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Abstract 
Problem - There appears to be no holistic framework or theory about how 
engineering professional practitioners make sense of ethics. Purpose – This 
paper constructs a theoretical framework for how ethics is construed by 
industry practitioners.  Method - Multiple regression was applied to 2009 
survey data (N=2276, 38% return) of practising engineers, and used to identify 
groups of competencies correlated with ethics.  These competency clusters 
were identified as values within a worldview,  and used to infer a theoretical 
framework of how engineers think about ethics. Findings –The ethics model 
has two compartments. One is the development of a professional worldview, 
whereby professional engineers reconstruct their own values over time, and 
then seek to embody those in their own life. The other is an awareness of the 
need for  professional judgement in complex decision-making. All the 
significant variables identified in the survey may be accommodated in this 
model. Originality - This paper provides a novel theoretical framework of 
engineering ethics.  The worldview perspective is also novel. The focus on 
industry practitioners also contributes to originality, as large surveys of 
practitioners are scarce, and none have previously produced explicit models 
for ethics. From a methodological perspective, the paper shows how values 
and worldviews may be inferred from a large quantitative survey dataset. 
While the raw data (ex 2009) were dated, the method and findings help move 
the field forward by providing new insights into how practising engineers make 
sense of ethics.   
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1 Introduction 
Engineers are expected, in their professional practice, to apply ethical 
principles. That this is a key component of professional practice is attested by 
the International Engineering Alliance (IEA) (International Engineering Alliance, 
2013), which manages the Washington and other Accords. The practical out 
workings of that are expressed in the codes of ethics in each of the engineering 
jurisdictions, including those not aligned  with the IEA.  
 
The fact that each jurisdiction and professional discipline perceives the 
necessity of creating its own code of ethics implies that they sees ethics not so 
much as a broad set of underlying principles,  but rather as a localised codex of 
specific behaviours.  
 
This paper prospects for a deeper set of principles. It does this by analysing 
results from a large survey of engineering practitioners. While the quantitative 
data are somewhat dated (ex 2009), nonetheless the qualitative findings are 
novel.  Results from the professional practice sector are scarce, and holistic 
frameworks even more so. The concept that emerges is that ethics is a 
worldview towards which protagonists commit their ethical agency. It is 
important to note that this paper specifically addresses ethics from the 
perspective of the practising professional engineer. This is not a study about 
the didactics or pedagogy of teaching ethics at university.  
 

2 Literature on ethics in the engineering profession  
The literature on engineering ethics is complicated. There are several 
compartments: pedagogic literature on how to teach ethics to students, 
professional codes of ethical conduct, and practitioner sense-making 
perspectives. The present paper address the last of these, after briefly 
summarising the others.  

Pedagogic literature 

The journal literature is predominately directed to the pedagogy of teaching 
ethics. A great amount of effort, creativity, and innovation has gone into this 
area. However a general weakness of these studies is they tend to describe an 
intended new didactic approach, but often without validating the depth of 
learning obtained therewith.  The voluminous conference literature is 
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particularly weak regarding validation, as it tends to describe pedagogic intent 
only, with few if any follow-up journal papers emerging to critically evaluate 
the efficacy of those interventions. For exceptions with various degrees of 
validation see (Gorman et al., 2000) (Clancy, Quinn, & Miller, 2005) (Harding, 
Carpenter, & Finelli, 2012) (Esparragoza, Konak, Kulturel-Konak, Kremer, & Lee, 
2019).  
 
While didactic interventions are abundant in the literature, a pedagogic theory 
of the teaching of engineering ethics is not clearly articulated. There is as yet 
no scaffolding or theory of progressive learning. A possible exception is the 
work of (Hess, Beever, Zoltowski, Kisselburgh, & Brightman, 2019) which 
attempts to construct a theory based on ethical reasoning.  
 

Professional codes of ethical conduct 

The diversity of ethical statements within engineering is evident when 
examining the professional codes for various nations such as Australia 
(Engineers Australia, 2019), Canada (Engineers Canada, 2016), Hong Kong 
China (Hong Kong Institution of Engineers (HKIE), 2000), Ireland (Engineers 
Ireland, 2018), Malaysia (Board of Engineers Malaysia, 2016), New Zealand 
(Engineering New Zealand, 2016), Singapore (Institution of Engineers 
Singapore, 2010), South Africa (Engineering Council of South Africa, 2017), Sri 
Lanka (Institution of Engineers Sri Lanka, 2021) (Engineering Council Sri Lanka 
(ECSL), 2021), United Kingdom (Engineering Council UK, 2014), United States of 
America (National Society of Professional Engineers USA, 2019).  
 
While there are common threads, there are also substantive differences. Over 
the years the codes have converged somewhat towards each other in content, 
but this appears to be result of benchmarking, rather than systematic design to 
underlying principles.  The codes contain categorised lists of rules, and have no 
underpinning conceptual logic for why specific rules and moral principles are 
included and those from other jurisdictions not.  
 
Furthermore, specific ethics have emerged for groups as highly specialised as 
dam engineers (Lafitte, 2001), transportation engineers (‘liveability ethics’) 
(Appleyard, Ferrell, Carroll, & Taecker, 2014), and forensic engineers (Shnookal 
& Shaw, 2010), which further reinforces the idea that these practitioners 
perceive ethics as needing to be highly applied and contextualised. As new 
engineering disciplines have emerged, the ethical implications have often been 
addressed in the practitioner literature, e.g. safety (Armstrong, 2002), 
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biomedical engineering (Brennan & Tooley, 2000), sustainability (Jones, 
Michelfelder, & Nair, 2017) and climate engineering (Morrow, 2014; Morrow, 
Kopp, & Oppenheimer, 2009), software engineering (Gotterbarn, Miller, & 
Rogerson, 1997; Mouton, Malan, Kimppa, & Venter, 2015; Narayanan & Vallor, 
2014), robotics (Lewis, 2014; Robertson, Abbas, Alici, Munoz, & Michael, 
2019),  nanotechnology (Toth & Jackson, 2012), and artificial intelligence 
(Burton et al., 2020; Sekiguchi & Hori, 2020). This level of professional 
diversification may be unhelpful for university learning, as students are not yet 
at that point of specialisation in most degrees.  
 
Given the commonality of engineering functions across the world, and the 
applied nature of ethics in this profession, one might expect there to be 
grounds for creating a universal code of engineering ethics.  However this has 
not arisen. There is a degree of natural convergence in the codes due to 
benchmarking, as described above, and there have also been the occasional 
attempt to take an existing code as a model for wider deployment. For an 
example of the latter approach see (AlZahir & Kombo, 2014) who took the IEEE 
code as the standard, and compared various jurisdictions against that. What is 
lacking in these endeavours is the identification and articulation of basic 
principles that might underpin a universal code. There are some who have 
argued for deeper principles, e.g. Durbin makes  the case for ethics to be 
construed primarily as duty to humanity (Durbin, 2008), and Herkert argues for 
a macroethics – microethics categorisation for the teaching of ethics (J.R.  
Herkert, 2004). However such approaches have not yet led to frameworks of 
underlying principles and applied heuristics for a universal code.  
 

Practitioner perspectives of ethics 

The perspective of engineering practitioners on ethics is sparsely represented 
in the literature. The few studies that exist can be categorised into: (a) Studies 
of ethical experiences of students doing temporary work experience in the 
industrial work environment; (b) Studies of the ethical experiences during the 
transition from graduate to the workplace, which might be termed the 
‘emergent professional’ stage; (c) Studies on what practising engineers report 
or feel about ethics.  None of these categories are well endowed with 
literature.  
 
(a) Studies of ethical experiences of students doing work experience in the 
industrial work environment 
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There is evidence that experiences outside the classroom can be effective in 
learning ethics (Burt et al., 2013; Carpenter, Harding, Sutkus, & Finelli, 2014; 
Finelli et al., 2012). The ethical issues that students face on work experience 
has been studied (Nudelman & English, 2019). Students were found to have 
witnessed unethical acts (‘data falsification, potential health risks, and 
workplace misconduct’), been exposed to encouragement from others into 
unethical behaviours (peer pressure and unethical instructions from superiors), 
and experienced personal temptation. Hence there is reason to believe that an 
element of vicarious learning occurs for students who are on work experience. 
However the literature on this is sparse, and no theoretical framework exists to 
explain this.  
 
(b) Studies of the ethical experiences during the transition from graduate to 
the workplace  
While the published literature emphasises the learning at university, it is to be 
expected that learning about ethics continues during the transition to 
professional practitioner. It is conceivable that early experiences at the 
workplace, especially after graduation, are formative in the personal 
development of ethical understanding. There is much anecdotal support for 
this, in the form of expressed opinions of practitioners. These may be found as 
opinion-pieces within the literature, e.g. (Starrett, 2017) (Takanokura, 2013) 
(Yarmus, 2010), and can likewise be heard in personal discussions with 
experienced engineering practitioners. Hence it is plausible that the types of 
experiences affect the development of ethical thinking, and that managers and 
mentors might be able to shape those experiences.  It is also consistent with 
the generally accepted expectation that continuous learning is essential for 
development of a graduate into a professional. However there appear to be no 
studies in this area, certainly not any theory addressing the transition from 
student to emergent professional engineer. Likewise the longitudinal process 
of life-long learning throughout the engineering career is also not well 
represented in the literature, at least not by any theory of mind.   
 
(c) Studies on what practising engineers report or feel about ethics. 
There have been some studies on the practitioner perspective, but very few. 
By practitioner is meant engineers in professional practice, as opposed to 
experiences of university students and academics. There is a small literature of 
opinion-pieces on this, but empirical research evidence is sparse. The opinion 
pieces are invariably in support of ethics, and the authors thereof are 
frequently experienced engineers who draw from their own cumulative 
experience of ethics. They are universally passionate about the subject and the 
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importance of the next generation learning about ethics. For examples see 
(Allred, 1985), (Anderson, 1994), (Baxter, 2019), (Bowen, 2014), (Durbin, 
2008), (Grant, 2001) (a student looking forward into the future as a 
professional engineer), all of whom express opinions about why ethics is 
important. Typical ethical issues in practice were identified by (Starrett, 2017), 
apparently based on personal opinion: gifts & bribes, false billing of work,  and 
inadequate review of technical work. A study exists on the clients' perspectives 
of the (un)ethical behaviour of engineers (Abdul-Rahman, Wang, & Saimon, 
2011), where the violations were categorised into non-serious and serious 
types.   
 
Part of the challenge for practitioners has been identified as their focus on the 
technical dimensions of the problem, with weak ability to comprehend the 
other dimensions such as social. This has been termed ‘disciplinary 
egocentrism’ and related to the personality variable of emotional openness 
(Guntzburger, Johnson, Martineau, & Pauchant, 2018). Those authors used 
their own construct for openness, rather than that of the Five-factor Model of 
personality. (The Five-factor Model (Robert R McCrae & Costa, 1999) identifies 
five independent scales, or traits, on which personal styles of behaviour can be 
defined: openness, conscientiousness, extraversion, agreeableness, and 
neuroticism).  
 
Huang’s study of recent graduates (N=526 civil engineers in Taiwan) is one of 
only a few large scale studies to have examined the practitioner perspective  of 
ethics (Huang, 2014). They used a survey to measure self-reported ethical 
behaviour, and correlated that against measures of moral values, perceptions 
towards other people, and quantity of past ethical educational experiences. 
Their main finding was that ethical behaviour was most closely related to 
interpersonal relationships. However the survey questions were not disclosed 
so it is difficult to know whether or not other aspects of ethics were included, 
such as public well-being (e.g. safety, environment), client responsibilities, etc. 
They identified that the results were probably due to relationships being 
particularly important to Chinese people. Hence there may be a cultural aspect 
to how ethics is formulated, in addition to the discipline specific constructs. 
This is consistent with attitudes to relationships being known to be a key 
differentiating factor between national cultures  (Hofstede, 1985). 
 
The other study of note is that of Zhang and Sun who surveyed engineering 
designers (N=352) to explore the relationship between selfish behaviours, and 
the organisation’s ‘ethical climate’ (Zhang & Sun, 2020). Selfishness was 
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primarily measured by ‘knowledge contribution loafing’, i.e. the unwillingness 
to share knowledge that was perceived to be of personal competitive 
advantage. The concept of ethical climate is a subset of organisational culture. 
In their work they measured ethical climate in three compartments: Self 
interest; Social responsibility; and Law/Professional codes. They proposed that 
this ethical climate could be positively shaped by managers applying 
knowledge leadership, and emphasising social responsibility and the 
professional code of ethics. However it is possible there were other covert 
factors involved. Specifically, the engineers under examination were in 
extremely competitive work situations. Hence it can be inferred that perhaps 
some of the observed behaviour could be attributed instead to the 
organisational incentives, e.g. hiring, remuneration, promotion, non-financial 
rewards.  
 
Hence there is a bigger question of how to design an organisation to operate in 
a competitive market, but without creating incentives for perverse agency (Ji, 
Pons, & Pearse, 2018). This is potentially an issue to watch for the future, since 
there is a possibility that some areas of engineering, particularly roles for 
engineering designers and project managers, may become labour 
commodities. In which case individual engineers will naturally take a resource-
based view of their competitive advantage. The resource-based view (J. 
Barney, 1991; Jay  Barney & Hesterly, 2012) posits that people and 
organisations have competitive advantage to the extent they have skills (or 
products) that are rare, inimitable, and valuable. Together with organisational 
capability, this makes up the VRIO framework (J. B. Barney & Hesterly, 2006). 
Thus it is understandable that the engineers observed by Zhang and Sun 
behaved in a way to preserve their intellectual advantage when in a highly 
competitive environment. Hence what was called ‘loafing’ might instead have 
been prudent personal confidentiality of knowledge, in which case the solution 
might have more to do with providing more secure employment.  

Need for theoretical frameworks 

In summary, there appears to be no theoretical framework for the professional 
practice elements of engineering ethics. Such a theory might be expected at 
various levels, and with different foci: 

1. There is a lack of any common framework of what should be in a 
professional engineering code of ethics. There are clear statements of 
ethics in the profession (for most but not all jurisdictions), but they differ 
greatly in what they include. Each of the codes has strengths and 
weaknesses, and also omissions. In principle it ought to be possible to 
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extract a common framework. Such a framework might describe what 
ethical engineering practitioners perceive ethics to be, i.e. the common 
constructs that apply across all engineering jurisdictions and perhaps 
across multiple professions. At this level a framework might be as simple 
as a taxonomy of ethical expectations of behaviour. 

2. The codes themselves anticipate behaviours that need to be prevented 
or encouraged. However studies that examine the actual ethical 
situations are scarce. It can be anticipated that this might include the 
dark triad of psychology (narcissism, psychopathy, Machiavellianism), 
which explains how people treat others (Jonason, Strosser, Kroll, 
Duineveld, & Baruffi, 2015; Parson, 2017; Paulhus & Williams, 2002). 

3. At a deeper level there is a need for a conceptual theory that describes 
why ethics is important to professions, i.e. explains the theory of mind 
for professionals. Principles of psychology, perhaps cognition and 
motivation, would be expected to be involved at this deeper level. The 
dissenting opinion has been expressed that statements of ethics are not 
needed, but instead an adaptable moral intelligence would be better 
(Veach, 2006). If so, how that deeper intelligence informs decision-
making is unclear. 

4. There is no clear pedagogic theory of how best to teach ethics at 
university, at least not on the theory of mind for the student as they 
progressively understand the concepts. National culture can also be 
expected to be applicable here, as it is known to generally affect 
personal value systems (Hofstede, 1985). There is unlikely to be a single 
best pedagogy, rather a degree of individual variability can be expected 
in how students best relate to ethics.  

5. Similarly there is a lack of any theory for how ethics is learned at the 
workplace, as part of continuous professional development. As an 
element of vicarious learning can be expected, a theory in this area 
probably has to consider include aspects of organisational culture.  

The present paper primarily addresses the third point, the development of a 
theory of mind for engineers in professional practice.  
 

3 Method 
The objective was to determine, in an exploratory way, the factors that 
influenced engineers’ perspectives of ethics. Then to use this to construct a 
theoretical framework for how ethics is construed by practitioners. There are 
no extant frameworks in the literature, which is regrettable as such conceptual 
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models have the potential to articulate insights to a wider audience of 
researchers and practitioners. 
 
The approach was to re-analyse a 2009 survey of practising engineers in New 
Zealand (NZ). The survey was of members of the Institute of Professional 
Engineers NZ (IPENZ), subsequently renamed Engineering NZ (EngNZ). The 
survey asked which of a list of engineering management topics the respondent 
thought should be taught to undergraduates, see Table 1. This list was based 
on a review of the topics generally included within the pedagogic literature on 
engineering management and professional practice, as identified by the 
author. There was no limitation on the number of items respondents could 
select. The question was intended to explore the relative importance of 
multiple professional competencies. Consequently there were no sub-
questions asked about different facets of ethics. 
 
Table 1: Question and Response categories for survey, including abbreviations 
as used in subsequent figures and tables.  
 In your opinion, what engineering 

management topics (if any) should 
be taught to undergraduates? (Select 
as many as apply) 

 

 Description used in survey Abbreviation 
used in charts 

1 Career planning  CareerPln 

2 Business processes in typical 
employer firms 

BusProcess 

3 Personality styles  Persnlty 
4 Development and management of 

Teams  
TeamDev 

5 Motivational leadership MotivLead 

6 Professional relationship with society Society 
7 Cultural issues including biculturalism, 

multiculturalism and Treaty 
Cultural 

8 Health and safety requirements H&S 

9 Professional associations including 
IPENZ 

ProfMemb 

10 Ethics Ethic 

11 Environment and sustainability 
including Resource Management Act 

Enviro 

12 Project planning PM_Plan 
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13 Project monitoring PM_Monit 

14 Communication including report 
writing 

Communic 

15 Engineering relevant finance and 
project costing methods 

ProjCost 

16 Accounting principles Accounting 
17 Economics Econ 

18 Budgets, Profit and Loss statement Budget 
19 NPV, capital, and depreciation NPV 

20 Product Life cycle, R&D stages, 
innovation, creativity 

Innov 

21 Risk management, including SAA/SNZ 
HB 436 

RiskMan 

22 Change management ChangeMan 

23 Engineering relevant law, contracts, 
product liability 

Law 

24 Quality, organisational systems Quality 
25 Product certification PrdCert 

26 Procurement Procure 
27 Contract administration Contract 

28 Human resource management HR 

29 Organisational structure OrgStr 
30 Knowledge management, NDA, IP 

protection 
KM 

31 Marketing Market 

32 Entrepreneurship, organisation 
formation and growth 

Entrep 

33 Strategy, external forces, mission, 
vision, governance 

Strategy 

 
Ethics approval was obtained from the University of Canterbury and 
permission from IPENZ. The survey was deployed by IPENZ as part of its annual 
remuneration survey of members, and included several other questions about 
demographics and remuneration that were worded by IPENZ. IPENZ collected 
the results and sent the raw data to the author sans the financial responses. 
Responses N=2276 represented a 38% return on the national population of 
professionally active IPENZ members at the time. This population included 
Graduate Members, Professional Members, Technical Members, Associate 
Members and Fellows who were living in NZ and still professionally active. 
Student members were excluded.  
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Other standard questions were also asked by IPENZ in the survey: qualification, 
years since graduation, practice area, job points, demographics, and others. 
These provided categorical variables for subsequent analysis. Multiple analyses 
have been published on this large data set, covering professional practice (Dirk 
J. Pons & Raine, 2014) (D.J. Pons & Raine, 2011), topic ranking topics (D.J. Pons, 
2015b), the effects of career phase (D.J. Pons, 2015a), and an analysis 
specifically of ethics (D. Pons, 2014).  
 
The analysis in the present paper examines how the ethics responses are 
correlated with the other responses.  
 
A limitation is that the raw data are dated. Nonetheless the sample size is still 
one of the largest reported in the literature. Hence the results may still have 
value, and permit insights to be extracted, albeit in a more retrospective 
manner.  
 
The analyses reported in this paper were all conducted by the author. IPENZ 
conducted their own analysis of financial remuneration and published that 
separately.  
 
The approach in this paper used a combination of methods.  

1. Quantitative statistical methods. In the first instance these were analysis 
of variance (ANOVA) and logistic regression (LOGIT). Statistical multiple 
regression was then used to examine the correlations between the 
responses in the above table.  

2. Qualitative methods. The multiple regression results were then 
examined, the significant correlations extracted, and grouped by 
similarity. This process was subjective. Labels were then created for 
these groups, based on a semantic summary of the attributes in each. 
The result is a set of named clusters, each of which describes a different 
aspect of ethics.  

3. Conceptual theory-building. A theoretical framework was then 
constructed on these groups. The theory drew from psychology and 
philosophy, specifically the concepts of agency, self-efficacy, values, and 
worldviews.  

 
Model building using logistic regression had separately shown that experience 
in years and chartered professional engineer (CPEng) status were the main 
factors correlating with response to the ethics facet.  
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4 Results 

4.1 Overview 

The results show that ethics was the fourth most important topic after 
communication, project planning, and project costing see Figure 1. 

 

Figure 1: Relative importance of various topics, by mean score (range 0-1) and 
ranked in ascending order. Ethics was one of the more important competencies 
for engineers, ranked 4th. Data are for all respondents (all disciplines).  

 
Ethics importance had no significant variability with sector (private vs. public) 
[ANOVA F(1, 2230)=.863, p=0.353], gender [ANOVA F(1, 2269)=0.155, 
p=0.693], involvement in engineering management [ANOVA F(4, 2108)=.69068, 
p=.598], or job changing [ANOVA F(1, 2193)=3.5152, p=.061].  
 
Ethics importance did vary based on the nature of the work. IPENZ used three 
variables in the survey, ‘practice area’, ‘engineering field’, and ‘work activity’, 
all somewhat semantically overlapped. The only significant findings were that 
those involved in manufacturing & production had lower appreciation 
[p=0.044] for ethics, and education higher [p=0.001]. 
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Greater appreciation for ethics was shown by self-employed engineers 
compared to salaried engineers [ANOVA F(1, 2218)=9.7500, p=.002], 
postgraduates compared to Bachelor degree graduates [ANOVA F(1, 
1615)=5.4694, p=.0195], professional engineers (CPEng) compared to non-
professional engineers [ANOVA F(1, 2273)=38.529, p=.000, LOGIT odds ratio 
1.75 Wald=37.6], professional (society) membership compared to graduate 
members [LOGIT odds ratio 1.757, Wald stat 35.8, p=0.000]. This latter is 
consistent with (Taajamaa et al., 2018). The results do not identify whether the 
need is for universities to teach ethics in a way that is more relevant to 
emergent engineers, or for the profession to do more to show the relevance of 
ethics in the workplace. Appreciation of ethics increased with years of 
experience [LOGIT odds ratio 1.0316, Wald stat 72.7, p=0.000 for the series as 
a whole]. This suggests a large amount of learning, or at least 
contextualisation, of ethics occurs in the workplace.  
 
There was a potentially interesting effect at 8 years of experience: female 
professional engineers (CPEng) were significantly more supportive of ethics 
than male professional engineers, and than non-professionals of either gender. 
The 8 year mark was when engineers moved to CPEng.  This could be worth 
looking for in future research, because it might mean that female professional 
engineers see an importance in ethics at their transition to CPEng, that others 
do not.  
 
A generalised non-linear statistical model (logistic regression, sigma-restricted, 
backward step-wise) was built for ethics as the dependent variable, with 
categorical independent variables of employment status (salaried, self-
employed), qualification (Bachelor, postgraduate), sector, job changing,  
professional standing (CPEng), member grade (graduate, professional), and 
continuous predictors of experience in years and engineering management 
involvement (1-5 scale). Experience and professional standing (CPEng) 
emerged as the main factors, see Table 2. The relationship is shown in Figure 2.  
 
Table 2: Results of generalised non-linear statistical model for association 
between perceived ethics importance, and demographic variables. Only the 
significant variables are shown. These are identified as experience in years (Exp 
yrs) and chartered professional engineer standing (CPEng). 
 
 
Statistical 
Effect 

Ethics - Test of all effects  
Distribution : BINOMIAL, Link function: 
LOGIT 
Modeled probability that Ethics = 0 
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Degr. of 
Freedom 

Wald 
Stat. 

p 

Intercept 1 32.73009 0.000000 

Exp yrs 1 15.04794 0.000105 

CP_Eng 1 4.40296 0.035877 

 
 

 
Figure 2: Factorial ANOVA analysis of the relationship between perceived 
importance of ethics (mean value reported on the vertical scale, ranging from 0 
to 1), and (a) experience in years, and (b) professional registration (CPEng or 
not). Note the erratic and absent data for CPEng before 8 yrs – this is 
interpreted as engineers taking this period of time to qualify for professional 
standing.   
 
To summarise, ethics was one of the most important of the soft-skill graduate 
attributes, with the two most important demographic factors being experience 
in years, and professional standing (Chartered Professional Engineer or not). 
The dependency on experience is supported by a Finland study that found that 
older engineers perceived ethics to be more important (Taajamaa et al., 2018). 
 

Least Squares Means (some means not estimable)

Current effect: F(9, 2234)=.63788, p=.76538

Effective hypothesis decomposition

Vertical bars denote 0.95 confidence intervals
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4.2 Multiple regression for competencies 

Multiple regression was applied to determine the interactive effect of the 
competencies. The dependent variable was support for ethics (item 10 in table 
1). The other competencies in that table were used as independent variables. 
The results show that some competencies, more than others, are associated 
with ethics, see Table 3. The beta values show that the significant correlations 
are all positive, with the exception of procurement.  
 
Table 3: Multiple regression results for association of the ethics competency 
with the other competencies. The full descriptions of the competencies are 
given in Table 1. Significant results (p<0.05) are shown bold. Results are sorted 
by beta value in the first instance, and then by p value. Results are also 
reported for other statistics (B, t, and standard errors), to facilitate any future 
meta-analysis.  
 

Regression Summary for Dependent Variable: Ethics  
R= .57662896 R²= .33250096 Adjusted R²= .32296951 

F(32,2241)=34.885 p<0.0000 Std.Error of estimate: .40199 

 

Competencies 
 Beta   Std.Err. 

of Beta  
 B   Std.Err. 

of B  
 t(2241)   p-level  

 Society        0.172        0.020        0.195        0.023        8.454        0.000  

 Enviro        0.120        0.021        0.130        0.023        5.580        0.000  

 H&S        0.119        0.021        0.125        0.022        5.788        0.000  

 ProfMemb        0.101        0.020        0.124        0.025        4.979        0.000  

 TeamDev        0.074        0.020        0.076        0.020        3.694        0.000  

 Cultural        0.071        0.020        0.115        0.032        3.558        0.000  

 Law        0.067        0.022        0.069        0.023        3.026        0.003  

 PM_Plan        0.066        0.025        0.064        0.025        2.591        0.010  

 Persnlty        0.055        0.020        0.071        0.025        2.819        0.005  

 BusProces        0.053        0.019        0.057        0.020        2.833        0.005  

 Communic        0.048        0.023        0.046        0.022        2.107        0.035  

 Accounting        0.045        0.022        0.053        0.025        2.067        0.039  

 Procure  -     0.054        0.020  -     0.074        0.028  -     2.634        0.008  

 NPV        0.042        0.022        0.049        0.026        1.914        0.056  

 RiskMan        0.038        0.021        0.042        0.024        1.779        0.075  

 CareerPln        0.031        0.019        0.035        0.022        1.614        0.107  

 PrdCert  -     0.030        0.019  -     0.070        0.046  -     1.537        0.124  

 Innov        0.032        0.021        0.043        0.028        1.518        0.129  

 Strategy        0.025        0.021        0.036        0.030        1.179        0.239  

 ProjCost  -     0.023        0.023  -     0.023        0.023  -     1.028        0.304  

 PM_Monit  -     0.024        0.024  -     0.025        0.025  -     0.984        0.325  

 KM  -     0.017        0.021  -     0.032        0.039  -     0.820        0.412  

 Market  -     0.016        0.021  -     0.025        0.032  -     0.783        0.433  

 Contract        0.013        0.022        0.014        0.023        0.595        0.552  
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 Econ  -     0.012        0.021  -     0.017        0.028  -     0.585        0.558  

 Budget  -     0.012        0.022  -     0.015        0.027  -     0.544        0.586  

 Entrep  -     0.010        0.021  -     0.015        0.033  -     0.469        0.639  

 Change Man  -     0.007        0.020  -     0.011        0.031  -     0.358        0.720  

 HR        0.005        0.021        0.009        0.034        0.261        0.794  

 OrgStr        0.005        0.021        0.009        0.035        0.245        0.806  

 Quality        0.001        0.021        0.002        0.026        0.061        0.951  

 MotivLead        0.001        0.020        0.001        0.026        0.025        0.980  

 

4.3 Grouped competencies  

The significant competencies were grouped by conceptual similarity. For each,  
a deeper principle was sought that might provide a coherence for the cluster. 
Each group describes a different aspect of ethics. This process was subjective. 
It is proposed that these are the rationales or values that underpin ethics in the 
engineering profession. 
 
Value 1: Wider responsibility to society 
This cluster includes society, environmental, health & safety, and cultural. This 
is the strongest cluster as measured by the beta values. It is proposed that 
these competencies are united by a sense of professional responsibility that is 
directed outwards to the well-being of society. Ethics complements this by 
providing a philosophical rationale for this altruistic personal agency.  
 
This is consistent with the general sentiment in the professional practitioner 
literature and the ethical codes of conduct. Those codes have, over the last 
decade, increasingly included environmental and health & safety 
considerations, and sometimes also the societal and cultural competencies.  
 
This wider responsibility to society is also consistent with several theoretical 
concepts from educators as expressed in the pedagogy literature: 

 Macroethics (J.R. Herkert, 2005) is similar to this cluster, in that they 
both contain broad principles and universal claims.  

 The call for engineers to learn responsibilities to communities and the 
world in general (Bowen, 2014) is consistent with this wider 
responsibility to society.  

 The moral perspective of ethics (Bhat, 2016) has similarities to this 
cluster.  

 The feminist perspective of caring attentiveness to the needs of others 
(Riley, Pawley, J., & Catalano, 2009) would seem to be related. Attitudes 
of care are necessary to implement the duty to the well-being of society.   
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 There has been an awakening of awareness of how engineering 
technological advancements have adverse environmental outcomes 
especially for resource depletion and life cycle costs of resources, e.g. 
(Attfield, 2015). 

 
Nonetheless this may be a difficult area for students to comprehend. There is 
evidence that technology students prioritised technical aspects of their 
education over social responsibility (Schiff et al., 2021). It appeared from that 
study that the student’s attitudes were involved, i.e. it was not so much that 
they did not know about this aspect, but rather they did not value it as much 
as other the technical experience of engineering education.  
 
Value 2: Organisational integrity 
This category includes law, project management planning, business processes, 
and accountancy. We interpret these as relating to the due diligence 
operations of the organisation, in the way it conducts its projects, its legal 
obligations, and the integrity of its financial operations. One might expect 
other competencies to be part of this this cluster, and indeed net present value 
(p=0.056) and risk management (p=0.075) were close to being significant. 
Ethics complements this cluster by providing operational guidance for due 
diligence. 
 
This cluster (and the next) may be related to the concept of normative rules of 
behaviour, i.e. the social practice of engineering in relationship with other 
people, see for example (De Vries, 2015) (N=2 case studies).  We propose that 
the job description of the engineering task comes with expectations about 
behaviour, even if these are only implicit. This phenomenon is also well-known 
from the organisational behaviour literature, and it is generally accepted that 
vicarious learning occurs from the organisational culture, which then results in 
organisational alignment (which then sustains the culture). This is not a static 
process, as the ethical values of the engineer evolve with exposure to these 
external forces, as proposed by (Geistauts, Baker Iv, & Eschenbach, 2008).  
 
The integrity of individual behaviour affects the way the organisation as a 
whole is perceived by external audiences. This fairness aspect to ethics has also 
been found to include procedural fairness (to contractors) (Maqsoom, Wazir, 
Choudhry, Thaheem, & Zahoor, 2020). The effects can extend beyond the 
organisation: when there is a failure in the moral conduct of engineers towards 
other people, then it is possible that the whole profession becomes 
disrespected (Hayden Jr, 2007).  
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Value 3: Team interactions with others 
The competencies included here are team development, communication, and 
personality. The latter refers to personal styles of interaction, which is one 
aspect of personality and a common construct in the organisational context. 
We interpret this cluster as the interactions that the engineer has with other 
people, especially those in the work team, and a desire to treat -and be 
treated- in socially acceptable ways. Ethics complements this by providing 
standards of acceptable personal behaviour and interaction.  
 
There is support in the literature for this relationship factors. For example 
Huang found that ethics was positively affected  by ‘strict regulations of 
organizations’ and ‘perceptions of interpersonal relationships’ (Huang, 2014). 
This finding is supporting evidence for the organisational and team interactions 
in the present study. Likewise the study of Zhang and Sun, which examined 
selfish behaviours (Zhang & Sun, 2020). 
 
Value 4: Personal identity with moral purposefulness 
Own personality temperament (e.g. Five-factor personality attributes (Robert R 
McCrae & Costa, 1999)) and professional Membership are included here, and 
this cluster is proposed to relate to a growing personal identity as an engineer. 
The role of the engineer becomes personally meaningful and satisfying to the 
person. Ethics complements this by providing a personal moral purposefulness. 
This is consistent with the perspective in the literature calling for a moral 
foundation, e.g. ‘moral intelligence’ (Veach, 2006). 
 
The result is a set of hypothesised principles for how engineers make sense of 
ethics. It could be an interesting future research project to determine if 
engineers really do construct their rationale for ethics in this way. Qualitative 
research methods could be appropriate here.  
 
By way of a check, the competencies that did not have sufficient p-value to be 
included were re-examined. A number of organisational ones were excluded: 
project costing, project monitoring, marketing, contracts, economics, 
budgeting. We infer from this that the financial and legal aspects of 
organisational integrity are less important to the ethics construct for 
engineers. Possibly engineers perceive those to be left to other professionals. 
There is also a human resource component that did not make it into the 
interactions group. The competencies are change management, human 
resources management, motivational leadership, and strategy. It appears that 
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engineers see ethics in terms of the personal interactions between team 
members, i.e. at an intimate level. They tend not to associate ethics with the 
broader more dispassionate activity of managing people. Possibly they feel the 
reason they self-selected into engineering in the first place was to solve 
technical rather than people problems, and hence they might leave the latter 
to others. 
 

4.4 Framework for Ethics as a worldview 

Since values have been extracted, it is natural to wonder how these might 
relate more broadly to agency. This line of thinking leads us to propose that 
professional ethics is a professional worldview, to which the above values 
contribute. A worldview is the totality of an individual’s personal identity, 
perspective on the world, and the values they seek to embody in their own life.  
 
We make the additional proposal of a shell model, whereby ethics is important 
at the personal level for intrinsic motivation, then at progressively more 
outward levels of team, organisation, and society.  This model  is represented 
diagrammatically in Figure 3. 
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Figure 3: Proposed model of the values that support the professional 
worldview. These values are categorised into wider responsibility to society, 
organisational integrity, which is a type of internal due diligence, interaction 
and communications with others, and personal identity as an engineer. Within 
each category are shown the detailed competencies that were identified from 
the statistical analysis.  
 
It is proposed that engineering professional practice provides a culture, within 
which individuals converge over time to reconstruct their own values and 
thereby adopt the shared beliefs about ethics. It makes sense that such a 
worldview would take a lengthy period of time to develop. The concept that 
professionalism is developed over time is supported statistically (D.J. Pons, 
2015b). 
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4.5 Professional judgement in decision-making 

A different sub model is needed to explain other features of the results, 
especially the critical dependency on experience and professional standing. It 
is proposed that these factors are linked to the engineer developing an 
increased awareness of the need for professional judgement in decision-
making.  
 
We  define judgement as the robustness of decision-making, specifically the 
ability to (a) comprehend the multiple dimensions of complexity to the 
problem under examination, (b) identify the different competing solutions 
available with their various advantages and disadvantages, (c) select a specific 
solution path that is customised to the situation, (d)  rationally justify the 
decision, and (e) afterwards be proved correct in the choice of solution. 
 
It is proposed that judgement is necessary because of the nature and 
complexity of the work. Regarding nature, different type of work is naturally 
more or less complex. This may be the reason for the observed dependency on 
practice area (and other similar categorisations).  
 
In this context complexity manifests as the need to consider non-technical 
factors as part of the decision-making. These factors may include economics, 
project management, contracts, liability, operational management 
considerations, etc. The complexity of the work is related to the years of 
experience since experience provides the ability to undertake more complex 
projects and accept more complex roles within the organisation. The 
complexity is also related to professional standing (CPEng) because complex 
work is more likely to require or lead to CPEng. In turn CPEng is related to 
membership grade and level of qualification: these variables are coupled 
because a Washington Accord qualification is necessary for both CPEng and the 
higher membership grades. Time and experience are required. 
 
The factors of years of experience and the other time-based variables, such as 
CPEng status, may be considered to be part of the development of personal 
maturity. This is a concept from psychology, and has variously been termed  
Jung's personal individuation, Allport's mature personality (Allport, 1937), 
Maslow's self-actualisation (Maslow, 1987), McCrae & Costa's psychological 
maturity (Robert R. McCrae & Costa, 1983), and Bandura's self-efficacy 
(Bandura, 1997). It is proposed that personal maturity reinforces the 
professional worldview, particularly the personal identity part thereof.  
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Awareness of the complexity of the work is proposed to result in an awareness 
of the risk of adverse consequences. These might be at the personal, team 
organisation, or societal level. It is proposed that sensitivity to these 
consequences leads to a heightened awareness of the need for professional 
judgement in decision-making.  
 
We surmise that the strong temporal dimension (years experience, 
professional standing) arises because the professional judgement activity is a 
learned behaviour. Possibly this arises by experience causing the engineer to 
become more cognitively efficient at ethical decisions. We speculate that  
subconscious cognitive processes may be involved, i.e. the decision making in 
intuitive. This is consistent with the microethics perspective, that ethical 
decisions are not necessarily based on explicit reasoning but rather on intuitive 
processes (J.R.  Herkert, 2004). In contrast, logical processes involving explicit 
reasoning, which are presumed to apply in macroethics, may be cognitively 
effortful and compete for mental resources with the technical decision making. 
Thus we find support for both macro- and microethics, in different parts of the 
current model.  
 
This leads towards the conclusion that ethics is the mechanism for judgement 
and decision-making in complex problem-solving. This sub model is shown in 
Figure 4. 
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Figure 4: Proposed model for how the observed factors contribute to personal 
awareness of the need for professional judgement in complex decision-making. 
Yellow shading indicates items with statistical support, grey are variables 
lacking support, and white shading represents speculative items. 
 

4.6 Integrating the two sub models: Ethical agency 

Combining the sub models for ethics as a worldview, and judgement in 
complex decision-making, results in a higher level model. The worldview is 
proposed to cause an alignment with the code of ethics. This is reinforced by 
the process of achieving Chartered Professional Engineer standing in NZ. This 
involves a self assessment against a number of competencies, technical and 
professional. The professional competencies include risk management, safety, 
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environmental, societal & cultural consultation, and ethics. Furthermore the 
EngNZ Code of Ethical Conduct again emphasises safety, environmental, 
societal & cultural considerations. Consequently it is proposed that another 
reason CPEng respondents were so mindful of ethics is because of the strong 
constructive alignment (explicit mutual reinforcement) between the 
competency standard and the ethics code. It is proposed that this shapes the 
development of a professional worldview of the engineer during the relatively 
long period (at least 5 yrs) of preparing for CPEng. 
 
Ethical agency, the willingness to commit effort to ethical decision-making, is 
thus proposed to arise as a combination of the professional worldview, and the 
judgement activity. The aspirational values within the worldview  positively 
motivate the engineer. In contrast the judgement activity includes a 
component of seeking to avoid adverse consequences, i.e. provides a 
motivation to avoid threats. See Figure 5 for a schematic representation of the 
proposed relationships. 
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Figure 5: Proposed higher level model that integrates the professional 
worldview with professional judgement to form ethical agency.  
 
Elsewhere in the literature the concept of personal agency has been identified 
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the related term of self-efficacy, which is Bandura’s concept  (Bandura, 1997). 
This is also consistent with Veah’s idea that people need the will to follow their 
moral compass (Veach, 2006). 
 
Ethical agency is only a proposition – it was not measured. Instead the survey 
asked engineers whether they felt ethics was important to be taught. It is 
proposed that this is a proxy measure for agency.  
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5 Discussion 
Outcomes 
The result of this work is a conceptual theory that proposes a set of 
mechanisms whereby ethics becomes increasingly important to the engineer 
over time. In this framework, a set of values begin to be developed, expressing 
personal identity, interactions with others, duty to the organisational 
employer, and responsibilities to society at large. These are underpinned by a 
variety of considerations, some pragmatic (e.g. the organisational 
competencies), and others moralistic (e.g. societal considerations). These 
values are developed over time, and by exposure to engineering experiences. 
The complexity of the work undertaken has a special role in this model. 
Complex problems have more conflicting priorities, and hence benefit from the 
more abstract, principle-based decision processes that are provided by ethics.  
Codes of ethics provide the principles of ethics, that become constructed into 
the personal professional worldview, which then results in personal agency 
being exerted during decision-making. This link between ethics and complexity 
of decision making is proposed as the reason for the  strong dependency on 
professional standing.  
 
Thus a conceptual theory is provided that describes why ethics is important to 
professions, and how this agency arises.  This links to concepts in psychology, 
namely worldviews and agency, resulting in the new concept of ethical agency.  
The primary information sources used to construct this model were the 
statistical results from multiple regression. The large dataset made the 
regression a powerful instrument. The model itself goes beyond its statistical 
foundation in that it hypothesises deeper principles in the form of the grouped 
competencies.  
 
Implications for practitioners 
There are several audiences for whom this research has implications.  
 
Professional practitioners – The new idea here is that professionalism involves 
the development of type of culture: a  worldview. To repeat a statement made 
above, a worldview is the totality of an individual’s personal identity, 
perspective on the world, and the values they seek to embody in their own life. 
Consequently professionals might like to consider what values they seek to 
embody in their own lives. Furthermore, how they might help their younger 
staff develop a professional identity and similar values. In a sense, the 
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implication is that continuous professional development (CPD) is only partly 
about learning new technical proficiencies: it also involves a cultural 
adjustment.  
 
The results also suggest that much of the adoption of ethical principles 
happens at the workplace, being based on experience and time. This is 
consistent with the statistical results showing a strong trend for more 
experienced engineers to be more appreciative of ethics, something also found 
elsewhere in the literature (Taajamaa et al., 2018). 
 
Graduates – it is recommended that graduate engineers seek to find the 
relevance of ethics in their early career stages – it may not be explicit. The 
professional engineers (CPEng) at the workplace can be expected to be the 
most knowledgeable mentors. Consider explicitly asking them why they 
believe ethics is important in their work. Seek to hear the values behind their 
thinking. 
 
Educators - The purpose of this paper is to better understand how industry 
practitioners think about ethics, not the pedagogy of how to teach ethics at 
university. Nonetheless some tentative suggestions may be made.  
 
The challenge for educators is how to design their pedagogy and didactics to 
provide constructive  alignment and authentic assessment of the graduate 
attributes for ethics.  At one level this seems simple:  the Washington and 
other Accords require the teaching of ethics, and the code in the local 
jurisdiction provides a list of desired (or prohibited) behaviours. Hence, the 
pedagogically simple solution is to teach students to remember and recall 
those code elements. However, as the present paper shows, the ethical 
mindset of the professional engineer is based on values within a worldview, 
with the commitment of agency to see those values given place in the world. 
There is a personal maturation process to the development of this worldview – 
this has strong statistical support. Hence the student is on a personal 
maturation journey, and it must be expected that their ethical mindset will 
change as they progress from secondary school, through university to being a 
graduate, through their early working years, and onwards into their career and 
professional registration. So the challenge for educators is how to move 
beyond merely teaching the information content of the ethical code. There is a 
need to inculcate the foundational elements of the worldview, to facilitate the 
student’s later maturation process.  
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If the above model is true, then it suggests a number of different ways to teach 
or develop ethical competencies. Hence ethics is all of personal moral 
purposefulness, styles of behaviour, integrity of organisational operations, and 
personal agency towards society. This is potentially quite a different way of 
thinking about ethics, and offers multiple routes into the subject. By 
implication, it may be worthwhile using all these concepts in teaching, rather 
than merely one. Educators might consider the values identified above, and 
seek to create different didactic experiences for each. For example ‘Value 1: 
Wider responsibility to society’ might be taught using a sensitisation method to 
raise awareness of how engineering technology also causes chronic harm (e.g. 
hearing loss), environmental destruction, and corruption & contract abuse 
(hence to the poverty trap of underdeveloped nations). In contrast ‘Value 3: 
Team interactions with others’ might lend itself to being part of a briefing in a 
different course on how to work constructively in student teams, even if not 
identified as ethics at the time.  
 
Educators may like to consider addressing the origins of complexity in 
professional practice, and explore the issues that arise within organisational 
behaviour and associated decision-making priorities. Students may need help 
to understand that the most difficult part of the problems they will be solving 
in the future will not necessarily be the technical or mathematical aspects.  
 
Professional societies and accreditation bodies –Key areas of scrutiny at 
accreditation visits tend to be the soft or professional skills, of which ethics is 
often viewed as paramount. A typical approach by a university is to show 
evidence of ethics as specific learning outcomes in a particular course, with 
assessment to match. While this is probably sufficient for due diligence to the 
accreditation, accrediting bodies might like to consider whether a maturity 
model could be helpful. Maturity in this context is different to the personal 
maturation identified above. Rather, it refers to a discrete scale that measures 
the level of capability or effectiveness of some outcome (e.g. ethical awareness 
of engineers). Such scales include descriptive characteristics for each level. 
They are primarily intended for continuous improvement, by providing specific 
levels of excellence that people can aspire to reach.  
 
The current model might be used to construct such a scale, by considering the 
overall objective (ethical agency) and separating it into phases. It is important 
in such maturity models to be specific about the characteristics of each level – 
they should be measureable. The results, which should be considered merely 
an example of what might be achieved, are shown in Figure 6.  
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Excellence 
Level 4 

    Undertakes complex decisions that involve 
judgement based on ethical principles rather than 
only rules, and has management or leadership 
responsibility for the work of other engineers. Has a 
worldview and is able to articulate ethical values and 
their causal connectedness to the engineering 
operations.  

Excellence 
Level 3 

   Undertakes complex work and has some professional experience 
to inform first-hand knowledge of what the ethical issues are in 
the specific practice field. Is able to articulate the causes or 
solutions of these in terms of professional values (e.g. values 1-4 
as here, or alternative formulations).  

Excellence 
Level 2 

Professional 
members 
might be 
expected to 
achieve this 
level 

 Awareness of where ethical complexity generally arises in own engineering 
discipline, and what the solutions are. The presence of an emergent value-
based worldview is evident in the ability to categorise ethical issues in terms 
of a broad set of values, such as:  Value 1: Wider responsibility to society; 
Value 2: Organisational integrity; Value 3: Team interactions with others; 
Value 4: Personal identity with moral purposefulness. 
 

Excellence 
Level 1 

Students 
might be 
expected to 
achieve up 
to this level 

Awareness of the elements in the local code of ethical conduct, and how ethical issues 
manifest in the discipline 

 
Figure 6: Tentative maturity model for the growth of professional agency in 
ethics.  
 
 
Limitations  
The framing of the question was whether ethics should be taught to 
undergraduates. This is not the same as whether ethics was important in the 
daily practice of the respondent. It is possible that respondents might feel that 
ethics was important, but that it need not be taught to undergraduates 
because it could be learned later. This is not the position taken by the 
professional body nor by the international accreditation process, but it is worth 
mentioning for completeness. Neither were such comments provided in the 
available free-text fields, so we presume that was not the case. 
 
Another limitation, which we have been frank about, is the subjective nature 
of the theory-building process. While there is a strong statistical foundation for 
the underlying correlation of competencies, the rest of the work is an 
extrapolation. Hence we do not make any claim that this is a definitive 
framework for engineering ethics.  
 
The statistical data were collected in 2009 and hence dated. It would be 
interesting to see a follow-up or longitudinal study in this area. One question is 
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whether the perspectives of engineering practitioners have changed in the 
intervening time. This can be expected to depend on the extent to which the 
professional body articulates the importance of ethics. This might be 
ascertained by examining newsletter statements, short courses, findings from 
disciplinary hearings, and surveys. In 2016 EngNZ changed its code of ethical 
conduct in response to the failure of a building in the Christchurch earthquake, 
and considerable effort was exerted to inform members of the change. 
Subsequently, engineers appeared to show more familiarity with the code than 
inferred from the importance they assigned in the present data set, and the 
dependence on years of experience appeared to hold (EngNZ personal 
communication). Given that ethics is key to professionalism, the professional 
bodies may benefit from periodically surveying their membership about this.  
 
Implications for future research  
A number of prospective research questions have been identified above, and 
are not repeated here. There are a variety of interesting and professionally 
relevant quantitative, qualitative, and mixed-methods questions. See also the 
summary at the end of the literature review for the different types of 
theoretical models that are needed to move the field forward.  
 
The production of a theoretical framework for engineering ethics is a useful 
starting point for further research. It may be possible to use the various 
constructs as hypotheses, and test for their validity. That implies a form of 
statistical analysis, using survey type data. As always, the challenge will be 
getting sufficiently large samples, and this should not be under-estimated 
judging by the often small samples published in the engineering management 
literature.  
 
There are also many qualitative research questions that arise. Since this theory 
proposes concepts of agency and worldview, it would be interesting to 
investigate how engineers make sense of these in their own minds: this is a call 
for qualitative methods based on interviews.  
 
Presumably ethics may be learned in the profession from own experiences, 
vicarious learning, mentoring, reflection in preparation for professional 
registration, and on-job training. However the relative effectiveness of these 
various interventions in developing professionalism is an under-developed 
area of the literature and could be an interesting future research topic. 
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It is interesting to note that there appears to be no pedagogy concept in the 
area of CPD for engineers. Existing CPD mainly comprises learning on the job, 
and attending short training courses. There does not appear to be any theory 
of how professional competencies may be systematically developed in the 
workplace. This observation applies to competencies generally, not only ethics. 
This is another possible future research question. 
 

6 Conclusions 
This paper proposes a theoretical framework of engineering ethics for 
engineering practitioners, i.e. those engineers in industrial professional 
practice (as opposed to academics and students). All the statistically significant 
variables identified in the survey may be accommodated in this model.  
 
The model has two compartments. One is the development of a professional 
worldview, whereby engineers reconstruct their own values over time, and 
then seek to embody those in their own life by the commitment of personal 
agency.  Those values are identified as: Value 1: Wider responsibility to society; 
Value 2: Organisational integrity; Value 3: Team interactions with others; Value 
4: Personal identity with moral purposefulness. 
 
The other compartment is an awareness of the need for professional 
judgement in complex decision-making. Here ethics is the professional setting 
is the mechanism for judgement and decision-making in complex problem-
solving. The theory proposes that ethical agency is developed over time. The 
engineer uses experiences to develop values and a professional worldview, 
which then support their decision-making in complex situations.  
 
The novel contribution of this paper is primarily the development of the above 
model for the practitioner mindset. Large surveys of engineers in professional 
practice are scarce, and none have previously produced explicit models for 
ethics. Instead the majority of the engineering ethics literature is based on 
student experiences, often with the pedagogy of teaching ethics as the focus, 
rather than the professional practice of engineering. This relates to the 
difficulty of surveying large numbers of practising engineers. In this regard the 
current work was fortunate in being able to draw on a large engineering 
dataset, though it must also be noted that the data were dated (ex 2009).  
 
A related methodological contribution is showing how values and worldviews 
may be inferred from a large quantitative survey dataset. While there are 
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other methods to do this, e.g. using cluster analysis or qualitative methods, the 
approach shown here is novel in the way that it recruits well-established 
aspects of psychology (e.g. organisational behaviour and agency) and the 
philosophy of worldviews. This has the potential benefit of helping future 
researchers structure their survey questions to be able to extract more insights 
than afforded by quantitative ANOVA analyses on their own. While the raw 
data were dated, the method and findings help move the field forward by 
providing new insights into how practising engineers make sense of ethics.   
 
Acknowledgements  
We gratefully acknowledge the involvement of Engineering NZ (also known as 
the Institution of Professional Engineers New Zealand, IPENZ) for provision of 
survey data, particularly Brett Williams (Director - Learning and Assessment).  
 

Conflict of interest statement 
The research was conducted without personal financial benefit from any 
funding body, nor did any such body influence the execution of the work. 
EngNZ/IPENZ did not prescribe the content or wording of the questions in the 
survey, nor were they involved in the interpretation of findings. From 2015 the 
author became involved in the delivery of short courses on ethics for EngNZ, 
for which personal financial benefit was obtained. 
 
 
References 
Abdul-Rahman, H. A., Wang, C., & Saimon, M. A. (2011). Clients' perspectives 

of professional ethics for civil engineers. Journal of the South African 
Institution of Civil Engineering, 53(2), 2-6.  

Allport, G. W. (1937). Personality: a psychological interpretation. Oxford, 
England: Holt. 

Allred, G. K. (1985). PROFESSIONAL ETHICS - THE MISSING LINK TO A 
COMPLETE EDUCATION. Canadian surveyor, 39(4), 385-390.  

AlZahir, S., & Kombo, L. (2014). Towards a global code of ethics for engineers. 
Paper presented at the 2014 IEEE International Symposium on Ethics in 
Science, Technology and Engineering, ETHICS 2014, May 23, 2014 - May 
24, 2014, Chicago, United states. 

Anderson, J. V. (1994). Is it necessary to compromise engineering ethics to 
remain competitive? Journal of Professional Issues in Engineering 



33 
 

Education and Practice, 120(4). doi: 
http://dx.doi.org/10.1061/(ASCE)1052-3928(1994)120:4(379) 

Appleyard, B., Ferrell, C. E., Carroll, M. A., & Taecker, M. (2014). Toward 
livability ethics: A framework to guide planning, design, and engineering 
decisions. Transportation Research Record, 2403, 62-71.  

Armstrong, J. H. (2002). Safety and ethics: The engineer's responsibilities. 
Structural Engineer, 80(1), 28-31.  

Attfield, R. (2015). Engineering ethics, global climate change, and the 
precautionary principle (pp. 38-47): IGI Global. 

Bandura, A. (1997). Self-efficacy. Harvard Mental Health Letter, 13(9), 4.  

Barney, J. (1991). Firm resources and sustained competitive advantage. Journal 
of Management, 17(1), 99-120.  

Barney, J., & Hesterly, W. S. (2012). Strategic Management and Competitive 
Advantage (4 ed.): Prentice Hall. 

Barney, J. B., & Hesterly, W. S. (2006). Strategic Management and Competitive 
Advantage: Concepts: Pearson/Prentice Hall. 

Baxter, J. (2019). How ethics can help professional engineers deliver a better 
service to the public. Proceedings of the Institution of Civil Engineers: 
Civil Engineering, 172(4), 148. doi: 
http://dx.doi.org/10.1680/jcien.2019.172.4.148 

Bhat, P. R. (2016). Religious ethics, general ethics, and engineering ethics: A 
reflection (Vol. 3, pp. 1117-1127): IGI Global. 

Board of Engineers Malaysia. (2016). Code of Professional Conduct. Retrieved 
from http://www.bem.org.my/code-of-professional-conduct 

Bowen, W. R. (2014). Engineering ethics: Challenges and opportunities (Vol. 
9783319040967): Springer International Publishing. 

Brennan, M. G., & Tooley, M. A. (2000). Ethics and the biomedical engineer. 
Engineering Science and Education Journal, 9(1), 5-7. doi: 
10.1049/esej:20000103 

Burt, B. A., Carpenter, D. D., Holsapple, M. A., Finelli, C. J., Bielby, R. M., Sutkus, 
J. A., & Harding, T. S. (2013). Out-of-classroom experiences: Bridging the 

http://dx.doi.org/10.1061/(ASCE)1052-3928(1994)120:4(379
http://dx.doi.org/10.1680/jcien.2019.172.4.148
http://www.bem.org.my/code-of-professional-conduct


34 
 

disconnect between the classroom, the engineering workforce, and 
ethical development. International Journal of Engineering Education, 
29(3), 714-725.  

Burton, S., Habli, I., Lawton, T., McDermid, J., Morgan, P., & Porter, Z. (2020). 
Mind the gaps: Assuring the safety of autonomous systems from an 
engineering, ethical, and legal perspective. Artificial Intelligence, 279. 
doi: 10.1016/j.artint.2019.103201 

Carpenter, D. D., Harding, T. S., Sutkus, J. A., & Finelli, C. J. (2014). Assessing 
the ethical development of civil engineering undergraduates in support 
of the ASCE body of knowledge. Journal of Professional Issues in 
Engineering Education and Practice, 140(4). doi: 10.1061/(ASCE)EI.1943-
5541.0000177 

Clancy, E. A., Quinn, P., & Miller, J. E. (2005). Assessment of a case study 
laboratory to increase awareness of ethical issues in engineering. IEEE 
Transactions on Education, 48(2), 313-317. doi: 10.1109/TE.2004.842900 

De Vries, M. J. (2015). Engineering as normative practice: Ethical reflections on 
tasks and responsibilities (pp. 12-21): IGI Global. 

Durbin, P. T. (2008). Engineering professional ethics in a broader dimension. 
Interdisciplinary Science Reviews, 33(3), 226-233. doi: 
10.1179/174327908X366914 

Engineering Council of South Africa. (2017). Code of Conduct. Retrieved from 
https://www.ecsa.co.za/regulation/SitePages/Code%20of%20Conduct.a
spx 

Engineering Council Sri Lanka (ECSL). (2021). Ethical conduct for engineering 
professionals Retrieved from https://ecsl.lk/code-of-ethics 

Engineering Council UK. (2014). Statement of Ethical Principles. Retrieved from 
https://www.engc.org.uk/professional-ethics 

Engineering New Zealand. (2016). Code of Ethical Conduct. Retrieved from 
https://www.engineeringnz.org/engineer-tools/ethics-rules-
standards/code-ethical-conduct/ 

Engineers Australia. (2019). Code of Ethics and Guidelines on Professional 
Conduct. Retrieved from https://www.engineersaustralia.org.au/ethics 

https://www.ecsa.co.za/regulation/SitePages/Code%20of%20Conduct.aspx
https://www.ecsa.co.za/regulation/SitePages/Code%20of%20Conduct.aspx
https://ecsl.lk/code-of-ethics
https://www.engc.org.uk/professional-ethics
https://www.engineeringnz.org/engineer-tools/ethics-rules-standards/code-ethical-conduct/
https://www.engineeringnz.org/engineer-tools/ethics-rules-standards/code-ethical-conduct/
https://www.engineersaustralia.org.au/ethics


35 
 

Engineers Canada. (2016). Public Guideline on the code of ethics. Retrieved 
from https://engineerscanada.ca/publications/public-guideline-on-the-
code-of-ethics 

Engineers Ireland. (2018). Code of Ethics. Retrieved from 
https://www.engineersireland.ie/Professionals/News-Insights/Resource-
centre/Regulations-and-governance/Code-of-ethics 

Esparragoza, I., Konak, A., Kulturel-Konak, S., Kremer, G., & Lee, K. (2019). 
Assessing Engineering Students' Ethics Learning: Model of Domain 
Learning Framework. Journal of Professional Issues in Engineering 
Education and Practice, 145(1). doi: 10.1061/(ASCE)EI.1943-
5541.0000396 

Finelli, C. J., Holsapple, M. A., Ra, E., Bielby, R. M., Burt, B. A., Carpenter, D. D., . 
. . Sutkus, J. A. (2012). An assessment of engineering students' curricular 
and co-curricular experiences and their ethical development. Journal of 
Engineering Education, 101(3), 469-494. doi: 10.1002/j.2168-
9830.2012.tb00058.x 

Geistauts, G. A., Baker Iv, E. R., & Eschenbach, T. (2008). Engineering ethics: A 
system dynamics approach. EMJ - Engineering Management Journal, 
20(3), 21-28. doi: 10.1080/10429247.2008.11431773 

Gorman, M., Hertz, M., Louis, G., Magpili, L., Mauss, M., Mehalik, M., & Tuttle, 
J. B. (2000). Integrating ethics engineering: A graduate option in systems 
engineering, ethics, and technology studies. Journal of Engineering 
Education, 89(4), 461-469.  

Gotterbarn, D., Miller, K., & Rogerson, S. (1997). Software engineering code of 
ethics. Communications of the ACM, 40(11), 110, 112-118. doi: 
10.1145/265684.265699 

Grant, K. G. (2001). The crucial role of ethics and continuing development for 
civil engineers. Journal of Professional Issues in Engineering Education 
and Practice, 127(2), 54-56. doi: 10.1061/(ASCE)1052-
3928(2001)127:2(54) 

Guntzburger, Y., Johnson, K. J., Martineau, J. T., & Pauchant, T. C. (2018). 
Professional ethnocentrism and ethical risk management efficacy: How 
engineer's emotional openness mediates this complex relationship. 
Safety Science, 109, 27-35. doi: 10.1016/j.ssci.2018.05.004 

https://engineerscanada.ca/publications/public-guideline-on-the-code-of-ethics
https://engineerscanada.ca/publications/public-guideline-on-the-code-of-ethics
https://www.engineersireland.ie/Professionals/News-Insights/Resource-centre/Regulations-and-governance/Code-of-ethics
https://www.engineersireland.ie/Professionals/News-Insights/Resource-centre/Regulations-and-governance/Code-of-ethics


36 
 

Harding, T. S., Carpenter, D. D., & Finelli, C. J. (2012). An exploratory 
investigation of the ethical behavior of engineering undergraduates. 
Journal of Engineering Education, 101(2), 346-374. doi: 10.1002/j.2168-
9830.2012.tb00053.x 

Hayden Jr, W. M. (2007). Ethics in engineering practice: How easy it becomes 
to see in the dark. Leadership and Management in Engineering, 7(4), 
151-157. doi: 10.1061/(ASCE)1532-6748(2007)7:4(151) 

Herkert, J. R. (2004). Microethics, macroethics and the role of professional 
societies Emerging Technologies and Ethical Issues in Engineering: 
Papers from a Workshop  October 14–15, 2003 (pp. 107-114): The 
National Acadamies Press. 

Herkert, J. R. (2005). Ways of thinking about and teaching ethical problem 
solving: Microethics and macroethics in engineering. Science and 
Engineering Ethics, 11(3), 373-385. doi: 10.1007/s11948-005-0006-3 

Hess, J. L., Beever, J., Zoltowski, C. B., Kisselburgh, L., & Brightman, A. O. 
(2019). Enhancing engineering students' ethical reasoning: Situating 
reflexive principlism within the SIRA framework. Journal of Engineering 
Education, 108(1), 82-102. doi: 10.1002/jee.20249 

Hofstede, G. (1985). The Interaction Between National and Organizational 
Value Systems. Journal of Management Studies, 22(4), 347-358.  

Hong Kong Institution of Engineers (HKIE). (2000). Rules of Conduct of the Hong 
Kong Institution of Engineers Retrieved from 
http://www.hkie.org.hk/cpd/icac/conduct.html 

Huang, C.-F. (2014). Associations among civil engineer's ethical education 
experiences, ethical beliefs, ethical perceptions and ethical behaviour. 
International Journal of Engineering Education, 30(5), 1166-1175.  

Institution of Engineers Singapore. (2010). Rules for Professional Conduct. 
Retrieved from https://www.ies.org.sg/Membership/Rules-for-
Professional-Conduct 

Institution of Engineers Sri Lanka. (2021). Code of Ethics. Retrieved from 
https://iesl.lk/index.php?option=com_content&view=article&id=20&Ite
mid=138&lang=en 

http://www.hkie.org.hk/cpd/icac/conduct.html
https://www.ies.org.sg/Membership/Rules-for-Professional-Conduct
https://www.ies.org.sg/Membership/Rules-for-Professional-Conduct
https://iesl.lk/index.php?option=com_content&view=article&id=20&Itemid=138&lang=en
https://iesl.lk/index.php?option=com_content&view=article&id=20&Itemid=138&lang=en


37 
 

International Engineering Alliance. (2013). Graduate Attributes and 
Professional Competencies Retrieved from 
https://www.ieagreements.org/about-us/key-documents/ 
https://www.ieagreements.org/assets/Uploads/Documents/Policy/Grad
uate-Attributes-and-Professional-Competencies.pdf 

Ji, Z., Pons, D., & Pearse, J. (2018). Why Do Workers Take Safety Risks?—A 
Conceptual Model for the Motivation Underpinning Perverse Agency. 
Safety, 4(2), 24. doi: https://doi.org/10.3390/safety4020024 

Jonason, P. K., Strosser, G. L., Kroll, C. H., Duineveld, J. J., & Baruffi, S. A. (2015). 
Valuing myself over others: The Dark Triad traits and moral and social 
values. Personality and Individual Differences, 81, 102-106. doi: 
10.1016/j.paid.2014.10.045 

Jones, S. A., Michelfelder, D., & Nair, I. (2017). Engineering managers and 
sustainable systems: the need for and challenges of using an ethical 
framework for transformative leadership. Journal of Cleaner Production, 
140, 205-212. doi: 10.1016/j.jclepro.2015.02.009 

Lafitte, R. (2001). Ethics and dam engineers. International Journal on 
Hydropower and Dams, 8(4), 58-59.  

Lewis, L. (2014). Avatars and robots as social companions in healthcare: 
Requirements, engineering, adoption and ethics. International Journal of 
Enterprise Information Systems, 10(2), 21-39. doi: 
10.4018/ijeis.2014040102 

Maqsoom, A., Wazir, S. J., Choudhry, R. M., Thaheem, M. J., & Zahoor, H. 
(2020). Influence of Perceived Fairness on Contractors' Potential to 
Dispute: Moderating Effect of Engineering Ethics. Journal of Construction 
Engineering and Management, 146(1). doi: 10.1061/(ASCE)CO.1943-
7862.0001740 

Maslow, A. H. (1987). Motivation and personality (3 ed.). New York: Harper and 
Row. 

McCrae, R. R., & Costa, P. T. (1983). Psychological maturity and subjective well-
being: Toward a new synthesis. Developmental Psychology, 19(2), 243-
248. doi: http://dx.doi.org/10.1037/0012-1649.19.2.243 

https://www.ieagreements.org/about-us/key-documents/
https://www.ieagreements.org/assets/Uploads/Documents/Policy/Graduate-Attributes-and-Professional-Competencies.pdf
https://www.ieagreements.org/assets/Uploads/Documents/Policy/Graduate-Attributes-and-Professional-Competencies.pdf
https://doi.org/10.3390/safety4020024
http://dx.doi.org/10.1037/0012-1649.19.2.243


38 
 

McCrae, R. R., & Costa, P. T. J. (1999). A Five-Factor theory of personality. In L. 
A. Pervin & O. P. John (Eds.), Handbook of personality: Theory and 
research (2 ed., pp. 139-153). New York: Guilford Press. 

Morrow, D. R. (2014). Ethical aspects of the mitigation obstruction argument 
against climate engineering research. Philosophical Transactions of the 
Royal Society A: Mathematical, Physical and Engineering Sciences, 
372(2031). doi: 10.1098/rsta.2014.0062 

Morrow, D. R., Kopp, R. E., & Oppenheimer, M. (2009). Toward ethical norms 
and institutions for climate engineering research. Environmental 
Research Letters, 4(4). doi: 10.1088/1748-9326/4/4/045106 

Mouton, F., Malan, M. M., Kimppa, K. K., & Venter, H. S. (2015). Necessity for 
ethics in social engineering research. Computers and Security, 55, 114-
127. doi: 10.1016/j.cose.2015.09.001 

Narayanan, A., & Vallor, S. (2014). Computing ethics why software engineering 
courses should include ethics coverage. Communications of the ACM, 
57(3), 23-25. doi: 10.1145/2566966 

National Society of Professional Engineers USA. (2019). NSPE Code of Ethics for 
Engineers. Retrieved from https://www.nspe.org/resources/ethics/code-
ethics 

Nudelman, G., & English, J. (2019). Ethical Dilemmas Experienced by 
Engineering Students during Their Vacation Work. Journal of Professional 
Issues in Engineering Education and Practice, 145(2). doi: 
10.1061/(ASCE)EI.1943-5541.0000406 

Parson, C. C. (2017). Value congruence and unethical decision-making: The dark 
side of person-organization fit. ProQuest Information & Learning. 
Retrieved from 
http://ezproxy.canterbury.ac.nz/login?url=https://search.ebscohost.com
/login.aspx?direct=true&db=psyh&AN=2017-05719-039&site=ehost-live  

Paulhus, D. L., & Williams, K. M. (2002). The Dark Triad of personality: 
Narcissism, Machiavellianism and psychopathy. Journal of Research in 
Personality, 36(6), 556-563. doi: 10.1016/S0092-6566(02)00505-6 

Pons, D. (2014, 8-10 December 2014). Proximating Ethics: Perceptions of the 
engineering profession and implications for learning. Paper presented at 
the Australasian Association for Engineering Education  25th 

https://www.nspe.org/resources/ethics/code-ethics
https://www.nspe.org/resources/ethics/code-ethics
http://ezproxy.canterbury.ac.nz/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2017-05719-039&site=ehost-live
http://ezproxy.canterbury.ac.nz/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2017-05719-039&site=ehost-live


39 
 

(AAEE2014), Te Papa Tongarewa National Museum of New Zealand, 
Wellington. 

Pons, D. J. (2015a). Changing importances of professional practice 
competencies over an engineering career  Journal of Engineering and 
Technology Management, 38(October–December), 89–101. doi: 
http://dx.doi.org/10.1016/j.jengtecman.2015.10.001 

Pons, D. J. (2015b). Relative importance of professional practice and 
engineering management competencies. European Journal of 
Engineering Education, Oct, 1-18. doi: 
http://dx.doi.org/10.1080/03043797.2015.1095164 

Pons, D. J., & Raine, J. (2014). Engineering  management in professional 
practice. IPENZ Transactions, 41, 1-10. doi: 
http://www.ipenz.org.nz/ipenz/forms/pdfs/IPENZTransactions41-
EngineeringManagementinPractice.pdf?61255 

Pons, D. J., & Raine, J. K. (2011). Engineering Professional practice: Skills to 
advance your career  Retrieved from 
https://www.ipenz.org.nz/ipenz/members/CareerGuide/default.cfm 

 

Riley, D., Pawley, A. L., J., T., & Catalano, G. D. (2009). Feminisms in Engineering 
Education: Transformative Possibilities. NWSA Journal, 21(2), 21-40. doi: 
https://www.academia.edu/787272/Feminisms_in_Engineering_Educati
on_Transformative_Possibilities 

Robertson, L. J., Abbas, R., Alici, G., Munoz, A., & Michael, K. (2019). 
Engineering-Based Design Methodology for Embedding Ethics in 
Autonomous Robots. Proceedings of the IEEE, 107(3), 582-599. doi: 
10.1109/JPROC.2018.2889678 

Schiff, D. S., Logevall, E., Borenstein, J., Newstetter, W., Potts, C., & Zegura, E. 
(2021). Linking personal and professional social responsibility 
development to microethics and macroethics: Observations from early 
undergraduate education. Journal of Engineering Education, 110(1), 70-
91. doi: 10.1002/jee.20371 

Sekiguchi, K., & Hori, K. (2020). Organic and dynamic tool for use with 
knowledge base of AI ethics for promoting engineers practice of ethical 
AI design. AI and Society, 35(1), 51-71. doi: 10.1007/s00146-018-0867-z 

http://dx.doi.org/10.1016/j.jengtecman.2015.10.001
http://dx.doi.org/10.1080/03043797.2015.1095164
http://www.ipenz.org.nz/ipenz/forms/pdfs/IPENZTransactions41-EngineeringManagementinPractice.pdf?61255
http://www.ipenz.org.nz/ipenz/forms/pdfs/IPENZTransactions41-EngineeringManagementinPractice.pdf?61255
https://www.ipenz.org.nz/ipenz/members/CareerGuide/default.cfm
https://www.academia.edu/787272/Feminisms_in_Engineering_Education_Transformative_Possibilities
https://www.academia.edu/787272/Feminisms_in_Engineering_Education_Transformative_Possibilities


40 
 

Shnookal, B. A., & Shaw, J. M. (2010). The ethics of forensic Engineers. 
Australian Journal of Structural Engineering, 11(1), 23-33. doi: 
10.1080/13287982.2010.11465053 

Starrett, S. K. (2017). Mentoring New Water Resources Professionals on 
Engineering Ethics. Water Resources Management, 31(10), 3271-3285. 
doi: 10.1007/s11269-017-1633-6 

Taajamaa, V., Majanoja, A.-M., Bairaktarova, D., Airola, A., Pahikkala, T., & 
Sutinen, E. (2018). How engineers perceive the importance of ethics in 
Finland. European Journal of Engineering Education, 43(1), 90-98. doi: 
10.1080/03043797.2017.1313198 

Takanokura, M. (2013). Relationship between ethical decision-making and risk 
management of engineers and other stakeholders: A case study of 
failure cases in Japan. Journal of Japan Industrial Management 
Association, 64(2), 222-230.  

Toth, E. E., & Jackson, J. K. (2012). Pedagogical challenges for nanotechnology 
education: Getting science and engineering students to examine societal 
and ethical issues. International Journal of Engineering Education, 28(5), 
1056-1067.  

Veach, C. M. (2006). There's no such thing as engineering ethics. Leadership 
and Management in Engineering, 6(3), 97-101. doi: 10.1061/(ASCE)1532-
6748(2006)6:3(97) 

Yarmus, J. J. (2010). Ethics in professional engineering: Leadership through 
integrity. Leadership and Management in Engineering, 10(1), 1. doi: 
10.1061/(ASCE)LM.1943-5630.0000045 

Zhang, L., & Sun, H. (2020). The impacts of ethical climate on knowledge 
contribution loafing among designers in engineering design firms: 
mediated effect of knowledge leadership. doi: 
http://dx.doi.org/10.1108/ECAM-07-2019-0389 

 

http://dx.doi.org/10.1108/ECAM-07-2019-0389

