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EDITORIAL

The 2nd issue of  Volume 11 of the Journal of 
Construction (JoC) comprises four papers which 
cover various topics in construction discussed 
below. 

Firstly, Chetty and Haupt discuss the learning 
environment, self-efficacy and performance in 
mathematics:  a Mangosuthu case study.  
Secondly, Awosina, Ruben Ndihokubwayo and 
Fapohunda discuss the mitigating factor on 
construction cost underestimation when 
implementing design requirements.  Thirdly, 
Nyakala, Munyai, Vermeulen and Pretorius 
investigate the applications and assessment of a 
quality assurance process measurement model in 
construction projects.  Finally, Mncwango and 
Allopi discuss the structural suitability of 
expanded polystyrene using a comparative 
analysis.
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LEARNING ENVIRONMENT, SELF-EFFICACY AND PERFORMANCE       
            IN MATHEMATICS: A MANGOSUTHU CASE STUDY 

   ABSTRACT

Purpose 

The success of students may depend on factors 
such as student's motivation for learning and 
existing support systems. The study analyses the 
r e l a t i o n s h i p  b e t w e e n  t h e  c l a s s r o o m 
environments, the student self-efficacy with 
regard to mathematics as a chosen subject to 
determine whether the perception of the students 
about their mathematics classroom climate is 
related to self-efficacy towards the subject and 
whether this  relat ionship affected their 
achievement in mathematics. 

Methodology 

A sample of 89 students from the Department of 
Construction Management and Quantity 
S u r ve y i n g  a t  M a n g o su t h u  U n i ve r s i t y o f 
Technology in South Africa who have completed 
their mathematics subject was used to undertake 
this study. The survey was focused on their views 
and experiences regarding their mathematics 
classes.  The data was generated from a 
questionnaire survey made up with 16 statements 
and information about four constructs

Limitations

The study was undertaken on a cohort of MUT 
students only. It is likely that the findings might be 
different at other universities. 

Findings 

The findings reveal that there is a significant 
relationship between student mathematics self-
efficacy and mastery goal structure, appropriate 
challenges and caring. 

Also, a significant relationship was found 
between self-efficacy and student achievement 
with slight differences between male and female 
students.

Originality/value of paper

The findings of the paper provide insight into how 
s t u d e n t  e ffi c a c y  a n d  a c h i e v e m e n t  i n 
mathematics which is a critical module in the 
curriculum of construction and engineering 
programs and important  computational 
competence in the world of work and professional 
practice.

KEYWORDS: 

Academic performance; classroom climate; 
learning environment; mastery goal structure ; 
Mathematics; Self-efficacy

1. INTRODUCTION

A significant knowledge of mathematics is a key 
aspect for engineering students including 
construction management students due to the 
mathematical involvement of a number of 
subjects taught to them. Also, mathematics is 
needed for many career and job opportunities in 

[1].engineering and more especially in construction  
Therefore, mathematics proficiency is critically 
important for students in construction studies 
because it is equipping them with tools that are 

[2].needed for design purposes

Mathematics is needed in designing structures 
and erecting building. Mathematics allows 
building capacity for students to be to understand 
various engineering concepts and develop critical 
thinking to enable them to be creative and 
innovative. This will help them to enhance their 
problem-solving skills which is at the core of their 
preparation as future 21st century construction 
professionals. Historically, the racial divide 
between the various races is reflected in the 
number of students who are encouraged to take 
up mathematics and science subjects at high 
school. Rather they are diverted to other subjects 
which are 'simpler' and more suited to their future 
careers given the practice of job reservation of the 
previous political dispensation in South Africa. 



In recent years universities have been encouraged 
to increase access for those less fortunate and 
historically disadvantaged to register for 
engineering and construction-related programs. 
While these programs require mathematics as a 
prerequisite, the level of mathematics needed was 
determined by the type of university students were 
registered at. Consequently, lower levels of 
mathematic performance at high school was 
acceptable at universities of technology of which 
Mangosuthu University of Technology (MUT) is an 
example. Therefore, it would be expected that 
institutions such as this would have in place 
c l a s s ro o m  e nv i ro n m e n t s  a n d  su p p o r t i ve 
environments created by teaching staff to assist 
students taking mathematics to be successful. 
This study examines the impact of these 
scaffolding efforts in improving mathematics 
grades at  MUT as a precursor to a broader study 
that will encompass all universities in South Africa. 
In particular, it examines the relationships between 
mathematics self-efficacy, instructor mastery goal 
structure, instructor challenging and instructor 
caring.

  2.       BACKGROUND 

2.1 Self-efficacy 
Studies have revealed that the deficiency of self-
efficacy related to mathematics is a significant 
contributor to student's lower performance in 

[ 1 ] .mathematics  Building a consistent and 
successful selfefficacy mathematics instruction 
will require a classroom climate or environment 
created by competent academics or instructors 
with the involvement of students in order to 
properly address the development of self-efficacy 
in many subjects in general and in mathematics 
particularly as it is the case for this study. The 
interventions of instructors must include mastery 
goal structures, appropriate challenges and 
caring. There is a very important concept that is 
very central to this study which is known as self-
efficacy, this is in fact linked to the confidence of 

[3] 
the student.  Bandura (1977) defined it as the 
capacity for a student to organize and execute 
courses of action that is essential to generate 
specific accomplishments. It refers to beliefs 
related to anything students are able to 
accomplish, rather than the skills they believe to 

[4]possess . Self efficacy is positively related to deep 
motivation, selection of career, choice of tasks, 
task values, and persistence. It also plays an 
important role in people's lives and this happens on 
daily basis. Numerous and diverse variables can 
influence individual's self-efficacy, particularly in 

[5]
mathematics . The attitudes of many students   
can be influenced by many different aspects 

including the views and opinions of parents, 
attitudes and behaviour of peers, the type of 

[6].school, lecturer, and the classroom climate  Self-
efficacy has a direct effect on persistence; this 
means the more persistent a student can be in a 
subject, the more he develops high level of 
confidence which is the true reflection of self-

[7].efficacy  As one of the affective variables, it is used 
to clarify in details academic success and was found 

[8];[9].to confidently affect academic achievement   
Therefore, a high self-efficacy in any subject in 
general and in mathematics particularly implies 
that the students have reached a certain level of 
confidence regarding their capability to be 
successful in the subject.  Consequently, this 
motivates the students to face challenges with 
determination and boost their ambitions of being 

[4].
successful  Self-efficacy can influence the choices 
made by people and assess the amount of effort put 
into the tasks, the relevant thought patterns, and 

[ 5 ] [ 1 0 ] .the emotional reactions  Self-efficacy in 
mathematics would determine the level of 
persistence for students when completing 

[11].mathematics course work effectively   There are 
four contributing factors to self-efficacy: firstly, the 
mastery experiences (performance outcomes) – 
experiences showing that students can complete a 
task successfully. Secondly, vicarious experiences 
based on the fact that by watching other students 
of similar skill completing a task successfully it 
makes them feel they can do the same. Thirdly, 
verbal persuasion based on the fact that when 
peers or mentors encourage students doing a task 
that they can do it, finally  the physiological 
feedback (emotional arousal) – positive thinking 
increases self-efficacy while too much stress 
lessens self-efficacy. It has been reported that 
mastery goal structure; challenge and lecturer care 
significantly influenced mathematics self-

[12].efficacy  Where these were present or evident 
students had higher levels of mathematics self-
efficacy than when they were not. Individual 
efficacy was found to the strongest influence to 

[13].student mathematics achievement  Self-efficacy 
can be achieved within a conducive atmosphere or 
environment which at university is the classroom. It 
is therefore important to analyse this concept when 
it comes to the  success of students in many 
su b j e c t s  g e n e r a l l y b u t  m o re  s p e c i a l l y i n 
mathematics and mathematical subjects. 

2.2 Classroom climate

Classroom climate has been defined as the 
classroom environment, the social climate, the 
emotional, and the physical aspect of the 

[14].classroom  It has been described as a learning 
[15].environment  The relationship between the 
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student and instructor or lecturer is therefore very 
important. If there is effective communication 
between the instructor and the students the 
success of students in mathematics or any other 
subject can be achieved through a less painful 
process than is sometimes the case. The instructor 
has an obligation to create a favourable climate in 
the classroom through goal-setting strategies in 
order to stimulate the student success process. 
These strategies imply that the type of climate 
created in the classroom by the instructor through 
goal-setting, appropriate challenges and empathy 
for the students is likely to contribute positively to 
student achievement which should be one of the 
ultimate aims for the instructor. Student efficacy or 
confidence is perceived as the capability of the 
student for a specific task or subject such as 
mathematics. There is an opportunity for 
instructors to influence student self-efficacy 
through the created classroom climate. This 
achievement is possible because instructors are 
seen by students as the source of knowledge, 
example of achievement and inspiration and role 
models. Therefore, instructor interactions with 
students are vital to the perceptions of students. 
Perhaps, instructors need to be cautious to avoid 
making mathematics more difficult and stressful 
for students than it should be. It is suggested to 
boost their confidence and self-efficacy in 
mathematics than generating fear and phobia of 
mathematics. 

2.3 Mastery goal structure

It has been reported that mastery goal orientation 
[15].is strongly related to competence development  

Goal theory suggests that the motivation of 
students is influenced not only by their beliefs from 
their background and individual dispositions but 
also by the environment that they find themselves 
in. A mastery goal involves a perception that the 
real learning and understanding of students rather 
than memorisation are valued and that success is 
accompanied by effort and indicated by personal 
improvement or by achieving absolute standards. 
It is also obvious that students in the same class do 
not share the same perception regarding 
instructor practices. Instructor mastery goal 
structure involves the degree to which the 
instructor wants students to learn and understand 
the fact and concept for a lesson or to enjoy 
learning process. Few studies reported positive 
relations between mastery goal structure and self-

[16] [17][18] .efficacy and achievement   Generally, 
mastery goal structure is linked with the beliefs and 

[19].behaviours of students  Therefore, in order to 
create positive learning environments the focus 

[15]
needs to be on creating a mastery goal structure . 

Instructor support, respect and positive affect can 
be crucial factors in classrooms with high mastery 
goal structure. Instructors in these types of 
classrooms tended to encourage students to help 
each other and explain their reasoning.

2.4 Student and instructor relationship

The motivation of students to undertake 
schoolwork has been found to be related to the 
perception they have about their instructors who 

[20].
are viewed to be emotionally supportive  A good 
student and instructor relationship nurtures 
development in confidence as well as self-

[1].
efficacy  

It is important that emotionally supportive 
attitudes or behaviour includes respect, care, 

[ 1 5 ] .
warmth, empathy and friendliness  The 
relationship between students and their 
instructors reflects the potential of classroom 
interactions to boost their growth. Furthermore, 
positive relationship between students and 
instructor can positively be linked with student 

[ 2 1 ] .motivation, engagement, and well-being  
Therefore, it is up to instructors to find the balance 
between positively challenging students and 
caring attitude. This can be achieved by believing 
in their students and assisting them in achieving 

[1].
their academic goals  Students who perceive their 
instructors to be caring and supportive tend to be 
more motivated by exerting greater effort and 
persistence. 

2.5   Mathematical anxiety versus achievement 

Mathematical anxiety can destroy the self-
confidence or self-efficacy and seriously affect the 
performance of students in the subject and others 
that require mathematics efficiency. It affects their 
belief system as well as their attitudes toward their 
ability to achieve success in mathematics. These 
attitudes may originate from various aspects in 
the environment of students as well as school and 

[22].home experiences

Mathematical anxiety is defined as the 
restlessness of students during mathematical 
operations. It includes their fear of failing the 
exams and the resulting physical stress that leads 
to negative mathematical attitudes characterised

[23].
 by the dislike of mathematics  

Mathematical anxiety is projected negatively by 
self-efficacy and can be understood as a result of 
low self-efficacy, according to the social learning 

[10][31].theory  A student who feels anxious about 
mathematics classes can easily feel unable of 
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doing mathematics. The higher the level of self-
efficacy, the more energetic the individual 
becomes. Consequently, the individual will put 
more effort toward the assignment and the longer 
he will persevere to the point of loving and enjoying 
mathematics; this attitude will vanish the fear and 
the anxiety and bring more confidence in the 
individual.  Therefore, mathematical anxiety can 
be a forecaster of self-efficacy by the fact that 
higher anxiety in mathematics strongly related to 

[22].lower levels of self-efficacy  This is confirmed by 
the fact that students presenting signs of 
mathematical anxiety have a tendency of poor 
attitudes about mathematics. They have also a 
tendency of avoiding mathematical courses, 

[24].therefore, the result is lower achievement scores  
There are five areas that contribute to students' 
mathematical anxiety: teachers/ instructor 
(lecturer) attitude, curriculum, instructional 
s t r a t e g i e s ,  t h e  c l a s s r o o m  c u l t u r e ,  a n d 

[25].assessment   Teacher/ instructor (lecturer) 
attitude can greatly influence mathematical 
anxiety and it is the leading factor influencing 
student attitudes with regard to learning of 

[26];[27].mathematics  Therefore, a teacher/ instructor 
(lecturer) has the responsibility to help students 
remove the fear and phobia of mathematics in 
order to achieve expected results and produce 
critical thinkers and quality professionals.

2.6 Teacher/ instructor (lecturer) Attitude

Teaching must stimulate in student a culture of 
excellency not fear or anxiety, it involves major 
impacts to make significant changes within any 

[28].society when it comes to an education system  
Even with a major reform for curriculum, lasting 
changes would not occur without sustained 
professional development designed to change 

 [29]teachers' beliefs and attitudes . The belief of 
teachers can be improved or modified by 
scrutinizing students' mathematical thinking, 

[29].technology, curriculum, and gender  Teachers 
have to play an important role in assuring that their 
methods of imparting mathematical knowledge 
are based on sound standards. It is very dangerous 
and could be very destructive for a student in a 
classroom facing a teacher with a negative 
attitude toward mathematics. The consequences 
are such that it can be transferred into the 
instruction and discussion made by the teacher. 
Students, especially girls, pick up on these clues 
inadvertently given by the teacher and take it on as 
their own. Parents can reinforce this attitude at 
home in discussion with the child, as well as 

[30].priorities aligned with the family  When attitudes 
are developed to negatively think about 
mathematics, achievement suffers but also the 

confidence is seriously affected and the fear and 
the phobia of mathematics increases. 

3.  RESEARCH DESIGN AND APPROACH

This quantitative study sought to describe the 
connection between classroom environment, 
student performance and students' self-efficacy 
in mathematics as well as their impact on the 
student success. The study had mainly to 
determine if there is a relationship exists between 
students' mathematics self-efficacy and their 
perceived mathematics classroom environment. 
A sample of 89 students from the Department of 
Construction Management and Quantity 
S u r ve y i n g  a t  M a n g o su t h u  U n i ve r s i t y o f 
Technology in South Africa who have completed 
their mathematics subject was used to undertake 
this study. The survey was focused on their views 
and experiences regarding their mathematics 
classes.  The data was generated from a 
questionnaire survey made up with 16 statements 
and information about four constructs described 
as follows:  mastery goal structure, instructor 
challenge, instructor care and self-efficacy based 
on Fast's 2010 study with each construct 

[12][32].comprising of four statements  Data collected 
from students included the items from both 
surveys  and demographics .  Each of the 
statements required a scaled response of 
agreement.  SPSS v23 was used as statistical tool 
to analyse the results.  The statistical analysis 
included measures of central tendency and 
dispersion. The internal validity of scaled 
responses was determined by the Cronbach's 
alpha coefficient for validity.  

   4      RESULTS AND DISCUSSIONS 

4.1 Students profile 

Most students (86.5%) were second year students 
and in all probability. their experience of the 
mathematics module would still be fresh in their 
minds. Nearly two-thirds of the student sample 
(64.8%) comprised of civil engineering students. 
In terms of gender distribution, male students 
(56.3%) outnumbered the female students. Also, 
students had either taken MATH1 (64.8%) or 
Applied Building Science (35.2%). Most  male 
students (81.3%) were in their second year of 
study, were doing civil engineering studies 
(81.3%), and had either taken MATH1 (81.3%) or 
Applied Building Science (18.7%). Almost all 
female students (92.1%) were in their second year 
of study. Most were doing civil engineering 
(47.4%), and had either taken MATH1 (47.4%) or 
Applied Building Science (56.6%).



  4.2      RELIABILITY

Table 1 presents the Cronbach's alpha coefficient 
for the scaled responses from each construct.

Note: Normal font = sample response, bold font = 
male student responses and italic font = female 
student responses.

4.2 Reliability

Construct  Cronbach alpha  
Mathematics self-efficacy 0.854 

0.858 
0.856 

Instructor mastery goal 
structure 

0.758 
0.748 
0.788 

Instructor challenge 0.867 
0.821 
0.908 

Instructor care 0.771 
0.721 
0.834 

4.2 Reliability

Construct Cronbach alpha  
Mathematics self-efficacy 0.854 

0.858 
0.856 

Instructor mastery goal 
structure 

0.758 
0.748 
0.788 

Instructor challenge 0.867 
0.821 
0.908 

Instructor care 0.771 
0.721 
0.834 

Pg. 5

From Table 1, it is evident that the degree of 
internal consistency for each set of the scales 
used is  acceptable with Cronbach Alpha 
coefficients greater than 0.700 which is the 
benchmark for acceptable internal scale 
consistency. 

Therefore, the scales used can be considered as 
acceptable regarding the measure of the 
reliability of the constructs. Also, a strong internal 
consistency of the scaled responses for 
mathematics self efficacy across these three 
groups (entire sample, males and females) was 
recorded.  

More specifically, it was recorded that the internal 
consistency of female responses was higher than 
male responses when compared with other 
constructs for each case. 

Table 2a: Mathematics self-efficacy  (n=89; n=49; n=38) 

Statement  Mean Standard deviation   Rank 
Mathematics self -efficacy 5.12 

5.40 
5.24 

1.29 
1.31 
0.98 

3 
2 
3 

I am sure I can learn everything taught in 
Mathematics 

5.62 
5.64 
5.61 

1.30 
1.54 
0.97 

1 
1 
1 

I am sure that I can do even the most difficult 
work in my Mathematics class 

4.94 
5.06 
4.82 

1.55 
1.71 
1.35 

4 
4 
4 

Even if a new topic in mathematics is difficult 
I am sure that I can learn it 

5.28 
5.40 
5.16 

1.48 
1.65 
1.26 

3 
3 
3 

I am sure that I can figure out the answers to 
problems that my instructor gives me in 
class 

5.49 
5.53 
5.39 

1.21 
1.32 
1.05 

2 
2 
2 
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Even if a new topic in mathematics is difficult 
I am sure that I can learn it 

5.28 
5.40 
5.16 

1.48 
1.65 
1.26 

3 
3 
3 

I am sure that I can figure out the answers to 
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Note: Normal font = sample response, bold font = male student responses 
and italic font = female student responses



Table 2c :  Instructor challenge (n=89; n=49; n=38) 

Statement  Mean  Standard deviation Rank  
Instructor challenge 5.21 

5.23 
5.98 

1.38 
1.39 
1.40 

2 
3 
2 

When I have figured out how to do 
mathematics problems my instructor gives 
me more challenging work 

5.41 
5.04 
5.82 

1.84 
1.94 
1.66 

2 
3 
4 

My mathematics instructor does not let me 
get away with doing easy work 

5.36 
5.02 
5.83 

1.69 
1.64 
1.65 

3 
4 
3 

My mathematics instructor pushes me to 
take on challenging work 

5.62 
5.22 
6.08 

1.70 
1.71 
1.62 

1 
2 
2 

My mathematics instructor makes sure that 
the work I do really makes me think 

5.12 
5.66 
6.18 

1.53 
1.62 
1.41 

4 
1 
1 

Table 2c :  Instructor challenge (n=89; n=49; n=38) 

Statement  Mean  Standard deviation Rank  
Instructor challenge 5.21 

5.23 
5.98 

1.38 
1.39 
1.40 

2 
3 
2 

When I have figured out how to do 
mathematics problems my instructor gives 
me more challenging work 

5.41 
5.04 
5.82 

1.84 
1.94 
1.66 

2 
3 
4 

My mathematics instructor does not let me 
get away with doing easy work 

5.36 
5.02 
5.83 

1.69 
1.64 
1.65 

3 
4 
3 

My mathematics instructor pushes me to 
take on challenging work 

5.62 
5.22 
6.08 

1.70 
1.71 
1.62 

1 
2 
2 

My mathematics instructor makes sure that 
the work I do really makes me think 

5.12 
5.66 
6.18 

1.53 
1.62 
1.41 

4 
1 
1 

Table 2b : Instructor mastery goal structure     (n=89; n=49; n=38) 

Statement Mean Standard deviation Rank 
Instructor mastery goal structure 5.67 

5.81 
6.13 

1.24 
1.23 
0.97 

1 
1 
1 

My instructor thinks that really 
understanding the material is the main goal 
of the class 

5.80 
5.69 
5.92 

1.43 
1.45 
1.44 

3 
3 
3 

My instructor thinks it is important to 
understand the material and not to just 
memorize it 

6.29 
6.12 
6.47 

1.36 
1.60 
0.98 

1 
1 
1 

My instructor thinks how much you improve 
in Mathematics is really important 

6.11 
6.04 
6.24 

1.34 
1.55 
1.00 

2 
2 
2 

My mathematics instructor accepts nothing 
less than my full effort 

5.60 
5.37 
5.87 

1.71 
1.88 
1.47 

4 
4 
4 

Table 2b : Instructor mastery goal structure     (n=89; n=49; n=38) 

Statement Mean Standard deviation Rank 
Instructor mastery goal structure 5.67 

5.81 
6.13 

1.24 
1.23 
0.97 

1 
1 
1 

My instructor thinks that really 
understanding the material is the main goal 
of the class 

5.80 
5.69 
5.92 

1.43 
1.45 
1.44 

3 
3 
3 

My instructor thinks it is important to 
understand the material and not to just 
memorize it 

6.29 
6.12 
6.47 

1.36 
1.60 
0.98 

1 
1 
1 

My instructor thinks how much you improve 
in Mathematics is really important 

6.11 
6.04 
6.24 

1.34 
1.55 
1.00 

2 
2 
2 

My mathematics instructor accepts nothing 
less than my full effort 

5.60 
5.37 
5.87 

1.71 
1.88 
1.47 

4 
4 
4 

Pg. 6

Note: Normal font = sample response, bold font = male student responses and italic font = 
female student responses 

Note: Normal font = sample response, bold font = male student responses and italic font = female 
student responses 



Table 2e : Grades (n=89; n=49; n=38) 

Grade Mean Standard deviation 
Grade expected 80.60 

79.20 
78.70 

1.08 
1.28 
1.09 

Grade achieved 72.10 
70.10 
72.90

1.15 
3.95 
1.21 

Table 2e : Grades (n=89; n=49; n=38) 

Grade Mean Standard deviation 
Grade expected 80.60 

79.20 
78.70 

1.08 
1.28 
1.09 

Grade achieved 72.10 
70.10 
72.90

1.15 
3.95 
1.21 
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4.36 
4.74 

2.07 
1.97 

3 
3 

My mathematics instructor listens to what I  
Say 

5.58 
5.51 
5.71 

1.55 
1.50 
1.66 

2 
2 
2 

I feel that my mathematics instructor will go 
above and beyond to help students 

5.88 
5.69 
6.11 

1.40 
1.56 
1.18 

1 
1 
1 

I feel
 

Table 2d: Instructor caring (n=89; n=49; n=38) 

Statement  Mean Standard deviation  Rank 
Instructor caring 4.45 

4.95 
5.32 

1.61 
1.37 
1.38 

4 
4 
4 

My mathematics instructor take a personal 
interest in students 

4.43 
4.21 
4.73 

2.03 
2.14 
1.88 

4 
4 
4 

My mathematics instructor cares about how 4.48 2.03 3  
4.36 
4.74 

2.07 
1.97 

3 
3 

My mathematics instructor listens to what I  
Say 

5.58 
5.51 
5.71 

1.55 
1.50 
1.66 

2 
2 
2 

I feel that my mathematics instructor will go 
above and beyond to help students 

5.88 
5.69 
6.11 

1.40 
1.56 
1.18 

1 
1 
1 

I feel
 

Table 2d: Instructor caring (n=89; n=49; n=38) 

Statement  Mean Standard deviation  Rank 
Instructor caring 4.45 

4.95 
5.32 

1.61 
1.37 
1.38 

4 
4 
4 

My mathematics instructor take a personal 
interest in students 

4.43 
4.21 
4.73 

2.03 
2.14 
1.88 

4 
4 
4 

My mathematics instructor cares about how 4.48 2.03 3 

Note: Normal font = sample response, bold font = male student responses and italic 
font = female student responses 

Note: Normal font = sample response, bold font = male student responses and italic 
font = female student responses 

  4.3     OVERALL FINDINGS

 A 7-point Likert scale was used where 1 = strongly 
disagree and 7 = strongly agree to determine to 
what extent they agreed with 16 statements on 
s t u d e n t  m a t h e m a t i c s  s e l f- e ffi c a c y,  a n d 
perceptions of instructor mastery goal structure, 
instructor challenge and instructor caring and 
instructor role. The responses from the students 
are presented in Tables 2a, 2b, 2c, 2d, and 2e. 
Overall, it was found that student sample as a 
whole have a tendency to agree with the 
statements making up the constructs of instructor 
goal mastery structure (mean=5.67), instructor 

challenge (mean=5.21), and mathematics self-
efficacy (mean=5.12), this is observed in a general 
analysis of the Tables 2a, 2b, 2c, and 2d. 
In general, instructor caring was the construct 
they agreed least with when comparing all 
constructs.  This finding suggests that this aspect 
is an area that instructors could pay more 
attention to. However, it is also likely that the large 
class sizes restrict the amount of individual 
attention that instructors could give to students. 
Some gender differences were observed in the 
levels of agreement with females were having 
higher levels of agreement with instructor goal 
mastery structure (Table 2b), instructor challenge 



and instructor caring. On the other hand,  male 
students had higher levels of agreement with 
mathematics self-efficacy (Table 2a).  Regarding   
mathematics self-efficacy construct,  the 
statement which which they agreed most was: I am 
sure I can learn everything taught in Mathematics 
and the  statement they least agreed with was: I am 
sure that I can do even the most difficult work in my 
Mathematics class ( Table 2a).  These findings 
suggest that students believe in their ability to 
learn what they are being taught in class. However, 
they were unsure about their capability when 
faced with more difficult examples which were 
more challenging and called for higher levels of 
thinking and application. It was noticed that male 
students had higher levels of agreement with all 
statements  making up the mathematics 
self-efficacy construct

For the instructor goal mastery structure construct 
(Table 2b), the statement they agreed most with 
was: My instructor thinks it is important to 
understand the material and not to just memorize 
it while the statement they agreed least with was: 
My mathematics instructor accepts nothing less 
than my full effort. These findings hint that 
instructors emphasize the need for students to 
strive for understanding rather than rote 
memorization of mathematical concepts. Further, 
it seems that students were not convinced that 
their instructors had high levels of mastery 
expectations from them. 

It is possible that this finding correlates with the 
low levels of instructor caring demonstrated by 
instructors in class. Female students had higher 
levels of agreement with all statements in this 
construct. Regarding the instructor challenge 
construct (Table 2c), there were mixed levels of 
agreement with all statements. There was most 
agreement with My mathematics instructor 
pushes me to take on challenging work. 

This findings suggests that instructors do 
encourage students  to  do more difficult 
mathematical tasks. Female students had higher 
levels of agreement with all statements in this 
construct. Regarding the instructor caring 
construct (Table 2d), there was most agreement 
with  I feel that my mathematics instructor will go 
above and beyond to help students and least 
agreement with My mathematics instructor takes 
a personal interest in students. These findings 
suggest that while it is accepted that instructors 
will do more for students without necessarily 
taking a personal interest in them and their 
individual needs and performance. Regarding 
grading (Table 2e), differences between the grade 
expected and the grades achieved were detected. 
Female students had the smaller difference (5.8%) 
than the difference for male students (9.1%). It is 
evident from these findings that male students 
also had the higher grade expectancy but the 
lowest grade achievement.

Pg. 8



4.4      Correlation between the constructs 

Construct Mathematics
efficacy  

Instructor  
Goal mastery  
structure  

Instructor
challenge  

Instructor
caring  

0.287** 
0.006 

0.305** 
0.004 

0.306** 
0.004 

Mathematics 
efficacy  

0.347* 
0.015 

0.377** 
0.007 

0.342* 
0.016 

0.634** 
0.000 

0.544* 
0.000 

Instructor 
goal 
mastery 
structure 

0.616** 
0.000 

0.471* 
0.001 

0.648** 
0.000 

0.652** 
0.000 
0.679** 
0.000 

Instructor 
challenge 

0.665** 
0.000 
0.696** 
0.000 

0.236* 
0.028 

Grade 
expected 

0.324* 
0.025 

0.384* 
0.017 
0.214* 
0.046 

0.319** 
0.002 

0.314** 
0.003 

Grade 
achieved 

0.311* 
0.031 

Table 3. Correlations (n=89; n=49; n=38) 

 

0.356* 
0.028 

Note: Normal font = sample response, bold font = male student responses and italic font = female 
student responses 

* Correlation is significant at the 0.05 level
(2-tailed)
** Correlation is significant at the 0.01 level 
(2-tailed)

Relationships between the various constructs 
including gender, grade expected and grade 
achieved were examined. The results using 
Pearson's correlations are presented in Table 3. It 
was found that for the entire sample, instructor 
goal mastery structure (r=0.287, p<0.006), 
instructor challenge (r=0.305, p<0.004) and 
instructor caring (r=0.306, p<0.004) were strongly 

correlated with mathematics efficacy confirming 
the findings of previous studies reported in the 
literature.  This finding suggests that if instructors 
were more involved in teaching mathematics than 
at present providing challenges and scaffolding 
support mathematics efficacy would improve. 
Instructor challenge (r=0.634, p<0.000) and 
instructor caring (r=0.544, p<0.000) were strongly 
correlated with instructor goal mastery structure; 
and instructor caring (r=0.679, p<0.000) was 
strongly correlated with instructor challenge. 
Mathematics efficacy (r=0.236, p<0.028) and 
grade achieved (r=0.286, p<0.007) were strongly 

Pg. 9



correlated with grade expected. This finding 
suggests that student expected achievement in 
mathematics is influenced by student attitudes 
toward the subject and actual achievement. It is 
likely that if regular assessments are done the 
actual grade expected could be achieved. 
Mathematics efficacy (r=0.214, 046), instructor 
goal mastery structure (r=0.319, p<0.002) and 
instructor challenge (r=0.314, p<0.003) were 
strongly correlated with grade achieved 
suggesting that if these are present in the 
mathematics classroom the grade achieved would 
improve. 

For males,  instructor challenge (r=0.347, 
p<0.015), instructor goal mastery structure 
(r=0.377, p<0.007) and instructor caring (r=0.342, 
p < 0 . 0 1 6 )  w e re  s t ro n g l y co r re l a te d  w i t h 
mathematics efficacy; instructor challenge 
(r=0.616, p<0.000) and instructor care (r=0.471, 
p<0.001) were strongly correlated with instructor 
goal mastery structure; and instructor care 
(r=0.665, p<0.000) is strongly correlating with 
instructor challenge. Grade achieved (r=0.534, 
p<0.000) is strongly correlating with grade 
expected suggesting that the higher the goals set 
for themselves by students supported by self 
efficacy in mathematics the more likely that their 
performance in the subject wil l  improve. 
For females, there were no strong correlations with 
mathematics efficacy. However, instructor 
challenge (r=0.648, p<0.000) and instructor care 
(r=0.652, p<0.000) were strongly correlated with 
instructor goal mastery structure; instructor care 
(r=0.696, p<0.000) was strongly correlated with 
instructor challenge suggesting that the more 
attention instructors gave them the more likely 
they would respond effectively to the challenges 
set in the classroom. Mathematics self-efficacy 
(r=0.384, p<0.017) was strongly correlating with 
grade expected indicative of the well-established 
relationship between achievement and efficacy. 
Instructor challenge (r=0.356, p<0.028) was 
strongly correlated with grade achieved. It is likely 
that the more students are challenged to achieve 
the greater the chances that they will perform 
better. 

These correlations confirm what should be 
happening on the practical level for student self-
efficacy, when the instructor is positively 
challenging students and caring for them to grasp 
the concepts, understand the principles and facts. 
Generally, the confidence of students will be 
enhanced because they have a feeling of being 
well coached. Therefore it can be argued that the 

classroom climate created by mathematics 
instructors will help students achieve the expected 
results. Consequently, the expected results will be 
the true reflection of how both the instructor and 
student are working toward a success. These 
correlations imply that success or high level of 
student self-efficacy can be achieved via a 
symbiosis of efforts between the instructor and 
the students.  

     CONCLUSIONS 4.5

This study confirmed the positive correlation 
between self-efficacy and academic achievement 
as reported in previous and similar studies 
undertaken[8][9]. In the same way, it was found 
that there was a positive correlation between 
mathematics self-efficacy and mastery goal 
structure, instructor challenge and instructor care. 
This same outcome was also reported in a similar 
study completed in which the same constructs 
were used with a different sample, environment 
and approach. [12]. Furthermore, this study  
suggests that student and instructor relationships 
in the form of these constructs have a positive 
influence regarding their mathematics efficacy. 
This relationship was confirmed by previous 
findings[16][17][18].  Overall,  most of the 
outcomes reported in this study are similar to 
some studies dealing with student or mathematics 
self-efficacy. 
In terms of correlations between the constructs 
this study concluded the following: mathematics 
self-efficacy was positively correlated with grade 
expected and grade achieved despite the grades 
expected being somewhat higher than the actual 
grades achieved. 
Regarding female students, no correlation 
between mathematics self-efficacy and grade 
achieved was found. This could be due to the fact 
that majority of female students are generally not 
interested in mathematic subjects.   
However, there was a correlation between 
mathematics self-efficacy and grade expected. On 
the other hand, for male students there was a 
correlation between mathematics self-efficacy 
and grade achieved. 
The outcomes of this study indicate that 
instructors should focus on creating learning 
classroom environments for mathematics 
through goal setting, appropriate challenges and 
empathy. Arguably, student achievement in 
mathematics will improve. However, this outcome 
is possible with strong commitment and high 
motivation for learning from the students inspired 
by their instructors. The fear and phobia of 
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mathematics from students needs to be overcome 
by students with the help of the instructors. It was 
also found that   instructor care was the construct 
that students least agreed with which is indicative 
of the opportunity for instructors to improve their 
relationships with their students characterized by 
warmth, friendliness, respect, empathy and care. 
In so doing, it is likely that the student
 mathematics self-efficacy will improve
commensurately with improved achievement 
being the outcome. This outcome is possible 
because the climate and environment in which 
learning is taking place will be conducive, exciting 
and will motivate students to learn mathematics, 
therefore repelling phobia and fear of the 
mathematics. For future work it is suggested to 
expand the study to other universities in the 
country in order to get more understanding on the 
concept of self-efficacy and mathematic 
performance. 
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IMPLEMENTING DESIGN REQUIREMENTS: THE MITIGATING 
FACTOR ON CONSTRUCTION COST UNDERESTIMATION

   ABSTRACT

Purpose 

The construction project cost estimate has been 
viewed as a mere budgetary allocation, in which 
a c c u r a c y  r e m a i n s  u n c e r t a i n .  C o s t 
underestimation have negative contribution to 
construction projects and have not been 
adequately explored with the objective of 
providing mitigating mechanisms. Hence, the aim 
of this paper is to examine the implementation of 
design requirements as a mitigating factors of 
cost underestimation.

Methodology 

The literature relating to cost estimation was 
reviewed, and the empirical data is obtained 
through a structured questionnaire. Convenient 
purposive sampling of respondents was used to 
select contractors and quantity surveyors who 
were involved in construction activities within and 
around Cape Town. The quantitative data 
gathered were analysed using central tendency 
descriptive statistics. 

Limitations

In view of the confidentially nature of some 
project costs in the private construction sector 
from competitors, the research has limitations to 
gather statistics on the actual extent of projects 
that are underestimated or overestimated for 
comparative studies.

Findings 

The study draw attention of construction project 
stakeholders to the factors influencing cost 
e s t i m a t i o n  a n d  t h e  e ff e c t s  o f  c o s t 
underestimation in order to proffer mitigating 
mechanism. The findings based on empirical data 
revealed that implementing design requirements 
is the most significant mitigating mechanism of 
cost underestimation on construction projects. 

Also, a significant relationship was found 
between self-efficacy and student achievement 
with slight differences between male and female 
students.

Value of  the paper

The paper will  contribute to the body of 
knowledge in the construction industry, by 
drawing attention to cost underestimation and its 
mitigating mechanisms.

Keywords: 

Accuracy, construction project, cost estimate, 
project stakeholders,
 underestimation.

1. INTRODUCTION

Construction project cost estimate has been 
viewed as a mere budgetary allocation that its 
accuracy remains uncertain, and this often causes 
gap between the initial project cost and 
completion cost. Unfortunately, little attention 
has been given to the shortcomings that 
emanates from cost underestimation, including 
factors contributing to underestimation, and the 
mitigating mechanisms. In making emphasis on 
the importance of cost estimate reveals that 
“without an accurate cost estimate, nothing short 
of an act of God can be done to prevent a loss, 
regardless of management competence, financial 

1strength of the contractor, or know how” . 

The studies on transport infrastructure projects 
across twenty countries around five different 
continents reveal that there has been precisely no 
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improvement in accuracy of cost estimates over 
seventy years, thus cost underestimation still 

2persists in the construction industry . 

3According to Project Management Institute , there 
is an emphasis on the process of monitoring the 
performance of cost to detect any variance, 
ensuring adequate record of cost due to changes, 
preventing inappropriate changes from being 
recorded, informing stakeholder of changes and 
managing such changes. Inconsistencies are 

4identified  in the estimating techniques of 
estimators, as well as a lack of clear definition of 
purpose, scope of works and contents during the 
process of cost estimation. The factors that relates 
to accuracy of cost estimating practice are 
complexity of project, scale and scope of 
construction, market condition, and method of 
construction, site constraints, client's financial 
position, buildability and the location of the 

1project . There is a need for capacity improvement 
for the Highways Agency in order to deliver 
adequate road programme, and avoid factors that 
contribute to cost increase such as inflation, 
inaccurate estimating, project definition, risk, 

4time, land, third party cost and preliminaries .

The purpose of this paper is to appraise the 
implementation of design requirements with the 
objective of proffering a mitigating mechanism to 
cost underestimation on construction projects. 
While empirical data have been collected, the 
literature relating to level accuracy of cost 
estimation, effects of design changes, technical 
planning and techniques for cost estimation, 
including mit igating mechanism of cost 
underestimation was reviewed. 

LITERATURE REVIEW2.

Mitigation of cost underestimation
Forecasting of cost that engage the use of cost 
planning tend to be more accurate than price 

5forecasts without cost planning . Hence, cost 
planning is considered a mitigating factor in cost 
underestimation. Risk factor are significantly 
related to construction items such as frequent 

6changes in design . Figure 1, illustrate risks like the 
“waterfall effect” that spread across three parties: 
the project owner, prime contractor and sub-
contractors. Understanding the risk involved and 
managing the risk through mitigation and 
application of contingencies are vital for project 
success.

Figure 1: Waterfall effects share responsibility for 
risk amongst different parties

Factors influencing cost estimates

A cost estimate is a prediction of expected project 
cost for a defined scope of work with a degree of 
assumption, uncertainty and error. Hence, the 
level of assumption, uncertainty and error can 

7produce cost underestimation . The forecasting of 
building price is an uncertain business, while an 

8estimator's price is highly subjective . The 
judgement of the estimator takes as a starting 
point the base price (cost data) and adjusts for the 
particular requirements of the new design to be 
estimated. In arriving at a cost estimate, the 
project estimator should not only consider the 
scope of work or design which they are estimating, 
but also additional information relating to 
external factors, which are different from the 

9scope of works and design . 

Project cost planning

3Project Management Institute  proposes the 
following processes as being core to project 
planning: scope planning, scope definition, 
activity definition, activity sequencing, activity 
duration estimation, schedule development, 
resource planning,  cost  estimating,  cost 
budgeting and project planning development. The 
level of information available to the estimator 

10increases as the design progresses . Hence, the 
accuracy level of estimates varies at different 
stages of project development; estimates 
prepared at the early stage are less accurate, and 
estimates prepared at a later stage of project 
development are more accurate as more 

11information becomes available . Cost estimation 
during successive stages of the project does 
increase in  accuracy,  as  detai led design 

2information becomes available . The effect of 
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increases in information can be assessed by 
comparing the accuracy of estimates made at the 
conceptual design stage to estimates made at the 
detail design stage. As more information is made 
available through different stages of work, 
estimators will need to proceed to different forms 
of estimating technique. However, this will often 
entail the reworking of estimates from scratch, 
due to non-compatibility of different estimating 
techniques. The more detailed the project 
information made available, the more sensitive 

12the estimating techniques becomes .

Causes of inaccurate cost estimation

The increase in price, changes in design, and 
incompleteness of cost estimation and omission 
of key elements at the project planning stage are 

13
attributed to causes of cost underestimation . In 
addition, the causes of inaccurate cost estimate 
are insufficient time for estimating, inadequate 
specifications, incomplete drawings, quality of 
project management, lack of historical cost data, 
and lack of confidence in structure of site 

14feedback . A study conducted on the accuracy of 
train ridership projections that were available to 
project decision makers in the United States of 
America identify the bias of the forecaster as the 
causes of difference between the forecast and 

15actual performance of the project . The bias 
arising due to the economically preferred transit 
mode that higher ridership is spread over lower 
capital cost and operating expensive. Hence, the 
mental state, psyche, and bias appraisal of the 
project stakeholders due to the optimistic plans 
of the promoters about the successful outcome 

2
of the project  which includes over-estimating 
the likelihood of positive event and under-

16
estimating the likelihood of negative event . 
Uncertainties are inherent in the selection, 
application and interpretation of estimating 

17method, thus affecting the estimation result . 
Currency exchange, inflationary pressure and 
project financing are significant factors which 

6influence project cost estimate . The credibility, 
reputation and survival of project stakeholders 
especially forecaster, contractor's estimator and 
promoters, are put in doubt in the event of 

18project cost underestimation . 

Effects of cost underestimation

The effects of cost underestimation occur as 

exposure to risk, financial loss, loss of reputation 
and credibility of estimator, rise to claims and 

2, 6
dispute . There are similarities between cost 

1 6
underestimation and cost overrun , cost 
underestimation is the act of assessing 
(planning) cost of a project lower than what the 
actual cost turned out to be after 
implementation, while cost overrun is the excess 
of actual cost over budget. Cost overrun have 
negative effects on project stakeholders, 
especially client, contractor and consultants with 
adversarial relation, creating cash flow problems, 
mistrust, arbitration, litigation,  and a general 
feeling of apprehension amongst project 

6stakeholders .

Effects of design changes

Cost underestimation from the point of view of 
most contractors is a result of inaccuracy of 
material take-off, increases in material costs and 

19cost increase due to external factors . The study 
conducted in the Free State region of South 
Africa reveal that inadequate planning and 
incomplete design at the time of tender are the 

20
main causes of cost underestimation . The long 
periods between design and time of tendering 
are significant factor in the process of estimating 

6
construction cost , while the primary objective of 
p r o j e c t  p r o m o t e r s  p r o c u r i n g  a  n e w 
infrastructure project is to ensure the delivery on 

21
time and within budget . The period between 
design and tendering, if not adequately 
managed creates additional risk and burden on 
project teams, planning and project execution. A 
study conducted on  public–private partnership
(PPP) projects in UK indicates that PPP projects 
entail longer-term in elements of design, 
financing and operation of new projects. Hence, 
this longer term leads to complexity and 
u n c e r t a i n t y  o f  p r o j e c t s .  T h e  l e n g t h y 
procurement periods of construction project 

21translate to higher transaction cost .

Inadequacy at planning stage

The production of accurate cost estimates at the 
early stages of the project remains a challenge 
for most  organisat ions  involved in  the 
development and delivery of infrastructure 

18 22
projects . Construction User Round Table  
suggest that the cost and time may exceed 
forecast if other factors are not properly 
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managed. They further suggest shifting bulk 
analysis, design and decision-making of the 
project to the inception in order to maximise 
good opportunity in decision-making processes. 
The following causes of inaccurate cost 
estimates are identified as being: insufficient 
time for estimating, inadequate specifications, 
incomplete drawings,  quality of project 
management, lack of historical cost data, and 
lack of confidence in the structure of site 

14feedback . A study conducted in the Free State 
region of South Afr ica concluded,  that 
inadequate planning and incomplete design at 
the time of tender are the main causes of cost 

20underestimation , while other issues relating to 
cost underestimation are inadequate cost 
checks, incompleteness or mistakes by
estimators assigned the responsibility of 
estimating the cost of the construction project.

Effective techniques to mitigate project 
underestimation

In order to derive a more accurate cost estimate, 
more sophisticated estimating techniques 
should be developed and used in estimating 

14project cost . In addition, continuous training, 
acquisition of knowledge, skills and improving 
estimating technique by estimators, utilising 
more modern technology, will fine-tune the cost 

23performance of construction projects . The 
utilisation of IT advancement and modern 
business behaviours, which integrate innovation 
is recommended as a means of improving 

24accuracy in estimating project cost . However, 
using IT-based estimation such as computer-
aided design (CAD) or Building information 
modeling (BIM) will not entirely eliminate human 
subjective judgements and assumptions, such as 
those involved in the calculation or planning of 
contingencies, preliminaries, provisional sums 
and prime cost sums, which generally rely heavily 
on the judgement and experience of the 
estimators. Hence, the estimator must exercise 
great caution when estimating works that are 

5out of their area of expertise or regular activities , 
knowledge and care are essential components of 
positive cost estimation. The knowledge and 
experience of the estimator, together with a good 
performance record, have substantial effects on 

5the validity and reliability of cost estimates . In 
t h e  r e v i e w o f  t h e  a d v a n t a g e s  o f  c o s t 
overestimation, revealing that, in the view of 
project facilitators, who comprise part of client 

organisation, it is better to be on the safe side 
with cost overestimation rather than risk the 
uncertainty associated with cost

25 underestimation . However, it is not a legitimate 
practice to overestimate in order to mitigate the 
r i s k s  o f  u n d e r e s t i m a t i o n .  B o t h  c o s t 
underestimation and cost overestimation are 
classified as errors in cost estimating, though the 
conservatives tend to prefer overestimation 
despite a diversity of opinion in the industry as a 

25whole . In generally, it acceptable that cost 
estimating is the process of developing 
approximate cost required to complete project 

3activities .

Design requirements

Detailed design information, manufacturing, 
assembling, testing, and delivery are

26requirements for detailed estimate , including 
23the adopting of the outlined various ways  to 

lessen project cost underestimation such as:
putting in place proper design and
 documentation; carrying out effective
communication and coordination between
 engineers; receiving sufficient design information
 from the designer; ascertaining clarity on
assumptions from designer and client
establishing formal feedback for design and
estimating activities; adopting realistic times for 
estimating; utilising more rigorous estimating 
techniques; incorporating market sentiment and 
economic conditions into estimate; use of tender 
document as estimate; measuring of design and 
construction risk; and applying cost planning and 
cost control during the design stage.

3. METHODOLOGY

Research approach

In conducting of social and human science 
research, there are two primary approaches, 
which are the quantitative and qualitative 

27approaches . A quantitative research method 
was adopted where data were collected using a 
structured questionnaire through online survey 
monkey. The questionnaire was developed and 
divided into different sections. The first section 
re l a t e d  t o  t h e  g e n e r a l  i n fo r m a t i o n  o f 
respondents and the second part relate to 
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research data collection on the effects of cost 
underestimation. The questions focussed on the 
following areas; loss of reputation and credibility 
of project stakeholders, exposure to risk, and 
financial loss as effects of inaccurate cost 
estimation. 

Population and sampling

Purposive sampling is a type of non-probability 
sampling in which the researcher selects the 
units to be observed based on judgment about 
which sample will be the most useful or 

28representative . Due to the different range of 
attributes, behaviours and experience of 
respondents, the researcher used purposive 
sampling technique. A total of one hundred and 
forty two (142) emails were sent via the survey 
website to the selected respondents. The 
respondents were selected from the available 
register of the South African Council for Quantity 
Surveying Professions (SACQSP) and the general 
b u i l d i n g  c o n t r a c t o r s  r e g i s t e r e d  w i t h 
Construction Industry Development Board 
(CIBD), construction professionals working in 
quantity surveying practice and construction 
firms with close proximity to Cape Town CBD. A 
high response rate of 52% was recorded, which 
accounts for seventy four (74) respondents that 
completed and returned the questionnaire. The 
survey was open for one month, during this 
period reminder emails were sent out online 
through the web link:
 https://www.surveymonkey.com/r/X7S3FW8. The 
online survey and reminders accounted for the 
high response rate.

Data processing and analysis

The questionnaire for the study was designed to 
generate statistics for quantitative data. In 
designing the rating scale for the questions, the 5 
points Likert scaling was used to rate the 
response. Analysis of data involves closely-
related operations conducted in a manner that 
will summarise and organise the collected data in 
o rd e r to  y i e l d  a n s we r s  to  t h e  re s e a rc h

29questions . Data were inputted and analysed on 
the computer using Statistical Package for Social 
Sciences (SPSS) version 23. The quantitative data 
gathered were analysed using descriptive 
statistics. In analysing the research data, the 
measures of central tendency using mean value 
were used to analyse the data.

Reliability of research instrument

Cronbach's alpha coefficient was used to present 
the test on reliability of the scale questions using 
SPSS version 23. Table 1 presents the overall 
Cronbach's alpha coefficient value for the total 
questions was 0.90, which indicates excellent in 
relation to the following rules on degree of 

30reliability : > 0.9 to be excellent, > 0.8 to be good, 
> 0.7 to be acceptable, > 0.6 to be questionable, > 
0.5 to be poor, and < 0.5 to be unacceptable. Test 
on reliability of the research instrument were 
co n d u c te d  b a s e d  o n  C ro n b a c h ' s  a l p h a 
coefficient value, the result shown a coefficient 
value 0.90 which indicate that the reliability of 
the research instrument is  found to be 
satisfactory.

Research variables N 

Cronbach’s 

alpha 

coefficient 

values 

Degree of 

reliability 

Design 

requirements 
9 0.84 Good 

Effective 

techniques and 

skills 

7 0.93 Excellent 

Planning 7 0.94 Excellent 

All questions 

combined 
29 0.90 Excellent 

Table 1 Consistence reliability for scale items 
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3. FINDINGS AND DISCUSSIONS

Profile of respondents

The selected respondents work in both private 
and public sector as indicated in Table 2. 73% of 
the respondents work in private sector, 10.8% 
work in public sector, while 16.2% of the 
respondents work in both private and public 
sectors. These data suggest that majority of the 
respondents are working in the private sector 
compared to the public sector.

The respondents acquired adequate educational 
qualification to understand and respond to the 
questions listed in the survey, 97% of the 
respondent acquired a minimum of bachelors' 
degree as indicated in Table 3. 

Design requirements

Respondents were asked to rate the importance 
of the design requirements as mitigating 
mechanisms on cost underestimation; where 
1=not important, 2=slightly important, 3=fairly 
important, 4=important, 5=very important, and 
U=Unsure. Table 4 shows that the production of 
well-prepared bills of quantities had the highest 
ranking with MV=4.89. The provision of clear 
scope of work had the second highest ranking 
with MV=4.80. Loss of income to financing 
institution had the third highest ranking with 
MV=4.64. The design requirements as mitigating 
mechanisms on cost underestimation had 
AMV=4.55.

31Construction Industry Development Board  
define bills of quantities as a document for 
tendering, usually prepared in standard form, 
comprising both a descriptive list of quantities of 
works and a description of the materials, 
workmanship and other matters required for 
construction works. Hence, describing works 
items provides adequate information for the 
estimator to accurately and confidently price the 
works.

 

  

  Table 2 Working sector of respondents

Respondents’ working 

sector
N Percentage (%)

Private 54

 

73.0

 Public 8 10.8

 
Both 12 16.2

Total 74 100.0

Table 3  Respondents’ formal qualification

Respondents’ formal 

qualification
N Percentage (%)

 
Diploma

 

1 1.4 

BTech degree 5 6.8 

BSc degree 9 12.2

BSc Honours 21 28.4

Masters 27 36.5

Doctoral 10 13.5

Others 1 1.4 

Total 74 100.0

 Table 4 Design requirements as mitigating mechanisms on cost underestimation
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The Average Mean Value (AMV) of 4.55 is in 
between average to high of all variables 
measured for design requirements as mitigating 
m e c h a n i s m s  o n  c o n s t r u c t i o n  c o s t 
underestimation. 

According to Project Management Institute 
(1996), where the scope of a project is poorly 
defined, the final cost of project is expected to be 
high. Further close relationships can be posited 
between describing work items and defining 
scope of work; work activity description normally 
describes the scope of work activity to be 
executed. The use of bills of quantities during 
tender stage reduces the cost of tendering by 
contractors and results in savings on the cost of 

32the project . 

They further reveal that without bills of 
quantities, the tenderer is exposed to the risk of 
underestimating the project cost, thereby 
making it difficult to complete the works or 
encouraging the cutting of corners in an attempt 
to recover the consequent loss.

Effective techniques

Respondents were asked to rate the importance 
of effective techniques and skills as mitigating 
mechanisms on cost underestimation; where 
1=not important, 2=slightly important, 3=fairly 
important, 4=important, 5=very important, and 
U=Unsure. Table 5 shows that estimating the 
works within area of professional expertise had 
the highest ranking with MV=4.14. Making 
a l l o w a n ce  fo r co n t i n g e n c i e s  b a s e d  o n 
requirements had the second highest ranking 
w i t h  M V = 4 . 8 0 .  M a k i n g  a l l o w a n c e  f o r 
contingencies based on experience had the third 
highest ranking with MV=3.91. The effective 
techniques and skills as mitigating mechanisms 
on cost underestimation had AMV=3.67.

The accuracy of cost estimate depends on the 
technique applied by the cost professional 

33during the production process of cost estimate . 
Despite the availability of modern technology 
and advance methods of computation, realistic 
estimation still relies heavily on human insight, 
experience and expertise. The human insight and 
expertise is referred as the human factor in 

34estimation .

Ta ble 5 Effective techniques as mitigating mechanisms on cost under estimation 

Effective techniques N 

M
ea

n 

V
al

ue
 

S.
D

 

Ra
nk

Estimating the works within 

area of professional expertise
74 4.14 0.81 1 

Making allowance for 

contingencies based on 

requirements
 74 3.96 0.78 2 

Making allowance for 

contingencies based on  
74 3.91 0.86 3 

The process of exercising 

continuous skill development
74 3.64 1.23 4 

The practice of IT based 

estimating technique 

 
69 3.45 1.09 5 

The usage of modern 

technology to implement 
 69 3.45 1.15 6 

The facilitation of on-job 

training to acquire skills in 
 69

 

3.16

 

1.33

 

7 

Average mean value

 

3.67
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The Average Mean Value (AMV) of 3.67 is in 
between average to high of all variables 
measured for effective techniques as mitigating 
m e c h a n i s m s  o n  c o n s t r u c t i o n  c o s t 
u n d e re s t i m a t i o n .  E x p e r t i s e  c a n n o t  b e 
generalised across different generic contract 

5types . The expertise required of cost estimator 
varies across different generic building 
contracts, such as educational, medical, 
industrial, retail, offices, housing and other 
engineering contracts; hence such expertise is 
perceived to be t ightly bounded and is 
suggestive of a difference in forecasting 
processes of different types of projects. The 
expertise of the cost estimator does not 
necessarily translate well across a wide range of 

5project types .

Planning

Respondents were asked to rate the importance 
of the planning as mitigating mechanisms on 
cost underestimation; where 1=not important, 
2=slightly important, 3=fairly important, 
4=important, 5=very important, and U=Unsure. 
Table 6 shows that preparing cost plan during 
successive stages of work had the highest 
ranking with MV=4.45. The planning of project 
scope of work had the second highest ranking 
with MV=4.43. Planning the procurement 
requirements for the project had the third 
highest ranking with MV=4.32. Planning as 
mitigating mechanisms on cost underestimation 
had AMV=4.22.

Table 6 Planning as mitigating mechanisms on cost underestimation 

Planning N 
M

ea
n

 

V
a

lu
e

S.
D

R
a

n
k

Preparing cost plan during 

successive stages of work
74 4.45 0.62 1 

The planning of project scope of 

work 

 

74 4.43 0.49 2 

Planning the procurement 

requirements for the project 

 

74

 

4.32 0.66 3 

Planning the work schedule for 

construction activities

 

74 4.26 0.79 4 

Planning the resource schedule 

for construction activities

 

74

 

4.14 0.74 5 

Planning for unforeseen risk in 

construction works

 

74 3.99 0.89 6 

Taking out adequate risk cover 

to mitigate negative effect
74

 

3.96 0.91 7 

Average mean value

 

4.22



Pg.21

The Average Mean Value (AMV) of 4.22 is in 
between average to high of all variables 
m e a s u r e d  f o r  p l a n n i n g  a s  m i t i g a t i n g 
m e c h a n i s m s  o n  c o n s t r u c t i o n  c o s t 
underestimation. The importance of the cost 
plan as planning technique that provides 
designers with continuous cost evaluation 
feedback during successive stages of design, 
thereby guiding them toward accurate cost 

5estimates . The cost plan is updated at various 
stages of the project, when detailed or new 
information is made available.

Design requirements as mitigating factor on 

cost underestimation
The contractor's adequate understanding of 
design and site constructability issues enhances 
the possibility of achieving positive cost 

35performance . The probability of achieving 
positive project performance in relation to cost is 
reliant on the contractors' understanding of the 
project scope at inception, as well as an 
u n d e r s t a n d i n g  o f  h o w t o  e xe c u t e  t h e 
construction works in accordance with the 
design. 

It is shown in Table 7, from the ranking of average 
mean values of subsets of mitigating mechanisms 
o n  c o s t  u n d e r e s t i m a t i o n ,  t h a t  d e s i g n
requirements is the most significant mechanism in 
mitigating cost underestimation on construction 
projects.

Table 7  Mitigating construction cost underestimation

Mitigating construction cost 

underestimation

A
ve

ra
g

e 

M
ea

n
 

V
a

lu
e

R
a

n
k

Design requirements as mitigating 

mechanisms on cost underestimation
4.55 1 

Planning as mitigating mechanisms on cost 

underestimation
4.22 2 

Effective techniques and skills as mitigating 

mechanisms on cost underestimation
3.67 3 

 4       CONCLUSIONS AND RECOMMENDATIONS

The paper set out to explore the factors which 
proffer mitigating mechanisms on construction 
cost underestimation based on empirical study of 
three variables; design requirements as mitigating 
mechanisms on cost underestimation, effective 
techniques as mitigating mechanisms on cost 
underestimation, and planning as mitigating 
mechanisms on cost underestimation. The 
findings based on empirical data revealed that 
design requirements is the most significant factor 
i n  m i t i g a t i n g  c o s t  u n d e r e s t i m a t i o n  o n 
construction projects with such requirements as 
production of well-prepared bills of quantity, 
adequate project specification, clear scope of 
work, usage of appropriate condition of contract 
and tender requirements,  adequate s ite 
information, complete drawings, and the 
avoidance of design changes during execution of 
works.

The underestimation of construction cost have 
detrimental consequences in the construction 
industry and bears damaging effects on 
construction projects and project stakeholders. 
The paper recommends that contractors and 
cost professionals should exert adequate 
attention towards the events leading to the 
production process of cost estimates; from 
competency, techniques, the definition and 
understanding of the bills of quantity, reviewing 
the cost plan, risks and scope changes, and 
adequate planning to avoid design and material 
changes.
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PURPOSE: 

The study developed a comprehensive 
model d emonstrating v arious 
relationships between the level of the 
skill a cquisition p rocess p roject 
construction design, project planning 
and c ontrol t echniques, a nd 
organisational structures.  

ABSTRACT

Purpose

This paper establishes a comprehensive 
model demonstrating  various 
relationships between the level of the skill 
acquisition p rocess a nd p roject 
construction design, project planning and 
control techniques, and organisational 
structures.  

Methodology 

The study was descriptive and exploratory 
by nature and was quantitative. 
Quantitative data was gathered through 
structured questionnaires using 160 
randomly selected project managers, 
architects, quantity surveyors, South 
African local government administrators 
and managers working in construction 
projects in the Mopani area in Limpopo. 
Data were analysed using descriptive 
statistics such as frequencies and 
percentages.  

Findings 

The results indicate that the level of skill 
acquisition process has strong and 
positive effects on project construction 
design and organisational structure after 
controlling for the effects of developing 
and measuring the quality assurance (QA) 
process. The results showed that project 
evaluations were important key enablers 
for defining and measuring the quality 
assurance process in construction 
projects. Furthermore, t he r esults 
indicated t hat a ll w orkers w ere a ccountable  
for p ursuing q uality i mprovement a ctivities 

for road construction projects.  

What is original/value of the paper

The application o f t he q uality m easurement 
 model c ould b e i mplemented b y c hecking 
 for road quality assurance in construction  
 projects. 

Keywords: Small and medium-sized 
enterprises (SMEs), construction projects, 
quality a ssurance, d esign a nd 
implementation.
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1. INTRODUCTION

The Small and medium-sized enterprises 
(SMEs) construction industry is a key 
driver of job creation in relation to other 
industries1. SMEs contribute
approximately 10% of South Africa’s 
Gross Domestic Product (GDP), and the 
construction industry establishes more 
than half of the total national capital 

investment in most countries2.  The SME 
road construction organisations function 
to address the increasing unemployment, 
mostly because large businesses’ 
demand for labour does not rise 
according to their growth3.  The
development and establishment of SME 
construction organisations are a means 
of providing economic strength including 
a better delivery of economic activities4.

It is therefore critical for any SME road 
construction organisation to provide a 
current construction quality assurance 
process, which is highly competitive and 
challenging and delivers the 
infrastructure projects within the 
approved cost5.The built environment is 
mostly constructed, designed,
operated , maintained and
decommissioned by construction
organisations, which are involved directly 
in construction and buildings design and 

civil engineering infrastructure6.   

Project managers in construction 
organisations need to practically improve 
the construction industry through skills 
development, sufficient knowledge and 
subsequently to create employment 
opportunities7.One of the utmost 
prominent and extensively deliberated 
developments has been the expansion of 
quality assurance practices in the 
organisation of community services8. 
Notwithstanding these achievements, 
South Africa’s construction industry faces 
a number of serious problems amongst 
SME construction organisations, i.e., 

efficiency and quality of road 
infrastructure 1. For SMEs functioning in 
the construction industry, it is necessary 
to apply appropriate quality reassurance 
methods and project management 
techniques to measure construction road 
quality4. The current study therefore 
addresses these issues in relation to 
SMEs’ road construction projects. We 
believe that SME contractors for 
construction projects must utilise all 
available tools and practices to improve 
methods, which comprise of all processes 
within the organisation. With the 
anticipated “model” the study establishes 
criteria which should be incorporated in a 
measurement model or rural road 
building tool to measure a critical quality 
reassurance system in SME construction 
projects. 

This research therefore seeks to explore 
the application and assessment of a QA 
process model for SME-led projects, and 
proposes to integrate the processes of QA 
with the current SME data structure to 
improve the existing quality construction 
process.  

2. LITERATURE REVIEW 

Quality of construction projects and 
sustainability  

Quality of service is essential in the 
construction industry, as it is a key factor 
of competitiveness9. Quality refers to 
meeting the necessities  of the project in 
terms of delivery of a well-defined scope 
of work and meeting the requirements of 
the constructor in the construction 
process10.  Quality involves products, 
defects, processes, customers and 
systems11. Various studies have 
endeavoured to describe  the quality of 
construction projects by exploring 
numerous methods implemented by 
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researchers5, 12, 13 . Reviewing the existing 
literature provides a start in defining 
quality in construction projects . 
According to the Institution of Civil 
Engineers, quality management is 
critically required for construction 
projects, remains a concept held by senior 
managers but is not fully disseminated to 
their subordinates14. Alongside quality, 
cost, sustainability, delivery  and customer 
satisfaction is added competitive primacy 
to adjust appropriate process strategies 
proactively in building construction sites 
15, 16, 17 . This marks the starting point of 
our paper which asks to what degree the 
quality assurance process has been 
successfully measured in SME road 
construction organisations.  

The South African road network system is 
the heartbeat of progress, and it offers 
access and flexibility for the execution of 
economic and social activities 18. This 
helps both national and local government 
in achieving their objective of promoting 
the sustainable use of resources for 
economic growth to benefit the 
community 19. Modern quality 
management for construction projects is 
classified as the following: (1) quality 
planning and development, (2) quality 
assurance, (3) quality inspection, (4) 
quality control, (5) total quality 
management, and (6) engineering 
systems. Hence it sets responsibilities for 
the Quality Engineer to promote 
compliance through awareness of the 
need and opportunity for improvement, 
provide recognition for training and skills 
development, systematise achievement 
of goals, carry out projects to solve 
difficulties, report progress , and 
communicate outcomes whilst managing 
efficient use of available materials, both 
human and  technolog ical 20 . Tools such 
as cause and effect diagrams, checklists, 
flow charts, Pareto charts , histograms , 
scatter diagrams and control charts are 
the quality tools designed for ease of 
interpretation. They offer the means for 
achieving quality management decisions, 

and some of them are developed by 
quality engineers15.  

SME c onstruction o perations and 
performance measures  

SME construction operations is an 
important sector in the South African 
economy which needs to position itself for 
greater global participation. Yet, in many 
cases it lacks technical skills, specifically a 
lack of experience in order to make the 
substantial leap necessary for global 
competitiveness. Research has identified 
the construction manager as the most 
important point of responsibility within 
SME construction organisations which are 
executing building and civil engineering 
work on site 16.Previous research on 
construction project control in the United 
Kingdom (UK) has focused on current 
practices, existing problems and 
recommendations for future improvement 
29. The principle factors contributing to
construction delays was investigated in 
the State of Qatar21. 

The key challenges facing the South 
African construction industry in relation 
to its performance, development and 
growth was also examined21. Some 
studies have investigated government 
quality and the economic returns 
of transport infrastructure

investment in European regions 13. 

The construction operations function is 
also identified as site preparation, the 
building installation and building 
completion22. The importance of 
measuring the use of project management 
techniques during this construction 
project delivery by SME contractors has 
been recognised. Many applications of 
building and civil engineering work on site 
have been reported, which have been 
tested and used to measure the quality of 
construction projects in various contexts 9, 

23, 24. For example, Erasmus and Doeben-
Henisch proposed a theory for system 
engineering management to assess 
perceived facility quality for variety of 
sectors25. Some researchers have 
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developed alternate concepts for 
strategies to explain the advantages of 
effective project management systems 24.
For instance, Nkomo explains assessing 
the environments of rural road networks 
in South Africa by applying visual 
observations and – field based 
measurements. 

George has suggested the benefit from 
the application of the financial challenges 
gap-theory using the critical incident 
technique for emerging contractors in 
developing countries 7. The results of the 
study suggested that the quality of SME 
construction project measurement 
instrument is a useful tool in assessing 
and monitoring building projects in rural 
communities and empowering the project 
team members to pinpoint where quality 
of work process improvements are 
required from the customers’ 
perspectives.  

Quality assurance in 
construction project delivery 

According to Statistics South Africa, 
because South Africa has a very high 
accident and fatality rate and damage to 
roads, government has ring- fenced 
funding for the maintenance and 
rehabilitation of provincial roads 18 . There 
has concurrently been a considerable 
decline in study’s done on construction 
projects in developed countries such as 
Sub-Saharan Africa and South Africa 6  .
Related to this, a study conducted by 
Dallasega found a lack of life-cycle 
assessment, inadequate construction 
design, inadequacies of materials, 
material and labour scarcities in 
construction project delivery26.  The 
quality assurance (QA) process assures 
improvements in quality, product design, 
processes,  services, concurrent 
engineering, experimental design, 
management and design team formation 
15.

Assuring quality in construction projects 
includes not only inhibiting quality 
complications or faults through planned 
and systematic activities but also through 
reporting internal and external audits to 

stakeholders10, 27. Quality assurance in 
construction projects should be ongoing. 
This process should include inputs, tools, 
and techniques, and outputs 20, 26.
Recognising this situation, construction 
equipment and machinery are critical 
components for modern construction and 
gain a direct influence on the project 
progress. Furthermore, the empirical 
evidence of the application of project 
control systems and performance of rural 
roads construction projects is extremely 
recent, and debate is continuing as to 
whether it can be implemented at all in 
the public-sector environment 28. Quality 
assurance strategy emphasises taking 
action to improve performance, more 
efficient use of resources, providing extra 
aids to stakeholders considering change 
requests, and taking corrective actions29. 
With this proposed “framework” the 
study attempted to establish criteria that 
could be incorporated in a measurement 
tool or rural road building model to 
measure critical quality reassurance 
system in construction projects. 

Research Objective 

The objective of the study was to 
determine, by means of a comprehensive 
literature review, what critical aspects or 
operations ensured road quality in the 
SME construction project delivery. A 
literature review was conducted to 
identify critical points of knowledge of 
this study’s subject, with the intention of 
providing an overview of current 
literature on the topic. This would enable 
SME road construction organisations to 
measure the effectiveness of road 
projects and implement QA processes4. 
The primary objective of the study was to 
develop a road construction QA process 
measurement model. The study aimed to 
enrich the importance and understanding 
of successful road construction QA 
effectiveness and its implementation 
processes.  

To facilitate the study’s objectives, the 
subsequent study questions sought to 
determine: 
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a. What must be improved in relating
to a discrepancies analysis of
existing competence of a
contractor to implement a QA
measurement model in the
construction projects?

b. What is the role of local
government in the
implementation of QA processes
by SME construction projects?

c. How can the implementation of
QA processes be developed?

3. RESEARCH METHODOLOGY 

The sample of this study was comprised of 
160 SME road project contractors 
operating in local government in South 

Africa. A multistage sampling method
was used to select the 160 road project   

contractors to  participate in the
study13. The questionnaire design 
took the objectives of the research into 
consideration with the aim of answering 
the study questions. Quantitative data 
was gathered through the 
administration of structured 
questionnaires comprised of two (2) 

sections. Section A recorded the 
biographic profile of the respondents, 
namely, age, highest educational level 
obtained, number of years’ experience 
and type of ownership in the business. 
Section B focused on the project 
characterisation in relation to 
performance variables, namely, road 
quality construction projects, QA process 
implementation, engineering 
management strategies, SME-led
projects, quality management 
techniques, and tools. Data was coded, 
captured and analysed using Windows 
version 22 of the Statistical Package for 
the Social Sciences (SPSS).  Factor analysis 
was adopted to uncover potential 
variables measuring aspects of the same 
underlying dimensions33. Exploratory 
factor analysis is usually performed when 
exploring patterns of correlations 
between observed measures.      
The SPSS guidelines manual 
indicates that the Kaiser-Meyer-Olkin 
(KMO) and the Bartlett’s Test of 
Sphericity are used to determine 
whether the correlation matrix is an 
identity matrix showing whether the 
factor model is appropriate 31.

4. FINDINGS AND DISCUSSION

In this study, KMO and Bartlett’s Test were 
used to determine the correlations 
between variables as this would guide 
the study as to whether to proceed with  
the factor analysis of data. Eight critical 
aspects contributing to  the QA process 
implementation were identified and a 
measurement model was designed 
to characterise  a n a ll i nclusive 

‘interpretation’ of the Road Quality 
Construction Implementation Process. 
The measuring model allowed for an 
incorporated methodology relating to 
implementation of QA in the road 
construction project. The detailed 
application and assessment of the QA 
process measurement model as 
introduced is shown in Figure 1. 
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Figure 1: Road quality assurance measurement model 

Figure1: Road QA measurement model

We describe the QA process 
measurement model for SME-led projects 
and its application in Figure 1. Each of the 
eight (8) critical aspects was identified 
distinctly from the item explanations, and 
in that way, an overall assessment on both 
the construction sector and SME project-
based organisation model was developed. 
The developed model of SME 
construction organisation emphasises 
that project managers need to 
continuously and effectively implement 
project control systems during the project 
to improve rates of project success. The 
core resources and capability needed for 
the QA process measurement instrument 

through interaction among the workforce, 
is technological know-how and evaluating 
quality control of construction work in 
SME construction project. The results 
showed that the study’s participants were 
well qualified and experienced as displayed 
in Table 1. Among the responding 
employees, 39.4 % (n=63) indicated that 
they were employed for more than 9-12 
years, 26.3% (n=42) reported working for 
between 3-6 years, 23.1% (n=37) 
indicated working in the business between 
6-9 years, 8.1% (n=13) had worked for 
more than 12 years, whilst 3.1 % (n=5) had 
worked for less than 3 years.  
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To identify key dimensions of process 
implementation in the SME construction 
industry, item statistics were initially 
calculated. In order to establish the 
consistency of data, we commonly use the 
Cronbach’s Alpha (coefficient alpha). 
Table 2 shows the total reliability value for 
each item. Overall, the Quality of 
Implementation-Cronbach Alpha for the 
entire scale was 0.82332. A Cronbach’s 
alpha coefficient of more than 0.7 
signifies reliability and internal 
consistency. The KMO measure of 

sampling adequacy is an index used to 
examine the appropriateness of applying 
factor analysis11. A value of 0.5 or above 
indicates that use of factor analysis is 
appropriate or values below 0.5 imply that 
factor analysis may not be appropriate. 
The Chi-Square application was used in 
the KMO, and Bartlett’s Test was 
calculated. The KMO measure of sampling 
(MSM) was considered to have a strong 
positive relationship, according to the rule 
of thumb on the strengths of correlation 
coefficients9. 

Table 2: Reliability value for each item 

Correlated item 
total 
correlation 

Cronbach’s 
Alpha if item 
deleted 

Up-to-date training is provided for employees .845 .945 
Management is committed to providing QA/QC 
training 

.906 .934 

Employees have a high level of satisfaction .909 .933 
Employees are given the opportunity to develop 
skills 

.895 .933 

Management facilitates employees’ learning of new 
skills 

.811 .954 

Every stakeholder becomes involved during the 
planning process 

.889 .971 

Stakeholder approval of the work package is 
facilitated 

.932 .966 

All stakeholders receive the project document .945 .965 
Community provides input on costs and resources .946 .965 
Project manager provide s work breakdown details 
using software 

.906 .969 

Formal system of record-keeping is used for projects .858 .974 
Project scope is designed to adopt technology .901 .970 
Scope of work or specification .949 .956 
Unforeseen and/ or different geotechnical 
conditions 

.956 .954 

Design of road construction reviewed .956 .968 
Implementation of QA processes .936 .969 

Table 1: Respondents number of years working in road construction 

Less than 3 
years 
3-6 years 
6-9 years 
9-12 years 
12 or more 
years 
Total 

5 
42 
37 
63 
13 
160 

3.1 
26.3 
23.1 
39.4 
8.1 
100.0 

3.1 
26.3 
23.1 
39..4 
8.1 
100.0 

3.1 
29.4 
52.5 
91.9 
100.0 

Frequency Percent Valid 
Percent 

Cumulative 
Percent 



Practical implementation of the process .936 .984 
Payments or processing time for tax exemption .841 .915 
Contractor’s establishment costs .884 .906 
Costs are re-estimated and or-incorporated .880 .907 
All pricing/incentives of services rendered .781 .926 
Financial difficulties faced by the contractor .732 .935 
Standard set of guidelines on survey 
implementation 

.905 .974 

QA procedures are applied to describe monitoring of 
survey implementation in actual settings 

.953 .967 

Evaluation of the QA process .957 .966 
Quality control of construction work .945 .968 
Defective work is reworked or improved .889 .976 
Organisation improves execution of strategies and 
plans 

.946 .980 

Organisational structure is aligned with QA 
processes 

.970 .973 

Planning, leading and control are facilitated .982 .970 
Quality of the road is defined, established and 
controlled 

.926 .985 

Customer feedback systems are in place .610 .957 
Workforce has been given the schedules for projects .874 .870 
Project objectives are shared with all role players  .914 .857 
There is cooperation between senior management, 
workforce and community members 

.859 .875 

Table 3 shows that the factor analysis was 
appropriate, and displayed values that 
were above 0.6, which showed that the 
KMO, Bartlett’s degree of freedom (df) 
and significance (sig) were also 
considered satisfactory for factor 
analysis. Exploratory factors analysis with 

principal components was conducted on 
the level of skill acquisition process scale 
items. All the QA processes related to the 
effectiveness of road construction 
projects had 35 items and each was rated 
on a five-point scale, ranging from ‘1’ 
(very poor) to ‘5’ (excellent).  

Table 3: KMO and Bartlett’s Test 

KMO and Bartlett’s Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.767 

Bartlett’s Test of Sphericity Approx. Chi-
Square 

834.118 

Df 21 
Sig. .000 

The various implementation and 
effectiveness indicators were all loaded 
on one factor, which was labelled level of 
skill acquisition process. This one factor 
solution had an eigenvalue of 4.633 and 

explained 69.679 per cent of the variance. 
The rotated factor loadings varied 
between 0.745 and 0.914 for this factor 
and are displayed in Table 4.  



Factor Factor 
loading 

Eigenvalue % of 
Variance 
explained 

% of 
Cumulative 

1-Factor 
Up-to-date training is provided for 
employees 

0.827 4.633 69.679 69.679 

Management is committed to 
providing QA/QC training 

0.914 

Employees have a high level of 
satisfaction 

0.895 

Management facilitates employees’ 
learning of new skills 

0.840 

Every stakeholder becomes involved 
during the planning process 

0.745 

4. CONCLUSIONS AND RECOMMENDATIONS

The presented findings contribute to the 
understanding of the use of a holistic 
approach for construction projects’  QA 
measurement, and fill an existing gap in 
the knowledge on the use of the QA 
process measurement tool for 
construction quality management. This 
paper explored the implementation of the 
QA process in road construction project s, 
and proposed integrated solutions to 
improve the current quality of road works 
through the development of distinct 
measures for enhancing road quality 
building.  A good understanding of the 
impact of road construction SME-led 
projects in implementing successful QA 
processes and aligning organisational 
structures with QA processes in the local 
government construction in South Africa 
was clearly identified and debated in this 
paper. The main findings of this study 
evidently indicated that the SME project-
based organisations are faced with an 
unsettled construction project industry 
and intimidating economic conditions. 
Concerns have reemphasised the need 
for a building projec t QA measurement 
model for road construction projects. 
Improper process implementation and 
poor construction project s may increase 
accident rates, in addition to destorying 
roadways and vehicles. It is thus essential 
for SME construction organisations to 
implement the QA process effectively, 

and monitor, inspect and evaluate this at 
both strategic and operational levels. A 
QA process measurement model has been 
proposed to combine quality/work 
processes effectiveness, skills acquisition 
process, project planning and project 
control techniques, construction design 
of projects, implementation process, 
quality standards, organisational 
structures and involvement of people. 
The key benefits of the road quality 
construction project model proposed in 
this study lie in the following aspects: 
first, measuring the efficiency of project 
control ensures adequacy of the road 
construction system and facilitates the 
quality construction process. Second, the 
fully structured and standardised quality 
of construction codes are integrated in 
the model to provide clear project task 
necessities for preparation and 
authorisation. Typical quality of work 
failures caused by inaccuracy of cross-
reference codes can be avoided. Third, 
adopting a program of product quality for 
construction projects ensures the timely 
inspection and implements effective 
communication systems in order to better 
understand the stakeholders’ needs.  

Based on the aspects addressed which 
positively influence quality of work 
process of road building projects, the 
study recommends that if SME-based 
projects are measured through skills 

Table 4: Exploratory factor analysis



acquisition, project planning and control 
techniques, project construction design, 
organisational structure, quality standard 
and codes adoption, process 
implementation and impacts of people 
involvement. Quality control in SME 
construction projects should mean 
performing check-up and analysis and 
taking corrective actions so as to obtain 
customer’s satisfaction that would bring 
long term effectiveness and business 
reality for the organisations. 

It can be concluded that the QA process 
measurement model based construction 
quality application is helpful and suitable 
in SME- led projects. First, due to project 
management tools and techniques, it is 
possible and feasible to apply a QA 
process measurement model for quality 
of construction work and to fully establish 
a team from inside or outside the 
organisation for training and education of 
employees in order to deal with the 
necessities of design adjustments. 
Second, a QA process measurement 
model can be appropriate for the modern 
industry standard practices in quality 
control and validated through a case 
study. Further to this, the study should 
create a much greater awareness of the 
benefits of improved rural road networks 
to enhance urban-rural migration in 
developed countries, which could result in 
attracting new development 
opportunities, hence decreasing the 
socioeconomic cost of rural life. SME 
construction organisations are perceived 
as a means to address the difficulties in 
creation of employment amongst local 
citizens of South Africa. They are 
frequently concerned about penetrating 
new markets, and captivating and 
increasing economies in progressive and 
resourceful ways. This study showed that 
the SME construction organisations 
projects lack strategic planning and 

experience poor quality of construction 
project delivery. Inadequate development 
and quality control has been identified as 
a key source of such  failure. It is evident 
that competitive pressures in an ever-
changing worldwide economy 
increasingly confront South African SME 
construction organisations. The study 
developed a measurement model 
enabling SME contractors to implement a 
QA process effectively. It would enable 
SME contractors in road construction 
project delivery to identify work 
processes strengths and  failures at 
strategic levels within their operation and 
or project activities. Android applications 
and software could be developed in 
Matlab, MS Excel and other languages for 
commercialisation of the developed 
model. It also needs to be observed that 
the developed tool could easily be 
implemented in many building projects. 
The study reinforces the application and 
understanding by all stakeholders of QA 
processes. It forces SME contractors to 
concentrate on quality control in relation 
to construction process concepts and the 
approval of the processes of QA 
implementation at all levels within the 
organisation. The research also identifies 
critical core aspects contributing to 
measuring and  improving organisational 
structures, implementation process, 
plans, systems, perfor mance 
measurements and organisational 
performance. It also sets the groundwork 
for future developments guiding the SME 
contractors concerning the processes of 
QA implementation. Finally, the study 
serves as an assessment model 
determining whether there are significant 
relationships between aspects 
contributing to the success of QA 
processes.  
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1. INTRODUCTION

Rapid urbanization has brought numerous 
positive effects in South Africa such as the 
creation of numerous economic, cultural and 
political interaction. However, there are some 
negative effects that have come with it, and 
the most severe of them is that of certain 
parts of the country turning into slums. Slums 
form as a result of homeless people 
embarking on a pursuit to create shelter in 
pockets of land which are closer to suburban 
activity. To curb the surge of the formation of 
slums, there have been numerous building 
models which have made entry into the low-
cost housing arena. Some of these are Moladi, 
Khaya ReadyKit and Fischer Housing. An 
additional and very unusual form of housing 
that has also entered into the low-cost 
housing arena are EPS Dome houses [1]. EPS 
dome houses exude qualities such as ultra-
thermal insulation, gale resistance and 
earthquake resistance. The success of 
commercially produced EPS dome houses is 
premised in the achievement of expanding 
standard grade EPS by 20% to create an 
extremely strong ‘plastic  ’ [2]. Although EPS 
dome houses exude such excellent 
performance qualities, there are two main 
disadvantages that continue to taint its 
success. These are that EPS dome house 
suppliers have numerous minimum order 
quantity requirements that make the 
purchase of such a model highly inaccessible. 
Secondly, Manufacture of the individual EPS 
pieces requires complex machinery. This 
research is premised on finding out how far 
unmodified standard grade EPS in the form of 
a dome facility can be taken.  

Unmodified standard grade EPS that is 
200mm-thick with a density of 20kg/m3 
represents the same amount of energy as a 
17mm-thick layer of pine  wood [3]. This 
strength quality of EPS is motivation enough 
to see if an EPS dome facility constructed 
using unmodified EPS, can successfully 
shelter human beings or at least be used as 
some form of environmentally friendly 
storage facility. 

In this research, the individual components 
used in the construction of three low-cost 
housing models (Moladi, Khaya ReadyKit and 
Fischer Housing) as well as their complexity of 
assembly will be used to comparatively 
formulate opinions as well as motivations for 
the possible usage of EPS dwellings. However, 
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it is necessary to first highlight some of the 
challenges that are confronting South Africa 
in order to build a greater appreciation for 
such a research endeavor. 

2. THE PLIGHT OF IN ADEQUATE HOUSING 

Slums differ in material composition 
according to the type of available resources to 
the ‘builder’ at the time of starting the 
building. Most of these structures are Hyper -
permeable. “Hyper-permeability is an 
extreme form of indefensible housing. It 
encapsulates housing that presents multiple 
forms of permeability, where apertures lack 
glazing, where construction materials cannot 
withstand force, walls and roofing are water -
permeable, and basic construction elements 
such as joists, beams, insulation, and 
structural integrity are often not present, 
meaning elements of housing are poorly 
secured, and liable to easy removal. Housing 
with these material qualities eases criminal 
access.” [4]  

The last time a global survey was attempted in 
counting the number of homeless people in 
the world was in 2005 by the United Nations
[5]. They estimated that there were 100 million 
people worldwide who were homeless in the 
year 2005. 

South Africa is a beautiful country with a 
wealth of heritage and warmth since it is also 
the birth-place of a number of some of the 
world’s greatest activists. However, great as it 
is, it still faces some tough challenges even 
after 23 years of democracy. South Africa’s 
biggest challenges are as  follows [6]: 

• There are many South Africans that
are not employed;

• The quality of free education for black
people is sub-standard;

• Public services are poorly located;
• The poor are continually marginalized

by the existing various spatial
challenges;

• The disease burden of South Africa is
currently as a result of the
deteriorating public health system;

• Public service performance is
inefficient;

• Extremely high levels of corruption;
• South Africa continues to be a divided

society.

Most of the above eight challenges are as a 
result of South Africa’s history. The ills of the 
apartheid era have left South Africans with a 
terrible legacy of inequality. This inequality 
amongst citizens often times causes multiple 
service delivery riots and protests across all 
provinces. This is similar to what was 
experienced in the early 1940’s where “the 
urban working class was growing rapidly, and 
small-scale riots and strikes bore witness to 
mounting African frustration over inadequate 
wages, housing and transport.” [7] 

South Africa is an upper-middle-income 
country [8]. Though it is an ‘upper-middle-
income country’, most of South African 
households encounter poverty and 
vulnerability to diseases on a daily basis. 
Apartheid took away people’s assets [9]. It 
ensured distortion in the economic and social 
arenas through racial discrimination, and 
resulted in a destabilized state. This led to the 
ultimate collapse of South Africa due to an 
agonizing phase of life for all its citizens. The 
poor and negative attitude of government 
workers at the time, along with “the absence 
of information concerning rights, roles and 
responsibilities” [9], and the lack of 
accountability by all tiers of government, are 
the very same catalysts which have contoured 
the nature of poverty in South Africa today. 

Although South Africa is one of the many 
countries where poverty amongst its citizens 
is prevalent, it also remains true that poverty 
is a huge global crisis that affects multiple 
other regions in the world. “Poverty is a global 
phenomenon and has proven difficult to 
resolve. Strategies to address it need to be 
focused on factors associated with poverty 
through local research as problems differ 
from region to region.” [10] 

A primary indicator of an impoverished 
country/community is the lack of adequate 
housing. There is an amazing psychological 
phenomenon that is evident when one looks 
at the lack of confidence of families who 
reside in informal structures as opposed to 
those that reside in formal structures. This 
‘lack of confidence’ can be experienced when 
interacting and conversing with different 
individuals who are of informal structure 
residence.  It is indeed true that “the type of 
dwelling a family resides in, that is, a formal 
structure versus an informal one, contributes 
significantly to improved quality of life and 
poverty status.” [11] 
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People seem to be more aware of their lack of 
financial resources if even where they reside is 
unsatisfactory. It is therefore apparent that 
one of the first key issues that should be dealt 
with when attempting to bring aid to 
impoverished communities is resolving their 
lack and need for adequate housing. 

 ALTERNATIVE BUILDING TECHNOLOGIES 

‘Alternative Building Technologies‘ can be 
defined as follows  [12]: 
“Innovative housing techniques refer to any 
deviation from traditional construction 
methods that are specified within the 
limitations of SANS 10400- it does not 
necessarily have to be a material that has 
never been used before” 
There are systems which have been 
introduced in South Africa that are seeking to 
contribute positively to the issue of lack of 
housing. The most notable of these are: 

a) Moladi
b) Khaya ReadyKit
c) Fischer Housing

a) Moladi

Moladi is a construction system founded in 
1986 in South Africa. The objective of the 
Moladi system is to achieve quick house 
construction by means of recyclable, re-
usable and removable formwork moulds. 
Mortar fills the formwork to form the wall 
structures of the house. The formwork panels 
can be re-used up to 50 times therefore 
making the system cost effective due to 
repetitive application [13]. 

Moladi system includes [13]: 
• Raft foundation
• Superstructure
• Moladi bonding agent
• Windows
• Doors
• Roof 
• Ceilings

Figure 1 Moladi formwork moulds [13] 

b) Khaya ReadyKit 

The system was developed in 1993. The Khaya 
Readykit constitutes timber panels that are a 
standard width of 1m. 1.5m and 2m are also 
made if required. These panels are “made of 
dried and cured 114mm x 38mm SAP to stand 
between 2500mm and 3000mm high and 
either 1000mm or 1500mm wide. An acrylic 
resin cured fibreglass mesh is attached to 
each face of the frame. When plastered the 
timber performs merely a structural role, with 
a lime/cement plaster on each face providing 
the insulation and finish” [14]. 

Figure 2 Khaya ReadyKit timber panels [14] 

c) Fischer Housing 
Fischer Profile South Africa is a company that 
was founded in 1979. Fischer Profile South 
designs and manufactures miscellaneous 
automotive components. Fischer Profile 
South Africa has recently ventured into the 
low-cost housing sector through the start of 
its housing division. There are two designs 
that are currently available by Fischer housing 
[15]: 

• Design No.1 is for a 21m2 house:

Type 21, as it is called, is a one bedroomed 
house with a kitchen/lounge area as well as a 
bathroom. The standard width of the house is 
2600mm and it has a height of 2850mm [15].  

• Design No. 2 for 40m2 house:

Type 40, as it is called, is a two bedroomed 
house with a kitchen/lounge area as well as a 
bathroom. All the units of the house are 
supplied in knock -down condition, ready for 
assembly by the appropriate professionals 
on-site [15].  
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Figure 3 Complete fischer housing unit [15] 

3. RESEARCH METHODOLOGY 

The research study employed the dual 
approaches of qualitative and quantitative 
research. The study begins by using the 
narrative perspective of qualitative research 
since the main source of data is from existing 
documentation and reports.  

The perspective of correlational research 
under the quantitative approach was used to 
form the framework of comparative analysis. 
This was done by considering the various 
construction materials used in each low-cost 
housing model and relating these to 
predetermined criteria. The varying levels of 
performance of the considered low-cost 
housing models; along with the statistics of 
EPS as sourced from existing data and from 
observation of the carved live- model helped 
to generate the results needed in order to test 
the probability of the following hypothesis: 

“If a dome facility is constructed using standard 
grade EPS, it will be able to adequately shelter 
humans or stock from the elements” 

Quantifying environmental sustainability 
and wastage  

The protection of the environment is a major 
key in prolonging human life. The adverse 
impact of the environment on health is one of 
the major motivators for choosing 
construction methods and materials that are 
environmentally friendly. It is therefore 
important to consider the various 
components that are required in the make-up 
of each individual construction model that 
seeks to contribute to the housing deficit.  

a) Moladi
Moladi requires “one cubic metre of Moladi 
mortar (which consists of 1800kg or 0.720m3 
of local decomposed granite/river sand), 
250kg of 42,5N Ordinary Portland Cement 
(OPC), 5 litres of moladiCHEM, a non-toxic, 
water based chemical cocktail as well as 200 
litres of water” [13]. 

b) ReadyKit
The ReadyKit system requires polystyrene 
insulation boards and strengthening wire 
mesh, plaster sand as well as timber for roof 
trusses [14]. 

c) Fischer building system
The Fischer building system consists of 
sections that are manufactured from coiled 
steel and zincal produced on Fischer Roll 
forming Lines [15]. 

From the above it can be seen that there are 
some environmental concerns with the three 
above considered models. For the Moladi 
system, the use of 200 litres of water in the 
midst of an already drought-stricken country 
will prove very problematic during mass 
production of the units. Timber used for roof 
trusses in the Readykit system does not assist 
in efforts of tree preservation.  With regards 
to the Fischer building system, the process of 
mining iron ore from the ground before it is 
smelted is a costly process which is also very 
energy intensive and also further depletes the  
earth’s natural resources. 

In contrast to the above models, the 
envisioned major components in a live -size 
EPS dome house would be as follows: 

• Two lengths of 23m of R8 rebar
• 125m3 of EPS

An environmentally sustainable material is 
quantified by considering the following 3 
factors [16]: 

• Carbon footprint
• Resource depletion
• Waste generation

EPS is 100% recyclable [17]. Typical municipal 
solid waste streams will have “pape r and 
paper board: 37.1%, glass: 9.7%, metals: 
9.6%, plastics: 6.9%, polystyrene foam: 0.26% 
(Expanded Polystyrene), rubber and leather: 
2.5%, textiles: 2.1%, wood: 3.8%, food wastes: 
8.1%, garden refuge: 17.9% and 
miscellaneous organic waste: 1.8%.” [18] 
The above values indicate that the 
contributions of EPS towards filling up of 
landfills is very marginal. Expanded 
Polystyrene dome facilities would have 
minimal impact on the environment due to 
their use of EPS.  
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Aspects of EPS as a building model 

Expanded polystyrene is generally available in 
3 types of densities, namely; 15, 20 and 30 
kg/m3. With the use of materials such as EPS, 
the different shapes of a house can be 
moulded to form various inter-locking pieces 
that will be easy to assemble on-site. A live 
miniature model of 1200mm diameter X 
600mm carved dome was created using a 
hot-wire system as shown in figure 5. Carving 
of each individual piece took 4 hours 
amounting to 3 days in total to complete 
carving all the pieces necessary to produce 
such a model. Due to a large portion of a dome 
house being pre-fabricated, it has less impact 
on the environment than conventionally built 
houses.  

Figure 5 The complete EPS model

Figure 4 Hot-wire system used to carve each 
           The EPS piece 

The live model was placed exposed for six 
months from February 2018 to July 2018. it 
has been exposed to 3 out of the four seasons 
of the year (1 month of Summer, 3 months of 
Autumn and 2 months of Winter). Although 
the test case model would be plastered both 
inside and outside when constructed for the 
purposes of inhabitancy; it was a point of 
interest to study the material in its most 
natural state. This brings rise to the question 
of what would then happen to the test case 
model in the remaining 6 months (1 month of 
winter, 3 months of Spring and 2 months of 
Summer). An aspect which can be 
extrapolated in order to better understand 
what would be happening in the internal 
structure of an EPS body shell in the next 6 
months is its discoloration potential. The sun 
emits ultraviolet or UV light, and any change 
of the surface color  of any material indicates 
that a chemical reaction is taking place. The 
discoloration of the test case model was 
assessed over the 6-month period and 
extrapolated over the remaining 6 months. 
Figure 6 shows that from the first month 
through to the 6th month there is a continuous 
trend of discoloration in the test case model. 
This indicates that there will definitely be a 
continuous process where the test case model 
will absorb water during rain and dry during 
sunny days. The EPS test case model 
throughout the 6-month period having 
undergone constant discoloration and 
varying levels of wetting and drying has not 
shown any signs of deformation in shape. This 
emphasizes the resilience of a dome shape in 
response to natures varying levels of heat and 
rain. The discoloration of the EPS and 
indicative wetting and drying will all be 
minimized through appropriate cladding 
material such as a waterproofing coat, plaster 
coat and a paint coat.  

Figure 6 Discoloration potential of EPS
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Using the 7 principles of design [19] as a basis for assessment of the four different systems, 
on a scale of 0 to 10 for each criterion, the systems can be rated as follows:

   

Figure 7 Performance of building systems in    terms of the 7 principles of design

0 2 4 6 8 10 12

Moladi

Khaya ReadyKit

Fischer Housing

EPS Dome House

Performance of building systems in terms of the 7 principles of 
universal predic�on

Size & space for approach and use Low physical effort Tolerances for error

Percep�ble informa�on Simple & intui�ve use Flexibility in use

Equitable use

The researcher concurs with the ideals of the 
paradigm shift [20] as depicted in figure 8. Too 
often it has been thought that achieving 
sustainability in construction means being 
aware of only cost, quality and time. This is a 
very limited approach to sustainability since 
construction sustainability should also 
consider; minimal negative environmental 
impact, minimal consumption of 
matter/energy as well as human satisfaction. 

Figure 8  [20] New paradigm

Feasibility Matrix

A feasibility matrix was compiled based on 
four compelling criteria which are the 
preliminary gateway to the consideration of 
any model. The scales are based on 0 to 100% 
for each criterion. The score given for each 
model has been decided upon through an 
assessment of the construction method 
statement, historical portfolio and technical 
data sheets provided by each implementing 
company for the different systems.  
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Table 1  Feasibility Matrix comparing EPS Dome, Moladi, Khaya Readykit and Fischer housing
 

Characteristics Wt. Candidate 1: 
EPS Dome 
House 

Candidate 2: 
Moladi 

Candidate 3: 
Khaya Readykit 

Candidate 4: 
Fischer 
housing 

Construction 
feasibility 
An assessment 
of the ease to 
construct each 
solution based 
on whether any 
training is 
needed prior to 
assembly 

 

30%
 

No prior 
training 
required due 
to toothed 
joints of EPS 
dome pieces.

 
 
 
 

Score: 100

 

Training on the 
use of Moladi 
formwork is 
required.

 
 
 
 
 
 

Score: 85

 

Training on the 
assembly

 
of the 

timber panels is 
required.

 
 
 
 
 
 

Score: 85

 

No prior 
training is 
required since 
the Fischer 
unit is 
prefabricated 
and is 
delivered in an 
assembled 
state.

 
Score: 100

 
 

Political 
Feasibility

 

An assessment 
of how well the 
solution will be 
accepted by 
both opposition 
and ruling 
political 
organizations

 

20%

 

Solution will 
be new to 
most 
governing 
authorities in 
South Africa, 
however, 
Solution has 
been fully 
endorsed by 
governing 
authorities in 
Japan. Kaga 
Province in 
Japan has a 
community of 
480 
residences 
constructed 
solely of EPS

 

[1]. This shows 
that such a 
model has 
great 
potential of 
acceptance 
Score: 70

 

Solution has 
been in 
existence for 32 
years in South 
Africa but it has 
not made 
significant 
impact in the 
low-cost 
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4. CONCLUSION 

It is easier to paint a picture that will reflect 
the true extremities of the housing situation 
in South Africa by considering both the past 
and the present. A laboratory test done on 

standard grade EPS of a density of 15kg/m3 
during this research showed that it has a 
mean modulus of 1,14226mPa. The modulus 
of conventional material is significantly 
higher than 1,14226mPa and hence as a 
permanent housing unit such a model is not 
advised. However, the research has shown 
that it is possible to increase the accessibility 
of such a model through a change in 
construction method. Where low compressive 
strengths are permissible,  unmodified 
standard grade EPS is suitable for temporary 
shelter in disaster alleviation , for student 
shelters on campus, for workers on 
construction sites seeking shelter for lunch or 
for overnight lodging and for temporary 
storage of material. This is because it was 
observed that the dome shape is structurally 
stable and highly resistant to contamination  
since no trace of contamination was observed 
during the 6-month observation.  

Due to the cumbersome framework of the 
delivery of low-cost housing in many 
countries as well as the excessive number of 
homeless people as illustrated by the United 
Nations [5], an intermediate solution in the 
form of EPS dome houses is mandatory in the 
efforts of eradicating penury.  

Conventional building methods have gained 
popularity through their lengthy existence in 
the built environment, however, for a 
sustainable future; it is important that a 
heightened level of environmental sensitivity 
is demonstrated in the choice of materials for 
all infrastructure projects. 
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