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Abstract: Housing associations (HAs) play a pivotal role in the delivery of affordable homes and,
therefore, offsite construction could be beneficial in alleviating the crisis. Existing literature has
focused on the perceptions of the housing sector at large towards offsite construction (OSC), particu-
larly private housebuilders. This research addresses this gap in the literature. This paper explores
the perceived barriers of using OSC through a survey of the largest HAs in England [n = 69], and
how these compare with the perceptions within the wider housing sector. The evidence from this
research indicates cost-related barriers are perceived to be the most significant barriers to OSC use
for HAs, followed by the capacity of suppliers and end-user preferences for traditional construc-
tion. The perceived barriers of those with experience are aligned with the OSC literature, whilst
the responses of those without direct experience suggested heightened concerns towards the key
barriers. A conceptualised feedback model is proposed to monitor, capture knowledge and share
best practice as HAs commit to accelerating project delivery through strategic partnerships with
offsite manufacturing firms, local authorities at a local/regional level, that leverage the high-value,
high-impact transformation of the housebuilding sector in tangible terms of efficiency, cost, and
material savings.

Keywords: barriers; housing associations; offsite construction; perceptions

1. Introduction

Since the housing crisis of 2008, the delays in housing starts and completions has
resulted in a widespread housing shortfall in the UK that has challenged policymakers and
developers to re-evaluate their position on modern methods, acceleration techniques, and
technological opportunities [1]. Whilst traditional construction continues to serve as the
primary mode of new housing fulfilment, recent evidence suggests that in order to meet the
future needs of UK households and fulfil a more diversified spectrum of housing solutions,
modern methods, and offsite techniques are of critical importance [2,3].

Alternative methods to traditional construction are increasingly being explored as a
way to address the housing crisis in England. This is demonstrated by the recent parliamen-
tary inquiry into MMC and Homes England’s Strategic Plan in which developers receiving
funding for developments of over 50 units must incorporate some form of MMC [4,5]. In
England, up to 340,000 houses are needed per year to meet housing demand [6], however,
only 164,390 new homes were completed in the England during 2018 [7]. Of these, ap-
proximately 17% were completed by HAs and less than 2% by local authorities, showing
HAs is crucial in the delivery of affordable housing [8]. With 145,000 affordable properties
required in England per year [6], based on recent performance, HA development will be
critical to achieve the required output.

As a central agency responsible for providing adequate and quality housing to resi-
dents throughout a given region, UK housing associations (HAs) are defined as ‘not-for-
profit social landlords that provide homes and support for around 6 million people all
around England’ [9]. With pressure to accelerate the rate of delivery for such social housing
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solutions that are affordable and high-quality, the viability of offsite manufacturing is
a pragmatic consideration that must be weighed, assessed, and considered for meeting
future needs. Whilst a growing body of literature has critically explored the advantages
and potential limitations of prefabricated, modular, and offsite construction practices, the
lack of consensus and dependency upon traditional methods of construction have led to
conceptual and ideological gaps that are continuing to threaten the long-term viability of
this modern solution.

The extant research has largely focused on the experiences of the housing sector at
large towards offsite construction, particularly private housebuilders. Currently, there is a
dearth of research into the potential for adopting offsite solutions within HA developments,
notwithstanding the 2017 report published by the University of the West of England which
assessed the evidence for the take-up of prefabrication in the social housing sector in
England [9]. For HAs, organizations that are confronted with a need to accelerate the
rate of construction and mitigate the longstanding reputational threats of low-quality,
low-efficiency housing, the practical opportunities of offsite housing are significant.

There is a growing interest in OSC from HAs, demonstrated by investment in their own
manufacturing facilities [10,11] and research projects, such as Gateshead Innovation Village
(Home Group 2019). Of the top 50 biggest developing HAs, 23 expect to complete homes
using MMC in 2019/20, an increase from 16 in 2018/19 [12,13]. Despite this, OSC uptake
nationally for HAs is low. If uptake is to increase, the perceptions of HAs towards OSC
need to be understood, including the perceived barriers to OSC adoption. Currently, there
is no literature focusing on these perceptions; a gap that this research begins to address.

Therefore, the aim of this research is to explore the perceived barriers within housing
associations towards the use of OSC and how these compare with the perceptions within
the wider housing sector. The objectives of the study are three-fold: (i) to critically review
perceived barriers for OSC in the housing sector; (ii) to identify perceived barriers among
HAs in using OSC methods and how these compare with the perceptions of the wider
housing sector; and (iii) to explore whether experience in OSC methods affects perception
of OSC usage.

2. Housing Associations and Offsite Housing

Despite an increasingly robust history in UK housing deliveries, offsite construction
is often confronted with industry resistance, particularly in public housing sectors where
government officials are challenged to justify value for money. Rowley et al. [14], for
example, have observed that the delivery of affordable social housing by government
agencies is threatened by a variety of concerns, including changing housing prices, eco-
nomic conditions, demand-side variables (e.g., employment, wage growth, investment
yields) and supply-side variables (e.g., land supply, construction efficiency, labour costs,
planning regulations). The resultant bullwhip effect in housing supply, a phenomenon
initially observed by Wheaton [15] in relation to private sector housing fulfilment, results
in an over-under supply model that, whilst progressing towards natural equilibrium, is
at risk for cyclical changes and delays. Therefore, MacAskill et al. [16] argue that where
the primary ‘goal of affordable housing is to achieve equilibrium’, thereby eliminating the
need for a waiting list or stricter qualifications, gap mitigation strategies (e.g., housing
transfer, expedited construction methods) are needed to overcome systemic gaps in the
housing supply. Central to the primary economic advantages of offsite housing identified
by the NAO [17] is the volumetric housing benefits that provide housing associations with
distinct advantages, including earlier rent recovery, a shorter borrowing period, less project
delays, and less on-site inspections. Forecasting upwards of 80% fewer project defects
and upwards of 80% compression of the time of delivery, the findings presented by Miles
and Whitehouse [18] also confirmed a direct benefit to the housebuilder and a significant,
broader social impact due to the accelerated delivery of high-quality, often affordable
housing solutions. As developers weigh the functional and systemic advantages of offsite
construction, Barton et al. [19] confirm that higher quality, higher efficiency prefabrication
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will not only reduce the operational costs and emissions of the property over time, but will
prescribe a future structural standard that dramatically improves the broader standard of
practice in the construction industry.

2.1. Literature Review

A cursory review of the offsite construction literature reveals a dearth of academic re-
search into the perceptions of HAs specifically towards OSC. Only Kempton and Syms [20,21]
have explored this, focusing on the perceived impact on maintenance and asset manage-
ment. To address the first objective, the literature focusing on perceptions towards OSC
within the housing sector was identified and reviewed. Literature was obtained through
searches on online databases, including Google Scholar, ARCOM, Science Direct and
Ingenta Connect. Terms, such as “offsite construction”, “off-site manufacture”, “prefab-
rication”, “modern methods of construction” were used in conjunction with “housing
association”, “housing” and “residential”. For brevity, only UK based or UK concerned
literature was included for detailed examination. The literature search was expanded
through snowballing; reviewing the citations and reference list of each paper and further
literature in which the original paper has been cited [22]. The literature predominantly
consisted of journal articles, conference papers, and industry generated reports. Abstracts
and executive summaries were read to ascertain whether the literature contained research
into perceptions. Those that did were thoroughly examined to establish the perceived
barriers to OSC use, in order to address the first research objective.

The literature contained a larger range of perceived barriers within the wider housing
industry, with 24 themes identified. Figure 1 illustrates that the results were multimodal
with four barrier themes, each featured in 53% of the literature reviewed: industry percep-
tions, customer perceptions, skills requirements, and cost.
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The section below discusses the level of importance attributed to these four key
barrier themes, with comparisons made between their significance within the wider OSC
housebuilding literature and studies related to housing association perceptions. A critique
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of the wider body of knowledge is also provided, highlighting both methodological gaps
and weaknesses within the OSC housebuilding literature, and how this may limit the scope
of direct comparison with the research findings. The theoretical gap is then defined as the
basis for further consideration and exploration.

2.1.1. Industry Perceptions

The attitudes of the housing building industry towards OSC are a frequently occurring
barrier; however, it is not considered to be highly significant, ranking sixth out of seven
most important barriers to the use of prefabrication [23]. In Pan et al. [24,25], “Attitudinal
barriers due to historic failures” was selected by 11% of participants as being one of the
three most significant barriers to the use of offsite-MMC. This is supported by [20,21,26],
who identify that previous negative experience with non-traditional construction methods
has fueled tarnished perceptions and negative attitudes towards OSC. The perceived risk
of adopting new processes and systems was a highly ranked constraint in [27], selected by
24% of participants. In Pan et al. [24,25], “Reluctance to innovation” was selected by 11%
of participants as being one of the three most significant barriers to using modern methods
of construction. Conversely, “Want to modernise” was presented as a driver for investing
in MMC in [28] and selected by 39% as a driver. However, [28] reveal that the majority of
housebuilders and HAs considered themselves “Followers” or “Late adopters” to MMC.
Only 3% of HA participants consider their organisation to be “Market leaders” [29].

2.1.2. Customer Perceptions and Attitudes

Public attitude is also considered an important barrier to prefabrication uptake by
housebuilders [23], supported by [27], where it ranks as the joint fourth biggest constraint.
“Buyer reactions” is also the third most selected main barrier to modular construction [29].
This is supported by [20,21,29], who identify that previous negative experience with non-
traditional construction methods has fuelled tarnished perceptions and negative attitudes
towards offsite construction methods. However, “Culture resistance-poor public percep-
tion” is a lowly ranked barrier in [30], jointly ranked 17th in significance out of 20 perceived
barriers. “No demand for prefabrication” is the lowest-ranked barrier affecting prefabrica-
tion uptake in [31].

2.1.3. Skills Requirements

The need to address skills shortage is frequently cited as a significant perceived barrier
to the wider take-up of OSC. For example, 87% of participants in [31] considered this to be
a significant barrier, making it the second highest selected barrier. It was also considered
significant by participants in [29], where it was the fourth most selected main barrier to
modular construction.

Dave et al. [27] highlighted the perceived concerns over the lack of training and
experience of builders, contractors, developers, and designers, including architects and
engineers. However, skills requirements are not a significant perceived barrier according
to [28], in which only 6% of participants considered it to be a barrier to MMC uptake by
developers. This is supported by [24,25], in which only 11% of participants selected “Skills
shortage” within the top three barriers to offsite-MMC, and [23] where it is considered the
least important out of the seven presented barriers for prefabrication.

2.1.4. Cost

Cost features function equally as a driver and barrier within the OSC literature. The
two most important barriers from the [23] housebuilders survey were “More expensive than
masonry” and “High upfront capital cost”. These two barriers are supported in [31], where
they are considered significant constraints by 64% and 71% of participants, respectively.
Cost-related barriers were also the two most frequently selected within the top three
barriers in [24,25]: “Higher capital cost” was selected by 68% of respondents, and “Difficult
to achieve economies of scale” was selected by 43% of respondents. “Extra expenses” was
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the most frequently selected barrier affecting prefabrication in [30]. Increased capital cost is
shown as the main barrier to the use of modular construction for both housebuilders and
Has in [29].

2.2. Critical Appraisal of OSC Housebuilding Literature

The use of questionnaire surveys which characterise much of the extant literature
discussed is a valuable method to help understand the barriers to OSC as perceived by the
UK housebuilding industry. To further understand how these barriers are operationalised
in the public sector and to explore how they might be overcome, it is necessary to ascertain
the views of Has and compare these with perceptions seen in the wider housing building
sector. There is a need to exercise caution when considering such a comparative exercise, as
there is limited information on methodology, responses received, the format of questions
and the weightings given to responses.

For example, very limited information is provided by [20,26,29] about how suitable
samples were decided and survey participants or interviewees selected. In contrast, [28,29]
provided greater detail on how participants were selected through purposive sampling to
ensure views from across the organisation were represented and to ensure participants had
the appropriate level of knowledge. The information provided on samples, or lack of, must
be referred to when determining whether results are representative of a population. The
sample size is also a limitation for all research in which a questionnaire was the primary
data collection method [23–25,27,32,33]. In addition to differences in research aims and
targeted participants, the specific type of non-traditional construction being researched in
the literature varies between MMC, OSM, OSC, prefabrication and modular. This should
also be considered when comparing results. All the identified research has been conducted
at the higher level of classification of the construction method. Research into perceptions
of lower-level classifications, such as volumetric, panelised systems and pre-assembled
sub-components should be conducted to evaluate the differences between the perceived
barriers for each of these methods.

2.3. The Theoretical Gap

After a thorough literature review on the perceived barriers to adopting offsite con-
struction, the authors identified the theoretical gaps in this topic. While the most frequently
cited perceived key barriers to the adoption of OSC within the literature were related to
industry and customer perceptions, cost, and skill requirements, the review also showed a
lack of research into HA perceptions towards OSC, with only NHBC Foundation (2016)
providing some results for HA participants independently of private housebuilders. In sum-
mary, the differences in results seen in NHBC Foundation (2016), between HAs and private
housebuilders, indicates that perceptions are not consistent between the two populations.

3. Research Methodology

To achieve the research objective, firstly a review of the literature on the topic was
conducted and related articles were reviewed. In order to achieve the second and third
objectives, a quantitative survey was used to explore the perceptions of housing associations
towards the barriers to OSC usage in England. Questionnaires are suited to the exploratory
nature of this research [34] and have been commonly deployed within OSC research to
establish perceptions (e.g., [21,24,25,28]).

An online platform, Smart Survey, was used to distribute the questionnaire survey,
due to the time advantage of automated data collection, cost, and environmental benefits
compared with a postal survey [35].

The 24 barrier themes identified from the literature review were thematically coded.
These were used to develop questions for primary data collection and analysis of question-
naire results, allowing for additional categories to be added and refined in response to the
data collected [36]. The literature also provided secondary source data which has been used
for triangulation during the analysis of the primary data. Further research, using different
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primary data collection methods, such as interviews, were also considered to improve the
process of triangulation.

3.1. Questionnaire Design

The survey tool was developed with the aim of investigating the perceived barriers
of using OSC through a survey of the largest HAs in England and how these compare
with the perceptions within the wider housing sector. The questionnaire survey included
four sections:

Section 1: General information about the respondent and the extent to which they have
had direct experience of different types of OSC systems on UK housebuilding developments.

Section 2: In the second part of the questionnaire, five-point Likert scale questions
were initiated to measure HA professionals’ perceptions towards the 24 barrier themes
listed in Figure 1.

Section 3: In the third part of the questionnaire, HA professionals were asked to select
the three most significant barriers militating against the adoption of OSC methods on UK
housebuilding developments from 24 options listed in Figure 1.

Section 4: in the fourth part of the questionnaire, HA professionals were asked to select
the types of OSC systems most beneficial for housing association development projects,
ranging from panelised, volumetric, hybrid, through to modularised systems.

On reflection, these questions did not allow participants who felt they could not give an
answer to bypass this question, which may have introduced bias by requiring the participant
to make only three selections [36]. Additionally, responses only show the three most selected
barriers from the options given; participants may consider other reasons to be the key
barriers [36]. To address this, an “Other” option was provided to allow additional reasons.

3.2. Sample Design

It is beyond the scope of this research to use a census study; therefore, two sample sets
of HAs were established to focus the study.

It was decided to target HAs who are most likely to have experience in OSC, mirroring
the approaches of [23–26]. To target experienced developing HAs, organisations featured
in the ‘Inside Housing Top 50 Biggest Builders 2019’ were used as a non-random purposive
sample [12,36].

HAs identified through the literature review as experienced or having previously
shown interest in OSC, formed the second sample; a number of which are not present
in the Top 50. It is understood that results from these samples cannot be inferred into
all HAs, as these samples contain HAs most established in development or OSC usage.
Consequently, the perceptions of these organisations may differ from HAs with limited
experience in these remits; an area requiring future research. To establish target participants,
employees of the organisations in the sample sets were identified through online searches.
Organisational websites, news articles, and LinkedIn were used to identify job roles and
valid email addresses for 180 HA employees. Those with senior or managerial positions
within development, construction, technology, design, innovation, commercial, property
services, sustainability, and project management were targeted. Additionally, network
contacts were used to identify employees of HAs within the two sample populations. It
is acknowledged that there is an inherent bias in the process of identifying recipients for
the questionnaire.

Assumptions had to be made regarding job titles and listed experience for LinkedIn
profiles to determine whether the employee should be a targeted recipient, such as whether
a project manager was involved in construction project management. The online search
was heavily dependent on the detail of information each organisation publicly shares.
Where information was available on employees and job roles, this was often provided for a
whole team. Therefore, some HAs in the sample sets had multiple targeted participants
where such information was available, the highest being twelve, whereas some only had
two. A larger number of targeted employees were also identified for some HAs through
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network connections. Consequently, some organisations had a greater opportunity to be
represented than others and this bias may be reflected in the results. To alleviate the risk
of this bias impacting results, demographic information was collected to understand the
types of participants who completed the questionnaire, such as the operating regions of
the organisation.

3.3. Survey Response Rate

In total, 69 responses were received, representing a response rate of 38% based on the
180 targeted participants. A response rate around this figure is reasonable in comparison
with similar surveys conducted by [24,25,31], which set a benchmark response rate between
31% and 36% [34].

3.4. Triangulation of Results

The original intention was to explore views of HA through both a quantitative and
qualitative approach. It was anticipated that semi-structured interviews with senior man-
agers from the larger HA developers in the UK would provide a source for triangulation
for the questionnaire results. Due to unforeseen circumstances, it became difficult to secure
interviews in the required time frame. Therefore, interviews were not included in this
research, with a greater focus given to the questionnaire. Interviews would have been ben-
eficial in providing depth to the questionnaire results and obtaining more intricate detail,
overcoming criticism of using a questionnaire in isolation [30]. To mitigate this weakness,
comment boxes were used throughout the questionnaire to collect optional further detail
from participants, as recommended by [37]. This was beneficial, as 27 comments were
received, adding additional value to the responses. It would have not been suitable to
consider interview findings as representative of typical HA attitudes, but they would have
helped with the triangulation of the questionnaire results to examine the accuracy of the
datasets [34]. Consequently, questionnaire results have been triangulated with the existing
literature only. This is a limitation of this study and future research should conduct inter-
views with HA professionals to add depth to and verify the questionnaire results. However,
as seven sources directly address the ranking of perceived barriers to OSC, triangulation
between the primary data collected and the extent OSC literature is suitable.

3.5. Survey Results and Findings

The forgoing section presents the results from the questionnaire survey of housing
association perceptions of the barriers towards adopting offsite construction.

3.6. The Demographics of the Survey Respondents

The demographic information was collected to allow understanding of the type of
participants who responded and determine whether these are representative of the targeted
sample that the questionnaire was sent to. Demographic information on location and
experience in OSC were selected as appropriate to use for results analysis due to the size of
the subsets of these populations.

As seen in Figure 2 the South East and West Midlands were the most represented
regions that respondents work in. The Northern regions (Yorkshire and the Humber, North
East, and North West) and South West were significantly under-represented. To determine
how representative the results are for the sampled population, the operating regions of
the targeted sample and the respondents were compared. As shown in Figure 3, the
percentage of respondents whose organisations operate in the South East, East Midlands,
West Midlands, and East is much greater than the percentage of the targeted sample HAs
who operate in these regions. This shows bias may have been introduced due to a higher
chance of a direct contact of the researcher completing the questionnaire and forwarding to
their own network than those whose details were established from online searches [37].
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3.7. Experience in Offsite Construction Methods

Demographic information on whether a participant has direct experience in OSC
methods is applied during data analysis to explore whether perceptions towards OSC
are influenced by direct experience, fulfilling research objective 4. A majority, 77%, of
respondents have direct experience in at least one OSC method. Seven participants have
experience in all five OSC methods presented. The methods experienced are shown in
Figure 4.
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3.8. Perceived Barriers to Offsite Construction

The findings from the questionnaire survey indicated the inability to achieve economies
of scale and increased project costs were the two most selected barriers (both 35%), closely
followed by increased capital cost (33%), the capacity of suppliers (32%) and end-user
preference for traditional construction methods (30%). The results correspond with the
perceptions seen in the literature. The most selected cost-related barriers support the
results of [31] in which cost was considered the third highest important decision factor to
OSC use. In [24–26], an increased capital cost was considered the main barrier by private
housebuilders and housing associations, respectively. Difficulty in achieving economies
of scale was also the second most selected barrier in [24,25]. The fourth and fifth most
selected barriers also align with [29], in which the capacity of suppliers was the second
most selected barrier, and customer preference for traditional construction was the third.
Equivalent barriers were not presented in [24,25].

3.9. The Impact of Experience on Perceptions towards Barriers

The responses from the population with experience are more in keeping with the
results of [24–26] than the population without direct experience. The inability to achieve
economies of scale” is the second most selected perceived barrier by both populations,
however, there is a noticeable difference between the two for most perceived barriers
towards OSC usage, as shown in Figure 5.

Figure 6 indicates that the perception of those with experience aligns with the findings
within the extant OSC literature. In [24,25], only 7% of housebuilder participants considered
it the third most significant barrier and in [38], although it was the fourth highest perceived
concern, it was only the ninth most selected top barrier out of 15. Similarly, “Transportation
limitations”, the seventh most selected barrier for those without experience (11%) and 12th
for those with (19%), has the second largest divergence in perceived barriers.

Again, those with experience agree with [24–26] in which transportation and logistics
are considered significant drivers by only 7% and 9% of participants, respectively. These
both show that those without experience may have inflated concerns towards these barriers.
Without further quantitative research into the reality of these barriers, it is not possible
to ascertain whether these perceptions are justified. Increased project costs are the most
selected barrier for those with experience, however, it only ranked sixth for those without
experience. Although there is not an equivalent barrier presented in [24–26], increased
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costs compared with traditional methods was the highest-ranked barrier by housebuilders
in [23,31]. This suggests that those without experience are not aware of the full extent of
implications on cost when using OSC for a project. The capacity of suppliers/manufacturers
is the most selected barrier for those without experience and the fourth for those with
experience. In [29], this is also highly ranked by HAs; the second most selected top-three
barriers. In [24,25], conversely, only 11% of private housebuilders perceived this to be in
the top three most significant barriers, placing it eighth out of 17 barriers. This difference
between the literature may be attributed to two causes: HAs face greater difficulties in
securing a supplier due to supplier capacity, or that capacity has become a greater barrier
over the last decade.
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4. Discussion

The quantitative survey results reveal cost-related barriers to be the most perceived sig-
nificant barriers to OSC usage for HAs, followed by the capacity of suppliers and end-user
preferences for traditional construction. These results correspond with the literature which
presented the perceptions of the wider housing sector. The results also revealed noticeable
differences in the perceived barriers between those with experience and those without. The
perceived barriers of those with experience are aligned with the OSC literature, whilst the
responses of those without direct experience suggest inflated concerns towards barriers.
The survey comment box also allowed respondents to elaborate on and share additional
insight into the perception of the key barrier to adopting OSC, and how the barriers them-
selves could potentially be addressed. These comments provided nuance and richness
to quantitative survey responses and helps to probe the respondents’ views on the most
influential barriers affecting the adoption of OSC in housebuilding. Overall, 27 comments
were received. Of these, 8 comments directly addressed the comparisons between OSC
and traditional methods of construction and 19 comments covered perceptions of the most
significant barriers to the wider adoption of OSC in the UK housebuilding sector.
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The analysis of free-text comments revealed a clustering of views around the costs
associated with the introduction of OSC methods, the industry’s reluctance to innovate,
the risk-averse nature of the housebuilding sector, customer perceptions, and the role of
local authorities in facilitating the transition from traditional on-site construction to offsite
construction methods.

4.1. The Comparison between OSC and Traditional On-Site Methods

Many of the respondents felt that OSC could be cheaper if done at scale. One HA
developer observed that ‘there is no difference between offsite and traditional, other
than the time savings, without the economies of scale’. Consequently, without securing
economies of scale, OSC appears more expensive than traditional construction, and risk-
averse housebuilders are unwilling to engage because their existing delivery models
generate healthy profits. Although several survey respondents saw significant benefits in
OSC in the longer term, there was concern at being the ‘one to stick their neck out’ and
‘taking all the risk’. Without committed investment into developing offsite capabilities,
including factories and digital transformation, the capacity of the OSC supply is constrained.
Yet without increased volume, the individual unit costs are uncompetitive compared to
traditional methods and are thus unattractive to developers and homebuyers. Whilst there
is clearly a need and demand for more homes, the various other barriers we have discussed
influences market confidence and acts as a hindrance to committed investment.

4.2. The Significant Barriers to the Wider Adoption of OSC in the UK Housebuilding Sector

The reluctance of the housebuilding industry to modernise has been cited by oth-
ers [38], and our participants from the housing association sector, perhaps surprisingly,
agreed. They felt that housebuilders are ‘historically averse to taking innovative’ steps and
are heavily committed to existing supply chains, relying on ‘archaic’ construction processes
which they feel are ‘tried and tested’. Therefore, they are ‘very much wedded to brick
and block’ and ‘getting them to change is incredibly difficult’. This hostility to change is
associated with risk management, particularly as current business models already provide
significant profits, and private housebuilders are cautious of trying to ‘fix something that
isn’t broken’. The housebuilders’ own reluctance to innovate was seen as a greater influ-
ence on OSC uptake than that of social perceptions, with the industry using traditional
consumer preferences as an excuse for a lack of investment. The author in [38] and others
have warned that modernisation may become essential, particularly in terms of the labour
market and the risks of Brexit.

Regarding the different processes of design, the housebuilding associations represen-
tatives suggested that there should be more collaboration between the different parties
involved. Such collaboration could enable greater diffusion of knowledge around OSC.

HA developers were keen to be involved in decision-making earlier in the planning
process, to involve the supply chain and develop plans and proposals around the capabili-
ties available. Most participants emphasised the need to address end-users. Participants
from the HA development sector suggested the use of digital tools, which not only provide
opportunities to share information but also to visualise final outputs, challenging historical
perceptions of poor design quality. All of these options are technically feasible, however,
the main limiting factor at present is a lack of an opportunity space to bring together the
various parties and promote OSC housing to end-users.

There was a remarkable consensus between the various participants about the possible
options for overcoming the barriers discussed above. HA developers argued that local
authorities should be doing more by engaging in more direct building and procurement
of OSC homes. They felt this tied into the fact that ‘There is obviously a lot of pressure
on local authorities to deliver housing growth’, and that ‘there is enough housing need in
almost every local authority in England for them to have their own factory’ to build OSC
houses. Whereby traditional housing favours design-build solutions, offsite construction
offers the unique opportunity to actively plan, diversify, and integrate modern technologies
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and structural innovations into a regional design platform [39]. Relying upon advanced
and technological skill sets that are steeped in innovation and adaptive design, modern
manufactured homes will be developed by skilled workers with advanced degrees, clear
visions, and adaptive structural solutions [39]. Whilst the justification for the adoption of
new offsite methods is likely to be predicated on a variety of influences and performance
measures, the emergent platform of high-performing case histories and successful integra-
tion outcomes is offering a justified frame of industry knowledge for both reference and
integration. Accordingly, to demonstrate the evolving proposition of modular, prefabri-
cated, and offsite construction technologies in the UK, it is important to weigh the evidence
from empirical evidence and ongoing case studies that reflect the systemic, structural, and
developmental opportunities and challenges encountered during recent years.

4.3. Strategic Partnerships to Increase the Prevalence of OSC in HA Developments

Whilst much of this and prior research in this field seems to propose that housing
association expectations and demands (or end-user preferences) are a leading cause of
resistance to prefabrication, another conclusion can be drawn from the juxtaposition of
recent housing association cases and industry innovation: the traditional construction
industry is perpetuating the barriers to change. Ultimately, this transition is about formative,
functional, and skills-based hurdles which much of the traditional industry is likely to resist.
The loss of revenue due to offsite construction, for example, will have severe consequences
for traditional home builders. Site-specific trades related to framing, structural supports,
and utilities (e.g., electrical, plumbing) will no longer play a central role in the delivery
of each individual home. Instead, a paradigm shift from multi-tiered to project-specific
contracting will evolve as residential builders rely increasingly heavily upon specialised
labour and strategic partnerships with offsite firms. From local partnerships with HAs to
manufacturing innovations and bespoke facility development, these skills transition away
from one-off residential development to integrative, modular solutions that can be adapted
to systematically improve the process of residential construction.

As HAs are not looking at offsite construction as a one home solution and are targeting
larger-scale developments, strategic partnerships with offsite professionals, such as those
exemplified by, for example, the Home Group, LoCal, and Swan, have the potential to
significantly improve the overall cost basis of the structural delivery process, eliminating
many of the intermediary costs and waste streams that permeate the traditional construc-
tion industry. There is a recognition that local authorities could influence the market if
sites could be aggregated to create a scalable pipeline, but this would require support in
terms of coordination and incentives to encourage local authorities to limit the market
to specific technologies. Predicated upon a foundation of what Hopkin et al. [40] charac-
terise as organisational learning, the transition amongst housing associations away from
traditional methods and towards modern construction methods and offsite solutions are
increasingly dependent upon justified, purposeful, and experiential integration of new
capabilities. Networking effects, for example, encourage housing associations to transfer
tacit knowledge across structural boundaries, encouraging behavioural modifications on
the basis of direct expertise or emergent innovations [40].

From delivering affordable housing to under-developed or growing areas to reha-
bilitating existing sites and brownfield spaces, the accelerated rate of structural delivery,
high-quality housing, and sustainable residential solutions have the potential to funda-
mentally alter the nature and focus of housing association strategies. In a multi-case study
report on various responses to the volumetric housing crisis in the UK, [39] reveal that
critical hurdles, such as regulatory and political ambiguity, stakeholder resistance, and
technological gaps have continued to delay the widespread adoption of offsite solutions.
However, when coupled with other triggers and enabling events, there are several path-
ways to improved offsite construction that will translate the examples presented by LoCal
and Swan into market-leading examples for an industry that continues to be confronted by
unresolved delays and systemic challenges.
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BIM and Digitization: Under the Construction 2025 strategy, government commit-
ments of 50% faster construction delivery, 33% lower costs, and 50% lower emissions
require a fundamental revision to existing standards of practice in the traditional con-
struction industry [40]. BIM and smarter construction design solutions prioritise real-time
tracking, site-system management modelling, and component-based construction practices
that not only justify offsite solutions but compel traditional firms to explore new ways of
conducting business and executing their residential deliveries [41].

Building Performance and Sustainability Goals: Underscoring the commitment to
more efficient construction, the UK government has also committed to new standards by
2025, whereby new residential construction must attain a 31% decrease in carbon emissions
from 2021 [42] (Whilst long-term goals challenge firms to develop strategies for reducing
emissions by at least 75% [42]), the short-term considerations for new home construction
mandate an immediate change in design and system performance. Performative improve-
ments via offsite construction will allow HAs to not only improve the efficiency of their
properties but improve the quality of life (e.g., cost reduction, high-quality residences)
for their social applicants, dispelling many lagging stereotypes about social housing and
affordable inefficiencies.

Skills, Contracting, and Collaboration: Whereby traditional housing favours design-
build solutions, offsite construction offers the unique opportunity to actively plan, diversify,
and integrate modern technologies and structural innovations into a regional design plat-
form [40]. Relying upon advanced, technological skill sets that are steeped in innovation
and adaptive design, modern manufactured homes will be developed by skilled workers
with advanced degrees, clear visions, and adaptive structural solutions [40].

From local partnerships with HAs to manufacturing innovations and bespoke facility
development, these skills transition away from one-off residential development to integra-
tive and modular solutions that can be adapted to systematically improve the process of
residential construction.

Speed of Delivery, Systems, and Vision: The case study evidence has confirmed that
the rate of project delivery can be accelerated as HAs partner with offsite manufacturing
companies to develop solutions that leverage the advantages of modular, prefabricated
solutions. From schedule planning for installation to component pre-installation and
quality inspections, the responsibilities that once required in-depth on-site scheduling
and intensive trades negotiation can now be accomplished in a one-stop facility without
requiring multiple streams of coordination and planning [43].

Whereas contractor profit margins were once based upon the gap between trades and
contracted rates, offsite solutions increase the cost-material transparency, establishing a
new standard of oversight and expense mitigation that can be used to improve the overall
cost-performance of offsite initiatives [44]. As HAs are not looking at offsite construction as
a one home solution and are targeting larger-scale developments, strategic partnerships
with offsite professionals, such as those exemplified by LoCal and Swan, have the potential
to significantly improve the overall cost basis of the structural delivery process, elimi-
nating many of the intermediary costs and waste streams that permeate the traditional
construction industry.

Figure 7 presents an initial proposal for a more strategic housing association approach
to OSC projects. Through this positive feedback loop, it is suggested that by aggregating
demand between the housing associations, OSC demonstration projects could be built at a
sufficient scale to allow cost savings, which would then be monitored, with lessons learned
and good practice fed back. Such demonstration projects could gradually increase in scale to
meet more of an area’s need and to stimulate further investment in manufacturing capacity.
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Through this positive feedback loop, it is suggested that by aggregating demand
between housing associations, OSC demonstration projects could be built at sufficient scale
to allow cost savings, which would then be monitored, with lessons learned and good
practice fed back. Such demonstration projects could gradually increase in scale to meet
more of an area’s needs and to stimulate further investment in manufacturing capacity.
Further, if housing needs could be aggregated, perhaps at the city-region or county level,
housing associations could work together with offsite firms, local authorities, and other
public sectors to deliver more housing through offsite construction and other technologies.

This could lead to an OSC sector that becomes more vibrant, robust, thus increasing
the resilience of the HA housing sector. In the shorter term, it will allow HAs to build
more and higher quality homes that are more energy efficient—providing benefits to their
residents and society as a whole.

5. Conclusions

This paper has explored HAs’ views on the barriers towards the adoption of OSC,
how these compare with the perceptions within the wider housing sector, and whether
experience in offsite construction methods affects perception towards offsite construction
usage. The evidence from this research indicates cost-related barriers are perceived to be
the most significant barriers to OSC use for HAs, followed by the capacity of suppliers
and end-user preferences for traditional construction. The study was nevertheless limited
to the larger HA developers and to HAs with experience of OSC. Consequently, it is not
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suitable to consider results as representative of all the views of HAs in England, as the
perceptions of the sample may differ from HAs with limited experience in relation to OSC.
This is an aspect that could be explored through a larger scale, representative study of HAs
across England.

To explore whether experience in OSC methods affects perception towards OSC,
survey results were analysed based on two subsets: participants with direct experience
and those without. The results revealed some noticeable differences between the perceived
barriers of the two sample populations. Further, the population with experience were seen
to hold stronger opinions. Neither population held perceptions consistently in keeping with
the OSC literature. The perceived barriers of those with experience were more aligned with
the wider housing sector. Although based on limited sample sizes, this initial exploration
indicates that experience does impact perceptions.

The paper proposes that the conceptualised feedback model is proposed to moni-
tor, capture knowledge and share best practices as HAs commit to accelerating project
delivery through strategic partnerships with offsite manufacturing firms, local authori-
ties at a local/regional level that leverage the high-value, high-impact transformation of
the housebuilding sector in tangible terms of efficiency, cost, and material savings. It is
through a coordinated commitment to a unified pursuit of offsite housing throughout a
given region or network of housing associations that will ultimately transition this sector
from a one-off, bespoke solution approach to one that will support value-added targets of
evolving projects.
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