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ABSTRACT

The recognition of the value of design has resulted in an increased number of programs and courses
that include design and evaluate design competencies. However, there is no common reference system
to (1) identify and assess the design competency of learners and the level of design competency aimed
for by a course or curriculum; (2) universally recognize design competencies and competency levels.
Our research goal is to identify and define distinct levels of design competency and develop a
framework to help instructors, design learners, institutes as well as employers assess and/or recognize
competency. This paper introduces our DesCA (Design Competency Assessment) framework and
places it in the context of other frameworks. We describe how DesCA helps: (1) identify and assess
design competencies associated with different design activities planned for a course or curriculum; (2)
formulate learning outcomes and select appropriate competency levels, methods and tools; (3) plan
and develop the design content of courses and curricula; (4) ensure curricular consistency across
courses.

The vision is to make DesCA a digital platform that can serve as an international standard for design
teaching, learning and curriculum development.
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1 INTRODUCTION

Design education needs an overhaul. “The areas tackled by designers have greatly expanded as the
creative and problem-finding-and-solving aspect of the profession has grown to encompass societal
issues in a vast array of forms and emerging in countless different contexts—from redesigning
procedures or organizations to tackling climate change. Design education is struggling to keep up with
these changes.” (Meyer and Norman, 2020) Design education is slowly but surely evolving in
response to the complex nature and demands of the profession. There is a surge in the number of
design schools and schools that offer design courses. In Singapore, design and design education is a
government priority and the ‘Design 2025 Masterplan’ is geared towards 'infusing design into the
nation’s skillset' (DesignSingapore Council, 2016). Organizations are starting to recognize that design
brings special competencies to the complex nature of work, “a rational belief based upon numerous
studies that link commercial success to a design-driven approach” (Meyer and Norman, 2020).
Competency "generally describes the inner prerequisites of a person for self-organized acting, thus
their willingness and ability" (Enke et al., 2015), and “the ability to”” do something successfully and
efficiently (Conley, 2011). It encompasses skills, knowledge, and the behaviours students need to
acquire (Fass et al., 2018). Learners have different sets of design competencies, each at different levels
based on their knowledge and prior experiences. We can no longer assume at university that core
design concepts, skills and knowledge are new to most, if not all learners. The baseline has shifted.
“The increasing number of students, their varying motivations, and their varied range of characteristics
indicate that long-established pedagogical models need to be re-evaluated and reconsidered.” (Pontis
and van der Waarde, 2020). The goal of this research is to identify and define distinct levels of design
competency and develop a framework that can help instructors, design learners, institutes as well as
employers assess and/or recognize the level of an individual’s design competency.

2 BACKGROUND

2.1 Design in education

Nearly two decades ago, (Rothstein 2002) wrote that “in comparison to design practice, the evolution
of design education during the past couple of decades has, arguably, been less dramatic.”. Although
design has gained much traction since, various authors still emphasize that design education must
change. (Frascara, 2017; Friedman, 2012; Norman, 2010)

Design now has a substantive role in precollege education and career preparation. It has been used in
teaching mathematics, science, computer programming, music, design and technology (D&T), and
technology (Crismond and Adams, 2012). Graham (Graham, 2018) found that emerging leaders in
engineering education distinguish themselves, among others, through an emphasis on engineering
design. As early as 1990, Singapore adopted D&T in secondary education, which “anchors on design
action and the application of knowledge and process skills” (MOE, 2007). D&T is compulsory for
lower but remains optional for upper secondary levels (Yau and Ong, 2008). Since then, design
education has become a government priority and realised through various initiatives. One of these is
the ‘Design 2025 Masterplan’ (DesignSingapore Council 2016), recognizes the role of design in
achieving the government's aims of an innovation driven economy and a loveable city. One of the five
strategic thrusts is to infuse design into the nation’s skillset.

2.2 Teaching and learning

The learning process is a “set of iterative cycles of change within the learner and between the learner and
the teacher and their external environment. Each part has implications for how the teacher can assist the
learner in completing those cycles of developing capability successfully.” (Laurillard, 2013) She
describes this as follows: The students’ likely learning goals and needs in relation to the intended
outcomes form the basis of how the teacher designs the teaching and learning activities and assessments.
At the same time, teachers carry out their initial pedagogical design on the basis of proximal influences
such as: (1) Their intended aims, learning outcomes, ambitions of how they want their students to learn
and curriculum topics. (2) Their perception of the motivations, expectations, knowledge, and skills that
influence the students' approach to study. (3) Any requirements set by a standards body, professional
body, or quality agency, and prerequisites of knowledge and skills that are reasonable to expect of the
students. (4) Level of qualification (degree) and duration of study. (Laurillard, 2013)
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In the context of design education, “the most valuable elements of the designer’s perspective and process
are seldom taught. Many design programs still maintain an insular perspective and an inefficient
mechanism of tacit knowledge transfer”. (Meyer and Norman, 2020). Weil and Mayfield emphasize that
many of the competencies required to be effective in design are inherently tacit, which makes them
difficult to teach especially given the various skill levels students bring (Weil and Mayfield, 2020).

2.3 Curriculum development

Huizinga et al. throw light on the need for significant involvement of teachers in curriculum
development and the difficulties they face in doing so—such as the variation in expectations within
teacher teams and the general lack of curriculum design expertise. This affects the curriculum design
process and eventually the quality of the designed curriculum (Huizinga 2009 in Huizinga et al. 2014).
"Teachers juggle" to foster the design learning process, while applying strategies to keep their subject
matter up to date, making decisions on knowledge or skills to include, consistently aligning courses
and curricula with the school’s vision. (Huizinga et al., 2014)

Huizinga et al. interviewed teachers on the enacted process of designing curricula and lesson series.
They found gaps in (1) curriculum design expertise, (2) pedagogical content knowledge and (3)
curricular consistency expertise, and gave the following recommendations, which are very relevant to
our research. These are (1) Support to enhance the quality of the curriculum design process should be
offered just-in-time, so teachers can directly apply the new knowledge and skills. (2) Support should
focus on the three identified gaps. (3) Templates, curricular frameworks and evaluation guidelines are
essential tools to support the design of quality lesson series. (Huizinga et al., 2014)

2.4 Competency-based education

Time-based frameworks are common in education: “at any given time during the year the teacher is
expected to be at a specific point in the textbook of course content. While not every student may progress
at the same rate, the schedule typically requires everyone to move at the same rate as the teacher.” This is
considered “an ineffective system when the goal is to train individuals to perform specific, job-related
skills.” (Sullivan and Mclintosh, 1996), yet “abandoning a time-based framework is a difficult innovation
to implement in a university structure that is predicated on time-based education” (Gruppen et al., 2016).
Competency-based education (CBE), however, has been shown to have a positive influence in various
disciplines such as medicine, psychology, public affairs, and for post-graduate education in general.
(Albanese et al., 2008; Chan et al., 2017; Enke et al., 2015; Getha-Taylor et al., 2013; Gruppen et al.,
2016; Hurtubise and Roman, 2014; Johnstone and Soares, 2014). CBE is considered a viable alternative
to traditional courses and a vehicle for rigorous assessment (Gruppen et al., 2016) suitable to “bridge the
gap between the work place and post-secondary education” through a structure of stackable credentials
that one has to attain (Johnstone and Soares, 2014). As a ‘customizing-learning’ initiative that “reorients
the educational process toward demonstrated mastery and the application of knowledge and skills in the
real world” (Johnstone and Soares, 2014), CBE seems fitting for design education.

Getha-Taylor et al. suggest that “competency models offer potential for defining effective and/or
superior performance and then aligning curriculum and other learning opportunities with individual
development goals”. Their literature study indicates that competency modelling offers a number of
benefits: a focus on both current and future individual, response to changing needs of the profession,
help for students preparing for leadership roles, help for faculty members and administrators to
respond to curriculum gaps, and design holistic educational approaches. Barriers they mention include
difficulties in identifying and assessing competencies, and challenges in developing a competency-
based assessment that acknowledges the differences in experiences and accomplishments of different
students (Getha-Taylor et al., 2013). Competency "is not an atom but a system with several
interrelated components” namely, actor (designer), tasks, situation, mission, action framework, activity
and an external view of the competency. (Bonjour et al., 2007)

2.5 Established frameworks

Three frameworks were particularly relevant for our work: The CDIO program, Singapore's Skills
Framework for Design, and the European Qualifications Framework (EQF).

The objective of the CDIO program (Crawley, 2002) is to create “rational, complete, universal and
generalizable goals for undergraduate engineering education”. The authors provide a template and a
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detailed step by step process (called the 12 standards for implementing the CDIO approach) to develop a
syllabus as “a codification of contemporary engineering knowledge, skills and attitudes”. The
Implementation Kit (Ikit) and Instructor Resource material (IRMs) act as comprehensive guides with
resources, teaching suggestions and assessment tools for specific learning outcomes and skill areas.
(Crawley et al., 2007)

Singapore's Skills Framework for Design (SkillsFuture, 2019) is an initiative to promote skills mastery
and lifelong learning in Design, Business, Innovation and Technology, and was developed by the
government, together with employers, industry associations, education and training providers and
unions. The Framework provides useful information on upgrading skills and career planning. The
main focus of this initiative is to prepare individuals for new emerging jobs in design after leaving
secondary education or when they enrol in the workforce, to find avenues to close the skills gap, and
to renew, upgrade and deepen skills. The skills are categorized in 5 levels based on hierarchy and
seniority in a company. E.g., the heads of all design-led teams must have level 4 or 5 expertise of all
skills in the framework, whereas a designer must have a level of 2 to 4, depending on the skill and the
job. This system of levels helps individuals identify competencies and plan their career.

The European Qualifications Framework is a common reference framework making qualifications in
different countries more readable and understandable across different countries and systems in the
Europe." (European Commission, 2008)

2.6 Opportunity

Many institutes offer programs and courses that include design, and evaluate design competence.
Frameworks such as the above suggest competencies for discipline specific courses, programs or
practicing individuals. However, we did not find a common reference system to: (1) ldentify and
assess the overall design competency of learners, and the level of design competency aimed for in
individual courses (design courses and courses with design components) or the curriculum as a whole,
and (2) Universally recognize the design competency level of an individual, course or curriculum. We
are creating a new, competency-based framework for teaching, learning and assessing design that
builds on existing frameworks and - we hope - can eventually be standardized.

3 DESCA - DESIGN COMPETENCY ASSESSMENT FRAMEWORK

3.1 Main aims of DesCA

The DesCA (Design Competency Assessment) framework is intended to help instructors of design and
design related courses and curricula to: (1) Identify and assess design competencies associated with
different design activities planned for a course or curriculum; (2) Formulate learning outcomes and
select appropriate competency levels, methods and tools; (3) Plan and develop the design content of
courses and curricula; (4) Ensure curricular consistency across courses.

DesCA is expected to provide a more transparent and efficient system to navigate the complexity of
developing design courses and curricula.

3.2 Target audience

Any new system or initiative will need to take into consideration the needs and constraints of the
stakeholders to make a positive impact. DesCA’s primary users are the instructors as they co-create,
use and interact directly with the framework. The design learners are the secondary users for whom
DesCA is a guide to better understand design competency and choose relevant pathways. Design
practice is an important stakeholder as their needs will have to be reflected in DesCA to ensure,
ultimately, a positive impact in practice. In this paper, we will focus on design learners and instructors.

3.2.1 Design learners

Any academic cohort comprises a combination of learners who have different backgrounds, learning
objectives and career goals. We looked into three aspects associated with being a learner: (1) Learners
need to identify courses that are suitable for their chosen pathway. How might we facilitate decision
making based on criteria such as: (a) knowledge of one’s skills and the skills to be acquired for
improved performance in the specific field; (b) understanding one’s ‘level” of competence with respect
to the ‘level’ of the intended course. (2) Education systems should recognize different learners and
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cater to their needs. How might we assess and advocate design knowledge/skills (competencies)
acquired by an individual with experience (personal or practice based), irrespective of their discipline?
(3) Industries need to recognize competencies of different learners. How might we harmonize and
present levels of design skills, attitudes, and knowledge so that they are recognizable in practice?

3.2.2 Design Instructors

The speed of introduction of design in education has not kept pace with the number of instructors with
a design background. Moreover, design components are increasingly introduced as part of non-design
courses, e.g. electrochemistry, or control engineering (Foong et al., 2017). As a result, an increasing
number of instructors without design background are involved in design teaching. This contributes to
the three gaps in instructor expertise Huizinga et al. identified (See Section 2.3): (1) curriculum design
expertise, (2) pedagogical content knowledge, and (3) curricular consistency expertise. Based on their
recommendations (Huizinga et al., 2014), our question is how might we provide tools such as
templates, curricular frameworks and evaluation guidelines to support teachers in the development of
courses, course components, or curricula to teach and assess design competency?

3.3 DesCA’s content and structure

Design education revolves around the design process, usually formulated in terms of stages and steps for
which methods and tools are offered. Many different processes and terms are used. The learning
outcomes are expressed as skills, knowledge, attitudes etc., but assessment is often focused on the
design, rather than the process. Rubrics tend to be generic to be able to assess the variety of possible
designs, even for the same design brief, which makes assessment difficult and subjective. For example, a
typical activity is problem formulation, and a typical related rubric refers to the quality of the problem
statement. However, problem formulation demands that students investigate, recognize, examine,
compare and formulate the problem, i.e., several sub-skills and knowledge are required. These sub-skills
and knowledge are basic competencies that are important to learn and teach. We believe these
competencies are generic. They are relevant for a variety of stages, tasks and steps in the design process,
and many also play a role in non-design courses. A well-designed curriculum allows students to build up
competencies through various courses. Including design components in non-design courses can
strengthen the acquisition of these competencies. We further believe that when these competencies are
made explicit, students will be more aware of what they learn and need to learn.

DesCA’s framework intends to address this by: (1) Providing an overview of the skills and sub-skills
involved in design and their link to the different objectives associated with activities and steps in the
design process. (2) Helping to determine the levels of competency of the design skills a course or a
curriculum aims to achieve. (3) Suggesting possible methods and tools suitable for the chosen
competency level. (4) Guiding the formulation of design deliverables and learning outcomes. (5)
Supporting the assessment of learning outcomes based on design competencies and deliverables.

3.3.1 Methodology

This paper is a summary of a Master thesis project of the first author. This preliminary work is now
continued as part of a PhD. The structure and initial content of DesCA is based on literature; the
workbook, learning outcomes, rubrics and deliverables of a first year Introduction to Design course;
and on the syllabus and rubrics of a final year Capstone Design course. An initial evaluation of
DesCA's applicability was done by the lead instructor of Introduction to Design, who used DesCA to
determine the skills, the associated tools and methods, and the expected competency levels of the
course. The aim was to verify whether the proposed links between skills, competencies, tools and
methods, and the introduced competency levels could be understood and used, and also to identify
areas of improvement. It has to be noted that course documents do not contain these links nor levels of
competency. The example in this paper is based on this course.

3.3.2 DesCA provides an overview and a detailed breakdown of the design process.
The basic skeleton of the DesCA framework consists of the six elements shown in Figure 1.
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Figure 1. Components of DesCA framework

We consider these elements fundamental for design education: (1) A model of the design process—
comprising design phases, activities, tasks and objectives. (2) Skills—needed to achieve the objectives
and specified as "prerequisite” or "to be acquired". (3) Tools and methods—to be taught or made
available to learn certain skills and aid the design process. (4) Design deliverables—the output of a
task or step, i.e. the 'visible manifestation' resulting from applying certain skills using certain tools for
specific design objectives. These are the basis for the assessment and can take many different forms
and hence may require different assessment methods. (5) Learning outcomes—measurable criteria
with respect to the deliverables, and, (6) Design evaluation rubrics—the criteria to assess deliverables
and competencies for the purpose of grading and/or enhancing learning by identifying scope for
improvement.

The UK Council's double diamond design process — Discover, Define, Develop, Deliver - used at
SUTD (Telenko et al., 2015) forms the main design phases in DesCA. As shown in Table 2, the
phases involve design activities (Lawson and Dorst, 2013), which in turn involve design tasks
(Crismond and Adams, 2012) that are facilitated by design exercises. Each task has specific objectives
(Lawson and Dorst, 2013). While design phases can have different names and differ in number, design
activities and tasks tend to be very similar. The focus is therefore on the latter. DesCA will
accommodate for changes in the phases and tasks, for changes in terminology, and for moving tasks,
objectives and skills for a particular course or curriculum, while still providing a comprehensive
structure to facilitate the planning of the course or curriculum.

3.3.3 DesCA links skills to different objectives associated with the design process.

The skills identified in literature (Shah, 2005; SkillsFuture, 2019) are linked to tasks (Table 2). The set
of skills shown is still under development. Depending on the course, curriculum or personal preference
of the design instructor, a subset of phases, tasks and skills that are considered relevant can be
selected.

3.3.4 DesCA suggests possible methods and tools based on the determined competency level.

Many websites, books and card sets exist that describe design methods and tools, such as
‘TheDesignExchange’ (TDX) of UC Berkeley (https://www.thedesignexchange.org). Due to time
constraints only very few can be taught. Often the most popular ones are chosen, even though they
may not always contribute to obtaining the desired competencies. Portals such as TDX provide
educators and practitioners with an extensive library of methods, searchable based on process phases,
overall skills, and method features, such as duration or people involved. DesCA aims to link method
and tool descriptions to the detailed set of DesCA skills and sub-skills, as well as to tasks and
competency levels (see Table 2).

3.3.5 DesCA assists with determining the competencies and levels of competency a course
aims to achieve.

DesCA prompts instructors to indicate the ‘expected competency levels’ for the selected skills, from
[1] (fow) to [5] (high). The “Learning Expectations and Outcomes (LEO)” matrix (see Table 1) was
developed with course leads at SUTD to provide initial criteria for levels [1], [3] and [5]. LEO helps
instructors determine the skills to be taught or honed, and plan lessons accordingly.
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Table 1. An extract from the initial learning expectations and outcomes (LEO) matrix

List of Learning Expectations & Outcomes (LEO) for Expected Competency Levels (CL) of skills
skills

1 2 3 4 5
Can empathize with users that C?'m partially empathise Can fully empathise with the
: with a user, for some user and other stakeholders,
Empathy | are not very different from
% common contexts and and completely understand
him/her/them. St .
situations. what their needs are.
; Abl? o analysen Able to analyse a particular
. Able to analyse a particular particular p Sy
Analytical T o i problem/situation from all
i problem/situation from some problem/situation from R
thinking T f angles, taking into account
angles, with limited data. most angles, with limited P
Jiits as much data as possible.

The LEO matrix is not a grading rubric. The chosen competency level will represent the highest score
in the grading rubric, as this is the level to be achieved. For example, when - using the LEO matrix -
the chosen "empathy" level is 3, lessons will have to be planned to develop empathy with a user, at
least for some common contexts and situations (see Table 1). If students achieve this, they will obtain
the highest mark for this rubric: for a grading scheme using A-E, this would translate to an A. Had the
chosen competency level been 5, we would expect students to have included other stakeholders and
situations before achieving an A.

Table 2 shows the application of the LEO matrix for the Introduction to Design course. The desired
competency levels for the different sub-skills can be found in the middle of the matrix. An A-grade for
a sub-skill (in the one but last one column), reflects the achievement of the chosen competency level.
The full set of criteria for the different levels will be developed with reference to other established
frameworks such as the CDIO 5-point scale for knowledge and skills (Crawley et al., 2007) and the
Skills Framework's system of levels (SkillsFuture, 2019).

Design courses often involve multiple instructors, only few of whom might have been involved in the
design of the course. Setting expectations by determining the ‘expected competency level’ is expected
to create consistency in teaching and assessment across the team of instructors. Furthermore, programs
will have several courses that address similar skills. The LEO matrix helps understand the level of
competency aimed for in a course in comparison to other courses, and ensures that courses in a
program build on each other and together achieve the competency levels expected of the graduating
students.

3.3.6 DesCA guides formulation of design deliverables and related learning outcomes.

The framework provides a structure of activities, tasks, objectives, skills, relevant methods, and
competency expectations which helps the formulation of suitable deliverables, learning outcomes,
lesson plans and supporting material for the course (or curriculum). Assessment is usually based on
deliverables at certain points in time (time-based curriculum). We consider it critical to take into
consideration other visible manifestations as deliverables and learning outcome, that showcase the use
of knowledge, skills, tools, methods, etc, and their progress along the different stages of the design
process in order to provide feedback and enhance the learning process. We see an important synthesis
with CDIO's comprehensive process for developing meaningful learning outcomes.

3.3.7 DesCA supports the assessment of learning outcomes based on skills and deliverables.

Typically, assessment happens throughout a course. Usually, intermediate and final design deliverables,
as well as their observed participation act as a medium to assess a student’s learning. These assessments
are subjective. With DesCA, we add one more layer to assessing design deliverables—Skills. When
preparing a course, the following questions are important. (1) Does the list of deliverables provide room
to display the expected set of skills? DesCA’s transparent format urges instructors to take essential skills
into consideration when determining deliverables, i.e. DesCA imparts pedagogical content knowledge.
(2) What skills is the learner expected to use to realize these deliverables? The DesCA framework
requires instructors to select all skills associated with the chosen tasks and phases in the design process.
This will help them remain cognitive of the skills a learner must be using. (3) What is the extent of the
skills used by the learner? DesCA prompts instructors to determine the desired competency level and to
translate this into an assessment rubric (using the LEO matrix). Table 2 showcases an example of the
results of using the DesCA framework by the lead of the Introduction to Design course. Based on the
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expected competency levels associated with the skills, DesCA generates two grading rubrics (for skills

and for design deliverables) to assess and evaluate students.

Table 2. The initial design competency assessment framework

or: = : i = 3 5 Learning Outcomes
Phases Activities Tasks Objectives | Tools / Methods (Examples) | Design Deliverables lruhric)b
Identify + Analyse
Recognise + B .
3 | Diagram Drawing, . .
Discuss 7 Agtam LIswine, A [E][D] [C] [B] [A]
. . > | Montage Sequencing Activity Diagram. . N
Discover Understand the Examine + | . b 3 nt [E][D][C][B] [A]
7 | Time-based score drawing Short Video Clip.
challenge Describe n .
Classify + | Space-based score drawing
Formulating lassily
Finding & Compare
stating
& i Frame. | Problem scoping techniques
problems & in Frame, | Problem scoping techniques i .
i ¢ | + Reconstruction of the problem | . v
understanding Project | User needs analysis statemant p [E][D] [C][B] [A]
& exploring Formulate | Personas, Journey maps s d
them.,
Define Build the i i .
knowledge | How-Might-We Final problem statement. [E] [D][C] [B] [A]
Extrapolate | em / Network Drawings . "
= | i Relationships between
Trauslate | Like {Dislike actions |'ulrs spaces & [E][D][C][B] [A]
| User Observation ACHODS, TL. 8% SpMt -
objects of the project.
Tpocied Ry [FROR
Phases | Activities Tasks Objectives (Overall Skill | Sub-skills Competency Measure / Skill Indicator / Definition || Tools / Methods (Examples) | Design Deliverables ";‘""““"““"““ :‘““:;f"
Level (CL) (rubric) rade
Tdentify + Analyse
Recognise + X 5 Asking probing questions 1o discover § X
Discuss Interpersonal Skills (VM) {45 gen roquirements / constraints; Diagraxs Drawing, [E1(D] [C](B] (A]
» " - Cultural sensitivity 111181131 (4] (5) Sy Montage Sequencing Activity Diagram. <
Discover Understand the | Examine Comtmcive foremmought | 1] 18] 13 4] 3] | Ability to; translate customer needs into | EOASE SRS | SENEDY DR [E1[D] [C][B] [A]
iz it “onstructive forethought | [1] (81131141151 | 1&chnical specs, distinguish between ime-based score drawing | Short Video Clip
Contextual knowledge | [1] (3] (3] (4] [5] ~ Space-based score drawing
Formulating Classify + Problem real & fictitious constraints.
|| Finding & Compare Formulation
stating Ability to decompose problems into
problems & in Frame, Qualitative research [1112] (81 [4](5] | manageable units; Discovering what the | Problem scoping techaiques sommiin of s pbk
understanding Project Empathy {181 (3) (4] 5] | real problem is - distinguishing User needs analysis ::L;:»‘.'\:“m n of the problem |y 1131 (€] (8] (A]
& exploring Formulate Social skills [1112] (81 [4] 18] | between what is hard to achieve & what | Personas, Journey maps wowe
them, is routine; focusing on hard issues first
Define Build the .
Knowledge (Anltlul !I|Iu\'\u\:- |:||§| [H:I 151 HowiMighi-We Final problem statement [E1 (D] (C](B] [A)
Extrapolate (Cognitive RGNl ORIg (1218141 15) System / Network Drawings
Conceptual thinking [ [11(3] [31[4] [5] | Ability to restructure problems. ) Relationships between
Translate Restructuring Like / Dislike 3
Observation {11121 (8] (4] 5] e actions, rules, spaces & [E1[D][C][B] [A]
Design Sensibility [1118]13] (41 (5] ool objects of the project,
Ability to expand the design space. A
' it score s 10 be given for novelty for each [\ i o Hypotheses, features to test, | [E][D] [C](B] [A]
Moving Generate ideas & | Interpret & Imaginative | Imaginative Exploration | (1) (M1 (31 (41(5) | geq by applying weights 1o each ting-Plan testing timeline for prototype.
Making design Project planning (111811141 5] 30\Sketehing / Model Making
vy concepts Develop thinking (1T) | e le T8N (4] 5] | function and stage. Caleulate novelty | 1NV
b - score for each function by the approach | ™ \"¥ Final Project statement [E1{D][C](B] [A)
chosen
SKill to explore design space number &
Divergent d swidon. e broecly
Represent those | Visual (n Visual communication | [ aj(s) | ariewy of ideas generated. (Memsure of |, )1\ works Like
indication of the multiple
" ideas convegfhtions Lateral Digital literacy B W pirioi ekt Prototyping
Representing Thinking DURpRoR o8 (oo g NS Cumulative
Inchoat idey solving a problem
i3] /
151

Expected
Overall Skill Sub-skills Comp Y M / Skill Indicator / Definition
Level (CL)
Interpersonal Skills [1712) (81141 (5) (‘."“'_‘5’ probing “‘“"?"/i‘f"" 10/ dlscoyer
Cultural sensitivity [1112] (3] [4] [5] ":.d}"’ ru.|u|'ru|‘u.nts‘ F""blf‘}l']tb'l‘ 5
Constructive forethought | [1] [2] [3] 4] [5] A 1lxl? loj lr.m:lu}c .Luhh_\fﬂtl m‘c( s into
Contextual knowledge 11121 3114115 technical specs, distinguish between
Problem . . real & fictitious constraints.
Formulati
Ability to decompose problems into
Qualitative research [1][2] (8] (4] [5] | manageable units; Discovering what the
Empathy [1112](3]1[4] (5] | real problem is - distinguishing
Social skills (171121 (8] [4][5] | between what is hard to achieve & what
is routine; focusing on hard issues first.
Critical thinking (11121 (3] [41 5]
Cognitive Ar|al)licxll lhil)kir'\g [1112] (8] (4] (5] -
Restructuring C unccpllfal thinking [11[2](3]1[4][5] | Ability to restructure problems.
Observation [11[2] (8] [4] (5]
Design Sensibility (11121 (3] [4)[5]

3.4 The DesCA Tool

Designing a curriculum or a course can be challenging with so many elements that need to be
integrated. DesCA simplifies the process by providing a structure to guide the instructor through the
process of designing courses and curricula. One of the objectives is to make DesCA a highly
interactive digital platform to support this process and provide prompts and suggestions. As an online
platform, DesCA can also offer updates in the form of new design tools suggested by research for a
certain task or new skills needed in the industry that can be useful in keeping the curriculum up to
date.

3.5 Evaluation

DesCA is designed to be flexible, offering the user (curriculum developers and instructors) the
freedom to design or adapt their course content and assessment to meet the expected standard or
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levels, and adapt the framework content to their particular context. This means that lesson plans, tests
or assessments and grading can be devised according to the goals of the instructors or institution,
while DesCA adds value by encouraging instructors to clearly define this content through the
framework.

As mentioned earlier, an initial evaluation of DesCA was undertaken by the Lead of Introduction to
Design to verify whether the proposed links between skills, competencies, tools and methods, as well
as the introduced levels, could be understood and used. He was indeed able to use DesCA to determine
the skills, the associated tools and methods, and the expected competency levels of the course. The
evaluation also gave rise to additions and modifications of the framework.

We are currently evaluating DesCA for use in the first-year course 'Modelling and Analysis' in which
the instructors want to include design components.

4 CONCLUSION

4.1 Summary

In this paper we identify common problems faced in recognizing and assessing design competencies in
education based on literature and our own experiences and observations in design education. Despite
initiatives (government and private) aimed at increasing design competency (skills, knowledge,
mindsets, etc), assessing design competency remains a challenge and established levels of competency
are lacking. Taking into consideration the factors that influence the teaching, learning and curriculum
development experience in K-20 education we developed of the DesCA (Design Competency
Assessment) framework for an effective competency-based design education. DesCA defines activities
and steps in a design process, identifies related design skills and sub-skills, allows determining
competency levels for selected skills, suggests design tools and methods, guides the formulation of
design deliverables and the learning outcomes, and supports assessment by generating comprehensive
evaluation rubrics for both skills and deliverables.

4.2 Vision

The vision is to make DesCA a digital platform that can serve as an international standard for design
teaching, curriculum development, and design learning, similar to the role of TOEFL / IELTS for
English language, Trinity London for music and the Bologna Process for higher education systems
across Europe. We imagine this platform to link to or integrate other relevant

4.3 Scope for improvement and future research

The current version of DesCA is a first prototype to verify its structure for the context of design
courses in post-secondary education only. The included skills, sub-skills, processes and tools/methods
do not constitute a comprehensive set and it is not yet clear where to set the boundaries. The most
appropriate number of levels of design competency (currently 5) needs to be verified. The use for
courses in which only certain design components and skills are integrated need to be verified too.
Further research is required to address (1) Define the term "competency" in the context of design
education as various authors consider different components of a competence. (2) Include other levels
of education (primary, secondary and professional); (3) Consider the latent needs, requirements and
design practices of both design instructors and design learners; (4) Understand the impact of
differences in teaching and learning related to age, background, education, skill sets, work experience,
personal and professional goals, etc. (5) Build upon or integrate other existing frameworks, programs
and processes. These and further topics will provide valuable insights for the improvement,
introduction and use of the framework, such as best practices in design education, course profiles,
learner profiles, design competencies and competency levels that are in use, design skills and tools
associated with these competency levels and finally, guidelines for the creation of effective curricula.
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