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ABSTRACT Global warming is probably the greatest threat of this century. Several developed and

developing countries have taken important measures to reduce its adverse effects, including greening their

Higher Education Institutions (HEIs) curricula. However, Sub Saharan African countries are left behind to

that effect, despite the fact that people in these countries are the greatest recipients of the global warming

harmful consequences. The goal of this research therefore, is to investigate the suitable competencies in

technical sustainability for incorporation into Higher National Diploma electrical/electronic engineering

curriculum in Nigeria. The authors used mixed-method approach employing sequential exploratory design

in the study. In the qualitative phase, we analyzed documents consisting of 10 journal articles and 3 skills

standards, as well as conducted a total of 10 interviews with experts. Also, we carried out 3 rounds of

modifiedDelphi survey using 28 participants to ascertain the appropriateness of the competencies suitable for

infusion into the said curriculum. The study discovered competencies suitable for incorporation into the cur-

riculum which include cognitive-related competencies in clean energy, eco-design, and R&D; psychomotor-

related competencies in sustainable production, waste-to-energy-technology, communication/ICT, and use

of modern engineering software tools; and affective values related to engineering ethical responsibility,

occupational health and safety, cooperation/teamwork, and equity. We analyzed only 13 documents, con-

ducted 10 interviews, and administered questionnaires in 3 rounds of Delphi survey technique to 28 experts

in only one geo-political zone of the country. Thus, conclusions derived from these sources rely on

the genuineness of the information provided by the participants. The findings provided the researchers,

accreditation bodies as well as curriculum developers with competencies in technical sustainability in the

events of curriculum upgrade or renewal to integrate technical sustainability. The findings are the results of

triangulated data elicited theoretically and empirically.

INDEX TERMS Technical sustainability, electrical/electronic engineering, sustainability integration.

I. INTRODUCTION

Global warming and its effects are no longer an allegory

as perceived by many, since it has plunged humanity in to

an entangled crisis of environmental, social and economic

systems. Many people refer to it as greenhouse effects,

while others, in a broader notion, call it sustainability prob-

lems or challenges. Unintentional consequences due to new
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human behavioral paradigms about standard of living have

triggered the challenge for society to maintain itself through-

out generations, the so called ‘sustainability challenge’. This,

therefore, calls the need for all the people in the planet to

be true stakeholders in adequately addressing the menace.

As a result, the World Commission of Environment and

Development (WCED) (1987), proffer a viable solution to

these problems, which it termed as ‘sustainable develop-

ment. The commission defined sustainable development as

‘development that meets the needs of the present without

VOLUME 8, 2020
This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ 128519

https://orcid.org/0000-0002-2248-6692
https://orcid.org/0000-0003-2120-729X
https://orcid.org/0000-0002-6177-9498
https://orcid.org/0000-0002-7952-5461
https://orcid.org/0000-0001-9987-5584


N. Mukhtar et al.: Conceptual Model of Technical Sustainability for Integration

comprising the ability of the future generations to meet their

own needs’. Moreover, the commission made emphasis on

education as a critical tool for promoting the sustainable

development and improving the capacity of people to address

sustainability problems[44]; [19]. This consequently led the

UN to declare 2005-2014 as the ‘UN decade for education

for sustainable development’ (DESD). The main object for

this decade was to incorporate the philosophies, ideals and

practices of sustainable development into all features of edu-

cation and learning (UNESCO, 2005 p.5). The UN further

define the ESD as ‘education that promotes transformation of

manners that will build a better sustainable potential in terms

of environmental uprightness, economic feasibility, and a fair

society for present and future generations’ (UNESCO, 2002).

As a result, higher education institutions were appealed to

build systems for environmental and development education,

provides cross-disciplinary courses to all students, elevate

quality and superiorities in interdisciplinary research and

education, and contribute more to developing of respon-

siveness for all stakeholders, not just students and faculty

within the academy (UNESCO, 1992, p.322-5). Additionally,

the 2030 Agenda for Sustainable Development recognizes

the critical role of education in reaching sustainability goals,

calling on all countries ‘‘to ensure, by 2030, that all learners

acquire the knowledge and skills needed to promote sustain-

able development, (Incheon Declaration and Framework for

Action, 2015, p. 20). Adequate competencies (knowledge,

skills and attitudes) in technical sustainability will go a long

way in enhancing engineering graduates’ understanding of

technical aspects of life. This understanding will help them

deal adequately with the future sustainability challenges in

the workplace and in the broader society. Thus, the chief

objective of the study is to develop a conceptual model of

technical sustainability suitable for incorporation into HND

electrical/electronic engineering curriculum in Nigeria.

II. THEORETICAL FRAMEWORK

The theoretical framework of the study is designed to focus

on the discussion of study variables, including the concepts

of sustainable development and sustainability, the pillars of

sustainability, the emergence and relevance of technical sus-

tainability, the electrical/electronic engineering programme

in Nigerian polytechnics, and the conceptual model of the

study.

A. THE CONCEPTS OF SUSTAINABLE DEVELOPMENT AND

SUSTAINABILITY

Sustainable development is viewed as a pathway to promote

the lives of the people in a way that the natural resources

they rely on are sustained. Its first definition surfaced

in World Commission on Environment and Development

(WCED, 1987) report also known as Bruntdland Report, as

‘‘development that meet the needs of the present without

compromising the ability of future generations to meet their

own needs’’ (p.43). Analyzing this definition, [41] deduced

that sustainable development is founded on the concepts of

development, needs, and future generations. For the aca-

demic community, the Bruntdland’s definition of sustainable

development serves as a basis for the emergence of several

definitions to suit the needs and objectives of many disci-

plines. Reference [27] identified more than 300 definitions

and interpretations of the concept of sustainable development

which largely follow the core of the concept. Furthermore,

sustainable development was also founded on three-pillar

concept, often known as triple bottom line concept [30]. This

includes the environment, the economy and the society, which

are viewed as interwoven. Absolute sustainable development

is expected to be realized through a balance among the three

pillars.

The term ‘sustainability’ on the other hand, does not have

a precise and generally established definition by all sectors

and society [6]. Even though widely discussed and agreed by

common sense, the concept of sustainability, since it lacks

accuracy, ends up gaining numerous senses, sometimes para-

doxical. The term’s ambiguity makes it possible to be used in

various discourses and actions, such as in different political

and economic interest. Nevertheless, [29] refers to sustain-

ability as a state or condition that can be maintained over an

indefinite period of time. Likewise, [6] after analyzing several

definitions, see sustainability as ‘a goal to be achieved and

also a process to reach the goal’ (p.6). This form of goal and

process differ according to socioeconomic and environmental

contexts. Furthermore, [39] stated that it is a notion, a practice

and an all-embracing goal that preferably permits to deal

with existing circumstances of intertwined environmental,

economic and social crises considered collectively as ‘global

change’.

As such the goal of sustainability is delightfully diverse,

safe, healthy, and just world, with clean air, soil, water and

power, economically, equitably, ecologically and elegantly

enjoyed [14]. Sustainability is to found the means of pro-

duction, distribution, and consumption of existing resources

in a more cohesive, economically efficient and ecologically

viable way. Reference [17] argued that future sustainability

of human society relies on the capacity and enthusiasm of

people to align their behavior and institutions to sustain-

ing ecological sincerity in human relationships with earth.

Therefore, a conversant and coherent concept of sustainabil-

ity is required to be diffused in to the cultural, moral and

educational philosophies of human society, which should be

applied decisively to concepts of growth, development, and

the environment.

B. THE PILLARS OF SUSTAINABILITY

Most definitions of sustainability encompass the idea

that there are three interdependent pillars: environmental,

economic and social. These are usually presented as three

interlocking circles or as independent columns (pillars) sup-

porting sustainability [32] and [37]. If one or more of the

pillars of sustainability are neglected then the foundation will

not support the generations of the future. The objective of

sustainability according to this model, is to maximize the
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goals across all three systems, and is illustrated by the inter-

section of these circles. Critically, the model encompasses

the understanding that each of the system goals is socially

constructed and that achieving sustainability requires trade-

offs; choices have to be made at particular points in time and

at particular scales as to what is being pursued and how, and

sustainability requires recognition of the costs involved for

particular interests and for groups of people. The three pillars

basic model is also refer to ‘Triple bottom line’ (TBL) model

of sustainability [30]. It is seen as the predominant model in

which environment, social and financial outcome are taken

into account.

1) ENVIRONMENTAL SUSTAINABILITY

Environmental sustainability refers to sustaining the qual-

ity of the environment required for economic activities

and quality of life. This includes environmental protection,

reduced emission of GHG, rational use of resources etc.

Reference [21] stated that environmental sustainability con-

centrates on general vitality and health of ecosystem in order

to secure balanced nature, elasticity of ecosystems at a global

level and their ability to adapt to changes in biosphere, as well

as ability to secure future possibilities.

2) ECONOMIC SUSTAINABILITY

Economic sustainability is about sustaining the natural, social

and human capital required to achieve income and living stan-

dard. It seeks to maximize the flow of income and consump-

tion that could be generated while at least maintaining the

stock of assets or capital which yielded beneficial output [21].

3) SOCIAL SUSTAINABILITY

Social sustainability refers to the preservation of society and

cultural identity, respect of cultural diversity, race, religion,

and preservation of social values, rules and norms, protection

of human rights and equality. Reference [21] stated that social

sustainability reflects the interface between development and

dominating social norms and strives to maintain the stability

of social sustainability. It seeks to minimize vulnerability and

maintain the health of social and cultural systems and their

ability to withstand shocks [58].

C. THE EMERGENCE AND RELEVANCE OF TECHNICAL

SUSTAINABILITY

Sustainability has been defined in many ways, and is often

considered to have three distinct components as described

above. Many scholars have challenged the incompleteness

and incomprehensiveness of the definition of sustainable

development as provided in the Brundtland Report [54], [47],

[63], [56], and [61]. These scholars particularly claimed that

an important pillar has been missed in the description and

framework of sustainable development. This missing pillar

is ‘technical sustainability’. Although technical sustainabil-

ity is not one of the original three components of sustain-

ability cited above, it is indirectly linked to each [60]. For

instance, technical/engineering processes uses resources to

drive much if not most of the world’s economic activity,

in virtually all economic sectors, e.g., industry, transporta-

tion, residential, commercial, etc. Also, resources used in

technical/engineering, whether fuels, minerals or water, are

obtained from the environment, and wastes from engineer-

ing processes (production, transport, storage, utilization) are

typically released to the environment. Finally, the services

provided by technical/engineering allow for good living stan-

dards, and often support social stability as well as cultural

and social development. Given the intimate ties between engi-

neering and the key components of sustainability, it is evident

that the attainment of sustainability in technical/engineering

is a critical aspect of achieving sustainable development,

in individual countries and globally [60].

Engineering is an innovative, resourceful and integrated

discipline; however it is only in the last two decades that

there has been prevalent understanding of the philosophical

and emergent effect engineering has on all sectors of soci-

ety. Reference [60] asserts that a sound technical basis of

sustainability helps avoid confusion regarding engineering

issues. Technical sustainability concentrates on a broad range

of mechanical and technical issues that establishes the design

andmanufacture of products [54]. These include the scientific

research and appropriate technology corroborating product

design, function and development; ease and efficiency of

durable construction and use; maintenance and functioning

capabilities that meets the objectives for which the prod-

uct is designed; material selection and reduction, recovery,

reuse or disposal of parts of unused materials [47]. Technical

sustainability thinking encourages manufacturing processes

and industrial practices that are less insidious or destructive to

environmental, social or economic contexts, and bears prefer-

ably, neutral or positive effects on these contexts. To this end,

HND electrical/electronic engineering graduates should learn

that a design must meet the technical requirements of the

products or processes under deliberation.

D. HIGHER NATIONAL DIPLOMA ELECTRICAL/

ELECTRONIC ENGINEERING PROGRAMME

IN NIGERIA

Growing concerns about the humans’ negative impacts on

our planet, and the implications of those impacts for future

generations, have led many to argue that higher education has

a key role to play in helping us move to a future character-

ized by an ability to meet the needs of the present without

impeding the ability of future generations to meet their own

needs. The fundamental problem we are facing in meeting

the goal of education for a healthy and sustainable society

for all students is that the existing curriculum in higher edu-

cation has not been developed to examine how we shape a

sustainable world [26], [40], [54]. Much of the curriculum

has been developed to provide students with an increasingly

narrow understanding of disciplines, professions and jobs

and is focused on specific knowledge and skills employed

in the given area [45]. What is needed is a curriculum that

prepares learners for living sustainably, both professionally
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and personally, and that explicitly helps the learner deeply

understand the interactions, inter-connections, and the con-

sequences of actions and decisions. Regardless of the subject

of the curriculum, students must learn and practice holistic

systems thinking and be able to apply such thinking to real

world situations [13] and [20].

The HND electrical/electronic engineering programme in

Nigeria is designed to impart on students specialized and use-

able skills in this field of engineering. There are three options

currently available in the programme, whereby a student is

required to specialize in one: Electronics and Telecommuni-

cations, Electrical Power and Machines, and Instrumentation

and Control. In Nigeria, electrical/electronic engineering pro-

gramme in the polytechnics is one of the sources through

which industries get steady supply of trained manpower.

Trained electrical engineers grounded in key generic skills

are inevitable for the sustained development of industries. But

one thing that is glaring in Nigeria presently is the dearth of

effective technical manpower required in all the sectors of

environmental, economic, and social life [50]. This is perhaps

as a result of lack of proper incorporation of elements of

sustainability in to the curriculum.

Reorienting HND electrical/electronic engineering cur-

riculum by inclusion of technical sustainability competencies

encompasses a vision for society that is not only ecologically

sustainable but also one which is socially, economically and

politically sustainable as well. In a sustainable curriculum,

students must understand how the systems of which they are

a part of function. In order to accomplish this, we need a

significant segment of the learning opportunities for students

to be structured to accomplish these outcomes. To do so will

require significant changes in the curriculum, and the ped-

agogies used to deliver that curriculum. These changes will

only occur when large numbers of faculty have the knowl-

edge, skills, resources, support, incentives, and disposition to

change what and how they teach.

Reference [48] summarizes six broad strategies for incor-

porating principles of sustainability into curricula. The first

is to create an organization-wide assessment rubric targeting

a green outcome. The second strategy discusses develop-

ment of a new green program. Thirdly, a green program

outcome can be added to an existing program. Strategy four

is to create a course to augment an existing program or use

as a stand-alone offering. The fifth strategy is to analyze

course level competencies and build learning modules for

green competencies. Finally, performance standards for com-

petency assessment can be modified to incorporate sustain-

ability into courses. This study focuses on development of a

model of technical sustainability for incorporation into HND

electrical/electronic engineering curriculum. The model will

emerge from the competencies (knowledge, skills and

attitudes) in technical sustainability.

E. THE CONCEPTUAL FRAMEWORK OF THE STUDY

Conceptual framework in a research is an important compo-

nent of the study which consists of concepts that are placed

within a logical and sequential design. It is the researcher’s

own position on the problem and gives direction to the study.

It shows also, the relationships of the different constructs to

be investigated in the study. The review of related literatures

provided the researcher with the premise to come up with and

designed the conceptual framework of this study. The litera-

ture revealed that sustainability was a three-legged concept

including environment, economic and social contexts. But

lately, scholars such as [54] and [55] strongly advocated for

another dimension of sustainability which they referred to as

‘‘technical sustainability’’. It is believed that higher education

programmes are always in constant need to be updated to

cater for inclusion of new developments, knowledge and

skills as a result of advances in industries and businesses,

which are dynamic organizations whose ever-changing needs

of technology, machines, materials, products and processes

cannot be over emphasized [46]. This is particularly so in

engineering education programmes as dynamism is one car-

dinal characteristics of the profession.

In this study, competencies (knowledge, skills and

attitudes/values) in the technical context of sustainability

were first explored qualitatively through document analyses

which were later corroborated with interview using the small

sample of the population. Furthermore, the researchers later

employed the use of three-rounds of Delphi survey technique,

using wider sample of the population, to re-ascertain the

suitability of the competencies for incorporation in to the

curriculum. The conceptual framework of the study is shown

below in figure 1.

III. RESEARCH METHODOLOGY

The authors employed mixed-method study adopting sequen-

tial exploratory design in carrying out this research. The

researchers collected data firstly through documents analysis

and interviews with smaller sample of the population; and

secondly, using survey through three-rounds modified Delphi

technique. We carried out the study in the North-Western

Nigeria that comprises of 274 registered electrical/electronic

engineering experts as target population of the study. These

experts are distributed in 10 polytechnics and 36 manu-

facturing industries. In the qualitative phase, 13 documents

(10 journal articles and 3 skills standards) that mainly

discussed technical sustainability competency development

were analyzed, while 10 participants (6 and 4 experts from

academia and industry respectively) were selected through

quota sampling procedure for interviewing. In an effort to

validate the findings of the qualitative study, the researchers

triangulate the qualitative findings with a quantitative study

conducted by means of three-rounds of Delphi survey with

respondents in academia and industry. We used purposive

sampling to select 28 experts (18 lecturers and 10 industrial

personnel) in the study area to participate in the survey.

Five (5) experts validated the interview protocol and sub-

sequently the round 2 questionnaire by checking the face

and content validation. The reliability of the instrument was

established via pilot test. The researchers administered the
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FIGURE 1. Conceptual research framework (Adopted from Besong and Holland, 2015).

round 2 questionnaire to 9 experts in academia and indus-

try in Bauchi state, Nigeria (not part of the study area).

Research instrument’s reliability was computed with the aid

of SPSS statistical software version 20, using cronbach’s

Alpha method to ascertain the extent of the homogeneity

of the items. The results obtained shows that the reliability

coefficients for the sub-sections B – D were 0.946, 0.956 and

0.846 respectively. On the whole, the reliability coefficient of

the entire questionnaire is 0.976which indicates that the items

in the questionnaire were internally consistent in measuring

what was intended to be measured for the study.

IV. DATA ANALYSIS AND RESULTS

This section presents the findings of the study, and is

organized and presented in to findings of qualitative phase

and findings of quantitative phase as follows.

A. RESULTS OF DOCUMENT ANALYSIS

Documents analyzed to identify competencies that are rel-

evant for attaining technical sustainability and are suitable

for incorporation into HND electrical/electronic engineering

curriculum, were separated in to Journal Articles and Skills

Standards. The journal articles are listed below: [8], [10],

[13], [24], [42], [49], [51], [52], [64], and [65]. The three (3)

technical sustainability competency standards analyzed are:

Green/Sustainability knowledge and skill statements stan-

dards: US National Career Clusters Framework, Wisconsin

Standard for Technology & Engineering, and Sustainability

and Engineering in New Zealand – Practical guidelines for

Engineers. We analyzed the documents in order to identify

the competencies, however, because the competencies are so

profuse, thematic analysis were conducted to come up with

categories under which all the competencies were grouped as

shown in the table 1 below.

Table 1 shows the various categories of competencies in

technical sustainability as a result of analysis of some rele-

vant documents. It is vital to stress here that the researchers

identified numerous competencies which seems to be imprac-

ticable to be reported here, and therefore thematic analysis

was employed to classify the competencies into categories

that include: life cycle engineering, eco-design, cleaner pro-

duction, engineering ethics, policies and decisions, emerging

technologies/innovations, ICT/E-learning technologies, and

modeling, simulation and optimization.

B. RESULTS OF INTERVIEW

The data collected from the interviewees were analyzed with

the help of Nvivo 11 to facilitate the organization and trans-

formation of the data in tomeaningful and expedient informa-

tion. Thematic analysis style was used on the data, and three

themes became apparent supported by the three domains

of learning, consisting of cognitive, psychomotor and affec-

tive spheres. In the course of analyzing each realm, other

subthemes emanated as follows: Subthemes that emerged

from the cognitive realm are energy generation, transmission

and distribution; cleaner production and LCE; STEM and

HOTS; ICT and E-learning technologies; and engineering

management. While subthemes that include practical techni-

cal skills; sustainable design and production; and inventions

and innovations using local contents emerged in the psy-

chomotor sphere. Eventually, all the competencies analyzed

under affective domain were classified under ethical aware-

ness as a subtheme. Table 2 summarized the study findings as

shown below.
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TABLE 1. Findings matrix from documents analysis on competencies in technical sustainability.

The findings of the study as shown in table 2 unveils that

technical sustainability is regarded as an imperative pillar, and

is becoming an essential one in issues related to sustainability.

The findings also affirmed that technical sustainability is

critical for engineering graduates to be able to meaningfully

contribute their quota for achieving sustainable development

goals. Several competencies in technical sustainability were

proposed by the research participants that cut across all

domains of learning, and this confirmed that the inclusion of

competencies in technical sustainability into the HND electri-

cal/electronic engineering curriculum cannot be overstressed.

C. RESULTS OF QUANTITATIVE PHASE

The quantitative findings of the study were developed from

the Delphi survey data using descriptive and inferential statis-

tics as well as exploratory factor analysis. The findings

of these two methods generated three (3), four (4), and

one (1) clusters for cognitive-related, psychomotor-related,

and affective-related technical sustainability competencies

respectively.

1) DESCRIPTIVE STATISTICS

Data for the analysis using descriptive statistics were col-

lected through three rounds of modified Delphi technique.

In round 1 of the Delphi survey, list of competencies in

technical sustainability that were gathered through quali-

tative study (document analysis and interview) formed the

first round of the Delphi survey. We listed the competen-

cies based on the emerged subthemes from the qualitative

study, comprising cognitive-related, psychomotor-related and

affective-related competencies in technical sustainability.

The objectives of Round 1 Delphi survey include making

the participants become familiar with the competencies in

technical sustainability as entrenched theoretically through

documents analysis, and empirically through semi-structured

interviews with experts. Also, to request the participants to

edit, modify or suggest new sustainability competencies that

are important for inclusion in the Delphi round 2.

The analysis of Round 1 was carried out qualitatively using

thematic analysis. A lot of the competencies were edited

based on grammatical structures, while some of the com-

petencies were modified to suit the objectives of the study.

The participants suggested for shifting of some of the compe-

tencies from one subtheme to another. Suggestions made by

more than 75% of the participants were considered. No com-

petency under any subtheme whatsoever was unanimously

agreed by 75% of the participants to be completely removed

from the list. However, the participants suggested a lot of new

competencies. We compiled all the new competencies under

their appropriate subthemes. After carefully studying these

new competencies, we classified them into three categories,

viz; (a) those that were completely accepted for inclusion,

(b) those that makes meaning but the researchers needs more

information from those participants that proposed them and

(c) those that were out rightly rejected.
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TABLE 2. Interview findings on competencies in technical sustainability.

All necessary corrections, modifications and suggestions

proposed by the Delphi participants in round 1 were finally

effected, and this results in a comprehensive list of the

competencies. In Round 2 of the Delphi survey, this list of

competencies was converted into a questionnaire consisting

of 5-point lickert scale. The participants were asked to rate

each competency based on his/her perceptions, to indicate the

extent to which a given competency is appropriate for incor-

poration into the Higher National Diploma (HND) electri-

cal/electronic engineering curriculum in Nigeria. In essence,

the objectives of the round 2 Delphi survey are: to obtain

a quantifiable decisions of each Delphi participant about

their perception of each competency; to gain an early insight

into the appropriateness or otherwise of the competencies by
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TABLE 3. Summary of retained and dropped competencies after Delphi round 3 analyses.

subjecting them under a lickert scale of measurement; and

to reveal an early indications of consensus by the panel of

participants about which of the competencies might relate

to the context of technical sustainability. At the end of the

Delphi round 2 exercises, the researchers retrieved the ques-

tionnaires from all the participants. Entries of the ratings of

each participant were made in to the IBM SPSS statistics

version 20. The median and inter quartile range (IQR) of each

competency were computed.

The results of the Round 2 Delphi survey were used to

construct the round 3 questionnaire of the study. In the third

and final round, each Delphi participant received a round

3 questionnaire that includes the competencies and their rat-

ings (median and IQR) summarized by the researcher from

round two. We asked the participants to revise his/her judg-

ments or to specify the reasons for remaining outside the

consensus. Of course participants’ scores were not revealed

to the entire group, but only to participant who owned the

score. This round gives Delphi participants an opportunity to

made further clarifications of both the information and their

judgments of the relative importance of the competencies.

The objectives of the Delphi round 3 include: to provide

to the participants, feedback from the Delphi round 2; to

provide an opportunity to challenge the results of the study

judgments made during the round 2 analysis; to reach a final

consensus or indicate that consensus cannot be reached for

each competency. Subsequently, the researchers retrieved the

round 3 questionnaire from all theDelphi participants. Entries

of the ratings of each competency and for each participant

were made into the IBM SPSS statistics version 20 software.

The mean, median, SD, IQR, and percentage were computed.

Reference [22] reported that albeit there is no agreement in

the literature on the best method used to determine consensus,

a systematic review including 80 Delphi studies found that

the most frequently used method to achieve consensus was

median scores and IQRs. This method was considered robust

among many researchers including [12], [59], and [67].

From the round three feedbacks and consistent with the

previous studies, competencies in which the median was

equal or greater than 4, and/or which 75% of the Delphi par-

ticipants’ votes fall between 4-5 categories in a 5-point scale

were considered appropriate for inclusion into the Higher

National Diploma electrical/electronic engineering curricu-

lum in Nigeria (Habibi, Sarafrazi and Izaydar, 2014). As a

consequence, in the cognitive-related domain, 18 competen-

cies were retained, while 15 competencies were dropped.

Similarly, in the psychomotor-related domain, 27 competen-

cies were retained, while 11 competencies were dropped.

Likewise, in the affective-related domain, 7 competencies

were retained, while 9 competencies were dropped. The

table 3 below shows the summary of the retained and dropped

competencies across the subthemes.

2) INFERENTIAL STATISTICS

The researchers employed the use of Wilcoxon non-

parametric rank test to check the consensus between Delphi

survey rounds 2 and 3, as well as Mann-Whitney U-Test to

test the significance difference between the two groups of

respondents.

a: CHECKING THE CONSENSUS BETWEEN DELPHI

ROUNDS 2 AND 3

H0: the median of different between Round 2 and Round 3

equals to Zero

To test this hypothesis, the Wilcoxon non-parametric rank

test was used to test the consensus between the subthemes in

Delphi rounds 2 and 3. The consensus is occurring when the

stability of the dispersion around the median is determined.

Table 4 below presents the hypothesis summary. The table 4

presented the various significant values of agreement for the

subthemes in the study. The significant level is 0.05; and

if the significant value exceeds 0.05, then the null hypoth-

esis is retained, otherwise it has to be rejected. In these

cases, the null hypotheses were retained for the cognitive-

related, psychomotor-related and affective-related competen-

cies. Thus, the study can safely conclude that based upon

dispersion about the median, the consensus was achieved

between Delphi Round 2 and Delphi Round 3, and therefore

the rounds of the Delphi survey has come to an end.

b: TESTING THE STUDY HYPOTHESES

H0: The perceptions of the respondents do not differ sig-

nificantly on the competencies in the technical sustainabil-

ity suitable for incorporation into HND electrical/electronic

engineering curriculum in Nigeria.

The results of analysis as presented in table 5 shows

that there is no significant difference (p>0.05) between

the perceptions of lecturers in the polytechnics and that

of personnel in industries on the competencies in tech-

nical sustainability suitable for incorporation into HND

electrical/electronic engineering curriculum in Nigeria. As

shown in the table, the p-values for cognitive-related,
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TABLE 4. Hypotheses testing to establish the consensus between Delphi rounds 2 and 3.

TABLE 5. Mann-Whitney U-Test of difference between the perceptions of lecturers and industrial personnel on the competencies in technical
sustainability.

psychomotor-related, and affective-related competencies are

0.146, 0.654, and 0.796 respectively. This warrants the

researcher to retain the null hypothesis in all the cases, and

declared that the perceptions of the 2 groups of participants

in the Delphi survey do not statistically differ with respect to

competencies in technical sustainability.

D. EXPLORATORY FACTOR ANALYSIS

An exploratory factor analysis (EFA) was performed to

cluster the 18 competencies in cognitive-related realm,

27 competencies in psychomotor-related realm and 7 com-

petencies in affective-related realm. It is important to reduce

the number of variables to a smaller set that detects structure

in the relationships between variables. This segment presents

the statistical findings of the exploratory factor analysis,

where principal component analysis and varimax rotated with

Kaiser Normalization was used. This is carried out with the

help of SPSS 20. Based on the factor selection procedures,

we apply the logic of Kaiser-Guttman rule in the study [1].

In this rule, the number of factor is determined by how many

eigenvalues are greater than 1.0.

1) EFA FOR COGNITIVE-RELATED COMPETENCIES

The results of EFA on cognitive-related competencies pro-

duced three factors as illustrated in Table 6 below. The fourth

factor shown in the table has an eigenvalue less than 1, and is

then not included as an independent factor. It is important to

stress here that the fundamental object of EFA is to determine

the number of latent variables or factors and detect the charac-

teristics of those factors by means of variance and covariance

among a set of observed measures [16].

Having established the number of factors, the results of

the SPSS statistical analysis (varimax rotated) is applied to

identify the factors of each of the competency. Table 7 below

shows the factor loadings revealed by the SPSS principal

component analysis. There were no general rules for selecting

good factor loadings. As a consequence, we used 0.6 as a cut-

off point for selecting the good factor loadings. One item (i.e.

item 21) had a cross loadings and this was argued amongst

the experts in engineering sustainability, who concluded that

it could be suitably grouped as part of the ‘Research and

Development category’. Naming the factors is usually based

on the content of the items by interpreting items in the factor

(Kenny, et al, 2006).
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TABLE 6. Principal component analysis from SPSS for cognitive-related competencies.

TABLE 7. Factor loadings (rotated matrix) of cognitive-related competencies.

The three category names developed for the factors in

cognitive-related realm by the research team are: Factor 1:

Clean Energy, Factor 2: Eco-Design and Factor 3: Research

and Development (R&D). The category of clean energy

encompasses 10 items (items 33, 30, 25, 22, 26, 32, 24, 23, 2,

and 29), and have the highest composite mean score of 4.06.
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TABLE 8. Principal component analysis from SPSS for psychomotor-related competencies.

Eco-Design group consists of 5 items (items 7, 6, 5, 9 and 17)

with the lowest composite mean score of 3.96. In comparison

with the other categories, the Delphi participants consider

these competencies to be less important than others in the set.

Similarly, the category of R&D comprises of 3 items. This

includes items 21, 10 and 1, having composite mean score

of 4.03.

2) EFA FOR PSYCHOMOTOR-RELATED COMPETENCIES

The results of EFA on psychomotor-related competencies

produced four factors as shown in Table 8 below. The fifth

factor shown in the table has an eigenvalue less than 1, and is

then not included as a separate factor.

Four factors were entrenched under psychomotor-related

competencies, and the result of the SPSS statistical analysis

(varimax rotated) is applied to identify the factors of each

of the competency. Table 9 below shows the factor loadings

revealed by the SPSS principal component analysis. As stated

earlier, no general rule was available in selecting the good

factor loadings, which necessitated the authors to use 0.6 as

a cut-off point. One item (i.e. item 22) had a cross loadings

and this was deliberated amongst the experts in engineer-

ing sustainability, who concluded that it could be suitably

grouped as part of ‘Sustainable Production’ category. The

four category names developed by the research team are:

Factor 1: sustainable production, Factor 2: waste-to-energy-

technology, Factor 3: communications and Factor 4: use of

modern engineering software tools.

The category of sustainable production encompasses

9 items (items 21, 23, 4, 1, 9, 6, 22, 32, and 2), and have

the lowest composite mean score of 4.08. Waste-to-energy-

technology group consists of 9 items (items 28, 26, 5, 30, 31,

38, 14, 12, and 34) with the second lowest composite mean

score of 4.09. Clustered competencies under communications

consist of 7 items (items 13, 15, 8, 11, 35, 36, and 10), and

have the second highest composite mean score of 4.14. Sim-

ilarly, the category of ‘Use of modern engineering software

tools’ are made up of 2 items (items 3, and 37) and has the

highest composite mean score of 4.25. In comparison with

the other categories, the Delphi participants consider these

competencies to be more important than the others in the set.

3) EFA FOR AFFECTIVE-RELATED COMPETENCIES

The outcome of EFA on affective-related competencies pro-

duced only one factor as shown in Table 10 below. The second

factor shown in the table has an eigenvalue less than 1, and is

therefore not included as a separate factor.

Only one factor was established in affective-related com-

petencies, which indicates that all the competencies here

correlate well with each other. In other words, since only

one factor was extracted, the solution cannot be rotated.

Table 11 below shows the retained/approved competencies by

the Delphi participants.

Having established and validated the competencies in

technical sustainability theoretically and empirically, the

figure 2 below illustrates the conceptual model of technical

sustainability for integration into HND electrical/electronic

engineering curriculum in Nigerian polytechnics. The model

was developed by the researchers based on the research

findings as shown.

V. DISCUSSION AND IMPLICATIONS

The objective of this study was to investigate the compe-

tencies (knowledge, skills and attitudes) in technical sustain-

ability suitable for integration into HND electrical/electronic

engineering curriculum in Nigeria. It was achieved using

mixed-method study, in which sequential exploratory design

is adopted. Initially, the authors conducted a qualitative study

through document analysis and semi-structured interviews.

Subsequently, a quantitative study was conducted using three

rounds of modified Delphi survey with experts in academia

and industry. The findings revealed competencies suitable

for incorporation, and therefore an integrated discussion of

qualitative and quantitative findings is presented. It is worthy

to stress here that the findings of the qualitative phase is used

in formulating the round 1 questionnaire, and therefore the

discussion merge and interpret both qualitative and quanti-

tative findings in relation to the competencies in technical

sustainability.

A. DISCUSSION OF FINDINGS OF COGNITIVE-RELATED

COMPETENCIES IN TECHNICAL SUSTAINABILITY

The findings of the study on cognitive-related competencies

of technical sustainability revealed that 18 competencies

are adjudged suitable for incorporation into HND electrical/

electronic engineering curriculum in Nigeria, while 15 com-

petencies were regarded inappropriate. In order to cluster

the competencies into more meaningful key categories, an

exploratory factor analysis was carried out, and the results

reveal that the 18 competencies fell into 3 groups as fol-

lows: (1) Clean Energy, (2) Eco-Design, and (3) Research

and Development (R&D). Based on these findings, there-

fore, it is evident that inculcating these competencies into

HND electrical/electronic engineering curriculum will fully
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TABLE 9. Factor loadings (rotated matrix) of psychomotor-related competencies.
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TABLE 10. Principal component analysis from SPSS for affective-related competencies.

TABLE 11. Results of round 3 Delphi survey analyses for affective-related competencies.

FIGURE 2. Conceptual model of technical sustainability for integration into HND electrical/electronic engineering curriculum
in Nigeria.

prepare the graduates to work in themanufacturing industries,

whose focus now is on sustainable design and production.

Their contributions as technicians and/or technologists will

help in uplifting of such industries, and will manifest in the

societal growth and development. This indicates that there is

need for the curriculum developers in Nigeria to incorporate
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cognitive-related competencies in technical sustainability in

order to accelerate the achievement of sustainable devel-

opment goals in the country. This finding is consistent

with [2] who stressed the need to capture concepts of clean

energy such as energy efficiency, renewable energy utiliza-

tion and application into engineering disciplines in universi-

ties. Also [9] argued that while the world’s electricity demand

is rapidly growing, traditional energy resources are fast

diminishing, which makes the clean energy sources humans’

lone option. As a result, there is increased need for skilled

engineers and technicians in these spheres, which translate

to the development of innovative curricula, new courses and

laboratories to train students for jobs in these rapidly devel-

oping industries. Several better and cleaner ways are in exis-

tent today in meeting people’s energy needs. Clean energy

resources such as wind and solar power generate electricity

with little or no pollution and global warming emissions.

The findings are also in line with the study outcome of [57]

that in order for society to adjust its consumption patterns,

production and energy consumption, integrating the princi-

ples of eco-design into the skills and knowledge of immi-

nent engineers is a necessary challenge. This finding is also

corroborated by the work of [15] in which they designed an

eco-design course to give a chance to develop the conceptual

framework of environmental engineering, so as to facilitate

the students’ skills in innovation with regards to their indus-

trial design processes via embedding ecological, social and

economic factors. Eco-design entails designing or redesign-

ing products, services, processes, or systems to evade or fix

injury to the environment, society and the economy. It is

everywhere as in sustainable flooring, green energy heating

systems, eco-friendly packaging and recyclable products.

Furthermore, the study findings revealed a strong indica-

tion to capture cognitively-related competencies in R&Dwith

respect to technical sustainability. This finding is supported

by [34] that students benefit academically from involving in

research through provision of actual world experience beyond

conventional lecture class. It gives the students a chance to

enhance their comprehension of research methods, practice

communication skills as well as work together in specialized

approach with others [43]. In realizing the immense benefits

of R&D in engineering education, [11] instituted a novel

didactic concept to combine the benefits of research-based

learning approaches. Students’ acquisition of requisite com-

petencies in the practices of R&D can be a crucial decisive

moment for their personal development and the development

of professional skills desired by employers.

B. DISCUSSION OF FINDINGS OF PSYCHOMOTOR-

RELATED COMPETENCIES IN TECHNICAL

SUSTAINABILITY

The findings of the study in this section revealed that the

Delphi participants agreed with the inclusion of

27 psychomotor-related competencies into HND electrical/

electronic engineering curriculum, while rejecting 11 oth-

ers. As stated earlier, these competencies were clustered

through exploratory factor analysis which results in 4 key

groups. These are (1) Sustainable production encompassing

9 items and has the lowest composite mean score of 4.08;

(2) Waste-to-energy-technology (WTE) also consisting of 9

items with the second lowest composite mean score of 4.09;

(3) Communication which consists of 7 items and has the sec-

ond highest composite mean score of 4.14; and (4) Use of

modern engineering software tools comprising of 2 items and

have the highest compositemean score of 4.25. In comparison

with the other categories, the Delphi participants consider

these competencies to be more important than the others in

the set.

The findings indicated the need for incorporation of com-

petencies in sustainable production, which is confirmed

by [11] who reported on the development of a course in

engineering education that dealt with concepts, methods and

tools for the design of a sustainable industrial production.

They claimed that the coursewill prepare students as potential

engineers, conscious of their task, which occurs from the

enormous impact of industrial systems on the environment

and society. Sustainable production is seen as the creation

of goods and services with the aid of processes and sys-

tems that are non-polluting, conserving of energy and nat-

ural resources, economically viable, safe and healthful for

workers, communities and consumers. When an industrial

production is carried out in a sustainable approach, then the

benefits extend to the environment, the employees, the com-

munities, and the organizations. These conditions can lead,

always in the long term, and often in the short term, to more

economically viable and productive enterprises.

The findings also demonstrated that the participants

approved the inclusion of competencies in WTE technolo-

gies, which is the process of generating energy in the form of

electricity and/or heat from the incineration of waste. It is cru-

cial for engineering departments in developing countries to

enrich the curricula with competencies in WTE technologies

because of the present energy catastrophe and the volumes

of solid waste that are growing at an appalling level which

continued to be a challenge for every country. In support

of this view, [5] stated that several studies carried out to

evaluate the viability of using municipal solid waste for

energy production have revealed a positive result. This is also

consistent with [53] who believed that WTE technologies

could play a vital role in contributing to the renewable energy

production and reducing the cost of land filling and its related

environmental impacts.

The findings indicated that competencies in communica-

tion (including information and communication technology

(ICT)) are suitable for incorporation into the said curricu-

lum, and are rated second most important among the key

competency categories. This finding is in line with [33]

who found that communication skills exhibited the worst

mean gap among several non-technical skills that are rele-

vant to engineers. This implies that engineering graduates’

communication skills are desperately needed to be improved

by the engineering educators for adequate employment in
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industries, and this includes an ICT skill that makes them

good communicators. The finding is also in consonance

with [41] who maintains that green ICT is inevitable in the

process of transitioning towards sustainable society. This

is a clear indication that communications and/or ICT skills

that consist of written, oral and graphic skills; ability to

communicate results qualitatively, quantitatively, electroni-

cally, and textually need to be incorporated into the HND

electrical/electronic engineering curriculum in Nigeria, since

it is the one of the economic development pillars to achieve

national competitive advantage.

The competencies in the use of modern engineering soft-

ware tools were also suggested as suitable for inclusion

into the HND electrical/electronic engineering curriculum.

Modern engineering software tools facilitate the develop-

ment and understanding of technological systems, and the

products affects appropriateness of technology. This find-

ing is in harmony with ABET that engineering students

should, at the point of graduation, be able to apply tech-

niques, skills, and modern engineering software tools essen-

tial for engineering practice. Similarly, [35] stressed the need

for engineering education programmes to adapt themselves

to advanced development by discovering the competencies

regarding engineering software tools to meet the industrial

requirements and adhere to the newest vogue. Companies

are in dire need of employees with requisite competencies to

embed software in almost all kinds of modern products and

services, since it is the key enabler for innovation. For that,

it is only judicious for the engineering educators in Nigeria to

update the curricula in view of the numerous benefits of the

skills in engineering software tools.

C. DISCUSSION OF FINDINGS OF AFFECTIVE-RELATED

COMPETENCIES IN TECHNICAL SUSTAINABILITY

The findings of the study also revealed that the Delphi

participants agreed with the inclusion of 7 affective-related

competencies intoHND electrical/electronic engineering cur-

riculum, while rejecting 9 others. Exploratory factor anal-

ysis produced only one factor which indicates that all the

competencies correlate well with each other. These include

engineering ethical responsibility, occupational health and

safety (OSH), cooperation/teamwork, and equity. Engineer-

ing ethics is an important and an inevitable sphere of system

of moral principles that apply to the practices of engineering.

It assesses and lay down the responsibilities of engineers to

society, clients and the profession. Reference [4] cited [40]

who claimed that affective work-related skills are more vital

in industries than theoretical and practical competencies put

together. Despite its importance, [38] noted the absence of a

framework for preparing engineering students to analyze eth-

ical issues. As a consequence, they developed and tested an

approach for improving the ethical reasoning of engineering

students. Similarly, OSHwas also identified for inclusion into

the curriculum. It is a multidisciplinary field concerned with

the safety, health and welfare of people at work. Its enforce-

ment in industries is yielding positive results. For instance,

the BLS reported that there were 43 (0.82%) less fatal occu-

pational injuries in 2017 compared to 2016. In relation to

this, [62] lament the shortage of skilled OSH experts that

will meet the present as well as the imminent need for such

expertise. Consequently, they stressed the need for OSH to

be entrenched into engineering education curricula through

mounting pertinent courses that will guarantee engineering

students have access to education they require to carry out

vital job tasks and protects them from risks and harmful

industrial impacts.

Furthermore, cooperation/teamwork is suggested for

incorporation into the curriculum. Teamwork is a cooperative

endeavor by the cohort members to accomplish a collective

object, while cooperation is the act of practice of keenly

working collectively with respect to a mutual intent. These

values are important as they allow people and groups to

work together a common goal or desired mutual benefits.

Engineering students necessarily require these values as their

future jobs undoubtedly warrants them to work within groups

at many levels of their careers. This finding is supported

by [4] who found the following affective work skill needs for

inclusion into engineering education curricula. These include

‘ability to get along with coworkers’, ‘punctual to work’,

‘request other people’s opinion’, and ‘honesty and trustwor-

thiness’. Likewise, equity has also caught the attention of the

participants for integration into the curriculum. Equity in the

context of technical sustainability protects the health of com-

munities and educates and empowers people to participate

in the process, encouraging them to take action to improve

their health and the surrounding environment. It can be both

intra- and inter-generational equity. Intra-generational equity

concerns with equality among the same generations with

respect to the use of resources, while inter-generational equity

is a value concept which centers on the right of future gen-

erations to inherit and equitably access the same diversity in

natural and cultural resources. This finding has a tremendous

support from the Brundtland Report in which the concept of

equity was firstly referred as ‘‘. . .without compromising the

ability of future generations to meet their own needs. . . ’’ [66]

also concurs with this finding that organizations (especially

HEIs) that are determined to be socially and ecologically

responsible would be well served by handling sustainability

as a form of intergenerational social equity or fairness.

In essence therefore, encompassing affective-related com-

petencies appropriately into HND electrical/electronic engi-

neering curriculum will facilitate the transformation of the

students to sustainability-literate graduates and contribute to

increased professionalism, increased awareness of engineer-

ing’s societal context, and thus allows them tomake educated,

sustainability-informed decisions on the overall welfare of

the public.

VI. CONCLUSION

In view of the calls for HEIs to integrate sustain-

able development into their curricula, the authors,

using mixed-method study, investigated competencies
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(cognitive-related, psychomotor-related and affective-related

competencies) in technical sustainability suitable for incor-

poration into Higher National Diploma electrical/electronic

engineering curriculum in Nigeria. Investigating and incorpo-

rating suitable competencies in technical sustainability will

go a long way in enhancing engineering graduates’ under-

standing of technical aspects of life. This understanding will

help them deal adequately with the future sustainability chal-

lenges in the workplace and in the broader society. The study

found that cognitive-related competencies in Clean Energy,

Eco-Design, and R&D are suitable for incorporation into

the curriculum. The study also discovered that psychomotor-

related competencies in sustainable production, waste-to-

energy-technology, communication/ICT, and use of modern

engineering software tools are suitable for incorporation in to

the curriculum. Similarly, the study uncovered that affective

values related to engineering ethical responsibility, occupa-

tional health and safety, cooperation/teamwork, and equity

are suitable for incorporation into the curriculum. As a result,

the National Board for Technical Education (NBTE), as the

accreditation body and curriculum developers for Nigerian

polytechnics should organize and coordinate the processes of

incorporating these competencies into the Higher National

Diploma electrical/electronic engineering curriculum. This

will help the students to have an intelligent understanding of

the complexity of sustainable development, as well as prepare

them in promoting technical and other aspects of sustainabil-

ity, using better resource efficiency, reduced pollution, and

reflection of the broader social effects of novel technologies,

processes and practices.
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