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Ghanaian Construction Industry (GCI), and how can the use of ICMs engender the sustainability of
GCI and that of similar developing countries? This paper uses bounded rationality and mixed-
method strategy to explain the ICM usage rate in the GCI, and describes measures for
improving the sustainability of the local construction industry through ICMs use. Relatively high
ICM cost and non-availability of alternatives have been found as factors largely responsible for
constrained ICMs usage. This paper is one of the first to draw on a synergy of the bounded ra-
tionality theory and empirical findings to give advanced insight into factors constraining the use
of ICMs, as well as provide a measured usage rate of local building materials using real building
projects cases. The research has carved a path for nurturing sustainable construction industry in
developing countries through indigenous resources.

1. Introduction

Indigenous Construction Material (ICM) is known as a native or vernacular material sourced within a given locality for construction
purposes [1]. According to Cunningham and Cunningham [2], ICM is any material that is locally produced and manufactured,
naturally occurring, and abundant in a country. Thus, ICMs naturally occur and/or are produced locally within a given geographical
area or country as opposed to Foreign Construction Materials (FCMs), which are imported. The world over, the use of ICMs tend to lead
to more cost-effective and sustainable buildings [3]. It is also important to note that the ‘Agenda 21 for Sustainable Construction in
Developing Countries’ (A21_SCDC) clearly advocates for the use of ICMs to achieve the larger goal of sustainable development within
the sub-Saharan region and other developing countries [4]. Beyond A21 SCDC, studies relating to sustainable/green construction in
developing countries have advanced [5]. To realize Sustainable Construction (SC), in developing countries, the use of ICMs plays key
role. Salgin et al. [1] have buttressed this assertion by arguing that indigenous buildings/architecture/construction methods bear
features that characterize present days’ green construction. Subsequently, Asman et al. [6] and Agyekum et al. [7] have emphasized
that, ICMs form critical components of sustainable buildings, and drive the green building agenda. ICMs are used for production of
building elements such as timber-framed structure, sun-dried brick walling/Adobe, and rammed earth or Atakpame walling, which
form major input for producing sustainable buildings [7]. Hence, ICMs, which are naturally more abundant and accessible, should be
promoted in any local construction industry to improve the ability of indigenes to afford built environment products in tropical African
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countries and other developing countries with similar economic conditions such as Ghana. Therefore, this research is undertaken to
improve understanding of factors influencing choices of materials for buildings, drive the green building agenda, and promote
cost-effective and sustainable buildings through the use of ICMs.

In this research, the indigenous location is Ghana. In Ghana, buildings are generally constructed with a mix of ICMs and FCMs.
The indigenous materials that are mostly used for construction in Ghana are stone, sand and timber [7-9]. Other indigenous
materials such as bamboo, thatch, laterite, and clay also exist for construction purposes [10,11] but are not widely used. FCMs
mostly used in Ghana include steel, glass, plastic, porcelain, and copper. For some FCMs, there are no ICM substitutes and so the
dependence on such FCMs is likely to continue in the Ghanaian Construction Industry (GCI). For other FCMs, there are locally
available ICMs. However, there continues to be preference for such FCMs in Ghana [12]. One of the strengths of the GCI is that
most of the indigenous materials suitable for construction purposes are in abundance [1,13]. Despite this reported ICMs abun-
dance there is heavy dependence on FCMs for building [12,14]. Similarly, Jegede and Taki [15] have reported that there is low
patronization of indigenous building materials in Nigeria. To achieve a sustainable local construction industry through sustainable
construction practices, this research empirically determines the ICM-FCM usage mix in selected cases of buildings, and identifies
measures for promoting the use of ICMs locally. Further, it is known that continued dependence on FCMs will not foster a sus-
tainable local construction industry [16]. Meanwhile, there is lack of rich data to explain how the local construction industry can
depend more on ICMs to ensure industry sustainability [17]. Therefore, the first objective of this research is to empirically
ascertain the extent of usage of ICMs vis-a-vis FCMs in buildings. The second objective is to identify factors that account for the
ICM-FCM usage mix in Ghana. The third objective is to explore how ICMs usage can be improved to sustain the local construction
industry. Cases of public buildings have been used to determine the extent of usage of ICMs. The Bounded Rationality (BR) theory
and BEPs perspectives have been integrated to explain the factors that account for ICM-FCM usage mix and how ICMs can be
improved for sustenance of the local construction industry. The paper contains the following subsequent sections: previous
research on ICMs use in Ghana; elucidations from the BR; the research methodology; data analysis, results and discussions; and
conclusion, including the way forward.

2. Literature review
2.1. Using ICMs for promotion of sustainable construction in Ghana

ICMs are important for creating sustainable buildings [7] to ensure a sustainable local construction industry. Previous works done
to promote SC in Ghana have not focussed on finding out how ICMs can be improved to sustain the GCI. For instance, Darko et al. [18]
focussed on driving forces of green building technology adoption without incorporating ICMs. Subsequently, Darko and Chan [19],
who looked at how green building technologies can be adopted in the GCI, did not clearly integrate ICMs, which is a significant
component for driving the SC agenda and ensuring sustainable construction industry. Further, understanding the factors accounting
for the current ICM-FCM usage mix in the GCI is necessary for understanding the factors that account for the low patronage of ICMs.
However, the work of Ahmad et al. [17] reveals that there is lack of empirical studies, especially qualitative studies, in previous works,
on the factors responsible for improving the use of ICMs for SC and sustainable local construction industry in Ghana. The few
quantitative studies on ICMs in Ghana are unable to provide a deeper and clear understanding of the subject. The work of Chan and
Adabre [20], which aimed at bridging the gap between sustainable housing and affordable housing, did not focus on explaining how
ICMs can boost the achievement of a sustainable GCI. In contributing to the SC agenda, Sadick et al. [21] examined the relationship
between building occupants’ productivity and indoor environmental quality. Sumanasekara and Jayasinghe [22] had shown that ICMs
are important for creating indoor environmental quality. However, the work of Sadick et al. [21] did not address the role that ICMs
play in engendering indoor environmental quality, which is an important feature of SC. Obeng-Ahenkora and Danso’s [23] work
identified the lack of indigenous technology as one of the factors influencing pricing decisions of construction materials. However,
their study did not focus on the factors that influence the pricing and choosing of ICMs as against FCMs in Ghana.

Few recent works such as Hatsu et al. [24] and Afriyie et al. [25] that have focused on indigenous materials usage in Ghana did not
aim at engendering a sustainable GCI. A content analysis of green building studies reviewed by Debrah et al. [26] shows that most of
the works done on green building adoption and financing focus on developed countries with little attention paid to promotion of the
concept in developing countries such as Ghana. This observation is confirmed in a systematic literature review of critical success
factors for promotion of green building by Chen et al. [27]. There is sufficient evidence in literature that little attention is paid to
investigating the factors that account for the current ICM-FCM usage mix in buildings, and how ICMs can be improved. This short-
coming in previous research on ICMs and FCMs impedes the discourse relating to achieving SC in developing countries. Therefore, this
research contributes to making good this identified dent in previous literature to accelerate achievement of the global sustainable
development goals.

2.2. ICMs used in Ghana

Table I shows the ICMs available for use in Ghana and their literature sources. This is to bring specificity into the kind of ICMs that
fall within the scope of this paper. Table 1 lists the building elements made up of the ICMs. The table also catalogues the alternate FCMs
that produce the respective building elements.

The review in Table 1 reveals that, from previous research works, sand, stone, timber, bamboo, thatch, laterite, and clay are the
indigenous materials useable for construction purposes. Therefore, in this paper, ICMs refer to these specific materials. Studies have
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Table 1
Specific Indigenous Construction Materials and alternate Foreign Construction Materials used in the Ghanaian Construction Industry.

Common ICMs in Ghana Building element output Alternate FCMs Previous work(s) done on ICM

Sand >Structural frame o Steel [28]
>Walling o glass, steel
>Finishes o porcelain, plastic

Rock >Structural frame o Steel [8]
>Walling o Steel, glass
>Finishes o porcelain, plastic

Timber > Structural frame o steel, glass, [7]
>Doors and windows o aluminum, glass
>Walling o steel, glass
>Roofing o aluminum,
>Finishes o porcelain, plastic, aluminum

Bamboo >Structural frame o Steel [10,29]
>Walling o steel, glass

Grass (thatch) >Roofing o Aluminum [7]

Laterite >Walling o steel, glass [13,30]
>Finishes o porcelain, plastic

Clay >Walling o steel, glass [11]
>Roofing o aluminum [7]
>Finishes o porcelain, plastic

shown that, Ghanaian slags are not suitable as clinker material for production of cement [31]. Thus, Ghana continues to rely on
imported clinker for production of cement [32]. Therefore, in this paper, cement is not an ICM.

2.3. Elucidations from the bounded rationality theory

Simon [33] carved bounded Rationality (BR) theory as a new way of modelling decision-making in economics and political science
fields. In the 21st century, BR has been applied in other non-economics disciplines such as: sports [34] and health [35]. However,
studies and research work in the construction industry have benefited little from the BR discourse. BR theory has become very useful in
explaining how economic beings make choices to meet a need. Therefore, the research leverages on this strength of BR to explain the
factors that account for ICMs-FCMs usage mix in the GCI.

In the BR discourse, the argument of Simon [33] is that the economic man can be rational in part of their actions but remain not
rational in other parts of their actions before arriving at a choice. Thus, such choices would not be the optimal. BR takes a position that
is contrary to what pertains in the mainstream economics theory, where it is assumed that individuals/economic agents are rational
and have the computational capacities for making all necessary evaluations to arrive at the optimum decision. In the eyes of BR,
criteria for making decisions vary according to these constraints: the level of the information that has been searched and obtained so far
[36]; the characteristics of the job to be performed [37]; the environmental features in which the decision maker finds themselves [38];
and the level of expertise of the decision maker, sometimes referred to as ‘Naive Allocation’ [39]. In the context of this research, the
expert is the BEP. From the position of BR, the decisions of BEPs, as economic agents, cannot be perfect.

In the complex situation of how to use ICMs judiciously to promote SC, coupled with BEPs’ limited knowledge and experience in
using ICMs, it becomes impossible to make an optimum decision, especially when faced with the presence of competing FCMs. This
falls in line with Simon’s [33] proposal that individuals do not maximize or optimize, instead they “satisfice.” Here, the implication is
that BEPs would focus on a criterion that is adequate for them to decide between ICMs and FCMs. Once an alternative fulfils that
criterion, a choice is made without conducting a full evaluation and cost-benefit analysis of all the available options. This is the point
where “satisficing” comes in Ref. [40]. In satisficing, the BEP would choose the option that is good enough and not necessarily the best
option.

Discourse on BR suggests that in making decision, economic agents adopt heuristics rather than a strict rigid set of rules that will
lead to optimized outcome [41]. The discourse further argues that such individuals apply heuristics because of the complex situation
they face. The elements that make situations complex for the individuals and limits their rationality include cognitive limitation,
information imperfection and time constraints [42]. Individuals apply heuristics to make quicker decision amidst inadequate infor-
mation. Within the context of this study, an example of where a BEP’s behaviour repressed by heuristics can be seen when contrasting a
two design scenarios. The first is a simple situation involving employing the intellectual or professional ability (cognitive strategies) in
designing multi-storey building with steel and glass (FCMs). The second is a difficult situation involving using professional ability for
designing a multi-storey building using timber (an ICM). Both design scenarios, are finite scenarios with perfect information.
Therefore, according to Bendor [43], they are equivalent. However, in the latter situation, which is more difficult or complex, Bendor
[43] argues that mental capacities and abilities become binding constraints. Therefore, the individual BEP, who is a designer/engineer,
would not be able to make optimal decisions to achieve SC. Thus, to understand the mental limits of the designer/engineer in such
complex situations, this study aims at interrogating how Ghanaian BEPs work around their cognitive limits, and what behaviours or
heuristics appear in the decision-making process to arrive at a good-enough decision. Fig. 1 summarizes the constructs of BR that form
the foundation for empirical investigation in this research.

According to Agyekum et al. [7], Ghanaian BEPs view ICMs as important for SC. However, there continues to be reliance on
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Fig. 1. Constructs of bounded rationality.

imported materials (FCMs) in the GCI [12,32]). Factors accounting for these unsustainable choices can be explained in the light of the
BR theory. The BR posits that there are cognitive limitations that prevent individuals from making decisions that will lead to the
optimal choice [44]. The cognitive system of BEPs that make the decision includes their previous knowledge or expertise they hold in
the use of ICMs. Additionally, the theory of bounded rationality states that, with the availability of some amount of information, which
may not be complete, humans can make good decisions, since it is almost impossible to analyze all available alternatives and perform
all calculations, before making a choice [45]. This can theoretically explain why most BEPs would specify FCMs for public building
projects in Ghana instead of increasing the usage level of ICMs to promote SC. Notwithstanding, empirical data is needed to find out the
information or criterion that influences FCMs and ICMs choices in the GCI. This is important and falls in line with the discourse on BR,
that, “human decisions should not be assumed a priori to follow logical, statistical or any other formal models; rather, they should be
investigated empirically” [41]. Therefore, this research integrates Ghanaian BEPs and the BR perspectives to explain what influences
the ICMs-FCMs usage mix in Ghana.

3. Research methodology

To effectively achieve the research objectives, theory and evidence-based information from humans were necessary. Thus, this
research took the social constructivists’ stance. The BR Theory is employed to complement empirical findings to explain factors
responsible for ICMs and FCMs usage rates in buildings. Applying the theory in this manner necessitated the use of the abductive
research approach [46]. Answering the research question required determination of the usage rate of ICMs in public buildings. Hence,
as applied by Brunet et al. [47] in built environment research, there was performance of document analysis on bills of quantities (BQs)
of three cases of common public building typologies. Using basic statistical descriptive analysis facilitated determination of the ICMs
usage rates for the individual building typologies and the overall average usage rate. Further, there was the need to ascertain the extent
of general knowledge of GCI practitioners on the factors that account for the ICM-FCM usage mix. This required conducting a survey on
104 practitioners using questionnaires. The respondents were sampled on the basis of purposive sampling method with the objective of
obtaining data from built environment practitioners who have not less than five years of post-qualification working experience in
designing and supervision of public building projects. Furthermore, to have deeper understanding of the constraining factors, and elicit
measures for improving ICM use towards sustaining the local construction industry, the next stage of the research covered selection of
experts through purposive sampling and snowball sampling [48] for the conduct of interviews. This led to semi-structured interviews
of 60 BEPs who are designers and engineers with not less than 10 years of post-qualification working experience. Through this third
stage of the research process, rich data were obtained from relatively more experienced BEPs. Therefore, the research applied the
mixed method strategy (triangulating qualitative method over quantitative method) [49]. This strategy allowed for leveraging on the
strengths of each method to achieve the research objectives. The thematic template analysis technique, as applied by Salvo et al. [50],
was employed to analyze the qualitative data obtained from the interviews. Fig. 2 summarizes the research design.

4. Results and discussions
4.1. Usage rate of ICMs in public buildings

Results of the document analysis gave a picture of the extent to which public buildings in Ghana consume ICMs. The three building
typologies used in the document analysis are ‘residential’, ‘educational’ and ‘health’. The residential building is a three-storey staff
flats block built in the northern part of Ghana. The educational building is a four-storey block of classrooms, laboratories, and offices
for a secondary school in the mid-northern part of Ghana. The health building is a single two-storey accident and emergency centre in
the south-eastern part of Ghana. Table 2 provides the various elemental costs, percentages and ICMs mix as specified for use in the
three public buildings.

First step of the document analysis involved extracting the elemental costs from the Bills of Quantities (BQs) to determine the
element that bears most heavily on the total construction cost of each building. The overall average elemental costs and percentages
were then subsequently obtained. Further examination of the BQs led to identification of the specific building elements constructed
with ICMs. In the document analysis results presented in Table 2, the digit ‘1’ indicates the use of an ICM for the construction of the
respective element under consideration. Insertion of the digit ‘0’ indicates the non-usage of an ICM. The symbol (‘n/a’), which means
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‘not applicable’, appears under the ‘preliminaries & general items’ and ‘external works’ building elements where it was not possible to
extract the cost of ICMs. Hence, the ‘preliminary & general items’ and ‘external works’ elemental costs did not form part of the total
construction costs used in determining the ICM usage rates for each of the building typologies. For the remaining elemental outputs,
ICMs usage rates were determined by extracting them from the hundreds of BQ items.

The result of the document analysis of the three public building typologies has provided a framework for determining the usage rate
of ICMs in a public building. This framework shows that, averagely, 14%, 30% and 12% of the total construction cost of buildings
emanate from the ‘structural frame’, ‘electrical, plumbing and mechanical installations’, and ‘finishes’ building elements, respectively.
These are the elements that bear heavily on the construction cost of the public buildings examined. The document analysis further
revealed the ICMs usage rates for each of the building typologies as well as the overall average ICMs usage rate. It was found that 25%,
36% and 26% of construction cost of the residential, educational and health building typologies emanate from use of the ICMs. Thus,
based on this framework, an average of 28% of the construction cost of public building is attributable to the use of ICMs. Invariably,
this framework provides an ICM to FCM usage rate ratio of 3:7. However, the use of three cases of public buildings to determine the
ICMs usage rate does not make the ratio generalizable but rather provides a replicable framework. Further, the ICM: FCM usage rate
ratio derived assumes that the cost estimates provided in the BQs were not erroneous. It is worthy to note these limitations.

The ICM: FCM usage ratio resulting from the analysis indicates that, in public buildings, the usage rate of ICMs is relatively low.
Although international standards do not specify the ICM: FCM ratios required for buildings in tropical African Countries such as Ghana,
the ratio determined in this study compares to previous studies by Botchway and Masoperh [12] and Osabutey et al. [14], and Okpala
[3]. In the study by Osabutey et al. [14], an interviewee made an anecdotal comment that foreign materials make up 67% of buildings
in Ghana. Further, Okpala [3] also stated that, by value, over 70% of materials used for buildings in Nigeria are imported. These
previous works were not based on specific empirical findings. However, this study has confirmed, through document analysis of three
cases of public buildings, that, 72% of that value of buildings in a tropical country such as Ghana is made up of FCMs. Further
observation of the ICMs usage trend in Table 2 shows that no ICM was used in the production of the ‘electrical, plumbing, and me-
chanical installations’ element, which is the highest cost centre among all the three building typologies studied. This is a trend that sets
back the ability of GCI to be sustainable. Therefore, it became imperative to conduct further inquiries to unearth the factors that
constrain the lower usage rate of ICMs and explain how ICMs usage rate can be improved to foster a more sustainable local industry.

The resulting ICM: FCM usage ratio is based on the specifications provided by BEPs. This is an empirical confirmation of statements
made by Acheampong et al. [51] and Obeng-Ahenkora and Danso [23]. Most BEPs are of the view that ICMs will lead to a more
sustainable construction industry [7]. However, the material specifications given by BEPs for the construction of public buildings
indicate a contrary trend. It is essential to obtain empirical data to confirm whether this behaviour of the BEPs in Ghana emanate from
the constraints related to professional inexperience, precedence, limited information, the market (client) demands constraints, or lack
of indigenous technology. Hence, subsequent stages of this paper bring clarity to this choice behaviour in the light of BR.

4.2. ICMs usage and sustainable construction in Ghana

Before the interviews, a survey was conducted to obtain general awareness level of GCI practitioners of the characteristics of ICMs
that make them useful for SC. Table 3 presents the results of the survey. Majority of the survey respondents were of the view that using
ICMs for buildings will reduce Ghana’s carbon footprint [7]. Ironically, while majority of the respondents were of the view that greater
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Framework for determining Indigenous Construction Materials usage rate in public buildings
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Table 3
Built Environment professionals views on Sustainable Construction characteristics of Indigenous Construction Materials
SC Characteristics of ICMs BE Professional’s view
Yes No Not Sure Total
(%) (%) (%) (%)
Use of ICMs will reduce Ghana’s future CO5 emissions 87.5 8.7 3.8 100.0
Use of ICMs will result in reduced capital costs 78.9 11.5 9.6 100.0
Greater capital cost is a challenge to use of ICMs 86.5 9.6 3.9 100.0
ICMs use will reduce quality of buildings 31.7 60.6 7.7 100.0
There are government regulatory and policy drive to boom ICMs use 74.0 12.5 13.5 100.0
There are governmental incentive schemes to drive ICMs use 14.4 79.8 5.8 100.0
Building designers/engineers specify ICMs for SC 17.3 69.2 13.5 100.0
Sustainable Public Procurement requirements promote ICMs use 32.7 57.7 9.6 100.0
Government collaborates with local communities to promote ICMs sourcing and production 10.6 76.9 12.5 100.0
Average percentages 48.2 42.9 8.9 100.0

capital cost is a challenge associated with the use of ICMs, there was still a wider view that using ICMs will lead to reduced capital costs.
This trend does not present a consistent view across majority of the respondents about the relation between ICMs cost and SC in
general. This opinion inconsistency is attributable to the cognitive limitation of the BEP [43] and has the potential to affect BEPs ICM
choices.

More than 75% of the respondents hold the view that there are no incentives from government, and that government does not
collaborate with other bodies to promote the use of ICMs. This indicates inadequacy in the performance of government’s role to boost
the use of ICMs for SC [52,53]. Further, the survey results show that 69% of these 104 GCI practitioners are of the view that BEPs do not
specify ICMs for use in public building projects. This confirms the document analysis results.

Obtaining the general knowledge of GCI practitioners about the relationship between SC and ICMs from the survey was not
adequate to explain the factors accounting for the determined ICM: FCM usage mix as well as how ICMs can be improved for sustenance
of the local industry. Moreover, traces of inconsistent views, coupled with about 9% of the survey respondents not being sure about the
ICM questions presented, made the use of the mixed method, triangulating qualitative over the quantitative data, more imperative.

4.3. Explaining the limited use of ICMs in public buildings in Ghana

Through purposive and snowball sampling techniques, 60 BEPs with: not less than 10 years of working experience in the GCI;
knowledge in ICMs and green building; and specific experience in designing and supervising public buildings construction, were
interviewed. The purpose of the interviews was to obtain rich and deeper explanations on why there is more dependence on FCMs for
constructing public buildings, The interviews also paved way for interrogating how ICMs usage can be improved to sustain the local
construction industry. Using template analysis, an analytical technique that allows for coding the qualitative data through initial and
final templates, the final template containing theory-driven codes, data-driven codes and emerging themes was obtained as shown in
Table 4.

The theory-driven codes were predetermined based on review of the BR theory. This informed the interview questions. Subse-
quently, due to the use of semi-structured interview method, data-driven codes emerged from the analysis of the interview data. A
combination of the theory-driven and data-driven codes led to the emergence of themes that formed the basis for explaining the limited
use of ICMs. Representative interview extracts have been inserted into the final template in Table 4 to show the relations between the
interview data, the codes, and the emerging themes.

The analysis revealed that no part of the interview data was found to have relation with one of the theory-driven codes — ‘time-
constraint’. Thus, from this study, the ‘time-constraint’ construct of the BR cannot be used to explain the limited use of ICMs. However,
considerable portion of the interview data demonstrated connection with the BR constructs of ‘cognitive limitation’ and ‘information
imperfection’ [42,43]. It was found from the interviews that there is inadequate information on the use of ICMs even among the BEPs.
The call for sensitization (awareness creation), education, and training of public building project supervisors in the use of ICMs, was
made by interviewees. This is important for bridging the information gap concerning ICMs use to achieve SC. If government, as the
public building project client, adheres to the call for extensive ICMs awareness creation, then curing the information imperfection
constraint will be triggered (see interview extract BEP17). The presence of cognitive limitation constraining BEPs’ ICMs choices became
evident in the interviews when an interviewee indicated that there is lack of skills in the country for adding value to ICMs for con-
struction purposes (see interview extract BEP44). In buttressing this assertion, another BEP recommended for skills transfer from other
countries where some of Ghana’s indigenous materials have been improved for construction purposes (see interview extract BEP43).

Remaining portions of the interviews generated other themes that did not intersect with the BR. These themes are ‘Cost and
availability’, ‘Relative Standard and Quality’, and ‘Governmental regulatory and policy formulation role’. These themes are based on
the data-driven codes. It was found that, sometimes, ICMs can be more costly than FCMs in Ghana due to prohibitive cost of Ghanaian
utilities/services for production ICM end-products. There are also not enough manufacturers for the abundant naturally-occurring
ICMs resulting in lack of economies of scale to produce related finished products such as clay bricks — (see interview extract BEP60).
Thus, these ICM products do not become available in copious quantities on the market, where competitive FCM alternatives are
present. Analysis of the interview data confirms the survey results that indicate that, government is not collaborating with other ICM
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Table 4

Thematic template analysis of Indigenous Construction Materials use constraining factors
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Theory-driven
codes

Relevant interview extracts

Data-driven codes

Emerging Themes

Information
imperfection

Cognitive
Limitation

Time Constraints

“The concept of ICM, unfortunately is not even popular and therefore no
effort is made to promote it” — BEPO1

“The producers of ICM need to step up their games in promoting and
demonstrate to the industry players to see the needs to use ICM in the
Country.” — BEP16

“Training on indigenous building materials awareness and building
contractors’ capacity would go a long way. “- BEP17

“It’s as a result of inadequate knowledge in the use of local materials” -
BEP58

“There’s need for education and transfer of knowledge in the use of
local building materials in the country” — BEP43

“Lack of local skills in improving indigenous materials for construction”
— BEP44

“The non-availability of the ICM in most areas of the country. E.g.,
pozzolana cement within the northern part of the country and burnt
bricks production not established even in areas of high clay deposits.” —
BEP59

“The reason is that those materials are not available at market, and
even is there we can’t get them at larger quantity.” — BEPO8
“Sometimes our ICM is more expensive than the imported materials” —
BEP48

“The major factors limiting the use of ICMs in the local industry include
Unreliable supply of services (i.e., Electricity, power etc.); High cost of
locally produced due to high electricity cost and transportation; and
lack of economies of scale/Economies of scale not working in favour of
ICM “- BEP60

“The durability of these indigenous building materials is being
questioned and therefore no patronage for them. — BEP50

“Because there is a believe that foreign materials are better than local
indigenous materials” — BEP54

“Because of the misconception that locally manufactured items do not
last long” — BEP53

“Most of the ICM are yet to meet the required standard.” -BEP54
“Ghana Government should therefore find ways of sensitizing the
general public on the importance and use of these materials as a way of
assuring quality and promoting the usage.” - BEPO3

“It’s my opinion that the government should lead the agenda by
mandating the use of ICMs in local government projects.” — BEP29
“There’s lack of policy from government for the use of local building
materials” - BEP37

“Model Local Government Service structures should be constructed with
ICM this would build confidence in the citizens to use ICM” — BEP39

*ICM information education and
training paucity

* Inadequate ICM promotion by local
producers

*Low ICM awareness

*ICM expertise, knowledge, and skills
shortage

*Scarcity of ICM finished products
*Resource inadequacy

* Lower quality and standard
perception

*Lack of funding support to local
producers

*ICMs relative fragility

*Inadequate governmental
stakeholder Sensitization on ICM use
*Absence of governmental policy,
programmes, and incentives for ICM
promotion

Awareness creation and
Information

Knowledge and skills

Cost and availability

Relative Standard and
Quality

Governmental regulatory
and policy formulation role

stakeholders, such as manufacturers/producers who use ICMs as production inputs, to promote patronization of ICMs in the local
industry. This finding aligns with Botchway and Masoperh [12] and Frimpong et al. [54] regarding the low patronage of ICMs in the
local industry. Interviewees were of the view that, governmental programmes and policies such as: embarking on green building
programmes for selected government buildings and incentivizing manufacturers and contractors to produce and use ICMs respectively,
will boost ICMs usage in Ghana. — (see interview extracts BEP16, BEP29, BEP37, and BEP39). Analysis of the interviews also revealed that
there is a general perception that ICMs are of relatively low quality and standard. Referring to interview extract BEP54, the view about
ICMs in Ghana is that they do not meet international standards thereby leading to limited specification by BEPs and low patronization
among consumers. Inclusion of ICMs in building codes and International Standard Organization’s (ISO) guidelines should therefore be
exploited both local and international regulatory bodies.

The themes emerging from the thematic template analysis show where the BR intersects with empirical data to explain the limited
use of ICMs. The emerging constraining factors that explain the limited use of ICMs in Ghana based on only empirical data relate to the
thematic areas of ‘cost and availability’, ‘standard and quality’, and ‘governmental regulatory and policy role’. The BR and BEPs’
perspectives integrate in the emerging thematic areas of ‘awareness creation and information’ and ‘Knowledge and skills (Cognitive
ability)’ to explain the ICM: FCM usage mix. This intersection of BR and the BEPs’ perspectives is depicted in Fig. 3.

5. Conclusion

Indigenous materials useable for construction purposes in Ghana include stones, sand, timber, bamboo, thatch, laterite, and clay.
These ICMs play significant role in promoting the SC agenda in developing countries and fostering a sustainable local construction
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Fig. 3. Thematic integration of Bounded Rationality and Built Environment Professional’s perspectives.

industry. However, through empirical observation in the case study of three public buildings, it has been determined that the ICM: FCM
usage ratio is 3:7. This finding, though not generalizable, gives and empirical confirmation that there is low patronage of the ICMs
locally. Further, this finding provides a framework for determining the material usage rate in buildings. The low patronage of ICMs
confirms that there is a challenge militating against sustaining the GCI. The survey has confirmed that BEPs and government have
crucial role to play in promoting ICMs usage in public building projects to sustain the local industry. However, it has been found that,
although most BEPs believe depending more on FCMs will not promote a sustainable local industry, there is still lower ICMs usage rate
in buildings supervised by these BEPs. The interviews conducted in the light of the BR theory have revealed that the BR’s ‘information
imperfection’ and ‘cognitive limitations’ partly explain the low specification rate of ICMs by BEPs. To cap the explanations provided by
the BR, data-driven codes built from the interviews have shown that ‘non-performance of the governmental regulatory and policy
formulation role’; ‘relatively higher ICMs cost and non-availability of ICM products on the market’; and ‘perceived low standard and
quality of ICMs’ also constrain the specification and usage rate of ICMs. Thus, the BR and BEPs perspectives have been harnessed to
explain the factors accounting for the ICM: FCM usage mix in Ghanaian public buildings. To cure this challenge that threatens the
sustenance of the local construction industry, governmental policies and programmes should promote associations between local and
international construction and manufacturing organizations, especially with organizations in developed countries that have advanced
in producing materials locally. Such associations, which can be achieved through joint ventures and/or collaborations and professional
training programmes, are avenues for curing the ‘information imperfection’ and ‘cognitive limitations’ of BEPs. Such professional
relationships will capacitate the local construction and manufacturing industries to begin to produce construction materials locally
towards building a sustainable local construction industry. This measure for capacitating the local construction industry is applicable
in construction industries of tropical African developing countries with similar economic and social conditions as Ghana. In this
manner, this paper contributes to achieving the goals of the Agenda 21 for sustainable construction in developing countries.

This research has employed the use of qualitative findings from mixed-methods, complemented by theory, to explain a phenom-
enon that has not been supported by empirical observation in previous research, to pursue SC in developing countries. This paper is one
of the first to draw on a synergy of the bounded rationality theory and empirical findings to give advanced insight into factors con-
straining the use of ICMs, as well as provide a measured usage rate of local building materials using real building projects cases.

To be able to boost the use of ICMs for promotion of SC in developing countries, employing the benefits of ‘economies of scale’ in
the production of the ICMs will facilitate circumvention of the ‘relatively higher cost and non-availability’ constraint. Governmental
incentives will be needed to support local manufacturers to be able to produce the ICMs in massive quantities. Not only government,
but local producers of ICMs need to also play crucial role in promoting ICMs patronization through sensitization programmes. This will
contribute to diffusing the perception that ICMs are of lower quality and standards. Where this perception is real, it is recommended
that government and local producers should embark on programmes that will enable transfer of relevant skills to workers and pro-
fessionals in the local industry. This will lead to improvement and internationalization of the standard of ICMs in Ghana. Body (ies)
that control the local construction industry should aim at having ICMs covered not only in local building codes but ISO guidelines to
enable ICMs match FCMs’ internationally accepted standards.

A limitation of this study appears in the use of Bills of Quantities of three cases of building projects, which constraints the
generalization of the ICM: FCM usage mix ratio irrespective of the framework’s replicability. Future work will be focussing on seeking
the perception of BEPs, public and private construction projects clients, and contractors to measure the progress made by the local
construction industry in using ICMs to foster a sustainable local industry. Also, larger quantities of BQs will be examined to expand the
coverage of the framework for determining the ICM: FCM usage ratio.



S. Mensah and S. Laryea Heliyon 9 (2023) e17645

Author contribution statement

Sarfo Mensah: Conceived and designed the experiments; Performed the experiments; Analyzed and interpreted the data;
Contributed reagents, materials, analysis tools or data; Wrote the paper.
Samuel Laryea: Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data; Wrote the paper.

Data availability statement

The authors do not have permission to share data.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2023.e17645.

References

[1] B. Salgin, O.F. Bayram, A. Akgiin, K. Agyekum, Sustainable features of vernacular architecture: housing of eastern black sea region as a case study, Art 6 (3)
(2017) 11, https://doi.org/10.3390/arts6030011.

[2] W.F. Cunningham, M.A. Cunningham, Principles of Environmental Science: Inquiry and Application, ninth ed., McGraw Hill Education, New York, 2020.

[3] D.C. Okpala, Promoting the use of local building materials in Nigerian house construction: problems and prospects, Ekistics 50 (298) (1983) 42-46. https://
www.jstor.org/stable/43620610.

[4] C. DuPlessis, Agenda 21 for sustainable construction in developing countries, CSIR Report BOU E 204 (2002) 2-5.

[5] M.U. Hossain, S.T. Ng, P. Antwi-Afari, B. Amor, Circular economy and the construction industry: existing trends, challenges and prospective framework for
sustainable construction, Renew. Sustain. Energy Rev. 130 (2020), 109948, https://doi.org/10.1016/j.rser.2020.109948.

[6] G.E. Asman, E. Kissi, K. Agyekum, B.K. Baiden, E. Badu, Critical components of environmentally sustainable buildings design practices of office buildings in
Ghana, J. Build. Eng. 26 (2019), 100925, https://doi.org/10.1016/j.jobe.2019.100925.

[7]1 K. Agyekum, E. Kissi, J.C. Danku, Professionals’ views of vernacular building materials and techniques for green building delivery in Ghana, Sci. Afr. 8 (2020),
00424, https://doi.org/10.1016/j.sciaf.2020.e00424.

[8] K. Adinkrah-Appiah, M. Adom-Asamoah, R.O. Afrifa, Reducing environmental degradation from construction activities: the use of recycled aggregates for
construction in Ghana, J. Civil Eng. Arch. Res. 2 (8) (2015) 831-841. https://www.researchgate.net/publication/309856821 _Annual Consumption_of Crushed_
Stone_Aggregates_in_Ghana;. Accessed 15 March 2022.

[9] M.D. Gavriletea, Environmental impacts of sand exploitation: analysis of sand market, Sustainability 9 (7) (2017) 1118, https://doi.org/10.3390/s5u9071118.

[10] D. Opoku, J. Ayarkwa, K. Agyekum, Factors inhibiting the use of bamboo in building construction in Ghana: perceptions of construction professionals, Mater.
Sci. Appl. 7 (2) (2016) 83-88, https://doi.org/10.4236/msa.2016.72008.

[11] E.N. Jackson, Z. Mustapha, A.J. Aburam, J.H. Quayson, Comparative cost analysis between interlocking bricks and sandcrete blocks for residential buildings in
Ghana, MOJ Civil Eng. 4 (4) (2018) 206-211, https://doi.org/10.15406/mojce.2018.04.00120.

[12] E.A. Botchway, A. Masoperh, Investigating the low utilization of pozzolana cement in the Ghanaian construction industry, Int. J. Adv. Res. Eng. Technol. 10 (4)
(2020) 55-62, https://doi.org/10.34218/1JARET.10.4.2019.007.

[13] S. Mensah, C. Ameyaw, B.A. Abaitey, H.O. Yeboah, Optimizing stabilization of laterite as walling unit, J. Eng. Des. Technol. 0 (0) (2021) 1-17, https://doi.org/
10.1108/JEDT-12-2020-0501. Epub. 4 Mar 2021.

[14] E.L. Osabutey, K. Williams, Y.A. Debrah, The potential for technology and knowledge transfers between foreign and local firms: a study of the construction
industry in Ghana, J. World Bus. 49 (4) (2014) 560-571, https://doi.org/10.1016/j.jwb.2013.12.009.

[15] O.E. Jegede, A. Taki, Optimization of building envelopes using indigenous materials to achieve thermal comfort and affordable housing in Abuja, Nigeria, Int. J.
Build. Pathol. Adapt. 40 (2) (2022) 219-247, https://doi.org/10.1108/IJBPA-01-2021-0009.

[16] P.W. Thuah, Building materials costs increases and sustainability in real estate development in Nigeria, Afr. J. Econ. Sustain. Dev. 4 (3) (2015) 218-233. https://
www.inderscienceonline.com/doi/pdf/10.1504/AJESD.2015.071907.

[17] T. Ahmad, A.A. Aibinu, A. Stephan, Managing green building development-a review of current state of research and future directions, Build. Environ. 155
(2019) 83-104, https://doi.org/10.1016/j.buildenv.2019.03.034.

[18] A. Darko, A.P.C. Chan, S. Gyamfi, A.O. Olanipekun, B.J. He, Y. Yu, Driving forces for green building technologies adoption in the construction industry:
Ghanaian perspective, Build. Environ. 125 (2017) 206-215, https://doi.org/10.1016/j.buildenv.2017.08.053.

[19] A. Darko, A.P.C. Chan, Strategies to promote green building technologies adoption in developing countries: the case of Ghana, Build. Environ. 130 (2018)
74-84, https://doi.org/10.1016/j.buildenv.2017.12.022.

[20] A.P. Chan, M.A. Adabre, Bridging the gap between sustainable housing and affordable housing: the required critical success criteria (CSC), Build. Environ. 151
(2019) 112-125, https://doi.org/10.1016/j.buildenv.2019.01.029.

[21] A.M. Sadick, Z.E. Kpamma, S. Agyefi-Mensah, Impact of indoor environmental quality on job satisfaction and self-reported productivity of university employees
in a tropical African climate, Build. Environ. 181 (2020), 107102, https://doi.org/10.1016/j.buildenv.2020.107102.

[22] S.A.S.L. Sumanasekara, C. Jayasinghe, Alternative techniques to improve indoor environmental quality, J. Green Build. 13 (4) (2018) 19-38, https://doi.org/
10.3992/1943-4618.13.4.19.

[23] N.K. Obeng-Ahenkora, H. Danso, Principal component analysis of factors influencing pricing decisions of building materials in Ghana, Int. J. Constr. Manag. 20
(2) (2020) 122-129, https://doi.org/10.1080/15623599.2018.1484553.

[24] J.K. Hatsu, A.K. Sunnu, G.K. Ayetor, G. Takyi, Investigation of shell mold casting technique in Ghana using indigenous materials, Sci. Afr. 14 (2021), e01052,
https://doi.org/10.1016/j.sciaf.2021.e01052.

[25] A.O. Afriyie, C. Frimpong, B.K. Asinyo, R.K. Seidu, A comparative study on the techniques, tools and materials for indigenous weaving in Ghana, Textile 0 (0)
(2021) 1-21, https://doi.org/10.1080/14759756.2021.1989940.

10


https://doi.org/10.1016/j.heliyon.2023.e17645
https://doi.org/10.3390/arts6030011
http://refhub.elsevier.com/S2405-8440(23)04853-3/sref2
https://www.jstor.org/stable/43620610
https://www.jstor.org/stable/43620610
http://refhub.elsevier.com/S2405-8440(23)04853-3/sref3
https://doi.org/10.1016/j.rser.2020.109948
https://doi.org/10.1016/j.jobe.2019.100925
https://doi.org/10.1016/j.sciaf.2020.e00424
https://www.researchgate.net/publication/309856821_Annual_Consumption_of_Crushed_Stone_Aggregates_in_Ghana;
https://www.researchgate.net/publication/309856821_Annual_Consumption_of_Crushed_Stone_Aggregates_in_Ghana;
https://doi.org/10.3390/su9071118
https://doi.org/10.4236/msa.2016.72008
https://doi.org/10.15406/mojce.2018.04.00120
https://doi.org/10.34218/IJARET.10.4.2019.007
https://doi.org/10.1108/JEDT-12-2020-0501
https://doi.org/10.1108/JEDT-12-2020-0501
https://doi.org/10.1016/j.jwb.2013.12.009
https://doi.org/10.1108/IJBPA-01-2021-0009
https://www.inderscienceonline.com/doi/pdf/10.1504/AJESD.2015.071907
https://www.inderscienceonline.com/doi/pdf/10.1504/AJESD.2015.071907
https://doi.org/10.1016/j.buildenv.2019.03.034
https://doi.org/10.1016/j.buildenv.2017.08.053
https://doi.org/10.1016/j.buildenv.2017.12.022
https://doi.org/10.1016/j.buildenv.2019.01.029
https://doi.org/10.1016/j.buildenv.2020.107102
https://doi.org/10.3992/1943-4618.13.4.19
https://doi.org/10.3992/1943-4618.13.4.19
https://doi.org/10.1080/15623599.2018.1484553
https://doi.org/10.1016/j.sciaf.2021.e01052
https://doi.org/10.1080/14759756.2021.1989940

S. Mensah and S. Laryea

[26]
[27]
[28]
[29]

[30]

[31]
[32]

[33]
[34]

[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]

[54]

Heliyon 9 (2023) e17645

C. Debrah, A.P.C. Chan, A. Darko, Green finance gap in green buildings: a scoping review and future research needs, Build. Environ. 207 (2022), 108443,
https://doi.org/10.1016/j.buildenv.2021.108443.

L. Chen, A.P. Chan, E.K. Owusu, A. Darko, X. Gao, Critical success factors for green building promotion: a systematic review and meta-analysis, Build. Environ.
207 (2022), 108452, https://doi.org/10.1016/j.buildenv.2021.108452.

S.K. Tulashie, E.K. Boadu, F. Kotoka, D. Mensah, Plastic wastes to pavement blocks: a significant alternative way to reducing plastic wastes generation and
accumulation in Ghana, Construct. Build. Mater. 241 (2020), 118044, https://doi.org/10.1016/j.conbuildmat.2020.118044.

D.R. Akwada, E.T. Akinlabi, Industrial applications of bamboo in Ghana, in: Adv Mater Sci Eng. Singapore, Springer, 2020, pp. 409-421, https://doi.org/
10.1007/978-981-13-8297-0_43.

H. Danso, Building houses with locally available materials in Ghana: benefits and problems, Int. J. Sci. Technol. (2013). Feb [cited 20 March 2022]; 2(2): [pp.
225-31]. Available from: https://www.researchgate.net/profile/Humphrey-Danso/publication/262911739 Building Houses_with_Locally_Available_Materials_
in_Ghana_Benefits_and_Problems/links/00b4953923baf195a1000000/Building-Houses-with-Locally-Available-Materials-in-Ghana-Benefits-and-Problems.pdf.
A. Andrews, E. Gikunoo, L. Ofosu-Mensah, H. Tofah, S. Bansah, Chemical and mineralogical characterization of Ghanaian foundry slags, J. Miner. Mater. Char.
Eng. 11 (2) (2012) 183-192, https://doi.org/10.4236/jmmce.2012.112015.

M. Bediako, S.K.Y. Gawu, A.A. Adjaottor, Suitability of some Ghanaian mineral admixtures for masonry mortar formulation, Construct. Build. Mater. 29 (2012)
667-671, https://doi.org/10.1016/j.conbuildmat.2011.06.016.

H.A. Simon, A behavioral model of rational choice, Q. J. Econ. 69 (1) (1955) 99-118, https://doi.org/10.2307/1884852.

C. Kaufmann, T. Miiller, A. Hefti, S. Boes, Does personalized information improve health plan choices when individuals are distracted? J. Econ. Behav. Organ.
149 (2018) 197-214, https://doi.org/10.1016/j.jebo.2018.03.013.

L.C. Hindman, N.A. Walker, K.J. Agyemang, Bounded rationality or bounded morality? The National Basketball Association response to COVID-19, Eur. Sport
Manag. Q. 21 (3) (2021) 333-349, https://doi.org/10.1080/16184742.2021.1879191.

L. Martignon, U. Hoffrage, Fast, frugal, and fit: simple heuristics for paired comparison, Theor. Decis. 52 (1) (2002) 29-71, https://doi.org/10.1023/A:
1015516217425.

R.M. Hogarth, N. Karelaia, Ignoring information in binary choice with continuous variables: when is less more? J. Math. Psychol. 49 (2) (2005) 115, https://doi.
org/10.1016/j.jmp.2005.01.001.

M. Baucells, J.A. Carrasco, R.M. Hogarth, Cumulative dominance and heuristic performance in binary multiattribute choice, Oper. Res. 56 (5) (2008)
1289-1304, https://doi.org/10.1287/opre.1070.0485.

A. Samson (Ed.), The Behavioral Economics Guide 2015, Behavioral Science Solutions Ltd, London, 2015 [cited 2022 Mar 15]. Available from: http://www.
behavioraleconomics.com/wp-content/uploads/delightful-downloads/2015/06/BEGuide2015.pdf;.

G. Gigerenzer, D.G. Goldstein, Reasoning the fast and frugal way: models of bounded rationality, Psychol. Rev. 103 (4) (1996) 650, https://doi.org/10.1037/
0033-295X.103.4.650.

G. Campitelli, F. Gobet, Herbert simon’s decision-making approach: investigation of cognitive processes in iExperts, Rev. Gen. Psychol. 14 (4) (2010) 354-364,
https://doi.org/10.1037/a0021256.

B. Ramraika, P. Trivedi, Bounded Rationality, Unbounded Confidence. Multi-Act Equiglobe, 2015, https://doi.org/10.2139/ssrn.2591804 accessed 15 Mar
2022.

J. Bendor, Bounded rationality, in: J.D. Wright (Ed.), International Encyclopedia of the Social & Behavioral Sciences, Elsevier, Amsterdam, 2015, pp. 773-776,
https://doi.org/10.1016/b978-0-08-097086-8.93012-5.

D. Ross, Psychological versus economic models of bounded rationality, J. Econ. Methodol. 21 (4) (2014) 411-427, https://doi.org/10.1080/
1350178X.2014.965910.

N.C. Jackson, Managing for competency with innovation change in higher education: examining the pitfalls and pivots of digital transformation, Bus. Horiz. 62
(6) (2019) 761-772, https://doi.org/10.1016/j.bushor.2019.08.002.

A.B. Shani, D. Coghlan, B.N. Alexander, Rediscovering abductive reasoning in organization development and change research, J. Appl. Behav. Sci. 56 (1) (2020)
60-72, https://doi.org/10.1177,/0021886319893016.

M. Brunet, A. Motamedi, L.M. Guenette, D. Forgues, Analysis of BIM use for asset management in three public organizations in Québec, Canada, Built. Environ.
Proj. Asset. Manag. 9 (1) (2018) 153-167, https://doi.org/10.1108/BEPAM-02-2018-0046.

D. Ghoddoosi-Nejad, A. Jannati, L. Doshmangir, M. Arab-Zozani, A. Imani, Stewardship as a fundamental challenge in strategic purchasing of health services: a
case study of Iran, Val. Heal. Reg. Iss. 18 (2019) 54-58, https://doi.org/10.1016/j.vhri.2018.06.005.

C.J. Groh, M.M. Saunders, The transition from spousal caregiver to widowhood: quantitative findings of a mixed-methods study, J. Am. Psychiatr. Nurses Assoc.
26 (6) (2020) 527-541, https://doi.org/10.1177/1078390320917751.

G. Salvo, B.M. Lashewicz, P.K. Doyle-Baker, G.R. McCormack, Neighbourhood built environment influences on physical activity among adults: a systematized
review of qualitative evidence, Int. J. Environ. Res. Publ. Health 15 (5) (2018) 897, https://doi.org/10.3390/ijerph15050897.

A. Acheampong, J. Hackman, J. Ayarkwa, K. Agyekum, Factors inhibiting the use of indigenous building materials (IBM) in the Ghanaian construction industry,
ADRRI J. (Multidisciplinary) (2014 May) [cited 2020 Mar 15]; 8(8): [15 pp.]. Available from: https://ojs.adrri.org/index.php/adrrij/article/view/122/113.
S.D. Djokoto, J. Dadzie, E. Ohemeng-Ababio, Barriers to sustainable construction in the Ghanaian construction industry: consultants’ perspectives, J. Sustain.
Dev. 7 (1) (2014) 134, https://doi.org/10.5539/jsd.v7n1pl34.

A.P.C. Chan, A. Darko, A.O. Olanipekun, E.E. Ameyaw, Critical barriers to green building technologies adoption in developing countries: the case of Ghana,
J. Clean. Prod. 172 (2018) 1067-1079, https://doi.org/10.1016/j.jclepro.2017.10.235.

B.E. Frimpong, R.Y. Sunindijo, C. Wang, Towards improving performance of the construction industry in Ghana: a SWOT approach, Civil Eng. Dimens. 22 (1)
(2020) 37-46, https://doi.org/10.9744/ced.22.1.37-46.

11


https://doi.org/10.1016/j.buildenv.2021.108443
https://doi.org/10.1016/j.buildenv.2021.108452
https://doi.org/10.1016/j.conbuildmat.2020.118044
https://doi.org/10.1007/978-981-13-8297-0_43
https://doi.org/10.1007/978-981-13-8297-0_43
https://www.researchgate.net/profile/Humphrey-Danso/publication/262911739_Building_Houses_with_Locally_Available_Materials_in_Ghana_Benefits_and_Problems/links/00b4953923baf195a1000000/Building-Houses-with-Locally-Available-Materials-in-Ghana-Benefits-and-Problems.pdf
https://www.researchgate.net/profile/Humphrey-Danso/publication/262911739_Building_Houses_with_Locally_Available_Materials_in_Ghana_Benefits_and_Problems/links/00b4953923baf195a1000000/Building-Houses-with-Locally-Available-Materials-in-Ghana-Benefits-and-Problems.pdf
https://doi.org/10.4236/jmmce.2012.112015
https://doi.org/10.1016/j.conbuildmat.2011.06.016
https://doi.org/10.2307/1884852
https://doi.org/10.1016/j.jebo.2018.03.013
https://doi.org/10.1080/16184742.2021.1879191
https://doi.org/10.1023/A:1015516217425
https://doi.org/10.1023/A:1015516217425
https://doi.org/10.1016/j.jmp.2005.01.001
https://doi.org/10.1016/j.jmp.2005.01.001
https://doi.org/10.1287/opre.1070.0485
http://www.behavioraleconomics.com/wp-content/uploads/delightful-downloads/2015/06/BEGuide2015.pdf;
http://www.behavioraleconomics.com/wp-content/uploads/delightful-downloads/2015/06/BEGuide2015.pdf;
https://doi.org/10.1037/0033-295X.103.4.650
https://doi.org/10.1037/0033-295X.103.4.650
https://doi.org/10.1037/a0021256
https://doi.org/10.2139/ssrn.2591804
https://doi.org/10.1016/b978-0-08-097086-8.93012-5
https://doi.org/10.1080/1350178X.2014.965910
https://doi.org/10.1080/1350178X.2014.965910
https://doi.org/10.1016/j.bushor.2019.08.002
https://doi.org/10.1177/0021886319893016
https://doi.org/10.1108/BEPAM-02-2018-0046
https://doi.org/10.1016/j.vhri.2018.06.005
https://doi.org/10.1177/1078390320917751
https://doi.org/10.3390/ijerph15050897
https://ojs.adrri.org/index.php/adrrij/article/view/122/113
https://doi.org/10.5539/jsd.v7n1p134
https://doi.org/10.1016/j.jclepro.2017.10.235
https://doi.org/10.9744/ced.22.1.37-46

	Explaining the lower usage rate of indigenous construction materials in Ghanaian public buildings using bounded rationality
	1 Introduction
	2 Literature review
	2.1 Using ICMs for promotion of sustainable construction in Ghana
	2.2 ICMs used in Ghana
	2.3 Elucidations from the bounded rationality theory

	3 Research methodology
	4 Results and discussions
	4.1 Usage rate of ICMs in public buildings
	4.2 ICMs usage and sustainable construction in Ghana
	4.3 Explaining the limited use of ICMs in public buildings in Ghana

	5 Conclusion
	Author contribution statement
	Data availability statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


