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Abstract. Presented in this paper are the results of a systematic literature review to 

identify the competencies required by design engineers to work in increasingly 

complex societal projects. These competencies are then mapped against the four 

levels of a hierarchical system defined by Jantsch to ascertain the disciplinarity of 

these competencies.  The results from this mapping form the first phase in the 

creation of a Designer Readiness Level for transdisciplinary engineering.  To date 

current research has identified that to meet these future needs, defined as Grand 

Challenges for Engineering by the National Academy of Engineering, it will be 

necessary to adopt transdisciplinary methods of working. However, there is little in 

the literature that identifies how to assess the transdisciplinarity of people, tools or 

project teams.  Although literature and learned societies do highlight that engineers 

are crucial to meet these societal needs, how do we determine whether an engineer 

is able to work in a transdisciplinary manner? A total of 2398 papers were included 

in the review and twenty-nine papers selected for full-text review. A final seven 

focussing on practicing design engineers were used to create a current list of 

competencies. The paper continues by describing the analysis method and results of 

mapping the competencies identified against Jantsch’s four levels. The paper 

concludes with a summary of the next stage required to create a Designer Readiness 

Level for transdisciplinary engineering. 
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Introduction 

As the global population grows, concerns about environmental issues and the 

unsustainable use of the world’s resources are increasing [1, 2]. The National Academy 

of Engineering (NAE) committee in 2012 identified 14 Grand Challenges for 

Engineering which are critical to sustaining continuous advancement of humanity e.g. 

make solar energy economical, engineer better medicines, provide energy from fusion. 

With engineers being integral to creating innovative products that improve quality of life 

[3] and advance society in a sustainable way [1]. These grand challenges can be defined 

as complex problems that require involvement of a wide range of stakeholders [3]. 

A transdisciplinary (TD) approach is hypothesised to offer a higher level of analysis 

compared to other disciplinarities [4] and hence may well be the right approach to tackle 
complex engineering challenges. TD has already been used in context of “wicked” - 
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large, complex and ill-defined problems that require involvement from a range of 

disciplines working towards a common goal [5]. In order to achieve societally focused 

or transdisciplinary engineering (TE), design engineers will require the dynamic 

acquisition of specific competencies. 

The competencies design engineers may require for TE is the focus of this paper. 

The aim of the review and secondary analysis is to compile and map competencies to 

identify if any are more required for TE. To do this we answer, three research questions: 
 

RQ1. What evidence is in the literature regarding competencies related to design 
engineers? 

RQ2. Can these identified competencies be classified into disciplinary competencies? 
RQ3. Do any of the identified competencies have TD attributes? 

 

The paper is structured as follows: section 1 provides a motivation for selecting 

competencies related to design engineers.  In section 2, Jantsch’s TD hierarchical system 

providing the framework for this study is described.  A methodology follows in section 

3; with the results being presented in section 4.  A competence classification model is 

then proposed in section 5; this is followed by a discussion in section 6. Finally, the 

implications of the results and future research are discussed in the conclusion. 

1. Design Engineers and Competencies 

Blessing, Pahl and Wallace [6] use the terms designer, design and development engineer 

interchangeably to describe engineers involved in the creative aspects of a product life 

cycle, in the context of this study we use term design engineer. Much of engineering 

design research has sought to understand how engineers spend their time, with traditional 

thought being that engineers are purely technical with 100% of their time allocated within 

steps of the design process. Whereas later research found that technical work only takes 

up 47% of a typical designer’s time [7], and that while technical competencies are 

important, they are inseparable from social competencies linked to effective 

collaboration [8]. 

Since designers are increasingly more often collaborating in design activities using 

complex working environments involving a variety of different actors and cultures [9] 

they are hence relying on a range of non-technical skills in particular, communication 

[8]. Other collaboration skills such as team-working skills, intercultural communication 

and knowledge management are becoming indispensable. 

The definition of the term competency used in this paper refers to a capacity to 

effectively perform both task and role and is linked to the individual’s skills, knowledge, 

motives, values and personal traits [7, 10]. 

While a large body of research focuses on competency requirements of engineers 

[7, 8] , there is a lack of studies specifically focusing on design engineers [7], even though 

it is estimated that over 70% of the product development life-cycle cost is embedded in 

the design conception phase [11]. It is also notable that a large part of engineering 

competence literature focuses upon engineering education, specifically to close gaps 

between skills acquired in higher education and skills required by industry [8, 12].  

However, to make an effective TD design engineer it will require competencies beyond 

those acquired in higher education, and will require a life-long professional development 

in order to deal with evolving challenges linked to TD projects [5]. 
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Predicting the competencies required by future design engineers to be able to work 

in a TE manner provides a significant design engineering research opportunity and is the 

purpose of the author’s PhD.  To enable this, we require a structured approach to classify 

the disciplinarity of engineering competencies. 

2. Jantsch’s TD System 

The TD term was first proposed by Jantsch at a conference in 1970, as a hierarchical 

multi-level, multi-goal education and innovation framework, for an education system 

[13]. This was chosen to map a designer’s competencies because the framework is the 

original TD model  [14] and can be operationalised [15]. The framework (Figure 1) 

consists of four levels: empirical, pragmatic, normative and purposive. The base of the 

pyramid is the empirical level, composed of individual scientific disciplines i.e. physics. 

The pragmatic level contains applied sciences, where theories from the empirical level 

are applied in individual disciplines i.e. engineering. Above this is the normative level 

which represents social systems constructs such as norms, laws and regulations. At the 

top of the pyramid, sits the purposive level with societal values and meanings. 

 

 

Figure 1. Multi-level, multi-goal, hierarchical system adapted from [13]. 

Different types of co-ordination and co-operation take place across the levels, 

involving the interaction of different actors. Jantsch defines five disciplinary ways of co-

operation and co-ordination: multidisciplinarity (MD), pluridisciplinarity, 

crossdisciplinarity, interdisciplinarity (ID) and transdisciplinarity (TD). He further 

divides ID into teleological ID, normative ID and purposive ID, to describe the levels 

amongst which they interact (shown in Figure 1). 

Table 1 defines and illustrates the interactions in disciplinarities, where TD is 

deemed the highest level of disciplinarity. In TD all levels of the system interact together, 

with all disciplines and interdisciplines, being co-ordinated in a top-down manner from 

the purposive level to pursue a common system goal [13]. Each disciplinarity shown 

refers to a distinct disciplinary organisation and way of working. We argue that by asking 

questions based on the definition of each level, it is possible to identify and link specific 

competencies to each level. 
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Table 1. Jantsch’s definitions of disciplinarity. 

(*) Within this paper MD for the purpose of mapping encompasses pluri, cross and multidisciplinarity  

Section 3 provides the methodology for identifying the relevant literature to find 

evidence regarding competencies relevant to design engineers. 

3. Methodology 

The aim of this research was to identify and characterise, in disciplinary terms, the design 

engineers’ competencies within published literature. The review strategy follows the 

steps of a systematic literature review (SLR) process outlined by Tranfield [16]. As a 

part of this process the authors formed a review panel to recommend relevant literature, 

formulate research questions and make literature inclusion/exclusion decisions [16].  

An initial exploratory investigation of research related to engineer’s competencies 

elicited the terms “engineer”, “competence” and “skill”, being expanded to the following 

keyword selection for searching literature: competence, ability, skill, capability, 

behaviour, knowledge and attitude in title, abstract and keywords (Table 2).  

Table 2. Search strategy. 

 
There are limitations to using specific keywords or single literature databases. Using 

the term “design engineer” may miss some literature not explicitly using this term, 

however, it is necessary due to the large volume of results to adopt a pragmatic approach 

to the inclusion of appropriate search term and literature resources. The electronic 

database SCOPUS was selected as it provides a characteristic sample of broad trends in 

research and covers a wider range of publications compared to the Web of Science [17]. 

The search resulted in a total of 2398 documents encompassing a broad range of literature 

from sciences, energy, social sciences to business, management and accounting due to 

the current ID nature of engineering research [6, 8]. As per Tranfield [16], the different 

phases of the SLR are summarised in the process flow diagram in Table 3. 

Table 3. Literature search process. 
 
 

 

Disciplinarity Definition System configuration 
Multi, pluri and 
crossdisciplinarity 

(MD)* 

One level, variety of disciplines, no co-operation 
 

Interdisciplinarity 
 

 

A common axiomatics for a group of related 
disciplinas is defined at the next higher hierarchical 

level or sub-level, thereby introducing a sense of 

purpose 

 

Transdisciplinarity The co-ordination of all disciplines and interdisciplines 

in the education/innovation system on the basis of a 

generalized axiomatics (introduced from the purposive 
level) and an emerging epistemological pattern 

 

Scopus keyword literature search results 
n=2398 
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Seven papers addressing specific competence or skill profiles related to design 

engineers were relevant to our analysis. Based on their research focus they were 

classified into two categories (Table 3), four studies S1, S2, S6 and S7 focus on current 

or future competencies and studies S3, S4 and S5 focus on integrated design 

competencies in relation to the European certification scheme (Table 4).  

Table 4. Literature Focus. 

Study Focus Reference 

S1 Future competency profile Robinson et al., 2005[7] 

S2 Current competencies - Knowledge classification Ahmed, 2007[10] 
S3 Integrated design competencies Riel et al., 2009[18] 

S4 Integrated design competencies Riel et al., 2010 [19] 

S5 Integrated design competencies Riel et al., 2012 [11] 
S6 Current competency profile Abbas et al., 2013 [12] 

S7 Current competencies - Innovation competencies Birdi, Leach and Magadley, 2016 [20] 

To provide a systematic approach to analysing qualitative data, the thematic analysis 

method allowed for integration of competency data from the seven papers for further 

analysis [21]. Based on the way the data was provided the data extraction methods vary 

[21]. Data in papers S1, S5, S6 were extracted using a semantic approach directly from 

listed competency profiles. Data were extracted using a latent approach from text only 

in S3, S4 and S7. While, in S2 data was identified using a mix of both approaches.   

4. Results 

Paper S1 used a three-phase methodology to compile a list of 42 future competencies 

divided into six groups. S2 is an empirical study classifying types of knowledge and the 

time it takes to become an expert in a competence. The paper focuses on procedural 

knowledge and does not list all identified types of knowledge, with only twelve explicitly 

listed. In addition, eight personal attributes were identified, and another 18 skills were 

extracted from the text. S3, S4 and S5 are a series of studies concerned with life-long 

learning, they examine integrated design competencies in order to create industry driven 

training for European Certificates and the Qualification Association. S6 identifies 75 

competencies required by design engineers in Pakistan and describes a competency 

Current/future competencies 

n=4
Competencies for Integrated design  

n=3 

Research in English, published in journals, 

conference proceedings and books up to end of 2019 

n=2398-192=2220 

Excluded 192 

Excluded 2003 

Excluded 188 

Excluded 22 

Title / abstract review for term “design 

engineer” and one people competence key word 
n=2220-2003=217 

Full abstract review terms related to people competence 

n=217-188=29 

Studies reviewed by full text  
n=29-22=7 
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development and enhancement model. S7 is a qualitative study of 169 design engineers 

examining the relationship of individual competencies and innovative behaviour. 

The papers were published between 2005 and 2016, which may not relate closely to 

important current competencies as even the most recent is 4 years old. The S1 study from 

2005 provides future competency profiles looking ten years into the future placing it into 

2015. Compared to S6’s 2013 competency profile which identifies more competencies, 

both produce very similar competencies, meaning that S1’s futuristic view could be 

deemed a good representation.  

Interestingly IT skills are only discussed in the oldest study S1 and this is only 

generically. It is notable as literature identifies a growing need for competencies related 

to digital technologies that will allow engineers to work with networked manufacturing 

technologies in automated environments; as well as analyse and understand large 

volumes of complex data produced by these automated environments [5, 22]. 

Each study provides a different depth of detail when describing competencies from 

very generic in S1 to a more detailed contextual description in S5. According to Ahmed 

[10] competencies must have a context thus those competencies with more detail provide 

richer data for the next stage of analysis. The competencies from seven papers were 

compiled to a profile containing 117 competencies divided into several groups such as 

personal attributes, cognitive strategies, technical skills, communication and 

collaboration competencies. To answer RQ2 and RQ3 these 117 competencies were 

individually mapped against the TD framework. 

5. Mapping competencies against the Jantsch’s hierarchical system 

In order to map designer competencies according to different types of co-ordination as 

illustrated in Figure 1, we describe what working at each level would look like for design 

engineers based on Jantsch’s definitions. A model for classifying disciplinary 

competencies is proposed in Table 5, by formulating two questions for each level of 

working to describe the nature of interactions.  
Engineering design as an applied science sits within the pragmatic level and interacts 

with sciences at the empirical level (Jantsch defines as teleological ID). Competencies 

related to Jantsch’s definition of teleological ID are linked to the capitalisation of 

scientific knowledge from an empirical level and applying this to engineering tasks. 

Thus, by asking two question related to teleological ID as presented in Table 5 these 

types of competences can be identified. 

Table 5. Competence classification method. 

Multidisciplinarity Teleological  
Interdisciplinarity 

Normative 
Interdisciplinarity 

Transdisciplinarity General 
competencies 

Is the competence 

necessary for 

working in 
disciplinary 

isolation? 

Does the 

competence enable 

capitalization of 
scientific 

knowledge from 

empirical level? 

Does the 

competence 

demonstrate 
knowledge of rule 

and norms? 

Does the 

competence 

demonstrate 
purpose 

consideration? 

Is the 

competence 

necessary for 
working in 

any job? 

Does the 
competence enable 

awareness or 
experience of other 

disciplines without 

Is the competence 
necessary for 

working in 
engineering 

Does the 
competence enable 

working with 
experts from other 

disciplines/ 

Does the 
competence 

demonstrate value 
recognitions? 

Would the 
competence 

be in a job 
description for 

most jobs? 
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integration of 

knowledge? 

discipline on 

engineering task? 

stakeholders from 

outside science? 

MD relates to a design engineer working within the engineering discipline, in 

isolation from other applied disciplines. They may have experience or awareness of other 

departments or disciplines, but that knowledge does not translate to their work. In 

practice it requires mostly the same competencies as teleological ID. 

Normative ID refers to engineering interacting with other applied sciences on the 

pragmatic level while adhering to norms, rules and policies set at the higher - normative 

level. It includes design engineers whose role is the development of technological 

alternatives e.g. innovative technology. Competencies relevant to this level of working 

cross the normative level boundary and allow design engineers to co-operate with a wide 

range of stakeholders and recognise different points of view and requirements.            

Purposive ID only crosses normative and purposive levels without integrating 

scientific disciplines, thus is not applicable to engineering. The TD level can be achieved 

by integrating all other levels: it is about the interactions up and down and across all 

levels of the pyramid; between disciplines, across project boundaries, between academia 

and industry while the purpose is incorporated across all levels of the pyramid. 

Competencies relevant to TD will enable the integration of requirements and values of 

different stakeholders by recognising the purpose. 

Table 6: Disciplinary competencies. 

Teleological Interdisciplinary 
competence (33) 

Normative Interdisciplinary 
competence (26) 

Transdisciplinary 
competence (5) 

The ability to interact successfully in 

distributed teams 
Dealing with paradox  

Critical thinking 

Abstract thinking 
Analytical abilities to evaluate worth 

of an idea 

Ability to generate multiple 
alternative solutions 

Uses latest engineering processes, 

methods and tools 
Applies engineering knowledge 

Technically versatile 

Knowledge of product lifecycle 
Ability to contribute to design of 

major projects 

Manufacturing process knowledge 
Process moderation 

Value improvement 

Requirements and resources 
management 

Intrinsic motivation to innovate 

Tendency to work alone  
Focus creativity purely on technical 

aspects  

Ability to close/complete a 
project/process, ability to share ideas, 

data, knowledge in order to be able to 

make design decision collectively 
Expertise 

Capitalization of knowledge (effective 

retrieval) 

The ability to acquire information 

from stakeholders from different 
cultures  

Cope with complexity 

Concern for community 
Ability to understand domain experts 

Ability to translate domain experts’ 

requirement into their design task 
Negotiation skills–to persuade others 

of idea worthiness 

Higher degree of business 
understanding 

Understanding economical aspects of 

product’s total life 
Marketing aspects 

Understand competition 

General knowledge of ethics, politics, 
mission  

Relevant environmental requirements 

Ability to communicate with non-
engineers 

Customer focus 

Effective communication at all levels 
Representation of the design solutions 

for different actors’ views 

Knowledge and compliance with 
codes and standards 

Ability to communicate with 

specialists from different fields of 
sciences (find the common language 

for better understanding one another) 

Ability to communicate with 
specialists from different cultures 

The ability to collect 

and implement 
requirements of all 

stakeholders into the 

product 
Thinking from 

product-use point not 

solutions  
Design for service 

Managing multiple 

multi-disciplinary 
projects 

Design of major 

complex facilities 
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Ability to lead in an engineering 

discipline 

Formalization of knowledge-using 
right methods to capture knowledge 

Professional ethics 

Ability to interact successfully in 
distributed teams  

Memories of previous projects 

Ability to use tools for collaborative 
design 

Coordination among groups and 

teams 

(avoid misunderstanding, 

miscommunication) 

Awareness that integrated 
stakeholders have different 

expectation, preferences and 

constraints 
Intercultural skills required for 

essential entities to be integrated into 

the holistic design process as a 
prerequisite to understand different 

approaches 

This model assisted with finding disciplinary competencies (Table 6) to answer 

RQ3, by answering yes or no to one or both questions. In summary we found three MD 

competencies, 33 Teleological ID competencies, 26 Normative ID competencies and five 

TD competencies. The remaining 50 competencies have no disciplinarity or lack context 

and hence were unable to be clearly classified based on disciplines. 

6. Discussion 

We answered RQ2 and identified competencies based on disciplinarity. Mapping 

identified three MD competencies: manage multi-disciplinary teams; understanding 

organisational dynamics and central/head office experience. They relate to awareness or 

experience of other departments within their own organisation, but without co-operation 

or integration of the knowledge. 

The largest group is Teleological ID competencies. This is not surprising as this 

group represents competencies related to technical aspects of the design engineer’s role. 

By asking “Is competence necessary for working in the engineering discipline on 

engineering tasks?” we were able to map all technical and design process skills to this 

level. Other competencies related to design task include cognitive abilities such as 

critical thinking, abstract thinking, and analytical abilities to evaluate an idea. 

The second largest group are Normative ID competencies. Included competencies 

focus on awareness of different stakeholders, knowledge of the wider business 

environment and knowledge and compliance with codes and standards. One competence 

describes a tendency to work alone, focusing creativity purely on technical aspects, such 

preference can be a good indication if the person is suitable to work in TD manner. 

Asking “Is purpose / value considered?”; “Does competence demonstrate purpose / 

value recognition?”  helped to answer RQ3 and identify five TD competencies shown in 

Table 6. The first two competencies relate to an engineer’s ability to think from a 

stakeholder perspective, how and for what purpose they use a product/service, and what 

value are they getting from its use. The third competence implies awareness of other 

stakeholders’ requirements, but only by implementing these requirements the purpose is 

recognised. Competencies four and five imply understanding of complexity, purpose and 

value of the project. 

The group of generic competencies include mainly personal attributes, cognitive 

strategies and abilities, but also basic communication competencies. Although, they are 

important to design engineering, they relate to basic skills relevant to any job. 

Competencies include self-motivation, personal honesty, career ambition and ability to 

adapt to change. 
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Although mapping decisions mentioned above are subjective and interpretations of 

competencies may vary, what is clear from this analysis is that the context is important 

for disciplinary classification. For instance, general competence inter-cultural 

communication, with context translates to disciplinary competence at all levels (first 

entry in Table 6). 

The TE working relates to collaboration of a range of stakeholders on a complex 

problem that cannot be solved by a single discipline, with purpose considered across all 

levels. This indicates that in order for engineers to work in this way normative ID 

competencies are important such as, the ability to communicate and co-operate with a 

range of stakeholders from outside sciences and across different cultures, understanding 

self and the wider societal environments, and understanding different points of view. But 

what takes competencies to the TD level is the ability to consider the range of values and 

integrate these into the solution. This may require the change of thinking in order to 

incorporate purpose and value into design engineer’s work. 

7. Conclusion 

This paper presents the results of an SLR to identify competencies required by design 

engineers. The review demonstrates that although the role of design engineers is crucial 

to the product development process and to meet future societal needs, there is a gap in 

current designer competency profiles. The first phase in the creation of a Designer 

Readiness Level for transdisciplinary working was to map the identified competencies 

against the levels of the Jantsch’s hierarchical framework. The results from this mapping 

show that while many competencies lack context making it difficult to classify, five 

competencies were found showing TD attributes and 26 competencies showing 

normative ID attributes. This is important when thinking of competency requirements 

for future TE projects. Education and training for design engineers will need to reflect 

this necessity to acquire not only TD competencies but also competencies related to  the 

collaboration with a range of stakeholders from outside sciences and across different 

cultures as well as understanding the self and the wider societal environments. The focus 

of future research and the next step in the creation of a Designer Readiness Level will be 

to determine the way to measure current competency levels against TE competency 

requirements for TE projects in order to identify gaps in training and curricula 

requirements. 
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