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Review of Global Trends in Knowledge, Skills, and Abilities (KSA) 

Frameworks Applicable to Ph.D. Programs in Engineering 

 

Abstract 

Lists of desired knowledge, skills, and abilities (KSA) are widespread in undergraduate 

engineering programs (e.g., ABET Criteria 3; NAE Engineer of 2020 list of student attributes; 

ASEE’s TUEE report). In contrast, such KSA frameworks are less well developed in engineering 

graduate programs in the US. While some reviews of graduate education over the past decade 

have emphasized its traditional role of maintaining the pipeline of students for the professoriate, 

i.e., as future "stewards of the discipline," other reports have stressed the need to foster the 

development of broader professional skills in graduate students with a view to possible careers 

outside of the academy, especially in industry. This paper presents a critical review of the 

different ways these broader KSAs of Ph.D. graduates have been characterized and explores the 

potential application of such frameworks to engineering graduate programs. The paper draws on 

reports from Australia, Canada, Europe and the UK on the professional development of graduate 

students as well as some from the US. As occurs with KSA frameworks for undergraduate 

programs, the objective is to align expectations of all the stakeholders (e.g., students, industry, 

academics, universities, and government). However, in the context of graduate programs, these 

are presented in less prescriptive terms. Relationships between particular training programs and 

types of experiences as graduate students and the attainment of specific knowledge, skills, and 

abilities are less clear and reliable methods to measure the outcomes are still very much in their 

infancy. As most of the frameworks were developed for Ph.D.s in general, and in non-US 

settings, some adaptation is required when applying to local engineering graduate programs. 
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1 Introduction 

Knowledge, skills, and abilities (KSA) frameworks are typically developed in engineering 

education to help educators know what outcomes their students need to meet as they progress 

toward graduation. In undergraduate engineering education in the US, these KSA frameworks 

are plentiful (e.g., ABET Criteria 3; NAE Engineer of 2020 list of student attributes; ASEE’s 

TUEE report). In contrast, such frameworks are much less common in graduate engineering 

education. Yet as the call for change in the undergraduate engineering outcomes brought about 

the KSA frameworks for undergraduate engineering educators, similar calls for change across 

the globe are now being issued for graduate student outcomes. Thus far, there has not been the 

widespread development of graduate engineering KSA frameworks. The major exception is the 

very comprehensive Vitae Research Development Framework [1] developed in the UK, which is 

similar to the undergraduate KSA frameworks and has interesting potential applications in the 

US. 

 

This paper opens with a review of the best known undergraduate KSA frameworks in the US, 

providing both a context and a history of how these KSA frameworks came to be and how they 

have evolved over time. As these frameworks are familiar to most faculty in the US not least 

because of ABET accreditation, they provide a common reference point for thinking about 

comparable KSA frameworks for graduate programs, especially Ph.D. programs. This is 

followed by a survey of reports over the past decade calling for reform of the doctorate in the 



US, Canada, UK, Europe, and Australia with a focus on being more explicit about developing 

broader graduate attributes. We explore in some detail the Researcher Development Framework 

(RDF), or Vitae, developed by the Careers Research and Advisory Centre in the UK; its 

elements, how it was validated, and how it is utilized. For example, the Vitae framework 

“articulates the knowledge, behaviors, and attributes of successful researchers” [1] as a basis for 

guiding graduate students to customize a unique professional development program based on 

their individual background, experiences, and career aspirations. It recognizes that each facet or 

dimension in the framework has multiple levels of attainment which are achieved progressively 

over time. Finally, the paper discusses the issues for graduate programs in engineering in the US 

related to adopting or adapting frameworks like the Vitae RDF as a mechanism for being more 

explicit and consistent in developing broader graduate attributes in Ph.D.s. 

 

2 Undergraduate Knowledge, Skills and Abilities Frameworks 

Over the past two decades, several undergraduate engineering KSA frameworks have been 

developed. Three of the most common frameworks, including ABET’s accreditation criteria, 

National Academy of Engineering’s (NAE’s) Engineer of 2020, and ASEE’s TUEE report, are 

reviewed in detail below. These frameworks all have common characteristics, in that each 

focuses on student outcomes, and each was generated by surveying a combination of industry 

experts, academics, and other stakeholders to arrive at a consensus on the appropriate 

professional outcomes for engineering graduates from baccalaureate programs. The frameworks 

also share many of the same student outcome characteristics, with a particular focus on problem-

solving, communication, and teamwork. Arguably the most influential these frameworks have 

been the ABET accreditation criteria, reviewed next.   

 

2.1 ABET Accreditation Criteria 

In 1997, ABET, a non-profit, non-governmental organization that accredits engineering and 

other programs at the bachelor and master degree level, established eleven student outcomes in 

what is known as EC2000 [2]. These outcomes are listed below: 

a) an ability to apply knowledge of mathematics, science, and engineering. 

b) an ability to design and conduct experiments, as well as to analyze and interpret data 

c) an ability to design a system, component, or process to meet desired needs within 

realistic constraints such as economic, environmental, social, political, ethical, health 

and safety, manufacturability, and sustainability 

d) an ability to function on multidisciplinary teams 

e) an ability to identify, formulate, and solve engineering problems 

f) an understanding of professional and ethical responsibility 

g) an ability to communicate effectively 

h) the broad education necessary to understand the impact of engineering solutions in a 

global, economic, environmental, and societal context 

i) a recognition of the need for, and an ability to engage in life-long learning 

j) a knowledge of contemporary issues 

k) an ability to use the techniques, skills, and modern engineering tools necessary for 

engineering 

 

Following an iterative process of review and consultation, ABET has adopted a revised list of 

just seven outcomes [3] which will take effect in the 2019-20 accreditation cycle. 



1) an ability to identify, formulate, and solve complex engineering problems by applying 

principles of engineering, science, and mathematics    

2) an ability to apply engineering design to produce solutions that meet specified needs with 

consideration of public health, safety, and welfare, as well as global, cultural, social, 

environmental, and economic factors 

3) an ability to communicate effectively with a range of audiences 

4) an ability to recognize ethical and professional responsibilities in engineering situations 

and make informed judgments, which must consider the impact of engineering solutions 

in global, economic, environmental, and societal contexts 

5) an ability to function effectively on a team whose members together provide leadership, 

create a collaborative and inclusive environment, establish goals, plan tasks, and meet 

objectives 

6) an ability to develop and conduct appropriate experimentation, analyze and interpret 

data, and use engineering judgment to draw conclusions 

7) an ability to acquire and apply new knowledge as needed, using appropriate learning 

strategies.  

The EC2000 criteria were initiated in August 1994. 58 invited guests, including guests from the 

ABET Engineering Accreditation Commission board, several of the professional engineering 

societies, and many academic institutions and industrial firms, participated in a two-day 

workshop with the goal of “develop[ing] a simple non-adversarial accreditation process 

grounded in the philosophy of continuous quality improvement, that is efficient and productive 

for all volunteers, and for institutions seeking accreditation” [4]. This lead to the eventual output 

of the EC2000 criteria and the a-k student outcomes.  

 

At the time, these outcomes were considered revolutionary [5]. The EC2000 criteria changed the 

accreditation process to focus on student outcomes rather than a rigid and prescriptive process of 

educating undergraduate engineers [5]. The focus on outcomes also made up for skills gaps in 

engineering graduates that were perceived by industry [5], such as teamwork and communication 

skills. Once the EC2000 criteria were instituted, US engineering institutions began to implement 

it, and large changes swept through the undergraduate curriculum [5].     

 

The impacts of EC2000 have been significant. In a study that assessed graduates from before 

EC2000 and after, graduates in 2004 were shown to be better prepared in all nine outcomes that 

were assessed compared to graduates in 1994, especially in understanding societal and global 

issues, ability to apply engineering skills, teamwork skills, and understanding of ethics and 

professional issues [6]. This was attributed to the fact that “improvements in student learning 

have indeed resulted from changes in engineering program curricula, teaching methods, faculty 

practices, and student experiences inside and outside the classroom” [6] brought about by the 

implementation of EC2000.  

 

Work on the newly approved Criteria 3 was initiated in 2009 with the creation of the Criterion 3 

task force within the EAC Criteria Committee. Members of the task force were made up of 

members of the EAC Criteria Committee, domestic undergraduate and graduate engineering 



programs, industry, and professional societies. The task force examined the existing a-k 

outcomes for shortcomings based on feedback from stakeholders and other interested parties and 

determined seven high-level topic areas that would be addressed by the new criteria [7]. Through 

a process of iteration with feedback from a variety of stakeholder groups, the new Criteria 3 was 

adopted in April 2017.  

 

The EAC Criteria Committee justified the creation of new Criteria 3 for several reasons. First, 

ABET felt that EC2000 criteria were getting old, as it had not been reviewed since the mid-

1990s [7]. Second, after receiving feedback from stakeholders, EAC Criteria Committee 

identified shortcomings in all 11 of the a-k outcome of the EC2000 criteria [7]. These 

shortcoming included: “programs had the most difficulty determining the extent of outcome 

attainment with components 3(d) (ability to function on multidisciplinary teams), 3(f) 

(understanding of professional and ethical responsibility), 3(h) (a broad education to understand 

engineering solutions in global, economic, environmental, and societal context), 3(i) (recognition 

of the need for and ability to engage in life-long learning), and 3(j) (knowledge of contemporary 

issues)” [7]. Finally, the EAC Criteria Committee “concluded that some of the (a)-(k) 

components were interdependent, broad and vague in scope, or impossible to measure” [7].  

 

ABET consider the new Criteria 3 outcomes “richer and measurable, but above all realistic” [7]. 

While the mapping EC2000 criteria to the new Criteria 3 is not straightforward, ABET provides 

a map summary for engineering programs (http://www.abet.org/wp-

content/uploads/2018/03/C3_C5_mapping_SEC_1-13-2018.pdf). In summary, it is anticipated 

that the changes based on the new Criteria 3 will be easier for engineering programs to adapt to 

as the new Criteria 3 remains focused on outcomes, which was the big change when EC2000 

criteria were implemented.  

  

2.2 NAE Engineer of 2020 

NAE’s report The Engineer of 2020: Visions of Engineering in the New Century [8], spurred by 

rapid technological changes and a global economy, identified several issues with undergraduate 

engineering education in the US. One of the highlights of this report was a list of attributes that 

graduating engineers will need to have by 2020. The NAE report The Engineer of 2020 [8] lists 

the following attributes as important for the engineer of the future:  

- strong analytical skills 

- practical ingenuity 

- creativity 

- communication 

- business and management 

- leadership 

- high ethical standards and professionalism 

- dynamism, agility, resilience, and flexibility 

- lifelong learners 

 

This report was developed by an 18-member steering committee over the course of a year that 

began in fall 2002, focused on “development of a vision for engineering and the work of the 

engineer in 2020” [8]. The committee was made up mostly of participants from higher education, 

but also included representatives from industry and government. The committee met four times 

http://www.abet.org/wp-content/uploads/2018/03/C3_C5_mapping_SEC_1-13-2018.pdf
http://www.abet.org/wp-content/uploads/2018/03/C3_C5_mapping_SEC_1-13-2018.pdf


over the course of a year and published the report in 2004. This report led to next stage, which 

was how to educate the Engineer of 2020, and resulted in the NAE publication of Educating the 

Engineer of 2020: Adapting Engineering Education to the New Century [9]. This publication was 

referenced as one of the several major publications reviewed by EAC Criteria Committee for 

desired attributes of engineers during the formation of the new ABET Criteria 3 [7]. In addition, 

some universities such as Purdue University implemented their own version of the  Engineer of 

2020 [10], resulting in new educational opportunities for students such as an engineering 

leadership minor.  

 

2.3 ASEE Transforming Undergraduate Education in Engineering (TUEE) KSAs 

The American Society for Engineering Education (ASEE) in 2013 launched an initiative called 

Transforming Undergraduate Education in Engineering which “aims to produce a clear 

understanding of the qualities engineering graduates should possess and to promote changes in 

curricula, pedagogy, and academic culture needed to instil those qualities in the coming 

generation of engineers” [11]. In support of this goal, a series of multi-year workshops were held 

“that ultimately will produce a flexible framework for transforming the undergraduate 

engineering experience” [11]. The first workshop was held in May 2013 consisting of 

representatives from academia, industry, and government “in an intensive exploration of the 

knowledge, skills, and abilities needed in engineering today and in the coming years” [11]. The 

outcome of this meeting is a report that lists the 36 KSAs that were considered most important, 

including identifying 15 of the 36 KSAs as “High Priority”, meaning a priority in terms of 

engineering reform. Finally, responsibility for the development of each KSA listed in the report 

is assigned to a combination of the following: students; parents; academia; industry; and other. A 

list of the 36 KSAs [11], including the “High Priority” (in bold) and “Important” (in italics), and 

shown in Tables 1-3, Knowledge, Skills and Abilities respectively.   

 

Table 1: TUEE Knowledge Areas  
Number Knowledge Area  

KSA 2 Physical sciences and engineering science fundamentals  

KSA 4 Systems integration  

KSA 7 Cultural awareness in the broad sense: nationality, ethnicity, linguistic, gender, sexual 

orientation  

KSA 8 Economics and business acumen  

KSA 18 Informational technology – IT  

KSA 21 Security knowledge: cyber, data, etc.  

KSA 34 Understanding of design  

KSA 35 Conflict resolution  

KSA 17 Public safety 

 

Table 2: TUEE Skills 
Number Skill 

KSA 1 Good communication skills 

KSA 3 Ability to identify, formulate, and solve engineering problems  

KSA 10 Critical thinking  

KSA 12 Ability to prioritize efficiently  

KSA 13 Project management: supervising, planning, scheduling, budgeting, etc.  

KSA 16 Ability to use new technology and modern engineering tools necessary for engineering 

practice  



Number Skill 

KSA 19 Applied knowledge of engineering core sciences and implementation skills to apply them in the 

real world  

KSA 20 Data interpretation and visualization  

KSA 22 Leadership  

KSA 24 Systems thinking  

KSA 26 Application-based research and evaluation skills  

KSA 27 Ability to create a vision  

KSA 29 Mentoring skills  

KSA 31 Ability to deal with ambiguity and complexity  

 

Table 3: TUEE Abilities 
Number Abilities 

KSA 5 Curiosity and persistent desire for continuous learning  

KSA 6 Self-drive and motivation  

KSA 9 High ethical standards, integrity, and global, social, intellectual, and technological 

responsibility 

KSA 11 Willingness to take calculated risk  

KSA 14 Teamwork skills and ability to function on multidisciplinary teams  

KSA 15 Entrepreneurship and intrapreneurship  

KSA 23 Creativity  

KSA 25 Emotional intelligence  

KSA 28 Good personal and professional judgment  

KSA 30 Flexibility and the ability to adapt to rapid change  

KSA 32 Innovation  

KSA 33 Technical intuition/metacognition  

KSA 36 Ownership and accountability  

 

The next stage of TUEE KSA development will be a Phase IV report due in mid-2018 that will 

focus on narrowing the list of KSAs to a set of competencies that can be affected through 

curricular and pedagogical changes and how professional societies can assist.  

 

2.4 Comparison of Undergraduate KSA Frameworks 
Since the “Mann Report” in 1918 [12], undergraduate education in the US has constantly 

evolved to respond to the demands on the time. The three undergraduate KSA frameworks 

reviewed here are further examples of that evolution. While these three KSA frameworks have 

more in common than not, such as the similar methods in which the frameworks were generated 

and the sharing of many of the same student outcomes, the frameworks are not without 

differences. Table 4 below summarizes the observed commonalities and differences between the 

frameworks. 

 

 

 

 

 

 

 

 



Table 4: Undergraduate KSA Framework Commonalities and Differences 
Framework Differences Commonalities of All 

Frameworks 

1. ABET EC2000 a-k 

 

EC2000 a-k is more than a list of 

attributes, tries to give some context. 

1. Similar methods in which the 

frameworks were generated. 

2. Sharing of many of the same 

student outcomes (problem-

solving, communication, and 

teamwork). 

3. Have successfully brought 

about change in the curriculum 

(except TUEE which is brand 

new).  

2. ABET Criteria 3 

 

Criteria 3 goes to the next level in 

providing context. 

Note: for both ABET lists, almost 

everything is an “ability”.  

3. Engineer of 2020 

 

2020 list is short and concise, trade-

off with no context, which is 

assumed. Pushes attributes beyond 

ABET.  

4. ASEE TUEE TUEE differentiates between 

knowledge, skills, and abilities 

(although many are still “abilities”. 

Prioritizes list.  

 

3 Survey of Proposals Globally for Reform of the Doctorate 

Similar to concerns voiced in the past about engineering outcomes for undergraduates, globally 

there have been concerns raised over the past decade around the outcomes for engineering 

graduate students, particularly Ph.D. candidates, especially with regard to preparedness for 

professional practice. Voices from the US, Canada, Europe, and Australia have weighed in 

regarding some of the Ph.D. student outcomes that are lacking in graduates, and are reviewed 

below.   

 

3.1 USA 

The Council of Graduate Schools and Educational Testing Service issued a joint report on an 

improved system of graduate education, The Path Forward [13]. While recognizing the historical 

strengths of graduate programs built around master's education, which do tend to include 

significant professional development, and the value of in-depth research training at the doctoral 

level, the report highlighted the absence of a strong professional development component in 

doctoral programs. The report argued that it is vital for graduate programs to provide more 

understanding of and preparation for career pathways beyond the academy to remain 

competitive. It was also important to recognize and respond to demands from industry for Ph.D. 

graduates to acquire transferable professional skills. 

 

Such professional development programs as part of doctoral programs should:  

• Encourage the development of creativity and entrepreneurship in conjunction with core 

disciplinary attributes.  

• Improve personal effectiveness including self-organization and career development skills.  

• Develop capacity for project management, understanding of finance, funding and 

resource management.  

• Cultivate a highly-developed framework of professional and research ethics.  

• Encourage the development of skills that enhance research impact, including 

communication, teamwork, relating work to a broader context, and application of 

research to larger corporate or social purposes. 



This report draws attention to the Vitae program as being the state of the art in terms of 

supporting the development of the personal, professional and career development of researchers. 

While the emphasis in The Path Forward is on developing career pathway options for graduate 

students beyond the academy, this does not negate the need for doctoral graduate programs to 

produce sufficient stewards of the disciplines [14]. 

 

3.2 Canada 

Recognizing that less than 20% of Ph.D. graduates are employed as full-time university 

professors, the Conference Board of Canada published a report, Inside and Outside the Academy: 

Valuing and Preparing Ph.D.s for Careers [15]. It explores some of the challenges and barriers 

that Ph.D. graduates face when transitioning to careers and makes recommendations on how to 

better prepare graduates of a variety of potential career pathways.  

 

The focus is on encouraging graduate students to engage with professional development 

resources (e.g., workshops, courses, and supplementary online materials) from early on in their 

studies, ensuring they have time to build a professional network and are encouraged to explore 

various career options. The need for individual career advising and for programs designed to suit 

particular disciplines are emphasized. The value of experiential learning opportunities such as 

internships or co-op programs in industry linked to their research is highlighted as a relatively 

low-cost way for employers to “try out” Ph.D. students. The Mitacs-Accelerate program 

(https://www.mitacs.ca/en/programs/accelerate) is seen as an exemplar of this approach. 

 

3.3 Australia  

In 2016, the Australian Council of Learned Academies (ACOLA) published a review of the 

training needs for graduate students [16]. This covered higher degree research students, masters, 

and Ph.D., across all disciplinary areas. Amongst the recommendations, it called for broader 

transferable skills development. The report noted that: 

 

“Although many universities have made significant investments in this area, transferable 

skills development is not as strongly embedded in our research training system as it is in 

some other comparable research training systems around the world. Skills development 

must be flexible and candidate directed, and take into account the diverse backgrounds 

and experience of candidates.” 

 

Based on an analysis of submissions from many stakeholders, the report synthesized the 

following list of desirable ‘competencies’ in graduates: 

• Deep disciplinary knowledge and skills acquired through formal education and training.  

• Work experience and workplace awareness through relevant workplace exposure.  

• Complex problem solving, critical thinking and flexibility to apply research skills to a 

variety of environments and situations.  

• Interpersonal and communication skills including: writing, oral communication to diverse 

audiences, teamwork, collaboration, and leadership.  

• Resilience, commitment to lifelong learning, and opportunity awareness.  

It must be noted that historically Ph.D. programs in Australia required little or no advanced 

discipline-specific nor research methodology courses. Programs were more in the nature of a 

https://www.mitacs.ca/en/programs/accelerate


hands-on apprenticeship in a laboratory whereby students were developed as members of a 

disciplinary community of practice.  

 

The submissions from industry focused on the transferability of skills from research settings into 

the workplace, and these fell into three broad categories:  

• ability to solve real-world problems in industry  

• ability to understand industry needs and drivers  

• well-developed communication and interpersonal skills  

The ACOLA report recommended that as an established and comprehensive approach, the Vitae 

Researcher Development Framework provided a useful model that could be adapted for use in 

Australia. It is worth noting that the national research funding body, the Australian Research 

Council (similar to NSF) now funds Industrial Transformation Training Centres that support 

Ph.D. students and postdoctoral fellows to pursue industrial training and thereby enhance 

research collaboration between universities, national labs, industry, and other organizations. 

Also, a number of new types of Ph.D. program are now emerging with integral professional 

development programs including industry internships tailored to the particular outcomes.  

 

3.4 Europe 

The European University Association (EUA) undertook two sequential investigations into 

enhancing the graduate outcomes from doctorate education. The EUA Doctoral Programs Project 

[17] conducted in 2004-05 studied the practices and experiences in doctoral programs in 49 

universities across Europe. This baseline study led to the creation of ten principles that should 

guide doctoral programs [18]. The focus was on diversity and innovation in practices especially 

as these related to quality experiences, mobility, international collaboration, interdisciplinarity 

and transferable skills. The follow-up project, DOC-CAREERS [19] explored the perspectives of 

both industry and universities around creating effective collaborative doctoral programs as a 

mechanism to promote innovation and to better prepare graduates for careers in industry. It 

involved 33 universities, 31 companies and 18 other stakeholders across 20 European countries 

and spanned three research domains; Science, Engineering and Technology (SET), 

Biotechnology, Medical, Life Sciences (BML) and Economics and Social Sciences (ESS).  

 

The DOC-CAREER project concluded that excellence in research was the hallmark of success 

and across a diverse range of programs investigated, seven common characteristics emerged, 

three basic pre-conditions and four main operating conditions that the industry and university 

partners needed to achieve.  

 

The pre-conditions include a sharing of the intended value of the research, mutual trust 

and a long-term approach. The operating conditions include suitable provisions for 

funding, joint supervision of the doctoral candidate, efficient project management and an 

expectation of good performance in research, eventually leading to a doctoral degree 

gained according to established academic standards. 

 

The third phase of this series of studies of doctoral education, DOC-CAREER II [20], took place 

2006-09 and was focused on promoting collaborative doctoral education to enhance career 

opportunities. The feature that distinguishes a collaborative doctoral education from a 

collaborative research project involving graduate students is the participation of industry staff in 



student supervision to a significant extent. It explored more deeply the success factors for 

collaborative doctoral programs and concluded the following: 

 

On employability, evidence from the study shows that universities, companies and 

doctoral candidates all considered that doctorate holders who graduated from a 

collaborative scheme had more job opportunities in the non-academic sector than 

doctorate holders who graduated from a traditional programme. The ability to be 

“bilingual”, bridging the academic and business sectors, and the development of 

transferable skills, were identified as the main reasons accounting for the enhanced 

employment prospects of doctorate holders in the non-academic sector.  

 

3.5 A Possible Common Link: The Vitae Researcher Development Framework 

In the quest for a similar graduate framework to the undergraduate engineering KSA frameworks 

that exist, one framework that has been mentioned consistently in these reports about reforming 

the Ph.D. is the Vitae Researcher Development Framework (RDF). This framework, which has 

some similarities to the undergraduate engineering KSA frameworks previously reviewed, in that 

it is a list of attributes that successful Ph.D. graduates should attain during their graduate 

education in preparedness for professional practice.   

 

4 Vitae Researcher Development Framework 

The Vitae RDF [1] “is a professional development framework for planning, promoting and 

supporting the personal, professional and career development of researchers in higher education. 

It articulates the knowledge, behaviors, and attributes of successful researchers and encourages 

them to realize their potential” [1].  

 

The RDF “consists of four domains, 12 subdomains and 63 descriptors encompassing the 

knowledge, intellectual abilities, techniques and professional standards to do research, as well as 

the personal qualities and skills to work with others and ensure the wider impact of research” 

[21]. Developed in the United Kingdom (UK) by the Careers Research and Advisory Centre, the 

RDF has distinct advantages over other KSA frameworks, in that it was rigorously developed 

using research methods and it applies specifically to engineering graduate research experiences. 

It is based on a phenomenographic research approach, using semi-structured interviews and 

focus groups, and utilized cluster analysis to evaluate the data. The RDF was validated by 

consultations with potential users and other stakeholders, which garnered further changes to the 

framework. The final version of the RDF was validated by an external independent advisory 

group of experts [21], and the RDF has been in place since 2011 and adopted by most UK 

universities [15].  

 

A specific version of the RDF exists that is applied directly to engineering, called the 

“Engineering Lens” on the Vitae RDF [1], which applies the UK chartered engineering standard 

to the Vitae RDF. This “Engineering Lens” allows an engineering perspective on each of the 12 

subdomains and 63 descriptors. In the US, the Vitae program was referenced as the best 

government-supported effort “to recognize this deficiency in the traditional research doctoral 

preparation, and […] fill this gap” [13]. Table 5 below shows the organization of the 4 domains, 

12 subdomains, and 63 descriptors of the Vitae RDF.  

 



Table 5: Summary of Vitae RDF Domains, Subdomains, and Descriptors [1, 22] 
Vitae Domain Vitae Subdomains Vitae Descriptors 

Domain A: Knowledge and A1: Knowledge base 1. Subject knowledge 

intellectual abilities  2. Research methods: theoretical 

knowledge 

Definition: The knowledge, 

intellectual abilities and 

 3. Research methods: practical 

application 

techniques to do research.  4. Information seeking 

  5. Information literacy and 

management 

  6. Languages 

  7. Academic literacy and 

numeracy 

 A2: Cognitive abilities 8. Analyzing 

  9. Synthesizing 

  10. Critical thinking 

  11. Evaluating 

  12. Problem solving 

 A3: Creativity 13. Inquiring mind 

  14. Intellectual insight 

  15. Innovation 

  16. Argument construction 

  17. Intellectual risk 

Domain B: Personal B1: Personal qualities 18. Enthusiasm 

Effectiveness  19. Perseverance 

   20. Integrity 

Definition: The personal   21. Self-confidence 

qualities and approach to  22. Self-reflection 

be an effective researcher.  23. Responsibility 

 B2: Self-management 24. Preparation and prioritization 

  25. Commitment to research 

  26. Time management 

  27. Responsiveness to change 

  28. Work-life balance 

 B3: Professional and career 29. Career management 

 development 30. Continuing professional 

development 

  31. Responsiveness to 

opportunities 

  32. Networking 

  33. Reputation and esteem 

Domain C: Research  C1: Professional conduct 34. Health and safety 

governance and organization  35. Ethics, principles, and 

sustainability 

  36. Legal requirements 

Definition: The knowledge  37. IPR and copyright 

of the standards, requirements,   38. Respect and confidentiality 

and professionalism to do   39. Attribution and co-authorship 

research  40. Appropriate practice 



Vitae Domain Vitae Subdomains Vitae Descriptors 

 C2: Research management 41. Research strategy 

  42. Project planning and delivery 

  43. Risk management 

 C3: Finance, funding, and 

resources 

44. Income and funding 

generation 

  45. Financial management 

  46. Infrastructure and resources 

Domain D: Engagement, D1: Working with others 47. Collegiality 

influence and impact  48. Team working 

  49. People management 

Definition: The knowledge   50. Supervision 

and skills to work with   51. Mentoring 

others and ensure the wider   52. Influence and leadership 

impact of research.  53. Collaboration 

  54. Equality and diversity 

 D2: Communication and  55. Communication methods 

 dissemination 56. Communication media 

  57. Publication 

 D3: Engagement and impact 58. Teaching 

  59. Public engagement 

  60. Enterprise 

  61. Policy 

  62. Society and culture 

  63. Global citizenship 

 

The definition and context of the knowledge, skills, and abilities utilized by the Vitae RDF have 

particular meaning when applied to engineering graduate research experiences as the Vitae RDF 

has provided distinct definitions for each of the four Vitae RDF domain definitions. These 

definitions, which are listed in Table 5 above, when combined provide a clear definition of the 

KSAs that engineering graduate researchers should aspire to during their graduate research 

experience, summarized as follows:  

 

The knowledge, intellectual abilities, and techniques to do research; the personal 

qualities and approach to be an effective researcher; the knowledge of the standards, 

requirements, and professionalism to do research; the knowledge and skills to work with 

others and ensure the wider impact of research [1]. 

 

Another benefit of the Vitae RDF is that each dimension in the framework has multiple levels of 

attainment which are achieved progressively over time. The Vitae RDF accomplishes this by 

having each of the 63 descriptors “contains between three to five phases, representing distinct 

stages of development or levels of performance within that descriptor” [1]. For example, the 

phases for A2: Cognitive abilities, Descriptor #12 - Problem Solving are listed below in Table 6. 

 

 

 

 



Table 6: Vitae RDF Phases for Descriptor #12 - Problem Solving [1] 

Descriptor Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 
Problem 

Solving 

 

 

Isolates basic 

themes of own 

research; 

formulates basic 

research 

questions and 

hypotheses. 

Formulates and 

applies solutions 

to a range of 

research 

problems and 

effectively 

analyses and 

interprets 

research results. 

Identifies new 

trends, complex 

questions and 

broader 

problems; 

designs 

substantial 

projects. 

Leads a research agenda by making 

major contributions to understanding. 

  Challenges 

particular 

hypotheses 

and refines them 

in the light of 

results.  

Asks the pertinent questions and 

designs projects that challenge 

traditional thinking in general and 

progress research themes. 

 

Another aspect that makes the Vitae RDF unique is the inclusion of Domain B, focused on 

personal effectiveness, which includes the sub-domains for personal qualities, self-management, 

and professional and career development. This domain is typically not included or only lightly 

focused on in other KSA frameworks, and yet when viewed in context with the other Vitae 

domains (which are more in line with other KSA frameworks), a more well-rounded perspective 

can be gained from the Vitae framework.  

 

5 Discussion 

While momentum is building globally for change in graduate education, including engineering 

education, the development of suitable KSA frameworks to guide these improvements are in 

their infancy. The Vitae RDF, rigorously developed and widely used in the UK, seems to be 

gaining recognition in a number of other countries as a sound basis for reform. Yet implementing 

a framework like the Vitae RDF in the US may not be straightforward. Major undergraduate 

engineering education change occurred in the US when ABET accreditation became accepted, 

and as of now, there is no equivalent for graduate engineering education in the US.  

 

A problematic issue with implementing change in graduate engineering education is that unlike 

undergraduate programs, graduate education is not curricular or programmatic. Rather, much of 

the US graduate engineering experience happens during the research experience, in the lab, with 

other graduate students, and practices vary widely inside and between institutions. The literature 

around the engineering graduate student research experience indicates that the experience varies 

greatly depending on things such as the type of research, research group size, access to resources, 

and relationship to the advisor [23]. While the Vitae RDF has been shown be to be a complete 

and effective tool in certain contexts, its use as an effective tool has yet been demonstrated in a 

US engineering education context.  

 

Based on this review, we suggest there are two promising directions for future work. The first is 

to utilize more of a systematic review process to generate the lists of attributes applies to the 

undergraduate KSA frameworks. In addition to involving industry experts, academics, and other 

stakeholders, the development of future KSAs would benefit from a thorough, and systematic 

review of the literature on the transition to work drawing on a variety of scholarly and research 



communities beyond engineering. Recent studies such as Exploring learning and fit in the 

transition from higher education to the labour market: A systematic review [24] and What 

competencies should undergraduate engineering programs emphasize? A systematic review [25] 

are examples of such reviews.  

 

The second area for future work is around translating existing graduate KSA frameworks to the 

US context. The proven Vitae RDF seems ready for adoption (perhaps with some adaptation) in 

at least two scenarios. The first scenario would be a faculty member, department, or school to 

use it as intended; have students self-assess where they are on each phase of development, 

identify strengths and weaknesses, and then work on their weakness. The framework seems 

ready to use for the purpose. The second scenario would be to develop a psychometric 

assessment utilizing the Vitae RDF assessing all or portions of the framework across a large 

population of engineering graduate students to gain a broader understanding of engineering 

graduate students’ experiences and outcomes.    

 

6 Conclusions 

While the programmatic fostering of broad graduate outcomes in the form of desired knowledge, 

skills, and abilities is well-established practice in undergraduate and masters engineering 

education in the US, there is no equivalent sector-wide approach in engineering Ph.D. programs. 

This reflects the fact that the former programs are externally accredited through a process that 

involves the engineering education community at large. Over the past decade, there has been a 

growing conversation in the US about the future shape of doctoral education, including 

consideration of developing broad graduate attributes. However, there seems to be little evidence 

of systemic change in the structure of engineering Ph.D. programs flowing from this policy 

conversation. Similar conversations in other jurisdictions including the UK, Europe, Canada and 

Australia, have led to the creation of quite sophisticated frameworks for developing a broad 

range of graduate outcomes in Ph.D. programs, the most notable of these being the Vitae 

Researcher Development Framework. These international developments provide a rich source of 

innovative ideas and evidence-based practices that can usefully inform reform in the engineering 

Ph.D. programs in the US. 
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