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INTRODUCTION AND 
BACKGROUND
The role of technology in the economy has 
resulted in engineering education becom-
ing an important area of research. Both 
universities and employers have a desire 
to develop engineering graduates and 
diplomates possessing the competencies 
required by employers for a competitive 
and technology-driven global environment 
(Klein-Gardner & Walker 2011; Singer 
et al 2012; Besterfield-Sacre et al 2014). 
Government values the role of engineer-
ing professionals who contribute to the 
social, economic and human upliftment 
of South Africa (The Presidency of South 
Africa 2010; Taylor 2015). A study by 
the Engineering Council of South Africa 
(ECSA 2010) indicates that there is a 
severe shortage of engineering profes-
sionals (engineers, technologists and 
technicians) per capita of the population 
in South Africa, in comparison with other 
developed countries (Lawless 2007). There 
are approximately 1.4 technicians for every 

engineer in South Africa (Du Toit & Roodt 
2008; Wolff 2017). Du Toit and Roodt 
(2008) go on to state that, for developed 
countries, the ideal ratio would be four 
technicians to two technologists for every 
one engineer, and that both ECSA and the 
Engineering Association of South Africa 
(ECSA & EASA 1995) deem this ratio to 
be four technicians per one technologist 
and one engineer. A lack of civil engineer-
ing graduates and diplomates have been 
equated as a contributing reason for 
ongoing poor service delivery at municipal 
level (Lawless 2007; Du Toit & Roodt 2008; 
Lawless 2011; Watermeyer & Pillay 2012). 
It is, therefore, not surprising to find that 
the civil engineering technician is amongst 
the occupations highest in demand in 
South Africa (Department of Higher 
Education and Training 2016).

Increasing the output of civil engineer-
ing graduates and diplomates who possess 
the contemporary sets of knowledge, skills 
and attitudes to respond to the modern-day 
workplace and a competitive economic 
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environment is, therefore, an important 
educational objective in South Africa 
(Lawless 2007; Lawless 2011; Watermeyer 
& Pillay 2012; Taylor 2015, Naicker 2017). 
Engineering faculties in South Africa, 
while striving to increase their output, are 
being placed under increased scrutiny from 
industry to determine whether their gradu-
ates and diplomates have the range and 
level of competencies required in the work-
place. Studies conducted by the Council for 
the Built Environment (CBE 2014) and the 
online survey study by the South African 
Institution of Civil Engineering (SAICE 
2016) reflect the desire to better under-
stand the perceived gap between graduate 
and diplomate competencies and the 
expectations of industry. The findings of 
the CBE study were that graduates were not 
“work ready” and that they lacked the skills 
and attributes required by employers. The 
report also recommended that additional 
research be conducted to establish the 
“competence situation” within the specific 
context of the industry (CBE 2014). The 
SAICE survey, in turn, sought the views of 
industry regarding the quality of the pro-
grammes offered by the various engineer-
ing departments at both universities and 
universities of technology, as well as the 
extent of employment offered to graduates 
and diplomates from the respective institu-
tions. SAICE’s 2017 president, Sundran 
Naicker, deduced that the survey findings 
indicated that tertiary level graduates and 
diplomates from certain institutions were 
considered to be better qualified than 
their counterparts from other institutions 
(Naicker 2017).

South African regulatory 
framework and its implications 
for engineering education
The Higher Education Act of 1997 
assigns overall responsibility for quality 
assurance in higher education to the 
Council on Higher Education (CHE), 
through its permanent sub-committee, 
the Higher Education Quality Committee 
(HEQC). Criteria 18 and 19 of the HEQC’s 
Handbook on Programme Accreditation 
Criteria specify, amongst others, that 
surveys, reviews and impact studies on the 
effectiveness of all programmes need to be 
conducted, and that the results need to be 
used to improve the programmes’ design 
and delivery (CHE 2012). In 2006, the CHE 
and HEQC entered into a Memorandum 
of Understanding (MoU) with ECSA, 
whereby ECSA was delegated to undertake 

the quality assurance functions of the 
HEQC with regard to the undergraduate 
engineering programmes. ECSA, therefore, 
has the statutory responsibility of accredit-
ing the engineering programmes offered at 
undergraduate level and conducts regular 
accreditation evaluation visits to institu-
tions that offer engineering programmes. 
One of the reasons for this, as cited in the 
ECSA policy on accreditation inspections, 
is to establish “… whether the Diplomates 
and Graduates from the respective pro-
grammes are ready for employment …” 
(ECSA 2013: 5).

Accreditation criteria consider the 
structure, learning outcomes, educational 
process, resourcing and sustainability of 
the programme to determine if the qual-
ity of the programme is adequate. This 
means, inter alia, that both the programme 
and the work performed by the students 
must meet the specified ECSA Exit Level 
Outcomes (ELOs) applicable for that 
programme. ECSA has developed quality 
assurance documents that contain stan-
dards, criteria, policies and procedures that 
the education provider must comply with 
in order to secure accreditation (ECSA 
2013). These quality assurance documents 
include a Higher Education Qualifications 
Sub-Framework (HEQSF)-compliant 
Diploma qualification in engineering 
(ECSA 2016). It is, therefore, clear that the 
HEQC and ECSA, in fulfilling their func-
tions as accreditation bodies, require the 
curriculum and outcomes of engineering 
undergraduate programmes to be suitably 
aligned to the competency requirements 
and expectations of employers. The impor-
tance of accreditation, as an independent 
quality assurance process, cannot be 
underestimated. It is, after all, there to 
assure the public of the quality of these 
programmes (ECSA 2013: 5), even though 
some of the engineering programmes only 
achieve full accreditation after multiple 
ECSA visits, this being as a result of defi-
ciencies not being adequately addressed. 
In some instances programme deficiencies 
are only resolved once the professional 
body notifies the institution of its intention 
to withdraw programme accreditation. 
It is, therefore, questionable whether the 
awarding of accreditation for a programme 
is, indeed, sufficient for employers to be 
assured that graduates and diplomates 
are both ready for the workplace and suf-
ficiently equipped to continue with their 
learning within the profession. Ballim et al 
(2014) point out that both the curriculum 

and the teaching and learning process at a 
university could be compromised if meet-
ing the requirements of an external instru-
ment, such as accreditation, becomes the 
primary focus of teaching. ECSA’s accredi-
tation policy states that universities have 
an obligation to “assess the impact of the 
programme and to show how the results 
are used to improve the programme” 
(ECSA 2014: 8). There is, however, no 
stipulation in the ECSA document as to 
how the impact of the programme must be 
assessed. Whilst employer representatives 
give direct input on the programme dur-
ing the accreditation process, universities 
often fail to provide evidence on the impact 
of their programmes, despite this being 
ECSA and HEQC requirements (CHE 2012; 
ECSA 2014). Providing information on the 
impact of these programmes is particularly 
important to historically disadvantaged 
institutions, as it is mostly programmes 
from these institutions that are criticised 
for the poor quality of tuition (Cape Higher 
Education Consortium (CHEC 2013)), 
resulting in the perception that graduates 
and diplomates from these institutions are 
the least preferred candidates when seeking 
employment in industry (Naicker 2017).

The aim of this study was to gather and 
assess the perceptions of civil engineering 
employer representatives on the competen-
cies of civil engineering diplomates enter-
ing the workplace from the two universities 
in the Eastern Cape Province which offer 
the Diploma in Civil Engineering. Employer 
studies are considered useful instruments 
that can contribute to understanding the 
links between learning, competencies 
and job requirements. This paper makes 
a contribution to the body of knowledge 
on engineering education, given the 
limited research that has been conducted 
on employers’ perceptions regarding the 
readiness of civil engineering diplomates 
entering the workplace The empirical data 
collected and the results will assist univer-
sities and employers to develop diplomates 
who possess the competencies required for 
a competitive and technologically driven 
global environment. These results will 
enhance universities’ awareness of public 
expectations for higher education diplo-
mates to be more directly prepared for the 
workplace.

LITERATURE REVIEW
Employer surveys have been widely 
used by universities as part of the 
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quality assurance processes to identify 
and address possible deficits within their 
educational programmes (Allahverdi & 
Aldowaisan 2015; Elrod et al 2015; Gwyn 
& Gupta 2015). Other international studies 
which explored how well graduate compe-
tencies and industry needs were aligned 
included both publications and articles, 
as was reported by Neilsen (2000) in 
Australia, Besterfield-Sacre et al (2014) in 
the United States, Ridgman and Liu (2014) 
in the United Kingdom and China, Peng et 
al (2016) in China, and Vadivu et al (2016) 
in India.

Walther and Radcliffe (2007: 42) state 
that “… competence can be conceptualised 
as an iceberg where the skill and knowledge 
domain form the tip, visible above the 
waterline, and traits, self-conception and 
motives make up the base.” They argue that 
universities concentrate on the parts of 
the competency iceberg that are above the 
waterline, whilst companies tend to focus 
on the parts of the competency iceberg 
below the waterline. Panels of experts tend 
to define graduate attributes for engineer-
ing programmes as broad aspirational 
goals that only point in a general direc-
tion, whereas industry, in contrast, has a 
more detailed competency profile for each 
particular position in the organisation. 
This study draws from Holland’s theory of 
vocational behaviour, which suggests that 
each environment, whether it be a work 
environment or an academic discipline, 
has a distinctive pattern of competencies, 
values, attitudes, interests, and self-percep-
tions. The importance of understanding 
what the competencies are that are valued 
in the workplace is highlighted in the stud-
ies undertaken by Riordan and Goodman 
(2007), Passow (2012), and Passow and 
Passow (2017).

Additional research conducted in South 
Africa, and which overlaps with this study, 
includes that of Griesel and Parker (2009) 
who undertook a baseline study of South 
African graduates from the perspective 
of the employer. Their findings indicated, 
amongst others, that there was a real need 
to address the disparity between employer 
expectations and higher education out-
comes. Ngetich and Moll (2013) focused 
on the relationship between industry and 
newly graduated engineers, and examined 
the effectiveness and efficiency of graduates 
in the workplace. Hauschildt and Brown 
(2013), in their study, described a compe-
tence diagnostics project that focused on 
assessing the competence of students who 

had completed their vocational engineer-
ing qualifications. Kraak and Du Toit (see 
CHEC 2013) conducted a study on behalf 
of the Cape Higher Education Consortium 
in order to determine the levels of “gradu-
ate employment and unemployment” as 
well as identify the different pathways from 
higher education into the world of work 
(CHEC 2013).

All of the above studies point to an 
increased public expectation for higher 
education graduates and diplomates to 
be better prepared for the world of work. 
Employer studies are, therefore, useful 
instruments which can contribute to 
understanding the links between learn-
ing, competencies and job requirements 
(Teichler & Höhle 2013). This study was 
initiated in an attempt to explore these 
links. An overview of these studies indi-
cates that employer surveys have been 
widely used as part of the quality assurance 
process at universities in order to identify 
and address possible deficits within their 
educational programmes, and to determine 
how well graduate competencies and the 
needs of industry are aligned. In terms 
of competencies, universities concentrate 
on the skill and knowledge domain, while 
companies tend to focus on traits, self-
conception and motives. South African 
studies on employers’ perspectives indi-
cated, amongst others, that there is a real 
need to understand and address the gaps 

between employer expectations and higher 
education outcomes, so that graduates and 
diplomates are more effective and efficient 
when they enter the workplace.

METHODOLOGY
This section discusses the methods and 
techniques used to collect and analyse the 
data for the study, i.e. the sample popula-
tion, data collection procedures and data 
analysis instruments.

Sampling
Purposive sampling was adopted to elicit 
responses from members of the three 
Eastern Cape branches of SAICE, as well 
as members from the two branches of 
the Institute of Municipal Engineering of 
Southern Africa (IMESA) in the Eastern 
Cape Province. The selection was based 
on the experience and professional profile 
information as contained in the branch 
member databases of SAICE and IMESA, 
respectively. A total of 546 employer repre-
sentatives were selected for the sample.

Instrument
A descriptive and evaluative question-
naire was developed as the data collection 
instrument. The questionnaire was cre-
ated using Survey Monkey (http://www. 
surveymonkey.com). The instrument 
had a total of 30 questions, consisting of 

Table 1 Summary of invitations and responses to survey questionnaire

Number of mail invitations sent 546

Number of mail invitations that were opened 234

Percentage of mail invitations that were opened 42.86%

Number of mail invitations that were not opened 301

Percentage of mail invitations that were not opened 55.13%

Number of mail invitations that bounced 10

Percentage of mail invitations that bounced 1.83%

Number of respondents who chose to opt out of the survey 1

Percentage of respondents who chose to opt out of the survey 0.18%

Number of respondents who partially completed the survey 27

Percentage of respondents who partially completed survey 4.95%

Number of respondents who fully completed the survey 124

Percentage of respondents who fully completed the survey 22.71%

Number of respondents who completed the survey, either partially or fully 151

Percentage of respondents who completed the survey, either partially or fully
(based on the total number of invitations that were sent)

27.66%

Percentage of respondents who completed the survey, either partially or fully
(based on the total number of invitations that were opened)

64.53%

http://www.surveymonkey.com
http://www.surveymonkey.com
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multiple choice, Likert scale and open-
ended questions. It included questions on 
the regional/geographical location of the 
respondent, the type and size of organisa-
tion, academic qualifications, professional 
status, field(s) of specialisation, job designa-
tion, gender, age, years of experience and 
race. The invitation, which was sent to the 
participants, included both an information 
page and a link to the online survey. The 
respondents were asked to rate the compe-
tencies of civil engineering diplomates, who 
had qualified from Eastern Cape tertiary 
institutions, when entering the workplace.

Piloting
A pilot study was conducted with five 
experienced employer representatives. 
Following the completion of the question-
naires, a face to face discussion was con-
ducted with the pilot study participants to 
obtain verbal feedback. The data collected 
was used to enhance the face and construct 
the validity of the questionnaire.

Data collection
The questionnaire was distributed to 
the sample (n = 546) through email 
messages, with a web-based link to the 

questionnaire. The email message also 
contained a detailed information sheet that 
explained the purpose of the survey, ethical 
considerations and a request for consent 
to willingly participate in the survey. The 
respondents were provided with the oppor-
tunity to opt out of the survey, either at the 
start or during the survey.

Response rate
A total of 151 responses were received 
which resulted in a response rate of 27.66%. 
A follow-up reminder was sent to everyone 
who had not yet responded within the 
stipulated return date and this was fol-
lowed by a final reminder thereafter. The 
results indicated that 64.53% of those 
who opened the mail message went on to 
populate the questionnaire (fully or par-
tially), although some opted out. The high 
number of unopened emails can possibly 
be attributed to the firewalls and filters 
that many organisations have, given that 
such firewalls can identify messages sent 
in bulk as spam mail. As pointed out by a 
participant in the sample group, such spam 
mail is often not seen by recipients, as they 
do not always open their spam mail.

Data analysis
The data was analysed for descriptive 
statistics using the software Statistical 
Package for the Social Sciences (SPSS) 
Version 20. The results of the closed-ended 
questions were presented using descrip-
tive statistics such as frequency tables and 
charts which were plotted using SPSS and 
Microsoft Excel. Comparisons of Likert 
scale variables were cross-tabulated and 
the categorical data sets were analysed in 
terms of the Shapiro-Wilk normality test, 
followed by Mann-Whitney, Kruskal-Wallis 
statistical tests and the Dunn-Bonferroni 
post hoc test of pairwise comparisons. 
Open-ended questions were reported in 
descriptive statements. A summary of 
selected results is given below.

RESULTS
Table 1 shows the distribution of both the 
invitations and the responses received. Of 
the 151 responses received, 124 were com-
plete and 27 partly completed.

The overall response rate of 27.66% is 
deemed satisfactory, given that a response 
rate of between 10% and 20% of the popula-
tion in descriptive research is considered 
to be reasonable (Gay et al 2011). Archer 
(2008) pointed out that, if the primary 

Figure 1  Number of civil engineering diplomates from University 1 employed by respondents’ 
organisation (n = 104; university identities were shown in the question)
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Figure 2  Number of civil engineering diplomates from University 2 employed by respondents’ 
organisation (n = 106; university identities were shown in the question)
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goal of the survey was to measure quality, 
then low response rates may yield just as 
meaningful results if a reasonable breadth 
and range of the population sample was 
reached, as was the case in this study.

Employment of civil 
engineering diplomates
It was deemed useful to establish, firstly, 
how many civil engineering diplomates 
from each of the two universities in the 
Eastern Cape had been employed by the 

respondents in the last five years. The 
results of the number and distribution of 
employment provided by the respondents 
are shown in Figures 1 and 2.

The average number of diplomates 
employed by the respondents from universi-
ties 1 and 2 were 4.98 and 5.01, respectively. 
This indicates that the respondents had an 
almost equal recruitment rate of diplomates 
from the two universities that offer civil 
engineering diplomas during the five-year 
period (2012–2016) in the Eastern Cape.

Rating of graduate competencies
The question that was posed to partici-
pants for this section was: “On average, 
how would you rate the competency 
of diplomates from universities within 
the Eastern Cape (i.e. diplomates from 
University 1 and University 2) in the 
following areas?” The respondents were 
required to rate each of the following 
competencies:

 ■ Ability to apply scientific and engineer-
ing knowledge

 ■ Ability to conduct/investigate well-
defined problems

 ■ Ability to use appropriate engineering 
methods, skills, tools and Information 
Technology

 ■ Engineering design ability
 ■ Independent learning ability
 ■ Individual and teamwork ability
 ■ Problem-solving ability
 ■ Professional and technical communica-

tion ability
 ■ Show an understanding of the impact 

that engineering activities can have on 
society

 ■ Understanding of and alignment with 
engineering professionalism

 ■ Understanding of workplace practices.
The above competencies are similar to 
those contained in the ECSA Qualification 
Standard (ECSA 2016). However, and for 
practical reasons, abbreviated wording was 
used given that the full ECSA descriptions 
are quite lengthy. The respondents had 
to make a choice on the competency of 
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Figure 3  Employer ratings on the competencies displayed by civil engineering diplomates (n = 111)

Table 2 Descriptive statistics for competency ratings (n = 111)

Competency description Mean S.D.

Skewness Kurtosis Shapiro-Wilk

Value
Standard 

error
Statistic

Standard 
error

Statistic df Sig

Problem-solving ability 3.027 0.868 –0.053 0.229 –0.059 0.455 .888 111 .000

Ability to apply scientific and engineering knowledge 3.063 0.845 –0.489 0.229 0.327 0.455 .858 111 .000

Engineering design ability 2.874 0.843 –0.126 0.229 0.036 0.455 .878 111 .000

Ability to conduct, investigate well-defined problems 3.045 0.802 –0.082 0.229 0.232 0.455 .868 111 .000

Ability to use appropriate engineering methods, skills, 
tools & IT

3.135 0.757 –0.487 0.229 0.384 0.455 .835 111 .000

Professional and technical communication ability 2.937 0.845 –0.339 0.229 –0.607 0.455 .854 111 .000

Show understanding of impact of engineering 
activities on society

3.144 0.784 –0.376 0.229 0.283 0.455 .853 111 .000

Individual and teamwork ability 3.360 0.748 –0.702 0.229 0.590 0.455 .817 111 .000

Independent learning ability 3.099 0.904 –0.274 0.229 –0.176 0.455 .889 111 .000

Understanding of and alignment with engineering 
professionalism

3.063 0.845 –0.213 0.229 0.015 0.455 .878 111 .000

Understanding of workplace practices 3.045 0.846 –0.086 0.229 –0.256 0.455 .882 111 .000

S.D. = Standard Deviation
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diplomates based on the following rating 
scale: “very low”, “low”, “neither high nor 
low”, “high” and “very high”. In order to 
assess the importance of the competencies 
(on the basis of the responses), the ratings 
were treated as a five-point ordinal Likert 
scale, with a linear allocation of values (1, 2, 
3, 4, 5) given to the rating increments from 
“very low” to “very high”. It is acknowledged 
that it cannot be stated for certain that the 
interval between “very low” and “low” is 
equivalent to the interval between “low” 
and “neither high nor low”. The practice to 
treat ordinal data as though it were interval 
level data, and conduct statistical tests that 
are appropriate for interval level data, is 
not uncommon in research in the social 
sciences, and may be permissible if the sta-
tistical analytical procedure that one is con-
sidering, as well as the substantive meaning 
and the interpretability of the statistics one 
is computing, is based on informed, sound 
judgement (Virginia Tech n.d.; Griesel & 
Parker 2009; Nic & Rarr 2013).

The results were analysed using a two-
prong approach consisting of an analysis 
based on the overall cohort response, as 
well as an analysis based on subgroup 
responses. The respective results obtained 
are indicated below.

Graduate competency ratings 
based on overall response
The mean ratings of respondents on the 
competency of civil engineering diplomates 
are presented in Figure 3.

The overall mean of eleven ratings was 
3.07. The “individual and teamwork ability” 
competency had the highest rating at 3.36. 
The competencies of “show understanding 
of the impact that engineering activities 
can have on society” and “ability to use 
appropriate engineering methods, skills, 
tools and Information Technology” were 
the competencies with the second and third 
highest ratings. The “engineering design 
ability” competency received the lowest rat-
ing at 2.87, followed by the competencies of 
“professional and technical communication 
ability” and “problem-solving ability”. The 
top and bottom ratings broadly concur with 
the findings of Nielsen (2000), and Griesel 
and Parker (2009), who also reported low 
competency ratings for newly qualified 
graduates and diplomates in the areas of 
communication, understanding workplace 
practices and problem-solving abilities.

Statistical testing was performed to 
establish whether the distribution of the 
data met the statistical requirements of 

normality. Establishing whether the data 
meets the criteria for normality is neces-
sary to ensure that the appropriate statisti-
cal testing method is used when analysing 

the data further. Table 2 shows the results 
of skewness, kurtosis and the Shapiro-Wilk 
normality test, which are three statistical 
methods to assess normality. Skewness 
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Figure 4  Rating distribution for the competency “individual and teamwork ability”
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relates to the symmetry of the distribution 
(or lack thereof), while kurtosis indicates 
the pointiness (degree of peakedness) of the 
distribution. In a perfectly normal distribu-
tion the values for skewness and kurtosis 
would be zero. If the statistic for skewness 
and kurtosis is not zero a z-score can be 
calculated as follows:

 Z Skewness = 
Skewness-0

Standard Error Skewness  

 Z Kurtosis = 
Kurtosis-0

SE Kurtosis

A z-scores greater than 1.96 or less than 
–1.96 is significant at p < 0.05, which means 
that the distribution of such data meets the 
criteria of normality. The z-scores calculated 
indicate that some, but not all of the data 
sets considered met the criteria of normality.

In addition to skewness and kurtosis, 
the data sets were subjected to the Shapiro-
Wilk normality test. This test compares the 
scores in the sample to a normally distrib-
uted set of scores with the same mean and 
standard deviation. The null hypothesis for 
this test is that the “sample distribution is 
normal” with the test significant if p < 0.05. 
The Shapiro-Wilk test results, as shown in 
Table 2, have p values below 0.05 for all the 
data sets. This signifies a rejection of the 
null hypothesis, which implies that none of 
the data sets should be treated as normally 
distributed and non-parametric statistical 
testing should be applied in the analysis of 
the data.

Figure 4 shows the distribution of rat-
ings for the “individual and teamwork abil-
ity” competency, which is the competency 
with the highest mean.

Figure 5 shows the distribution of rat-
ings for the “engineering design ability” 
competency, which is the competency with 
the lowest mean.

Diplomate competency ratings 
based on subgroup responses
The respondents were divided into sub-
groups, consisting of various categories 
which were drawn from the demographics 
collected in the questionnaire, in order 
to establish whether there were any sig-
nificant differences in the ratings within a 
particular group. The compilation of these 
subgroups was based on regional location, 
organisation type, organisation size, aca-
demic qualifications, professional status, 
field(s) of specialisation, job designation, 
gender, age, race and years of experience.

Non-parametric statistics were used for 
the analysis of the data sets. The results 
were further analysed to establish whether 
there were significant differences in the 
responses provided in terms of the respec-
tive subgroups, which included regional 
location of the respondent, the type of 
organisation, the size of their organisation, 
their academic qualifications, professional 
status, field(s) of specialisation, job des-
ignation, gender, age, years of experience, 
and race.

Non-parametric statistics, which do not 
assume normality in the distribution of 
the data, were used to compare the ordinal 
variables (competencies) with the categorical 
variables (subgroups). Where the categori-
cal variable consisted of two independent 
groups, e.g. “gender” (female and male) and 
“race” (black and white), the Mann-Whitney 

test was used, and  instances where the cate-
gorical variable consisted of three or more 
independent groups, the Kruskal-Wallis test 
was used. Both tests make use of ranked 
data. A significance level of 5% was used 
in all hypothesis tests, which meant that if 
p < 0.05, the null hypothesis that “there are 
no differences between the distributions 
of competencies among the subgroup”, 
was rejected.

Figure 6 shows the results for the 
Mann-Whitney test, together with the 
distribution of the data for the compe-
tency “problem-solving ability” within the 
subgroup “race”. The p value (asymptotic 
significance) for the example shown is 
less than 0.05, which means that the null 
hypothesis is rejected.

Figure 7 shows the results for the 
Kruskal-Wallis test for the competency 
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Figure 6  Rating distribution for the competency “problem solving ability” within the subgroup 
“race”
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“understanding of workplace practices” 
within the subgroup “organisation type”. 
The test summary results are supple-
mented with a box-and-whisker diagram, 
with the median displayed as the solid 
horizontal line, the box depicting the 
spread and skewness of the data, the 
lines extending vertically from the boxes 
indicating the variability outside the upper 
and lower quartiles, and the outliers shown 
as individual points (the small circles). In 
the example shown in Figure 7, the p value 
(asymptotic significance) is 0.005, which is 
less than the significance level of p < 0.05 
set for the hypothesis test, which means 
that the null hypothesis that “there are 
no differences between the distributions 

Table 3  Dunn-Bonferroni test of pairwise comparisons for the competency “understanding of 
workplace practices” within the subgroup “organisation type”

Sample 1–Sample 2
Test 

statistic
Standard 

error

Standard 
test 

statistic
Sig Adj siga

Consulting–Construction 11.963 13.894 .861 .389 1.000

Consulting–Parastatal –17.249 11.878 –1.452 .146 .879

Consulting–Gov/semi gov –26.741 7.857 –3.404 .001 .004

Construction–Parastatal –5.286 17.654 –.299 .765 1.000

Construction–Gov/semi gov –14.778 15.242 –.970 .332 1.000

Parastatal–Gov/semi gov 9.492 13.430 .707 .480 1.000

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .05.
a Significance values have been adjusted by the Bonferroni correction for multiple tests.

Table 4  Subgroups with significant/not significant differences in distribution of competency ratings (n = 111)
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Region

Algoa (a)

n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.Amathole (b)

Transkei (c)

Gender
Female (a)

n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Male (b)

Position

Director (a)

n.s. n.s.
a/e
b/e
c/e

n.s. n.s. n.s.
a/c
b/c
b/e

n.s. n.s. n.s. n.s.

Senior manager (b)

Manager (c)

Group leader (d)

Technician (e)

Mentor (f)

Age

29–39 yrs (a)

n.s. n.s.
a/b
a/c

a/d n.s. n.s. n.s. n.s. n.s. n.s. a/d
40–49 yrs (b)

50–59 yrs (c)

60 yrs + (d)

Experience

9 yrs or less (a)

a/d
b/d

n.s.
a/c
a/d
a/e

b/c
b/d
b/e

n.s. n.s. n.s. n.s.

a/e
b/d
b/e
c/e

n.s.
a/d
a/e

10–19 yrs (b)

20–29 yrs (c)

30–39 yrs (d)

40 yrs + (e)

Organisation 

Construction (a)

b/c b/c n.s. b/c n.s. n.s. c/d a/b n.s. b/c b/c
Consulting (b)

Gov/semi gov (c)

Parastatal (d)

Race
Black (a)

a/b a/b a/b a/b n.s. a/b a/b n.s. a/b a/b a/b
White (b)

n.s. = not significant
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of competencies among the subgroup”, is 
rejected.

Significance in the Kruskal-Wallis 
omnibus test only indicates that at least 
two of the tested parameters are statisti-
cally different, but does not specify exactly 
where these differences are. Multiple 
comparison tests were performed to assess 
whether the distribution of competency 
ratings differed with statistical significance 
within the subgroups.

Table 3 shows the post hoc test results 
from analysing the data described in 

Figure 7. This indicates that the statistical 
difference within the specific subgroup was 
located in the Consulting-Government/
semi-government pairings, as a result of 
the p value being below 0.05.

The darkly shaded cells in Table 4 
indicate the categories within a subgroup 
for which the distribution of competency 
ratings differ with statistical significance. 
Of the eleven competency descriptions 
that were tested, the highest number of 
significant differences were found to be 
within the subgroups “organisation type” 

and “race”. There were no significant 
differences in the distribution of compe-
tency ratings for the subgroups “regions 
(geographical location of respondents)” 
and “gender”.

In terms of individual competencies, 
respondent ratings for the competency 
“ability to use appropriate engineering 
methods, skills, tools and IT” showed no 
significant differences across any of the 
seven subgroups. The competencies “engi-
neering design ability”, “ability to conduct/
investigate well-defined problems” and 

Table 5 Ranked mean ratings across and within subgroups (n = 111)

Subgroup and
subgroup category
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Age: 60 yrs + 17 2.65 2.82 2.65 2.53 3.00 2.59 2.88 3.06 2.76 2.65 2.59 2.74

Age: 50–59 yrs 17 2.82 2.82 2.65 2.88 3.12 2.94 3.06 3.29 2.94 3.00 3.00 2.96

Age: 40–49 yrs 22 3.05 3.00 2.64 3.00 3.27 2.77 3.23 3.27 3.14 3.09 2.91 3.03

Age: 29–39 yrs 55 3.20 3.24 3.11 3.27 3.13 3.11 3.22 3.51 3.24 3.20 3.25 3.25

Experience: 40 yrs + 10 2.60 2.70 2.40 2.40 2.80 2.50 2.70 2.90 2.50 2.60 2.50 2.60

Experience: 30–39 yrs 16 2.50 2.75 2.63 2.75 3.00 2.69 2.94 3.25 2.75 2.75 2.75 2.80

Experience: 20–29 yrs 20 3.15 2.90 2.75 2.85 3.30 3.00 3.35 3.25 3.25 3.05 2.95 3.07

Experience: 9 yrs or less 18 3.28 3.17 3.28 3.06 3.17 3.00 3.11 3.56 3.17 3.11 3.39 3.21

Experience: 10–19 yrs 47 3.15 3.28 2.96 3.36 3.17 3.06 3.23 3.47 3.26 3.26 3.17 3.21

Gender: Male 98 3.02 3.07 2.87 3.03 3.15 2.92 3.14 3.36 3.07 3.06 3.01 3.06

Gender: Female 13 3.08 3.00 2.92 3.15 3.00 3.08 3.15 3.38 3.31 3.08 3.31 3.13

Organisation: Consulting 81 2.85 2.93 2.79 2.89 3.06 2.81 3.09 3.26 2.99 2.95 2.88 2.95

Organisation: Parastatal 7 3.17 3.33 3.00 3.17 3.00 3.00 2.67 3.50 3.00 3.00 3.50 3.12

Organisation: Construction 5 3.40 3.00 3.00 3.60 3.40 3.40 3.40 4.20 3.20 3.20 3.20 3.36

Organisation: Gov/semi gov 18 3.67 3.67 3.22 3.61 3.44 3.33 3.56 3.56 3.61 3.56 3.61 3.53

Position: Senior manager 25 2.72 2.88 2.64 2.72 2.96 2.64 2.80 3.04 2.92 2.80 2.72 2.80

Position: Mentor 2 3.00 3.00 2.50 3.00 3.50 3.50 3.00 3.50 2.00 2.50 2.50 2.91

Position: Director 19 3.00 3.00 2.68 2.95 3.05 2.95 3.00 3.32 2.95 3.00 2.95 2.99

Position: Group leader 18 2.94 3.17 3.11 3.06 3.06 2.78 3.06 3.50 3.06 3.11 3.17 3.09

Position: Manager 34 3.15 3.03 2.82 3.24 3.21 3.12 3.44 3.50 3.26 3.21 3.24 3.20

Position: Technician 13 3.46 3.46 3.46 3.31 3.46 3.15 3.38 3.46 3.46 3.31 3.23 3.38

Race: White 60 2.67 2.78 2.60 2.77 3.02 2.67 3.02 3.23 2.88 2.82 2.70 2.83

Race: Black 51 3.45 3.39 3.20 3.37 3.27 3.25 3.29 3.51 3.35 3.35 3.45 3.35

Region: Transkei 12 2.67 2.67 2.58 2.83 2.75 2.58 3.00 3.17 2.92 3.17 2.92 2.84

Region: Algoa 47 2.98 3.06 2.83 3.04 3.21 2.89 3.17 3.53 3.13 3.02 3.00 3.08

Region: Amathole 52 3.15 3.15 2.98 3.10 3.15 3.06 3.15 3.25 3.12 3.08 3.12 3.12



Journal of the South african institution of civil engineering Volume 61 Number 1 March 2019 47

“understanding of workplace practices” had 
the highest number of significant differ-
ences across the subgroups.

The data was also analysed in terms of 
the ranked mean competency ratings for 
each subgroup. Table 5 shows the ranked 
mean values for all subgroup categories 
across the range of competencies. Colour 
coding, with dark red on the lower end 
and dark green on the upper end, was 
added to the table to accentuate the dif-
ferences within subgroups and across 
subgroup categories.

Table 6 shows the same data as in 
Table 5 but with the data re-arranged and 
ranked in terms of the mean competency 
ratings across all the subgroup categories.

The spread in the overall mean ratings 
range between 2.60 and 3.53. Graduate 
ratings for the subgroup category “respon-
dents with 40+ years of experience” yielded 
the lowest competency rating score, while 
the subgroup category of respondents 
“Government/semi government” rated 
diplomate competencies the highest. Lower 
ratings were given by older respondents, 

those holding senior positions and those 
who belonged to the white population 
group. Small differences were observed 
in the ratings within the respondent sub-
groups for “gender” and “regions”.

The results from Tables 5 and 6 are more 
comprehensible if the data is visually repre-
sented in the form of radar and bar charts. 
Figure 8 represents a bar chart to illustrate 
the distribution of ratings across the gender 
subgroup, while Figure 9 is a spider chart 
showing the ratings for the subgroup based 
on the respondents’ experience.

Table 6 Ranked mean ratings across all subgroup categories (n = 111)

Subgroup and
subgroup category
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Experience: 40 yrs + 10 2.60 2.70 2.40 2.40 2.80 2.50 2.70 2.90 2.50 2.60 2.50 2.60

Age: 60 yrs + 17 2.65 2.82 2.65 2.53 3.00 2.59 2.88 3.06 2.76 2.65 2.59 2.74

Experience: 30–39 yrs 16 2.50 2.75 2.63 2.75 3.00 2.69 2.94 3.25 2.75 2.75 2.75 2.80

Position: Senior manager 25 2.72 2.88 2.64 2.72 2.96 2.64 2.80 3.04 2.92 2.80 2.72 2.80

Race: White 60 2.67 2.78 2.60 2.77 3.02 2.67 3.02 3.23 2.88 2.82 2.70 2.83

Region: Transkei 12 2.67 2.67 2.58 2.83 2.75 2.58 3.00 3.17 2.92 3.17 2.92 2.84

Position: Mentor 2 3.00 3.00 2.50 3.00 3.50 3.50 3.00 3.50 2.00 2.50 2.50 2.91

Organisation: Consulting 81 2.85 2.93 2.79 2.89 3.06 2.81 3.09 3.26 2.99 2.95 2.88 2.95

Age: 50–59 yrs 17 2.82 2.82 2.65 2.88 3.12 2.94 3.06 3.29 2.94 3.00 3.00 2.96

Position: Director 19 3.00 3.00 2.68 2.95 3.05 2.95 3.00 3.32 2.95 3.00 2.95 2.99

Age: 40–49 yrs 22 3.05 3.00 2.64 3.00 3.27 2.77 3.23 3.27 3.14 3.09 2.91 3.03

Gender: Male 98 3.02 3.07 2.87 3.03 3.15 2.92 3.14 3.36 3.07 3.06 3.01 3.06

Experience: 20–29 yrs 20 3.15 2.90 2.75 2.85 3.30 3.00 3.35 3.25 3.25 3.05 2.95 3.07

Region: Algoa 47 2.98 3.06 2.83 3.04 3.21 2.89 3.17 3.53 3.13 3.02 3.00 3.08

Position: Group leader 18 2.94 3.17 3.11 3.06 3.06 2.78 3.06 3.50 3.06 3.11 3.17 3.09

Region: Amathole 52 3.15 3.15 2.98 3.10 3.15 3.06 3.15 3.25 3.12 3.08 3.12 3.12

Organisation: Parastatal 7 3.17 3.33 3.00 3.17 3.00 3.00 2.67 3.50 3.00 3.00 3.50 3.12

Gender: Female 13 3.08 3.00 2.92 3.15 3.00 3.08 3.15 3.38 3.31 3.08 3.31 3.13

Position: Manager 34 3.15 3.03 2.82 3.24 3.21 3.12 3.44 3.50 3.26 3.21 3.24 3.20

Experience: 9 yrs or less 18 3.28 3.17 3.28 3.06 3.17 3.00 3.11 3.56 3.17 3.11 3.39 3.21

Experience: 10–19 yrs 47 3.15 3.28 2.96 3.36 3.17 3.06 3.23 3.47 3.26 3.26 3.17 3.21

Age: 29–39 yrs 55 3.20 3.24 3.11 3.27 3.13 3.11 3.22 3.51 3.24 3.20 3.25 3.25

Race: Black 51 3.45 3.39 3.20 3.37 3.27 3.25 3.29 3.51 3.35 3.35 3.45 3.35

Organisation: Construction 5 3.40 3.00 3.00 3.60 3.40 3.40 3.40 4.20 3.20 3.20 3.20 3.36

Position: Technician 13 3.46 3.46 3.46 3.31 3.46 3.15 3.38 3.46 3.46 3.31 3.23 3.38

Organisation: Gov/semi gov 18 3.67 3.67 3.22 3.61 3.44 3.33 3.56 3.56 3.61 3.56 3.61 3.53
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Qualitative comments from 
respondents on competency ratings
The respondents were invited to add 
comments while answering the questions. 
A number of respondents indicated 
that it was difficult to generalise, as 
the competencies of diplomates varied 
on an individual basis. Three of the 
respondents described this phenomenon 
as follows:

Difficult to answer as this depends highly 
on the individual.

It is difficult to put people in a box and 
they are very different.

Take note that company culture plays a 
big role on the expressiveness of the young 
graduates and gender.

The value of preparing a student for what 
is expected in the workplace before he/
she actually diplomates, appears to have a 
positive impact on respondent ratings. As 
one respondent stated: “The incumbents 
are in most cases students who have been in 
the employ of the company and have thus 
been trained and coaxed in these attributes, 
hence the good scores.”

Some respondents commented on 
the inability of diplomates to solve basic 
problems and the need to re-train them. 
The following, somewhat lengthy comment 
from one respondent summarises it:

“I think the areas covered are fine; however, 
the level of skill in these areas are generally 
very low. All the graduates we employed 
had to be trained from “ground level”. 
They generally say things like, “I think 
we did something like that at school,” but 
they have very poor knowledge and design 
knowledge, even with basic calculations 
like channel flow, simply supported beams, 
how to specify a pump, etc, which. they 
cannot do. We first train them to use 
AutoCAD and use them for drawings until 
they understand how things fit together. 
We then slowly start training them in basic 
design and report writing. We found that 
we cannot give them a basic problem and 
leave them to design it.”

DISCUSSION
A survey questionnaire was structured 
to gain insight on employer perceptions 
on the competencies of civil engineering 
diplomates, who qualified from universities 
within the Eastern Cape. The questionnaire 
focused on the views of employer repre-
sentatives from the Eastern Cape Province, 
and considered the profile of individual 
respondents and the type of organisations 
they represented. Ratings were collected 
for eleven descriptive competencies, and 
respondent results evaluated as a collective 
and in terms of subgroup cohorts.

For the respondents, as a collective, the 
quantitative results of this study indicate a 

mean overall diplomate competency rating 
of 3.07 (on a scale between 1.00 and 5.00), 
with the spread for the eleven competency 
ratings ranging between 2.87 and 3.36. 
The narrow range within which the com-
petency is located points to the competen-
cies deemed to be strengths as being “not 
very strong”, and the competencies viewed 
as weaknesses “not being very weak”. The 
three highest ranked competencies were 
“individual and teamwork ability”, “show 
understanding of impact that engineering 
activities can have on society” and “ability 
to use appropriate engineering methods, 
skills, tools and IT”. The “individual and 
teamwork ability (M = 3.36)” competency 
has a rating well above the rest of the 
other assessed competencies and its 
consistent high rating across all subgroups 
points to a general satisfaction amongst all 
types of employers with the ability of dip-
lomates to function meaningfully, both as 
individuals, and in team activities, when 
making their transition from university 
to the workplace. All the competencies, 
except for the highest-ranked, and two 
bottom-ranked competencies, yielded 
rating scores marginally above the scale 
midpoint of 3.00, which represents a com-
petency level of “neither high nor low”. 
It can, therefore, be deduced that, from 
an overall sector perspective, diplomates 
only just meet the minimum expectation 
levels of employers for the majority of the 
competency descriptors.
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Figure 8  Diplomate competencies ratings per subgroup based on respondents’ gender (n = 111)
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The employers, as a collective, rated 
“engineering design ability” (M = 2.87), 
“professional and technical communication 
ability” (M = 2.93) and “problem-solving 
ability” (M = 3.03) as the weakest diplomate 
competencies. Within the consulting sec-
tor, a category within the subgroup “organ-
isation type”, the rating for the same three 
competencies were even lower (M = 2.79, 
M = 2.81 and M = 2.85). The qualitative 
comments from the respondents affirmed 
the findings of the quantitative part of the 
survey on what the competency weak-
nesses of the diplomates were. Comments 
from respondents also highlighted the 
diplomates’ inability to apply their theo-
retical knowledge when solving real-world 
problems, poor technical writing ability 
and a lack of technical skills in approaching 
and undertaking design tasks.

An analysis was also done to establish 
how sectoral views on mean competency 
ratings differed across categorical sub-
groups. Categories within the subgroup 

“gender” showed the least difference (ΔM = 
0.07) while the highest difference occurred 
within the subgroup “experience” (ΔM 
= 0.61). Substantial differences were also 
observed for categories within the sub-
groups “position” (ΔM = 0.47), “age” (ΔM = 
0.51), “race” (ΔM = 0.52) and “organisation 
type” (ΔM = 0.58). The ratings appear 
to indicate that older, more experienced 
respondents from the white population 
group are less satisfied with diplomate 
competencies than both younger and black 
respondents. The results also show that 
respondents from the consulting sector 
rate diplomate competencies substantially 
lower than respondents from government, 
semi-government and municipalities. The 
diversity in employer responses across the 
subgroup “organisational type” confirms 
Holland’s theory on vocational behaviour 
that there are distinct self-perceptions 
and patterns regarding what competen-
cies are valued and needed in each 
work environment.

The findings of this study also point to 
the need for providers offering the Civil 
Engineering Diploma programme in the 
Eastern Cape to structure the curriculum 
towards improving the development of 
diplomate competencies in communica-
tion skills, computer skills and critical 
thinking ability.

CONCLUSION
Higher education institutions need to be 
receptive to the views of industry and 
should devise measures to engage, both 
actively and constructively, with employers 
on the quality of their graduates and dip-
lomates. Employer studies and surveys are 
instruments that can be used to strengthen 
the interface between higher education and 
the world of work. The collection of quan-
titative and qualitative information enables 
education providers, offering vocationally 
orientated programmes such as the Civil 
Engineering Diploma qualification, a better 
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Figure 9  Diplomates competencies ratings per subgroup based on respondents’ experience (n = 111)
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insight into industry’s views. This informa-
tion is helpful when identifying the nature 
and extent of competency gaps that may 
exist, or may be perceived to exist. It is sug-
gested that engineering departments col-
laborate with employers across the sector 
in order to establish, articulate and priori-
tise competencies, and that sufficient atten-
tion be given to regional and provincial 
competency needs. Whilst some employers 
may have unrealistic expectations of what 
diplomates can do immediately after 
completion of their studies, understanding 
the forms of “knowing” that industry value, 
is useful, if not essential, for curriculum 
review. Such information is also necessary 
to ensure that pedagogic approaches and 
assessment practices are aligned with the 
outcomes of the programme. Prioritisation 
as to what and how teaching takes place is 
critical, as time limitations make it impos-
sible for the curriculum to expose and 
prepare students to the magnitude of the 
real world of work variables. It is suggested 
that the gap between the world of work 
and the classroom can best be bridged if 
teaching simulates engineering practice, a 
view that is corroborated by the findings of 
Passow and Passow (2017), following their 
worldwide investigation on the intersection 
of the concepts of competence, engineer-
ing, practice and importance.

This study indicates that problem-
solving remains at the core of engineering 
practice, and that employers value diplo-
mates who have a thorough understanding 
of engineering fundamentals, conceptual 
principles and procedural approaches. 
Teaching methods need to develop 
student ability to grasp the ‘what’ and 
‘how’ of problems. It is suggested that 
problem-based and project-based teaching 
strategies be used for selected subjects 
in the curriculum, as a method to bridge 
the knowledge-practice-environment gap. 
This is a similar view to that expressed by 
Ballim et al (2014).

This study also highlights how impor-
tant soft skills, and in particular com-
munication skills, are in the workplace. 
This points to the need for a competency 
such as communication skills to be inte-
grated within multiple technical subjects. 
Assessing this competence at multiple 
levels in the curriculum will ensure that 
this competence is developed beyond the 
singular, low-level learning area where this 
competence is currently being taught.

Lastly, studies such as this may be 
useful to determine what the competency 

emphasis is amongst employers at both a 
regional and provincial level, in addition 
to what is prescribed at a national level. 
Assessing the responsiveness of a pro-
gramme by seeking the views of employers 
remains an important part of the quality 
assurance process. The baseline informa-
tion, as was collected through this study 
amongst civil engineering employers in the 
Eastern Cape, can be useful when review-
ing academic programmes, such as the 
Civil Engineering Diploma programme.
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