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Abstract

Construction project delays remain a persistent issue, often exacerbated by variation or-
ders that adversely affect both financial and environmental performance, even in the UK.
Although Modern Methods of Construction (MMC) have been increasingly employed to
mitigate delays and improve efficiency, limited research has examined how variations affect
small- and medium-sized enterprises (SMEs) adopting MMC in the UK construction sector.
Given the pivotal role of SMEs and their financial vulnerability, this study examines the
key challenges posed by variation orders for SMEs adopting MMC, with the broader aim
of enhancing future project performance. Employing a two-stage iterative methodology,
the research first identifies challenges through a comprehensive literature review, followed
by a questionnaire survey and expert interviews. The resulting data were analysed the-
matically and statistically using SPSS and subsequently validated through a detailed case
study involving interviews and document analysis. The findings highlight three principal
clusters of challenges: operational, contractual, and module alteration-related, of which
operational issues, particularly cost discrepancies, client approval delays, and rework, exert
the most significant influence. The study provides a structured understanding of these in-
terlinked challenges and underscores the need for targeted mitigation strategies to improve
productivity and performance among UK construction SMEs engaged in MMC projects.

Keywords: Variation order; Modern Methods of Construction (MMC); Small and
Medium-Scale Enterprises (SMEs); UK

1. Introduction

MMC has emerged as a transformative approach in the construction industry because
it aims to enhance both processes and outcomes [1]. Williamson et al. [2] emphasise that
MMC adoption represents a strategic departure from traditional methods, enabling the
industry to overcome persistent challenges and inefficiencies. Although terms such as
off-site manufacturing, offsite construction, prefabrication, volumetric construction, and
industrialised construction are often used interchangeably, they collectively fall under the
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broader umbrella of MMC [3]. Moreover, the controlled environment inherent to offsite
methods significantly improves precision and quality control, thereby mitigating the risks
of human error and inconsistent workmanship [4,5]. Within the domain of MMC, variation
orders are a key factor, signifying inevitable alterations that influence project scope, design
and execution [4]. SMEs involved in MMC are particularly vulnerable to the challenges
posed by these variations, as they can affect project costs, timelines, and overall outcomes [2].
The frequency of such changes (whether related to the schedule, processes, or specifications)
is well documented, with Enshassi et al. [6] noting that it is nearly impossible for any project
to proceed without variations, making their occurrence almost inevitable. Accordingly,
modern contracts, including standard forms such as the Federation Internationale des
Ingenieurs-Conseil (FIDIC), Joint Contracts Tribunal (JCT), and New Engineering Contract
(NEC), incorporate clauses specifically designed to accommodate anticipated deviations,
acknowledging the inherently unpredictable nature of construction projects [2].

Variation orders, in tandem with project delays, are an omnipresent issue within the
construction industry and often lead to substantial cost escalations and extended project
timelines [7,8]. In the United Kingdom (UK)), it is not uncommon for major government-led
projects to experience delays averaging 20 months, with associated cost overruns that could
approach 73% [9-11]. The Chartered Institute of Building found that approximately 40% of
projects may have suffered delays averaging 5 months, largely attributed to inadequate
project planning, design alterations, and supply chain disruptions. Rework in construction
projects not only drives up costs and prolongs timelines but also contributes significantly
to environmental waste, as materials and resources are discarded and energy is consumed
unnecessarily, exacerbating the industry’s carbon footprint [10,12]. Although numerous
studies have identified possible correlations between project delays, cost overruns, and
variables such as project type and procurement methods [13-15], a conspicuous knowledge
gap remains regarding the specific impact of variation orders on MMC projects.

The UK government’s initiative to promote MMC to help alleviate the housing supply
shortage presents a promising opportunity for SMEs to adopt innovative construction
technologies, increase their market share, and contribute to the delivery of high-quality
affordable housing. As of 2021, approximately 59% of SMEs have embraced MMC, recog-
nising its potential benefits, while 16% remain hesitant to adopt these methods. By 2025,
it is projected that 51% of SMEs will develop between 1% to 30% of their housing stock
using offsite construction, with 10% planning to build 31-100% through this approach [16].
However, variations in MMC projects led by SMEs are often associated with a range
of legal and contractual complexities [17,18]. Additionally, variation orders can present
significant challenges and adverse consequences for SMEs, including project delays and
disruptions [2,19], outcomes that are particularly concerning for SMEs with limited capacity
and resources [7,20]. Furthermore, variation orders are often associated with cost overruns,
as changes to design, materials, or scope can lead to increased project expenses [21,22].
Keane et al. [23] proffer that these financial implications can directly affect the budget and
profitability of SMEs, potentially threatening their viability and long-term survival.

The convergence of these multifaceted factors underscores the urgency of addressing
the knowledge gap regarding MMC and the challenges posed by variation orders, particu-
larly for SMEs in the UK construction sector. The extant literature has disproportionately
focused on larger construction firms, often overlooking the unique challenges faced by
SMEs engaged in MMC. Compared with their European and Asian counterparts, the inte-
gration of MMC by SMEs in the UK remains relatively nascent. Furthermore, the specific
challenges posed by variation orders in MMC projects and their subsequent impact on
project performance have not been sufficiently explored, thus providing a strong impetus
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for this study. Therefore, this research aims to elucidate the challenges imposed by variation
orders and assess their impact on MMC projects.

The remainder of this paper is structured as follows: the next section presents a com-
prehensive literature review on the challenges and implications of variation orders; this is
followed by the research methodology adopted to achieve the study’s objectives; thereafter,
the findings are presented and discussed; and finally, conclusions and recommendations
are provided.

2. Challenges/Implications of Variation Orders

Variation orders have substantial cost implications in construction projects. Changes in
project scope can lead to additional expenses, such as purchasing new materials or redoing
work, resulting in financial waste [24,25]. Disputes over cost overruns often arise from
disagreements regarding responsibility for these additional expenses. Moreover, variations
disrupt cost planning and budget management, making adherence to the original finan-
cial plans challenging [26]. Effective change management processes and comprehensive
contracts (that explicitly address variation orders) can mitigate these cost implications and
ensure clarity on responsibilities and costs. According to Moayeri et al. [27], variations
inevitably lead to an increase in the capital cost of construction projects and impose signifi-
cant administrative burdens associated with the need for multiple reviews, discussions,
and tracking.

While most construction stakeholders aim to reduce overall project costs, their under-
standing of non-value-adding activities is often limited [28]. Consequently, costs that do not
contribute value yet arise from variation orders are frequently underestimated [29]. These
costs, often unintentionally allocated under contingency accounts, include unproductive
time, redesign, overheads and sometimes legal expenses [30].

Variation orders frequently cause wastage, particularly when modifications are made
to already completed works. Ajayi et al. [12] indicated that 14% of variation orders are
accompanied by wastage, requiring adjustments to the construction process and leading
to time wastage and inefficient use of labour resources. Naji et al. [31] noted that these
changes often necessitate reallocating labour or redoing work, resulting in unproductive
time and affecting the overall schedule. Disruptions caused by variation orders can create
conflicts over delayed milestones and completion deadlines [32]. Uncontrolled variation
orders and scope creep can significantly deviate project schedules and hinder timely
delivery. To minimise time and delay implications, an effective change management process,
regular project reviews and proactive communication (increasingly using advanced digital
technologies) are essential to identify and address potential issues early in the project
lifecycle [31,33]. For example, implementing building information modelling (BIM) can
eliminate variations by resolving design conflicts, errors and omissions resulting from
incomplete plans and inadequate representation of the owner’s intentions [34,35].

Construction professionals widely acknowledge that variation orders directly or in-
directly affect specific aspects of a project and often lead to decreased productivity [31].
Perceptions of responsibility for the resulting loss differ among stakeholders, with con-
tractors often attributing it to designers and owners, while owners tend to blame poor
contractor management [36]. Although not every variation order impacts productivity,
deviations from the original plan disrupt scheduled activities and require reassessment or
modification of existing workflows. Nguyen and Do [37] highlight how variability hampers
project performance, while Do et al. [33] conclude that variation orders negatively impact
productivity and project costs. Arain and Pheng [38] emphasised that variation orders
are an unwanted but unavoidable reality in construction projects, and that projects with
numerous variation orders typically result in lower-than-planned contractor productivity.
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The most common consequence of variations is an increase in project costs [31]. Any
design modifications or additions during project execution can lead to demolitions or
rework of project components, ultimately engendering cost escalation [39]. Studies have
found that variation orders significantly impact overall project performance, particularly
leading to time and cost overruns and disputes among contract parties [7,38]. For example,
Ibbs et al. [40] state that a variation can extend the project duration by approximately 9%
of the original scheduled time. Studies in Hong Kong have found that 50% of surveyed
projects experienced delays due to variations [39]. These delays necessitate adjustments
to construction schedules, which in turn create conflicts and further delays. Project stake-
holders face challenges in managing the increased workload, reallocating resources and
coordinating activities to accommodate changes, ultimately hindering the project’s ability
to meet its scheduled targets. To mitigate these impacts, contingency sums are typically
allocated in construction projects to account for potential variations. However, the admin-
istrative procedures, documentation, and reviews required to implement variations also
contribute to increased overhead costs for all parties [41].

Variation orders also negatively impact the quality of work. Contractors may attempt
to offset their losses by taking shortcuts, compromising the overall integrity and standards
of the work being performed [42-45]. Frequent variations force contractors to compromise
on quality control, leading to subpar outcomes [46]. Effective variation management,
including clear communication, proactive planning and robust quality control measures,
is essential to mitigate the adverse effects and maintain project quality [33,47]. Table 1
summarises the key challenges posed by variation orders, including cost, quality, time
implications, and contractual conflicts. While these challenges also affect MMC project
performance, their criticality and specific impact on SME-led MMC projects have not
been thoroughly investigated. Additionally, variation orders adversely impact the project
schedule and overall completion, posing significant challenges for SMEs with limited
capacity and resources.

Table 1. Challenges and Implications of Variation Orders.

Chal!enges/ References
Implications

Variation orders often lead to conflicts among project stakeholders.
Conflicts These conflicts arise from disagreements over scope, responsibilities [32,33,35,37-39,45,47—

and costs associated with the changes. Uncontrolled scope creep can
further exacerbate conflicts and compromise project objectives.

60]

Cost implications

Variation orders have significant cost implications in construction
projects. They can lead to additional expenses, cost overruns and
disrupt cost planning and budget management. Effective change
management and comprehensive contracts can mitigate these cost
implications.

[7,24,26-30,35,38,39,
41,45,46,51,52,58-60]

Variation orders frequently lead to waste and delays in construction

Time and dela projects. [12,31-
imolications y Adjustments to the construction process, reallocation of labour and 35,37,39,40,45,46,51—
p disruptions can lead to unproductive time spent on the project, 56,58-60]
affecting its overall schedule.
Variation orders negatively impact the quality of work in construction
Quality Pty o offe lossee, sesuling i aubpar outcomes. Effetve. L3942
implications quaity ’ & p : 48,51,53,54,59,60]

variation management and quality control measures are essential to
maintain standards.
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3. Research Methods

A mix of inductive and deductive reasoning was adopted in this study, with a primary
focus on both positivist and interpretivist philosophical underpinnings [61]. Figure 1 de-
picts the research methods used, the flow pattern, and the expected findings, in line with
the research activities conducted. Further, the study adopts a mixed-methods approach,
combining qualitative and quantitative methods to gain a comprehensive understanding of
the research topic. Mixed-methods research involves collecting, analysing, and interpreting
both numerical (quantitative) and non-numerical (qualitative) data in a complementary
manner [62]. This approach is particularly suitable for the present study, as it enables a
holistic exploration of how variation orders influence project performance and the chal-
lenges faced by SMEs undertaking MMC. The use of mixed methods enhances the rigour
and validity of the research by triangulating across different data sources, offering a more
comprehensive understanding of the complex relationships and dynamics underlying
variation orders and project performance in the context of MMC [63]. Accordingly, the
research proceeded with an expert opinion survey using semi-structured interviews and
a questionnaire as the primary data collection methods, given their appropriateness and
advantages in terms of applicability, feasibility, and data relevance [64,65].

literature search

Developing a questionnaire and a semi-structured
interview guideline

Data collection:
questionnaire survey
and semi-structured

interviews

To determine the challenges imposed by variation orders
on SMEs implementing MMC

Sampling methods: Purposive and Snowball
Sampling
Nr of responses: 30

r To determine the UK context as appropriate to the
research aim

Data analysis:

Reliability analysis using Cronbach’s Alpha
Data normality testing using Shapiro-Wilk test
Data normalisation

Thematic analysis,
SPSS-based mean- To assess the criticality of challenges imposed by variation

score and co-relation orders on SMEs implementing MMC in the UK
analysis

Interviews within the selected case, documents

review and observations

To cluster the identified challenges according to their
- representative groupings: operational, module-change
related and contractual challenges

Verification of the
findings through a

To verify the research findings while triangulating the data

Compare, contrast and reinforce the findings

case study

Results and discussion
followed by
conclusions and a
suggested way forward

Figure 1. Research methods and flow in this study.

3.1. Data Collection

In phase 1: Questionnaire survey: a desk study was first conducted to categorise the
identified challenges into three thematic groups: (1) operational challenges; (2) module-
change-related challenges; and (3) contractual challenges. Based on these categories a
questionnaire was developed and presented to respondents to confirm the appropriateness
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of the classification. Respondents were then asked to rank the identified challenges on a
five-point Likert scale (1 = Not Critical, 5 = Most Critical), a widely accepted method for
assessing variables in construction research [66].

A pilot test was conducted with selected industry participants to refine the question-
naire before wider distribution. The questionnaire was subsequently revised based on
pilot feedback to improve clarity and relevance. The reasons behind respondents’ rankings
were further explored during follow-up second round interviews. The sample size of
30 respondents was deemed adequate for this study [67]. Rather than relying solely on
the argument that ‘30 is representative,” the adequacy of the sample is supported by the
achievement of data saturation and the purposive selection of experts with substantial
MMC experience, which aligns with qualitative sampling standards [68].

In phase 2: The same 30 respondents participated in semi-structured interviews to
identify challenges imposed by variation orders specifically affecting construction SMEs
adopting MMC in the UK (see Appendix A). Purposive sampling was used to select
suitable participants based on their business profiles and industry experience [69]. The
snowball sampling technique was also used to expand the respondent ‘catchment area’.
All respondents were managerial or high-level industry experts who had worked on MMC
projects in the UK or possessed significant knowledge in this area. All these respondents
were identified through industry contacts and networking events, ensuring that participants
were well-informed and experienced in MMC practices within SMEs. A sampling frame
was not required, as a nonprobability sampling method was employed [70]. Interviews were
conducted either face-to-face [71] or online (via Skype). A brief explanation of the study
and its data-collection requirements was provided at the start of each interview, including
procedures for obtaining informed consent [72]. Interviewees were asked to identify specific
challenges faced by UK SMEs due to variation orders in construction projects.

Data saturation was reached at the 26th interview, as no new themes or codes emerged
beyond this point. To ensure robustness, four additional interviews were conducted to
validate the saturation point. In total, 22 challenges were identified as being specific to UK
SMEs. The interviews also served to verify and validate questionnaire responses, contribut-
ing to methodological triangulation [73]. Triangulation was achieved by comparing the
qualitative insights from the interviews with the quantitative questionnaire data, which
allowed for cross-verification of the responses (ibid), thus ensuring the reliability and
credibility of the conclusions drawn.

In phase 3: To further validate the research outcomes, a case study was conducted
on a UK-based SME engaged in a residential apartment project employing volumetric
modular construction, comprising 312 modules. Data were collected through interviews
with three project engineers and the project manager, along with onsite observations
of project meetings and review of project documents, meeting minutes, and variation
orders. These individuals were considered to possess valuable insights and experience in
managing construction projects, providing firsthand, in-depth knowledge of the challenges
and impacts of variation orders on project performance. As key decision-makers, they were
directly involved in processes related to variation orders [74], making their perspectives
essential for understanding the practical implications of such changes.

The case study findings were used to cross-validate the data gathered from the ques-
tionnaire survey and interviews. This process involved comparing quantitative data on
the perceived impacts of variation orders with qualitative insights from the case study
to ensure consistency and coherence. The documented variation orders and project per-
formance data were instrumental in verifying the results identified in earlier phases. By
triangulating data across multiple sources, the study ensured a more comprehensive and
reliable understanding of how variation orders affect project performance within MMC,
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thereby strengthening the robustness of the conclusions. The mixed sequential explanatory
design was therefore well-suited to the study’s objectives, enabling a nuanced exploration
of the complex dynamics between variation orders, MMC processes, and SME project
performance [75].

3.2. Data Analysis

Table 2 presents the identified challenges within their respective groups, coded as
Operational-related challenges (O1-010), Module change-related challenges (M1-M§6),
and Contractual-related challenges (C1-C6). The Likert scale scores were normalised to
identify the most critical challenges. Normalisation converts raw scores onto a common
scale ranging from 0 to 1, reducing scale-related bias and enabling meaningful comparison
across items. Following the studies by Osei-Kyei and Chan [76] and Ekanayake et al. [77],
this study also employed descriptive statistics and normalisation analysis to determine
the critical challenges. Based on the normalisation values (N-V > 0.5), 14 challenges were
identified as critical, with the threshold (N > 0.5) representing items that scored above the
midpoint of the normalised scale.

Table 2. Challenges imposed by variation orders in construction SMEs in the UK.

Challenges Imposed by

Variation Orders Mean SWT N Value Rank
Operational
o1 Production disruption 3.866 0.000 0.79¢ 7
02 Resource Idling 3.733 0.000 0.58 ¢ 13
03 Material wastage 3.564 0.000 0.31 17
04 Rework 3.999 0.000 1.00% 3
05 Transportation delays 3.568 0.000 0.32 16
06 Deadline delays 3.431 0.000 0.10 20
o7 Client approval delays 4.000 0.000 1.00% 2
08 Factory and site misalignment  3.901 0.000 0.84° 5
09 Budget and cost misalignment ~ 4.002 0.000 1.00% 1
010  Wastage 3.467 0.000 0.16 18
Module Change Related
M1 Design review delay 3.801 0.000 0.68 2 9
M2 Material lead extensions 3.767 0.000 0.63 2 12
M3 Weight change impact 3.464 0.000 0.15 19
M4 Rework of completed modules  3.733 0.000 0.58 4 13
M5 Site installation 3.769 0.000 0.63% 11
Mé Complexity in re-design 3.800 0.000 0.68 10
Contractual
c1 E*tgnsiqn of time calculation 3.936 0.000 0.90 2 4
difficulties
C2 Payment cycle problems 3.897 0.000 0.832 6
C3 Disputes with stakeholders 3.368 0.000 0.00 22
C4 Contractual disagreements 3.834 0.000 0.74° 8
Overhead calculation,
C5 demonstration, and approval 3.666 0.000 0.47 15
difficulties
C6 Divergence from stakeholder 3369 0.000 0.00 2
interests

Note(s): N Value = Normalisation Value = (Mean — Minimum Mean)/(Maximum Mean — Minimum Mean);
2 indicates the normalised value > 0.50 and considered as critical challenges; SWT = Shapiro-Wilk test.

Before conducting further statistical analysis, the data were assessed for appropri-
ateness and reliability, which are essential for validating the outcomes [77]. Reliability
was evaluated using Cronbach’s alpha in the Statistical Package for the Social Sciences
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(SPSS Version 29). Cronbach’s alpha values range from 0 to 1, with acceptable values
typically falling between 0.70 and 0.95 [78,79]. In this study, the alpha coefficient of 0.731
indicates satisfactory internal consistency among the 22 identified challenges. Testing
for data normality is also crucial to understanding the distribution characteristics of the
dataset [59]. Therefore, the Shapiro-Wilk test, widely regarded as one of the most powerful
normality tests [80], was employed to assess data distribution [64]. The null hypothesis
assumes that the data are normally distributed; this hypothesis is rejected when the test
value falls below the significance level of 0.05. As shown in Table 2, the Shapiro-Wilk
results indicates that the data are not normally distributed. Consequently, nonparametric
statistical techniques were used in SPSS, including descriptive statistics (measures of central
tendency and frequencies) [68] and Spearman correlation analyses.

Qualitative data were analysed using thematic analysis. The recorded interview
sessions were transcribed, and themes relating to variation orders were identified. A three-
phase coding process, open, axial, and selective coding, was employed to systematically
develop themes. Two researchers independently coded the transcripts, after which the
themes were reviewed and discrepancies were resolved through discussion to ensure
consistency and reliability. These qualitative findings were subsequently tested through
a real-life case study. The case study data were analysed using manual content analysis,
enabling comparison between the empirical evidence and the themes emerging from the
interviews and questionnaire responses. This triangulation strengthened the credibility of
the findings and provided a more comprehensive understanding of the challenges imposed
by variation orders on SMEs adopting MMC.

4. Results and Discussion

Emergent findings reveal that construction SMEs in the UK face significant challenges
when managing variation orders in MMC projects. According to Table 2, budget and cost
misalignment (ranked 1st), client approval delays (ranked 2nd), and rework (ranked 3rd)
emerged as the most critical challenges, all within the operational category. Budget and
cost misalignment is particularly critical in SMEs, which typically operate with tighter
budgets and less financial flexibility [45]. IR2 [IR denotes the ‘interview respondents’
hereafter] reinforced this point, stating: “You cannot just change a spec halfway through
when modules are already produced—that’s a sunk cost, and SMEs don’t have the luxury
to absorb that.” Whilst MMC promotes efficiency, it can also exacerbate cost misalignment
due to the specialised nature of prefabricated components, which are costly and difficult to
modify once produced.

For MMC projects, client approval for design changes or material substitutions is
essential before manufacturing or construction can proceed [65]. Variation orders requiring
client approval can cause significant delays, particularly when clients are indecisive or
unfamiliar with MMC technologies. IR5 observed: “Client delays in approving even
small changes create massive knock-on effects because we can’t proceed to manufacture
without those approvals.” Such delays stall project timelines, disrupt delivery schedules and
reduce overall efficiency. Because MMC relies on off-site fabrication and tightly sequenced
workflows, any delay in client approval creates compounding delays [77]. Rework is
another major challenge. Since MMC involves prefabricated components that are difficult
to alter once produced, late variation orders often necessitate costly re-engineering and
re-manufacturing, leading to material waste, increased labour costs, and extended project
timelines [12]. IR3 noted: “If you get a variation late, and your materials are already on
order, it’s not just waste—it’s lost time and re-coordination of the entire build sequence.”
Rework can also compromise quality control, especially in modular construction, where
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precision and tolerance management are essential [77]. Consequently, SMEs face high costs
and delays, as rework disrupts the entire operational flow.

4.1. Operational Cluster

A primary operational challenge identified is the inevitability of variations in con-
struction projects, a reality that SMEs must continuously manage. Variations, often driven
by evolving client demands or unforeseen onsite issues, introduce unpredictability into
SME-managed construction processes [65]. This unpredictability poses a critical challenge
to maintaining project stability. Ten operational challenges directly linked to variation
orders were identified, including production disruptions, resource idling, wastage, and
rework. These disruptions are not mere inconveniences; they represent bottlenecks that
cascade into significant project delays and cost overruns. IR1 explained: “Variations are
inevitable, yes—but with MMC, they don’t just affect one task. They push back everything:
delivery, installation, even inspections.”

The literature supports these findings. Memon et al. [39] emphasise the substantial
impact of variation orders on project costs and delays, while [24] highlights how scope
changes lead to additional expenses and cost overruns. Logistical complexity further
compounds these challenges, particularly when manufacturing facilities are geographically
distant from project sites [65]. IR6 highlighted: “The factory is 200 miles away. If something
changes, it’s not a site fix—it’s a transport, storage, and cost nightmare.” This increases the
need for meticulous documentation and record-keeping, which becomes especially onerous
when managing variation orders.

4.2. Modular Change Related Cluster

Variation orders also introduce substantial challenges related to module changes in
MMC projects. Six significant module change-related challenges were identified, including
design review delays, extended material lead times (due to design changes and delays), and
weight change impacts (i.e., changes to the modules’ designed weight). These challenges
highlight the complexities of managing design alterations and coordinating timelines in
modular construction.

Semi-structured interviews emphasised the intricacies of coordinating off-site produc-
tion with on-site assembly. IR4 shared: “You tweak one design element, and suddenly
you're dealing with a new centre of gravity—that’s not just a drawing change.” Without
effective communication and logistics planning, such changes create significant disruptions.
IR10 added: “Steel frame adjustments take at least two extra weeks for us to source and
re-engineer—the client never sees that part.” While existing literature has predominantly fo-
cused on the quality implications of variation orders, the specific module-related challenges
in MMC remain under-explored. IR8 commented: “Most of these changes come because
the brief wasn't fully frozen. It’s a decision-making problem.” This study addresses this
gap by highlighting the unique module-related complexities that variation orders introduce
in MMC projects.

4.3. Contractual Cluster

Contractual challenges arising from variation orders are equally complex and multi-
faceted. Six contractual challenges were identified, including difficulties with extension
of time calculations, payment cycle issues, and stakeholder disputes. These challenges
represent significant risks that can derail a project if not managed effectively. Interviews
underscored the importance of clear communication with clients to avoid misunderstand-
ings. IR7 noted: “The EOT claims are always contested. Everyone agrees there’s a delay,
but no one agrees who's paying for it.” Arain and Pheng [35] similarly emphasise that
frequent variations lead to disputes and cost overruns, straining stakeholder relationships
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and impeding project completion. IR3 reflected: “We rely on JCT, but even then, if the
variation isn’t documented cleanly, it leads to blame games.” Tariq and Gardezi [45] provide
further evidence of how variation orders can create conflicts and disputes, underscoring
the need for clear contractual provisions and effective dispute-resolution mechanisms. The
study also revealed the difficulty in balancing structural integrity and aesthetic changes
while managing budgets. This balancing act is particularly challenging in MMC projects,
where cost-effective standardisation and the need for customisation often conflict. IR6
recounted: “We had one case where the client said, ‘just make it bigger’—that led to £30k
in changes and weeks of delay.” These findings align with Oladapo [7], who highlights
the impact of variations on project costs, and the necessity for effective contractual man-
agement. Furthermore, educating stakeholders about the complexities of contemporary
construction techniques is critical for managing the challenges posed by variation orders,
as highlighted in the expert surveys. IR9 summarised: “Education is key—most clients
don’t understand that changing one room layout can mean redoing five modules.”

4.4. Descriptive Statistics and Correlational Analysis

Table 3 provides insights into SME project performance in the UK construction industry.
The mean project performance is 1.44, with a standard deviation of 0.390, indicating below
average performance. This low performance is likely influenced by the frequent occurrence
of variation orders. The mean frequency of variation orders is 3.73, suggesting that they
are a common among SMEs in the UK construction industry. A negative correlation
(r = —0.113, p-value = 0.551) was found between the frequency of variation orders and
project performance, indicating that more variation orders are associated with poorer
performance, although the relationship is not statistically significant due to the small
sample size. Operational, module-related, and contractual challenges all negatively impact
project performance with module-related challenges showing the strongest (though still
marginal) association. Contractual challenges (frequently encountered due to variation
orders) also contribute to poorer project performance, further highlighting the challenges
SMEs face in effectively managing contracts.

Table 3. Correlation Analysis Results.

Variable Mean ]S)t d. (1) (2) 3) @ (5)
Project performance (1) 1.44 0.390 1

Variation order (2) 3.73 0.678 (6%;5’ 1

Operational (3) 3.82 0.483 (6092;;1 ?6.201;5) 1

Mo gy 030w
Contractual (5) 3.31 0.412 (6%;2)1 ?0261012) ?0361;) ?0403108) 1

Despite the lack of statistical significance, the findings suggest a complex relationship
between variation orders and project outcomes, potentially mediated by factors such as
project management practices and stakeholder engagement. The study underscores that
variation orders consistently exert negative impacts on SME performance. Cost implica-
tions are particularly severe, leading to financial wastage, cost overruns, and disputes
over financial responsibilities. Existing studies corroborate these findings. Arain and
Pheng [53] note that frequent variations lead to cost overruns and disputes due to the
complexity of managing scope changes. Variation orders also disrupt project schedules,
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with delays ranging from 9 to 50% of the original project duration. Memon et al. [39] report
that approximately 50% of surveyed projects experienced delays due to variation orders.
Additionally, poor management of variations often compromises quality, leading to rework,

client dissatisfaction, and disputes.

4.5. Case Study

The case study revealed critical challenges associated with variation orders, underscor-
ing the complexities and risks inherent in MMC projects. The residential apartment devel-
opment, comprising 312 volumetric modules, provides a clear illustration of how variation
orders can disrupt construction work flow(s), leading to significant operational, module-
related and contractual difficulties. At the outset, the project appeared well-structured: the
Principal Designers played a key role in educating the client on MMC benefits and aligning
the project with future sustainability goals. The engagement of an SME specialising in
off-site linear assembly manufacturing, supported by a JCT Sub-Contract with amended
procurement provisions, reflected a strategic and well-planned approach to modular con-
struction. However, the challenges that emerged mid-project highlight the vulnerability of
even well-designed MMC processes when confronted with unforeseen changes.

A major point of disruption occurred when variation orders related to fire-safety
concerns were introduced approximately 13 weeks into production. These variations
necessitated a comprehensive design review by a third-party consultant, delaying the
project by four weeks and disrupting the logistical flow, including material lead times and
requiring additional permissions for module transportation. The operational disruptions
that followed highlight the fragility of the modular production process, as illustrated in
Figure 2. The resulting ‘Bottle Neck Effect’, where modules were unable to progress through
the linear assembly line due to late-stage variation orders, demonstrates the importance
of maintaining a streamlined and uninterrupted production sequence. The associated
delays, material wastage and idle labour time further exacerbated the project’s financial
and logistical challenges, illustrating how operational challenges can escalate rapidly when

variation orders are not anticipated or effectively managed.
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Figure 2. Internal Layout of Factory Space and Day Processes.

The case study also highlights the severe impact of module change-related challenges.
Rework required for modules that had already progressed through the production, com-
bined with the vulnerability of installed modules to on-site damage (e.g., water ingress),
reflects the complex interdependencies inherent in modular construction. These issues
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not only increased project costs but also introduced significant inefficiencies. More robust
design-freeze procedures and early-stage planning could have mitigated many of these
challenges, particularly those arising from late design changes.

Furthermore, the contractual challenges resulting from these delays, particularly the
difficulties in calculating an extension of time and the subsequent impact on the payment
cycles, underscore the need for clear, flexible and well-defined contractual arrangements
MMC projects [45]. The escalation of the project into a legal dispute, with its associated
financial and reputational consequences, further emphasises the importance of compre-
hensive risk management strategies that account for the possibility of variation orders and
their ripple effects [27].

Overall, this case study vividly demonstrates the multifaceted challenges posed by
variation orders in MMC projects, particularly for SMEs. It underscores the necessity of
proactive management strategies, including meticulous planning, flexible design processes
and clear contractual agreements, to mitigate the impacts of variation orders. The lessons
drawn from this case are critical for improving project outcomes in similar MMC contexts,
where the potential for variation orders is high, and their consequences can be severe.

5. Research Limitations, Implications and Ways Forward

While the results of this study are compelling, they should be interpreted within the
context of the research’s underlying assumptions and limitations. The relatively small
sample size represents a key constraint; however, this limitation was mitigated through
complementary semi-structured interviews and a validation case study, which collectively
enhanced the robustness and credibility of the findings. Future research would benefit
from a larger and more diverse sample to improve the generalisability of the results.

Despite these limitations, this study offers significant theoretical and practical contribu-
tions. It advances theoretical understanding by providing a structured examination of the
challenges posed by variation orders for SMEs employing MMC and their impact on project
performance. The insights gained underscore the importance of proactively addressing
variation orders in MMC projects led by UK SMEs. The categorisation of challenges into op-
erational, module change-related, and contractual groups provides a coherent framework
for collectively tackling these issues, thereby supporting improved project performance
and helping alleviate productivity barriers faced by UK construction SMEs.

Furthermore, the findings offer a platform for policymakers, industry professionals,
and industry bodies to develop guidelines, training programmes and recommended pro-
cedures to address risks arising from variation orders in SME-led MMC projects. SMEs
must also prioritise client education and expectation management, ensuring that clients
understand both the capabilities and constraints of MMC to minimise unnecessary varia-
tions and disputes. Proactive risk assessment during the early design phase is essential,
enabling potential variation-related issues to be identified and addressed before they esca-
late. Construction SMEs should also prioritise the development of clear and comprehensive
contractual agreements, particularly clauses related to MMC-specific variations, to ensure
accountability and protection for all parties involved. Effective and continuous commu-
nication among stakeholders, combined with standardisation and modular thinking, can
enhance adaptability while maintaining efficiency. Overall, the research provides actionable
insights for industry practitioners, academics, and policymakers seeking to strengthen the
resilience and performance of MMC projects delivered by SMEs.

The originality and significance of these findings (Figure 3) are further accentuated
by the unique challenges of the UK’s urban construction environment. Future research
could focus on developing targeted countermeasures to address these challenges more ef-
fectively, particularly those arising from late-stage design changes and complex stakeholder
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interactions. Additionally, the development of an evaluation model to assess the impact
of variation orders would be a valuable next step, enabling more precise identification
of the most pervasive and impactful challenges faced by UK construction SMEs. Such
a model would not only refine current understanding of variation orders within MMC
but also provide practical tools to improve project outcomes in an increasingly dynamic
construction landscape.
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Figure 3. Key Study Findings.

6. Conclusions

MMC has gained significant attention for its potential to enhance the performance of
construction SMEs in the UK. However, variation orders introduce substantial vulnerabili-
ties that can undermine project timelines, budgets and collaborative processes, ultimately
diminishing overall project outcomes. This study aimed to identify the specific challenges
posed by variation orders for SMEs employing MMC and to assess their impact on project
performance. Drawing on 30 questionnaire responses, expert interviews, and a real-life
case study, the research identified 14 critical challenges, with budget and cost misalign-
ment, client approval delays, and rework emerging as the most significant for UK SMEs
utilising MMC. Through thematic analysis, supported by a desk study, these challenges
were categorised into three thematic clusters: (1) operational; (2) module change-related;
and (3) contractual.

Among these, operational challenges were found to exert the greatest influence,
demonstrating strong interrelationships with module-change-related and contractual issues.
The validation case study further substantiated these findings, showing that operational
challenges often trigger cascading effects across other challenge categories. These insights
are particularly important for improving contractor profitability by reducing rework and
operational inefficiencies. Minimising the frequency and impact of variation orders of-
fers significant potential for cost, material, and time savings, all of which are vital in an
increasingly competitive global construction market. By mitigating these challenges, UK
construction SMEs can enhance project performance and strengthen their competitive edge,
delivering greater value to clients and society.
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In alignment with the broader Sustainable Development Goals, reducing unneces-
sary rework, time delays, and resource waste can significantly advance sustainability in
construction. Fewer variation orders translate into less material waste and more efficient
use of labour and energy, contributing to both environmental and economic sustainability.
This supports the transition toward more sustainable construction methods and prac-
tices, enhancing the global competitiveness of UK contractors while advancing green
building initiatives.

Looking ahead, successful implementation of the strategies identified in this study
could lead to more profitable and efficient MMC projects, thereby enhancing the UK’s
reputation in the international construction market. It would also empower SMEs to
manage variation orders more effectively, delivering greater value and service to clients.
However, if these challenges are not addressed proactively, the consequences may be
significant. Operational inefficiencies, increased project costs, delays and resource waste
may continue to hinder not only the performance of individual projects but also the overall
competitiveness of the UK construction sector.
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Appendix A
Expert Interview Guideline

SECTION I—-INTRODUCTION TO THE RESEARCH
Research Topic:

The Impact of Variation Orders on SMEs Using Modern Methods of Construction (MMC)
Research Aim:

To critically examine the impact of variation orders on the performance of SMEs
utilising MMC in the UK, and to identify strategic solutions for mitigating these impacts.

Research Objectives:

1. Toidentify and categorise challenges posed by variation orders on SMEs.
2. To assess how variation orders influence project performance in MMC settings.

The study involves interviews with experienced construction professionals working
within SMEs that adopt MMC. Participants will reflect on the effects of variation orders in
practice and how such challenges have been managed across operational, contractual, and
technical domains.
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SECTION II—PARTICIPANT BACKGROUND INFORMATION

o  Name (optional): ....cccoviiiiniiiiiiiicces

o Designation: ...

e  Years of Experience in Construction: ..........ccccceevvvvvininininne

e  Years of Experience in MMC Projects: .........ccccoeuvirneieiennnen.

e Type of MMC Involved (e.g., volumetric, panelised): ............
e  Size of Organisation (approx. employees): .......c..ccccoeueueerneee.

SECTION III—EXPERIENCE WITH MMC AND VARIATION ORDERS

1.  What are the main operational, contractual, or technical challenges your SME has
encountered in adopting Modern Methods of Construction (MMC)? How were
these addressed?

2.  How frequently do you encounter variation orders in MMC projects, and at what
stage (design, offsite, installation) are they most common?

3. Compared to traditional methods, does MMC increase or reduce your exposure to
variation orders? Why?

4. What specific project challenges have you faced as a result of variation orders during
MMC execution (e.g., rework, cost overruns, delays, or design changes)?

SECTION IV—-IMPACT ON PROJECT PERFORMANCE

5. In your experience, how do variation orders affect overall project performance, espe-
cially regarding:
o  Time/schedule adherence
o  Budget/cost alignment
o  Labour and material coordination

6. Have you observed a cascading impact of variation orders (e.g., operational changes
leading to contractual disputes or module redesign)? Can you provide examples?

7. Do variation orders influence the quality or final deliverables of MMC projects? If
yes, how?

SECTION V—RISK MANAGEMENT AND MITIGATION STRATEGIES

8. What risk management procedures does your SME use to anticipate or manage varia-
tion orders in MMC projects?

9. Do your contracts include mechanisms to manage variation orders (e.g., specific
clauses, contingency planning)? How effective are they?

10. Have you found digital tools such as BIM helpful in mitigating or tracking variation
order impacts?

SECTION VI—RECOMMENDATIONS AND FUTURE PRACTICE

11. Based on your experience, what strategies would you recommend to other SMEs for
overcoming the negative impacts of variation orders in MMC projects?

12.  What support (training, digital tools, contractual standards) would help SMEs manage
variation orders more effectively in MMC environments?
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