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Abstract: There is a high level of homelessness in South Africa. Sandbag building technologies (SBTs)
have been offered as economical and sustainable alternative building materials capable of speeding
housing provision in South Africa. However, their degree of adoption in South Africa remains
relatively low. Furthermore, limited research has examined the low adoption and social acceptance
of SBTs, requiring thorough research. Therefore, this research investigates the key social barriers
to accepting SBTs in housing provision. The study adopted a mixed method research approach
that employs a comprehensive literature review in identifying 18 social barriers to using SBTs and a
questionnaire survey of 228 building experts based in South Africa to obtain empirical data. The study
findings indicated that the significant impediments were related to the lack of understanding of the
benefits of sandbags, a lack of sandbag courses and training, and a lack of professional knowledge and
skills, among others. A comparative analysis of the perceptions of the diverse categories of survey
participants was conducted and discussed. This study’s evaluation of significant barriers offers
government agencies and construction partners a framework to make realistic and well-informed
decisions toward more sustainable and affordable housing delivery.
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1. Background to the Study

Humans have an innate desire for shelter because it meets their basic security, protec-
tion, and shelter requirements. However, over 1.6 billion people—more than 20% of the
world’s population—lack adequate housing, with an estimated 100 million homeless [1].
Existing studies [1,2] discovered that a lack of adequate and affordable housing concerns
many individuals, resulting in homelessness and slum expansion over time. As a result,
Africa has the highest number of slum dwellers, with more than 199.5 million people living
in slums in Sub-Saharan Africa alone [3,4].

Furthermore, 12.5 million South African households are projected to live in slums
without suitable housing [5]. As a result, it is anticipated that South Africa’s housing
backlog presently stands at around 2.2 million units [6,7]. This implies that conventional
construction methods and materials cannot address the issues of insufficient housing and
the need for alternative building materials. For example, in the City of Cape Town, the
Cape Metropolitan MSDF of 2018 forecasted a housing need of 500,000 units over the next
20 years (2012–2032) [8]. Based on existing resources, eradicating Cape Town’s current
housing backlog is anticipated to take more than 70 years [8].

Alternative building technologies (ABTs), also known as innovative building tech-
nologies (IBTs) or alternative construction methods (ACMs), are seen as a viable option by
the South African government and academics for constructing higher-quality low-income
housing faster, more sustainably, and at a lower cost [6–9]. Sandbag technology (SBT) is
one of the alternative building methodologies employed in South Africa. This study will
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be using ABTs and SBTs interchangeably. Existing studies [10,11] noted that ABTs were
implemented as a kind of intervention in the housing crisis that had enveloped the country
after it became clear that the government lacked the resources to address the massive
housing backlog. Ref. [12] noted that ABTs are non-conventional building technologies
with features that differ from standard brick and mortar. Their adoption is thought to
improve the construction process significantly. For instance, according to [13], a 43 square
meter house may be erected in four to seven days using alternative methods, compared
to the thirty days it takes to create a comparable unit using traditional brick-and-mortar
construction. ABTs have developed throughout time in South Africa. They have been
utilised in various construction projects, including houses, schools, health facilities, student
housing, public or institutional structures, and highways [6,14]. Most ABTs use locally
accessible building materials, while others rely entirely on imported components [12].

According to previous studies [15,16], the sandbag is the most widely available undis-
covered alternative building technology in South Africa. Sandbag technology has been
presented as a low-cost, sustainable, recyclable, and alternative building material capable
of providing housing access [17]. Sandbags are polypropylene bags or polymer materials
packed with granular ingredients. They are sometimes known as earthbags or soil bags.

Sandbag technologies evolved from the older 17th-century concept of employing
sand-filled bags for military defence and flood control [17]. Sandbags are employed in
soil retaining walls and barriers to strengthen the foundation’s carrying capacity. In 1990,
Architect Nadar Khalili pioneered sandbag building technology (SBT), an innovation for
building residences and permanent buildings [18]. In the early 1990s, a need to provide
inexpensive homes for millions of refugees and victims of conflicts and calamities inspired
the concept of SBTs [19]. Khalili SBTs as a viable solution for building dwellings for the poor
and on the moon [20,21]. Sandbag building technologies come in various forms, including
curves, linear, and dome walls, with variations in wall colours, lengths, and textures.

SBT is gradually getting widespread recognition as the best answer to the global
epidemic of housing shortages [22]. It has been seen as a viable alternative to conventional
building methods, providing economic and environmental benefits in delivering afford-
able housing in many industrialised and developing nations [17]. Existing research has
demonstrated that sandbag houses utilise less energy during construction and operation
than standard building technologies [17,23]. In their research, researchers [24–26] showed
that sandbag houses control the inside temperature of the building by collecting excess
heat during the day and releasing it at night, resulting in a relaxed indoor environment in
hot and warm weather and is less expensive than traditional methods. Meanwhile, sand-
bag technology’s sustainability and cost benefits have been embraced in developed and
developing nations; for example, researchers [17] reported 15,000 sandbag houses globally
in 2016. SBTs have been used in countries like the United States, Australia, Brazil, India,
Iran, Haiti, and Chile to provide sustainable, inexpensive, low-income, and contemporary
housing [24]. Sandbag technologies are widely established in the US building code [27].

Much criticism has been raised on the issue of social acceptance of alternative building
technologies by South African housing participants (actors) due to their effect on the hous-
ing market in South Africa. Even before any objective judgment is performed, most South
Africans consider any alternative to traditional brick-and-mortar technology inferior [28].
Existing literature [24,29] identifies a lack of social acceptability of sandbag technology as
a fundamental impediment to the greater worldwide use of sandbag technology. In their
studies, researchers [30,31] established that low-income households living in traditional
sandbag houses see sandbags as a non-durable and unpleasant material and aspire to a
brick or concrete house.

Previous research identified various factors related to the lack of social acceptance of
several alternative technologies, including sandbag technology. For instance, Olojede et al.
emphasised that alternative technologies have lacked promotion and financial backing
from South African financial institutions [28]. One example is the inability of the shipping
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container alternative technology to get support from Nedbank and FNB, two of South
Africa’s four leading banks [12].

Despite the advantages and benefits of sandbag technology in providing inexpensive
and sustainable homes, the social acceptance and uptake of the technology in South Africa
remain relatively low. Meanwhile, a study of the existing literature [2,32,33] discovered a
variety of forces impeding social acceptance and uptake of alternative technologies, such
as sandbag technologies, resulting from diverse individuals, stakeholders, and decision-
makers involved in the housing market. Therefore, this study investigates the barriers to
the uptake of SBTs in housing provision.

Theoretical Background, Knowledge Gaps, Research Objectives, and Value

The concept of acceptance or rejection of new technology, according to Roger, has
several stages [34]. It starts with the knowledge stage, in which individuals, stakeholders,
and decision-makers are exposed to the technology. It continues with a confirmation period
(real-world use of the technology), implementation stages, and adoption. Upham et al.
accentuated that a particular group must first accept technology before the group can adopt
it; that is, the group members gave it a good rating [35]. As a result, a study into the
social acceptance of sandbag building technology is critical for assuring its widespread
implementation and adoption for sustainable and affordable housing delivery.

Also, previous studies [35,36] illustrated three stages of social acceptance of new
technology: socio-political approval, community acceptance, and market acceptance. Socio-
political acceptance entails societal acceptability; here, the government contributes to
technology’s broad acceptance through laws. Studies by Wustenhagen et al. emphasised
that the end-users and citizens must embrace and accept the technology to be accepted
by the community [36]. According to Upham et al., market/stakeholder acceptability
is the acceptance of experts, investors, and other stakeholders [35]. Therefore, sandbag
technology must first be acknowledged and accepted by the South African housing market
participants, including end-users, professionals, government housing authorities (National
Home Builders Registration Council), housing investors, and financial institutions, before
it can be fully adopted.

Grady et al. posited that most professionals did not understand how to use these tech-
nologies [2]. Meanwhile, most financial institutions have professionals in the construction
industry who advise the institution on the plan to invest in any ABT; as a result, the opinion
of professionals on ABT is essential to its acceptance [12]. More so, studies such as those
conducted by Rincon et al. and Ben-Alon et al. pointed out that sandbag technology has no
standard guidelines or building codes to facilitate its acceptance and adoption [24,37].

For the effective and efficient promotion of new technology adoption, the barriers to
adoption must be first recognised and addressed [38]. Meanwhile, many existing studies
have pointed out that social acceptance is a major barrier to adopting alternative building
technologies, including sandbags [2,17,24,39]. However, none of these previous studies
have attempted to analyse the barriers to social acceptance of ABTs (including SBTs) in
South Africa. There is a gap in knowledge regarding social acceptance barriers to studies on
sandbag technologies. Therefore, this paper examines the critical barriers or impediments to
the social acceptance of sandbag building technology in housing provision and whether there
are differences in the respondents’ perspectives based on their organisational affiliation.

Furthermore, the findings of this study contribute to filling a knowledge gap regarding
social acceptance barriers in South Africa and serve as a valuable reference for policymakers
and practitioners in taking appropriate measures to mitigate the barriers to the social
acceptance of SBTs.

The following is the format of the paper: Section 1 offers context for the research on
the barriers to the social acceptance of sandbag technologies in South Africa and the study
objectives. Section 2 reviews the key challenges and barriers to the social acceptance of
sandbags in housing construction. Section 3 describes the research approach and analytical
techniques used in data analysis. Section 4 presents the results of the data analysis, and
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Section 5 discusses the study’s findings and implications. Section 6 summarises the report
and outlines the conclusions and recommendations for improving the social acceptance of
sandbags in housing delivery.

2. Literature Review
2.1. Sandbag Technologies in South Africa

In South Africa, conventional materials dominate the housing market. Seventy-eight
per cent of government-built dwellings were composed of bricks, while approximately
20 per cent were made of concrete blocks [40]. According to Bosman et al., alternative
building materials such as sandbags accounted for a combined utilisation rate of slightly
more than 2% [30]. Meanwhile, sandbag building technologies have been used to construct
various houses in South Africa, including low-income residential houses, a school, and a
pavilion [2,26], as shown in Figure 1.

Buildings 2022, 12, x FOR PEER REVIEW  4  of  19 
 

The following is the format of the paper: Section 1 offers context for the research on 

the barriers to the social acceptance of sandbag technologies in South Africa and the study 

objectives. Section 2 reviews the key challenges and barriers to the social acceptance of 

sandbags in housing construction. Section 3 describes the research approach and analyti‐

cal techniques used in data analysis. Section 4 presents the results of the data analysis, and 

Section 5 discusses the study’s findings and implications. Section 6 summarises the report 

and outlines the conclusions and recommendations for improving the social acceptance 

of sandbags in housing delivery. 

2. Literature Review 

2.1. Sandbag Technologies in South Africa 

In South Africa, conventional materials dominate the housing market. Seventy‐eight 

per cent of government‐built dwellings were composed of bricks, while approximately 20 

per cent were made of concrete blocks [40]. According to Bosman et al., alternative build‐

ing materials such as sandbags accounted for a combined utilisation rate of slightly more 

than 2% [30]. Meanwhile, sandbag building technologies have been used to construct var‐

ious houses in South Africa, including low‐income residential houses, a school, and a pa‐

vilion [2,26], as shown in Figure 1. 

 
(a)  (b) 

Figure 1. (a) SBT house under construction; (b) SBT house post‐construction. 

2.2. The Barrier to the Social Acceptance of Sandbag Building Technologies in Housing 

Construction 

Table 1 highlights the barriers to the social acceptance of SBTs in housing construc‐

tion. According to previous studies [26,37], developing‐country  leaders oppose earthen 

materials like sandbag technology because they are hesitant to build dwellings with ordi‐

nary soil. This is also reflected in the lack of government legislation to encourage alterna‐

tive construction materials such as sandbags [41,42]. According to Zami and Lee, foreign 

organisations promote  sandbag  technology  since developing country governments are 

uninterested  in ABTs  [43].  In addition, researchers  [17,20] posited  that, unlike conven‐

tional technologies, there are no standard construction codes and regulations or guide‐

lines for alternative building technologies, particularly the usage of sandbags, as pointed 

out. 

Table 1. Summary of the identified barrier to the social acceptance of sandbag technology. 

Code  Barriers  References 

B1  Lack of sandbag databases and information  [37] 

B2  Lack of interest from the government  [26,37,44,45] 

B3  Lack of sandbag policy and regulations  [9,26,41,42] 

B4  Lack of building code  [17,20,24,37] 

B5  Lack of promotion of sandbag by government  [43] 

B6  Lack of courses and training on sandbag  [43] 

B7  Negative effects on human health  [24] 

B8  Lack of interest from clients  [2,46] 

Figure 1. (a) SBT house under construction; (b) SBT house post-construction.

2.2. The Barrier to the Social Acceptance of Sandbag Building Technologies in Housing Construction

Table 1 highlights the barriers to the social acceptance of SBTs in housing construction.
According to previous studies [26,37], developing-country leaders oppose earthen materials
like sandbag technology because they are hesitant to build dwellings with ordinary soil.
This is also reflected in the lack of government legislation to encourage alternative construc-
tion materials such as sandbags [41,42]. According to Zami and Lee, foreign organisations
promote sandbag technology since developing country governments are uninterested in
ABTs [43]. In addition, researchers [17,20] posited that, unlike conventional technologies,
there are no standard construction codes and regulations or guidelines for alternative
building technologies, particularly the usage of sandbags, as pointed out.

Table 1. Summary of the identified barrier to the social acceptance of sandbag technology.

Code Barriers References

B1 Lack of sandbag databases and information [37]
B2 Lack of interest from the government [26,37,44,45]
B3 Lack of sandbag policy and regulations [9,26,41,42]
B4 Lack of building code [17,20,24,37]
B5 Lack of promotion of sandbag by government [43]
B6 Lack of courses and training on sandbag [43]
B7 Negative effects on human health [24]
B8 Lack of interest from clients [2,46]
B9 Lack of existing sandbag machines and technologies [20,43]

B10 lack of professional knowledge and expertise [2,26,43]

B11 Professionals resistant to change from the use of
conventional technologies [2,47,48]

B12 Lack of awareness of sandbag and their benefits [2,5]
B13 Deficiency in sandbag construction techniques [17,20]
B14 Durability issue [20,46]
B15 Technical limitations [17,26,49,50]
B16 Lack of standard design method for sandbag technology [51]
B17 Inexperienced labour [20,37,45]
B18 Lack of financing schemes (bank loans, grants) [47,52,53]
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Previous research suggests that most construction professionals (architects, engineers,
and construction managers) lack appropriate knowledge, competence, and understanding
of the ABTs [2,26]. Some experts view ABTs as more expensive than traditional construction
methods and skills [2]. Previous research posited that because people are more familiar
with conventional building materials and technology, most experts choose to use them in
building construction [2,47]. Professionals are not confident in the earthbag’s capacity to
sustain the proper weights with little deformation; hence, the technical limitations of these
alternative building systems are a significant barrier to professional adoption [17,49].

According to researchers [2], most individuals lack appropriate awareness and com-
prehension of the ABTs. Ordinary South Africa has a cultural propensity for houses made
of concrete and brick [46] because many South Africans feel that ABTs are just for the
impoverished [2]. Many investors are unaware of the technology and efficiency of ABTs.
As a result of the lack of awareness, it is difficult to obtain a house loan or insurance
from financial organisations to construct a house with ABTs [43]. The above literature
study indicates the impediment to widespread deployment and acceptance of alternative
construction and sandbag technologies. None of the studies have statistically and empiri-
cally analysed specific barriers to the social acceptance of sandbag technology in housing
construction. Therefore, an investigation of the barriers to the social acceptance of SBTs in
housing construction that incorporates the perspectives of all stakeholders is valuable.

3. Research Method

This research examines the barriers to the social acceptance of alternative construction
technologies in housing construction in South Africa. To collect the necessary data for the
study, the researchers used a quantitative research approach using empirical questionnaire
surveys, employed in previous research [54]. In addition, the questionnaire data were
gathered using a framework drawn from literature—journal articles, government gazettes,
libraries, and online sites. According to Olatunji et al., the data collecting technique is
critical in reaching the study goal, as is the composition of the question from [55].

Purposive sampling and snowball sampling techniques were used to target the ap-
propriate respondents for the research. According to Wilkins, this strategy is suitable for
choosing respondents based on their desire to engage in research [56]. Snowball approaches
have been utilised in prior construction management research to acquire an appropriate
and effective total sample size [57,58]. The survey respondents were consultants, contrac-
tors, developers, government officials (National Home Builders Registration Council), and
end-users with good knowledge of alternative building and sandbag technologies. The
researcher gave brief information to the respondent on what the alternative and sandbag
building technologies entail. Respondents received the questionnaire survey using on-
line survey forms; the researcher delivered the personal emails and URLs on the survey
questionnaire to the targeted respondents.

Two hundred and twenty-eight survey responses were received across nine provinces
in South Africa. Determining the questionnaire return rate was difficult as snowball
sampling techniques were used. An international expert (a professor with over ten years of
experience in alternative building technologies) pre-tested and evaluated the questionnaire
before distributing it. The professor was selected because of their combined academic
research track record and hands-on experience in alternative construction projects, as
employed in previous construction management studies [57]. On the other hand, the
expert was left out of the final questionnaire survey. The respondents were provided with
some background information via the questionnaire survey. Following that, respondents
were asked to rank the criticality of the identified impediments to the social acceptance of
sandbag building technology in housing construction in South Africa on a 5-point Likert
scale (1 = not critical, 2 = less critical, 3 = neutral, 4 = critical, 5 = extremely crucial).
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3.1. Methods of Data Analysis Statistical Tools

To examine the data, the researchers used various statistical techniques and approaches.
Among them are Cronbach’s alpha, reliability analysis, mean and standard deviation, infer-
ential analysis including ANOVA, Pearson correlation, and factor analysis and groupings.

3.1.1. Cronbach’s Alpha and Reliability Analysis

Before performing more analysis on data collection, it is critical to assess its reliabil-
ity [58]. In this study, the Cronbach alpha reliability test evaluates internal consistency
across survey questionnaire variables and confirms that the questionnaire measures the
correct construct [57,58]. Cronbach’s alpha values vary from 0 to 1. The greater the alpha
value, the more reliable the scale used. This study’s Cronbach alpha reliability for the ques-
tionnaire items tested is 0.939, more than the 0.7 minimum, implying internal consistency
among survey questionnaire variables [59,60].

3.1.2. Mean Score Ranking

The arithmetic mean is a qualitative analysis tool that displays the average value of
a set of items and may be used to rank the relevance of variables [61]. A mean score was
utilised in this study to measure the criticality of the 18 identified barriers in decreasing
order. The standard deviation (SD) is another measure of variability and the difference
between each result from the mean. If two or more barriers have the same mean value,
the ordering is determined by the standard deviation, with the barrier with the lowest
SD ranking higher [55]. By computing the normalised value of the mean score, the study
determined the critical barriers among the 18 identified barriers.

3.1.3. Agreement Analysis Techniques

The study used ANOVA (analysis of variance) to determine whether there was a
significant difference in the respondents’ (contractors, consultants, developers, clients, and
government officials) views of the barriers to the social acceptance of SBTs in the housing
construction based on their work affiliations. ANOVA is an inferential statistical procedure
used to determine whether or not there is a statistically significant difference between the
means of two or more independent data groups [58]. In ANOVA, a normally distributed
data point is required [55]. Olawumi and Chan [58] and Chan et al. [57] employed ANOVA
in earlier construction management studies.

3.1.4. Factor Analysis

By studying the relationships between the factors, the study used factor analysis to
discover the underlying grouping impediments to the social acceptance of SBTs in housing
construction [62,63]. There are two types of factor analysis in quantitative research: the
Promax rotation approach and Principal component analysis (PCA) [64]. The principal
component analysis is used in this investigation (PCA). Factor analysis (PCA) is a statis-
tical approach for identifying a small number of grouped factors to indicate correlations
between numerous connected variables. PCA is also a useful technique for explaining
complicated subjects. It is also used to minimise and recombine large components into a
small number of factor scores and sizes [65,66]. However, before using Principal component
analysis, it is necessary to confirm the sufficiency of the factor analysis for factor extraction
(PCA). Therefore, the Kaiser–Meyer–Olkin (KMO) sample adequacy measure and Bartlett’s
sphericity test assess the factor analysis’s appropriateness.

The Kaiser-Meyer-Olkin (KMO) ratio, defined by Field [67], is the ratio of squared
correlation between variables to squared partial correlation between variables. It is used to
measure the sampling appropriateness of variables. The Kaiser–Meyer–Olkin (KMO) scale
ranges from 0 to 1. According to Norusis [63], Factor analysis is invalid when the value
is zero since partial correlations are huge compared to the sum of correlations. This also
shows that the connection pattern is shifting. On the other hand, according to Field [67],
if the Kaiser–Meyer–Olkin (KMO) is close to above 0.5, the FA would give a reliable and
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distinct factor. Hence, before a factor analysis is carried out, the KMO value should not
be less than 0.50 [63,67]. According to Chan et al. [57], there are variabilities in the level of
acceptance of KMO.

Bartlett’s test of sphericity is a statistical test that assesses whether or not there are
correlations between variables [64]. When doing Bartlett’s test of sphericity, Pett et al. [68]
concluded that if the original correlation matrix is an identity matrix, there is no link
between the variables. As a result, FA will be ineffective. On the other hand, FA would be
suitable if the correlation matrices are not identity matrices and if the significant level is
low with a high sphericity value [69].

3.2. Respondents’ Demographic Information

This section presents the background details of the 228 respondents who took part
in this survey (see Figure 2). The responses came from South Africa’s nine provinces.
Gauteng has the slight majority of respondents (48, 21.05 percent), followed by Kwazulu
Natal (45, 19.74 percent), Western Cape (38, 16.67 percent), Eastern Cape (34, 14.91 percent),
Limpopo (20, 8.77 percent), Free State (13, 5.70 percent) and North West (12, 5.26 percent),
Northern Cape (10, 4.39 percent) and Mpumalanga has the fewest participants (8, 3.51 per-
cent). The respondents worked in various organisations, with the majority of them being
contractors (96, 42.11 percent), followed by client participants (38, 16.66 percent), devel-
opers (37, 16.23 percent), and consultants (32, 14.04 percent), with government officials
having the fewest participants (25, 10.96 percent). Profession-wise, the finding revealed a
slight majority as project and construction managers (47.96 percent), academia and others
(38.46 percent), structural and civil engineers (11.76 percent), and architects (1.81 percent).

Figure 2. Demographic information of the respondent.
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The respondents’ awareness of alternative and sandbag building technologies sug-
gested that most participants (177, 77.63 percent) had a high degree of awareness of sandbag
building technologies, whereas 51 respondents (22.37 percent) had a low understanding of
the technique. The survey participants had extensive professional experience in the sector,
with 52.63 percent of the respondents (120) having at least 11 years of industry experience.
A total of 21.93 percent of the respondents (50) had six to ten years of industry experience.

4. Result of Statistical Analysis

The section includes a summary of the data acquired via a questionnaire survey and
the findings of the statistical methods used in the study.

4.1. Descriptive Statistical Tests

Table 2 summarises the findings of the ranking study on the barriers to the social
acceptance of sandbag technology in housing construction. The mean value for the 18 iden-
tified impediments ranges from M = 3.25 (SD = 1.125) for “B7—Negative effect on human
health” to M = 4.0 (SD = 1.039) for “B12—Lack of awareness of sandbag and its benefits,”
with a variance of 1.08. Furthermore, based on a comparable benchmark used by Chan
et al. [57], critical barriers were identified as those with normalised values greater than 0.5.

Table 2. Barriers to the social acceptance of sandbag technology uptake in housing construction;
intergroup comparisons.

Code
Contractors Consultants Developers Client Government

Officials All Respondents ANOVA

Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank Mean SD Rank Normalisation a

B12 4.01 1 4.11 4 3.89 9 4.14 1 3.73 10 4.00 1.039 1 1 b 0.818 c

B6 3.92 2 4.06 6 4.11 3 3.86 7 4.00 1 3.95 1.038 2 0.93 b 0.958 c

B10 3.87 5 4.11 3 3.78 10 4.29 2 3.87 6 3.93 1.031 3 0.91 b 0.604 c

B5 3.92 3 3.94 11 4.11 4 3.71 10 4.00 2 3.92 1.068 4 0.89 b 0.926 c

B3 3.86 6 4.17 1 4.22 2 3.57 14 3.60 15 3.87 1.018 5 0.83 b 0.303 c

B18 3.89 4 3.89 13 4.00 6 3.86 6 3.60 16 3.87 1.159 6 0.83 b 0.916 c

B2 3.82 8 3.83 14 4.44 1 3.71 12 3.93 5 3.86 1.071 7 0.81 b 0.529 c

B4 3.83 7 4.06 9 3.78 11 3.57 15 3.73 11 3.82 1.096 8 0.76 b 0.801 c

B9 3.78 9 3.89 12 3.89 7 4.07 4 3.60 13 3.81 1.031 9 0.75 b 0.783 c

B11 3.73 10 4.06 5 3.67 13 3.79 9 4.00 3 3.79 1.097 10 0.72 b 0.734 c

B13 3.58 14 4.17 2 3.56 14 4.07 3 3.80 9 3.72 1.054 11 0.63 b 0.146 c

B16 3.63 12 4.00 8 4.00 5 3.79 8 3.40 8 3.69 1.072 12 0.59 b 0.445 c

B1 3.61 13 3.78 16 3.89 8 3.64 13 3.93 4 3.68 1.116 13 0.57 b 0.811 c

B15 3.57 15 4.06 7 3.56 15 3.29 17 3.80 7 3.63 1.082 14 0.51 b 0.298 c

B17 3.67 11 3.56 17 3.00 17 3.57 16 3.60 14 3.60 1.233 15 0.47 0.650 c

B8 3.54 16 3.78 15 3.67 12 3.71 11 3.47 17 3.58 1.085 16 0.44 0.884 c

B14 3.38 17 4.00 10 3.11 16 4.00 5 3.67 12 3.52 1.124 17 0.36 0.065 c

B7 3.26 18 2.89 18 3.00 18 3.14 18 3.80 18 3.25 1.125 18 0 0.198 c

Note: SD = Standard Deviation. a Normalized value = (mean − minimum mean)/(maximum mean − minimum
mean). b the normalised value suggests that the barrier (normalised value ≥ 0.50) is a critical barrier. c at the 0.05
significant level (significance level > 0.05), the ANOVA result is insignificant.

According to Table 2, 14 of the initial 18 obstacles had normalised values of more
than 0.50 and are classified as critical. Expectedly, “lack of awareness of Sandbag and
its benefits” was ranked #1, with the highest mean value, M = 4.0 (SD = 1.039), showing
that awareness is the most crucial obstacle impeding the social acceptance of sandbag
technology in housing construction. The respondents ranked “B6—absence of sandbag
courses and training” (M = 3.95, SD = 1.038) second, “B10—lack of professional knowledge
and expertise” (M = 3.93, SD = 1.031) third, and “B5—lack of sandbag promotion by
government” (M = 3.92, SD = 1.068) fourth. The fifth most critical obstacle to the social
acceptance of sandbag building technologies was identified as “B3—the absence of sandbag
policies and regulations” (M = 3.87, SD = 1.018). According to the research findings, low
awareness is still a key barrier to the social acceptance of sandbag technologies in South
Africa, combined with inadequate training programs, knowledge and expertise, and a low
level of government support.

The data obtained from respondents based on organisational affiliation suggest that
contractors and clients respondents regarded “B12—lack of awareness of sandbag and its
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benefits” (M = 4.0 SD = 1.039) as the most critical barrier to social acceptance of sandbag
building technologies in housing construction. This may imply that most contractors and
clients are not fully aware of sandbag building technology and its benefit. However, the
barrier was rated by respondents who are developers as the ninth most critical barrier,
who ranked “B2—Lack of interest from government” (M = 3.86 SD = 1.071) as the critical
barrier. The consultants perceived “B3—lack of sandbag policies and regulations” (M = 3.87
SD = 1.018) as the most critical barrier. However, Government officials rated “B6—lack
of courses and training on Sandbag” (M= 3.95, SD = 1.038) as the most critical barrier to
accepting sandbag building technologies in South Africa. This explains why the govern-
ment has invested so much in training programmes and workshops on alternative building
technologies, including sandbags, through various agencies such as National Home Builder
Registration Council (NHBRC) [2,31].

All the various organisational setup (consultants, contractors, developers, Government
officials and clients) regards “B7—Negative effect on human health” (M = 3.25 SD = 1.125) as
the least significant barrier. Hence, these barriers have little impact on the social acceptance
of sandbag building technologies in South Africa.

4.2. Inferential Statistical Tests

To investigate whether there are perception disparities among various respondents
from various organisational backgrounds (consultants, contractors, developers, govern-
ment officials, and clients, the 18 identified barriers were analysed using ANOVA. The
significance values of 18 barriers were more than 0.05 based on the ANOVA findings
(Table 2). The findings show no statistically significant variations in consultants’, con-
tractors’, developers’, government officials, and clients’ assessments of the importance of
these barriers.

4.3. Grouping of the Critical Barriers Based on Factor Analysis

The 14 critical barriers (variables) identified in this study were subjected to FA to
classify the barriers to the social acceptance of sandbag technology in housing construction
according to Factors. Before subjecting the critical barriers to factor analysis, as recom-
mended by Xu et al. [65], a Pearson correlation analysis was performed on the 14 crucial
barriers to minimise any multiplier effects among the variables. Consequently, the results
shown in Table 3 demonstrate that the 14 critical barriers were substantially correlated.

Using the varimax rotation approach, a PCA was performed on the 14 critical barriers
from 228 samples of responses (an orthogonal rotation method). Table 3 displays the factor
analysis results, and each analysis explains the total variance. Previous research suggested
that the sample size is in the 1:5 (number of variables: sample size) before it could be
regarded as adequate for component analysis [70–72]. Fourteen crucial barriers multiplied
by five samples necessary for each component equals at least 70 samples required to proceed
with factor analysis. As a result, with 228 samples, the study met these requirements.

The KMO score for this study is 0.929, which is greater than the acceptable threshold
of 0.50 [73] and also shows an “outstanding degree” of common variance [54,67]. Variables
with KMO values near one, according to Chan and Hung [64], reflect a tight correlation
pattern. It indicates that the PCA is quite likely to provide more trustworthy clusters.
According to Chan and Choi [72], Bartlett’s test of sphericity analysis yields a statistical test
result (chi-square = 1377.913) and a tiny significant value (p = 0.000, df = 91), indicating
that the correlation matrix is not an identity matrix. As a result, the condition to proceed
with the factor analysis has been satisfied.

The study used the principal component analysis approach to identify the underlying
grouping obstacles for factor extraction. PCA was used to identify four underlying groups
(components) with eigenvalues greater than one, which account for 74.51 percent of the
total variance in responses after varimax rotation (see Table 3), which is more than the
minimum criteria of 60 percent [70,74].
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Table 3. Varimax rotation factor structure on the critical barrier.

Code The Barrier to the Social Acceptance of
Sandbag Technology Factor Loading Eigenvalue Percentage of

Variance Explained

Cumulative
Percentage of

Variance Explained

Factor 1- Policy and knowledge-related barrier 6.752 56.894 56.894
B3 Lack of sandbag policies and regulations 0.730

B11 Professionals resistant to change from the
use of conventional technologies 0.708

B4 Lack of building code 0.692

B10 Lack of professional’s knowledge
and expertise 0.678

B6 Lack of courses and training on sandbag 0.624
Factor 2- Government-investor related barriers 2.849 7.409 64.303

B18 Lack of financing schemes (bank
loans, grants) 0.843

B9 Lack of existing sandbag machines and
technologies 0.540

B5 Lack of promotion of sandbag
by government 0.518

B2 Lack of interest from the government 0.458
Factor 3- Technical-related barrier 1.788 5.655 69.958

B15 Technical limitations 0.841

B16 Lack of standard design method for
sandbag tech 0.786

B13 Deficiency in sandbag
construction techniques 0.753

Factor 4- Information-related barrier 1.636 4.553 74.511

B1 Lack of sandbag databases and
information 0.841

B12 Lack of awareness of sandbags and
their benefits 0.630

Each of the fourteen barriers is represented by one of the four underlying barrier groups
(component)—policy and knowledge, government-investor, technical, and information-related
barriers; the factor loading for each group is larger than 0.5, which demonstrates the consis-
tency and reliability of the study’s findings and interpretation of the extracted individual
component. Variables with factor loadings larger than or equal to 0.50, as indicated by
Matsunaga [75] and Akintoye [76], will contribute considerably to the interpretation of the
group factor.

5. Discussion of Survey Findings
5.1. Discussion of Grouped Barriers after Factor Analysis

In Figure 3, the grouped barriers are studied in descending order of importance to
interpret the individual barriers. Sato [77] suggested assigning a collective or recognisable
label to each aggregated barrier with a strong correlation. The authors, however, select
the label, according to Chan and Hung [64], because it is subjective, and the researcher
may come up with a different label. However, Olawumi and Chan [58] and Chan [70] used
the barrier scale rating to rank the barrier components (groups) in similar construction
management studies. The ratio of the mean of individual barriers inside a cluster divided by
the number of obstacles in the cluster determines the barrier scale rating [58,70]. The focus
of the discussion of grouped barriers will be on all four of the ranking barrier categories
(component). The main goal of using barrier scale rating analysis is to determine which
barrier group is more important, i.e., which barrier group has a higher-ranking value for
future discussion [64].
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5.1.1. Policy and Knowledge Related Barrier

Group (component) 1 comprises five barrier-related components and has the highest
barrier scale rating of M = 3.872. The group is related to a lack of sandbag policy and
regulations, a lack of Building codes, professionals’ aversion to changing from conventional
technologies, a lack of professional knowledge and skills, and a lack of sandbag courses
and training. The lack of Sandbag policy and regulations is one of the major hurdles to the
general use of Sandbag technology in South Africa.

The lack of Sandbag policy and regulations has hampered its widespread use and
social acceptability. In contrast to traditional construction methods, alternative construction
methods, such as sandbags, have no set policy or regulation [17,20,78]. Government rules
and regulations are effective tools for boosting sandbag usage. Establishing sandbag build-
ing rules and standards at the national and international levels is critical to the acceptability
of earthbag construction methods [37,41]. This is also supported by Gou et al. [79], who
found that government rules and regulations significantly promote innovative technologies
in the building sector. This finding implies that stakeholders and the general public will
cooperate if sandbag uptake expectations are established in the form of legal requirements.
Mpakati-Gama et al. [42] and Hadjri et al. [41] found similar results in research conducted
in Sub-Saharan Africa (SSA). The findings suggest that the South African government
should take a more active role in the construction industry’s pursuit of sustainability by
adopting rules and regulations to encourage social acceptability and uptake of alternative
building technologies like sandbag technology.

It emerged that the most significant impediment to the social acceptance of SBTs is
the lack of a well-established building code. Despite the development of earthbag and
superadobe construction techniques, general guidelines and building rules are still lacking,
with no mention in building codes [20,37]. Meanwhile, according to Cataldo-Born et al. [17],
earthbag technology has been included in the building standards of California, USA, after
it was established that these earthbag constructions surpassed the rules’ criteria.

Another critical barrier to sandbag technologies’ social acceptance and uptake is the
resistance to a move from the use of conventional technologies, which stems from stake-
holders deeply ingrained traditional notions. Uguchukwu et al. [47] and MacDougall [48],
in their work, established that many experts in the conventional building sector are reticent
to accept new inventive approaches that are not widely used. Contractors in South Africa
prefer to employ conventional building materials and technologies because they are famil-
iar with them [2]. As a result, low-income house development in the country has become
homogeneous. This corresponds to a lack of professional knowledge and abilities.
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Another major impediment to the social acceptance and adoption of sandbag technolo-
gies is a lack of professional knowledge and abilities. Previous research indicates that most
construction stakeholders lack appropriate knowledge, competence, and understanding
of the ABTs [2,26]. A lack of knowledge, ability, and understanding among experts, the
government, donors, and consumers of alternative construction technologies constitutes
a significant impediment to their societal acceptance and uptake. Santos and Beiro [26]
and Zami and Lee [43] found that some construction professionals and stakeholders resist
employing alternative building technologies because they believe they are more expen-
sive than conventional building methods. This study’s findings are consistent with Zami
and Lee’s [43]. These findings show that the number of construction professionals and
stakeholders who understand the building process of sandbag technologies is low. On the
other hand, the lack of people with the essential skills, expertise, and understanding would
make it impossible for a company to use Sandbag technology. Lack of knowledge and skill,
which are inextricably linked, are more significant barriers to sandbag social acceptance
than a professional averse to shifting from the employment of traditional technologies.

The lack of training and courses on sandbag technologies impedes the social acceptabil-
ity and adoption of sandbag technologies [43]. According to Succar et al. [80], stakeholder
training is critical for implementing new technology and applications. The techniques, de-
sign, materials, and technologies used in alternative technologies differ from conventional
building methods indicating that a lack of training for stakeholders on what alternative con-
struction is all about and how to construct a sandbag building effectively might negatively
influence the successful adoption of sandbag technology.

5.1.2. Government-Investor-Related Barrier

One of the most significant impediments to the general acceptability of Sandbag
technology in South Africa is the absence of finance options (bank loans, grants). The barrier
group with the second-highest barrier scale rating of M = 3.865 is Group (component) 2,
consisting of four barrier-related elements. The Group is related to the government’s lack
of promotion of sandbags and the government’s lack of interest, lack of existing sandbag
machines and technologies, and finance schemes (bank loans, grants).

Many investors and financial organisations are unfamiliar with the technology and
efficiency of ABTs, according to Grady et al. [2]. Therefore, it is difficult to obtain a house
loan or insurance from financial organisations [43,52,53]. This demonstrates that financial
backing is critical to sandbag technology’s public acceptance. Experts and individuals may
be hesitant to embrace or implement this alternative technology without adequate financial
support (grants and loans) from investors and the South African government [81]. It is
also imperative that the Government of South Africa learn from the developed countries
like Australia, Hong Kong, and the United States. According to Gou et al. [79], obtaining
financial support through grants and bank loans for innovative technologies and sustainable
projects in developed countries is easier.

According to Ben-Alon et al. [37] and Santos and Beiro [26], developing-country
leaders and governments resist using earthen materials such as sandbag technology because
they are hesitant to build dwellings with ordinary soil. While Zami and Lee [43] note that
most new innovative building technology promotion is done by foreign organisations
while developing country governments are uninterested in ABTs. According to this report,
the government’s lack of attention is a significant impediment to the societal acceptance
of sandbag technology in housing construction. The study’s findings correspond with
Potbhare et al. [82] and Sameh [83]. They claimed that when a country’s leaders and
government approve a technology, it confirms the technology’s efficacy in the eyes of
the general public. As a result, public acceptability is dependent on the government’s
acceptance and interest in technology. This barrier is analogous to the government’s failure
to promote Sandbag.

The lack of existing sandbag machines and technologies is also a significant barrier
to its acceptance. According to Potbhare et al. [82], the lack of established technologies
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or demonstration projects might stymie the application of new technologies. Existing
technologies will give people a sense of how the building will seem and raise public
knowledge about the technologies, increasing public acceptability. Also, the absence of
current sandbag equipment is a major stumbling block to its uptake. In their work, Adetooto
et al. [31] demonstrate that the sandbag manufacturing method necessitates a significant
amount of labour and effort. As a result, designing a machine that would improve the
sandbag building process will be vital to its critical adoption.

5.1.3. Information-Related Barrier

The barrier group with the third-highest barrier scale rating of M = 3.84 is Group
(component) 4, consisting of two barrier-related elements. The Group is related to a lack of
sandbag databases and information and technologies and a lack of awareness of sandbags
and their benefits.

The lack of awareness of sandbag technology and its benefits is the most significant
impediment to the social acceptance of SBTs in housing construction. According to the
Human Settlements Review [5], most government housing authorities and the general
public are unaware of the advantages of alternative building technologies, which is aligned
with the findings of this study, that there is a lack of understanding of the benefits of sandbag
technology by South African practitioners and the general public. This outcome is consistent
with earlier studies on alternative construction technologies in South Africa [2,5,31,84].

A lack of databases and information is another important barrier to social acceptance
and deployment of sandbag technology. Sandbag adoption relies heavily on having access
to appropriate information. According to Ben-Alon et al. [37], more information and
technical data are required for sandbag adoption, which is aligned with the findings of this
study, that the lack of sandbag databases and information is impeding sandbag uptake
in South Africa. This demonstrates how difficult South Africa’s present building sector
practitioners are to get information on the technical properties of sandbags.

5.1.4. Technical Related Barrier

The barrier group with the least barrier scale rating of M = 3.68 is Group (component) 3,
consisting of three barrier-related elements. The Group is related to a deficiency in sandbag
construction techniques, a lack of standard design methods for sandbag technology, and
technical limitations.

It emerged in this study that the deficiency in sandbag construction techniques is
a major hindrance to the social acceptance and implementation of sandbag technology
by stakeholders in the South African building sector. This finding is consistent with the
results of previous research by Cataldo-Born et al. [17], who uncovered a defect in sandbag
building procedures that impacts the bonding of sand and cement in their investigation
is consistent with the studies by Windapo et al. [15] and Adetooto et al. [31]. Sharma [20]
agrees, adding that it is difficult to grasp the sandbag building style when looking at how
it is built. The study by Sharma [20] revealed that a lack of standard design methods
and sandbag building procedures cause insufficiency, deficiency, and inconsistency in
sandbag construction techniques and recommends that the government and interested
construction stakeholders invest in further research on enhancing the current sandbag
building technology.

Another major barrier found in this study to impede the social acceptance and adop-
tion of sandbag building technologies is a lack of standard design methods for sandbag
technology. This aligned with previous findings by Adetooto et al. [31] and Windapo
et al. [16]. Canadell et al. [51] discovered a lack of a standard design technique for sandbag
technology; unlike conventional construction methods, there is no standard design strategy
or building methodology for SBTs. In South Africa, for example, most sandbag buildings
are erected using short bags and eco beams [31]; yet, in other countries such as India and
Egypt, long continuous bags are used without eco beams [20].
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Another major impediment to the social acceptance and adoption of sandbag tech-
nologies by construction stakeholders in the housing construction market is the technical
limitations of SBTs. Existing research shows that most construction professionals and
engineers are hesitant to use sandbag technology because they lack faith in the earthbag’s
capacity to sustain suitable loads with minor deformation [17,26]. In their studies, Bar-
ros and Imhoff [49], Vardy et al. [85], and Gutiérrez and Manco [50] found that sandbag
building technology has poor tensile strength and is considered a weak material with many
flaws. As a result, most construction professionals are sceptical of sandbag technology’s
technical integrity.

6. Practical Implications for ABT and SBT Practitioners

This research draws on the many perspectives and hands-on experience of ABT profes-
sionals and stakeholders in the South African housing sector to provide a broad framework
for implementing sandbag technology in housing projects. This study’s findings have
significant implications for ABT and SBT implementation practice and praxis. Furthermore,
the study is the first and only attempt to compare the viewpoints of experts and housing
market stakeholders in South Africa on the challenges to social acceptance of sandbag
technology. It identified certain best practices that policymakers and practitioners may
use to mitigate the barrier. Second, the research prioritised the concomitant impediment,
defining the key barriers that must be addressed to ensure the successful implementation
of sandbag technology. Finally, the factor analyses produced a framework of four main
areas necessary for successfully implementing sandbag technology.

7. Conclusions and Recommendations

The research examined the barriers to the social acceptance of SBTs in housing construc-
tion. The study adopted a quantitative research approach that employed a questionnaire
survey of respondents with significant experience of ABTs. A total of 18 barriers to social
acceptance were identified through a desktop literature review.

The study found that 14 of the 18 barriers were critical to the social acceptance of
sandbag building technology. The most critical barriers are a lack of awareness of sandbags
and their benefits, a lack of Sandbag courses and training, a lack of professional knowledge
and expertise, and Sandbag policy and regulations. The research findings also found no
statistically significant differences in stakeholder perception of the critical barriers to the
social acceptance of sandbags in housing construction. Further categorisation of the 14
barriers by Factor analysis revealed four clusters with a minimum of two variables in each
cluster and a maximum of five.

Based on these findings, the following recommendations are made to mitigate the iden-
tified barriers to the social acceptance of ABTs such as sandbags in housing construction:
(1) More research that gives specific information on sandbag technology to professionals
and construction stakeholders should be promoted. (2) The government should enact laws
and regulations to promote social acceptance and use of alternative building technologies
such as sandbag technology. (3) Sandbag technology construction standards should be es-
tablished and implemented into the country’s building codes (4) There should be adequate
resources available to sponsor training and educate stakeholders and the general public
about using sandbag technologies and other alternative technologies. (5) Access to financial
incentives and support, such as bank loans and grants, should stimulate the use of sandbag
technology in line with what is obtainable in countries like Australia, Hong Kong, and the
USA (6) Promotion teams should be organised, and techniques should be developed to
improve public acceptance of sandbag technology. (7) More studies should be conducted to
improve sandbag technology’s structural and technical integrity and building procedures.
Future research that investigates the interrelationships between the barriers, drivers, and
strategies to the social acceptance of SBTs is recommended. A limitation of this study is that
only sandbag technology was investigated among alternative construction technologies,
although it is critical to provide inexpensive and sustainable housing. Section 1 contains
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the justification behind this, as sandbag is the most readily accessible unknown alternative
construction method.

This study’s assessment of significant barriers to the social acceptance of SBTs is
intended to provide a framework for government agencies and construction stakeholders
to make realistic and well-informed decisions. Furthermore, the findings of this study will
fill a knowledge gap regarding barriers to the social acceptance of SBTs in South Africa
and serve as a valuable reference for policymakers and practitioners in taking appropriate
measures to mitigate the barriers. Furthermore, the findings can be used as a policy tool
and useful guidelines for government agencies, international organisations, and advocates
interested in promoting ABTs such as sandbags in South Africa to achieve more sustainable
and affordable housing delivery.

Author Contributions: Conceptualization, J.A.; Methodology and Literature Retrieval J.A.; Writing,
Original Draft Preparation, J.A.; Writing, Review and Editing, A.W.; Supervision, A.W. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Royal Academy of Engineering through the Distinguished
International Associates Programme (Grant No. DIA-2021-163) and the National Research Foundation
in South Africa. Opinions and conclusions are those of the authors and should not be attributed to
the Royal Academy of Engineering or the N.R.F.

Institutional Review Board Statement: The study was conducted according to an ethical protocol
that was approved by the Department of Construction Economics and Management, University of
Cape Town.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Anonymised data is available from the corresponding author upon
written request and subject to review.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Adabre, M.A.; Albert, P.C.; Amos, D.; Robert, O.; Rotimi, A.; Theophilus, A. Critical barriers to sustainability attainment in

affordable housing: International construction professionals’ perspective. J. Clean. Prod. 2020, 253, 119995. [CrossRef]
2. Grady, B.; Muzila, D.; O’Neill, K.; Tanner, A.; Belz, M.; Tshiguvho, T.; Gumede, D. Alternative Building Technologies for

Low-Income Housing in Cape Town, South Africa. Ph.D. Thesis, Worcester Polytechnic Institute, Worcester, MA, USA, 2019.
3. Golubchikov, O.; Badyina, A. Sustainable Housing for Sustainable Cities: A Policy Framework for Developing Countries; UN-Habitat:

Nairobi, Kenya, 2012; ISBN 9789211324884. Available online: https://unhabitat.org/sites/default/files/download-manager-
files/Sustainable%20Housing%20for%20Sustainable%20Cities.pdf (accessed on 22 September 2021).

4. Alaazi, D.A.; Aganah, G.A. Understanding the slum–health conundrum in sub-Saharan Africa: A proposal for a rights-based
approach to health promotion in slums. Glob. Health Promot. 2020, 27, 65–72. [CrossRef]

5. Human Settlements Review. 2010; Republic of South Africa Department of Human Settlements. 1. Available online: https:
//www.researchgate.net/publication/271845577_Human_Settlements_Review (accessed on 1 September 2021).

6. National Home Builder’s Registration Council. Promoting Innovative Building Technologies. 2020. Available on-
line: https://www.nhbrc.org.za/wp-content/uploads/2020/10/Promoting-IBTs-for-the-NHBRCWebsite.Pdf (accessed
on 10 September 2021).

7. Ncube, N.R. Investigating the Feasibility of the Use of Moladi Construction Technology to Assist in-situ Upgrading in Informal
Settlements within the eThekwini Metropolitan Area. Ph.D. Thesis, The University of KwaZulu Natal, Durban, South Africa, 2017.

8. City of Cape Town, Municipal Spatial Development Framework. 2018. Available online: https://resource.capetown.
gov.za/documentcentre/Documents/City%20strategies%2C%20plans%20and%20frameworks/CT_Metropolitan_Spatial_
Development_Framework.pdf (accessed on 20 September 2021).

9. Dosumu, O.; Aigbavboa, C. An investigation of the benefits and challenges of adopting Alternative Building Materials (ABM) in
the construction industry. In Innovative Production and Construction: Transforming Construction through Emerging Technologies; World
Scientific Publishing: Singapore, 2019; pp. 261–277.

10. Ballerino, C.C. Building Materials and Engineering Design for Low-Income Housing Projects, Port Elizabeth, South Africa.
Master’s Thesis, Royal Institute of Technology, Stockholm, Switzerland, 2002.

11. Theart, P.J. Development of a Multi-Criteria Assessment Tool to Choose between Housing Systems for the Low-Cost Housing
Market. Master’s Thesis, University of Stellenbosch, Stellenbosch, South Africa, 2014.

http://doi.org/10.1016/j.jclepro.2020.119995
https://unhabitat.org/sites/default/files/download-manager-files/Sustainable%20Housing%20for%20Sustainable%20Cities.pdf
https://unhabitat.org/sites/default/files/download-manager-files/Sustainable%20Housing%20for%20Sustainable%20Cities.pdf
http://doi.org/10.1177/1757975919856273
https://www.researchgate.net/publication/271845577_Human_Settlements_Review
https://www.researchgate.net/publication/271845577_Human_Settlements_Review
https://www.nhbrc.org.za/wp-content/uploads/2020/10/Promoting-IBTs-for-the-NHBRCWebsite.Pdf
https://resource.capetown.gov.za/documentcentre/Documents/City%20strategies%2C%20plans%20and%20frameworks/CT_Metropolitan_Spatial_Development_Framework.pdf
https://resource.capetown.gov.za/documentcentre/Documents/City%20strategies%2C%20plans%20and%20frameworks/CT_Metropolitan_Spatial_Development_Framework.pdf
https://resource.capetown.gov.za/documentcentre/Documents/City%20strategies%2C%20plans%20and%20frameworks/CT_Metropolitan_Spatial_Development_Framework.pdf


Buildings 2022, 12, 859 16 of 18

12. Mbambo, S.B.; Agbola, S.B.; Olojede, O.A. The Use of IBTS To Address Housing Challenges in South Africa: A Case Study of Av
Light Steel, Potchefstroom, South Africa. J. Incl. Cities Built Environ. 2021, 1, 53–66.

13. Burger, J.; Swilling, M.; Lengkeek, J. A Sustainable Housing Calculator: Demonstrating the Long-Term Benefits of Sustainable
Building Interventions. Hum. Settl. Rev. 2012, 1, 101–117.

14. Mphahlele, C. Key Performance Indicators for Project Success on Innovative Building Technology Projects. In Proceedings of
the Smart and Sustainable Built Environment (SASBE) Conference 2015, Pretoria, South Africa, 9–11 December 2015; Avail-
able online: https://researchspace.csir.co.za/DSpace/bitstream/handle/10204/9901/Mphahlele_16270_2015.pdf?sequence=
1&isAllowed=y (accessed on 20 August 2021).

15. Windapo, O.A.; Adetooto, J.D.; Pomponi., F.; Emuze, F. Sandbag Building Technologies. In Construction Business and Management
Research Group; Department of Construction Economics and Management, University of Cape Town: Cape Town, South Africa,
2022; ISBN 978-1-998962-05-1.

16. Windapo, A.; Jarratt, N.; Johnson, A.; Pomponi, F.; Emuze, F. Assessing the Structural properties of the Sandbag wall for
alternative housing construction. EPiC Ser. Built Environ. 2022, 3, 795–803. [CrossRef]

17. Cataldo-Born, M.; Araya-Letelier, G.; Pabón, C. Obstacles and motivations for earthbag social housing in Chile: Energy,
environment, economic and codes implications. J. Constr. 2016, 15, 17–26. [CrossRef]

18. Kennedy, J. Building with earthbags. In The Art of Natural Building; Kennedy, J., Smith, M., Wanek, C., Eds.; New Society
Publishers: Gabriola Island, BC, Canada; pp. 149–153.

19. Surhone, L.M.; Timpledon, M.T.; Marseken, S.F. SuperAdobe; Beta Script Publishing: Riga, Latvia, 2010.
20. Sharma, P. A study on the feasibility of emergency shelter through superadobe technology. Int. J. Res. 2015, 2, 512–517.
21. Khalili, N. Emergency Sandbag Shelter and Eco-Village Ilona Outram New; Earth Fine Arts Press Ltd.: London, UK, 2014.
22. Kamal, R.; Rahman, M.S. A study on feasibility of superadobe technology–An energy-efficient building system using natural

resources in Bangladesh. IOP Conf. Ser. Earth Environ. Sci. 2018, 143, 012043. [CrossRef]
23. Hunter, K.; Kiffmeyer, D. Earthbag Building: The Tools, Tricks, and Techniques; New Society Publishers: Gabriola, BC, Canada, 2004;

Volume 8.
24. Rincón, L.; Carrobé, A.; Martorell, I.; Medrano, M. Improving thermal comfort of earthen dwellings in sub-Saharan Africa with

passive design. J. Build. Eng. 2019, 24, 100732. [CrossRef]
25. Shaker, A.; Medhat, H.; Abou-elgheit, M.; Nassar, M.; Mahmoud, Y.; Hamza, A.S.; Abou-Zeid, M. A proposed sandbag housing

unit for poor and disadvantaged Areas. In Proceedings of the Leadership in Sustainable Infrastructure, Vancouver, BC, Canada,
31 May–3 June 2017.

26. Santos, D.M.; Beirão, J.N.D.C. Data collection and constructive classification of superadobe buildings. Ciência E Sustentabilidade
2016, 2, 208–226. [CrossRef]

27. Geiger, O.; Zemskova, K. Earthbag technology–simple, safe, and sustainable. Nepal Eng. Assoc. Technol. J. Spec. Issue Gorkha Earthq.
2015, 43, 78–90.

28. Olojede, O.A.; Agbola, S.B.; Samuel, K.J. Technological innovations and acceptance in public housing and service delivery in
South Africa: Implications for the Fourth Industrial Revolution. J. Public Adm. 2019, 54, 162–183.

29. Kulshreshtha, Y.; Mota, N.J.; Jagadish, K.S.; Bredenoord, J.; Vardon, P.J.; van Loosdrecht, M.C.; Jonkers, H.M. The potential and
current status of earthen material for low-cost housing in rural India. Constr. Build. Mater. 2020, 247, 118615. [CrossRef]

30. Bosman, G.; Van der Westhuizen, D. The impact of climate phenomena on attitudes toward traditional earth construction and
decoration. S. Afr. J. Art Hist. 2014, 29, 65–76.

31. Adetooto, J.; Windapo, A.; Pomponi, F. Barrier to the use of Sandbag Material Technologies as a Sustainable Affordable Housing
Solution: Perspectives from South Africa. EPiC Ser. Built Environ. 2022, 3, 722–730. [CrossRef]

32. Botes, A.W. A Feasibility Study of Utilising Shipping Containers to Address the Housing Backlog in South Africa. Ph.D. Thesis,
University of Stellenbosch, Stellenbosch, South Africa, 2013.

33. Dlamini, T.U. The feasibility of Wood-Plastic Composites as Building Material for RDP Houses in South Africa. Ph.D. Thesis,
Stellenbosch University, Stellenbosch, South Africa, 2020.

34. Rogers, E.M. Diffusion of Innovations, 4th ed.; Free Press: New York, NY, USA, 1995.
35. Upham, P.; Oltra, C.; Boso, À. Towards a cross-paradigmatic framework of the social acceptance of energy systems. Energy Res.

Soc. Sci. 2015, 8, 100–112. [CrossRef]
36. Wüstenhagen, R.; Wolsink, M.; Bürer, M.J. Social acceptance of renewable energy innovation: An introduction to the concept.

Energy Policy 2007, 35, 2683–2691. [CrossRef]
37. Ben-Alon, L.; Loftness, V.; Harries, K.A.; Hameen, E.C.; Bridges, M. Integrating earthen building materials and methods into

mainstream construction. J. Green Build. 2020, 15, 87–106. [CrossRef]
38. Mao, C.; Shen, Q.; Pan, W.; Ye, K. Major barriers to off-site construction: The developer’s perspective in China. J. Manag. Eng.

2015, 31, 3. [CrossRef]
39. Reddy, B.V.; Mani, M. Proceedings of the International Symposium on Earthen Structures, Indian Institute of Science, Bangalore,

Indian, 22–24 August 2007; Interline Publishing: Karnataka, India, 2007.
40. Marais, L.; Sefika, M.; Ntema, J.; Venter, A.; Cloete, J. Towards an understanding of the outcomes of housing privatisation in

South Africa. Urban Forum 2014, 25, 57–68. [CrossRef]

https://researchspace.csir.co.za/DSpace/bitstream/handle/10204/9901/Mphahlele_16270_2015.pdf?sequence=1&isAllowed=y
https://researchspace.csir.co.za/DSpace/bitstream/handle/10204/9901/Mphahlele_16270_2015.pdf?sequence=1&isAllowed=y
http://doi.org/10.29007/w511
http://doi.org/10.4067/S0718-915X2016000300002
http://doi.org/10.1088/1755-1315/143/1/012043
http://doi.org/10.1016/j.jobe.2019.100732
http://doi.org/10.33809/2447-4606.222016208-226
http://doi.org/10.1016/j.conbuildmat.2020.118615
http://doi.org/10.29007/nqpb
http://doi.org/10.1016/j.erss.2015.05.003
http://doi.org/10.1016/j.enpol.2006.12.001
http://doi.org/10.3992/1943-4618.15.1.87
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000246
http://doi.org/10.1007/s12132-013-9206-0


Buildings 2022, 12, 859 17 of 18

41. Hadjri, K.; Osmani, M.; Baiche, B.; Chifunda, C. September. Attitudes towards earth building for Zambian housing provision.
Proc. Inst. Civ. Eng. Eng. Sustain. 2007, 160, 141–149.

42. Mpakati-Gama, E.C.; Wamuziri, S.C.; Sloan, B. The use of alternative building materials in developing countries: Addressing
challenges faced by stakeholders. In Proceedings of the World Construction Conference, Colombo, Sri Lanka, 28–30 June 2012;
pp. 266–275.

43. Zami, M.S.; Lee, A. Inhibitors of adopting stabilised earth construction to address the urban low-cost housing crisis: An
understanding by construction professionals. J. Build. Apprais. 2011, 6, 227–240. [CrossRef]

44. Lyamuya, P.; Alam, K. Earth Construction in Botswana: Reviving and Improving the Tradition. In Proceedings of the Common-
wealth Association of Architect’s 20th General Assembly and Conference, Dhaka, Bangladesh, 19–24 February 2013.

45. Cañzio, L.D.C. The 1000 Dollar Home: A Scalable Business Model to Build Disaster Relief Dwellings and Upgrade Slums. Ph.D.
Thesis, Massachusetts Institute of Technology, Cambridge, MA, USA, 2006.

46. Daigle, B.; Hall, K.; MacDougall, C. Earthbag housing: Structural behaviour and applicability in Sri Lanka. Proc. Inst. Civil
Eng.-Eng. Sustain. 2011, 164, 261–273. [CrossRef]

47. Ugochukwu, I.B.; Chioma, M.I.B. Local Building Materials: Affordable Strategy for Housing the Urban Poor in Nigeria. Procedia
Eng. 2015, 188, 42–49. [CrossRef]

48. MacDougall, C. Natural building materials in mainstream construction: Lessons from the UK. J. Green Build. 2008, 3, 1–14.
[CrossRef]

49. Barros, L.P.; Imhoff, F.A. Earthquake resistance of post-tensioned soil-cement buildings with low geometric complexity. Rev.
Constr. 2010, 9, 26–38.

50. Gutiérrez, L.; Manco, M. Características Sísmicas de las Construcciones de Tierra en el Perú. Contribución a la Enciclopedia
Mundial de Vivienda. Bachelor’s Thesis, Pontificia Universidad Católica del Perú, San Miguel, Mexico, 2006.

51. Canadell, S.; Blanco, A.; Cavalaro, S.H. Comprehensive design method for earthbag and superadobe structures. Mater. Des. 2016,
96, 270–282. [CrossRef]

52. Adegun, O.B.; Adedeji, Y.M.D. Review of economic and environmental benefits of earthen materials for housing in Africa. Front.
Archit. Res. 2017, 6, 519–528. [CrossRef]

53. Norton, J. Building with Earth: A Handbook, 2nd ed.; Intermediate Technology Publications: London, UK, 1997.
54. Li, T.; Yan, X.; Guo, W.; Zhu, F. Research on Factors Influencing Intelligent Construction Development: An Empirical Study in

China. Buildings 2022, 12, 478. [CrossRef]
55. Olatunji, S.O.; Olawumi, T.O.; Awodele, O.A. Achieving value for money (VFM) in construction projects. J. Civ. Environ. Res.-Int.

Inst. Sci. Technol. Educ. (IISTE) 2017, 9, 54–64.
56. Wilkins, J.R. Construction workers’ perceptions of health and safety training programmes. Constr. Manag. Econ. 2011, 29,

e1017–e1026. [CrossRef]
57. Chan, A.P.C.; Darko, A.; Olanipekun, A.O.; Ameyaw, E.E. Critical barriers to green building technologies adoption in developing

countries: The case of Ghana. J. Clean. Prod. 2018, 172, 1067–1079. [CrossRef]
58. Olawumi, T.O.; Chan, D.W. Concomitant impediments to the implementation of smart, sustainable practices in the built

environment. Sustain. Prod. Consum. 2020, 21, 239–251. [CrossRef]
59. Adetooto, J.D.; Ijigah, E.A.; Oseghale, G.E.; Oseghale, B.O. Evaluation of Energy Efficiency in Residential Buildings in Akure,

Nigeria. J. Basic Appl. Res. 2020, 53, 85–96.
60. Li, X.; Deng, B.; Yin, Y.; Jia, Y. Critical Obstacles in the Implementation of Value Management of Construction Projects. Buildings

2022, 12, 680. [CrossRef]
61. Chan, A.P.; Lam, P.T.; Chan, D.W.; Cheung, E.; Ke, Y. Critical success factors for PPPs in infrastructure developments: Chinese

perspective. J. Constr. Eng. Manag. 2010, 136, 484–494. [CrossRef]
62. Hair, J.F.; Anderson, R.E.; Tatham, R.L.; Black, W.C. Multivariate Data Analysis; Prentice-Hall Inc.: Upper Saddle, NJ, USA, 2010.
63. Norusis, M.J. SPSS 16.0 Advanced Statistical Procedures Companion; Prentice-Hall Inc.: Upper Saddle River, NJ, USA, 2008.
64. Chan, D.W.M.; Hung, H.T.W. An empirical survey of the perceived benefits of implementing the mandatory building inspection

scheme (MBIS) in Hong Kong. Facilities 2015, 33, 337–366. [CrossRef]
65. Xu, Y.; Yeung, J.F.Y.; Chan, A.P.C.; Chan, D.W.M.; Wang, S.Q.; Ke, Y. Developing a risk assessment model for PPP projects in

China-a fuzzy synthetic evaluation approach. Autom. Constr. 2010, 19, 929–943. [CrossRef]
66. Li, Y.Y.; Chen, P.H.; Chew, D.A.S.; Teo, C.C.; Ding, R.G. Critical project management factors of AEC firms for delivering green

building projects in Singapore. J. Constr. Eng. Manag. 2011, 137, 1153. [CrossRef]
67. Field, A. Discovering Statistics Using IBM SPSS Statistics, 4th ed.; Sage: London, UK, 2013.
68. Pett, M.A.; Lackey, N.R.; Sullivan, J.J. Making Sense of Factor Analysis: The Use of Factor Analysis for Instrument Development in Health

Care Research; Sage: Thousand Oaks, CA, USA, 2003.
69. Pallant, J. SPSS Survival Manual: A Step by Step Guide to Data Analysis Using the SPSS Program; Allen & Unwin: Sydney,

Australia, 2011.
70. Chan, D.W.M. Sustainable building maintenance for safer and healthier cities: Effective strategies for implementing the mandatory

building inspection scheme (MBIS) in Hong Kong. J. Build. Eng. 2019, 24, 100737. [CrossRef]
71. Lingard, H.; Rowlinson, S. Letter to the editor. Constr. Manag. Econ. 2006, 22, 1107–1109. [CrossRef]

http://doi.org/10.1057/jba.2010.25
http://doi.org/10.1680/ensu.2011.164.4.261
http://doi.org/10.1016/j.proeng.2015.08.402
http://doi.org/10.3992/jgb.3.3.1
http://doi.org/10.1016/j.matdes.2016.02.028
http://doi.org/10.1016/j.foar.2017.08.003
http://doi.org/10.3390/buildings12040478
http://doi.org/10.1080/01446193.2011.633538
http://doi.org/10.1016/j.jclepro.2017.10.235
http://doi.org/10.1016/j.spc.2019.09.001
http://doi.org/10.3390/buildings12050680
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000152
http://doi.org/10.1108/F-09-2013-0066
http://doi.org/10.1016/j.autcon.2010.06.006
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000370
http://doi.org/10.1016/j.jobe.2019.100737
http://doi.org/10.1080/01446190601001620


Buildings 2022, 12, 859 18 of 18

72. Chan, D.W.M.; Choi, T.N.Y. Difficulties in executing the mandatory building inspection scheme (MBIS) for existing private
buildings in Hong Kong. Habitat Int. 2015, 48, 97–105. [CrossRef]

73. Norusis, M.J. SPSS for Windows Professional Statistics Release 6.0; SPSS Inc.: Chicago, IL, USA, 1993.
74. Malhotra, N.K. Marketing Research: An Apply Orientation, 2nd ed.; Prentice-Hall: Upper Saddle River, NJ, USA, 1996.
75. Matsunaga, M. How to factor-analyse your data right: Do’s, don’ts, and how to’s. Int. J. Psychol. Res. 2010, 3, 97–110. [CrossRef]
76. Akintoye, A. Analysis of factors influencing project cost estimating practice. Constr. Manag. Econ. 2000, 18, 77–89. [CrossRef]
77. Sato, T. Factor Analysis in Personality Psychology. 2005. Available online: http://www.webspace.ship.edu/tosato/factanls.htm

(accessed on 10 September 2021).
78. El-Kabbani, M.F. Alternative Building Materials and Components for Affordable Housing in Egypt: Towards Improved Competi-

tiveness of Modern Earth Construction. Master’s Thesis, Ain-Shams University, Cairo, Egypt, University of Stuttgart, Stuttgart,
Germany, 2013. Available online: http://http://iusd.asu.edu.eg/wp-content/uploads/2015/11/1stInt_El-Kabbani.pdf (accessed
on 20 June 2021).

79. Gou, Z.; Lau, S.S.Y.; Prasad, D. Market readiness and policy implications for green buildings: Case study from Hong Kong. J.
Green Build. 2013, 8, 162–173. [CrossRef]

80. Succar, B.; Sher, W.; Williams, A. An integrated approach to BIM competency assessment, acquisition and application. Automation
Constr. 2013, 35, 174–189. [CrossRef]

81. Marais, L.; Cloete, J. Housing policy and private sector housing finance: Policy intent and market directions in South Africa.
Habitat Int. 2017, 61, 22–30. [CrossRef]

82. Potbhare, V.; Syal, M.; Korkmaz, S. Adoption of green building guidelines in developing countries based on US and India
experiences. J. Green Build. 2009, 4, 158–174. [CrossRef]

83. Sameh, S.H. Promoting earth architecture as a sustainable construction technique in Egypt. J. Clean. Prod. 2014, 65, 362–373.
[CrossRef]

84. Alagbe, O.A. Prospects and Challenges of Compressed Stabilized Laterite Bricks in Enhancing Sustainable Housing Development
in Nigeria. Available online: http://eprints.covenantuniversity.edu.ng/389/1/Prospects_and_Challenges_of_Compressed_
Stabilized-Alagbe_OA.pdf (accessed on 20 June 2021).

85. Vardy, S.; MacDougall, C.; Magwood, C.; Spick, A. The design and construction of the 4C’s building. J. Green Build. 2006, 1, 49–62.
[CrossRef]

http://doi.org/10.1016/j.habitatint.2015.03.015
http://doi.org/10.21500/20112084.854
http://doi.org/10.1080/014461900370979
http://www.webspace.ship.edu/tosato/factanls.htm
http://http://iusd.asu.edu.eg/wp-content/uploads/2015/11/1stInt_El-Kabbani.pdf
http://doi.org/10.3992/jgb.8.2.162
http://doi.org/10.1016/j.autcon.2013.05.016
http://doi.org/10.1016/j.habitatint.2017.01.004
http://doi.org/10.3992/jgb.4.2.158
http://doi.org/10.1016/j.jclepro.2013.08.046
http://eprints.covenantuniversity.edu.ng/389/1/Prospects_and_Challenges_of_Compressed_Stabilized-Alagbe_OA.pdf
http://eprints.covenantuniversity.edu.ng/389/1/Prospects_and_Challenges_of_Compressed_Stabilized-Alagbe_OA.pdf
http://doi.org/10.3992/jgb.1.2.49

	Background to the Study 
	Literature Review 
	Sandbag Technologies in South Africa 
	The Barrier to the Social Acceptance of Sandbag Building Technologies in Housing Construction 

	Research Method 
	Methods of Data Analysis Statistical Tools 
	Cronbach’s Alpha and Reliability Analysis 
	Mean Score Ranking 
	Agreement Analysis Techniques 
	Factor Analysis 

	Respondents’ Demographic Information 

	Result of Statistical Analysis 
	Descriptive Statistical Tests 
	Inferential Statistical Tests 
	Grouping of the Critical Barriers Based on Factor Analysis 

	Discussion of Survey Findings 
	Discussion of Grouped Barriers after Factor Analysis 
	Policy and Knowledge Related Barrier 
	Government-Investor-Related Barrier 
	Information-Related Barrier 
	Technical Related Barrier 


	Practical Implications for ABT and SBT Practitioners 
	Conclusions and Recommendations 
	References

