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1. INTRODUCTION

The Fourth Industrial Revolution (4IR) has ushered in a new era of technological and digital advancements.
These advancements have become increasingly relevant for researchers and scholars who strive to enhance
innovation and performance in order to gain a competitive edge [1], [2]. As globalisation and the emergence
of new technologies intensify competition at an unprecedented rate [3], they amplify the external pressures
that are placed on our environment [4], [5]. In response to these challenges, emphasis is being placed on
sustainable methods of value creation, with many industries investigating so-called green solutions [6]. This
shift highlights the increasing importance of environmental and social objectives and economic
considerations as companies set long-term targets [7], [8]. More than half of all raw materials extracted
globally are used in construction, leading to 30%-45% of all carbon dioxide-related emissions [9], [10], [11].
Around the world, authorities are enacting and enforcing regulations to promote sustainable construction
practices [12], and it is widely recognised that, as a matter of urgency, the construction industry must
develop strategies to limit its emissions output [13]. An effective strategy for mitigating embodied
emissions is through interventions at the material level, whether through material efficiency or material
substitution [10]. One such approach is the return to traditional and environmentally friendly wood-based
construction [14].

The effects of reintroducing timber back into the construction industry offer substantial potential to
advance sustainability and to contribute positively to sustainable construction [15]. Wood’s inherent ability
to absorb and store carbon dioxide during its natural growth, and to continue to store this carbon after
being processed until it decomposes, contributes significantly to reducing emissions [16]. Although
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additional resources are required to process wood, it remains largely renewable and is thus a sustainable
alternative to competing materials, which require considerable mining [17]. Moreover, wood-based
construction can lead to a net reduction in emissions, as the carbon absorbed during the material’s lifecycle
often exceeds the emissions generated from construction, operation, and eventual disposal [18]. Innovative
developments in wood technologies have led to the development of composite materials that are commonly
referred to as engineered wood products (EWP) and engineered wood systems (EWS) [10], [19]. However,
despite significant consensus on the need for sustainability and the well-documented benefits of using EWP
in construction [20], [21], their adoption in the construction industry remains limited [22].

Transforming the construction sector to prioritise environmental and social sustainability, as well as
resilience, ultimately depends on changes in human behaviour in processes, business models, and decision-
making [9]. Engineering managers and industrial engineers are key stakeholders in this process [23], and
can be either enablers of or barriers to innovation [24]. Several studies have already identified the slow
adoption of key industrial engineering principles such as lean methods [25], value management [26],
robotics and automation [27], radio frequency identification [28], and the like in the construction industry
[29]. Just as with EWP, while these principles have been validated, their adoption in the construction
industry has been largely uncertain, necessitating strategies to explore increased uptake and
implementation. One way to improve the development and implementation of innovation in organisations
is to use conceptual frameworks as a foundation for stakeholder involvement [30]. They help stakeholders
to structure problems, define solutions, and design effective strategies for implementing innovation while
considering various constraints [31]. In this vein, this study proposes a conceptual framework that provides
comprehensive insight into how human behavioural factors influence the intention to use timber and EWP
in the construction industry.

There have been only a few previous attempts to develop a conceptual framework for timber adoption in
the construction industry. Barrane [32] extended the unified theory of acceptance and use of technology
(UTAUT) framework by including resistance to change and limited availability as independent variables that
have an impact on the intention to use timber in non-residential construction, while Hassan [33] combined
the theory of planned behaviour (TPB) and the diffusion of innovation theory (DOI) to develop a conceptual
framework for the adoption of EWP in the construction industry. These suggest that researchers are
beginning to tackle conceptually the challenge of timber adoption in the construction industry. This study
undertakes a systematic literature review (SLR) of both the TPB and the UTAUT frameworks, identifying
and integrating insights from both theories to provide a holistic understanding of the key factors that
influence decision-making. This study contributes to ongoing research that investigates the factors that
inhibit the adoption of sustainable innovations in the construction industry.

2.  MATERIALS AND METHODS

When conducted correctly and with minimal error, an SLR produces reliable insights that may help
researchers to take appropriate action [34]. A key approach to achieving accurate results involves adhering
to a pre-defined protocol that addresses a specific question: this avoids the introduction of bias, as the
protocol ensures that all critical decisions have been made before any results are revealed and that
unambiguous and systematic procedures have been used [34], [35], [36]. For this study, the chosen SLR
approach used the updated and most recent preferred reporting items for systematic reviews and meta-
analyses (PRISMA) 2020 statement [37], combined with the protocol-search-appraisal-synthesis-analysis-
report (PSALSAR) methodology [34]. This methodology defines the research scope, develops the search
string and chooses the databases, defines the inclusion, exclusion, and quality assessment criteria, extracts
and categorises the retrieved data, analyses the data, and reports the conclusions. The aim of undertaking
the SLR following these guidelines is to identify and appraise critically all relevant primary research, both
published and unpublished, in different regions and languages; to consolidate systematically the findings;
and to map the key concepts that underpin the proposed research question [35], [38].

In keeping with the PSALSAR framework, the research question was conceived as:

Which key human behavioural factors affect the intention to adopt timber and EWP in the
construction industry?

Following the definition of the research question, the Web of Science (WoS) database was preferred for the
literature search, given that it is one of the oldest and most expansive databases [39]. It is also relevant
for SLRs, as it provides access to specialised and multidisciplinary subject indexes using a similar data
structure, search system, and navigation setup, allowing for a detailed search of various resources [39].
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Search phrases were crafted to encompass key concepts that underpin the focus of this SLR, and were used
in conjunction with a combination of “AND” and “OR” Boolean operators to search on WoS. The truncation
symbol (*) was also used to account for variations in word endings. When searching the WoS database, the
topic search function (TS) was used interchangeably with the topic function (TI) to locate relevant
publications. Before conducting the actual review research, a pilot search was conducted to refine search
keywords that ensured that the targeted study objectives were covered [34]. Some of the targeted search
phrases used for publication retrieval following this pilot search are outlined in Table 1.

Table 1: Search phrases used in the WoS database for publication retrieval

Search phrase

TS=(“timber adoption” OR “timber construction” OR “wood construction” OR “EWP*” OR “sustainable
timber” OR “engineered wood product*”) AND ("Theory of Planned Behaviour*" OR "TPB*" OR "behavioural
intention*" OR "attitude towards behaviour")

TS=("timber adoption” OR "timber construction” OR "wood construction” OR “EWP*” OR “sustainable
timber” OR “engineered wood product*”) AND (“Unified Theory of Acceptance and Use of Technology”
OR “UTAUT” OR “technology acceptance model” OR “user acceptance”)

TS=(“timber adoption” OR “wood construction” OR “EWP*” OR “sustainable timber” OR “engineered
wood product*”) AND (“sustainable construction” OR “green building*” OR “eco-friendly construction
practice*”)

AU=(Ajzen Icek) AND TS=(“Theory of Planned Behaviour” OR “TPB” OR “Theory of Planned Behaviour”)

AU=(Venkatesh Viswanath) AND TS=(“Unified Theory of Acceptance and Use of Technology” OR “UTAUT”
OR “Unified Theory of Acceptance and Use of Tech”)

Following the search, identified research publications were refined and discarded where deemed necessary
by considering the inclusion and exclusion criteria stipulated in Table 2. No limitation was imposed on a
specific time or date of publication, given the limited number of publications that were noted from the
initial pilot search. However, the review prioritised findings that were relevant to and current in modern-
day society and operations.

Table 2: SLR inclusion and exclusion criteria

Criteria Decision

When the predefined keywords exist as a whole or at least in the title, keywords, or Inclusion
abstract section of the publication.

The publication is published in a scientific peer-reviewed journal. Inclusion
The publication is written in the English language. Inclusion
The publication presents evidence on complimentary / conflicting studies. Inclusion
Publications that are duplicated in the search documents. Exclusion
Publications that are not accessible (i.e., not available electronically). Exclusion

Information gathered from books, book chapters, and other materials of a similar Exclusion
nature (grey literature).

The screening involved a two-stage selection process. The first step was to review titles, abstracts, and
keywords to identify potentially relevant studies. The second step was an in-depth full-text review of
publications that passed the initial screening but that did not either clearly satisfy or fail the eligibility
criteria. Once screened, the selected articles that adhered to the stipulated criteria, that demonstrated
clear relevance to the research topic, and that aligned with the objectives of this study were retrieved. In
addition to these selected articles, the references cited in them were reviewed to identify potential
additional sources. It should be noted that the search terms were not intended to be exhaustive or
conclusive, but rather were used to provide access to a large pool of relevant studies. The screening of
data from the SLR was visualised using a PRISMA flow diagramas shown in Figure 1. A total of 361 papers
were identified when searching the WoS database using the various combinations of search strings outlined
in Table 1. However, following the initial high-level review of titles, abstracts, and keywords to identify
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studies that were relevant to the research question at hand, this was reduced to a total of 116 papers.
Following the in-depth full-text review of publications that passed the initial screening against the chosen
criteria, a total of 48 articles were eventually selected for this study.

Number of publications
identified in WoS database:
(n =361)

'

Publications identified to
satisfy criterion 1:
(n =166)

A

Publications identified to
satisfy criterion 2:
(n =110)

\ 4

Number of publications
discarded:
(n = 245)

Publications identified to
satisfy criterion 3:
(n=110)

A 4

Number of publications
discarded:
(n=6)

A 4

Publications identified to
satisfy criterion 4:
(n = 84)

\ 4

\ 4

Number of publications
discarded:
(n=0)

\ 4

Publications identified to
satisfy criteria 5 & 6:
(n =54)

Number of publications
discarded:
(n = 26)

\ 4

Publications identified to
satisfy criterion 7:
(n = 48)

A 4

Number of publications
discarded:
(n =30)

A

Total number of publications
to be included in SLR:
(n = 48)

\ 4

Number of publications
discarded:
(n=6)

Total number of publications
to be excluded from SLR:
(n =313)

Figure 1: PRISMA flow diagram of determination of papers to be included in the SLR

Analysis of the selected articles used predefined ‘codes’ that focused on identifying thematic and
conceptual similarities, and categorised the studies under key themes such as the TPB, UTAUT, or barriers
to and enablers of timber adoption. For this analysis, the web-based research tool Elicit Al was used to
extract and analyse relevant information and data from the articles. Matrices for authors and for concepts
were created, facilitating efficient data collation and the identification of patterns, trends, and
relationships in the extracted data.
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3. THEORETICAL FOUNDATION

Innovation in the construction industry is the process of developing, distributing, and applying technologies
and knowledge to improve productivity or to meet customer requirements, whether through new or
improved products, processes, or services [40]. The underlying notion of innovation is about value creation
and continuous improvement. However, the construction industry is known to be conservative, relying on
established, conventional skills and processes [14]. Many studies have focused on sustainable construction,
primarily considering three key facets: sustainability, sustainability performance, and sustainability-related
technological difficulties. However, little emphasis has been placed on the social dimension of human
behaviour, such as the behavioural factors that influence the adoption of timber and EWP in the
construction industry [41]. This lack of attention to the social dimension is paradoxical, given that the
decisions to implement sustainable construction techniques and practices are ultimately made by
individuals and are influenced by factors that have been largely overlooked in the main body of the
sustainable construction literature [42]. Several theoretical frameworks, such as the diffusion of
innovations (DOI) [43], the motivational model (MM) [44], and the value-belief-norm (VBN) theory [45],
explore the factors that influence human behaviour towards adoption in various contexts. This study,
however, is focused on TPB and UTAUT, and contributes to the literature by developing a conceptual
framework for understanding timber adoption in the construction industry by combining elements from TPB
and UTAUT.

3.1. Theory of planned behaviour

The origins of TPB stem from an earlier theorem by Ajzen and Fishbein [46], the theory of reasoned action
(TRA). TRA proposed that human behaviour was primarily governed by two key constructs: attitude towards
behaviour and subjective norms. TRA was developed to predict intentions to take reasoned action in
ordinary situations, making it effective in explaining the psychological and cognitive processes used to
comprehend contextual decision-making, while its core principle concerned the consumer’s or individual’s
intention to engage in a particular behaviour [47]. However, TRA focused solely on behaviours that an
individual could control voluntarily, but failed to address whether they had the necessary resources or
opportunities to act on those behaviours [48]. This understanding - that acknowledging non-volitional
control factors could improve the theory’s predictive capability - led to Ajzen’s extension of TRA into what
is now commonly known as TPB [49]. Ajzen extended TRA by introducing a third construct - perceived
behavioural control - to account for instances beyond an individual’s voluntary control [50]. Factors that
may have an impact on a person’s perceived behavioural control include their confidence or ability to
perform a behaviour, or their access to the resources needed to perform an action [51], [52]. According to
[46], the three constructs of TPB are formed through learned beliefs, observation, and personal inferences
that are based on an individual’s background and experiences. Attitudes are a direct result of the expected
consequences of engaging in a particular action; subjective norms are shaped by societal expectations; and
perceived behavioural control arises from perceptions about an individual’s ability to perform the behaviour
[51], [52]. Figure 2 illustrates TPB as proposed by Ajzen.

Behavioural Attitude

—>
beliefs towardﬁ the
behaviour
N
Vs N
N X N

ormgtlve Subjective Intention Behaviour

beliefs norms
g J
Control Perceived //v

—>

beliefs behavioural
control

Figure 2: The theory of planned behaviour. Adapted from [51]

Since TPB was proposed, it has been widely applied by researchers in studying human behaviours in various
contexts [54]. The theory can be used in environmental and sustainability research because the core
construct of TPB is the intention to perform an action. By fostering favourable attitudes toward
environmental behaviours, individuals can be influenced to take action, which is a key premise of TPB.
Based on this premise, we argue that TPB is an appropriate theory for this study [55].
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3.2. Unified theory of acceptance and use of technology

Human behaviour is a well-researched topic, and several theoretical frameworks have been proposed to
identify and understand its underlying motivations. However, the plethora of frameworks can sometimes
prove a disadvantage, as researchers may be unsure which constructs to select when investigating human
behaviour [56]. It is this difficulty that UTAUT sought to tackle. In developing UTAUT, [57] combined and
tested several elements of the TRA, the technology acceptance model (TAM), the motivational model (MM),
the theory of planned behaviour (TPB), combined TAM and TPB (C-TAM-TPB), the model of PC utilization
(MPCU), innovation diffusion theory (IDT), and social cognitive theory (SCT). Like TPB, UTAUT explores the
core constructs that are direct determinants of behavioural intention; the theory suggests that there are
four key constructs rather than the TPB’s three [57]. These four primary constructs, which have a direct
effect on behavioural intention and usage behaviour in UTAUT, are performance expectancy, effort
expectancy, social influence, and facilitating conditions. These individual determinants are further
moderated by gender, age, experience, and voluntariness of use [57]. UTAUT can serve as a construct that
affects the consumer-perceived value of new technology adoption, and enables users to share and seek
ideas, engage in diverse opinions, and make recommendations to others [58]. Despite the recognition that
no single theory offers a final and definitive model for the adoption of technology [59], [60], UTAUT is
widely accepted as the most comprehensive model for describing technology adoption [61], providing a
comprehensive framework for understanding user acceptance and the adoption of innovations [62], [63].
Figure 3 illustrates the conceptual framework of UTAUT.
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Figure 3: Unified theory of acceptance and use of technology. Adapted from [57]

According to [41], examining the presence of each construct of a theoretical framework in a real-world
environment enables the assessment of an individual’s intention to use a specific technology, ultimately
allowing for the identification of key influences on acceptance in any given context. Moreover, UTAUT has
been used in various contexts, especially in green building studies [32], [60], [62], [64]. Thus, UTAUT is
deemed an appropriate theory for this study.

4. CONCEPTUAL FRAMEWORK AND PROPOSITION DEVELOPMENT

Since its publication, UTAUT has often been blended with constructs from other theories to offer a more
robust explanation of human behaviour [65]. In a later revision of UTAUT, [66] acknowledged that several
studies have added constructs to the core constructs to predict intentions towards technology adoption,
and that researchers must continue to find ways to improve and refine existing predictive models. In
developing a conceptual framework to predict the possible adoption of timber and EWP, this study
integrated the key constructs of TPB with the established constructs of UTAUT in order to discover the
theoretical relationships between them. This integration seeks to provide a foundation that is based on
existing frameworks in order to identify perceptions that shape the adoption of timber and EWP in
construction. Figure 4 presents the conceptual framework that was developed as part of this study.
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Figure 4: Conceptual framework for the adoption of timber and EWP in the construction industry,
according to TPB and UTAUT

4.1. Attitude towards behaviour and performance expectancy

According to [51], attitude is behaviour arising from an individual’s favourable or unfavourable assessment
of performing a specific behaviour, stemming from their beliefs, which account for the consequences of
that behaviour. Similarly, [43] emphasised that the specific attitude towards an innovation has a significant
impact on its adoption in an individual’s decision-making process. On the other hand, [57] defined
performance expectancy as “the degree to which an individual believes that using the system will help him
or her to attain gains in job performance”, and regarded it as the most significant predictor of the intention
to adopt new technology, regardless of whether it is for voluntary or mandatory use. Conceptually, attitude
towards behaviour and performance expectancy are similar: both assess expected outcomes, focusing on
the perceived benefits or drawbacks of performing a specific behaviour, and ultimately influencing the
likelihood of an individual adopting a behaviour that is based on their perceived expectation or overall
attitude. This proposition is also supported in the timber adoption literature.

In one study, [67] found that Swedish architects have a positive attitude towards timber and EWP adoption,
primarily because of its beneficial environmental performance. Similarly, [53] found that the viewpoint of
Finnish civil servants about the implementation of wooden multistorey buildings included the perception
that they have positive environmental qualities. In addition to environmental attitudes, several
professionals believe that some of the other positive attributes of using timber and EWP in construction are
energy efficiency, positive technical and performance properties, construction speed, and adaptability to
industrial applications [68], [69], [70]. These professionals have also shown a willingness to use wood in the
future, and most believe that its use in construction will increase [71], [72]. Moreover, [73] argued that
end-users are often willing to use wood-based products, based on their expected performance. These
results are evidence that stakeholders’ positive attitudes towards wood-based construction and the
adoption of timber and EWP could significantly influence the future behaviour of both professionals and
end-users [74]. As a result, these two constructs have been grouped together in the proposed conceptual
framework, as they perform a similar function in the adoption decision-making process. This leads to the
first proposition.
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Proposition 1 (P1): Positive attitudes towards timber and EWP, along with the belief that using them will
improve job performance, will increase stakeholders’ intention to adopt these materials in construction.

4.2. Subjective norms and social influence

According to [51], individuals develop beliefs about what is expected of them through direct
communication, by interpreting the preferences of significant others, or by observing and drawing
conclusions from the actions of influential social figures. ‘Subjective norms’, therefore, broadly refers to
the belief that an important person or group of people approve of and support a particular behaviour [51].
Subjective norms are determined by an individual’s perception of social pressure from important referents,
based on their perceived approval or disapproval of the behaviour and the individual’s motivation to comply
with their evaluations [67]. The intention to perform a behaviour strengthens as subjective norms become
more favourable. According to [57], social influence is the extent to which a person feels that significant
others expect them to adopt and use a new system. It is the process through which individuals who are
important to a person persuade them to use, or discourage them from using, a specific application or
technology [66]. In technology acceptance, social influence has a complex role, being shaped by conditional
influences that affect individual behaviour through three mechanisms: compliance, internalisation, and
identification [75]. Notably, while the second and third mechanisms alter an individual’s belief structure
or motivations for social status, the first mechanism, compliance, specifically results in behavioural change
driven by social pressure, which is influenced further by the moderating effects of voluntary use.

Conceptually, subjective norms (TPB) and social influence (UTAUT) share similarities in that both assess
expected outcomes and emphasise the perceived social pressure or support associated with performing a
specific behaviour. In the context of timber and EWP, subjective norms have not been explicitly linked.
However, previous uses of both constructs provide an argument for a possible relationship. Professionals in
the construction industry have admitted to seeking the recommendations of colleagues about unfamiliar
products, suggesting that the influence of peers is a predictive factor in the intention to adopt new
behaviours in the construction industry [33], [67]. Similarly, [32] concluded that social influence was
significant in shaping perceptions about the suitability of wood products for construction. Furthermore,
opinion leaders - persons who have the ability to engage and influence people in a network [76] - are often
regarded as early adopters, and could help to mitigate the perceived barriers or negative perceptions
associated with timber and EWP adoption. However, the reluctance to embrace timber, and the perception
that timber adoption is complex, may stem from low self-efficacy, which increases susceptibility to social
pressures and hinders professionals from adopting innovative practices owing to concerns about their
competence and about potential peer evaluations [77], [78], [79]. This leads to the second proposition.

Proposition 2 (P2): Positive perceptions of social influence, along with the belief that important referents
support the use of timber and EWP, will increase stakeholders’ intention to adopt timber and EWP materials
in construction.

4.3. Effort expectancy

‘Effort expectancy’ is the perceived ease of use of a system, and is comparable with the concept of ease
or complexity of use in TAM, which has a significant impact on the intention to use a technology, regardless
of whether the use is voluntary or mandatory [57]. The construct is most influential during the early stages
of the technology adoption process, and, as users gain experience in using the technology, the construct
has less of an impact on their intention to use the technology [57]. This suggests that early perception of
ease of use plays a critical role in initial adoption decision-making processes; however, as time passes and
individuals become more familiar with the technology, the other three constructs of UTAUT are more
prominent in shaping continued usage intentions. According to [32], three major factors have an impact on
the adoption of timber in the construction industry. These are the perceived complexity of timber
construction processes, a lack of skilled labour in timber construction, and the scarcity of suppliers and
manufacturers. When combined, these factors contribute to the low adoption of wood products in
construction [32]. Even with the existence of various material options, construction professionals are
reluctant to try unfamiliar products and processes [80], preferring instead to use established solutions with
proven track records. The tendency to default to established materials and methods contributes to the
slow adoption of new materials [68], [69]. This leads to the third proposition.

Proposition 3 (P3): Positive perceptions of effort expectancy, characterised by the belief that timber and
EWP are easy to use and are supported by adequate resources, will positively influence stakeholder
intentions to adopt these materials in construction.
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4.4, Perceived behavioural control and facilitating conditions

‘Perceived behavioural control’ is the third construct of TPB, and is linked to an individual’s control beliefs
and the perceived presence of factors that could influence their ability to perform the behaviour [51].
When the concerning behaviour is outside the individual’s voluntary control, TPB emphasises the
importance of perceived behavioural control in predicting intent and subsequent behaviours [81].
Recognised as a fundamental element in forecasting behavioural intentions and actions, perceived
behavioural control has been widely applied in various contexts, including the adoption of green building
practices and technologies [47], [82]. In UTAUT, [57] proposed a similarity between perceived behavioural
control from TPB, facilitating conditions from C-TAM-TPB, and compatibility from IDT. As a result, the
construct ‘facilitating conditions’ was defined as “the degree to which an individual believes that an
organisational and technical infrastructure exists to support the use of the system”. In the timber adoption
context, perceived behavioural control has been described as the perception that potential adopters may
have of their ability to build with timber [68]. [68] and [83] independently used stakeholders’ perceived
control over material selection as an indicator of perceived behavioural control. Factors such as
stakeholders’ knowledge and experience with timber construction and opportunities to practice their
timber construction skills contributed to their perceived control. According to [84], stakeholder experience
significantly affects choice, ultimately suggesting that, to increase the use of EWP, architects need more
influence over the material selection process. Moreover, restrictive building regulations have been found
to limit timber and EWP adoption among stakeholders [53], [70], [85]. A general lack of awareness of the
advantages of using timber in construction is another barrier to timber and EWP adoption [86]. Similarly, a
lack of knowledge and expertise about the use of wood in construction may dissuade construction
professionals from adopting the product. In effect, if an individual feels that the facilitating conditions are
favourable, or that they have a high level of perceived behavioural control, behavioural intention and usage
behaviour are likely to increase [32]. This results in the fourth and fifth propositions.

Proposition 4 (P4): Higher levels of perceived behavioural control and positive facilitating conditions will
positively influence stakeholders’ intentions to adopt timber and EWP in construction.

Proposition 5 (P5): Favourable facilitating conditions, combined with high perceived behavioural control,
will positively and directly affect the actual usage behaviour of timber and EWP in construction.

4.5. Perceived risk and cost

The construction industry is inherently risk-averse and resistant to innovation, traditionally favouring non-
wood materials such as concrete and steel [85]. Despite the numerous advantages of timber, including its
environmental benefits, aesthetic appeal, improved living comfort, and perception as a healthy material
[15], [53], [87], perceived barriers to adoption persist. Concerns about the flammability of timber, its
acoustic abilities, its durability and resistance to moisture and decay, its stability, and other doubts about
its structural performance are just some of these perceived barriers to the use of timber in construction
[68], [74], [88], [89]. During the material decision process, these perceived barriers manifest as perceived
risks to the building project, having a further negative impact on the potential for adoption. Perceived risks
of use may manifest in financial premiums on timber construction. The perceived cost of fire prevention
facilities and maintenance costs of timber structures to ensure durability are some cost-related reasons
that hinder the adoption of timber and EWP [53], [86]. Insurance premiums may also be higher for timber
buildings than for other building types because of perceived fire risks [33]. Previous studies have observed
that price could be a sticking point in the adoption of EWP if the costs are higher than the benefits [32],
[74]. It is important, therefore, to recognise these factors in the conceptual framework for timber and EWP
adoption in the construction industry in order better to capture and predict behavioural intentions and
usage behaviour in the timber adoption decision-making process. This leads to the sixth and seventh
propositions:

Proposition 6 (P6): Positive perceptions of perceived risk and cost will positively influence stakeholders’
intention to adopt timber and EWP in construction.

Proposition 7 (P7): A low number of perceived risks and insignificant/minimal costs can directly increase
stakeholders’ intention to use timber and EWP, even when initial intentions may exist.
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4.6. Knowledge and awareness

Although knowledge and awareness could arguably be grouped under the constructs of perceived
behavioural control and facilitating conditions, studies such as [90] have shown a strong correlation
between awareness and knowledge of environmental issues and pro-environmental behaviour. This
correlation underscores the critical role that knowledge and effective communication play in encouraging
sustainable decisions such as timber and EWP adoption. Some studies have found knowledge of timber to
correlate with positive attitudes towards its adoption [83], [91]. One study argued that effective
communication about timber construction should integrate both its benefits for sustainability and its
technical aspects, such as the benefits of EWP, emphasising that eco-friendliness and high performance are
complementary, not contradictory [76]. Another study suggested that communication about the technical
properties of timber should be improved, especially since it has huge potential for the proponents of a
circular bioeconomy. Young people especially should be targeted for these kinds of promotion because of
their interest in sustainability [74], [76]. This leads to the eighth and ninth propositions.

Proposition 8 (P8): Knowledge and awareness of the benefits and capabilities of timber and EWP positively
influence stakeholders’ intention to adopt them in construction.

Proposition 9 (P9): Knowledge and awareness of the benefits and capabilities of timber and EWP can directly
drive stakeholders’ usage behaviour, increasing their adoption and use in the construction industry.

4.7. Intention to adopt timber and engineered wood products

The changes needed to transform the construction sector are ultimately changes in human behaviour [9].
Psychology and behavioural science research have proven that behavioural intention directly affects usage
behaviour, and that the latter can be predicted and explained by behavioural intention [92]. Thus, the
dependent variable of this conceptual framework is the intention to adopt timber and EWP and the
subsequent prediction of use behaviour.

5. CONCLUSION

This study provided a critical analysis, using TPB and UTAUT, of the barriers and enablers that have an
impact on the adoption of timber and EWP. In doing so, the study identified relationships between elements
of the frameworks, and developed a conceptual framework to explain the behavioural factors that influence
timber adoption in the construction industry. The framework also identified two constructs to extend TPB
and UTAUT in the context of the adoption of EWP. The framework is based on nine propositions: five from
the combined TPB and UTAUT constructs, and four from the extensions identified in this study - knowledge
and awareness, and perceived risk and cost. For engineering managers and industrial engineers who may
look to put this framework into practice, we suggest the following: demonstrate the advantages of EWP
through pilot projects to improve attitudes to timber; reduce perceived effort expectancy by providing
technical trainings for staff; and engage early adopters in the timber construction communities to share
their experiences with team members. Providing more information about the benefits of EWP could improve
their intention to use it, and also change perceptions of the risks associated with timber construction.

For academics, we recommend testing the conceptual framework to determine its predictive ability and to
validate the proposed relationships. This could be done by undertaking a longitudinal study of industries or
specific organisations that adopt timber and EWP. Furthermore, investigation of the barriers and enablers
of timber and EWP use in the construction industry would be advised, as this study is limited by the paucity
of available research that investigates these factors using a theoretical lens. It is important to remain
cognisant of the fact that other human behavioural prediction models and frameworks exist that have not
been incorporated into this study. Last, the study’s reliance on secondary data from the literature may
have introduced biases. For instance, by limiting the included studies to English-language papers and peer-
reviewed articles, insights from foreign language studies and other sources about timber adoption are not
represented in this article. This limits the ability to generalise the concepts discussed in the study.
However, beyond these limitations, the results of this research may provide valuable insights to academic
researchers who are attempting to explore the adoption of timber through a human behavioural lens, as
well as industry practitioners who are attempting to encourage the use of timber and EWP or who are trying
to adopt more green and sustainable building practices.
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