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Abstract: Skill availability is an important component in the uptake of prefabrication and plays a
crucial role in housing supply. However, the challenge is that the demand for housing has outgrown
the availability of specifically trained workers. This challenge is not unique to New Zealand; many
developed countries worldwide are facing similar issues. Therefore, the purpose of this study is
to determine relevant skills in the prefabricated residential construction sector in New Zealand
(NZ) and suggest improvement measures from the standpoint of industry stakeholders. The study
adopted a semi-structured online survey and administered it to multiple construction industry
practitioners. The study found the training of the construction workforce as one significant area
of focus. In addition, external sourcing of international prefabrication-specific skilled workers
could improve the issues of skill shortages in the residential prefabrication sector. Furthermore, the
study revealed that the barriers to healthier prefabrication uptake are closely linked to shortages in
management, digital architecture and design, and vocational skills related to residential construction.
The study has contributed to the current pool of knowledge by identifying skill issues in NZ’s
prefabricated residential construction sector, classifying the major restraints limiting prefabrication
implementation, and determining measures for increasing industry uptake. It is anticipated that this
will help construction organizations and the wider industry develop strategic goals and a roadmap
for meeting the skill requirements in NZ. Training policies and programmes can be developed with
focus on crucial prefabrication skill requirements at governmental level. Curriculum reviews are
recommended for uptake by academic and vocational institutions.

Keywords: prefabrication; skills; training; vocational

1. Introduction

The present era is characterized by rapid technological changes, creativity and innova-
tion. However, the construction industry has not participated to the same extent as other
industries and is seen as inefficient [1]. Although some significant and rapid changes have
occurred within the construction industry, through the adoption of new and innovative
technologies to create a competitive advantage, these are largely incomparable [2]. Seminal
literature argues that prefabrication, as a modern technique, could effectively address
the residential housing shortages within the construction sector [3,4]. Similarly, research
suggests that benefits could be derived by replacing or supplementing traditional on-site
construction with the prefabrication method [5,6]. These benefits include faster construc-
tion time, more energy and economic efficiency, safer manufacturing, and superior quality
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and performance [7–10]. Other benefits include durability, which is critical to sustainable
housing delivery. Overall, prefabrication methods have been suggested to address the
issue of productivity within the industry [1,11]. Productivity stems from improvements
in processes which has been a focus of attention in more recent arguments around the
concepts of circular economy. Circular economy arguments provide justifications for social
and economic advantages [12], environmental benefits [13], and resource-effectiveness [14].

Within the context of this study, prefabrication integrates appropriately with the circu-
lar economy concepts. Minunno et al. [13], for example, have shown how prefabrication
in terms of reduction, reusability, adaptability, and recyclability of building components,
provide environmental advantages. Further, Duncheva and Hairstans [15] describe the
reduced need for onsite labour and inherent efficiency gains with the use of prefabrication
as corresponding with the sustainability factor in circular economy. Despite these clear
alignments, Osobajo et al. [16] suggest that further research investigations are required
to demonstrate circularity on prefabrication to support resource use and waste reduction
objectives. In terms of affordability and acceptability in housing provision, prefabrication
portends benefits. Affordable and acceptable quality housing is considered one of the
biggest concerns in NZ [17]. In 2012, about 27% of NZ children were living in poverty
because of housing costs. The percentage dropped to 24% in the following year but was
still considered to be high, affecting 260,000 children [18]. Poor health is another prob-
lem that stems from unaffordable and low-quality housing. Dale et al. [18] reported that
about 300,000 homes in the country were uninsulated and extremely cold, and families
could not afford heating costs. Therefore, families had to use cheap and unhealthy heat-
ing options (non-flued gas heating), a major cause of asthma. In 2017, Auckland had a
deficit of 45,000 units, 18% higher than the figure recorded the previous year [19]. By 2018,
the housing supply shortage was 100,000 units nationwide, while the figure soared to
130,000 homes in 2019 [20]. These studies highlight the importance of adopting new and
innovative methods to resolve the housing shortage issues in NZ.

Despite the financial crisis caused by the COVID-19 pandemic, median house prices
for NZ residential properties increased by 28.7%, rising from NZD 637,000 in June 2020
to NZD 820,000 in June 2021 [21]. According to Edmunds [22], NZ has become one of
the most expensive countries in terms of housing affordability, with a price-to-income
ratio of 6.5. That ratio was just 2.16 in the 1990s [22]. The national home ownership
rate of 65% in 2018 meant that 35% of NZ households did not own their houses [19].
Only six cities—Hong Kong, Vancouver, Sydney, Melbourne, Los Angeles and Toronto—
topped Auckland in housing unaffordability. In Hong Kong, where 20% of citizens live
below the poverty line, property prices are still high [23]. From the preceding facts and
figures, housing affordability in NZ is a topical issue requiring considerable attention.
Studies have suggested prefabrication as a solution with extensive use viable in housing
provision, although the integration of prefabrication into operational practice has been
patchy [24,25]. Studies have shown that the lack of skills is a major contributor to poor
uptake of prefabrication in most economies [3,26]. Addressing this issue will increase
awareness of the benefits of prefabrication over the conventional methods.

This current study assumes that improvement in the provision of relevant skills and
training plans could assist the uptake of prefabrication in residential construction. There-
fore, the study aims to determine the skills needed to facilitate the uptake of prefabrication
in NZ, from the perception of industry stakeholders. We conclude that the questions that
need to be asked to fulfill the research aim are:

RQ1: What are the skills required to facilitate uptake of prefabrication in NZ?
RQ2: What other measures are needed to facilitate uptake of prefabrication in NZ?

2. Literature Review

Given environmental concerns and the looming housing crisis resulting from a growth
in population, the need to increase the uptake of prefabrication has secured global at-
tention. The word prefabrication has been used interchangeably in the literature. Some
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of the commonly used terminologies are standardization and pre-assembly, off-site con-
struction (OSC), and modern methods of construction (MMC) and off-site manufacturing
(OSM) [26,27]. For the current research, prefabrication was adopted in the survey and
analysis. While a variety of definitions of the word prefabrication have been suggested,
this study will use the definition suggested by Burgess et al., [28] who saw it as “practices,
systems, and structures which facilitate the construction of buildings and parts of buildings
away from their final location. These buildings or parts of buildings are then brought onto
the site at the appropriate time and assembled and completed as necessary”. Prefabrication
includes component-based, panelised, modular and hybrid. The following section will
discuss prefabrication from a global perspective [28].

2.1. Global Perception

Globally, as an innovative approach, prefabrication is not in extensive use, even though
it may be intuitively appealing [25]. In the United States (US), for example, regardless of
all the well-known benefits in terms of sustainability and economic efficiency, there are
still challenges to the uptake of prefabrication from different industry stakeholders and the
market in general. In the US, Razkenari et al. [1] found that the most significant barriers to
prefabrication are a lack of contractor experience, inflexibility in allowing design changes
and a lack of familiarity with off-site practices and/or knowledge. Razkenari et al. [1]
suggested improvement measures such as enhancing design modularization, generating
further building information modelling (BIM) to the industry and mitigating the disconnect
between supply and demand to attain the correct balance within the prefabrication market.
Their study further suggested the Design for Manufacturing and Assembly (DFMA) princi-
ple as an innovative technology for wider integration within the prefabrication industry [1].

In the UK, the Planning, BIM & Construction (PBC) Today [29] website shows that
only 7.5% of newly built houses used prefabricated members, compared to 15% in Japan
and 84% in Sweden. In an earlier study, Arif et al. [30] had suggested that the high cost
of production was the key barrier preventing greater adoption of prefabricated houses.
However, the researchers pointed out that the effective use of engineering methodology
focusing on reducing the total production cost, such as DFMA, could reduce the probability
of cost hikes. Similarly, Lovell and Smith [31] acknowledged that the first barrier on the
way to a healthier position for prefabrication construction was its high establishing cost.
Their study also addressed negative public perception about prefabricated homes, along
with a lack of demand in the market, as potential factors underpinning the resistance to
prefabrication. McGinnis [32] highlighted the need for industry to cooperatively provide
higher-quality training courses for new employees. Further, McGinnis [32] suggested the
development of learning modules that concentrate on concepts relating to prefabrication
such as DFMA.

Within the context of Australia, the prefabricated building industry contributes 3–5%
of the AUD 150 billion value of the construction industry. According to its Minister
for Industry, Science and Technology [33], that figure could grow by up to 15% in 2025,
generating an extra 20,000 new jobs and adding NZD 30 billion in economic growth. The
Australian government dedicated NZD 2 million to establish a collaborative innovation
laboratory to help manufacturers to design new prefabricated buildings that are more
affordable and create less environmental harm. Prefabricated construction was among
the eight visions that Hampson and Brandon [34] identified to increase the construction
industry’s contribution to the Australian economy by 2020. They aimed to restructure the
construction supply chain to remove the non-value activities (anything customers are not
willing to pay for) and keep delivering quality products punctually with minimum cost and
maximum efficiency. Navaratnam et al. [35] hold the view that, in Australia, prefabricated
construction has a decent chance of increasing its market share. However, similar to
other countries, there are possible barriers still limiting its potential. These barriers are
mostly related to a lack of knowledge about the tools and flexibility of the prefabricated
system, and minimal public information about system sustainability. Moreover, the authors
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indicated that academic schools and vocational institutions must be encouraged to add
the prefabrication construction science aspects to their official courses. They also specified
the importance of transportation facilities and regulations in increasing the acceptance
of prefabricated construction among industry partners. Another Australian study noted
inadequacies in the existing classification system, the unavailability of OSC-specific skill
categorisation and a need to have an off-site-specific construction skill classification. Their
study highlighted new skills and roles coming through into OSC. These include BIM
engineer, three-dimensional draftsperson, OSC project manager and project coordinator.
The study found that these are not identified in the available Australian skill classifications.
These, together with some existing skills, need to be part of a new skill classification [36].

The government of Singapore developed some initiatives and interventions to improve
the adoption of OSM under their current industry transformation map (ITM). The govern-
ment mandated the use of OSM for developers interested in acquiring government-owned
land to be used for residential housing [37]. Such strategic plans between governments and
industry stakeholders could incentivize actors in housebuilding sectors to adopt the use
of OSM [38,39]. Similarly, in Hong Kong, government policy has made the use of OSM a
requirement for public housing projects. Coupled with the provision of funding incentives,
the policy has promoted the use of volumetric units in building new public-sector-funded
housing [40].

In NZ, about 17% of commercial and residential construction is built using prefabri-
cated parts [41]. Hunt [42] indicates that an increase of 1% in construction labour produc-
tivity could be worth NZD 139 million in GDP. A healthy uptake of prefabrication in NZ
requires a modern understanding of industry concepts and a cooperative approach between
the different supply chain stakeholders, with full support from government authorities [43].
A wide range of prefabricated products becomes essential if the industry is to create more
modern designs [44]. However, leaving design drawings open for ongoing modifications
seems to be an additional constraint that causes extra cost, time and uncertainty, and could
lead to a budget explosion [45]. Hence, the ability to confirm the drawings and secure better
discipline in the building procedure could ease some of the contractors’ anxieties and entice
them back to the prefabrication industry [5]. The tiny size of the NZ construction market
and the lack of innovation in the sector could be the key reasons limiting the acceptance of
the technology. Even though prefabrication has benefited significantly from the cutting-
edge technologies of computer-aided design and computer-aided manufacturing (CAD,
CAM), its uptake in NZ is still below target [28]. Examining the whole picture of the NZ
construction industry requires a deeper understanding of a complicated industry situation.
The immediate housing crisis requires more dwellings to be built, but, in the long-term,
the limitation of natural resources, an ever-rising population and environmental threats
could push the whole country towards a prefabricated future. Kennerly [46] explains that
efforts were made to explore whether the implementation of prefabrication could provide
more affordable houses for New Zealanders, and whether the industry will face the same
obstacles in terms of skills availability. Therefore, the current study attempts to address
the potential skills shortages in the NZ prefabrication industry that could affect a desirable
transformation of the residential construction sector. This study assumes that identifying
the right skills could contribute to an increased general uptake of prefabrication.

Some notable studies in developing countries have highlighted growing interest in
efforts to create awareness of the significance of prefabrication adoption within their con-
struction industries. These developing countries include China [47], India [48], Nigeria [3]
and Cambodia [26]. All of these studies have equally identified a lack of skills as a major
barrier to the full adoption of prefabrication. For example, the Durdyev and Ismail [26]
study in Cambodia found the most significant barrier was the lack of a skilled workforce
within OSM suppliers. Based on these findings, it can be suggested that construction indus-
try decision-makers must channel available resources and invest their efforts in improving
prefabrication skills and expertise. In China, Mao et al. [47] found the most significant
obstacle inhibiting the use of prefabrication was a lack of government regulations and
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incentives, followed by the high initial cost and a dependence on traditional construction
methods. In Nigeria, barriers included limited cost design flexibility, a shortage of local
skills and knowledge, a lack of government policies and regulations, a negative image of
the industry, client resistance, infrastructure and equipment need, and logistics and supply
chain issues [3].

Although this study’s focus is not the barriers affecting the adoption of prefabrication,
it is important to mention that the shortage of relevant skills was consistently identified as
a limiting factor; therefore, this study shares the view of Durdyev and Ismail [26] that OSM
uptake levels will continue to improve if the barriers to its adoption are overcome.

2.2. Skills Necessary for High Uptake of Prefabrication

As alluded to in the previous section, several studies have indicated the need to
improve skills to increase the uptake of prefabrication in the residential construction
sector [25,28]. Further, Armstrong [49] indicated that 44% of global construction firms
failed to secure enough craft labour, and 45% of these organizations lacked qualified
employees. Notably, 69% of the construction organizations in Armstrong’s study admitted
that more than 5% of their workforce was hired through external sources. Building more
prefabricated residentials require a higher percentage of hybrid skills workers or blended
talents, and capabilities in both construction and manufacturing packages [50].

An earlier study by Blismas and Wakefield [25] revealed that skills shortages and inad-
equate OSM knowledge are generally the most significant issues facing OSM in Australia.
More than a decade after, Masood et al. [38] and Sooriyamudalige et al. [51] also pointed
out that the skill shortage problem still exists. Their studies highlighted skill shortages in
modular construction and penalised offsite products.

Similarly, Bell [52] identified factors such as the lack of skilled workers ready to
participate in the prefabrication industry, a situation which can stem from poor vocational
education, unclear wage mechanisms and inadequate skills for solving a combination of on-
site and off-site issues. These are recognised as critical challenges that hinder prefabrication
companies’ performance in NZ. Along the same argument, Chen and Samarasinghe [53]
acknowledge that the skills needed to operate new technology within the industry are
absent, making contractors uninterested in the broader implementation of the prefabricated
construction. Therefore, this study aims to discover the possible skills shortage in the NZ
prefabrication industry, to improve the whole experience of this technology.

More recently, Sahin et al. [54] found that skills and knowledge availability are pivotal
to OSC implementation. The skills of industry practitioners on the subject have to be of
a higher standard as OSC is extremely different from traditional construction. Various
relevant skills for better uptake of prefabrication have been identified in extant literature.
Ginigaddar et al. [36] classified these skills into professional and vocational categories. Pro-
fessional skills critical for off-site construction are knowledge in DFMA, BIM, digital design,
commercial estimating, OSM and logistics production engineering, process efficiency and
multi-skills [55–58]. Vocational skills include logistics and sub-assembly operations [59,60],
multi-skills through on and offsite job experience [55,57]. Others are fundamental manufac-
turing practices such as quality control and assurance, lean philosophy and total quality
management [59,61]. Blismas and Wakefield [25] confirmed that skills act as both the driver
and barrier for OSC implementation, especially in Australia due to the increased skill
shortage of construction tradesmen. Therefore, our current study seeks to identify key
skills relevant to prefabrication uptake within the NZ construction industry. The review
of extant literature shows a gap of knowledge regarding skills requirement for residential
prefabrication in NZ. Therein lies the motivation for this study.

3. Research Methodology

To address the identified knowledge gap in this study, a semi-structured questionnaire
survey was designed to establish the skills needed to facilitate the uptake of prefabrication
in NZ. The survey was administered to multiple industry stakeholders, such as manufac-
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turers, suppliers, engineers, designers, contractors and subcontractors. This captures their
viewpoints on skills requirements within the NZ construction industry. A questionnaire
survey was chosen over the other data collection methods because it could help collect
information from these clusters regarding their attitudes, characteristics, and expectations
of prefabrication [62].

The semi-structured questionnaire was administered online through Qualtrics because
it offers an efficient way of gathering a considerable amount of data with minimum human
efforts and mistakes [63]. Qualtrics allows researchers to use multiple question options
and different distribution channels, enhancing the survey design and accuracy [64]. The
questionnaire was designed to contain five sections. Four of the sections had close-ended
questions, and the last section was open-ended, where responses were not limited or con-
trolled. For this study, four sections covering: (a) general information, (b) skills shortages
in residential prefabricated sector, (c) possible measures to increase the prefabrication
uptake in the New Zealand housing sector, and (d) open-ended questions. The response
to sections (b) and (c) was restricted to the pre-designed responses provided, which were
predominantly based on a Likert scale of 1 to 5, where 1 represented “strongly disagree”
and 5 “strongly agree”. There were 49 responses to the survey.

Before administering the questionnaire to the participants, a pilot study was conducted
to determine whether crucial aspects of the study had been covered. According to Van
Teijlingen et al. [65], this preliminary study helps to ascertain probable outcomes and study
success possibilities. A total of 14 responses were obtained from the pilot survey [66], more
than the 12 suggested by Moore et al. [67]. The questionnaire was modified based on the
responses and comments received from the pilot survey. A large proportion of the changes
dealt with rewording or rephrasing the questions. Ethical approval was sought from the
Auckland University of Technology Ethical Committee (AUTEC). This considers all ethical
issues at all stages of the research design and execution process in line with Mertens’ [68]
suggestions. Ethics approval was granted by the Human Ethics Committee on 16 December
2020 (AUTEC Reference Number 20/396).

Data Analysis Method

The methods of data analysis for this study included descriptive statistics, mean
comparisons, and thematic analysis. Statistical tools (using SPSS) were used for the analysis
of the close-ended questions, to explore the data, and present them in tables and graphs to
show the data distribution patterns that emerged after applying the statistical tests [69].
In the preliminary analysis, the composition of the sample based on age, experience in
the NZ construction industry, highest level of education, business category and location
were described using frequency tables including percentages. Graphical representation
of means using bar charts and one sample t test were the statistical tools applied in the
main part of data analysis. Means of the variables were visualized on horizontal bar charts
to compare between the four skill issues, and five potential measures identified in the
study. One-sample t test was applied separately for each variable to test whether the
average agreement of the respondents was higher than the mid-point of the 5-point Likert
scale, which represented the ‘neutral’ opinion in the survey. Accordingly, the alternative
hypothesis tested in the study was mean score (µ) > 3, which implied that the selected
variable had been identified as a significant skill issue, or a potential measure.

Thematic analyses were performed on the open-ended questions using NVivo for
coding and analysis. The response to the open-ended questions were in textual format.
NVivo allows the researcher to explore textual data to see patterns [70]. NVivo software
was chosen because of the nature of the data and burden associated with manual coding.
That way, the researcher was able to focus on finding underlying themes, interpretation and
theory. In addition, retrieval is easier with the use of NVivo [70]. Initially, the transcripts
were systematically analysed to generate meaningful segments of data that addressed
the research objectives. Secondly, this data set was coded and organized into meaningful
groups, which formed the basis of repeated themes. Coding was both inductive [71] and
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deductive [55]; thus, the study could employ the best advantages of a blended approach [72].
Thus, the coding process focused on searching for concepts, words, ideas and patterns that
described and reflected skills relevant to the uptake of prefabrication. Both similarities
and differences were deemed to be areas of interest. Third, the identified themes were
organized into global themes [73].

4. Results and Analysis
4.1. Sample Characteristics

Table 1 describes the survey participants’ age, experience in the NZ construction
industry, and their highest level of education. According to these results, approximately
80% of survey participants were in the mid-ages (30–60 years) and more than 85% were
older than 30 years. Overall, 74.5% participants had more than five years of experience
in the construction industry. Around 92% of survey respondents had a qualification at
diploma level or above. This information on participant age, experience and education
ensured that the opinions gathered in the survey of this study is satisfactorily reliable
and can be used to make valid conclusions on New Zealand construction industry. These
attributes show participants have the required competence to add remarkable value to
this study.

Table 1. Profile of the survey participants.

Age (Years) Frequency
(Percent)

NZ Construction
Experience

Frequency
(Percent)

Highest Level of
Education

Frequency
(Percent)

20–30
7 Less than 5 years 13

Certificate
3

(14.3%) (26.5%) (6.1%)

31–40
20 6–10 years 13 Degree 18

(40.8%) (26.5%) (36.7%)

41–50
10 11–15 years 9 Diploma 7

(20.4%) (18.4%) (14.3%)

51–60
9 16–20 years 5 Postgraduate 20

(18.4% (10.2%) (40.8%)

60 or above
3 21–25 years 3

Other
1

(6.1%) (6.1%) (2.0%)

Total
49 Over 25 years 6

Total
49

(100.0%) (12.2%) (100.0%)

Total
49

(100.0%)

The configuration of the sample based on type of business and location is presented
in Table 2. As indicated by these data, the sample of this study is well representative, and
it captures various roles in the construction industry. As far as the location is concerned,
more than 75% of participants were based in Auckland. This composition is justifiable
considering that prefabricated construction is more common in Auckland than in other
regions of NZ. Overall, the sample of this study is sufficiently large and representative for
conducting a descriptive statistical analysis and mean comparison.
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Table 2. Business category and participants’ location.

Age (Years) Frequency (Percent) Location Frequency
(Percent)

Contractor 12
(24.5%) Auckland 37

(75.5%)

Architect 3
(6.1%) Wellington 37

(75.5%)

Engineer 17
(34.7%) Christchurch 3

(6.1%)

Manufacturer 6
(12.2%) Hamilton 1

(2.0%)

Consultants 8
(16.3%) Others 4

(8.2%)

Sub-contractor 3
(6.1%)

Total 49
(100.0%) Total 49

(100.0%)

4.2. Skill Issues in Prefabrication

This study considered four possible issues in NZ’s prefabricated construction industry.
These include (1) difficulty in recruiting skilled workers, (2) not hiring laborers with
multiple skills, (3) insufficient training placements available in the industry, and (4) not
borrowing overseas labour. Figure 1 shows the average scores calculated based on the
experienced practitioners’ viewpoints. According to these results, difficulty in recruiting
skilled workers and not hiring multi-skilled labour are the major issues. In addition, one-
sample t test was performed to test whether the construction professionals agreed that
each of these issues were actually skill issues in the prefabrication construction industry.
To test this, the average of each issue was compared with the mid-point of 5-point Likert
scale which represented the “neutral” opinion in the survey. Table 3 presents these results,
and they confirm that difficulty in recruiting skilled workers, not hiring multi-skilled
labour and not borrowing overseas labour are all significant issues in the prefabricated
construction industry. However, insufficient training placements available in the industry
is not a prominent issue according to this analysis.
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Table 3. Mean comparison of skill issues in the prefabricated construction industry.

Skill Issue Mean Std Dev t Test
p Value

Result
(H1: µ > 3)

Difficulty of recruiting skilled workers 4.24 0.925 0.000 Confirmed
Not hiring laborers with multiple skills 3.69 0.895 0.000 Confirmed

Insufficient training placements available
in the industry 2.90 1.295 0.292 Not confirmed

Not borrowing overseas labour 3.39 1.239 0.016 Confirmed

4.3. Measures to Increase Prefabrication Uptake in the NZ Housing Supply Chain

This study investigated five possible measures to increase the prefabrication uptake
in the NZ housing supply chain. These are: (1) extensive implementation of BIM and life
cycle assessment (LCA), (2) sufficient training placements, (3) a high level of collaboration
between the different industry stakeholders, (4) taking prefabrication as the future of
architecture, and (5) using technologies to provide better upfront planning in the residential
prefabrication sector. The graph of averages given in Figure 2 shows that stakeholder
collaborations and using technology for upfront planning were the most highlighted by the
industry experts as possible measures to increase the prefabrication uptake in NZ housing
supply chains. As implied by these results, technology-enabled collaborative planning
with supply chain partners would be extremely useful for NZ construction companies to
increase the adoption of prefabrication in the housing sector.
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Table 4 presents the results of one-sample t tests performed to check whether the
identified factors were significant measures to increase prefabrication uptake in the NZ
housing supply chain. Based on the feedback received from experienced construction
professionals, the average of each of five measures was compared with the mid-point of
5-point Likert scale which represented the “neutral” opinion in the survey. The statistical
results reveal that each measure will significantly help firms to increase prefabrication
uptake in the NZ housing supply chain.
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Table 4. Mean comparison of possible measures to increase prefabrication uptake.

Possible Measures Mean Std Dev t Test
p Value

Result
(H1: µ > 3)

Extensive implementation of BIM and LCA 4.02 1.031 0.000 Confirmed
Providing sufficient training placements 4.06 0.966 0.000 Confirmed

High level of collaboration between the different
industry stakeholders 4.16 0.986 0.000 Confirmed

Taking prefabrication as the future of architecture 3.98 0.968 0.000 Confirmed
Using technologies to provide better upfront

planning in the residential prefabrication sector 4.14 1.041 0.000 Confirmed

4.4. Open-Ended Questions

The last part of the questionnaire consisted of four open-ended questions designed to
give research participants the opportunity to provide supplementary information about
barriers to implementing prefabrication, critical skills essential to improve prefabrication,
essential measures that could increase prefabrication and ways to improve skill shortage in
prefabrication in the NZ residential building sector. This part of the questionnaire used a
qualitative analytical method (thematic analysis) described in the methodology section. It
was considered that qualitative analysis would usefully supplement and extend the quanti-
tative measures. For this study, only three questions from the open-ended questions will
be reported. The open-ended data were classified into themes and sub-themes through an
inductive approach by reviewing the responses and identifying repetitions and transitions.
The responses to the open-ended questions are presented in the following sections. For
ease of presentation, transcripts of the responses relating to each theme are collated in
tabular format. The tables show the theme, subthemes, illustrative responses and tally
(frequency counts).

4.4.1. Critical Skills Essential to Improving Prefabrication

The construction industry is significantly influenced by the skills and abilities avail-
able to execute its projects successfully. Skills required for prefabrication construction are
unique compared to on-site production. Therefore, this question is designed to understand
from industry stakeholders the vital skills they believe will be essential for prefabrication
construction. The question required participants to identify critical skills needed to improve
the performance of prefabrication within the industry. Seventy-three percent (36) of the
total research participants (49) responded to this part of the questionnaire. After careful ob-
servation of the responses, eight cogent themes emerged from their responses (see Table 5).
The themes include architecture and design, digital, education, experience, management,
practical and vocational skills, research and development, and training. Within these major
themes, there were five sub-themes under management skills. Management skills was the
most identified theme with one out of every two participants (18 out of 36) indicating this.
It is obvious from the analysis that digital skill was also a prominent theme (14 out of 36),
followed by practical and vocational skills, and architecture and design skills (8 each). Five
participants identified experience and education.
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Table 5. Critical skills essential to improving the prefabrication.

Themes Sub-Themes Illustrative Responses Tally

Architecture and
design skills

Design
Design

Designing skills
Designing skills

Knowledge base within architecture profession
Experience in the design and installation

Architectural skills

8

Digital skills

Digital skills
Digital skills

DFMA and BIM/IT skills
Familiarity with technology

Building technology knowledge, CAD and automation
Technical skills

Digital skills
Skills in the use of digital technologies, e.g., DFMA, BIM, Skills in

automation
Use of BIM

Digital manufacturing skills
Digital skills

BIM

14

Education

Education
NZ Standards knowledge

Knowledge
Knowledge; experience

Knowledge industry

5

Experience

Factory experience
Experienced contractor
Knowledge experience

Experienced technicians on site
Experience

Management skills

Cost management Cost management 1

Interpersonal and
integrated skills

Integrated skills
Interpersonal skills

Integrated management skills
Understanding of collaborative working

4

Operational skills

Operational
Operational skills
Operation skills

Operational skills

4

Planning

Management skills
Planning skills

Strategic planning
Planning

Management skills
Management skills

6

Production management
Production management resource

Professional supply chain management
Supply chain management skills

3
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Table 5. Cont.

Themes Sub-Themes Illustrative Responses Tally

Practical and
vocational skills

Practical skills
Factory experience

Filter/pre-assembly skills
Carpentry

Vocational skills
Practical skills

Carpentry, plumbing, electrical
Carpentry, plumbing

8

Research and
development

R&D
Government support in Research and Development

Product development
Advocacy research and marketing

4

Training

R&D
Government support in Research and Development

Product development
Advocacy research and marketing

4

4.4.2. Ways to Improve Skill Shortage in Prefabrication Supply Chain

To seek improvement to the skill shortage issues within the prefabrication sector,
participants were asked to suggest measures that could be taken to increase prefabrica-
tion in the NZ residential construction sector. Similar to the total responses for critical
skills, 36 of the 49 participants answered this question. After coding the responses, the
following themes were found: collaboration, designs and prototypes, government support,
infrastructure changes, labour costs, legislation and regulations, marketing and public
awareness, material resources, projects outside major cities, technology, time, and training.
Table 6 presents the themes, sub-themes, illustrative response and the total in each category.
Government support and marketing and public awareness were the dominant themes (13
and 10, respectively), followed by legislation and regulations. Through the questionnaire
survey, the research contributors have enriched the content of this research with their
useful responses on how to ease the current constraints preventing the broader uptake of
prefabrication in the NZ residential construction industry.

Table 6. Essential measures to increase prefabrication.

Themes Sub-Themes Illustrative Responses Tally

Collaboration

Effective collaborate with clients and manufacturers
Improve interface and connection between builders and prefab

companies
Engagement with stakeholders

Establishing more production facilities to deliver fabricated
buildings

4

Design and
prototypes

Quality
Easy instalment, less complexity

Design orientation towards mass production
Flexible modules
Repeat designs

Built prototypes to explain/experience prefabrication

6
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Table 6. Cont.

Themes Sub-Themes Illustrative Responses Tally

Government
support

Financial support

Government financial support
Government financial support

Government support, financial incentive
Government support fund

4

Incentives

Government proactive approach
Government support and incentives

Government support
Government support

Government support is highly required by introducing new and
subsidized projects

Government initiatives
Govt commitment to prefab

Govt support
Special government’s incentives

9

Regulations and
mandates

Government regulation to prescribe minimum expectations in
prefabrication

Government mandate/leadership
2

Infrastructure
changes

Improve infrastructure
Improve NZ infrastructure 2

Labour costs Reduce labour cost 1

Legislation and
regulations

Better BCA Acceptance
Flexible legislations
Legislative mandate

Streamline consenting process
Local authority coordination

Improve building consent process
Flexible regulations and legislations

7

Marketing and
public awareness

Public awareness
Improve local knowledge in prefabrication manufacturing

More exposure to capabilities and solutions
Marketing

Industry seminars
Increase the awareness of the prefabrication industry benefits.

Culture change towards prefabrication
Awareness and education about prefabrication

Academic institutions
Improved awareness creation

Education

10

Material resources

Availability or supply chain
Easy procurement

Reliable material resources
Establishing more production facilities to deliver prefabricated

buildings

4

More project outside Auckland
More projects outside major cities 2

Better use of technology
Adapt new technologies

Using of innovative technology
3

Time

Time consumption
Construction time

Time saving by prefabricated construction
Less lead time

4
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Table 6. Cont.

Themes Sub-Themes Illustrative Responses Tally

Training

Teaching architects
Training

Industry training for tradesman
Hire qualified labour

Train the building workers to be familiar with the industry
technology

Develop manufacturing capabilities

6

4.4.3. Ways to Improve Skill Shortage in Prefabrication Supply Chain

The last open-ended question was to suggest ways the skill shortage can be improved
in prefabrication construction. This question required participants to suggest some im-
provement to address relevant skill shortages in the prefabrication supply chain. A total of
37 (76%) participants out of the 49 responded to this question—three out of every four. The
data once again was coded into different themes. The emerging themes were apprentice-
ships and internships, public awareness, government support, skill sourcing, prefabrication
in education, and training. There were no emergent sub-themes. From Table 7, it is clear
that the dominant theme from the responses is around training (about 60%) of the relevant
construction workforce. Skill sourcing was highly suggested to tackle the relevant skill
shortages in prefabrication construction, followed by government support, apprenticeships
and internships, prefabrication in education, and public awareness.

Table 7. Suggestions for improving the skill shortage issues in the prefabrication supply chain.

Themes Sub-Themes Illustrative Responses Tally

Apprenticeships
and internships

Taking on apprentices
Apprenticeship for different but specific trades

Apprenticeships
Internships

Offer more training opportunities via tech and high school programs

5

Public awareness

Inspire more people to join
Need to spread knowledge about prefab

Awareness
Career information and qualifications

4

Government
support

Funding by government
Government funded programmes

Govt funded initiatives
Free training programmes supported by governments

Government incentives
Government programmes

6

Skill sourcing

More Skilled Migrant Workers
Relax immigration rules for entry

Import offshore experienced skilled consultants
Immigration status for experienced tradespeople in the

prefabricated industry
Hire skilled labour from overseas

Adopting and accepting overseas skills and experiences
External sourcing of labour only contracts

Undertaking international joint ventures partnership with
well-established foreign organizations

Acquiring skills from overseas
Wider acceptance of overseas experience

Flexible and motivated immigration categories to attract foreign skills
Overseas skills

12
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Table 7. Cont.

Themes Sub-Themes Illustrative Responses Tally

Prefabrication in
education

Prefabrication to be one course of civil engineering programme
Improve education system

Polytechnic education
Prefabrication technology to be part of civil engineering

Partner with educational facilities

5

Training

Train more NZ Workers
Effective training sessions

Extensive workforce training
Training and re-training of personnel
Train more people for specific trades

Training local industry workers
Training secondments for architectural grads and technicians to

broaden skills
Training (x6)

On the job training
Funded training by the government

Vocational training
Offer more training opportunities via tech and high school programs

Vocational training
Intensive vocational training

More specialized vocational training program
Training and upskilling of existing work force

Free training programmes supported by governments

22

5. Discussion of Findings

The results of this research imply that identifying specific skill issues in the prefabrica-
tion supply chain will significantly improve the adoption of prefabrication in the residential
construction sector. This study set out to understand the critical skills required for the
NZ prefabricated residential construction supply chain and suggest improvement mea-
sures from the standpoint of industry stakeholders. Both quantitative (close-ended) and
qualitative (open-ended) data generated through an online questionnaire were combined
and reviewed to answer the research question formulated. To enrich this section, the
research findings will be synthesized with key literature review references. This will help
understand the current research study within a NZ context. The following sections will
discuss the results from the current study.

5.1. Skill Issues

To address the first research question, this study considered four possible issues in
NZ’s prefabricated construction industry. These included the difficulty of recruiting skilled
workers, not hiring labourer with multiple skills, insufficient training placements available
in the industry, and not borrowing overseas labour. Our study confirmed difficulty in
recruiting skilled workers, not hiring multi-skilled labour, and not borrowing overseas
labour are all significant issues in the prefabricated construction industry. This study
support that of [38]. However, insufficient training placements available in the industry
is not a prominent issue. This finding is consistent with the results from the open-ended
questions. There are placement opportunities within prefabrication organizations; it is
the trainees that are lacking. Nevertheless, there are current government initiatives that
promote training placements within construction for people wanting to get into the industry.
The skills issues found in this study are in line with some of those identified to be limiting
the adoption of prefabrication. This confirms studies by Navaratnam et al. [32,35,40]. A
close examination of the responses from the open-ended questions shows challenges with
digital skills, and these were frequently mentioned. These include digital technologies
skillsets such as DFMA, BIM, IT, CAD and automation. This finding is consistent with
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Miles and Whitehouse [55], Jennifer and Clare [56]. Therefore, the skills necessary for
prefabrication construction are not readily available.

5.2. Essential Measures and Suggestions for Improvement

The five possible measures were investigated to increase prefabrication uptake in
the NZ housing supply chain. The industry experts most often highlighted stakeholder
collaborations and using technology for upfront planning in the residential prefabrication
sector as possible measures. As implied by these results, technology-enabled collabora-
tive planning with supply chain partners would be extremely useful for NZ construction
companies to increase their adoption of prefabrication as a viable alternative in housing pro-
duction. Some of the themes that emerged from the open-ended questions support the five
measures presented to the participants. The participants indicated effective collaboration
with clients and manufacturers, improving interface and connection between builders and
prefab companies, and engagement with stakeholders as focus points. They also indicated
that establishing more production facilities to deliver fabricated buildings was important
for effective uptake of prefabrication. Some other measures noted by participants included
the adaptation of new technologies, and the use of innovative technologies to improve the
adoption of prefabrication. From these responses, it can be concluded that collaboration
amongst all stakeholders is key to prefabrication in NZ.

There were references made to the role of government support to encourage adoption
of prefabrication in New Zealand. Government support could take the form of financing
and incentive schemes to prefabrication companies, taking a more proactive approach to
matters relating to prefabrication, introducing new and subsidized project initiatives, and
improving regulations and commitment to prefabrication. Our study produced results
that corroborate a great deal of the previous work in this field [3]. In addition, marketing
and public awareness were also highly indicated. Awareness can be created through
marketing, industry workshops and seminars, dissemination of empirical research, and
the promotion of cultural and practice changes within the construction industry. For the
industry to improve the skill issues within its organizations, it is important to create public
awareness of the benefits of prefabrication. These findings support previous research
conclusions [31]. Our study also confirms that the training of architects and designers,
and specialist trades in prefabrication, are critical to ensuring the required mindset for
prefabrication. Similarly, Ginigaddar et al. [36] refers to extensive workforce training in
professional and vocational skills. Participants have also indicated that management skills
are equally important. Management skills such as cost management, interpersonal and
integration skills, operations and logistics, planning and production management were all
indicated as ‘must haves’ in prefabrication. Hence, we assert that curriculum reviews are
sacrosanct at all levels of construction-related training. Apprenticeships and internship
schemes will also encourage the growth of prefabrication trades within NZ. This is in line
with McGinnis [32] on the cruciality of training for prefabrication.

Finally, the role of overseas labour was mentioned by the participants as a stop gap to
addressing current skills shortages in the prefabrication industry. Participants suggested
the recruitment of more skilled migrant workers (on and offshore), relaxing immigration
rules for entry, and undertaking joint ventures partnerships with well-established foreign
organizations could collectively improve the skillsets of the locally available workforce.

6. Conclusions

The present study was designed to determine the key skills required to facilitate the
uptake of prefabrication and to suggest improvement measures in NZ. If skills issue in
prefabrication are to be addressed successfully in NZ residential housing construction,
certain skills identified in the current study would need to be developed. This study
extends previous studies’ results by providing information on the critical skills necessary
for prefabrication to reach its full potential in the NZ construction industry. A major
contribution to theory and practice is the insight provided into the skill requirement
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in prefabrication sector within the context of NZ construction industry. Participants in
the study were industry stakeholders who offered their perspectives on improvement
opportunities, too. The training of the construction workforce is significant. With reference
to the concept of circular economy, an appropriately trained prefabrication workforce is in
position to improve resource utilization and reduce wastes. Consequently, social economic
and environmental benefits are likely to be achieved, not only for prefabricated residential
construction, but for the whole of the construction sector.

Investment in training programmes is a prerogative of all stakeholders. More so, the
NZ government can become the catalyst for educational institutions to deliver on relevant
curricula and qualifications. Government support in the external sourcing of international
skills was suggested to improve current skill shortages in the prefabrication sector. The
research provides useful and structured information for classifying the prefabrication skills
challenges; thus, the ultimate goals of improving the uptake of prefabrication is achievable.
The NZ context is expounded in the study as it grapples with means through which full
advantages of prefabrication can be realized.

We conclude that the shortages in management, digital architectural and design, and
vocational skills as they relate to residential construction have to be improved as a matter of
necessity. There is a need to expand the scope of this study to reach other sub-sectors of the
prefabrication industry such as commercial, educational and airport buildings. The study
showed the importance of using modern technologies to provide better upfront planning
in the residential prefabrication sector. Nevertheless, further research on this will help
prefabrication to lead the industry and enhance the future of design and architecture.

Finally, to improve the inferences from the study, certain limitations could provide
the opportunity to conduct further research. This study was constrained to the volume of
responses and the percentage of participants reluctant to discuss their thoughts about the
industry and their business in general. Therefore, caution must be applied in generalizing
the study results considering the limited sample size. Further, the ability to collect more
information was limited by COVID-19 movement restrictions and lockdown. Therefore, a
larger sample size covering other regions may be investigated in future studies through
random sampling.
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