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Abstract

Purpose — Design issues are one of the factors contributing to waste production in the Ghanaian construction
industry (GCI). Design for adaptability (DfA) is a construction approach that provides buildings with adaptive
capabilities during the design phase. It facilitates easy modification, with no or limited demolition, waste
reduction, sustainable construction and circularity. However, as to whether design professionals operating in the
GCI are aware of this concept and its benefits and whether they consider some of its practices in the designs they
produce are something that is yet to be ascertained. Therefore, this study aims to investigate the awareness and
engagement of DfA practices among design professionals in the GCI.

Design/methodology/approach — The study adopted a quantitative research approach to retrieve responses
from 236 design professionals (i.e. architects and civil/structural engineers) via survey questionnaires. The
data retrieved from the respondents were analyzed using both descriptive and inferential statistical tests.
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JRPC Findings — The findings revealed that the design professionals were moderately aware of the concept of DfA.

21 Notwithstanding this moderate level of awareness, the design professionals’ frequency of engagement in DfA

’ practices was high, and factors such as profession, experience and type of firms they worked in, among others,
did not influence their level of engagement in DfA practices.

Originality/value — This study pioneers research on DfA implementation in the GCI. It highlights design

professionals’ awareness and engagement in adaptability practices, thereby revealing gaps in knowledge,

encouraging sustainable design and promoting resilience in architecture, which could ultimately contribute to
86 a future-proofing built environment in Ghana.

Keywords Design for adaptability, Adaptable buildings, Sustainable construction,
Design professionals, Construction industry, Ghana

Paper type Research paper

1. Introduction

In recent years, awareness of the environmental impact of construction activities has
increased globally. One of the key environmental issues widely discussed among studies in
the construction industry is wastage of all types (Frempong-Jnr et al., 2023; Agyekum et al.,
2024). According to Agyekum et al. (2022), the building industry uses 40% of materials and
32% of energy consumption and generates approximately 35% of global waste products. The
continued construction, endless demolition and frequent disposal of building projects are the
fundamental sources of waste (Celadyn, 2019), which also contributes approximately 11% to
global carbon emissions (Zhao et al., 2023). Construction and demolition waste is influenced
by the growing need for housing and municipal expansion (Negash et al., 2021). An increase
in housing and municipal expansion means increased wastage. Various researchers have
called for the need to control these wastages. The adaptive reuse of buildings in line with the
ideas of circular economy principles has been accepted as a sustainable practice capable of
dealing with this menace (Foster, 2020; Hamida et al., 2023; Watt et al., 2023).

Ross et al. (2016) defined adaptability as a mechanism through which the physical components
of a building can be deconstructed, refurbished, reconfigured, repurposed or expanded effortlessly.
Therefore, in providing a building with these adaptive capabilities, it is expedient that considerations
for the adaptive reuse of the building be integrated with the building design at the design stage
(Akinade et al., 2020; Askar et al., 2021). The concept of designing buildings for adaptability
highlights the end-of-life (EoL) phase of buildings such that their components can be reused (Askar
et al., 2022). Rockow et al. (2021) defined design for adaptability (DfA) as the process of designing
buildings that can be easily modified throughout the building’s lifecycle to meet the changing needs
of society. Approximately 33% of construction waste is estimated to be circumvented by design
(Munaro and Tavares, 2023); thus, DfA can reduce material usage, greenhouse gas emissions and
energy consumption through its intrinsic adaptive capabilities (Baker et al., 2017; Askar et al.,
2022). DfA also provides the best design method to enhance the preservation of building materials
and extend the service life of buildings (Celadyn, 2019).

Agyekum et al. (2024) indicated that design, procurement, material storage and operating issues
are the primary factors behind the waste of building materials in the Ghanaian construction industry
(GCI), which ultimately leads to carbon emissions. Presently, there are several barriers between
design practices and the future in which buildings are designed for a closed-loop circular economy
(Watt et al., 2023). Nonetheless, a few studies in Ghana have addressed circular design principles,
such as design for deconstruction (DfD), design for disassembly (DfDass) and design for
maintainability (DfM) (Pittri et al., 2023; Agyekum et al., 2023) which are closely related to DfA.
Design for deconstruction focuses on salvaging the components of a building at its EoL. phase for
reuse (Pittri et al., 2023), limiting this design principle to solely the EoL phase. DfM emphasizes the
integration of maintenance principles at the design stage to ensure effective and efficient building
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maintenance (Agyekum et al., 2023). However, this principle is also limited to the operational phase Journal of
of buildings. Although DfA has been accepted as a key proactive approach to sustainable Responsible
construction (Askar et al., 2022), which focuses on both the operational and EoL phases of a
building, there have been no studies in Ghana on this all-important sustainability concept. This
assertion was reiterated by Agyefi-Mensah (2013), who opined that the level to which designs in the
GCI fulfil the criteria of functionality and adaptability remains uncertain. Thus, design professionals
must anticipate and embrace future uncertainties by using adaptable design principles, while also 87
taking prudent risks (Watt et al., 2023). Notwithstanding this recommendation by Agyefi-Mensah
(2013), which also echoes the growing need for adaptable designs in response to environmental and
societal changes, most design professionals lack awareness and engagement in these practices.
Although serious, this is not surprising because no professional may want to engage in practices they
have no or limited knowledge of. Therefore, as part of the growing concern of design professionals
to engage in circular practices, this study poses the main research question, “what is the level of
awareness and engagement of design professionals in design for adaptability practices in the
Ghanaian construction industry?” From this question, the aim of the study was coined, i.e. to
investigate the awareness and engagement of DfA practices among design professionals in the GCL
To achieve this aim, two specific objectives were set as follows: (1) to determine the level of
awareness of design professionals of the concept of DfA; and (2) to determine the frequency of
engagement of design professionals in the practice of DfA.

Production and
Consumption

2. Literature review

This section reviews the literature pertinent to the theme under investigation. It is divided
into three subsections. The first subsection introduces readers to the concept of DfA. The
second and third subsections review literature on the two specific objectives, i.e. design
professionals’ awareness and engagement of DfA practices and the current state of DfA
implementation in the GCI.

2.1 The concept of design for adaptability: definition and practices

The adaptability concept is not novel since its origin can be traced to a study on “supports as an
alternative to mass housing” (Habraken, 1961). Currently, adaptability has been adopted by
various disciplines such as ecology, architecture, business, engineering, education, planning and
management (Pinder and Saker, 2013; Heidrich et al., 2017). In these disciplines, the definition
of adaptability is predicated on the ability of a system to modify changing environments to meet a
particular purpose. From a building construction perspective, Geraedts (2016) averred that a
building’s adaptive capability encompasses all the features that allow it to maintain its usefulness
by shifting needs and conditions over its entire technological history in an environmentally
responsible and financially rewarding manner. The design phase plays a critical role in
determining how buildings should be adapted, reused or demolished (Foster, 2020). According to
McFarland et al. (2021a), DfA is the deliberate design of buildings to facilitate future
modifications. Askar et al. (2022) also mentioned that DfA is a preconfigured design paradigm
embedded in the design stage of buildings in response to emerging user needs and future
demands. This suggests that materials, components, techniques, management decisions and
information channels required to facilitate the adaptability of buildings must be developed during
the design phase.

Gosling et al. (2013) proposed two alternative approaches to increase the adaptive
capability of buildings: process-based and design-based enablers. While process-based
enablers focus on management decisions, design-based decisions emphasize the design
requirements for enhancing building adaptability. Gosling et al. (2013) further proposed four
design-based enablers: layering of building elements, indeterminacy, interchangeable
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JRPC components and deconstruction design. Other studies have also identified 11 design-based
2,1 enablers to enhance design decisions related to DfA (Ross et al., 2016; Watt et al., 2023).
The DfA principles includes accurate information, reserve capacity, layering of building
components and systems, open-plan layouts, simplicity, access for assessment, commonality,
appropriate materials, mechanical connections, modularity and design for deconstruction.
These principles have briefly been expounded below.
88 Accurate information focuses on providing records of the materials, components,
systems, future modifications and adaptability plans for the building throughout its life cycle
(Anastasiades et al., 2020). With this information, designers can make well-informed
decisions during the planning stages for potential changes to the building, as well as
safeguard DfA strategies previously envisaged. The reserve capacity of a building considers
its capability to handle a potential increase in future loads, which may be due to alterations in
the load path, installation of additional mechanical equipment, changes in the building
functionality or modifications for code compliance (Ross et al., 2016). The layering of
building components and systems emphasizes the design of buildings with distinct and easily
accessible layers that can be modified independently without jeopardizing the integrity of
others (Hamida et al., 2023). Open plan layouts underscore design for flexibility within the
interior space of the building by increasing the level of openness free of structural or
mechanical obstructions to allow for easy reconfiguration (McFarland et al., 2021b).
Simplicity involves designing buildings such that their structural systems and load-transfer
mechanisms are easily understood to reduce the uncertainty that future designers might
encounter during the adaptation process (BRE Global, 2017). Access for assessment ensures
that, while designing, access points are sufficiently available to inspect, upgrade, replace or
maintain elements and components within the building to sustain their longevity (McFarland
et al., 2021a). Commonality involves designing buildings with consistent and repetitive
component details throughout the building to enhance easy replacement (Ross et al., 2016).
Using appropriate materials focuses on the use of durable and nontoxic materials within
buildings to secure their reuse capability in other building projects (Rockow et al., 2021).
Mechanical connections consider the design of buildings with elements that can be either
assembled or disassembled with ease at any point during the lifecycle of the building, such as
steel and precast concrete (Dams et al., 2021). Modularity emphasizes the use of standard
components or connection details between components in building projects (Hamida et al.,
2023). Design for deconstruction focuses on designing in a way that preserves the functional
value of elements and components so that they can be salvaged for adaptive reuse at the end
of the building life cycle (Pittri et al., 2023).

Designing for adaptability addresses several environmental, social and economic
challenges by providing sustainable and long-term design solutions to these effects. Through
DfA, the reuse of materials reduces the need for new resources and the embodied energy
associated with creating new construction components, as well as eliminating waste (Hamida
et al., 2023). By optimizing the building aspect ratio to maximize the dispersion of internal
heat and minimize heat absorption from solar radiation, DfA provides buildings with
climate-proofing capabilities to withstand continuous changes in climatic conditions (Huang
et al., 2016; Pranskiiniené and Zabulioniené, 2023) emphasized that designing to reuse
existing buildings (i.e. heritage buildings) maximizes the society’s appreciation for a
building’s cultural worth, while also reviving its historical relevance. DfA is also a viable
approach to obtain economic sustainability, especially when compared to constructing new
buildings; adaptive reuse of existing buildings allows for speedy configuration and
repurposing, saving time and resources (Hamida et al., 2023). The DfA practices identified
in the reviewed literature are summarized in Table 1.
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2.2 The awareness and engagement of design for adaptability practices Journal of
The adaptability of buildings has become a topic of increasing interest in architecture, Responsible
engineering and construction literature (Heidrich et al., 2017). Some studies have discussed
its capability to preserve heritage buildings (Mehr and Wilkinson, 2021; Arfa et al., 2022),
developed tools to assess the adaptive potential of buildings (Conejos et al., 2014; Herthogs
et al., 2019) and identified design principles to guide its actualization (Watt et al., 2023). As
user needs and demands change and environmental circumstances fluctuate as a result of 91
variables such as climate change, the ability of buildings to adapt and respond to these
changes becomes critical (Kamara et al., 2020).

To promote the implementation of adaptability in the building industry, global reports on
finding solutions to current environmental challenges have advocated an adaptive approach.
Regarding climate change-related issues, the Intergovernmental Panel on Climate Change
(IPCC, 2014) proposed that one sustainable approach to dealing with climate change is to
increase the adaptive capacity of communities, infrastructure and buildings. According to the
European Commission (2020), design for durability, adaptability and waste reduction are
methodologies that have the potential to decrease waste production, optimize material
utilization and reduce the environmental footprint of projects.

The extant literature reveals a nuanced but evolving discourse on DfA within the construction
industry, highlighting both conceptual foundations and critical implementation challenges.
Heidrich et al. (2017) provided a seminal exploration of building adaptability, delineating its
conceptual boundaries by systematically analyzing its ontological meaning, multidimensional
characteristics and fundamental architectural implications. Mlote et al. (2024) advanced the
discourse by demonstrating the complex interplay of demographical, technological and economic
drivers that underpin adaptability’s functional, environmental and socioeconomic benefits. The
study critically reveals the multifaceted nature of adaptive design beyond mere architectural
transformation. Kamara et al. (2020) importantly problematized the narrow technological
perspective, arguing that construction practitioners must critically engage with exogenous factors
such as statutory legislative changes and shifts in building ownership that precipitate architectural
adaptations. This perspective challenges traditional static design paradigms. Hamida et al. (2023)
innovatively bridged conceptual domains by integrating circularity and adaptability, establishing
sophisticated design and operational determinants that provide practitioners with a robust
framework for adaptive responsiveness in architectural environments. Vafaie et al. (2023) made
significant methodological contributions by systematically identifying ten strategic categories of
success factors for adaptive reuse strategies, particularly in heritage building regeneration. The
study offers a structured approach to navigating the complex architectural and historical
preservation landscape. Melton (2020) critically examined architects’ pivotal role in the DfA
framework, recommending strategic client engagement strategies that emphasize the
environmental and economic drawbacks of conventional demolition and reconstruction practices.
This approach represents a paradigmatic shift toward more sustainable architectural practices.
Askar et al. (2022) further advanced the field by advocating for comprehensive assessment criteria
to evaluate adaptive capabilities across diverse building typologies, thereby providing practitioners
with a rigorous methodological toolkit for adaptive design evaluation. Collectively, these scholarly
contributions underscore the emerging complexity of DfA, revealing it as a dynamic,
interdisciplinary domain that transcends traditional architectural conceptualizations.

In Europe, Asia, North America and Australia, the awareness of designing and constructing
adaptable buildings continues to increase, with the retrofitting and repurposing of existing
buildings for residential and commercial purposes (Pinder and Saker, 2013; Aigwi et al., 2022;
Tleuken et al., 2022). Nonetheless, within Africa, countries continue to struggle to deliver
resilient (adaptable) infrastructure (e.g. buildings) within urban and rural communities

Production and
Consumption
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JRPC (Chirisa et al., 2016). Although DfA practices and principles have been initiated, challenges remain
21 regarding their engagement levels. Askar et al. (2022) averred that the limited availability of
g practical guidelines and design support tools that enable performance assessment and simulation of
the added value of DfA practices throughout the lifecycle of a building presents a challenge to its
practicality. The study also mentioned a lack of supportive legislation to address its adoption.
Despite the importance of designing for adaptability in buildings, it has yet to become a staple

92 priority for clients and construction professionals (e.g. architects and engineers) (Melton, 2020).

2.3 The current state of design for adaptability implementation in the Ghanaian
construction industry

DfA is regarded as one of the sustainable design practices in literature due to its potential to
conserve resources through its adaptive reuse capabilities (Rockow et al., 2021; Askar et al.,
2022; Watt et al., 2023). Within the Ghanaian construction context, numerous studies have
advocated the adoption of sustainable design practices in the construction industry to address
its environmental impact (Atombo et al., 2015; Pittri et al., 2024) Asman et al. (2019)
examined the critical components that influence sustainable design practices in Ghana and
stated that waste reduction, reuse and recyclability principles are among the major factors
that ensure environmental preservation. Asare et al. (2020) also explored the application of
building information modeling-lifecycle assessment (BIM-LCA) integration to provide
sustainable design solutions based on simulations that considered the carbon effects of the
design solution. Concerning concepts of adaptable buildings in Ghana, Oppong and
Masahudu (2014) investigated the challenges of managing the adaptation and retrofit of
existing buildings in Ghana to facilitate effective project management solutions in the future.
Koranteng et al. (2019) evaluated the functional efficiency of the spatial configuration of
apartment buildings in Ghana. However, few studies have discussed the implementation of
DfA practices in the GCI. Agyefi-Mensah (2013) explored the functionality and adaptability
of design solutions for public apartments in Ghana. The study held that design professionals
need to focus on the future use of buildings, not just on the current activity of users. Kotei-
Martin et al. (2025) also examined the challenges to the implementation of DfA practices
among design professionals in Ghana. Some of the challenges included the lack of
collaboration between design professionals and other construction stakeholders on realizing
adaptable buildings and the lack of education and training on DfA practices, among others.

2.4 The identified gap

From the review of the related literature, it is evident that there exists a gap in the literature
when it comes to DfA. This gap lies in the limited understanding of how design professionals
perceive and implement adaptability practices. There is also very limited information on
professionals’ awareness of DfA and DfA knowledge transfer, among others. As a starter,
this study focuses on investigating design professionals’ awareness and frequency of
engagement in DfA practices. This is because understanding the level of awareness of design
professionals of DfA can highlight opportunities to enhance sustainable practices.
Ascertaining their level of engagement in DfA practices provides an avenue to identify gaps
in knowledge and skills among the professionals that can inform the development of targeted
educational programs to promote the adoption of DfA strategies in the construction industry.

3. Research methodology

3.1 Research approach and strategy

This study sought to investigate the awareness and engagement of DfA practices among design
professionals in the GCI. To achieve this aim, two specific objectives were set as follows: (1) to
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determine the level of awareness of design professionals of the concept of DfA; and (2) to Journal of
determine the frequency of engagement of design professionals in the practice of DfA. While any Responsible
study could adopt any methodological approach, each method is suited to specific types of
research questions and their stated objectives (Newhart and Patten, 2023). A quantitative
research approach was deemed suitable for this study because of the two research questions that
guided the study, i.e. (1) What is the level of awareness of design professionals of the concept of
DfA? and (2) What is the frequency of engagement of design professionals in the practice of 93
DfA? According to Creswell (2009), quantitative research normally asks the questions “what,”
“how many” and “how much.” From the research questions that guided this study, it was obvious
that the quantitative research approach was suitable. This approach allows the collection of
quantifiable measures of variables and inferences to be drawn from the population (Queir6s
et al., 2017). According to Bryman (2016), if a study seeks to determine the differences between
various variables using numerical data and statistical means of analysis, the quantitative research
method is the most appropriate. Since the awareness and frequency of engagement of DfA
principles were to be assessed among a large population (i.e. design professionals), it was
expedient to adopt the quantitative approach to retrieve numerical data to be able to generalize
findings using statistical techniques from a sample to the larger population (Kotei-Martin et al.,
2025). The strategy that works best with the quantitative research approach adopted for this study
is the survey strategy (Newhart and Patten, 2023). The survey strategy was suitable because it
allowed the gathering of quantitative data from a broad range of design professionals, thereby
facilitating the identification of trends and patterns in the level of awareness and frequency of
engagement.

Production and
Consumption

3.2 Survey design and administration

3.2.1 Questionnaire design and validation. This study used questionnaires to gather
numerical data to obtain generalized findings about the awareness and frequency of engaging in
DfA practices among design professionals in Ghana. Roopa and Rani (2012) indicated that
questionnaires are the most effective when it comes to the structured collection of quantitative
data, guaranteeing that the acquired results are internally consistent and coherent. The
questionnaire for this study was developed by adapting the variables identified from related
literature reviewed on the topic (see Table 1). The content of questionnaires can be either open-
or closed-ended. Closed-ended questions were used in this study. This was premised on Sreejesh
et al. (2014), who opined that closed-ended questions allow the researcher to seek the opinions of
respondents based on a predefined set of variables. The questionnaire was divided into three
parts. The first part contained questions that sought the demographic background of the
respondents, including their occupation, the type of firm they work in, years of experience and
their professional background in the GCIL The second part of the questionnaire required
respondents to indicate their level of awareness of the concept of DfA based on their familiarity
with the DfA concept, whether they had any formal education or professional training in DfA,
and their willingness to participate in a DfA training program. The questions in the second part
required a “yes” or “no” response. In the third part, respondents were asked to rate their
frequency of engagement in 20 DfA practices on a five-point Likert scale (1 = never, 2 = rarely,
3 = sometimes, 4 = often and 5 = always). The five-point Likert scale is well adopted in studies
focused on various concepts in the construction industry (Manu et al., 2021; Pittri et al., 2023). A
sample of the questionnaire is shown in Appendix 2.

Before the questionnaire was administered, its validity had to be determined through piloting.
Tsang et al. (2017) indicated that the assessment of a questionnaire’s validity involves examining
whether it accurately measures the desired constructs. A two-step pilot process was conducted
before data collection to ensure the validity of the questionnaire used in this study. In the first step,
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JRPC a draft questionnaire was piloted among four academic professors; two had an architectural
2,1 background and the other two were experts in the structural system of buildings. This group was
asked to determine whether: the questions were easy to interpret and understand, the questions did
not omit other important DfA practices and strategies for implementation and the questions could
be adapted for future studies/references. Upon their approval, the second piloting stage was
conducted among six design professionals in the GCI with experience in designing adaptable
94 buildings. During the piloting process, the respondents were asked to determine: whether there
was clarity in the instructions of the questionnaire, whether the average time involved in
answering the questionnaire was okay and the suitability of the overall flow of questions. As there
are no absolute rules to guide the determination of a sample size for validating a questionnaire
(Tsang et al., 2017), this study selected 10 respondents for the process. It is, therefore, expedient
to note that after a few clarifications on the content of the questionnaire during the piloting stage,
it was approved for further administration.

3.2.2 Survey administration. The study population consisted of design professionals
(Architects and Civil/Structural Engineers) who were either self-employed or working with
consultancy, construction or engineering firms in the GCI. These professionals were deemed
fit for this study because they are responsible for providing optimum design solutions as part
of the traditional procurement process for construction projects in Ghana. However,
determining the population of design professionals (i.e. Architects and Civil/Structural
Engineers) is challenging despite the existence of recognized professional bodies in Ghana
(Botchway et al., 2023; Amudjie et al., 2023). Therefore, two nonprobability sampling
techniques were used in this study (i.e. purposive and snowball sampling). Chronologically,
this study purposively identified the potential respondents from the professional bodies they
belong to (i.e. Ghana Institute of Architects [GIA], Ghana Institution of Engineers [GhIE]
and Institution of Engineering and Technology Ghana [TET]). Snowball sampling was then
used to recruit additional participants for this study through referrals from design
professionals who shared similar attributes with the target population. These sampling
techniques enabled the researchers to retrieve 236 valid responses. This sample size was
deemed appropriate since researchers reached saturation with the 236th respondent.
Moreover, this approach has been used by Kotei-Martin et al. (2025) and is considered viable
and reliable in achieving the aim of their study.

3.3 Analyses of data

The data collected for this study were fed into Microsoft Excel for preliminary inspection to
ensure the completeness of all responses. After confirming the completeness of the retrieved
data, the data were transferred into the Statistical Package for Social Science software
version 26 for analysis and results. Descriptive analysis (i.e. frequencies, mean score ranking
and standard deviations) coupled with inferential analysis (i.e. one-sample t-test,
independent sample t-test and one-way analysis of variance [ANOVA]) were used to analyze
the data. Before t-tests are used, normality tests are conducted since they fall under
parametric tests (Gerald, 2018). However, the normality tests are overlooked for robust
analyses such as the ANOVA and t-tests since they assume that the samples drawn from the
population were normally distributed (Kwak and Park, 2019; Agyekum and Amudjie, 2024).
Moreover, data related to the demographic background of the respondents were analyzed
using frequencies. To determine the engagement levels of respondents regarding the 20 DfA
practices, the one-sample t-test, independent sample t-test and one-way ANOVA were used.
The reasons for using these parametric tests are provided in Section 4.
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4. Results and discussion Journal of
4.1 Demographic background of respondents Responsible
The demographic information of the design professionals targeted for this study revealed that
out of the 236 responses retrieved, 105 (44.5%) respondents were architects and 131 (55.5%)
were Civil/Structural Engineers. Of the respondents, 126 (53.4%) worked in consultancy
firms, 52 (22.0%) in construction firms, 31 (13.1%) in engineering firms and 27 (11.4%) in
freelancing firms. Considering the working experience of respondents, 55 (23.3%) had 95
between 1 and 5 years of experience, 76 (32.2%) had 6-10 years of experience, 21 (8.9%)
had between 11 and 15years of experience, 41 (17.4%) had between 16 and 20 years of
experience and 43 (18.2%) had over 20years of experience. In addition, 88 (37.3%)
respondents were members of the GIA, 139 (58.9%) were members of the GhIE and 9
(3.8%) were members of the IET Ghana (Ghana) (see Appendix 1 for a tabular presentation).

Production and
Consumption

4.2 Objective 1: Awareness level of design professionals of design for adaptability

The first objective sought to determine the design professionals’ level of awareness of the
concept of DfA. The results of this objective are shown in Table 2. Of the 236 respondents,
140 (59.3%) were aware of the DfA concept prior to the survey and 96 (40.7%) were not
aware of the DfA concept. This shows that a moderate number of design professionals in the
GCI are aware of the DfA concept. However, regarding whether they had any formal
education on the DfA concept, only 73 (30.9%) respondents had received formal education
on DfA or related lessons. Concerning professional training on DfA, 180 (76.3%)
respondents had no professional training on DfA. Nonetheless, the majority of respondents
(231, 97.9%) were willing to participate in professional development training on the concept

Table 2. Summary of awareness level of design professionals of DfA

Demographic Frequency %

Awareness of DfA concept

Yes 140 59.3
No 96 40.7
Total 236 100
Formal education on DfA concept

Yes 73 30.9
No 163 69.1
Total 236 100
Professional development training on DfA concept

Yes 56 23.7
No 180 76.3
Total 236 100
Willingness to participate in professional development training on DfA

Yes 231 97.9
No 5 2.1
Total 236 100
Mode for professional development training

Online course/webinar 146 61.9
Face-to-face course/seminar 90 38.1
Total 236 100

Source(s): Table created by authors
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JRPC of DfA. While 61.9% of the respondents preferred such training to be conducted through an
2,1 online course/webinar, 38.1% preferred a face-to-face course/seminar.
Although a moderate level of awareness of DfA was recorded among professionals, much
awareness is still needed to drive the implementation of DfA practices in the GCI.
Granheimer et al. (2022) mentioned that design professionals play a crucial role in
developing future infrastructure, planning and design, as their services are invaluable in
96 solving carbon reduction issues. As design professionals become more aware of the
interconnection between environmental and social issues, there is a likelihood of greater
demand for flexible structures to reduce their environmental effects while meeting changing
needs (Dodo et al., 2013). According to Munaro and Tavares (2023), providing education
and training for design professionals is the key to enhancing their awareness and practice of
DfA. When designers are educated on the importance and benefits of DfA practices that
contribute to sustainable construction and circularity, the stakes concerning its application in
their design practice are higher. Furthermore, when the construction industry becomes
increasingly aware of carbon emissions (Lamptey et al., 2021), it is crucial to provide design
professionals with the necessary training on tools and techniques that enable buildings to
adapt. This ensures that optimal solutions are achieved during the design phase, leading to
waste reduction and, invariably, carbon reduction. Unfortunately, designers in GCI lack
formal education and professional training on the principles of DfA, although they are
somewhat aware of the ideology behind the concept. Therefore, increasing the awareness of
DfA practices through formal education and training among design professionals will not
only expose them to the benefits of DfA but will also imbibe in them the required
competency to facilitate adaptable designs and buildings to curb the issues of building
obsolescence and construction and demolition waste within the GCI.

4.3 Objective 2: Frequency of engagement of design for adaptability practices among
design professionals in the Ghanaian construction industry

The second objective of this study sought to determine design professionals’ frequency of
engagement in DfA practices. On a five-point Likert scale ranging from “Never” to
“Always,” the engagement levels of design professionals with 20 DfA practices were
analyzed using frequency distributions. The results in Table 3 show that more than 50% of
the respondents often or always engage in all 20 DfA practices within the GCI. The top four
DfA practices mostly considered were DP 5 (endorsing the use of durable elements in my
design specification), DP 2 (creating designs that consider the structural durability of the
building), DP 3 (outlaying the structure to have space-plan flexibility) and DP 4 (maintaining
a balance of structural durability and space-plan flexibility in my designs). This means that
design professionals in the GCI frequently engage in DfA practices. According to Pinder and
Saker (2013), construction stakeholders, including design professionals, have demonstrated
interest in building adaptability over the years. As a result, this interest may be a driving
factor for their engagement in some DfA practices.

4.3.1 One-sample t-test of engagement in design for adaptability practices. A one-
sample t-test was used to analyze the statistical significance of the 20 DfA practices and to
ascertain whether the respondents considered their mean frequencies of engagement in the
practices to be at least “often” based on a test value of 3.5 (Agyekum et al., 2022; Botchway
et al., 2023; Pittri et al., 2023; Amudjie et al., 2023). As shown in Table 4, all 20 DfA
practices had positive t-values (strength of test), indicating that their mean scores were above
the hypothesized mean (3.50). The top five ranked DfA practices were DP 5 (T-value = 13.880,
mean score [MS] = 4.28), DP 2 (T-value = 13.456, MS = 4.27), DP 3 (T-value = 12.389, MS =
4.23), DP 4 (T-value = 11.128, MS = 4.16) and DP 1 (T-value = 9.195, MS = 4.08). From the
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same table, 4 of the 20 DfA practices had p-values higher than 0.05, indicating that there was Journal of
no statistical significance in those practices. The findings show that the majority of design Responsible
professionals within the GCI frequently engage in DfA practices. This solidifies the results Production and
revealed in the frequency table (see Table 3) concerning their high level of engagement in DfA
practices. However, these findings can be attributed to the high level of awareness among
design professionals. According to Kwofie et al. (2016), the success of construction projects
depends on a strong professional knowledge base, skills and ability to make informed 99
decisions by design professionals. Therefore, if design professionals exhibit a strong level of
awareness of DfA practices, it is not surprising that they are also portraying high levels of
engagement in their projects. By contrast, there is a likelihood that those who are seldom aware
of DfA practices will not likely implement it. These findings concur with those of Pinder and
Saker (2013) and Hamida et al. (2024) in that there is an increase in the awareness level
regarding the concept of designing adaptable buildings. Kelly et al. (2011) also mentioned that
developing a deeper grasp of adaptable buildings is essential for architects who focus on
designing such buildings. Moreover, the findings challenge the assertion of Heidrich et al.
(2017) and Watt et al. (2023), which purports a lack of awareness of the DfA concept among
design professionals and other stakeholders in the construction industry.

4.3.2 Independent sample t-test for engagement in design for adaptability practices. An
independent sample t-test was used to analyze statistically significant differences in the mean
frequency of involvement among the 20 DfA practices based on the following clusters:

Consumption

Differences in the frequency of engagement of DfA practices based on the awareness
of design professionals on the DfA concept.

+ Differences in the frequency of engagement of DfA practices based on design
professionals’ formal education on DfA.

+ Differences in the frequency of engagement of DfA practices based on the
profession of the respondents.

Table 5 shows the results of the independent sample t-tests. This section of the study only
includes DfA practices that yielded statistically significant results (p <0.05 [two-tailed]).
When comparing respondents who were aware of the DfA concept to those who were not
aware, 2 out of the 20 DfA practices were shown to be statistically significant. These two
practices were DP 2 (creating designs having in mind the structural durability of the
building) and DP 16 (creating designs to ensure the possibility of vertical expansions).
Similarly, when comparing the group of respondents who had formal education on the DfA
concept to the group with no formal education on DfA, the results showed that one out of the
20 DfA practices had a significant difference (i.e. DP 16). In the last section of Table 5, the
findings revealed that only 2 out of the 20 DfA practices had a significant difference when
their engagement levels among architects were compared with those of civil/structural
engineers. These two practices include DP 10 (incorporating design measures that maintain
comfortability and a healthy indoor environment) and DP 11 (creating designs using
bioclimatic and biophilic principles). It can be inferred from the findings that the profession
of the respondents, their formal education and awareness levels of the DfA concept have
limited or no influence on their frequency of engagement in DfA practices. This means that
there might be other significant factors that drive the frequency of engagement in DfA
practices in the GCI. Some studies have suggested that the development of tools and
guidelines for DfA practices will influence its implementation among design professionals
(Heidrich et al., 2017; Askar et al., 2022).
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4.3.3 One-way analysis of variance results for the engagement levels of design for Journal of
adaptability practices. One-way ANOVA was used to determine statistically significant Responsible
differences in the mean frequency of engagement in the 20 DfA practices across the
two clusters:

Production and

Consumption
(1) Experience in respondents’ professions (categorized as 1-5 years, 6-10 years,
11-15 years, 16—20 years and over 20 years); and
(2) Type of firm respondents work with (categorized as consultancy firm, construction 101

firm, engineering firm and freelancing).

Table 6 shows a summary of the results from the one-way ANOVA tests, which included
DfA practices that yielded statistically significant results (p <0.05 [two-tailed]) only. The
one-way ANOVA test based on the respondents’ type of firm (i.e. consultancy, construction,
engineering and freelancing firms) showed that only 2 out of the 20 DfA practices had
statistically significant differences. This suggests that the respondents’ firm type does not
influence the frequency of engagement in DfA practices. Likewise, in the same table, the
findings revealed that 1 out of the 20 DfA practices were statistically different in terms of
their engagement levels based on the respondents’ years of experience (i.e. 1-5 years, 6—
10 years, 11-15 years, 1620 years and over 20 years). These findings suggest that the type of
firm respondents work in, coupled with their years of experience in their profession, does not
influence their frequency of engagement in DfA practices. In general, all the tests conducted
on the engagement levels of the DfA practices reveal that the implementation of DfA
practices does not depend on the social attributes of the design professionals (i.e. profession,
awareness level and years of experience, among others); rather, there might be some external
factors driving its implementation. Kamara et al. (2020) reveal such external factors to
include “changes in legislation,” “market forces” and “environmental conditions.”

5. Conclusion

This study investigated the awareness and engagement levels of DfA practices among design
professionals in GCI. Generally, the study concluded that design professionals in the GCI
were moderately aware of the DfA concept, although the majority of them did not have any

Table 6. Summary analyses of one-way ANOVA for engagement levels of DfA practices

Sum of Mean
S/N DfA practices squares  df square F Sig.
One-way ANOVA based on types of firm
DP4 Keeping a balance of Between groups  7.165 3 2.388 2979  0.032
structural durability and Within groups 186.034 232 0.802
space-plan flexibility in my Total 193.199 235
designs
DP5 Endorsing the use of durable Between groups  5.763 3 1.921 2.663  0.049
elements in my design Within groups 167.335 232 0.721
specification Total 173.097 235

One-way ANOVA based on years of experience
DP 19  Ensuring that components can  Between groups  16.046 4 4.011 3.187 0.014
be selectively disassembled Within groups 290.781 231 1.259
Total 306.826 235

Source(s): Table created by authors
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JRPC formal education or training of the concept. Nonetheless, enhancing awareness of the DfA
2,1 concept through formal education and training sessions is beneficial for knowledge and skill
acquisition. Design professionals also indicated a high engagement level of DfA practices in
GCI. In determining the nexus between the awareness levels of the DfA concept and its
frequency of engagement, it was concluded that the awareness of design professionals had a
limited bearing on their frequency of engagement. Additionally, other factors such as
102 profession, years of experience, type of firm they work in and formal education on the DfA
concept do not influence their engagement level of the DfA practices in the GCI.

The results of this study have theoretical and practical implications. From a theoretical
perspective, this study contributes to the limited literature on the concept of DfA and its
implementation among design professionals emphasizing the current awareness level of the
concept and the frequency of engagement of its practices. Therefore, theoretically, the study
has the potential to expand existing frameworks of design thinking and adaptability. Also, the
findings can theoretically contribute to the development of new models that integrate the
principles of adaptability into design education and practice. Practically, this study
contributes to the creation of awareness of DfA implementation among design professionals
and its potential to reduce waste and carbon emissions. It also informs design professionals
of DfA practices that can provide optimal design solutions to promote sustainable
construction in construction projects. The findings can potentially inform the development of
targeted training programs that fosters greater awareness and engagement in adaptable
design practices. Also, the findings could guide organizations to implement best practices
and strategies that prioritize resilience and sustainability and which can ultimately encourage
effective and innovative design solutions that can better respond to environmental and
societal changes. Although this study offers several benefits, it also acknowledges some
shortcomings. First, the study specifically focused on design professionals in the GCI,
namely, architects and civil/structural engineers. Other design engineers, similar to service
engineers, were excluded from this study because of the sampling techniques used (i.e.
purposive and snowball sampling). For instance, purposive sampling was based on the
researcher’s judgment of respondents deemed relevant to the study. Similarly, the referral
method of selecting respondents under snowballing may result in overrepresentation or
underrepresentation of the population. Hence, future research could be broadened to
incorporate the perspectives of additional design experts, who were not considered in this
study.
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JRPC Appendix 1

2.1
Table Al. Summary of respondents’ demographic information
Demographic information Frequency %
108 Occupation
Architect 105 44.5
Civil/ structural engineer 131 55.5
Type of firm worked in
Consultancy firm 126 53.4
Construction firm 52 22.0
Engineering firm 31 13.1
Freelance 27 11.4
Years of experience
1-5years 55 23.3
6-10 years 76 32.2
11-15 years 21 8.9
16-20 years 41 17.4
Over 20 years 43 18.2
Professional bodies
Ghana Institute of Architects (GIA) 88 37.3
Ghana Institution of engineering (GhIE) 139 58.9
Institution of Engineering and Technology, Ghana (IET Ghana) 9 3.8

Source(s): Table created by authors
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PART ONE: GENERAL BACKGROUND INFORMATION ON RESPONDENT
Please provide possible answers to the following questions by ticking () in the appropriate
boxes provided and/or filling in the blank spaces where necessary.

1. Please indicate your occupation in the Ghanaian construction industry.
[ 1 Architect
[ 1 Civil/Structural Engineer
2. Which type of firm do you work in?

[ ] Consultancy firm
[ ] Construction firm
[ ]Engineering firm
[ ] Freelance
3. Indicate the number of years you have been working within the construction industry.
[ ]1-5 years
[ 16-10 years
[ ]11-15 years
[ ]16-20 years
[ ]Over 20 years
4. Which of these professional bodies do you belong to?
[ 1 Ghana Institute of Architects (GIA)
[ ] Ghana Institution of Engineering (GhIE)
[ ] Institution of Engineering and Technology Ghana (IET Ghana)
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2,1 PART TWO: AWARENESS LEVEL OF DESIGN FOR ADAPTABILITY

Please provide possible answers to the following questions by ticking (V) in the appropriate
boxes provided and/or filling in the blank spaces where necessary.
110 1. Were you familiar with the concept of design for adaptability (DfA) prior to this survey?
[ 1Yes
[ 1No

2. Did you undertake any course on design for adaptability as part of your formal education?
[ 1Yes
[ 1No

3. Have you ever participated in any professional development training on design for
adaptability?

[ 1Yes
[ 1No

4. Are you willing to participate in any professional development training on design for
adaptability?

[ 1Yes

[ INo

5. If yes, what will be your preferred means of professional development training?
[ ] Online course/webinar

[ ] Face-to-face course/Seminar
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PART THREE:

ADAPTABILITY PRACTICES

In order to determine the design professionals’ frequency of engagement with DfA practices,
it is very important to indicate your response against the following variables/practices. Kindly
indicate your level of engagement per experience using the following Likert scale. 1 — Never;
2 — Rarely; 3 —Sometimes; 4 — Often; 5 — Always. Please answer by ticking (\/) in the space

FREQUENCY OF ENGAGEMENT OF DESIGN FOR

Journal of
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11

provided.

SN | DESIGN FOR ADAPTABILITY (DFA) PRACTICES

1. | I design to ensure the functional resilience of buildings.

2. | I create designs having in mind the structural durability of
the building.

3. | I lay out the structure to have space-plan flexibility

4. | I keep a balance of structural durability and space-plan
flexibility in my designs

5. | I endorse the use of durable elements in my design
specification

6. | Irecommend the use of flexible connection methods
within the building

7. | I design with materials that can be easily dismantled

8. | I create a structural grid that allows for a modular
building skin

9. | I design space plans based on standard material
dimensions

10. | I incorporate design measures that maintain
comfortability and a healthy indoor environment

11. | I create designs using bioclimatic and biophilic principles

12. | I organize building layers (i.e., the site, structure, skin,
services, space plan and stuff) according to their end-of-
life span in my designs

13. | I design to ensure that building service systems are
separated

14. | I recommend the use of recyclable materials in my design
specifications

15. | I endorse the reuse of materials in my designs

16. | I create designs to ensure the possibility of vertical
expansions

17. | I use building elements that can be reassembled in my
design

18. | I design having in mind a deconstruction plan

19. | I ensure that components can be selectively disassembled

20. | I create designs that preserve the heritage of buildings
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