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Abstract 

Modular building holds the promise of overcoming challenges facing Canada’s 

construction industry.  However, construction companies have been slow to embrace the 

benefits.  Despite studies addressing the engineering challenges of this innovative building 

system, the Canadian modular industry lags the developed world. 

Seven potential non-engineering barriers to modular construction were identified in the 

literature reviewed.  They are the perception of poor quality, challenges in securing financing, a 

lack of mechanization in the production process, general contractors unfamiliar with modular 

products, architects unfamiliar with designing for modular projects, engineers unfamiliar with 

modular design requirements, and transportation challenges.   

Using a five-factor model identified in the literature reviewed that explains the uptake of 

innovative practices in the construction industry, the seven potential barriers were developed as a 

base for this research. These seven potential barriers were examined by a non-random survey of 

10 participants in British Columbia and Alberta and found, to varying degrees, to be likely 

impediments to the broader adoption of modular construction in Western Canada.  
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Chapter 1: Introduction   

This chapter will introduce the reader to modular construction as an innovative practice 

with the potential to address some of the challenges facing the Canadian construction industry, 

provide an overview of the research objectives and articulate the research question.  It will also 

provide a summary of the other chapters comprising this thesis. 

Modular construction is not a new concept.  Its lineage can be traced to 1837, when 

Henry Manning developed the Manning Portable Cottage.  Built in London, this prefabricated 

home was shipped to British emigrants scattered across the empire (Broadhurst, 2008). 

Almost two centuries after Manning, the benefits of modular construction are clearly 

defined (Lu, 2007): a reduction in construction time due to efficient scheduling and parallel 

production activities, increased building quality, increased labour productivity and safety, 

minimized environmental impact on the construction site, and a quicker return on investment 

(Schoenborn, 2012).  

At one time, Canada was at the forefront of modular construction innovation.  The 1967 

International and Universal Exposition in Montreal, or Expo 67, as it was commonly known, 

heralded a new age of construction technologies (Kettle & Safdie, 1970).  One unique 

installation, called Habitat ’67, showcased a residential development consisting of large, modular 

boxes that were constructed in factories, delivered to the site, and stacked by crane at different 

angles.  Designed by architect Moshe Safdie, each box was a separate, complete unit promising 

high-class family living (Kettle & Safdie, 1970).  Safdie was lauded as a visionary, yet his 

modular building prototype failed to catch on as well or as quickly as hoped (MacFarquhar, 

2003). Almost half a century after Safdie captured the world’s imagination in Montreal, modular 

construction accounts for a mere fraction of all Canadian construction projects annually 
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(Bernstein, 2012). 

While permanent modular construction in Canada has languished, the rest of the world 

has taken note and embraced the benefits (Bernstein, 2012).  In 2011, the value of the permanent 

modular construction market in Asia was estimated at $10 billion (all dollars US) annually.  In 

Europe, the modular construction market accounted for approximately $6 billion that year.  In 

the United States and Australia, the value of modular construction was $4 billion and $1.5 

billion, respectively.  However, in Canada, permanent modular construction in 2011 accounted 

for a mere $250 – 300 million, representing just 2% of all construction, by value (Bernstein, 

2012).    

The Canadian construction industry is facing a trifecta of challenges.  Skilled labour 

shortages, abbreviated building schedules and tighter budgets are leading to undue cost overruns, 

delays and a loss of productivity on major capital construction projects (Jergeas, 2008).  Large 

and complex projects are outstripping the ability of construction firms to properly manage them 

(Love & Heng, 2000). Given the significance of the construction industry to the Canadian 

economy, with output approaching 13% of GDP (Statistics Canada, 2013) and over 1.3 million 

Canadians employed (Statistics Canada, 2013), solving these problems is imperative. The 

benefits of modular construction - reducing overall construction time due to parallel projection 

activities, increased building quality, increased labour productivity and safety, and minimized 

environmental impact (Schoenborn, 2012), and the ability of modular construction to break huge 

projects down into smaller, manageable, volumetric components (Gibb & Pendlebury, 2006b), 

hold the promise of an innovative construction practice that can overcome these obstacles.   

Given the time and effort devoted to refining design and technical aspects of modular 
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building over the last forty years (Schoenborn, 2012), it could be argued that if the broader 

adoption of modular construction were merely an engineering problem, it would have been 

solved (Velmati, 2012).  While the technical aspects of modular construction have, largely, been 

addressed, there is a lack of research studies that investigate the slow uptake of modular 

construction (Bernstein, 2012). This raises the question, “Are there other, non-technical 

dynamics limiting the wider acceptance of modular construction by the Canadian construction 

industry?”  

Perceived constraints to modular building, such as an assumed lack of quality (Kobet, 

2008), and a lack of access to conventional construction financing for modular projects 

(Schoenborn, 2012), suggest an interdisciplinary research approach is required to identify non-

engineering elements that may influence the broader adoption of modular construction in 

Canada.   This study will investigate the slow uptake of modular construction innovation by the 

broader Canadian architecture, engineering and construction industry.  

The key objectives of my research are as follows:  

• To identify the key characteristics of the Canadian construction industry 

• To identify the potentials of modular construction, as an innovative practice, in 

the Canadian construction industry  

• To synthesize the literature related to innovation diffusion in construction in the 

context of Canadian modular construction organizations  

• To define factors related to the adoption of modular construction in the context of 

Canadian architectural, engineering and construction organizations.  
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This thesis will investigate potential barriers to the broader adoption of modular 

construction in Canada by way of interview surveys with companies that are or have the 

potential to be players in the modular construction industry. More specifically, my thesis 

addresses the following question: “Are there other limiting factors, beyond design and 

engineering challenges, influencing the adoption of modular construction in Canada?”  

Chapter 2 will provide an overview of the Canadian construction industry and review the 

current literature on innovation in the construction industry.  A five-factor model explaining the 

diffusion of innovation in the construction industry will be identified. Modular construction in 

Canada will be introduced and established as an innovative construction practice.  Current 

literature pertaining to modular construction will be reviewed and seven potential non-

engineering barriers to modular construction will be drawn from the literature. Chapter 3 will 

describe the approach to the research presented in this thesis and the survey methodology. In 

Chapter 4, results of the survey will be discussed and the data obtained from the survey 

participants will be analyzed. In addition, the results will be evaluated through the lens of the 

five-factor model explaining the diffusion of innovation in the construction industry, described in 

Chapter 2. Lastly, Chapter 5 will summarize findings and discuss the implications that the results 

may have on the adoption of modular construction in Canada.   
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Chapter 2: The Canadian Construction Industry: Literature Review 

Chapter 2 provides a broad overview of the characteristics of the Canadian construction 

industry. Current opportunities and threats facing the industry will be identified.  The industry’s 

reputation as being slow to innovate will be explored and literature relating to the diffusion of 

innovation in construction reviewed.  A five-factor framework explaining the diffusion of 

innovation in construction will be introduced.  The focus will then narrow to define and establish 

modular construction as an innovative construction practice.  The current literature on modular 

construction will be reviewed and seven potential non-engineering barriers to the broader 

adoption of this innovative building practice established.  Those seven potential barriers will be 

examined through the lens of the five-factor model explaining the diffusion of innovation in 

construction. 

Characteristics of the Canadian Construction Industry    

The foundations of the Canadian construction industry were laid in 1605, when French 

artisans at Port-Royal, Nova Scotia erected our country’s first European permanent structures, a 

small cluster of homes for recently landed immigrants to New France (Trudel, 1973). Two years 

later, in 1607, the first water mill in North America was constructed nearby, on the L’Equille 

River, to assist with the grinding of locally grown corn.  From humble beginnings a mighty 

industry has grown (Legget, 2006).   

Today, the Canadian construction industry and its related sectors account for almost 13% 

of total GDP (Statistics Canada, 2013).  The economic activity of builders and related subtrades 

(electrical, plumbing, air system installers, structure assemblers, external envelope works, 

drywallers, etc…) accounts for about 6% of GDP.  From partial information on the import/export 

of building products and engineering services gathered annually by Statistics Canada, it is 
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estimated that the manufacture of building products and construction equipment represents 

another 5% of GDP, engineering and architectural services about 1%, and service firms involved 

in building/infrastructure operation and maintenance account for about 1% of the national GDP 

(Statistics Canada, 2013).  

Construction was the second fastest growing Canadian industry over the last decade, 

boosting total economic growth by a sizeable 0.5 percentage points of GDP per year, on average, 

more than double its prior 20-year average (Statistics Canada, 2013). Roughly 1.3 million people 

worked in construction in 2013, making it the fifth-largest employer by industry and accounting 

for 7.3% of jobs among all industries. Nearly one million direct and indirect jobs have been 

created due to the building boom over the past decade (Statistics Canada, 2013). 

Manseau and Seadon (2001) identify three unique features that define the Canadian 

construction industry: 

1) Canada is large and geographically diverse; construction projects are subjected to 

a range of climates, from temperate to polar, across maritime, prairie and 

mountainous zones. 

2) Those harsh climate variations create special requirements for buildings and 

infrastructure and cause an important decline, and subsequent loss of productivity, 

in construction activity during the winter months. 

3) The finished construction product is invariably complex and highly customized. 

Site – and project-specific construction – requires that products and processes are 

adapted to local conditions and regulations. 
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The result is an industry that has evolved to allow operation across a diverse geography, 

in climatically challenging conditions and, often, in a feast-or-famine business environment.  The 

construction marketplace is easy to enter, highly fragmented, specialized and composed 

primarily of small – even very small – companies, distributing financial risk over many players 

(Manseau & Seadon, 2001). In 2013, the industry comprised more than 175,000 contractors 

(general and trade) with about half being firms employing a strategic nucleus of three or less 

staff (Burleton, Ignjatovic, & Fillier, 2015) over the long term. The vast majority of Canadian 

construction companies - about 75% - are realizing less than $5 million in annual revenue 

(Conference Board of Canada, 2010). They are fiercely competitive, yielding a meagre average 

return of 3%.  

Perhaps because of the fragmentation of the industry, Canadian construction companies 

have been notoriously slow in recognising the potential benefits of technological innovations, let 

alone the transfer, adoption and implementation, of these innovations (El-Ghandour & Al-

Hussein, 2004; Gambatese & Hallowell, 2011; O'Connor & Yang, 2004). Ozorhon, Abbott, 

Aouad, and Powell (2010) posit that because the construction industry is a highly fragmented 

traditional industry, it takes comparatively more time and effort to deploy innovation processes 

(Ozorhon et al., 2010). 

Nevertheless, Canada’s construction industry has gained a solid reputation for reliability 

and innovative design (Manseau & Seadon, 2001). Canada has developed expertise in unique 

construction niches, including cold-weather engineering and construction, the design and 

construction of hydroelectric power projects, the repair and protection of salt-affected structures, 

and management of the indoor environment (Manseau & Seadon, 2001).   
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Opportunities and Threats in the Canadian Construction Industry   

Burleton et al. (2015) suggest that two developing trends are creating opportunity in the 

Canadian construction industry: 

1) Larger, multi-year projects are providing more certainty and financial stability in 

the marketplace.   

2) Despite media focus on the residential housing market, a relatively balanced 

construction marketplace is evolving, with demand for industrial, commercial and 

residential projects across Canada.  This provides a broad, diverse base of work 

and spreads the economic benefits to a greater number of companies.   

Conversely, three prevalent threats are bracing the construction industry: 

1) An aging workforce is resulting in an ever-shrinking pool of skilled labour 

(Industry Canada, 2011).  The residential construction industry alone will need 

129,000 new, skilled workers over the next decade.  Industry Canada (2011) 

estimates that the over-all construction industry will need to recruit more than 

250,000 new workers by 2021 to keep pace with retirements and high demand for 

construction services.  

2) Abbreviated building schedules and tighter budgets are leading to undue cost 

overruns, delays and a loss of productivity on major capital construction projects 

(Jergeas, 2008). 

3) The trend towards larger, intricate major construction projects is yielding a level 

of complexity that, given the prevalence of smaller construction firms in Canada, 

is quickly outstripping the capacity to manage it (Industry Canada, 2011). The net 

result is more work concentrated in the hands of a small number of very large 
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construction firms with the technical, operational and organizational capacity to 

handle it  (Love & Heng, 2000).   

Innovation in the Canadian Construction Industry   

While Canada’s architectural, engineering and construction industry has a deserved 

reputation for reliability and design (Manseau & Seadon, 2001), companies on the 

implementation/building side of the industry are slow to innovate and embrace change.  This 

appears to be, partially, the consequence of a lack of research focus.   

In general, Canadian research is well recognized and regarded internationally, even if 

Canadian business innovation is weak  (Organization for Economic Co-operation and 

Development, 2013).  Academic research focused on Canadian business significantly lags 

similar efforts in other G20 nations (Organization for Economic Co-operation and Development, 

2013).  This has been identified as a cause of Canada’s anaemic business innovation and poor 

productivity growth (Council of Canadian Academies, 2013a).  If academic research into 

Canadian business is weak, then the focus on the Canadian construction industry can only be 

described as dismal; construction-related academic research lags the research into almost all 

other major fields of business. The Council of Canadian Academies (2013) assessed Canada’s 

relative strengths in academic research, measuring the number of research papers produced 

across 20 main fields of industry (Figure 1). Construction and design ranked 17th with 3,152 

papers; only Communication and Textual Studies, Philosophy & Theology, and Visual & 

Performing Arts, with a mere 286 papers, had less research focus.  
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Figure 1. Number of published academic papers in all research fields between 2005 and 2010 
(Council of Canadian Academies, 2013). 
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Kevin Lynch (2012) suggests the lack of research in Canadian construction directly 

correlates to a lack of innovation. He links research and innovation this way: “research is a 

process that transforms money into knowledge, and innovation is the process that transforms 

knowledge into money.”  In other words, without research to build on, little innovation follows.   

Lynch’s (2012) theory of research yielding innovation raises an interesting question: how 

has Canada’s construction industry sustained relative prosperity despite weak innovation and 

correspondingly feeble productivity growth?  Baldwin, Gu and MacDonald (2012) answer that 

Canadian construction firms have been as innovative as they have needed to be to remain 

profitable; no more, no less, arguing that most innovation does not work according to a “linear” 

model in which academic research yields a pipeline filled with ideas that, following some 

research and development, are commercialized by business.  

This perspective, perhaps, explains why construction is portrayed as a mature sector that 

is slow to innovate and resistant to technical change (Ozorhon et al., 2010).  It is also said to 

have little corporate memory, reinventing crucial processes at every project.    However, this 

portrayal is not entirely accurate.  Ozorhon et al. (2010) found that while “revolutionary” 

innovation is rarely observed, the construction industry recognizes the importance of change and 

adaptation, and takes an incremental, “evolutionary” approach to the slow, continuous 

improvement of construction technologies.  They hypothesize that viewing the sector as 

conservative and hesitant to change reflects a misunderstanding of the innovative process as it 

applies to construction.  

Another significant challenge to innovation in construction is that it is largely a service 

industry that responds to the needs of owners and what they would like to build   (Reichstein. 
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Salter, & Gann, 2005).  A lot of attention is drawn to the design and completion phases of 

construction, but rarely to what happens in between. 

One of the biggest barriers in pushing the envelope of innovation in construction is that 

innovation has to provide a reasonable value for consumers (Baldwin & Johnson, 1995).  In 

other words, at the end of the value chain, there is an owner that has to accept it and pay for it. 

Changing “the way things have always been done” is not always received with open arms, 

especially in a world defined by low-bid contracts (Anderson & Schaan, 2001).   Innovators on 

the design side of the construction industry are developing and using new ground breaking 

technologies, but those on the implementation/building side are not necessarily as quick to 

embrace change, largely due to the profitability of existing business models, and the particular 

Canadian attitude to business risk that has been shaped by those conditions (Council of Canadian 

Academies, 2013b). 

Innovation Diffusion in Construction  

Wafai (2016) posits that the issue is not a lack of innovation in the construction industry, 

but the slow transfer and adoption of innovations by construction companies.  He supports this 

position with research documenting that the construction industry has historically been slow in 

recognising the potential benefits of technological innovations, let alone the transfer, adoption 

and implementation, of these technological innovations (El-Ghandour & Al-Hussein, 2004; 

Gambatese & Hallowell, 2011; O'Connor & Yang, 2004).  

Because the construction industry is highly fragmented, it takes comparatively more time 

and effort to deploy innovation processes (Ozorhon et al., 2010).  However, information 

technologies are facilitating systems integration, and bringing greater flexibility to the adaptation 

and development of new designs, materials, and processes (Manseau & Seadon, 2001). 
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Wafai (2004) states that the body of knowledge on innovation transfer in the construction 

industry is limited and fragmented around differing individual research studies.  He notes that the 

topic is linked with the fields of innovation diffusion, construction management, change 

management, knowledge management and strategic information system planning.   Dickinson, 

Cooper, McDermott, and Eaton (2005) point out that the literature focused on innovation 

management in construction consists primarily of individual studies that, when considered alone, 

are of limited usefulness to scholars and practitioners because of the limits of time and sample 

constraints. 

A number of possible factors influencing the implementation of technological 

innovations in construction have been underscored in research studies. Aouad and Price (1993) 

examined organisational, technological and financial factors, stressing that legacy-working 

practices are one of the main obstacles to successful innovation implementation.  Fischer (1995) 

discussed construction management and organizational challenges to innovation integration.  

Russell and Froese (1997) concentrated their work on the technological characteristics of 

innovation, determining that the more specialised and integrated the tools, the less commercially 

viable the innovation.  Similarly, Amor and Faraj (2001) highlighted the issue of culture 

resistance to innovation and, further, suggested that innovation implementation was linked to 

change management.  Goodwin (2001) explored the project-based nature of construction and its 

impacts on the actual uses of integrated IT environments in the industry. Peansupap and Walker 

(2005) suggested there were eleven key factors, comprising management, individual and 

technology groupings, influencing the diffusion of information and communication technology 

through the construction industry.  Gambatese and Hallowell (2011) discussed the dynamics 
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influencing the initiation, development, and implementation of technological innovations. 

Wafai (2016) synthesizes the above research studies into a comprehensive, factors-based 

framework consisting of five key categories (Figure 2):  

1) Culture or project stakeholders needs 

2) Corporate or strategic business needs  

3) Technological characteristics 

4) Internal capabilities  

5) External Environment  

Culture or project stakeholders needs take into account the role of people who implement 

an innovation and the context in which it is implemented (Chen & Maver, 1997).  Corporate or 

strategic business needs considers the adoption of innovations that help achieve the strategic and 

corporate objectives of an organization (Gambatese & Hallowell, 2011).  Technological 

characteristics denotes the tendency to “pick-and-mix” new technologies and, subsequently, the 

efforts to insert those technologies into the established processes/systems of unreceptive 

construction companies; it also refers to the type and complexity of technology (Sexton & 

Barrett, 2004; Wafai, 2016). Internal capabilities suggests that the implementation of innovations 

should be approached in a fashion that builds on core company capabilities which, in turn, 

support a firm’s competitive advantage (Wafai & Aouad, 2004).  The external environment 

acknowledges that environmental pressures are among the most important drivers of innovation 

in the construction industry (Bossink, 2004). The construction industry supply chain is highly 

fragmented.  Bresnen and Marshall (2000) contend that the best way to understand this 

fragmentation is to consider the large number of external contractors involved in any 
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construction project, which this thesis does. These five factors, explaining the diffusion of 

innovation in the construction industry, form the lens through which seven potential non-

engineering barriers limiting the broader adoption of modular construction, identified later in this 

chapter, are viewed.  

 

 

 

Figure 2. The five factors that influence the diffusion of innovation in the construction industry 
(adapted from Wafai, 2016).  

 

Modular Construction 

Modular construction is defined as the creation of three-dimensional or volumetric units 

that are fitted out in a factory and are delivered to site as the main structural elements of the 

building (Gibb & Pendlebury, 2006b).  Modular construction is generally used to create cellular-
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type buildings, which consist of similar room-sized units of a size suitable for transportation and 

connected on site to create functioning buildings.  Partially or fully open-sided modules may be 

manufactured, in which two or more modules create larger spaces. 

The history of modular construction can be traced to 1837, when an English carpenter, 

Henry Manning, prefabricated the first Manning Portable Cottage in London, England 

(Broadhurst, 2008).  Almost two hundred years later, a persisting fascination with 

modularization remains. Architect Hugh Pearman opined that, “every new generation will 

rediscover the virtues of prefab[rication] (Pearman, 2003).”  Its enduring appeal is best expressed 

as a question: if industrial manufacturing processes can produce other products and goods for 

society, then why can’t those same efficiencies be harnessed to produce higher quality, more 

affordable buildings in less time?  

Modular Construction as an Innovative Practice 

Modular construction, and its associated off-site fabrication techniques and processes, is 

identified as one of five innovations with the greatest potential for positively impacting 

construction industry efficiency and productivity (Baily & Solow, 2001).  Blayse and Manley 

(2004) argue that modular construction, and its related manufacturing processes, is a key 

innovation influence on the construction industry. Slaughter’s (1998) research suggests there are 

five models of construction innovation, one of which is modular. 

For all the latent potential of modular construction, Reichstein et al. (2005) note that there 

is a resistance to the adoption of modular innovation by the broader construction industry.  Why 

is this?  Historically, studies on modular innovation have focused on the real and perceived 

engineering benefits promised by the industrialization of the construction process (Bernstein, 

2012).  Recently, more attention is being paid to constraints and barriers preventing the broader 
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adoption of modular construction, but, again, these tend to be technical in nature and focused on 

design issues (Schoenborn, 2012). 

Schoenborn (2012) points out that identification of impediments to the broader adoption 

of modular construction can be subjective. Technical limitations of different modular 

manufactures, and the varying degree to which prefabrication and preassembly are used in their 

various modular construction processes, result in some modular companies being more 

successful in introducing their product to the construction marketplace than others.  This makes 

comparative study between different modular manufacturers difficult. 

The perceived advantages to modular construction are well established by Lu (2007), 

whose survey received responses from a mixture of 138 architects, engineers, general contractors 

and owners from across the United States. The primary benefits associated with prefabrication 

and modular construction include (Lu, 2007): 

1) A reduction in overall construction time and more efficient scheduling due to 

production activities running in parallel 

2) Increased craftsmanship and building quality 

3) Significantly better labour productivity 

4) Greater labour safety 

5) Less unanticipated schedule disruptions due to construction in a weather-

protected factory environment 

6) Minimal environmental impact by the construction process on the building site 

The skill levels required for modular construction are the same for traditional site built 

construction (Woudhuysen, 2004).  However, the cost of labour is lower, primarily due to better 
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up-front planning and efficient work scheduling (Haas, O’Connor, Tucker, Eickman, & 

Fagerland, 2000).  Haas et al. also suggest that the reduction of onsite labour volume and 

congestion, and the accessibility to advanced computer technology and equipment, are other 

benefits commonly associated with modular construction. These benefits are relevant to 

addressing the three main challenges, identified earlier in this chapter, facing the construction 

industry in Canada: an aging workforce, resulting in an ever-shrinking pool of skilled labour 

(Industry Canada, 2011), abbreviated building schedules and tighter budgets (Jergeas, 2008), and 

a trend towards larger, intricate major construction projects is yielding a level of complexity that, 

given the prevalence of smaller construction firms in Canada, is quickly outstripping the capacity 

to manage it (Industry Canada, 2011). 

It is broadly recognized that clients, architects and general contractors understand the 

benefits of modular construction (Schoenborn, 2012), even if they are slow to adopt modular 

innovation.  This institutional reluctance is reflected in statistics showing that traditional 

construction is still used in 85% of all new buildings constructed in the United States (Lu, 2007).  

In Canada, modular construction lags even further behind, accounting for less than 2% of 

national construction by revenue (Olearczyk, Al-Hussein, Bonferguène, & Telyas, 2009). 

Strategies that have been suggested to promote modular construction as cost effective include the 

complete mechanization of the production process, reducing the amount of site work required to 

the greatest extent possible, and maximizing the use of recycled materials (Tam, Tam, Tam, & 

Williams, 2007). 

While modular manufacturers struggle to overcome resistance to the broader adoption of 

their product, the use of prefabricated sections in the majority of new building construction is 
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being embraced (Court, 2009).  Structural, mechanical and plumbing components are identified 

as the prefabricated elements most effectively incorporated into conventional construction (Haas 

et al., 2000). 

In 2011, McGraw Hill Construction conducted a study to document the current state of 

the North American modular building industry, investigating the factors driving interest in 

modular construction (Bernstein, Gudgel, & Laquidara-Carr, 2011).  

Bernstein et al.’s (2011) study for McGraw Hill, which was acquired by Symphony 

Technology Group in 2014 and renamed Dodge Data and Analytics, identifies the government, 

healthcare and higher education sectors, faced with increasing demands and shrinking capital 

budgets, as the markets most receptive to modular construction.  Architects, of which there are a 

limited number comfortable with modular design, are most interested in using modular 

construction on multi-family residential, hotels and motels, and K-12 schools (Smith, 2010).  

The primary reasons for architectural integration of modular construction into a project are a) 

owner demand, b) the desire for improved quality, and c) the need to save time (Bernstein et 

al., 2011). 

The recommendations of the McGraw Hill study include a continued industry focus on 

educating clients about the productivity gains and business benefits of modular construction, the 

broader adoption of building information modeling (BIM) by modular manufacturers to make it 

easier for architects to incorporate standard modular products into their designs, and the 

promotion of the sustainable environmental benefits of modular manufacturing as a positive 

alternative to onsite construction (Bernstein et al., 2011). 
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The rise of BIM as a preferred design tool has helped to highlight the potential benefits of 

a modular approach to building, identifying construction and scheduling conflicts early in the 

design process.  Working hand-in-hand with BIM, integrated project delivery (IPD) offers a 

means for strong interdisciplinary collaboration among construction professionals and may 

provide a bridge across the chasm between traditional construction professionals and modular 

manufacturers (McDonnel, 2015).  IPD is a highly collaborative process that integrates the 

expertise of project teams during a project’s early stages, ensuring each discipline understands 

the others’ scope and requirements to ensure that overall design decisions meet the needs of all 

involved parties (Ghassemi & Becerick-Gerber, 2011).  Quality control/assurance programs and 

the use of modern materials have underwritten the superiority of buildings constructed in 

sophisticated manufacturing facilities.  Significant productivity gains never before possible are 

being realized, particularly in the commercial building sector, as building manufacturers adopt 

the automated construction techniques pioneered in the automobile and aviation industries 

(Ikuma & Nahmens, 2012).  There is an increased comprehension of the environmental 

advantages afforded by modular construction (Kobet, 2008).   Several recent studies (Bernstein 

et al., 2011; Haas et al., 2000; Lu, 2007) have looked for ways to overcome the barriers to the 

broader adoption of modular construction; however, these studies have predominantly 

considered design and engineering alterations and/or improvements that could help reduce 

modular project pre-planning, improve project coordination, and address procurement/scope of 

work concerns.  

Given the historical efforts to solve the engineering challenges of modular assembly, and 

the current attention being paid to smoothing out the design, coordination and productivity issues 
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between owners, architects and modular manufacturers, one would expect to see modular 

buildings commanding a much larger share of the construction market than currently controlled 

(Moghadam, Al-Hussein, & Al-Jibouri, 2012; Koroluck, 2013).  The reason for this may be that 

a number of non-engineering barriers have hampered the adoption of modular construction. 

Specifically, seven potential non-engineering barriers are identified in the existing 

design/engineering/technical research studies, and here identified as being worthy of further 

investigation.  They are: 

1) A history of cheap manufactured buildings and a long associating with trailer-type 

mobile homes has tainted modular construction with the stigma of poor building 

quality (Kobet, 2008), 

2) Challenges securing traditional financing for modular construction projects 

(Schoenborn, 2012).   

3) A lack of mechanization in the production process is stifling productivity 

increases (Bernstein et al., 2011). As discussed above, many of the engineering 

challenges have been resolved, however, there is a lag in adoption of these 

technologies into the production process by companies who, in most cases, still 

think of themselves as builders. 

4) General contractors, unfamiliar with the assembly of modular buildings, view 

modular as a competitive threat to their established business model (Lu, 2007). 

5) Architects unfamiliar with designing for modular construction fail to consider it 

as a primary design option (Schoenborn, 2012).   
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6) Engineers unfamiliar with designing for modular construction (Haas et al., 2000) 

balking at the requirement to have all engineering work done prior to the start of 

manufacturing. 

7) Transportation challenges (Lu, 2007) posed by varying regulations across 

multiple jurisdictions and the restrictions on modular design imposed by those 

transportation regulations. 

The intent of this thesis is to explore whether these non-engineering factors, identified in 

the literature, have an impact on the broader adoption of modular construction in Canada.  The 

seven potential non-engineering barriers above will be used to guide this study.   

Viewing these seven barriers to the broader adoption of modular construction through the 

lens of Wafai’s (2016) five-factor model explaining the diffusion of innovation in the 

construction industry yields an interpretation of the model in the context of modular construction 

(Table 1). 
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Table 1. The five-factor framework of the diffusion of innovation in construction overlaid on the 
seven potential barriers to the broader adoption of modular construction in Canada. 
 

Five Factors1 Potential Barriers to Modular Construction2 

Project Stakeholders and Culture • Perception of poor quality 

Strategic Context and Business Nature • Traditional construction financing 

Technological Characteristics -- 3 

Internal Capabilities • Lack of incorporation of mechanization 
in the production process 

External Environment • Architects unfamiliar with modular 
design 

• Mechanical and electrical engineers 
unfamiliar with modular design 

• General contractors unfamiliar with 
modular construction/assembly 

• Transportation limitations 

1 The five factors are detailed by Wafai (2016). 

2 Identified in the literature as being worthy of further research. Technological barriers identified through survey 
responses in this study are introduced and discussed in Chapter 4. 

3 Technological barriers to the adoption of modular construction have been largely addressed (Schoenborn, 2012). 
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If the opinion that modular buildings are poor quality is found to be hindering the 

diffusion of modular construction in the broader industry, this is, in part, because the absorption 

of any innovation is related to the social systems in which it is adopted (Rogers, 2003).  Culture 

and the perceptions of project stakeholders must be considered in the adoption of any new 

innovation.    

There are no potential barriers listed under “Technological Characteristics” as the 

technological aspects of modular construction have been thoroughly explored in existing 

literature (Schoenborn, 2012).  This study chose to focus on identified non-engineering/design 

barriers.  However, many of the respondents offered their thoughts and comments on the 

potential improvement of technological characteristics of the Canadian modular construction 

industry during the course of the survey.  Those comments are listed under a discussion of the 

findings, categorized according to the five factors, in Chapter 4. 

A lack of mechanization in the production process has been identified under “Internal 

Capabilities.”  Perhaps it could be argued that it belongs under “Technological Characteristics.”   

However, the literature suggests that “Technological Characteristics” refers to the tendency to 

“pick-and-mix” new technologies and, subsequently, the efforts to insert those new technologies 

into the established processes/systems of unreceptive construction companies (Sexton & Barrett, 

2004; Wafai, 2016).  Mechanization is not a “new technology.”  It’s an established 

innovation/process used extensively in other manufacturing industries (automotive, etc…).   The 

tools for both the design and production phases of manufacturing are available in the market.   

The challenge, as identified in the literature and confirmed by this study, is in having modular 

manufacturers, who, for the most part, still think of themselves as “builders,” embrace 
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mechanization as an innovation that builds on their core company capabilities (Bernstein, et al., 

2011).  This is in line with the argument (Wafai, 2016) that internal capabilities should focus on 

the implementation of innovation(s) that support a firm’s competitive advantage (Wafai & 

Aouad, 2004).  Thus, a lack of mechanization is listed under the “Internal Capabilities” column 

in the Five-Factors framework. 

Likewise, there could be some discussion as to whether the unfamiliarity of architects, 

engineers and general contractors is a question of internal capabilities or an external environment 

issue.  Referring again to the literature, internal capabilities references building on a company’s 

core capabilities (Wafai, 2016).  Most modular manufacturers do that, concentrating on building 

the modular units as efficiently as possible.  Architectural, engineering and general contracting 

services are usually obtained from external sources, by contract, on an as-needed basis. That 

heavy reliance on external contractors in any construction project is exactly the challenge 

highlighted by Bossink (2004) and Besnen and Marchall (2000) as the best way to understand 

the fragmentation of the industry and the tremendous pressures exerted by the external 

environment. Therefore, architects and engineers unfamiliar with modular design and general 

contractors unfamiliar with modular construction/assembly are identified as external 

environment factors. However, especially for larger companies with a more diversified focus and 

greater staffing resources, architects and engineers could also be an internal capability. 
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Chapter 3: Research Design   

In Canada, permanent modular construction, as a percentage of the overall construction 

marketplace by value, has lagged the rest of the world, despite being identified as a promising 

construction innovation with the potential to address some of the most significant challenges 

facing the Canadian construction industry. Most studies of modular construction have been 

technical in nature and focused on design and engineering issues.  The applied research in this 

thesis asks the question, “Are there other limiting factors, beyond design and engineering 

challenges, influencing the adoption of modular construction in Canada?” Chapter 3 provides a 

description of the research design and methodology used in this study. The approach to the 

study, the selection of survey participants, the development of the survey questions and the 

methods used in the analysis of the survey data are detailed in the following sections.  

General Approach to Research Design  

First, a literature review was conducted and secondary data analyzed, identifying seven 

theoretical non-technical barriers to the broader adoption of modular construction.  Second, a 

survey strategy was used to collect primary data to validate the theoretical proposition that the 

seven potential issues identified were, indeed, barriers and test the validity of these factors in the 

context of the Canadian architectural, engineering and construction industry. It has long been 

recognized that each method of scientific inquiry has limitations and, inherently, choosing 

between methods involves trade offs (Visser, Krosnick, Lavrakas, Reis, & Judd, 2000). A survey 

research strategy was chosen for this thesis for four reasons: surveys are a cost effective way to 

gather information, they are flexible, extensive, and dependable (Touré-Tillery & Fishbach, 

2011; Visser et al., 2000).  The flexibility and cost-effectiveness of a survey allowed interviews 

for this paper to be conducted, either in person or by phone, with a variety of respondents across 
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a large geographical area (British Columbia and Alberta) at a very reasonable cost.  A survey 

allowed extensive, detailed answers to the specialized, relatively complex questions explored in 

this thesis to be gathered, ensuring a more accurate regional sample from which to draw 

conclusions. Finally, a high degree of dependability on the survey results comes from the more 

candid and unambiguous answers received from respondents who know their identities would be 

kept confidential, especially in light of the fact that may of those who participated in this survey 

are, effectively, competitors. (Touré-Tillery & Fishbach, 2011). 

Survey Respondents 

The unit of analysis for this study was a key decision maker in an architectural, 

engineering, manufacturing or general contracting company involved in or familiar with modular 

construction.  These key decision makers were chosen based on their potential ability to commit 

their respective companies to the adoption of modular building as a construction innovation.  Ten 

non-random corporations, comprised of two architectural companies, two engineering firms, 

three modular manufacturers and three general contractors were enrolled in the survey. There 

was no requirement for the companies to have adopted modular innovation at any level; 

therefore, some participating companies had more experience with modular design, engineering 

or construction than others.   One key decision maker represented each corporation in the study; 

each was asked to speak on behalf of their company. The key decision makers were principal 

architects at the architectural companies, a mechanical engineer at one engineering company and 

an electrical engineer at the other, two operations executives and one chief executive officer at 

the modular manufacturers, and a chief operating officer and two senior project managers from 

the general contractors.  
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Both large and small companies were included in the survey to maintain a broad research 

scope (Figure 3).  This allowed an exploration of whether any of the seven potential barriers to 

the broader adoption of modular construction were of greater or lesser significance to larger or 

smaller firms.  A large company was defined as having more than 50 employees and/or more 

than $5 million in annual revenue.  A small company was defined as having less than 50 

employees and/or less than $5 million in annual revenue. The sample of participating companies 

consisted of both privately owned and publically held companies, all of which are located in 

Western Canada (i.e., Alberta and British Columbia).    

Survey Format 

General data and information were collected from each survey respondent about their 

organization and professional views on issues facing the modular construction industry.  

Respondents, all key decision makers in their respective organizations, were asked to speak as a 

representative of their company.  The survey consisted of 22 multi-part interview questions, 

including both yes and no questions and long-answer questions (see Appendix A).  The 

interviews were conducted over the phone or in person.  Answers were recorded manually and 

transcribed digitally at a later date.   

Survey Content Development 

The content of the questionnaire was developed from a review of the literature and 

professional knowledge of the potential barriers to the adoption of modular construction. The 

survey was delivered using a pre-structured method, where the interviewer asked a series of set 

questions in a set order to the survey respondent (Dey, 1993). Survey question development was 

guided by the seven potential barriers to the adoption of modular construction identified in the 

literature (Chapter 2) and by the five factors influencing innovation in construction (Wafai, 
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2016). Survey respondents were asked two short questions about each potential barrier, and one 

open-ended question regarding each of the five-factors. A short definition of each barrier or 

factor was provided verbally to the respondent. Permission from the Royal Roads Research 

Ethics Board was required prior to making contact with potential survey respondents (Certificate 

of Approval #10-11-S4). Respondents were informed that they were not compelled to participate 

in the research and that they could withdraw at any time. Records of the information provided for 

the research study and information that could possibly be used to identify respondents was kept 

in a secure location and accessible only to researchers directly involved in the project. 

Participants were offered a copy of the compiled research results, if they so desired. 

Data Analysis 

Qualitative analysis was undertaken on responses to the survey’s dichotomous questions; 

content analysis of the respondent’s answers to the open-ended survey questions was used to 

identify trends. 

Summary statistics were calculated using the survey respondents answers to the survey 

questions. The proportion (x/10) of survey respondents that felt a specific challenge was a barrier 

to the adoption of modular was calculated. In addition to the identification (yes or no) of each 

challenge as a potential barrier, survey respondents were asked to rate the severity of each 

potential barrier as high, moderate or low. The perceived severity of each challenge was 

calculated by assigning a dummy variable and calculating the average severity. The perceived 

severity of each challenge was calculated using only those answers that had identified the 

challenge as a barrier (i.e., if the challenge was not identified as a barrier to the adoption of 

modular, no severity rating was assigned). 
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Based on initial trends detected, an evaluation of the responses from small and large 

companies, and those with differing innovative capabilities, was performed using t-tests by 

comparing the arc sine-transformed frequency of the identification of each challenge as barriers 

to the adoption of modular construction.  The null hypothesis for these comparisons was that 

there would be no difference in the identification or perception of severity of the barriers 

between the groups. All statistical tests were performed using α=0.01.  

Content analysis was used to identify trends within the long-answer survey responses 

(Richie & Lewis, 2003; Stemler, 2001). The data was coded by an impartial third party, using the 

seven potential challenges as initial categories. Within the categories, the survey responses were 

coded for unique words and phrases.  The frequency of use of specific terms and phrases was 

qualitatively examined both within and between categories (Spencer, Ritchie, O’Connor, Ritchie, 

& Lewis, 2003). 

Survey Interpretation 

The results of the surveys were interpreted both within the framework of the seven 

potential barriers to the adoption of modular in the construction industry (Chapter 2) and through 

the lens of the five-factor model for the diffusion of innovation in the construction industry 

(Wafai, 2016). This allowed for both the examination of the seven potential barriers themselves 

and the organization of those barriers under the broader scope of the five-factor model.  
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Chapter 4: Discussion and Findings  

This chapter will discuss the survey findings and provide a summary of the survey 

responses. It will establish whether the seven theoretical non-engineering barriers (identified in 

Chapter 2) are likely impediments to the broader adoption of the modular building process.  The 

perceived severity of each barrier will be explored.  Content analysis will be performed on 

participant’s responses to the open-ended survey questions and those survey responses will be 

viewed through the lens of the five-factor model explaining the diffusion of innovation in 

construction. 

Survey Respondents 

A total of ten surveys were administered in one-hour interviews.  The unit of analysis for 

this study was a key decision maker in an architectural, engineering, manufacturing or general 

contracting company involved in or familiar with modular construction.  These key decision 

makers were chosen based on their potential ability to commit their respective companies to the 

adoption of modular building as a construction innovation and each was asked to speak on behalf 

of their company.  Together the key decision makers represented ten non-random corporations, 

comprised of two architectural companies, two engineering firms, three modular manufacturers 

and three general contractors.  The key decision makers were principal architects at the 

architectural companies, a mechanical engineer at one engineering company and an electrical 

engineer at the other, two operations executives and one chief executive officer at the modular 

manufacturers, and a chief operating officer and two senior project managers from the general 

contractors. Survey respondents included 6 large companies and 4 small companies. Of the 10 

respondents, all companies declared some level of modular experience. Four of the ten 

companies had internal design departments and 6 companies declared that they have internal 
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innovative capabilities, evidenced by the adoption of advanced design systems, such as BIM, and 

recent innovations in design, construction or technology. 

Survey Responses 

Each challenge to the adoption of modular construction that was included in the surveys 

was identified as a barrier by at least 50% of survey respondents. The most commonly identified 

barrier was general contractors being unfamiliar with modular assembly, identified 75% of 

survey respondents (Figure 3; Table 2). The perceived severity of each challenge (Figure 4; 

Table 2) was rated as High by at least one survey respondent for each potential challenge.  

Overall, survey respondents that were categorized as small companies identified more 

challenges as barriers to the adoption of modular than those categorized as large companies 

(Table 3). A similar trend was observed in the severity rankings assigned to the each challenge 

by survey respondents. Small companies perceived higher severity of the challenges that may be 

barriers to the adoption of modular than larger companies (Table 3).  Survey responses 

established that large companies were more likely to have innovative capabilities, such as the 

adoption of advanced design systems, such as BIM, and internal design departments (Table 3).  

Interestingly, those large companies with self-identified innovative capabilities and with internal 

design departments identified more barriers to the adoption of modular construction, but 

perceived the severity of those barriers to be significantly lower (Table 3), indicating a high 

degree of confidence in their ability to solve those issues. 

Fifty-eight unique words or phrases were identified during the content analysis of survey 

respondents’ answers to the open-ended survey questions (Table 4).  Content analysis of the 

respondent’s answers reveal architects lacking modular design experience, the stigma of poor 
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quality, and small companies lacking production capability/capacity as the top three barriers to 

modular construction in Canada (Figure 5).    
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Figure 3. Identification of potential barriers to the broader adoption of modular construction in 
Canada by ten companies surveyed in Western Canada. See text for details. 
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Figure 4. Severity level of the potential barriers to the broader adoption of modular construction 
in Canada by ten companies surveyed in Western Canada. See text for details.  
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Table 2. Summary of responses to survey questions answered by ten respondents in the 
architectural, engineering, general contracting and modular manufacturing fields. 
 

Potential challenges as identified 

in the literature 

Percentage of survey 

respondents that identified 

this challenge as a barrier 

to the broader adoption of 

modular construction 

Average perceived 

severity of this challenge 

as a barrier to the 

broader adoption of 

modular construction1 

Perception of poor quality 50% Medium-high 

Challenges securing construction 
financing 

50% Medium 

Lack of mechanization in the 
production process 

70% Medium 

General contractors unfamiliar w/ 
modular assembly 

75% Medium 

Architects unfamiliar w/ designing 
for modular projects 

65% High 

Mechanical and electrical 
engineering consultants unfamiliar 
w/ designing for modular projects 

50% Medium 

Are transportation challenges a 
barrier to modular? 

65% Low 

1 includes only those respondents that identified the potential challenge as a barrier 
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Table 3. The average number of barriers to the adoption of modular construction in Canada 
identified by survey respondents and the perceived severity of those barriers. Average values are 
presented with 1 standard deviation.  
 

 

Number of barriers identified out 
of seven potential challenges 
suggested in the surveys 

Average severity of barriers 
that were identified by 
survey respondents1 

All companies2 4.25 ± 1.92 2.13 ± 0.48 

What is the 
company size? 

Large 3.83 ± 1.81 
t6=2.44, 
P=0.458 

2.15 ± 0.27 
t4=4.60, 
P=0.924 

Small 4.88 ± 2.18 2.11 ± 0.75 

Does company have 
an internal design 
department? 

Yes 4.38 ± 2.06 
t6=3.71, 
P=0.880 

1.91 ± 0.69 
t4=4.60, 
P=0.354 

No 4.17 ± 2.02 2.28 ± 0.25 

Does the company 
have innovative 
capabilities?2 

Yes 4.58 ± 2.06 
t7=3.50, 
P=0.526 

1.99 ± 0.55 
t8=3.36, 
P=0.204 

No 3.75 ± 1.85 2.35 ± 0.27 

All companies answered yes to having modular experience on the survey, therefore, comparative statistics were not 
completed for this categorization 

1 Severity of the barrier was rated Low, Medium or High by survey respondents. For the purpose of statistical 
analysis, dummy variables were used (1=Low, 2=Medium, 3=High). 

2 Self-declared innovative capabilities evidenced by recent innovations in design, construction or technology.  
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Table 4. Results of the content analysis of the survey responses.  
 

Potential Barriers1 

Words and phrases identified from long answer survey 

responses  
Perception of poor quality 
 

• closed-minded 

• disruptive 

• foreign concept 

• lack of innovation 

• low-end 

• old-fashioned 

• poor quality 

• resistant to change 

• temporary 

• trailers 

• unfamiliar 

Challenges securing construction 
financing 
 

• alternative financing 

• capital needed 

• lack of innovation 

• not attached to site 

• poor quality 

• quality/schedule/ cost 

• reluctance to lend 

• strategic needs 

• too much focus on 
product 

• unfamiliar  

Lack of mechanization in the 
production process 

• embrace manufacturing 

• experience/ credibility 

• focus on jobs 

• lack of mechanization 

• process efficiency 

• reluctant to invest 

• set-up costs 

• small companies 

• specialized knowledge 

• still think like builders 

• training and education 
opportunities 

General contractors unfamiliar w/ 
modular assembly 
 

• concern over reduced 
margins due to the 
majority of work 
performed off-site 

• general contractors lack 
experience with modular 

• reluctance to change 

• slow to embrace change 

Architects unfamiliar w/ designing 
for modular projects 

• architects lack 
experience 

• design constraints 

• design control 

• design process 

• training and education 
opportunities 

Mechanical and electrical 
engineering consultants unfamiliar 
w/ designing for modular projects 

• design process 

• mechanical and 
electrical engineers lack 
experience 

• upfront planning 
required 

Are transportation challenges a 
barrier to modular? 

• cost of transport 

• damage to units 

• differing regulations 

• remote sites 

• restrictions on transport 

• road infrastructure 

• transport companies lack 
experience 

1 Identified during literature review in Chapter 2. 
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Figure 5. Representation of the unique words and phrases identified during content analysis of survey responses (Feinberg, 2014). 
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Results and Trends 

The findings of the surveys revealed that a history of cheap manufactured buildings 

tainting the perception of modular products in Canada, challenges in securing traditional 

financing for modular construction projects, limited mechanization in the production process, 

general contractors who are unfamiliar with assembling modular buildings, a lack of modular 

design experience in architectural and engineering firms, and restrictions on the transportation of 

modular units, are perceived to be challenges to the broader adoption of modular construction in 

Canada by survey respondents. 

The Perception of poor quality - Kobet (2008) theorized that a long association with 

trailer-type mobile homes has tainted modular construction with the stigma of poor building 

quality and limited its broader adoption.  The survey results ranked the perception of poor quality 

at the bottom of the list of identified barriers to the broader adoption of modular construction, 

tied with financing and engineers who are unfamiliar with designing for modular production.  

However, the severity of the perceived barrier is ranked second, behind only the challenge of 

architects unfamiliar with the requirements of modular design.  Interestingly, despite the 

relatively low ranking of this barrier among the challenges presented to survey respondents in the 

yes/no questions (Figure 3), the words “poor-quality” were repeatedly used by survey 

respondents in the long answers given for a variety of the potential challenges.  Many 

commenters identified this stigma as being rooted in the historically poor quality of trailers and 

construction jobsite shacks, both of which are produced using a manufacturing process.  One 

respondent stated,  

“the phrase ‘modular’ conjures images of Grandma’s wood-paneled mobile home from 

the 80’s.”  
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Participants from larger firms, while conceding that at one time the perception of poor 

quality was a barrier to the wider adoption of modular construction, felt strongly that anyone 

working with modular products today, especially in the commercial and industrial marketplace, 

is convinced of the quality of the process/product. Of the five survey respondents that identified 

the stigma of poor quality as a barrier to the adoption of modular construction in Canada, two 

were large companies and three were defined in my study as small companies.  

Architects - architects unfamiliar with designing for a modular construction system 

ranks as the steepest barrier to the broader adoption of modular construction (Figure 4), and 

“architects lacking experience” was the other most commonly occurring phrase in the long 

answers given in the survey responses.  This confirms Schoenborn’s (2012) premise that most 

architects are unversed in modular fabrication and fail to consider it as a primary design option, 

thus limiting the broader adoption of modular construction.   

 Respondents identified a number of reasons for this: there are very few courses teaching 

up-and-coming architects how to design for modular production, most architects default to the 

building system they know best and are loathe to give up design control, and few architects are 

willing to work within the constraints of modular production, which can limit their fees.  Their 

focus on designing from a site-build perspective limits the efficiencies that can be realized by 

modular production. 

Mechanical and electrical engineers - Haas et al. (2000) posit that very few 

mechanical and electrical consultants have the disciple to execute the additional up-front 

planning and connectivity reviews required by modular construction.  Most survey respondents 

agreed with this.  Mechanical and electrical engineers, while not as severe a barrier to modular 
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construction as architects unfamiliar with designing for modular construction, nevertheless rank 

third in perceived severity (Figure 4).  Most mechanical and electrical consultants work under 

the direction of an architect.  Thus, as with architects, very few mechanical and electrical 

engineering companies understand the specialized requirements of modular design.  Most 

engineering consultants are accustomed to providing 50% design drawings, then completing and 

refining the design during the construction phase.  In order for modular production to run 

efficiently, all of the design and complete drawings must be provided before the modular units 

go into production.   

Ultimately, most participants felt that utilizing professionals with expertise in modular 

construction can significantly reduce this barrier. As stated by one respondent, “If you’re 

working with an architect who understands and designs for modular construction, there will be 

few, if any issues with the mechanical and electrical engineering consultants.” 

General contractors - as with architects and engineers, there is a general lack of 

awareness and education about modular construction within the general contracting community.  

General contractors are viewed by some survey participants as, “the keepers of all construction 

knowledge.”   Thus, their lack of familiarity serves to limit a broader acceptance of modular 

production as a preferred method of construction.  Many general contractors have had a bad 

experience with inferior modular products and are, therefore, hesitant to work with modular 

products or manufacturers again.  Those who are intrigued by the possibilities of modular 

construction may have limited avenues to learn about the product.  

Interestingly, while Lu (2007) suggested that general contractors unfamiliar with the 

assembly of modular buildings view modular as a competitive threat to their established business 
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model, this doesn’t seem to be borne out by the survey respondents.  Rather, answers to the 

open-ended survey questions suggest a lack of familiarity with modular construction is likely to 

slow down a general contractor’s efficiency and may limit their profits; consequently, they are 

reluctant to move away from known processes that make them money.  This view would support 

Aouad and Price’s (1993) assertion that legacy-working practices are one of the main obstacles 

to the successful implementation of any new innovation.    However, as “old school” general 

contractors unfamiliar with or resistant to modular construction begin to retire or otherwise exert 

less influence on the construction industry, new, aggressive and innovative general contractors 

are appearing, many of whom are familiar with or specialize in the assembly of modular 

structures. 

Construction financing - challenges in securing traditional financing for modular 

construction projects, identified as a barrier by Schoenborn (2012), were confirmed by survey 

respondents who denoted that “Big Five Bank” financing was an impediment to the broader 

adoption of modular construction.  Several phrases, including “reluctance to lend for a modular 

project,” and “not attached to the construction site,” and  “alternative financing,” were identified 

as commonly used in the survey respondents long answers to discuss challenges in securing 

construction financing. This is because traditional construction financing is based on monetary 

draws secured by a structure that is attached to a specific piece of property, which can have a lien 

placed on title.  This financial structure doesn’t work with a factory-manufactured building, 

constructed off-site and transported to a property only when complete.  However, survey 

responses indicate some new construction funding vehicles are now being offered by innovative 

financial institutions, utilizing novel methods such as independent quantity surveyors to measure 



THINKING INSIDE THE BOX  
 

 

52

and guarantee performance, perhaps explaining why both the barrier and the severity are rated 

low. 

Mechanization of the production process - Canada’s construction industry, with a 

long-standing culture of site-built houses, stick-framed using wood studs, is slow to embrace 

innovation (Ozorhon et al. 2010).  Modular construction represents a transfer of construction 

expertise from the field to the factory, a major upheaval in the “way things have always been 

done” and highlights a shift in mindset from “building” to “manufacturing.”   

However, fully realizing the benefits of the manufacturing process requires a substantial 

investment in equipment and automated processes.  The barriers to entry for a modular 

manufacturer are high; land, a manufacturing plant and equipment are expensive.  While a return 

on investment can be realized with a regular production cycle of larger projects, high initial costs 

leave modular manufacturers ill-equipped to compete on smaller projects, especially when vying 

for work in a lowest bid environment against “two guys with a hammer, a saw and a truck who 

fancy themselves builders.”  While both large and small companies confirm Bernstein et al.’s 

(2011) hypothesis that a lack of mechanization in the production process is stifling productivity 

increases and, thus, limiting the broader adoption of modular construction, larger companies, 

with deeper pockets and greater resources see this barrier as much less severe (Table 3). 

Survey responses indicate that employee skill sets and education appear to be an 

unexplored limiting factor to modular construction.  Both are very uneven, especially across 

small and mid-sized modular construction companies, and really depend on who is hired, rather 

than any formal training program.  General contracting companies participating in this study 

suggest very few construction companies have people with modular construction experience on 
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staff, limiting the opportunities to incorporate modular into construction planning.  Conversely, 

the modular manufacturers interviewed suggested the modular industry tends to hire staff with 

construction experience, rather than manufacturing or production backgrounds, which stifles 

innovation and improvement of modular manufacturing processes. 

It appears that the sheer number of different modular building products available in the 

market also limits the broader adoption of modular construction.  Both architectural firms 

interviewed for this study suggest that the establishment of a ‘baseline’ modular system would 

give credibility to the innovation.  The consistency coming from that ‘baseline’ modular system 

would spread commonality and best practices for incorporating modularly built components into 

larger construction projects.  It is the view of the architectural survey participants that a common 

standard for modular construction would set a foundation for the modular industry to build on, 

allowing further improvements and new innovation, rather than a dilution of research and 

development efforts. 

Transportation - transportation, the associated challenges posed by varying transport 

regulations across multiple jurisdictions, and the resulting limitations these regulations impose 

upon the modular design process, is identified by Lu (2007) as one of the barriers to the broader 

adoption of modular construction.  Survey respondents confirmed this, ranking it third on the list 

of barriers; however, the severity of this barrier was rated the lowest.  Within jurisdictions with 

wide roads and a familiarity with modular products, such as Alberta and Saskatchewan, 

transportation regulations were accommodative of oversized modular loads.  Survey respondents 

from British Columbia highlighted the narrower roads and more restrictive transportation rules in 

that province, which restrict the maximum design width of modular units.  When trans-
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jurisdictional projects required modular units to be transported inter-provincially, or to the 

northern United States, the resulting ‘hodge-podge’ of conflicting regulations caused the 

significance of the barrier rise.  The cost of transportation was also noted by some respondents as 

a limiting factor, making modular construction inflating prices and eroding its competitive 

advantage when the individual modular units had to be transported over distances greater than 

~700 km from the manufacturing plant. 

Company size - one final barrier to the broader adoption of modular construction, not 

identified in the literature reviewed but recognized as a trend across respondent’s answers to the 

open-ended survey questions, was the prevalence of small companies involved in Canada’s 

modular construction industry.  While smaller, flexible manufacturing companies appear to have 

more quickly embraced the innovation of modular construction, there is evidence in the survey 

responses that these enthusiastic businesses may be creating their own barriers by “dashing off 

madly in all directions.”  This reinforces the view of the architects participating in this survey 

that consistency coming from a standard ‘baseline’ modular system would spread commonality 

and best practices, making it easier to include modularly-built components into larger 

construction projects.  

Larger modular manufacturing companies are more likely to be using innovative design 

tools, such as BIM, making it easier for architects to incorporate standard modular products into 

their designs, and promote the sustainable environmental benefits of modular manufacturing as a 

positive alternative to onsite construction (Bernstein et al., 2011).  Smaller companies are less 

inclined to spend the money required to upgrade to new, innovative technologies like BIM and 

continue to work with traditional CAD software. 
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Larger modular companies are more likely view modular production as a manufacturing, 

rather than a building, process and to have invested heavily in the quality control/assurance 

programs necessary to overcome the stigma of poor quality (Ikuma & Nahmens, 2012).   

Likewise, larger modular manufacturers are overcoming the barriers posed by external 

factors (Wafai, 2016), such as architects, engineers and general contractors who are unfamiliar 

with modular design and assembly, by developing their own internal capabilities in these 

disciplines.  Smaller companies, dependent on services secured from outside companies who 

may or may not have modular expertise, perceive the barriers raised by these external factors to 

be much more severe. 

The size of the companies involved in modular manufacturing, the potential barriers that 

size creates, and the critical mass at which those barriers diminish is not explored in the literature 

and, thus, warrants further study. 

Linking the Survey Responses to the Factors that Influence the Diffusion of Innovation in 

Construction 

In Chapter 2, Wafai’s (2016) Five-Factor Model, explaining the diffusion of innovation 

in the construction industry, was introduced.  Table 1 showed the five-factor framework of the 

diffusion of innovation overlaid on the seven potential barriers identified in the literature, 

yielding an interpretation of the model in the context of modular construction.  Survey 

respondents were asked to provide open-ended answers about other issues, not identified in the 

literature, that they perceived to be barriers to the broader adoption of modular construction.  

Identified barriers from those survey responses were categorized according to the five-factor 

model.   
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Culture or Project Stakeholder Needs. Within the Culture or Project Stakeholder 

Issues category of the Five-Factor Framework, perception of poor quality was a barrier to the 

adoption of modular construction that was identified in the literature.  This was supported by 

survey respondent’s answers that referred to modular products as “low-end, old-fashioned, poor 

quality, temporary and trailers”.  For example, one survey respondent referred to modular 

construction as “conjuring images of Grandma’s wood-paneled mobile home from the 80’s.”  

This highlights the pervasive nature of a cultural perception (Amor & Faraj, 2001) and 

subsequent resistance to innovation, and the effect that can have on the adoption of innovative 

technologies (Wafai, 2016).  In addition to the perception of poor quality, other cultural barriers 

were identified during the surveys, including a resistance to change (e.g. “closed-minded, foreign 

concept, unfamiliar, disruptive”), underscoring Al Shawai and Faraj’s (2002) assertion that in 

order for any innovation implementation to be successful, it must be closely linked to change 

management.  

Another cultural factor identified during the surveys was a significant resistance to 

change.  One respondent summed it up like this,  

“Many construction firms aren't interested in ‘innovative methods,’ like modular 

construction, because they already have a system that makes money for them. They're focused on 

what they know will benefit their bottom line.  It creates a paradox: a focus on innovation would 

probably have a bigger impact on profitability in the long term, but sticking with the tried and 

true ensures more immediate results, which is what shareholders focus on.”   

Corporate or Strategic Business Needs. Under the Corporate or Strategic Needs 

category of the Five-Factor Framework, challenges in securing traditional financing for modular 
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projects was a barrier to the adoption of modular construction projects identified in the literature.  

This was reinforced by survey respondents noting the challenges in securing alternative 

financing for off-site modular buildings versus the ease of obtaining traditional “Big Five Bank” 

construction financing for traditional construction projects that are attached to the site and easy 

for a financier to secure.  It was also noted that the perception of poor quality attached to 

modular-built products has created barriers to conventional financing.  Because the construction 

industry is highly fragmented, it takes comparatively more time and effort to deploy innovation 

processes, and even longer for others outside the industry to understand those new processes and 

adapt their businesses to accommodate them (Ozorhon et al., 2010).  Hence, the glacial pace at 

which traditional builders are adapting their conservative construction lending processes to 

accommodate modular construction processes.      

Other corporate and strategic needs identified as barriers by the survey respondents 

include the intensive capital required to establish a modular manufacturing facility.  

Technological Characteristics. As most research into modular construction has been 

technical in nature and focused on design and engineering issues (Schoenborn, 2012), this survey 

deliberately focused on the non-technical concerns identified in the existing literature.  Hence, 

there were no identified issues in the Technological Characteristics category of the Five-Factors 

Framework.  However, several technological challenges emerged in response to the open-ended 

questions asked to the survey respondents.  It was noted that there is no standardized modular 

building system in Canada; each manufacturer builds its preferred modular system, making it 

difficult to compare processes or efficiencies.  Many existing modular manufacturers are 

relatively small companies without the capital required to invest in the machinery needed for 
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efficient manufacturing processes, further compounding the problem of lack of standardization 

(Ikuma & Nahmens, 2012).  Most of these small manufacturing companies are not using Revit or 

other BIM-based design tools, creating challenges with integrating their modular products into 

larger construction projects (Bernstein et al., 2011).  This vicious circle often yields substandard 

products, which further fuel the perception of a poor quality modular product. 

Internal Company Capabilities. Under the Internal Company Capabilities category of 

the Five-Factor Framework, the literature identified a lack of mechanization in the production 

process as a barrier to the adoption of modular construction.  This was affirmed by survey 

answers noting that many modular companies still think like indoor builders and “throw more 

labour at capacity and schedule problems, rather than focus on process improvements and 

mechanization.”  Said one survey respondent, “Mechanization really underpins production 

manufacturing.  If you're just throwing more labour at a job, even in a factory, it's still just 

construction, which doesn't allow for the full efficiencies of modular manufacturing to be 

realized.”  This would seem to argue for the broader adoption of lean manufacturing techniques 

by modular builders.  Other internal company capability challenges were identified.  Many of 

these, including small companies lacking the capitalization to implement mechanized production 

lines, and the prevalence of a construction mindset, rather than a production/manufacturing 

perspective, among many modular builders echoed the concerns identified in the technological 

characteristics category.      

External Environment. The majority of non-technical barriers to the adoption of 

modular construction identified in the literature were within the External Environment category 

of the Five-Factor Framework.  General contractors unfamiliar with modular assembly, 
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architects unfamiliar with designing for modular projects, mechanical and electrical engineering 

consultants unfamiliar with designing for modular projects and transportation were confirmed as 

barriers by the survey respondents.  Their answers noted that many general contractors view 

modular construction as a disruption to their existing, profitable business model, and often go out 

of their way to undermine modular projects.  Likewise, architects reluctant to give up design 

control, and its corresponding commissions, and work within the constraints of a modular 

manufacturing process were viewed as a considerable barrier.  Mechanical and electrical 

engineers are, for the most part, deemed to lack the discipline to provide complete, issued for 

construction design drawings prior to the start of manufacturing, a key element in the execution 

of a successful modular construction process (Haas et al., 2000).   

A lack of consistency in inter-jurisdictional transportation regulations can impose 

unexpected design limitations on a modular project build in one province but assembled in 

another.  

One survey respondent had an interesting perspective on the external environment’s 

potential limiting influence on construction innovation stating, “Canada is blessed with vast 

resources.  That abundance doesn't drive people towards finding efficiencies.”   

Curiously, the perception of poor quality as a limiting factor in the broader adoption of 

modular construction was once again identified by some survey respondents in discussions of the 

external barriers to the adoption of modular in the construction industry.  
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Chapter 5: Conclusions and Recommendations  

Chapter 5 reviews the research objectives and thesis question addressed in this paper.  It 

compiles the major research findings and suggests a model for the broader adoption of modular 

building as a construction innovation. 

A Review of Research Objectives and Thesis Question 

The key research objectives in this study were:  

• To identify the key characteristics of the Canadian construction industry 

The characteristics of the Canadian construction industry were highlighted 

from the literature reviewed, along with the challenges and opportunities 

facing the industry (Manseau & Seadon, 2001; Ozorhon et al., 2010).  The 

industry was identified as being resistant to innovation (Ozorhon et al., 

2010).   

• To identify the potentials of modular construction, as an innovative practice, in 

the Canadian construction industry  

Modular construction was identified as an innovative practice (Baily & 

Solow, 2001). The benefits of modular construction - reducing overall 

construction time due to parallel projection activities, increased building 

quality, increased labour productivity and safety, and minimized 

environmental impact (Schoenborn, 2012), hold the promise of an 

innovation that can overcome the challenges facing the Canadian 

construction industry. 

• To synthesize the literature related to innovation diffusion in construction in the 

context of Canadian modular construction organizations  
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A review of the literature yielded a five-factor model explaining the 

diffusion of innovation in the construction industry (Wafai, 2016).  This 

model was used as a lens through which to consider seven potential non-

engineering barriers to modular construction, also identified in the 

literature. 

• To define factors related to the adoption of modular construction in the context of 

Canadian architectural, engineering and construction organizations. 

The seven potential non-engineer barriers to the broader adoption of 

modular construction in Canada identified in the literature were: a stigma 

of poor quality (Kobet, 2008), challenges in securing traditional 

construction financing (Schoenborn, 2012), a lack of mechanization in the 

production process (Bernstein et al., 2011), general contractors unfamiliar 

with assembling modular buildings (Lu, 2007), architects unfamiliar with 

designing for modular construction (Schoenborn, 2012), engineers 

unfamiliar with designing for modular construction (Haas et al., 2000), 

and transportation challenges posed by varying regulations across multiple 

jurisdictions (Lu, 2007).  

Specifically, this thesis aimed to answer the question: “Are there other limiting factors, 

beyond design and engineering challenges, influencing the adoption of modular construction in 

Canada?”  Survey respondents confirmed all seven non-engineering barriers, identified in the 

literature, as limiting factors, to varying degrees.  Additionally, although not identified in the 
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literature, company size was perceived by survey respondents to be another non-engineering 

barrier. 

Major Findings 

The survey respondents confirmed all seven potential barriers identified in the literature. 

The top three barriers, as ranked by the survey respondents, were general contractors unfamiliar 

with modular products (75%), a lack of mechanization in the construction process (70%) and 

architects unfamiliar with designing for modular production and transportation (each with 65%).  

Architects unfamiliar with designing for modular production was ranked as the most 

severe barrier, followed by the stigma of poor quality and mechanical and electrical engineers 

unfamiliar with designing for modular.  

The stigma of modular as a poor quality product was identified as a potential non-

engineering barrier to the broader adoption of modular construction and investigated with a 

stand-alone question.  Interestingly, survey respondents brought up the perception of poor quality 

in all categories when answering the open-ended questions. 

This research paper uncovered an eighth potential barrier, the prevalence of small 

modular companies, with great aspirations but limited capabilities, in the Canadian marketplace.  

A possible explanation is that many small companies grasp the promise of modular as a 

construction innovation, but lack the capability to unlock its potential.  Not having the capital 

required to transform traditional construction activities into a production process by harnessing 

mechanization, and without the critical mass necessary to internalize external barriers like design 

and engineering functions or to establish QA/QC methodologies to ensure a consistent, quality 

product finds its way into the marketplace, these small companies may be doing more harm than 

good.   
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Research Limitations 

The following are potential limitations to this study.  First, while this study investigated 

the slow uptake of modular construction innovation by the broader Canadian architecture, 

engineering and construction industry (AEC), the literature review focused on the diffusion of 

innovation in construction.  This is because, while the design side of the industry (architects and 

engineers) has been shown to embrace innovation (Manseau & Seadon, 2001; Canadian Council 

of Academies, 2013b), the building/construction side of the industry has a reputation as a mature 

sector that is slow to innovate and highly resistant to change (Ozorhon et al., 2010).   

Second, a small sample size.  From a total of fifty invitations to participate in a survey 

that were distributed, ten positive responses were received.  This was due, in large part, to the 

reluctance of many invited survey participants to freely discuss with the researcher their thoughts 

on modular processes they held to be competitive advantages, in spite of assurances of 

confidentiality.   Traditionally, it has been held that if a sample size is too small, it will be 

difficult to find statistically significant relationships from the data.  More recent research (de 

Winter, 2013; Cohen, 2013) suggests statistical analysis, such as t-tests, are practical with small 

samples.  However, a small sample size results in low statistical power, which implies an 

increased probability of false negatives. The risk of this is that small effects may not be 

acknowledged, and the null hypothesis may not be rejected. In the case of this study, the trends 

between the two groups were qualitatively analyzed in addition to being tested for statistical 

significance, alleviating the risk that different perceptions of the barriers to the adoption of 

modular between groups may not be detected.  Nevertheless, the small sample size makes it 
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difficult to draw sound conclusions or strong relationships between the factors and the results 

cannot be generalized. 

Third, a strong regional focus.  The survey respondents, selected from British Columbia 

and Alberta, confirmed all seven potential barriers identified in the literature. Further research 

would be required to confirm if these results are consistent across Canada.  However, given the 

large concentration of Canadian modular manufacturing companies in the western provinces, the 

results may still be widely applicable across the broader country, even if the perceived severity 

of each potential barrier may vary by geographic region.   

 Finally, there is a lack of prior research studies on the subject.  To date, most research 

into modular construction has focused on refining design and engineering issues (Schoenborn, 

2012). There is a lack of research investigating the slow uptake of modular construction from a 

non-technical perspective (Bernstein, 2012).  While this study looked at seven potential non-

technical barriers to the broader adoption of modular construction, identified in the literature, 

there are likely other gaps in the knowledge base that need to be filled. 

Open Questions and Future Research 

Several topics, either beyond the scope of this research or only briefly addressed, are 

worthy of further consideration. Although not the most significant barrier, the perception of poor 

modular quality appears to be pervasive in the construction industry. This thesis focused on the 

perception of companies within the industry in regards to the stigma of poor quality that plagues 

the word “modular;” however, it is unknown whether it is industry or public perception that is 

acting as more of a barrier. Ideally, once a building is complete, whether it is produced in a 

conventional or a permanent modular fashion, the final product should appear equally high-

quality and seamless, resulting in no distinguishable difference to the end user of the product. 
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Whether the stigma of “modular” accompanies the product through to this stage is uncertain and 

could be examined in further research.  

The relationship between company size and the ability of a company to implement 

solution and overcome the barriers to the adoption of modular manufacturing and to implement 

solutions is unknown and warrants further study. 

This research focused on the non-engineering factors limiting the broader adoption of 

modular construction in Canada. The dynamics between technical and non-technical challenges 

facing modular have not been explored. For instance, has the perception or poor quality limited 

the adoption of technological advances (i.e. automation) that may allow increased return and 

faster implementation of production style construction, and subsequently a broader adoption of 

modular processes within the construction industry? 

Conclusion 

Ultimately, the broader adoption of modular in the construction industry in Canada will 

require implementation of solutions to the barriers identified in this thesis and elsewhere, and a 

shift in the perception of modular construction as a valuable innovation to industry and a quality 

product to public stakeholders. This will be achieved by implementing solutions over time and 

emphasizing the benefits realized over the evolution of the industry towards incorporation of 

modular innovations (Figure 6).  

The broader adoption of modular will be driven by market demand for modular products.  

This market demand will be created by altering the mindset of construction companies and their 

clients. This will be accomplished both by emphasizing the benefits to productivity and profits of 

a modular construction regime, as well as, implementing a best bid format, rather than the typical 

default of a low bid format for construction projects. This has begun, particularly in government 
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or P3 partnerships which have acknowledged the benefits of modular construction, where 

specifications are set and bidders for the projects must meet certain minimum requirements. This 

allows for the establishment of modular construction facilities and procedures.  

The evolution of the construction industry to include modular manufacturing of buildings 

will address several of the challenges faced by the Canadian construction industry as a whole. 

Increased productivity and safety in a manufacturing setting will alleviate skilled labour 

shortages. The reduction of construction time as a result of increased productivity and parallel 

project activities, combined with inherent environmental benefits to modular building 

construction, will result in the smoother execution of large, complex projects, minimizing the 

risk of cost overruns and scheduling delays.  

While there is a distance to go, adoption of modular manufacturing within the Canadian 

construction industry has begun. The manufacturing process is used and successful elsewhere 

using the process elsewhere (e.g., building components and equipment, pipelines), and is gaining 

traction in the world of building construction. In some cases, an interim step to the adoption of 

modular processes has been created, where companies are prefabricating sections of buildings, 

and assembling these segments on site. This interim step circumvents certain barriers, including 

transportation challenges. 

Infiltration of conventional construction markets is underway and with the 

implementation of solutions to address barriers, the process of adoption of modular may be 

accelerated and smoothed.  It is important that modular manufacturers, and companies wanting 

to enter the modular construction field, have tested and effective solutions that can prepare them 
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to embrace opportunities to adoption modular manufacturing methods for building construction 

projects.   
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Figure 6. Overview of the adoption of modular innovation in the construction industry and 
benefits to be realized. The five factors that influence the diffusion of innovation in construction 
(Wafai 2016) are shown, with the seven barriers specific to modular construction that were 
investigated in this thesis. 
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Appendix A – Survey Questions 

Questions  

1) Name of Company            

2) Type of Company (architectural/engineering/manufacturing/other)          

3) Name of Respondent            

4) Title of Respondent (CEO, etc…)          

5) How many years has your company been in business? (Select one answer) 

      a) Less than 2 years 

      b) 2 to 5 years 

      c) 6 to 10 years 

 d) 11 years or more 

6) How many paid workers or contractors – excluding the business owners – are employed by 

the business? (Select one answer) 

     a) Less than 20 

     b) 20 – 49 

     c) 50 – 99 

     d) 100 – 149 

     e) 150 – 199 

     f) 200 or more 

7) What were your business’ gross revenues for the past year? (Select one answer) 

a) Less than $1,000,000 

b) $1,000,000 - $4,999,999 

c) $5,000,000 - $9,999,999 
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d) $10,000,000 - $19,999,999 

e) $20,000,000 - $49,999,999 

f) More than $50,000,000 

8) In your opinion, is the stigma of poor quality a barrier to the broader adoption of modular 

construction in Canada?  Y / N 

8a) If Y, would you rate this barrier as low, medium or high? 

9) Are challenges in securing construction financing a barrier to the broader adoption of modular 

construction in Canada?  Y / N 

 9a) If Y, would you rate this barrier as low, medium or high? 

10) Is the lack of mechanization in the production process a barrier to the broader adoption of 

modular construction in Canada?  Y / N 

 10a) If Y, would you rate this barrier as low, medium or high? 

11) Are general contractors unfamiliar with the assembly of modular buildings a barrier to the 

broader adoption of modular construction in Canada?  Y / N 

 11a) If Y, would you rate this barrier as low, medium or high? 

12) Are architects unfamiliar with designing for modular construction a barrier to the broader 

adoption of modular construction in Canada?  Y / N 

 12a) If Y, would you rate this barrier as low, medium or high? 

13) Are mechanical, electrical and structural engineering consultants inexperienced in designing 

for modular construction a barrier to the broader adoption of modular construction in Canada?  Y 

/ N 

 13a) If Y, would you rate this barrier as low, medium or high? 
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14) Are challenges with the transportation of modular units to the final assembly site a barrier to 

the broader adoption of modular construction in Canada?  Y / N 

 14a) If Y, would you rate this barrier as low, medium or high? 

15) In your opinion, are there any other factors involving Culture or Project Stakeholders that are 

barriers to the broader adoption of modular construction in Canada?      

             

          

16) Are there any other factors related to Corporate or Strategic Business needs that are barriers 

to the broader adoption of modular construction in Canada?       

             

          

17) Are there any other Technological Characteristics or issues that are barriers to the broader 

adoption of modular construction in Canada?         

             

          

18) Can you think of any Internal Company Capabilities, or lack thereof, that are barriers to the 

broader adoption of modular construction in Canada?        

             

          

19) Are there any factors in the External Environment or marketplace that you think are barriers 

to the broader adoption of modular construction in Canada?       
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20) Do you wish to receive a copy of the compiled results of the survey?  Y / N 

21) If ‘Y’, please supply your e-mail address here:        
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Appendix B – Recommendations To Advance The Adoption Of Modular Construction In 

Canada 

Some of the solutions recommended in this thesis (see Table B1) are already in use by 

successful modular companies in the construction industry. To fully realize the benefits of 

modular construction, companies must stop viewing it as a building methodology and embrace 

the fact that modular is a production process and, as with air conditioners, cars, airplanes and 

every other manufactured product, production goes hand-in-hand with stringent quality control.  

In addition, development and provision of appropriate training and education, in all facets of the 

industry (e.g., companies, clients, government), is required to overcome the barriers to the 

broader adoption of modular in the Canadian construction industry. 

The recommendations provided were developed based on the information compiled in the 

literature review, the responses provided by participants in this survey, and personal professional 

expertise. 
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Table B1. Recommendations and desired outcomes to address the barriers identified by survey respondents to the adoption of modular 
in the construction industry in Western Canada. 

Factor influencing the 

diffusion of innovation 

in construction1 

Barriers to the adoption of 

modular identified in the 

literature and re-iterated by 

survey respondents Recommendations Desired Outcomes 

Culture/Project 
Stakeholder Issues 

Perception of poor quality • Implement stringent quality control 
procedures 

• Invest in marketing successes – 
oilfield services, classrooms, quick-
service restaurants  

• Emphasize process and successes 
both locally and globally through 
education opportunities for students 
entering the industry 

• Examine and present the 
environmental benefits of modular 
construction 

• Develop and cultivate a 
new reputation for 
permanent modular 
structures 

Corporate/ Strategic 
Needs 

Traditional construction financing 
 

• Move away from “Big 5” banks and 
work with alternatives that may offer 
more flexible financing options (e.g., 
BDC) 

• Partner with quality surveyors who 
can provide feedback on schedule and 
adherence to specifications to manage 
site exposure and risk     

• Develop and cultivate 
relationships between 
modular companies and 
alternative financers 

Technological 
Characteristics 

-- 2 -- -- 
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Table B1 cont’d. Recommendations and desired outcomes to address the barriers identified by survey respondents to the adoption of 
modular in the construction industry in Western Canada 

Factor influencing the 

diffusion of innovation 

in construction1 

Barriers to the adoption of 

modular identified in the 

literature and re-iterated by 

survey respondents Recommendations Desired Outcomes 

Internal Company 
Capabilities 

Lack of mechanization in the 
production process 
 

• Adopt a production mindset 
(scheduling, costing, productivity 
tracking) 

• Implement strict quality control 
procedures 

• Increased volumes and 
productivity realized by 
a production process 
will allow modular 
companies to see a 
return on the capital 
investment required to 
properly mechanize 
their plants 

External Environment Architects unfamiliar with modular 
design 
 
Engineers unfamiliar with modular 
design 
 
General contractors unfamiliar with 
modular construction/assembly 
 
Transportation limitations 
 

• Increase awareness of modular 
construction in the new generation of 
specialists being trained today (via 
guest lectures and talks) 

• Internalize architects and engineers 

• Provide training specializing in 
designing for their unique 
manufacturing requirements 

• Create internal site servicing and 
installation teams, resulting in 
internal general contracting capability 

• Invest in trucks and trailers to ensure 
timely, coordinated deliveries of the 
modular units to the construction site 
for final assembly 

• Increased demand for 
modular-specific 
educational courses and 
programs 

• Experience in modular-
specific design and 
execution for architects 
and engineers 

• Greater control of the 
production process 
resulting in fewer 
scheduling delays 

1Adapted from the five-factor model of diffusion of innovation in construction (Wafai, 2016). 

2 The focus of this research was to examine non-engineering barriers to the adoption of modular construction.  Technological barriers to the adoption of modular 
construction have been largely addressed (Schoenborn, 2012). 
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