx?direct=true&site=eds-
live&db=edsjsr& AN=edsjsr.1176502.

Nowell LS, Norris JM, White DE, Moules NJ. Thematic Analysis: Striving to Meet
the Trustworthiness Criteria. Int J Qual Methods Dec. 2017;16(1):
1609406917733847. https://doi.org/10.1177/1609406917733847.

Wilkinson S. Focus group methodology: a review. Int J Soc Res Methodol 1998;1
(3):181-203.

Rowley J. Designing and using research questionnaires. Manag Res Rev 2014;37
(3):308-30. https://doi.org/10.1108/mrr-02-2013-0027.

Regmi PR, Waithaka E, Paudyal A, Simkhada P, Teijlingen EV. “Guide to the
design and application of online questionnaire surveys.,” Nepal. J Epidemiol 2017;
6:May. https://doi.org/10.3126/nje.v6i4.17258.

Hedlin D. Is there a ‘safe area’ where the nonresponse rate has only a modest
effect on bias despite non-ignorable nonresponse? Int Stat Rev 2020;88(3):
642-57. https://doi.org/10.1111/insr.12359.

Collins KM, Onwuegbuzie AJ, Jiao QG. A mixed methods investigation of mixed
methods sampling designs in social and health science research. J Mix Methods Res
2007;1(3):267-94.

Vaske JJ, Beaman J, Sponarski CC. Rethinking internal consistency in Cronbach’s
alpha. Leis Sci 2017;39(2):163-73.

Roopa S, Rani M. Questionnaire designing for a survey. J Indian Orthod Soc 2012;
vol. 46, no. 4_suppl1:273-7.

Jebb AT, Ng V, Tay L. A Review of Key Likert Scale Development Advances:
1995-2019. Front Psychol May 2021;12. https://doi.org/10.3389/
fpsyg.2021.637547.


https://doi.org/10.1108/IJQRM-11-2018-0312
https://doi.org/10.1080/14783363.2018.1549939
https://doi.org/10.1080/14783363.2018.1549939
https://doi.org/10.1109/TEM.2020.2982657
https://doi.org/10.1109/TEM.2020.2982657
https://doi.org/10.1108/eb021177
https://doi.org/10.1108/ECAM-02-2015-0026
https://doi.org/10.1108/ECAM-02-2015-0026
https://doi.org/10.1504/IJSSCA.2022.124972
https://doi.org/10.1080/01446193.2013.812227
https://doi.org/10.1080/01446193.2013.812227
https://doi.org/10.1155/2023/8007474
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0450
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0450
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0455
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0455
https://doi.org/10.3390/buildings12101557
https://doi.org/10.17485/ijst/2016/v9i48/109625
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0485
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0485
https://doi.org/10.1016/j.matpr.2020.07.219
https://doi.org/10.1108/CI-06-2022-0136
https://doi.org/10.1108/IJLSS-10-2020-0164
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0520
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0520
https://doi.org/10.1108/CI-09-2014-0043
https://doi.org/10.1108/02656710510577215
https://doi.org/10.1108/02656710510577215
https://doi.org/10.1590/1678-457X.14616
https://doi.org/10.1061/JCEMD4.COENG-12096
https://doi.org/10.1061/JCEMD4.COENG-12096
https://doi.org/10.1088/1757-899X/1203/2/022099
https://doi.org/10.1088/1757-899X/1203/2/022099
https://doi.org/10.1002/rob.22316
https://doi.org/10.1016/j.autcon.2022.104591
https://doi.org/10.1080/15623599.2019.1615755
https://doi.org/10.1080/0954412022000010118
https://doi.org/10.1080/0954412022000010118
https://doi.org/10.1007/s10668-024-04946-2
https://doi.org/10.1007/s10668-024-04946-2
https://doi.org/10.2307/2534680
https://doi.org/10.36344/utecem.2023.v01i01.003
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0600
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0600
https://doi.org/10.1080/14783363.2014.981072
https://doi.org/10.1080/14783363.2014.981072
https://doi.org/10.1088/1755-1315/654/1/012018
https://doi.org/10.1177/1609406917733847
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0630
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0630
https://doi.org/10.1108/mrr-02-2013-0027
https://doi.org/10.3126/nje.v6i4.17258
https://doi.org/10.1111/insr.12359
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0650
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0650
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0650
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0655
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0655
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0660
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0660
https://doi.org/10.3389/fpsyg.2021.637547
https://doi.org/10.3389/fpsyg.2021.637547

M. Kirby et al.

[134]
[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

Meyer DZ, Avery LM. Excel as a Qualitative Data Analysis Tool. Field Methods Sep.
2008;21. https://doi.org/10.1177/1525822x08323985.

Nayak M, Narayan K. Strengths and weaknesses of online surveys. Technology
2019;6(7):0837-2405053138.

Groves RM, Peytcheva E. The Impact of Nonresponse Rates on Nonresponse Bias:
A Meta-Analysis. Public Opin q Jan. 2008;72(2):167-89. https://doi.org/10.1093/
poq/nfn011.

S. Keeter, N. Hatley, C. Kennedy, and A. Lau, “What Low Response Rates Mean for
Telephone Surveys”.

D. A. Dillman, “The Design and Administration of Mail Surveys,” Annu. Rev.
Sociol., vol. 17, no. Volume 17, 1991, pp. 225-249, Aug. 1991. doi: 10.1146/
annurev.s0.17.080191.001301.

J. A. Krosnick, “SURVEY RESEARCH,” Annu. Rey. Psychol., vol. 50, no. Volume
50, 1999, pp. 537-567, Feb. 1999. doi: 10.1146/annurev.psych.50.1.537.

Dey EL. Working with Low Survey Response Rates: The Efficacy of Weighting
Adjustments. Res High Educ Apr. 1997;38(2):215-27. https://doi.org/10.1023/A:
1024985704202.

Cook C, Heath F, Thompson RL. A meta-analysis of response rates in web-or
internet-based surveys. Educ Psychol Meas 2000;60(6):821-36.

Groves RM. Nonresponse rates and nonresponse bias in household surveys. Int J
Public Opin q 2006;70(5):646-75.

K. Fuchs, “A Systematic Guide for Conducting Thematic Analysis in Qualitative
Tourism Research,” J. Environ. Manag. Tour. JEMT, vol. XIV, no. 6(70), pp.
2696-2703, 2023, Accessed: Nov. 19, 2024. [Online]. Available: https://www.
ceeol.com/search/article-detail?id=1193994.

Proudfoot K. Inductive/Deductive Hybrid Thematic Analysis in Mixed Methods
Research. J Mix Methods Res Jul. 2023;17(3):308-26. https://doi.org/10.1177/
15586898221126816.

Majumdar A. “Thematic Analysis in Qualitative Research,” in Research Anthology
on Innovative Research Methodologies and Utilization Across Multiple Disciplines. IGI
Global Scientific Publishing 2022:604-22. https://doi.org/10.4018/978-1-6684-
3881-7.ch031.

Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006;
3(2):77-101.

Na LJ, Ofori G, Ling FYY, Hua GB. Role of national institutions in promoting
innovation by contractors in Singapore. Constr Manag Econ Oct. 2007;25(10):
1021-39. https://doi.org/10.1080/01446190701209925.

B. Neyestani, “Effectiveness of quality management system (QMS) on
construction projects,” Available SSRN 2947712, 2016.

Archchana S, Pan W. “Building information modelling for construction
productivity measurement,” in 11th World Construction Symposium. Sri Lanak
2023:293-304. https://doi.org/10.31705/wes.2023.25.

N. F. Alsya and H. Ubaidillah, “Effect of Leadership, Compensation, and Culture
on Employee Productivity:,” Indones. J. Law Econ. Rev., vol. 19, no. 3, Art. no. 3,
Jun. 2024. doi: 10.21070/ijler.v19i3.1145.

Thi Ngo T, Xuan Vu H, Dang Nguyen C. The influence of organizational culture on
employee well-being and productivity: insights and recommendations for
Vietnamese organizations. Am J Manag Econ Innov 2024;06(03):53-65. https://
doi.org/10.37547/tajmei/Volume06Issue03-07.

Mohammed A. Evaluation of the procurement management system for residential
complex projects in ERBIL governorate. J Eng Sustain Dey Jan. 2023;27(1):54-67.
https://doi.org/10.31272/jeasd.27.1.5.

Oluwaseun Ebenezer Olowolayemo, Samuel Opeyemi Williams, Oluwatunmise
Opeyemi Adeniji, Femi Michael Olotu, and Ismail Kolade Oyegoke, “Design error:
Its effects on building projects delivery period,” Int. J. Sci. Res. Arch., vol. 12, no.
1, pp. 2376-2380, Jun. 2024. doi: 10.30574/ijsra.2024.12.1.1039.

Magbool R, Rashid Y, Altuwaim A, Shafiq MT, Oldfield L. Coping with skill
shortage within the UK construction industry: Scaling up training and
development systems. Ain Shams Eng J 2023;15:Jul. https://doi.org/10.1016/j.
asej.2023.102396.

Manoharan K, Dissanayake P, Pathirana C, Deegahawature D, Silva R. Assessing
the performance and productivity of labour in building construction projects
through the application of work-based training practices. Constr Innov 2022;24
(2):558-83. https://doi.org/10.1108/CI-05-2022-0126.

Doerr A, Novella R. The long-term effects of job training on labor market and
skills outcomes in Chile. Labour Econ Dec. 2024;91:102619. https://doi.org/
10.1016/j.1abeco.2024.102619.

M. T. Tembo, E. M. Mwanaumo, and C. Kahanji, “Impact of Globalization on
Sustainable Implementation in the Construction Industry: Dynamics of
Construction Tender-Price Volatility,” Int. J. Dev. Emerg. Econ., vol. 11, no. 1, Art.
no. 1, 2023, Accessed: Jan. 30, 2025. [Online]. Available: https://www.
eajournals.org/.

M. a. Y. Sujani, R. A. Rahman, and N. M. Zainudin, “IMPACT OF REGULATIONS
ON CONSTRUCTION LABOUR PRODUCTIVITY,” vol. 1, in UMP Research Series:
Construction Engineering and Management, vol. 1. , Malaysia: Faculty of Civil
Engineering Technology, 2022, pp. 1-17. doi: 10.15282/cem.1.04.2022.01.01.
B. S. Adeyemi, C. Aigbavboa, and W. D. Thwala, “Legal Factors in the Nigerian
Construction Industry.” Accessed: Aug. 18, 2024. [Online]. Available: https://
discovery.researcher.life/article/legal-factors-in-the-nigerian-construction-
industry/d76d30eec91f336aa6174cd7e8f67ade?eos_user_id=4959289&expiry_
in_minutes=5&usersource=paperpal&utm_source=paperpal&utm_
medium=website&utm_campaign=organic.

17

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]
[170]

[171]

[172]

[173]

[174]

[175]

[176]
[177]
[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

Ain Shams Engineering Journal 16 (2025) 103274

G. Ofori, Z. Zhang, and F. Y. Y. Ling, “Key barriers to increase construction
productivity: the Singapore case.,” Int. J. Constr. Manag., pp. 1-12, 2020,
[Online]. Available: https://ezproxy.aut.ac.nz/login?url=https://search.
ebscohost.com/login.aspx?direct=true&site=eds-

live&db=bth& AN=145728901.

Bohme T, Escribano A. Emma Elizabeth Heffernan, and Scott Beazley, “Causes
and mitigation for declining productivity in the Australian mid-rise residential
construction sector,. Built Environ Proj Asset Manag 2018;8(3):253-66. https://
doi.org/10.1108/BEPAM-10-2017-0097.

Hatakeyama K. Design for Innovative Development in Construction Industry:
Proposal Based on Comparative Analysis. In: Ahram T, Karwowski W, Taiar R,
editors. Human Systems Engineering and Design. Cham: Springer International
Publishing; 2019. p. 573-8. https://doi.org/10.1007/978-3-030-02053-8_87.
Zhang H. Industrial Chain Correlation and Total Factor Productivity. Highlights
Bus Econ Manag 2024. https://doi.org/10.54097 /f7rx5642.

J. M. Mesa Fernandez, C. Pacios Gonzalez, V. Alvarez Cabal, and J. Villanueva
Balsera, “Analysis of the quality control planning in residential construction
projects in Spain,” Rev. Constr., vol. 15, no. 2, pp. 106-114, Aug. 2016. doi:
10.4067/50718-915X2016000200011.

N. N. Parmar, “Time Management with Quality Control in Construction Projects
by Critical Chain Project Management,” Tuijin JishuJournal Propuls. Technol., vol.
45, no. 04, Art. no. 04, Oct. 2024. doi: 10.52783/tjjpt.v45.i04.8136.

Love PE, Holt G. Construction business performance measurement: the SPM
alternative. Bus Process Manag J 2000;6(5):408-16. https://doi.org/10.1108/
14637150010352417.

Cui L. The Organizational Culture and Organizational Performance of The
Construction Industry in Jiangsu. Front Bus Econ Manag 2023;11:Sep. https://doi.
org/10.54097/fbem.v11i1.12039.

Lam KC, Wang D, Lam MCK. The TQM journey of Hong Kong building
contractors: from a self-assessment perspective. TQM J 2008.

Adrian J. Construction productivity improvement. New York: Elsevier; 1987.

H. (1) Nasir, C. T. (2) Haas, C. H. (3) Caldas, and P. M. (4) Goodrum, “An
integrated productivity-practices implementation index for planning the
execution of infrastructure projects,” J. Infrastruct. Syst., vol. 22, no. 2, 01 2016.
doi: 10.1061/(ASCE)IS.1943-555X.0000275.

Chan EHW, Chan ATS. Imposing ISO 9000 Quality Assurance System on Statutory
Agents in Hong Kong. J Constr Eng Manag 1999;125(4):285-91. https://doi.org/
10.1061/(ASCE)0733-9364(1999)125:4(285).

Abdullah MMB, Tari JJ. The influence of soft and hard quality management
practices on performance. Natl Cheng k Univ Coll Manag 2012.

B. Hwang, Y. Li, M. Shan, and J. Chua, “Prioritizing Critical Management
Strategies to Improving Construction Productivity: Empirical Research in
Singapore,” SUSTAINABILITY, vol. 12, no. 22, 2020. doi: 10.3390/5u12229349.
Leong TK, Zakuan N, Mat Saman MZ, Ariff MSM, Tan CS. Using Project
Performance to Measure Effectiveness of Quality Management System
Maintenance and Practices in Construction Industry. Sci World J 2014;2014:
€591361. https://doi.org/10.1155/2014/591361.

Dixit S, Mandal SN, Thanikal JV, Saurabh K. Evolution of studies in construction
productivity: A systematic literature review (2006-2017). Ain Shams Eng J 2019;
10(3):555-64.

“Productivity,” BCA Corp. Accessed: Apr. 23, 2022. [Online]. Available: https://
wwwl1.bca.gov.sg/buildsg/productivity.

“Building and Construction Authority (BCA),” BCA Corp. Accessed: Apr. 16, 2022.
[Online]. Available: http://www1.bca.gov.sg.

“CONQUAS,” BCA Corp. Accessed: Dec. 18, 2021. [Online]. Available: https://
www1.bca.gov.sg/buildsg/quality/conquas.

The Building and Construction Authority, “Training and Development,” BCA
Corp. Accessed: Nov. 17, 2024. [Online]. Available: https://www1.bca.gov.sg/
buildsg/productivity/training-and-development.

“Buildable Design Score Index (BS Index) / Constructability Score Index (CS
Index),” BCA Corp. Accessed: Dec. 18, 2021. [Online]. Available: https://www1.
bca.gov.sg/buildsg/productivity/buildability-buildable-design-and-
constructability/buildable-design-score-index-bs-index-constructability-score-
index-cs-index.

“Price Quality Method (PQM) Framework,” BCA Corp. Accessed: Apr. 23, 2022.
[Online]. Available: https://www1.bca.gov.sg/procurement/tender-stage/price-
quality-method-pgm-framework.

“Qualification for CCPP,” BCA Corp. Accessed: Dec. 18, 2021. [Online]. Available:
https://www1.bca.gov.sg/buildsg/productivity/bca-certified-construction-
productivity-professional-scheme/qualification-for-ccpp.

“Good Industry Practices Guide Books,” BCA Corp. Accessed: Nov. 19, 2024.
[Online]. Available: https://www1.bca.gov.sg/buildsg/quality/publications/
good-industry-practices-guide-books.

Love PED, Teo P, Morrison J. Revisiting Quality Failure Costs in Construction. J
Constr Eng Manag Feb. 2018;144(2):05017020. https://doi.org/10.1061/(ASCE)
C0.1943-7862.0001427.

H. Vasudevan, “Theory of Constraint Application on Quality Management and
Organizational Performance in the Construction Industry,” INTI J., vol. 2021;03,


https://doi.org/10.1177/1525822x08323985
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0675
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0675
https://doi.org/10.1093/poq/nfn011
https://doi.org/10.1093/poq/nfn011
https://doi.org/10.1023/A:1024985704202
https://doi.org/10.1023/A:1024985704202
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0705
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0705
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0710
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0710
https://doi.org/10.1177/15586898221126816
https://doi.org/10.1177/15586898221126816
https://doi.org/10.4018/978-1-6684-3881-7.ch031
https://doi.org/10.4018/978-1-6684-3881-7.ch031
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0730
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0730
https://doi.org/10.1080/01446190701209925
https://doi.org/10.31705/wcs.2023.25
https://doi.org/10.37547/tajmei/Volume06Issue03-07
https://doi.org/10.37547/tajmei/Volume06Issue03-07
https://doi.org/10.31272/jeasd.27.1.5
https://doi.org/10.1016/j.asej.2023.102396
https://doi.org/10.1016/j.asej.2023.102396
https://doi.org/10.1108/CI-05-2022-0126
https://doi.org/10.1016/j.labeco.2024.102619
https://doi.org/10.1016/j.labeco.2024.102619
https://doi.org/10.1108/BEPAM-10-2017-0097
https://doi.org/10.1108/BEPAM-10-2017-0097
https://doi.org/10.1007/978-3-030-02053-8_87
https://doi.org/10.54097/f7rx5642
https://doi.org/10.1108/14637150010352417
https://doi.org/10.1108/14637150010352417
https://doi.org/10.54097/fbem.v11i1.12039
https://doi.org/10.54097/fbem.v11i1.12039
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0840
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0840
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0845
https://doi.org/10.1061/(ASCE)0733-9364(1999)125:4(285)
https://doi.org/10.1061/(ASCE)0733-9364(1999)125:4(285)
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0860
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0860
https://doi.org/10.1155/2014/591361
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0875
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0875
http://refhub.elsevier.com/S2090-4479(25)00015-2/h0875
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001427
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001427

M. Kirby et al.

[186]

[187]

2021, Accessed: Nov. 21, 2024. [Online]. Available: https://iuojs.intimal.edu.
my/index.php/intijournal/article/view/181.

E. Goldratt, “The Goal Summary & Book Review,” Theory of Constraints Institute.
Accessed: Nov. 19, 2024. [Online]. Available: https://www.tocinstitute.org/the-
goal-summary.html.

Rahman S. Theory of constraints. Int J Oper Prod Manag 1998;18(4):336-55.
https://doi.org/10.1108/01443579810199720.

18

Ain Shams Engineering Journal 16 (2025) 103274

Mark Kirby is a Ph.D. candidate in the School of Future Environments, Auckland Uni-
versity of Technology. Mark has a Master’s degree in Construction Management (2019).
His scholarly intersts include construction and project management encompassing two
vast areas of research, productivity and quality management particularly as it relates to the
construction sector. With over 15 years of professional experience in senior management
of construction organisations firms, he is currently advancing his academic journey at the
Auckland University of Technology where he is immersed in research focused on
improving construction productivity within the residential construction sector.


https://doi.org/10.1108/01443579810199720

	A multidimensional analysis of strategies for improving New Zealand residential construction productivity
	1 Introduction
	2 Literature review
	2.1 Quality management frameworks and models
	2.1.1 Total quality management
	2.1.2 ISO9000
	2.1.3 Demings, plan-do-check-act
	2.1.4 Lean construction
	2.1.5 Emerging trends in quality management
	2.1.6 Quality management strategies − New Zealand residential construction
	2.1.7 A geographic comparison of productivity improvement strategies
	2.1.8 United Kingdom productivity strategies
	2.1.9 Australian productivity strategies
	2.2.0 Productivity strategy comparison −New Zealand


	3 Methodology
	4 Results
	4.1 Demographic survey results
	4.2 Quality management concerns
	4.2.1 Sub-theme 1: QMS and managing quality in organisations
	4.2.2 Sub-theme 2: QMS and organisational culture
	4.2.3 Sub-theme 3: QMS and project parameters

	4.3 Construction productivity and QMS
	4.3.1 Sub-theme 4: Organisational QMS and productivity
	4.3.2 Sub-theme 5: Productivity as legislation and measurement
	4.3.3 Sub-theme 6: Productivity training
	4.3.4 Sub-theme 7: Productivity and workflow collaboration
	4.3.5 Sub-theme 8: Productivity and organisational culture

	4.4 The Kruskal Wallis test
	4.5 Thematic analysis of open-ended questions responses
	4.5.1 Question1-analysis of project level productivity improvement strategies NZ residential sector
	4.5.2 Question 2- analysis of quality management strategies to improve NZ residential construction
	4.5.3 Question 3 –analysis of organisation strategies used to improve NZ residential productivity
	4.5.4 Key findings summary


	5 Discussion and recommendations
	6 Implication to theory and practice
	7 Conclusion
	8 Limitations/implications
	CRediT authorship contribution statement
	Declaration of competing interest
	References


